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Abstract

Database modelling is a skill any undergraduate student must master as part of a computer science
degree program. For novices, it is a challenging task involving interconnected and abstract
concepts. The aim of this research was to gain an in-depth understanding of how novices learn to

model by examining their learning processes and barriers to learning.

Modelling tasks typically given to novices were classified to understand their type and difficulty.
Several difficulty metrics were explored, and a novel adaptation of the cognitive dimension of the
revised Bloom’s taxonomy for novice database tasks was established. This work informed the
design of tasks that comprised the instrument for this research. In designing the instrument,
aspects of cognitive load theory were considered, including segmentation, redirected isolated
element tasks, structured presentation of the case study, and sequenced sessions. Vygotsky’s zone
of proximal development informed a novel intervention model consisting of redirected tasks to
support the learners. The tasks of this research instrument were then attempted by novice
modellers through a series of think-aloud interviews. Through the constructivist analysis methods
of reflexive thematic analysis and narrative analysis, insights into the learning progressions of

novice data modellers of different abilities were explored.

This thesis presents an original investigation into the transfer of knowledge and its effect on
learning data modelling. The research found challenges related to task-specific knowledge within
the problem domain, as well as the taught modelling concepts and knowledge acquired through
completing tasks in class. The thematic analysis revealed ‘fragile knowledge’ of concepts,
terminology, and modelling syntax as the main challenges for the novices. Other difficulties
included case study comprehension, lack of verification of design decisions and inability to recall
and transfer on-task knowledge. Common tactics used by novices also emerged through the
thematic analysis. The students who demonstrated inconsistent problem-solving processes and
tactics tended to have weak or failed transfer. The narrative analysis provided an understanding
of how the novices in this study constructed their knowledge. A unique visual representation was

developed to explain and aid the interpretation of learning progressions.

The findings of this study emphasise how fragile knowledge can affect novices regardless of their
performance level. One student showed no progress due to fragile knowledge, while other
students showed evidence of progression and learning with the support of a more knowledgeable
other and redirected tasks, but not alone. This highlights that in addition to cognitive development,
a sociocultural approach plays a pivotal role in progressing the learning of novice database

modellers. Moreover, the results show that structure segmentation of the problem and an



intervention model that isolates elements and progressively scaffolds the learner can be effective
in promoting learning. The insights gained from this doctoral research strongly suggest a need for
changes in the pedagogies for teaching database modelling and highlight the need for further

empirical research in the area.
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Chapter 1 Introduction

1.1 Background and Scope

Modelling is an essential skill that any undergraduate should acquire following a Computer Science
(CS) or related undergraduate degree. Models that are created during different phases of software
development can play a prominent role in transferring requirements to real working software. In
Software Engineering, there are two main paradigms of modelling: one related to the object-oriented
modelling of the software and the other related to data modelling and creating databases that manipulate
the data of the software. Database modelling is considered to be a mandatory course for many CS and
related undergraduate degree programs. Database modelling is an integrated set of concepts to describe
and manipulate data, relationships and constraints and is an integral part of the database design phase
of the Database Life Cycle (DBLC) (Coronel & Morris, 2016). Wagner (2005) highlighted why data
modelling is important for students as a curriculum area, claiming that it lays the foundation for other
database-related topics such as querying, creating database systems from a model, and database
administration. Consequently, many introductory database courses are taught in the first year of an
undergraduate degree. Further, the importance of introductory-level database courses is reflected in
their inclusion as a core module in the IEEE/ACM curricula, not only in CS degrees but in Information
Technology, Information Systems, and Data Science (DS) degree programs (ACM Data Science Task
Force, 2021; CC2020 Task Force, 2020; Topi et al., 2010).

These curriculum guidelines, regardless of the degree program, recommend similar foundation courses
that should cover, among other topics, conceptual data models (including Entity Relationship Diagrams
[ERD] and modelling grammars) and relational data models (including design and normalisation). The
development of such models involves working with unstructured problems that require students to deal
with concepts of a high level of abstraction. In a recent article, Goldweber et al. (2022) discuss what
needs to be taught in undergraduate database courses. They delve into several issues within the
curricula, mainly the less emphasis placed on data management courses in general, which led to the
overload of topics that need to be taught, exceeding the bandwidth of a single introductory-level course.
Another complicating factor is the curricular viewpoint of the institute where they placed CS on the
spectrum between pure science and a profession, which again brings the question of what to teach.
Throughout their discussion, they focused on four case studies across different degrees, including BA
and BSc in CS, DS and Computer Engineering. In all the case studies, they explained the consistent use
of the relational model, which further emphasised the importance of database modelling as a
competence requirement for novices. Further, in their fifth case study, industry personnel from

Microsoft mentioned data modelling (i.e., relational data models, JSON extension) as a key concept to



be taught in undergraduate database courses. The limited space in the curricula against the number of
concepts and topics that need to be covered to meet the required learning outcomes and the abstract
nature of these concepts results in a significant challenge for educators teaching the subject area and the

students learning database modelling.

At the time this research started, there was very little work in the academic literature on the teaching
and learning of database modelling despite its importance. Interestingly, no systematic reviews were
conducted at the time to gain an overall understanding of the existing work, which led to the Systematic
Mapping Study (SMS) presented in Chapter 2 . There was literature that pointed to the fact that learning
to model is challenging, but there was little understanding as to why novices find it difficult or how
they learn to design. These articles point to several barriers faced by novices, like outdated teaching
methods (Wang & Chen, 2014), unrealistic case studies that are not relatable to the real world (Abid et
al., 2015), the uncertainty of students as to why a model is required (Chilton, 2006), less practical
assessments (Wang & Chen, 2014), and learning number of highly interrelated concepts (Katz &
Shmallo, 2016).

Recent research by Abid et al. (2015) discusses the impact of using simple outdated examples, such as
a library management system, on student engagement. Because a traditional library system with
librarians checking out books is not how current libraries typically operate, such case studies are not
relatable in the current context of the students’ world. This lack of relevance makes the students passive

and less than thrilled about learning the content.

Understanding the high number of interrelated abstract concepts in database design presents one of the
main challenges for novice database modellers (Amin et al., 2019; Katz & Shmallo, 2016). In a typical
introductory level database course, students are required to learn concepts such as conceptual model,
relational database model, SQL, normalisation rules, etc. Database modelling is a process with a high
level of concept interactivity. Therefore, understanding one concept in isolation is not sufficient since
each topic is understood and learnt with reference to another. The need to process these concepts
simultaneously is the major reason why database modelling is known to be a complex cognitive process
for novices. Due to these difficulties, novices often find it difficult to think like expert database

modellers (Watson, 2006).

There has been little research on the teaching and learning of database modelling. For the most part,
this research related to teaching and learning database modelling has focused on associated pedagogy
(Abid et al., 2015; Fang et al., 2017; Mason et al., 2016; Podeschi, 2016; Wang & Ma, 2017) and related
tools (Bock & Yager, 2005; Goelman & Dietrich, 2018; Milik et al., 2006a; Mitrovic et al., 2004;
Mitrovic & Suraweera, 2016). This is further confirmed by a recent 2019 paper which reviewed the



literature on the teaching and learning of databases in computer science, where the authors discovered
only 35 articles that were relevant and within those identified three main themes: student difficulties,

methods to improve teaching and learning, and tools (Hamzah et al., 2019).

Several researchers have discussed the struggles of novice database modellers and associated this with
the cognitive complexity of tasks associated with the database design phase (Dinesh Batra, 2007; Katz
& Shmallo, 2015). Due to this, it is a critical consideration of any pedagogy applied in teaching and
learning database modelling to reduce this cognitive load. A number of pedagogic approaches to
teaching novice database modellers have been proposed that were, in essence, intended to reduce the
complexity of the topic area for learners. Watson (2006) proposed a “spiral model” in which teaching
relational database design and SQL is essentially interwoven. Bite-sized design concepts are taught and
closely followed with the associated SQL and database implementation steps. He argued that when the
topics were taught in blocks and design was taught first, and then SQL students failed to understand
core concepts like foreign keys because their knowledge was not consolidated. By teaching design and
SQL in a spiral mode, learning abstract design concepts is supported with the more concrete SQL

implementation and querying of a database.

Katz and Shmallo (2016) introduced a “learning from errors” (LFE) approach to help novices make the
necessary transitions between abstraction levels when designing a relational database model. They took
the novice design errors observed in their prior work (Katz & Shmallo, 2015) and used those errors to
inform the design of formative exercises and infuse examples with these errors as teaching points. These
errors are intended to trigger the cognitive dissonance (Festinger, 1957) that is necessary for learning
and building appropriate mental models or schema. The authors go on to discuss the importance of
expert schema and their role in the cognitive processes involved in database design, noting that novices
lack these long-term mental schemas. In a later study, Katz (2018b) adopted the four-level TSSL (Task,
Semantics, Syntax and Lexicon) user activity model to guide students through conceptual data
modelling. The aim was to lower the extraneous cognitive load associated with learning database
schema modelling. Their article provides a useful worked example of how to apply the TSSL lens to
database modelling learning activities. Anecdotally, the teachers using this approach noted an
improvement in student-generated designs. Katz (2020) then furthered this work by evaluating the
TSSL approach in a controlled experiment where the experiment group was exposed to their TSSL
visually guided approach, and the control group was not. They found that the TSSL group, made fewer

errors, provided higher quality solutions and had more positive perceptions of the subject area.

Database design appears to be particularly problematic for students from Non-English Speaking
Backgrounds (NESB). This difficulty has been linked to learning materials and assessments and their

presentation. The argument is that the way such materials are typically presented increases the load on



the working memory of NESB students (Mason & Seton, 2021). Mason and Seton present a set of
guidelines for presenting assessments that address aspects of cognitive load and show through an
empirical evaluation that this type of treatment levels the playing field and benefits all students.

However, the authors acknowledge that further investigation is needed to confirm these findings.

Self-regulation is also believed to have a positive effect on learning. One study looked at the role of
different types of prompts (e.g., self-explanation, knowledge integration prompts, procedural prompts,
etc.) on the ability to complete database modelling tasks (Lin et al., 2015). They reported that the self-
explanation group scored lower than other treatment groups on a post-intervention test designed to test
database conceptual knowledge. The notion that learning database design is complex, with multiple
interrelated and abstract concepts, and imposes a high cognitive load on learners resonates throughout
the literature in the area. However, little research has been published addressing why novices find
database modelling difficult and how these difficulties map to issues in their knowledge structures.
Research is needed that empirically investigates when students encounter barriers to learning and how
they progress their learning in the context of database modelling. Hence, this thesis proposes a study
that follows novice database modellers through their introductory database courses with the aim of
understanding how students integrate and accommodate new elements and concepts to build their
knowledge as novices of creating database models that they encounter when traversing through the

DBLC.

1.2 Motivation and Objectives

As discussed in section 1.1, the main focus of teaching and learning database modelling is related to a
few focused areas. Hence, the first objective of this thesis is to develop a broader systematic review to

understand the breadth of the existing literature.

Understanding the nature of the tasks given to novices is essential before observing them to comprehend
how they learn. Several studies have used educational taxonomies like Bloom’s taxonomy of
educational objectives (Bloom et al., 1956), the revised Bloom’s taxonomy (Anderson et al., 2001) and
SOLO (Biggs & Collis, 1982) to frame their research and explain their findings. In particular, these
taxonomies have been used to describe the nature of programming tasks (Sheard et al., 2013; Thompson
et al., 2008; Whalley & Lister, 2009). Mohtashami and Scher (2000) outlined the importance of using
Bloom’s taxonomy to develop suitable formative and summative assessments for their database design
course. They do not discuss how they interpreted the Bloom taxonomy or how they classified the
assessment tasks. More recently, Bogdanova and Snoeck (2019) used the revised Bloom’s taxonomy to
classify learning outcomes which they derived from educational resources related to Unified Modelling

Language (UML) in object-oriented analysis and modelling. Although UML and object-oriented



analysis is not the same as developing database models, both have similar teaching and learning
requirements and challenges. Following the work of Bogdanova and Snoeck (2019), the second
objective of this research is to develop a question classification framework to understand the nature of

database modelling tasks currently given to novices.

Further, as its third objective, this doctoral study aims to identify an objective measurement to assess
the difficulty of novice tasks using the structural complexity metrics related to database models.
Although the existing studies have begun the discussion related to modelling assessments and skills, no
research has looked at the possibility of a hierarchical structure of mastery of skills in modelling. Earlier
work has established that there is a hierarchy of skills in learning to program (Lopez et al., 2008; Pelchen
et al., 2020; Philpott et al., 2007; Whalley & Lister, 2009). Intuitively, it makes sense that there is some
dependency in building models that describe the technical requirements of the software, including
databases. Therefore, the fourth objective of this research is to investigate whether a hierarchy of skills
also exists for novices learning database modelling using a causative statistical approach (similar to a

manner in work conducted in programming by Lopez et al. (2008)).

This research also investigates areas in which students struggle in terms of creating database models
and how they overcome these issues as novices. Further, the individual Learning Trajectory/Progression
(LT/P) of students provides an understanding of situations where students managed to progress, how
they were unable to progress and what barriers hindered this process where they couldn't integrate this
new knowledge into that development. Hence, the aim is to map the learning trajectories for each of the
students to relate them with the hierarchical structure, if it exists, using the think-aloud data. The fifth
and final objective of this research is to triangulate between quantitative analysis of a large group of
assessments from a cohort of novices using naturally occurring data with that of a qualitative think-
aloud study that follows a small group of novice students through their introductory course of learning
database modelling. Naturally occurring data can be defined as data that “already exists by virtue of the

examination process and simply requires collection and analysis” (Clear et al., 2009, p.157).

Ultimately, the main overarching objective of this study is to better understand the learning processes
and the developmental stages of novice modellers and how they build their knowledge as novices. This

understanding is intended to allow educators to teach and assess database modelling more effectively.

1.3 Research Questions

Based on the objectives described in the previous section, the following research questions have been
developed to gain a deeper understanding of how novices learn to model, emphasising their cognitive

development process.



RQ1: What are the existing focus areas of research in database modelling education?

RQI.1: What types' of research are presented in the identified publications?

RQ1.2: What areas of introductory database design and modelling are the focus of the
literature?

RQ1.3: How are novice database modellers assessed?

RQ2: Can a question classification framework be established that describes the difficulty of novice
database modelling tasks?

RQ2.1: What is the nature of database modelling tasks used to assess novice database
modellers?

RQ2.2: What type of measurements can predict the difficulty of database modelling tasks?

RQ2.3: Does the performance of students in database modelling tasks indicate a hierarchical
structure in their mastery of different types of novice modelling tasks??

RQ3: How do novice database modellers incorporate new modelling concepts and knowledge into their
existing understanding of database modelling?

RQ3.1: What difficulties do students face when attempting novice database modelling tasks?

RQ3.2: What common tactics do students apply when attempting novice database modelling
tasks?

RQ3.3: How does the learning of novice database modellers of different capabilities develop
over time?

1.4 Structure of the Thesis

This thesis is organised into ten chapters, and this chapter provides an overview of the thesis, including
an introduction outlining the background literature, the research aims and the contribution of the thesis.
The rest of the thesis is structured as follows, and the organisation of the chapters are illustrated in

Figure 1.1.

! Types of research, as defined by Petersen et al. (2008) reflects the research approach used in the research in
general and independent from a specific focus area.

2 Even though a hierarchical structure of mastery of different types of tasks was hypothesised, it was not observed
within the analysed data. Hence these findings are presented in Appendix K.
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Figure 1.1 Organisation of the chapters presented in the thesis.

Chapter 2 presents the literature review conducted at the commencement of this doctoral research as a
systematic literature mapping study. The study was conducted to explore the breadth of published work
in the area of learning and teaching novice database modelling. To the researcher’s knowledge, no such
reviews had been published at the time. The aim of this SMS was to identify the focus areas of literature
in novice database modelling over the last 30 (from 1990 to 2020) years. Because this thesis required a
research instrument for novice modelling tasks, it was important to get a clear understanding of the
existing approaches of assessments to develop the research instrument that’s utilised for the think-aloud
interviews. The articles related to the broad area of assessment were then investigated in-depth in order
to identify any existing approaches and practices used to assess novice database modellers. For this
research, the chapter concludes with an addendum that presents the subsequently extended literature

review from 2021 to 2022.

Chapter 3 discusses the overarching methodology adopted in this research study, including an
overview of the various research methods, utilised in different phases of the study to collect and analyse
data. The intent here is to provide an overview and guide. The details/protocol of each method used is

provided in the chapter that represents the body of work that utilises that method.

Chapter 4 presents the question classification framework developed to analyse the nature of the
introductory-level database examination questions. It was essential in this study to understand the nature

of the novice database tasks before diving in and designing the tasks to be utilised in the study. This



chapter introduces the existing mechanisms used to analyse the nature of tasks, followed by data
collection using naturally occurring data, the utilised ethics process, and the open coding data analysis
method. Then, it describes the classification scheme used to analyse the questions based on the
concept(s) covered by a question, the question style (e.g. multiple choice, true/false, etc.), and the
intellectual complexity of the question along with the research method utilised to collect the data. The
chapter concludes by summarising the shortcomings of the existing questions used in assessing novice

database modellers.

Chapter 5 presents the quantitative analysis conducted in this thesis with the intention of developing a
set of metrics that can assess the difficulty of the database modelling tasks. It starts by analysing the
existing database and difficulty metrics used in Computer Science Education Research (CSER),
followed by the protocol used for metric selection and the selection of metrics. Then, the chapter
discusses the method used to evaluate the metrics, including the research participants, the ethics process,
the data collection method using naturally occurring data and the statistical data analysis method, where
statistical analysis like correlation tests, multiple regression tests and principal component analysis was
used. Following that, the chapter discusses a potential set of structural and readability metrics to identify
the difficulty of database modelling tasks. A statistical correlative evaluation of the metrics in terms of

their suitability to predict task difficulty as measured by student performance on a task is presented.

Chapter 6 focuses on the design of the modelling tasks utilised in the think-aloud studies. The design
is informed by the findings described in Chapter 4 and Chapter 5 . This chapter starts by addressing the
context of the think-aloud study in terms of the introductory-level database courses INFS601 (Logical
Database Design) and COMP508 (Database System Design), from which the participants were

recruited. Then, it discusses the task design process which was utilised during the think-alouds.

Chapter 7 presents the reflexive thematic analysis conducted to identify the common patterns of
challenges and difficulties faced by novice modellers, along with the tactics applied in attempting the
tasks. The chapter starts with a detailed description of the ethics process, recruitment process, and the
participants, followed by the protocol for the think-aloud data collection and the reflexive thematic
analysis. Then, it details the researcher’s positioning, transcription and analysis protocols. The chapter
then presents the narrative analysis by theme and finally ends with a discussion of the tactics adopted

by the participants and the challenges that the participants encountered.

Chapter 8 presents the analysis of the same think-aloud data used in Chapter 7 from a different
perspective. This chapter details the narrative analysis of three participants (best, middle and lowest-
level performing participants) and maps this to a visual representation of each participant’s LT/P to

comprehend their learning progression throughout the sessions.



Chapter 9 relates the findings discussed in Chapter 7 and Chapter 8 to existing educational theories
and cognitive theories of learning. The chapter then goes on to explore how novice modelling tasks can

be designed, based on the identified theoretical aspects, to enhance approaches to teaching and learning.

Chapter 10 concludes this thesis by discussing the limitations of the study, the conclusions of the
findings, and the future directions of the research into teaching and learning of novice database

modellers.

1.5 Contributions

Based on the work reported in the literature at the start of this study, there is a limited understanding of
how novices learn to model and the cognitive development processes that trigger this learning in novice
modellers. The doctoral research proposed herein aims to investigate novice database modellers to gain
a deeper understanding of their approach to learning database modelling, with a focus on the growth of
their cognitive processes. This research conducts an in-depth investigation into understanding how
novice database modellers learn to model. In order to conduct this work, it was required to understand
how to build an instrument and the relative difficulty of modelling tasks to structure the study in a

meaningful manner. The contributions of the study are summarised as follows:

e Conduct a comprehensive systematic mapping study of the literature in database modelling
education to lead to an understanding of the existing work.

e Develop a question classification framework to understand the nature of novice modelling tasks
based on the task style, content covered and the cognitive complexity of a task.

e Develop a framework to predict the difficulty of typical database modelling tasks using database
metrics, which didn’t yield the expected results but provided an indication that it is possible to
develop such a measure with some of the identified metrics and use more data points.

e Examine the notion of a hierarchical structure in the mastery of database modelling skills based
on novices’ performance. Even though the hierarchy was not established within the analysed
data, this work provided an initial framework for other researchers to inform further studies to
investigate the idea of a hierarchical structure in mastering different types of tasks.

e Conduct the first qualitative investigation of novice database modellers to the best of the
researcher’s knowledge using a reflexive thematic analysis to have a more in-depth and
respondent-led study. The intention was to gain a deeper understanding of how students
approach learning based on the source of student difficulties, tactics they have developed, and
the type of exercises and scaffolding of exercises that support student learning. to gain more

insight.



Conduct a qualitative think-aloud study with a series of interconnected tasks across multiple
sessions compared to the think-aloud often conducted in this domain using a single task at a
snapshot.

Form a visual representation of the learning progression and trajectory, providing an easier
interpretation format.

Develop a protocol to conduct think-aloud virtually in the CS education context.
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Chapter 2 Related Literature

2.1 Introduction

Almost all undergraduate degree programs in computing include an introductory level course on
database management systems, often followed by more advanced courses in the domain. An integral
topic area identified in these introductory level courses is that of database modelling and design. The
importance of such courses is reflected in its inclusion as a core module in the IEEE/ACM curricula.
The jointly initiated ACM/IEEE/AIS computing curricula developed in 2005 (CC2005) listed
modelling and designing a database as one of the graduate outcomes for programs in computing
regardless of the discipline (Shackelford et al., 2006). The next iteration of the IEEE/ACM computing
curricula developed in 2020 also includes data and information management as a competency
requirement in computing, particularly in Computer Science (CS), Information Systems (IS), and
Information Technology (IT) disciplines (CC2020 Task Force, 2020). This confirms that teaching
database modules to undergraduates in computing is still relevant despite the passage of time. The 2013
ACM curriculum guidelines for Undergraduate Degree Programs in CS, by the Joint Task Force on
Computing Curricula (2013), consider Information Management as one of the prominent knowledge
areas in computer science and suggest a core module that includes conceptual data models (Entity
Relationship Diagrams [ERD], modelling grammars, etc.) and relational data models (design and
normalisation) among other topic areas. Similarly, the 2010 ACM Curriculum Guidelines for
Undergraduate Degree Programs, IS 2010.2 recommends a Data and Information Management
foundation course (Topi et al., 2010). Further, the 2020 [IEEE/ACM computing curricula included DS
as an emerging curricular model and was presented as a curriculum under development at the time
(CC2020 Task Force, 2020). Later, in 2021, the ACM Data Science Task Force published a report
highlighting the computing competencies for undergraduate DS curricula, including a course in
databases and data management consisting of traditional relational databases (ACM Data Science Task
Force, 2021). Moreover, they highlighted the importance of learning about various relational and other
database formats across the eleven knowledge areas recommended for a data science degree. Many
contemporary undergraduate degrees in CS, IS, and DS still include data modelling and database design
as part of their core curriculum. The consistent inclusion of database modelling highlights its role as an
important skill that any student following a computer science or related degree should master at an early

stage of their studies.

While database modelling is acknowledged as an important foundation topic in most computing
undergraduate degrees, students often find learning database design difficult. Educators also find it

harder to teach certain concepts that are abstract in nature. Several researchers have discussed the
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challenges in teaching and learning database modelling and link this to modelling being a complex topic
that is abstract in nature and consists of a high number of interrelated concepts (Amin et al., 2019; Badia

& Lemire, 2011; Hussain, 2017; Katz, 2018b; Watson, 2006).

Despite the accepted importance of students learning database modelling and the reported difficulties
in the area, there is little published empirical research aimed at improving the teaching and learning of
novice database designers, as evidenced by the systematic mapping included herein. At the time of this
review in mid-2020, which helped to frame the research undertaken for this thesis, there had only been
one attempt to identify and synthesise the research in database modelling education. This paper reported
a comprehensive review of the area and was published in Revista Espacios, where the articles are
published in Spanish, Portuguese and English and not a commonly known venue in computer science
education. The paper by Hamzah et al. (2019) reviewed the literature on the teaching and learning of
databases in computer science. The authors appear to have used a systematic approach, but the
publication is a short paper where the methodology lacks the details necessary to replicate their study.
The parameters for their search were not provided however, all the papers mentioned in their article
were between 2007 and 2018. Over the ten years, the authors reported discovering only 35 articles that
were relevant. These 35 papers were identified as belonging to two main themes in the literature: student
difficulties and methods to improve teaching and learning. Under the second theme, they have mainly
identified approaches such as blended learning, flipped classroom approach, cognitive load theory
approach, active learning techniques and computer-based instructions presented in the literature. It was
surprising to see only 35 papers over ten years related to only two themes, but the analysis therein

further supports our claim of the gaps in the domain.

Considering the lack of reviews of the area, it was decided to conduct a full Systematic Mapping Study
(SMS) to understand the literature on the teaching and learning of database modelling. The main
objective was to build an understanding of the span and focus of the existing literature and identify any
gaps in the literature related to the teaching and learning of databases. Further, to conduct this research,
it was required to develop database modelling tasks that assess and measure the existing knowledge of
novices and get them to think aloud while attempting the tasks. Hence, it was important to understand
how database concepts were typically assessed to conduct this research. Due to that, after the SMS, the

area of assessments was explored more in-depth to comprehend the existing work in this area.
The SMS was conducted to answer the following research question and associated sub-questions:
RQ1: What are the existing focused areas of research in database modelling education?

RQ1.1: What types of research are presented in the identified publications?
RQ1.2: What areas of introductory database design and modelling are the focus of the literature?
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Further, an author collaboration network was developed to understand how researchers have
collaborated with each other in the area for the past three decades. While this analysis was not central
to the thesis, it builds a picture of what the current research landscape looks like in the area of database

education. A detailed analysis of the author collaboration is provided in Appendix L.

This chapter presents the entire systematic mapping protocol used in this research study to capture the
published literature between 1990 and 2020, followed by the findings of the study and a discussion.
The findings are discussed in detail based on the dimensions of types of research, focus areas of
research, practices, and approaches proposed to assess novice database modellers. The addendum of
this chapter discusses the subsequently repeated search at the time of writing the thesis to include the

literature published during 2021 and 2022.
2.2 Systematic Mapping Protocol

Systematic mapping studies are a means of getting an overall picture of a research area based on a
classification scheme and counting the research contributions for each category arising from the
classification scheme. Even though systematic mapping studies started to appear around 2008 in CSER,
they have mainly been used in software engineering research. The protocol presented here is based on
the systematic mapping study protocol introduced by Petersen et al. (2015) for conducting a systematic

mapping study in software engineering.

The protocol developed for this study was a step-by-step adoption of the steps used by Petersen et al.
(2015) in their study. The main deviation from their protocol is the removal of their exclusion criterion,
“quality assessment”. This decision was made retrospectively after screening the papers and at the time
of full-text evaluation. The reason was the low number of papers identified and the high number of
these selected papers that would have been excluded based on the “quality assessment” criterion. This
decision was deemed reasonable as despite conducting a quality assessment in their study, Petersen et
al. (2015) stated that “quality assessment should not pose high requirements on the primary studies as
the goal of mapping is to give a broad overview of the topic area” (p. 12). Otherwise, the steps of the
protocol remained the same. Several procedural decisions, specifically when handling the search
strategy, were decided based on the issues discussed in the study conducted by Brereton et al. (2007)
and on the lessons they learnt when applying a systematic review process to the software engineering
domain. As one of their suggestions the research questions were reviewed with the progress of the
mapping study which led to include an additional research question to identify how novice database
modellers are assesed considering the lack of data identified during the mapping study related to

assessing novices.
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RQ1.3: How are novice database modellers assessed?

Further, conducting a pilot study to evaluate the systematic mapping protocol was also added based on
their suggestions. More specifically, multiple search strings were developed and tested as suggested by
(Brereton et al., 2007) based on the search model of each database to identify the appropriate one to
address the research questions. An overview of the phases of the SMS conducted as part of this doctoral

research is depicted in Figure 2.1.

2.2.1 Identification of primary studies

Choose the search strategy

Petersen et al. (2015) discussed three different search strategies (i.e., snowballing, manual search and
database search), of which database search is the most frequently used approach. They recommend
selecting one as conducting multiple search strategies can be quite a time-intensive task. Considering
the time and the goal of achieving an overview of the study area, a database search was used to identify
the potential studies. Six digital libraries were used to search for specific keywords relating to teaching
and learning novice database modelling and design. Initially, it was decided to search the ACM
(Association for Computing Machinery) Digital Library, IEEE Xplore, Springer Link, Science Direct
and Taylor & Francis digital libraries since these databases included high-impact CSER journals and
conference proceedings like ACM Transactions on Computing Education (ToCE), Computer Science
Education, the ACM Conference on Innovation and Technology in Computer Science Education
(ITiCSE), the SIGCSE Technical Symposium (SIGCSE TS), and the ACM Conference on International
Computing Education Research (ICER). Later, it was decided to expand the search to include
Information Systems venues that were focused on databases by including the AIS elibrary when an
initial exploratory search showed that some database education articles appeared in the Information
Systems literature. Another more pragmatic reason for selecting these databases was the ease of

accessibility provided via our university library system.
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Formulation of Research Questions

Scope

4

(2.2.1) Identification of primary studies
1. Choose search strategy - database search
2. Develop the search
3. Evaluate the search

All articles

(2.2.2) Screening of articles

Application of inclusion/exclusion criteria:
1. Based on the title and abstract
2. Based on full text of articles

Relevant articles

(2.2.3) Data extraction

l Extracted information

/ (2.2.4) Analysis and classification \

1. Based on the existing type of research
classification P

Further review of literature ;
2. Based on the developed focus areas of research —— > related to "Assessment” category:

classification : .

Verify and Develop ' Forward and backward snowballing :

validate the classification fmmmmmeemeeoee- e BORCECEECELERERLEY
classification scheme

scheme

Conduct pilot study

N /

Visualisation of ¢
findings

Figure 2.1 Systematic mapping study process adapted based on the guidelines of (Petersen et al., 2015).

The numbers in braces represent the sections of this chapter that detail each phase’s protocol.
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Develop and evaluate the search

As suggested in the guidelines of Petersen et al. (2015), the research questions mentioned in section 2.1
and PICO (Population, Intervention, Comparison, Outcomes) were used to develop the search strings.
Based on their recommendation, for mapping studies, only P and I from PICO were considered in
building the search string. The search strings were composed of three main terms. The first term was
intended to be broad and consisted of keywords related to the database modelling education areas of
interest: teaching, learning and assessment. The second term was used to constrain the focused areas of
the search to database modelling. This second term was intended to, by inference, exclude articles
focused on database implementation and querying. The third term consisted of the keywords related to
the focused population of the research: novices. Wild cards, when and where allowed by the digital
library search functions, were used to capture the different variations of the terms used in the search
strings. Further, alternative synonyms were selected for the search terms, and these were linked using
the logical operators AND/OR, where AND was used to link the search terms and OR to link the

synonyms.

During the initial stage, three different search strings were developed to retrieve primary studies from
the digital databases. And then, the search strings were used on each digital database. Finally, the results
of each search string were compared, as sometimes the searches resulted in a large number of irrelevant
hits. The search strings developed along with the results from the ACM digital library are given below

as an example to provide an idea of how the search string was finalised.
Search string 1: articles retrieved - 28

(teach* OR learn* OR asses*) AND (“database modelling” OR “database design” OR “entity-

relationship modelling””) AND novice
Search string 2: articles retrieved - 311

(teach* OR learn* OR asses*) AND (“database modelling” OR “database design” OR “entity-
relationship modelling”’) AND (novice OR beginner OR introductory)

Search string 3: articles retrieved - 5082

(novice OR beginner OR introductory) AND (“database modelling” OR “database design” OR “entity-
relationship modelling” OR “data modelling”) AND (teach* OR learn* OR asses*)

Based on the results retrieved from all the databases, search string 2 provided more consistent results

compared to both search strings 1 and 2. Hence, search string 2 was finalised as the base search string
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for this literature search. This was further evaluated by looking at the first 100 hundred results (where
applicable) of each string to decide whether the string managed to capture the relevant studies. As an
example, search string 3 captured many articles (~40%) in other modelling domains, such as domain
modelling in UML, business process modelling, etc., and it was the same across the majority of the

databases. Hence, it was excluded as an unsuitable search string for this study.

The base search string was then adjusted and refined accordingly as constrained by each database’s
available search options (Brereton et al., 2007). For example, in the ACM digital library, since the
library did not allow wild cards with word phrases, the search string had to be extended using boolean
operators (AND/OR) and full words to include all the required variants. In some cases, the search string
was adapted based on the number of Boolean operators permitted in the string— the ScienceDirect
digital library only allows a total of eight Boolean operators in a search, while IEEE Xplore allows ten

Boolean operators. The search strings finalised for each digital library can be found in Table 2.1.

Table 2.1 Search queries used in digital libraries.

Database Search

ACM ("data modelling" OR "data modeling" OR "database modelling" OR "database
modeling" OR "database design" OR "database course" OR "er model" OR "entity-
relationship model") AND (novice OR beginner OR student OR undergraduate OR
introductory) AND (teach* OR learn* OR assess *)

SpringerLink '(asses* OR teach* learn*) AND ("database design" OR "database model*" OR "er
model*" OR "database course" OR "entity relationship model*") AND (novice OR
beginner OR introductory)

IEEEXplore (teach* OR learn* OR assess*) AND ("data modeling" OR "data modelling" OR
"database modeling" OR "database modelling" OR "database design" OR "database
course" OR "er model*") AND (novice OR beginner OR student OR introductory

ScienceDirect (assessing OR teaching OR learning) AND ("database design" OR "er modelling"
OR "database modelling") AND novice
Taylor & Francis (assess* OR teach* OR learn*) AND ("database design" OR "database model" OR

"database modelling" OR "database modeling" OR "entity relationship modelling"
OR "entity relationship modeling") AND novice

AIS elibrary (teach™* OR learn* asses*) AND ("database design" OR "database model*" OR "er
model*" OR "database course" OR "entity relationship model*") AND (novice OR
beginner OR introductory)
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2.2.2 Screening of papers

Once the search strings were finalised, they were used to identify the potential articles across the six
digital databases. The identified articles were then subjected to an initial screening process based on the
criteria developed for this SMS (See Table 2.2). The first inclusion criterion (I1) was developed to
identify the articles within the intended scope of this review, which was teaching, learning, and
assessing database modelling among introductory-level novices. The study range was thirty years, from
1990 to 2020, as defined by 12. Considering that there was no broader systematic review conducted in
the area that could be replicated, it was decided to investigate the research as far as possible and 30
years was concluded as an achievable timeframe. The publication sources included only peer-reviewed
journal and conference papers (I3). Moreover, grey literature, such as technical reports and blogs, is not
common and less likely to be relevant to this thesis research area. The final inclusion criterion (I4) was
defined to include only articles that were written in English. The exclusion criteria mentioned in Table
2.2 were used to scope the identified articles into database modelling. Hence, most of the exclusion
criteria were designed to eliminate articles that were not relevant, for example, studies in the educational

context focused on database implementation, querying, and security.

Table 2.2 Inclusion (I) and Exclusion (E) criteria.

ID Criterion

I1  Studies specifically based on the teaching, assessment, and learning of conceptual & logical (e.g.,
relational) database modelling and design modules in tertiary education.

12 Studies published between 1990 — 2020.
I3 Peer-reviewed studies published in journals and conference proceedings.

14 Studies written in English.

E1 Studies describing the physical implementation of a database.

E2  Studies that mention databases that don’t have a core focus on teaching and learning of databases (e.g.,
DB security, data warehouse, SQL, data Mining).

E3  Studies based on other modelling domains (e.g., Object-Oriented Analysis & Design, enterprise
modelling, business process modelling).

E4  Studies where full text is not provided (where the publication is an abstract /extended abstract/poster)
or not accessible.

E5 Studies that don't belong to the educational context.
E6 Duplicate studies (same study retrieved from different sources).

E7 Studies related to K-12 education.

Figure 2.2 illustrates the paper screening process in action and details the number of articles filtered by

each of the exclusion criteria.

When applying the study selection criteria, the articles were first sorted by date of publication, from

oldest to newest, as sometimes the selection was conducted in more than one session when large search
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results were involved. Once the selection criteria were applied for each search result, the data (i.e., data
source, date and time of selection, publication title, authors, year, venue, DOI or URL, include or

exclude status, exclusion reason) was recorded for each article.

In this screening stage, the titles and abstracts of the articles were read and reviewed using the criteria
given in Table 2.2. As a result, candidate papers were identified from the search across the six databases.
In cases where the articles could not be definitively screened using the title or abstract, a full-text read
was conducted against the same selection criteria. During full-text reading, it became apparent that
further articles should be removed as they did not adhere to the inclusion and exclusion criteria. The
remaining articles were included and went on to be analysed further, employing the systematic mapping

process.

The literature search was subsequently repeated during the writing of this thesis to extend the study on
6™ December 2022 to include articles from 2021 and 2022 and a further 21 articles were identified. A

discussion of the findings from the extended study is included as an addendum at the end of this chapter.
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Figure 2.2 Paper screening process.

2.2.3 Data extraction

To extract data from the full set of selected articles, including those used to build the assessment focus

area classification system, were read in full and classified accordingly. The template provided in Table

E1: Studies describing the physical implementation of a database

E2: Studies that mention about databases (eg. DB security, data warehouse, SQL, data mining).

E3: Studies based an other modelling domains(eg.Object Oriented Analysis,enterprise modelling, business process
maodelling).
E4: Studies where full text is not provided (where the publication is abstract /extended abstract/poster) or not
accessible.
E5: Studies that doesn't belong fo the educational context.
E6: Duplicate studies (same study retrieved from different sources).
ET7: Studies related to K-12 education.

(After Phase 2)

2.3 was used to extract and classify the selected articles.
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Table 2.3 Data extraction form

Data item Research question

Paper ID
Paper title
Author/s

General Year of publication

information Venue

Paper type (i.e., journal, conference, symposium, workshop)
Abstract

Keyword

Type of Research (i.e., empirical, replication, secondary, RQI1.1
experience/opinion studies)

Classification Focused area of research (i.e., course design, assessment, RQI1.2
information pedagogy, tools and resources, curricula, challenges)

Low-level classification of assessment category - practice and RQI1.3
approaches proposed to assess the novice modellers (i.e., skill

development and acquisition, assessment type, auto-grading of

design/model, task/model assessment, feedback, academic

integrity)

Reason for classification

2.2.4 Analysis and classification

The extracted articles were then grouped under a category according to a classification scheme during
the analysis. Petersen et al. (2015) distinguished two types of classification schemes that can be applied
in systematic reviews and mappings. The first type is general classification schemes that can be applied
regardless of the domain of the review, like venue, research type and research methods. The second
type is more topic-dependent, where the classification schemes emerge from the data or are based on
the existing literature. Existing classification schemes were explored to categorise the type of research
presented in the selected articles. Wieringa et al. (2006) proposed six categories to classify the research
type for requirements engineering papers, a common research type facet used in SMSs. However, these
categories were not a natural fit for the classification of educational research publications. After further
exploration, the categories related to the type of research dimension were adapted from the research
type categories introduced by Taipalus and Seppdnen (2020) for educational research, as provided in
Table 2.4. However, the authors did not explain why they chose to adopt the research type framework
they did. But, it seemed reasonable to adopt this classification in this study, considering the lack of
systematic reviews in the area. It was important to understand the quality and rigour of the results of
this study. That was the main reason why the research type categories were identified to form an

understanding of how reliable the results presented in the articles were.
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Table 2.4 Type of research classification scheme (Adopted from (Taipalus & Seppénen, 2020)).

Category Definition

1 Empirical research ~ Papers using empirical evidence to validate the knowledge claim stated in the
paper can be done qualitatively, quantitatively, or using a mixed approach. e.g.,
Hypotheses can be tested to validate the stated research questions using several
statistical measures.

2 Secondary study Papers present a study conducted based on the existing literature in the form of
a systematic literature review or systematic mapping study.

3 Opinion/Experience Papers present the author’s or a third party’s opinion on something (e.g.,
study whether something should be taught, how it should be taught, or to whom it
should be taught) or their experience on how something was done (e.g.,

implementation of new course materials, positive and negative points of the

implementation). Typically, no scientific evidence is presented in these papers.

A pilot study was conducted to build the next classification scheme, as no existing schema looked at
the focus areas in database education at the time this was conducted. So, this classification scheme had
to be developed in a data-driven manner and based on the information from the existing literature. The
classification scheme was developed by following a similar open coding approach discussed by
Petersen et al. (2015), going through the full text of the articles to identify the categories that described
the focus area of the research. To initially develop this classification scheme, a pilot study was
conducted where a total of 30 studies (five studies from each database) were randomly selected across
the six digital databases. The researcher and both supervisors were involved in developing the
conceptual framework through discussion until a consensus was reached. The scheme was fine-tuned
throughout the pilot study. As a new article came that could not be categorised into an existing category,
a new category was added to extend the classification scheme. However, if it seemed to fit into an
existing category, but the definition didn’t capture it, then the definition was broadened as required. For
example, a category named “Design skills” emerged during the pilot study, but it did not occur more
than once, and hence, it was removed as a category. Additionally, “Tools” under the assessments
category was removed as all the articles related to tools could be more precisely categorised as related
to tools to automate marking and were categorised as “Auto-grading of model”. “Academic integrity”
was introduced as a new category to include articles discussing academic integrity and plagiarism

detection of student-generated database models.

The detailed definitions of the categories under the focus areas of research are provided in Table 2.5.
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Table 2.5 Focus areas of research in database modelling education.

Category Definition
1 Tools and Include interactive computer systems to support teaching and learning,
Resources evaluation of existing tools, data sets, and fully developed assessments e.g.,

student worksheets

2 Pedagogy Effective teaching and learning practices including how the teaching occurs,
the approach to teaching and learning, the way content is delivered, and what
students learn as a result of the process. e.g., Teaching & learning approaches
(application of an existing approach, introducing a new approach)

3 Curricula design ~ The process of adding/updating a database systems module/course into an
integrated group of courses/modules aligned to a program.

e.g., ACM curricula design of a program

4 Course design Overall course structure in creating a new course, redesigning an existing
course or evaluating an existing course. Design specification covers most
aspects of the design of the single course or module and may include details of
learning outcomes, content, pedagogy, assessments, etc.

5 Assessment Evaluating and measuring the learning progress, skill acquisition, and learning
needs of students.

6 Teaching/learning Challenges faced in teaching and learning novice database courses e.g., Issues,
challenges misconceptions, common errors faced by students in learning or teaching
challenges in transferring tacit knowledge like a high number of interrelated

concepts with abstract nature

Based on the developed classification scheme, each article was categorised under one single category
aligned with the primary research contribution, as determined by the researcher. When each article was
categorised, a rationale for the decision was recorded in the data extraction form. The supervisors
reviewed the data extraction to validate the suitability of the classification. Once the data extraction was

completed, the data were synthesised to answer the research questions.

As discussed in section 2.1, it was decided to explore the literature related to the “Assessment” category
more in-depth. However, due to the small number of articles (18 articles) backward and forward
snowballing (Wohlin, 2014) was performed. For each article, when it comes to forward snowballing,
first, the title and abstract of the cited article were checked along with the place of the citation to make
a decision. The same inclusion and exclusion criteria (see Table 2.2) were applied to exclude the articles,
and further, some articles were removed since they were already included in the review. In backward
snowballing, titles and the place of reference to the identified articles from the reference list were
checked first. If there is a possibility to include the article, then the abstract of the referenced article was
checked to make a decision. The full text of the articles was referred to when a decision could not be

made from the title and abstract reading. See Table 2.6 for the articles identified via snowballing.
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Table 2.6 Articles identified through snowballing.

Backward snowballing Forward snowballing
Article Number of Number of Included article Number of Number of Included article
referenced articles  included articles cited articles  included articles
( Batra & Davis, 1992) 39 0 NA 71 2 (Batra & Sein, 1994)
(Yang, 2003)
(Bock & Ryan, 1996) 15 0 NA 1 0 NA
(Ryan et al., 2000) 65 0 NA 17 2 (Moores et al., 2006)
(Dhillon & Dasgupta, 2011)
(Batra & Wishart, 2004) 52 0 NA 21 0 NA
(Fuller et al., 2010) 9 0 NA 13 0 NA
(Pittges et al., 2009) 9 0 NA 1 0 NA
(Paterson et al., 2012) 15 0 NA 1 0 NA
(Etlinger, 2013) 9 0 NA 1 0 NA
(Granda et al., 2015) 37 0 NA 5 0 NA
(Kawash & Sailunaz, 12 0 NA 1 0 NA
2020)
(Kawash et al., 2020) 15 0 NA 3 0 NA
(Prados et al., 2006) 9 1 (Prados et al., 2005) 5 0 NA
(Thomas et al., 2007) 15 3 (Thomas et al., 2006) 14 3 (Simanjuntak, 2015)
(Higgins & Bligh, 2006) (Thomas, 2012)
(Waugh et al., 2004) (Thomas et al., 2015)
(Kesh, 1995) 19 0 NA 54 0 NA
(Sinha & Vessey, 1999) 16 0 NA 36 0 NA
(Lee & Chan, 2001) 16 0 NA 2 0 NA
(Becker et al., 2008) 130 0 NA AIS eLibrary did not provide citation details
(Kouznetsova, 2009) 14 0 NA 1 0 NA
4 articles 7 articles

Total number of articles from
snowballing = 11 articles
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All articles categorised under this theme were then further analysed to extract common themes to
understand the assessment spectrum better to answer RQ1.3. The entire process that was used to develop
the focus area categories was repeated to classify how novice database modellers are assessed. Table

2.7 provides the scheme developed to code the assessment of novice modellers.

Table 2.7 Assessment of novice modellers.

Category Definition
1 Skill development and Papers that discuss different skills students need to acquire in building
acquisition database designs/models, the factors which affect the skills of

novices/models they design, or the papers that discuss the performance
of modellers. e.g., comprehension skills, database creation skills

2 Assessment type Papers that discuss the design and evaluation of different types of
assessments given to students. e.g., Formative assessments, summative
assessments

3 Auto-grading Papers that discuss the automatic instruments developed to assess the

of model design/models.

4 Task/model assessment Papers that used learning theories/ taxonomies/ heuristics/guidelines

in assessing tasks or design/model quality.

5 Feedback Papers that discuss the feedback provided as a part of summative and
formative assessments. e.g., Automated or manual feedback

6 Academic integrity Papers that discuss the academic integrity and plagiarism of
assessments.

2.3 Findings
2.3.1 General findings

Seven hundred and thirty articles were obtained using the finalised search strings across the six
databases between 1990 and 2020 inclusive. These articles were then subjected to a screening process
as described in section 2.2.2. The initial screening conducted on the article’s abstract and title by
applying the inclusion and exclusion criteria resulted in 202 articles. The articles that were not
definitively screened using abstracts and titles were then decided based on a full-text reading, resulting

in 47 more articles being removed. Altogether, 155 articles were selected for further analysis.

This section provides an overview of the selected studies. The number of articles identified across thirty
years highlights the need for more research in the domain. Figure 2.3 provides a comparison between
the number of articles published in the past thirty-two years in database modelling and computing
education overall. Based on the number of CSER articles published per year, the proportion of articles
published in database modelling education has increased, but not at the pace of articles in other areas

of CSER. Two recent studies conducted at the time of this thesis research also highlight the lack of
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research conducted in the domain (Ishaq et al., 2022; Simon & Sheard, 2020). Simon and Sheard's
(2020) analysis of 24 years of the ITICSE conference, arguably one of the highly ranked conferences
in CSER, found that 38% of papers represent research on teaching and learning computer programming,
while only 2% are database-related publications. The comparison presented in Figure 2.3 further
confirms the findings of Simon and Sheard (2020) regarding the low number of publications in the area

of database education.
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Figure 2.3 Yearly distribution of CSER vs DB modelling education research. a. provides the total
number of publications identified in CSER — the articles were identified using the search string
("Computer Science Education" OR CER OR CSEd) across the same six databases. b. provides the total
number of publications related to database education. Note the difference in the Y-axis scale in a. and

b.

More than half of the studies identified in the SMS conducted for this thesis (55%) were published in
conference proceedings, while 37% were journal articles, and 8% were from symposium and workshop

reports. Figure 2.4 indicates the quinquennial distribution of the publications based on the venue type.
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Figure 2.4 Quinquennial distribution of the publications based on the venue type.
2.3.2 RQI1.1 - Types of research

Research question 1 was utilised to understand the diverse nature and the broader landscape of the
literature on database modelling education by classifying the articles based on research type. While
some of the published articles were empirical, most of the claims of the efficacy of an intervention or a
tool were based on conjectures formed from opinion, perceptions, or anecdotal experience. Around one-
third of the publications were classified as reporting on an empirical study where empirical evidence
was used to validate the findings and claims stated in the paper. A limited number of articles, only 6%,

fell into the secondary studies research type.

Based on the frequency of the types of research over the period (See Figure 2.5), predictably, opinion
and experience articles were the most favoured type of article. Although there was a consistent increase
in the number of empirical research studies until 2015, a significant decline in empirical research can

be observed from 2016 to 2020.
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Figure 2.5 The quinquennial publications of type of research.
2.3.3 RQ1.2 —Focus areas of research

Research question 2 was used to explore the different research areas reported in the literature concerning
introductory database design and modelling to get a broad overview of current research. Figure 2.6
provides the percentage of publications under each category of focus area. As per Figure 2.6, the most
prevalent areas of research were related to the development of supportive tools for teaching and

learning, followed by publications related to pedagogy.
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Figure 2.6 Focus areas of research based on the percentage of publications.
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Tools and resources

The tools and resources category includes work related to interactive computer systems or teaching
resources, such as fully developed student worksheets built to support the teaching and learning of
novice database modelling. Since 2001, there has been an increase in the number of articles in the
literature that focus on tools and resources (See Figure 2.7). However, almost all of the tools are not
open-source or freely available, which might explain why the tools are not empirically evaluated or
used in replication studies. Many of the tools appeared to have been used in a research study and then
lost to obscurity. The tools identified in this study mainly handle one of three main stages of database
design: either conceptual design (Nattassha & Azizah, 2016; Weerasinghe & Mitrovic, 2002; Zhou et
al., 2004), logical design or relational schema (Protogeros & Tzafilkou, 2015) or normalisation (Kaur
& Chopra, 2010; Kung & Kung, 2013). However, a limited number of tools were designed to facilitate
the transition from one stage to another: from a textual description to a conceptual model (Omar &
Baryannis, 2020; Ridjanovic, 2003) or from a conceptual model to a logical model (Lim & Hunter,

1992).
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Figure 2.7 The quinquennial publications by focused areas of research.

From a very early stage in the literature, several researchers have worked on tools related to conceptual
design or ER models. A virtual learning environment for developing an ER model is one such early
initiative. The tool required the learner to produce textual commands in order to generate an ER model
dynamically (Hall & Gordon, 1998). This tool is an example of early research looking at feedback
mechanisms in a database design tool in which the user could only enter correct commands, and

provided feedback was provided on incorrect command choices. Over time, educators and researchers
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have published articles that introduce more interactive tools for building conceptual designs by
introducing more user-friendly interfaces (Kim et al., 2007; Milik et al., 2006b; Zhou et al., 2004).
Protogeros and Tzafilkou (2015) used a simple-talking approach to build a tool to abstract database
terminology and logic, arguing that it would help untrained users progressively design their database.
The core idea behind the approach is to allow users to select a verb that describes the relationship
between two entities. This chosen verb is then utilised to generate relevant questions about various
database constructs, such as attributes, relationship types etc., to generate a relational schema. Based on
their experiment study between experienced and non-experience users, the authors have concluded that
the approach appeared to be a good tool to train designers, particularly novices, in building their

database schema.

While several tools have been developed to facilitate database modelling, fewer tools have been
developed to facilitate the normalisation process. Of those tools, all attempt to support the learning of
normalisation through visualisation (Kaur & Chopra, 2010; Kung & Kung, 2013; Suraweera &
Mitrovic, 2004). For example, Kung and Kung (2013) developed a Java applet tool in which students
enter the functional dependencies that they have identified. Then, the tool allows them to visually

observe how the entered dependencies are normalised in a step-by-step manner.

A group of New Zealand researchers has published several articles on the development of Intelligent
Tutoring Systems (ITS) for teaching and learning database design concepts (Milik et al., 2006b, 2008;
Antonija Mitrovic et al., 2004; Antonija Mitrovic & Suraweera, 2016; Weerasinghe et al., 2011;
Weerasinghe & Mitrovic, 2002, 2006; Zakharov et al., 2008). While the majority of the tools identified
in the literature were not publicly available and were not empirically evaluated, these ITSs have been
used in their courses at the University of Canterbury since the early 2000s. Furthermore, they deployed
two database modelling-related tools (KERMIT and NORMIT) to a web portal aimed at university-
level students taking undergraduate database courses in 2003 (Antonija Mitrovic, 2006). The
researchers initially developed KERMIT, a knowledge-based ER modelling tutor that supports students
learning conceptual database modelling (Suraweera & Mitrovic, 2002). The tool presents requirements
for the students to develop basic ER diagrams. KERMIT later evolved to support Enhanced ER
diagrams — EER Tutor (Mitrovic & Suraweera, 2016). EER tutor also supports the students in learning
to design database models from textual descriptions, however unlike KERMIT, EER tutor was web-
enabled and covered more advanced constructs of an ER diagram. ERM tutor was the natural
progression from the earlier tools to teach the mapping of conceptual to logical database models (Milik
et al., 2006b). In this problem-solving environment, the problems are presented to students in the form
of Entity-Relationship (ER) diagrams. The purpose of this environment is to guide students in mapping
these ER diagrams into relational schemas. This mapping process is carried out step-by-step, providing

students with a structured approach to convert the conceptual ER diagrams into concrete relational
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database schemas. Subsequently, they developed a tool to support the normalisation — NORMIT
(Mitrovic, 2002).

While most of the articles categorised under this theme were related to interactive computer tools,
approximately 15% of the articles presented different resources that may be used to teach database
modelling. An early resource developed by Storey et al. (1998) was an ontology developed to be used
as a surrogate for the meaning of words. This database design ontology is a reasoning mechanism to
help students understand what different terms mean and how they relate semantically. Their objective
was to develop an ontology (a set of constructs used to represent real-world domains) that can be later
incorporated into a database design tool as a separate component to automatically compare terms based
on understanding their semantics. They went on to extend this study and evaluated the ontology in
prototypes and tools (Sugumaran & Storey, 2006, 2003). In their latest study, the tool developed
allowed the users to create and manage new ontologies by giving an ontology name, domain name,

terms, basic relationships, and domain relationships that can be utilised in ER model generation.

Many researchers have introduced learning aids or courseware to support the teaching and learning of
database modelling. Several of these learning aids utilised visualisation to support novices. Examples
include using visualisation to help map the relationships between entities or to understand the basic
concepts in database modelling better (Boyd et al., 2005; Goelman & Dietrich, 2018; Murray &
Guimaraes, 2008a, 2008b; Pahl et al., 2004)

An exemplar structured data modelling worksheet is another resource that has been made available to
educators (Bock & Yager, 2005). The worksheet is arranged in two columns where the left side is used
to record the design constructs like entities and attributes while the right hand side column is used to
draw simple depictions of each relationship as they are identified. The authors conducted a between-
groups experiment study where one group used the structured worksheet, while the other group did not
use the worksheet to work on the same database design task. The authors found that the students who
used the worksheet demonstrated a significant improvement in learning with regard to their ability to
identify entities, attributes and particularly ternary relationships over the group that did not have the
worksheet. The authors claim that their structured worksheet approach reduces the cognitive distance
between a modelling task and a modelling solution, which is an interesting finding that can be
particularly useful with novices. This is an interesting way for the novices to analyse a case study
description, and due to that, this could inform the design of the think-aloud instrument of this study,

considering the additional cognitive load that needs to be handled during the think-aloud data collection.

Further, a few researchers have developed data modelling patterns — a standardised representation of a

data structure that exhibits similarities with commonly encountered solutions to data requirements

31



problems and provided heuristics that can be followed in applying the patterns (e.g., a transaction
pattern that exchanges resources between two entities can be applied in domains like selling of goods,
services, borrowing etc.) during a database design task (Antony & Mellarkod, 2004; Thonggoom et al.,
2011). These patterns can be quite useful with novices to avoid the lack of experience and incomplete

knowledge of the problem domain.

Pedagogy

The articles identified under this theme discuss effective teaching practices and approaches developed
to overcome the challenges students and instructors face. Various teaching and learning innovations fall
into this category, varying from delivery modes to mechanisms developed to reduce the cognitive strain
of novice designers. Approximately 31% of the articles identified were categorised under this theme.
Further, the studies related to pedagogy appeared to surge during 2021 and 2022, which is presented in
detail in the addendum provided at the end of this chapter.

One of the most prominent pedagogical innovations in database modelling has been the application of
project-based learning (PBL) to enhance novice database modelling skills. Throughout the literature,
researchers have discussed how database projects should be integrated into a course. One such model
is bringing real-world projects to the classroom through university-industry partnerships (Dietrich &
Urban, 1996; Saiedian & Farhat, 1991; Scorce, 2010; Tashakkori & Andrews, 2018). These real-world
projects were ones where the students had to be closely involved in the rigorous design processes
required to create applicable models. Using case studies is another widely suggested approach to
learning database modelling, situating the case study with little or no industry partner engagement
(Boyeena & Goteti, 2010; Rae, 1990; Robbert, 2000; Shebaro, 2018; Tuttle, 2002). Robbert's (2000)
work has introduced a multi-step project consisting of multiple components to stimulate real-world
experience that evolved over time. In their approach, the students are initially required to develop a
simple database where after a while, they are informed that the companies have merged with other
similar companies (a.k.a. other students) and how they handle these scenarios have been observed
during the study period providing an opportunity for the students to experience real-world problems.
Other researchers have looked at students’ learning in team-based environments (Marjanovic, 2013,
2016; Mitchell, 2020). Brown and Klein (2003) introduced two cooperative learning techniques — paired
thinking and cooperative groups which appeared to produce positive learning attitudes among their

students, though the impact of these approaches was not empirically evaluated.

Different delivery modes, like flipped classrooms (Kui et al., 2018; Lina, 2018; Martinez, 2012) and
blended classrooms (Wang & Ma, 2017), have been discussed in the prior literature. The researchers

working on such initiatives argue that these approaches can be more student-centric and, as a result,
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may help overcome the difficulties novice database designers face, such as a lack of engagement while

increasing the student’s problem-solving abilities.

Work conducted by Lin et al. (2013) looked at the gap between doing and knowing in novices and
explored the opportunities to reduce this gap using different types of prompts (e.g., self-explanation,
knowledge integration prompts, procedural prompts, etc.) in peer-tutoring scaffolding. A follow-up
study reported that a group that used elaboration-based self-explanation scored lower than the other
treatment group that adopted scenario-based self-explanation (M.-H. Lin et al., 2015). Further, the
students who used integral question prompts outperformed the ones who received gradual question
prompts in performing the database problem-solving tasks. The prompts they have used here, in fact,
inspired the researcher to introduce certain prompts while developing the in-person think-aloud data

collection protocol discussed in section 7.4.

One main issue discussed in teaching and learning is the abstract and complex domain of database
analysis and design. Several researchers have looked at ways to overcome this issue by adhering to
techniques built around constructivist epistemology. Connolly and Begg (2006) argue that learning
design by doing design will help the students achieve knowledge and higher-order skills to perform a
task as effectively as an experienced designer. Several other educators shared the same notion that the
constructivist approach provides a solid foundation for mastering the art of database design (Chen et

al., 2012; Pamela Neely, 2007).

Mitrovic et al. (2012) also explored two teaching strategies using the NORMIT tool, where one strategy
enforced the procedural and scaffolded nature of data normalisation, and the second strategy provided
the students with more freedom to complete the task. Unsurprisingly, the scaffolded strategy was
reported to result in the acquisition of better problem-solving skills, resulting in the creation of better
models than the freer, less-scaffolded strategy, which could be considered in developing the research

instrument as a mechanism to reduce the cognitive load related to database modelling tasks.
Curricula design

The articles categorised under this theme discuss the process of adding or updating a database systems
module in line with an integrated group of courses in a program. Database design courses have been
revisited multiple times for various reasons like adhering to guidelines, accreditations, or evaluations.
The ACM curriculum guidelines are such initiatives where recommendations are provided about the
modules in degree programs. The 2010 ACM Curriculum Guidelines for Undergraduate Degree
Programs in IS recommends a Data and Information Management foundation course -IS 2010.2 (Topi
et al., 2010). Similarly, Martinez-Gonzélez and Duffing (2007) examined the effect of directing the

curricula to be taught similarly throughout different universities across Europe. Their analysis suggested
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that universities must redesign their degree programmes and teaching strategies in line with one set of
guidelines. Further studies have discussed placing database systems courses in line with proceeding
database courses in a program. As an example, Udoh (2006) describes how the curriculum was
structured to provide two courses in sequence for CS and IS majors in an integrated project environment.
In a similar attempt in a recent study, Mithun and Luo (2019) presented redesigning all database courses
in their data management curriculum enhancement to incorporate cross-course knowledge integration.
This is an interesting curriculum design where they have utilised a common project throughout all the
database courses so that the students can integrate and apply theoretical knowledge gained in lower-

level courses to the advanced ones in the same project.

Course design

The articles under this theme focus on the overall course structure in creating a new course, redesigning
or evaluating an existing course. Course design specification covers most aspects of a course or a

module, including details like learning outcomes, content, pedagogy, assessments, etc.

Drake (1998) discusses how they developed a database systems course integrated with the topics of
software engineering, database management, human-computer interfaces, and computer ethics. They
introduced each content area embedded within a database project. This approach allowed students to
design and implement a database and an interface, considering aspects of interface design and ethics.
This is an early example of attempting to teach introductory database topics differently, which may not
be seen even now in course delivery. In 2000, Springsteel et al. (2000) discussed the direction database
courses should take for the upcoming decade and what needs to be changed. However, they concluded
it was hard to provide a “one-size-fits-all” recommendation and instead provided alternatives that could
be adopted. Like Drake’s unified concept areas, their first recommendation was to offer two semi-
independent courses with a web/database integrated course focusing on the web as a front end to a
relational/object-oriented (OO) database. And a database management systems course with a relational
and OO hybrid model with traditional topics. The second recommendation was to have a year long
sequence of courses starting with a data management course that covered both relational and object
database management systems (DBMS) followed by a course on data management that covers topics
on data warehousing and data mining. From time to time, several researchers have discussed the
integration of web integration into databases however, none of these studies has been empirically

evaluated to study the impact of such an approach (Maiorana, 2015; Schaeffer & Olson, 2011).

One article described how a course teaching team evaluated an introductory database course in 2006
and then again in 2008. During this intervening period, they made changes mainly to the delivery of

content from 2006 to address one main feedback received from the students —the struggle of connecting
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the theoretical aspects with the implementation. Due to this, in 2008, they interleaved the SQL concepts
and practices with database modelling instead of delivering the content in two parts: the first half on
ER modelling/ normalisation and the second half on SQL and implementation, as they did in 2006,
which in turn changed some of the assessment components. While there was some improvement in
results in ER designing learning outcomes, the SQL-related outcomes did not change between the years.
However, their assessment identified a significant decrease in performance in outcomes related to
normalisation. The author argues, "One issue is that there is a lot of material in the 11 week course.
Changing the course to place more emphasis on one area may have a corresponding negative impact
in other areas unless careful design is done.” (Holden, 2008, p. 137). Several researchers have
discussed the amount of delivery material of a typical introductory course, agreeing with the argument
and how the heavy material particularly brings forth several interrelated concepts that can be
challenging for novices. Even though this is still an ongoing debate on what to teach or what to remove,
many researchers have attempted to develop courses to reduce this issue. Ren and Nan (2012) developed
a course around three stages, taking database design as a central trunk line. The course starts with
analysing and organising business data, then creating a data model and developing, managing and
maintaining the data model. Another article reports on a course design that introduced a sequence of
topics in an introductory database course that was significantly different from the adopted approaches
at the time (Kwan, 2013). The author explained that the course should start with an introduction to
database management and relational database concepts. They argue that basic SQL should be taught
next to get students engaged and learning, as SQL is comparatively easy to learn when compared to
data modelling or normalisation. Further, they have suggested teaching database normalisation next,
stating that it’s easier to learn than data modelling. The notion that normalisation is easier than data
modelling for novices is contrary to most views in the literature (Amin et al., 2019; Wang et al., 2020).
Kwan’s design is one of the first pieces of literature that has proposed an ordering of database topics in
a course that deviates from the traditional model and then implements and, indeed, argues against such

a sequence of topics.

Mason et al. (2016) employed Cognitive Load Theory (CLT) to redesign a database systems course.
The main objective of the redesign was to address poor student performance. They applied the ideas
from CLT to reduce the extraneous cognitive load by making changes to the instructional design, for
example, resequencing the content, using worked examples, segmentation and distribution of core SQL
concepts, etc. The authors reported that the new cohort’s pass rate was improved by 34% and generated
higher student satisfaction. While the authors highlighted the success of the course redesign using

evaluations and pass rates, no controlled experiments were included.
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Teaching/learning challenges

The articles identified under this theme highlight the challenges students and instructors face in teaching
and learning novice database courses. Batra and Antony (1994) stated that underlying causes for the
errors committed by novices may be related to the complexity of the task, misapplication of heuristics
and/or incomplete knowledge of database design. They also highlighted the inability of the novices to

consider alternative design solutions.

The work of Batra has considered four viewpoints (problem-solving principles, design principles,
information overload and systems theory) to identify factors that cause complexity in data modelling
(Dinesh Batra, 2005, 2007). Batra has mainly categorised these factors into two categories —those that
are intrinsic to the problem and hard to control and those that can be addressed to minimise the
complexity. Batra proposed a semantic differential scale to assess cognitive complexity. Although this
classification is subjective and lacks empirical evaluation, certain factors are highlighted as having high
severity, including significant interactions, mental aids, and the lack of shortcuts, which provide
valuable insights into the factors that can be utilised in the development of research instruments for the
think-aloud sessions. Moreover, he has mentioned that “there is the need for a tool that provides mental
aids, that is, guidance, prompts, and aids to move the designer along the modeling process” ( Batra,
2007, p.241), which further highlights the importance of promptly guiding the novices during the

modelling process.

Several researchers have attempted ways to identify the errors made by novices, which is an important
requirement before suggesting solutions like introducing tools (Currim et al., 2014; Hussain, 2016).
Currim et al.’s work has significantly evaluated some main errors made by novices and the possible
causes. They claimed that when a novice manages to differentiate between relevant and irrelevant
information, they will likely not add extra relationships to the model. Further, they have stated that
using attributes in place of relationships was the most frequent error made by the novices, possibly not
being able to see the “big picture” between entities but instead seeing a property of one entity. They
further stated: “Another possible reason is the usage of CASE tools that represent relationships by
modeling foreign key attributes within an entity class. Using attributes instead of a relationship results
in a loss of distinction between entity properties (attributes) and associations (relationships” (Currim
et al., 2014, p.22), which brings the question of whether using a CASE tool is the best route to analyse
the novices. The work of Hussain (2016) has identified making assumptions as a root cause for many
errors made by novices, which is an interesting factor that could be further looked into during the

observations of novices in this thesis.
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Assessment

The articles under this theme discuss the assessment of novices. This includes evaluating and measuring
their performance, the quality of the produced designs, the required skills, and how the relevant skills
are acquired. Only eighteen articles (11.5%) were found that focus on assessing novice database
designers, and further, 11 articles through snowballing (see Table 2.6). This theme was explored further
since the studies categorised under this theme may have several implications for the research conducted

for this doctoral thesis.

As mentioned earlier, all the articles in the “Assessment” category were further analysed to extract
common themes to better understand the spectrum assessments used to assess novice data modellers to
answer RQ1.3. See Table 2.8 for the assessment themes along with the articles identified as falling into
each category. Most articles were categorised under skill development and acquisition and auto-grading

of models, while the rest were focused on either assessment types and task or model evaluation.
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Table 2.8 Approaches and practices proposed to assess novice database modellers.

Category

Definition

Paper ID

1 Skill
and acquisition

development

Papers that discuss different skills students need
to acquire in building database designs/models,
the factors which affect the skills of
novices/models they design, or the papers that
discuss the performance of modellers. e.g.,
comprehension skills, database creation skills

(Batra & Davis, 1992)
(Bock & Ryan, 1996)
(Ryan et al., 2000)

(Yang, 2003)

(Batra & Wishart, 2004)
(Moores et al., 2006)
(Fuller et al., 2010)
(Dhillon & Dasgupta,
2011)

2 Assessment type

Papers that discuss the design and evaluation of
different types of assessments given to students.
e.g., Formative assessments, summative
assessments

(Pittges et al., 2009)
(Paterson et al., 2012)

(Etlinger, 2013)
(Granda et al., 2015)

(Kawash & Sailunaz,
2020)

(Kawash et al., 2020)

3 Auto-grading
of model

Papers that discuss the automatic instruments
developed to assess the design/models.

(Waugh et al., 2004)
(Prados et al., 2005)
(Higgins & Bligh, 2006)
(Prados et al., 2006)
(Thomas et al., 2006)
(Thomas et al., 2007)
(Thomas, 2012)
(Simanjuntak, 2015)
(Thomas et al., 2015)

4  Task/model

Papers that used learning theories/ taxonomies/

(Kesh, 1995)

assessment geu.rist/ics/iuidelh}es in assessing tasks or (Sinha & Vessey, 1999)
esign/model quality. (Lee & Chan, 2001)
(Becker et al., 2008)
5  Feedback Papers discuss the feedback provided as a part of (Batra & Sein, 1994)

summative and formative assessments.
Automated or manual feedback

e.g.,

6  Academic integrity

Papers discuss the academic
plagiarism of assessments.

integrity and

(Kouznetsova, 2009)

2.3.4 RQ1.3 - How novice database modellers are assessed

Auto-grading of design/model

As indicated in Table 2.8, many of the articles were related to the auto-grading of database models.
Auto-grading database designs is a difficult task, considering that there are often multiple potential
solutions to a database design problem. Despite the challenges, a few articles have reported on attempts
to automate the grading of student-generated database models. Higgins and Bligh (2006) marked

student-generated ERD diagrams automatically by comparing the submitted diagrams’ nodes, text, and
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links to an existing model answer the authors called a “feature test”. However, the authors noted some
shortcomings of their auto-grading approach for assessing ERD diagrams, such as the inability to mark
the diagram’s appearance, capture the different possibilities of the design, and provide effective
feedback. In a similar approach, Thomas et al. (2007) introduced a framework to compare student ERDs
to a specimen solution diagram. Like Higgins and Bligh, their approach involved matching two
diagrams, and a grade was computed based on the degree of similarity between the two models.
However, unlike Higgins and Bligh (2006), Thomas et al. (2007) validated the computed grade by
comparing it with the grade given by human markers. Thomas et al. (2007) noted less accuracy in the
auto-grading method than the human grader when inheritance relationships were present in the model.
Prior to this, the same group of authors had presented their experience using patterns in analysing the
diagrams. In this earlier work, they discussed how patterns could be used to identify the sub-diagrams

within an ER diagram and used this in a revised version of their auto-grading tool.

Prados et al. (2005) introduced a web-based tool to automatically correct relational schemas entered
into their tool by students. In this tool, a student’s answer is compared to a “correct” instructor-supplied
solution based on several metrics, such as the number of relations, primary keys, foreign keys, and
corresponding attributes. An extension of this work by Prados et al. (2006), unlike the previous two
approaches to auto-grading Entity-Relationship models, included the capability to compare each
student’s model with several possible solutions rather than just a single solution using a two-layered
comparison module. Comparing a student solution with more than one viable model solution better
reflects the potential model solution space. Even though the tool’s impact was not empirically evaluated,

the authors reported that the tool received positive feedback from both the teachers and the students.

While these auto-grading approaches have been implemented, most tools have not been empirically
evaluated, so the claims are often purely anecdotal or based on student/staff perceptions. Several authors
have noted the difficulty of auto-grading a model when the student’s answer, which may be perfectly

reasonable, is in a form/layout that appears to be quite different from the possible model answers.

Skill development and acquisition

Another main area the articles were categorised was related to the skills and performance of novice
designers. In one early piece of research, Batra and Davis (1992) compared novice and expert database
modelling skills. This work attempted to understand the cognitive processes underlying the steps
involved in conceptual data modelling. They found that experts approach the problem by first trying to
gain a holistic understanding of the problem before modelling. In contrast, novices demonstrated an
inability to integrate the various components of the problem scenario into appropriate knowledge

structures despite having a similar understanding of modelling constructs to that of the experts. They
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also observed that expert and novice behaviour was similar when modelling facets like entities,
attributes, and binary relationships but were somewhat different when it came to complex facets like
modelling ternary relationships and even more different when handling unary relationships. Another
study conducted by Bock and Ryan (1996) around the same time delved more into the roots of what
Batra and Davis had done. They reported on the experiments to identify the effect of the familiarity of
the problem structure and its relationship with a novice’s ability to model ternary relationships in
Enhanced Entity Relationship (EER) diagrams. The authors discussed Tversky’s psychological theory
of familiarity to explain their findings. Tversky’s (1977) theory of similarity explains a human’s ability
to recognize real or abstract objects by judging the similarity of the unknown object to other known
objects using a feature-matching process. The authors tested this perception by asking participants to
model a problem with ternary relationships where some ternary relationships had intersection data
(additional data relevant to the relationship), and some did not. They conducted a controlled laboratory
experiment where one group was given relationships “without intersection data” and the other “with
intersection data” to evaluate the correlation between the presence of intersection data to modelling
correctness and the identification of correct cardinalities. The authors reported no correlation between
the presence of intersection data and the model's correctness. Still, they report uncovering a cognitive
gap in the students’ ability to identify the degree of a relationship that needs to be bridged. These were

some of the earliest works that attempted to look at novice skill aquisition in database design.

In a later study, Batra and Wishart (2004) developed a conceptual framework for assessing novice
designers based on rule-based and pattern-based training/learning approaches. Their framework
allowed them to manipulate the complexity of tasks using combinatorial complexity, intricacy, and
semantic mismatch of the data model. In their study, they manipulated the combinatorial complexity of
a task by increasing the number of interconnected entities, leading to a combinatorial increase in the
number of possible relationships. Intricacy has been added to the tasks with the claim that certain types
of relationships are more complex than others by introducing ternary relationships to manipulate the
task complexity. Semantic mismatch scenarios have been introduced to tasks by manipulating the
novices’ tendency to err in the direction of the familiar and expected. The researchers have manipulated
these variables to develop tasks with three levels of complexity: low, medium, and high. Then, they
conducted a laboratory study to compare the effectiveness of the two training approaches (between
subjects) using three levels of task complexity (within subjects). They have used the performance of
the database designers measured using the correctness of the task to experiment with the training
approach and task complexity. Further, they reported no statistically significant difference between the
training approaches. They suggested that novice designers’ performance depends on the complexity of
the task rather than the learning approach. This is an interesting fact since identifying further measures

like what the authors have used to manipulate the task complexity is an important step in designing
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assessments and a sequence of tasks as a research instrument for studies conducted to understand the

learning of novice database modellers like in this thesis.

Other researchers have discussed the effectiveness of the data model representation method (data
models organised in columnar fashion vs non-organised) on task performance based on the cognitive
fit theory (Fuller et al., 2010). Vessey’s (1991) cognitive fit theory suggests that the suitable fit between
the task requirements and the graphical representation can improve performance. Fuller et al. (2010)
utilised Vessy’s theory to examine the performance of novice database designers when data models are
organised (columnar fashion) vs non-organised. The results indicated that the columnar organised data
model improved the performance of novices, specifically with respect to error detection and query

construction tasks.

Another study looked at the effect of self-efficacy and cooperative team-based involvement on novice
data modelling skills (Ryan et al., 2000). Based on a quasi-experimental study, the authors emphasised
that self-efficacy is significantly related to the acquisition of data modelling skills. The cooperative
learning approach raised the question of whether the cooperative team-based learning approach
promotes skill acquisition among novices in short-term academic courses. Researchers have also
discussed the utilisation of self-efficacy to understand the performance of database modellers (Dhillon
& Dasgupta, 2011; Moores et al., 2006). These studies were related to skill acquisition and provided
insights into several factors related to cognitive style, domain knowledge, metacognition, and self-
efficacy that could affect the performance of database modellers. In summary, these studies all
examined how novices understand database modelling tasks and the source of difficulties that typical

novice database modellers face.

Assessment type

The Assessment type theme includes articles that introduced different types of formative and summative
assessments. One researcher reported on their assessment strategy involving a computer-based quiz-
style database modelling assessment. The type of questions utilised included: single-answer MCQs,
multiple-answer MCQs, matching from a list of options, and true/false questions. They had some
facility to include design diagrams in the questions, but this was limited. They first attempted to use
this computer-based test formatively and later used it as a summative assessment. In conclusion, the
study was only an experience report, but the author emphasised the need to carefully consider the design

of questions in computer-based assessments of database modelling (Harrison, 2004).

Several other researchers have discussed various formative and summative assessment components like
project-based assignments, in-class assignments, and group assignments to assess the modelling skills

of novices (Etlinger, 2013; Harrison, 2004; Pittges et al., 2009). A group of authors discussed their take
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on a project-based assignment where the students were asked to develop an online shopping cart
application (Pittges et al., 2009). The assignment consisted of two main components: design and
implementation. The students completed the assignment’s design portion by writing an essay describing
their design guided by a set of design questions. Interestingly, the authors argue against open-ended
design, claiming they are rarely effective at an introductory level and hence discussed a design solution
once the essays are submitted to ensure the students start the projects with a good design on hand. The
students were asked to submit four deliverables in their projects: design essay, source code, test driver/s
and release notes. This study brings forth an interesting way of assessing the novices with both front
end and database aspects of an enterprise level application. However, the authors have discussed the
challenges encountered in a project like this where the design skills required to complete the project
exceeding the abilities of a novice, the lack of desire and skill in programming to implement the project
and the dependencies among assignments that leads to students being penalised heavily due to their
carlier stage mistakes. However, with the evolution of databases the authors suggest that students need
to understand data persistence, scalability, transactions, and concurrency control along with good design

principles in their introductory database course.

Etlinger (2013) introduced a contributing student pedagogy where students were responsible for the
content and delivery of an assigned topic. In a similar study, the authors used an approach where
students contributed to the learning of peers by collaboratively creating a bank of self-assessment
questions (Paterson et al., 2012). In a recent study, Kawash et al. (2020) looked at the notion of peer
learning by assessing their students using a method of group examinations called Graded Group
Activities (GGA). In this study, the students attempted the examination individually without any
feedback. Subsequently, they re-sat the examination as a group utilising an immediate feedback
instrument where they were able to submit a solution to the same question multiple times until a fully
correct answer was identified. The researchers did not find any correlation between the individual and
group components of GGA. One weakness of this study is that the immediate feedback approach may
have resulted in the students gaming the system rather than learning from it. However, the authors
reported finding a strong correlation between the group component of the GGA and the performance of
the students as individuals in their final examination when compared with the GGA individual
component and the final examination performance. The researchers claimed that this is an indication
that the students had benefited from the group GGA, though the improved performance might not have
been solely due to the GGA experience.

Task/model assessment and others (feedback and academic integrity)

Very few articles discuss how novice database modelling tasks or models are designed or assessed using

learning theories, taxonomies, heuristics, or guidelines. Researchers have also tried to identify the
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relationship between the user’s data modelling performance and the modelling constructs’ complexity
(Lee & Chan, 2001). Their objective was to propose a way to estimate the difficulty of a modelling task
at the facet level. They derived the complexity based on three main aspects: component, coordinative
and coupling complexity. Two semantic network variations were used in their study to measure the
complexity, and these values were compared with the novice database designer’s performance. The
authors suggested that using semantic networks might be an appropriate way to estimate the modelling
complexity and user performance. Although these studies have attempted to measure the database
designer’s performance or the complexity, it’s still an area that needs further work to be conducted to

validate the metrics.

Interestingly, the literature review only produced one article that discussed the freeloading issue in a
database systems assignment (Kouznetsova, 2009). The author discussed an approach to team-based
design that ensures that each team member is involved throughout the collaborative project. The project
started as an individual assignment rather than a group project, where they were asked to submit a draft
report of their design based on the application area assigned by the instructor. Once the first phase was
over, the students grouped according to the application area assigned to them and started working on a
single design. The new design was either based on one of their own designs or a hybrid version of it,
and the students were asked to justify the reason for their selection. This mechanism allowed the
instructors to assess the critiquing design skills of the students, and they argued that it also alleviated
the problem of freeloading. In a very early study, Batra and Sein (1994) conducted a laboratory
experiment to test the effectiveness of feedback when using the SERFER (Stimulated ER-based
Feedback system for Relational databases). They have considered three theoretical perspectives in
providing feedback: backtracking, which provided the concept and nature of feedback itself, the
semantic and articulatory distance, which suggested that feedback should take the form of natural
language as well as ER diagrams and the theory of working memory, which suggested that feedback
should decompose the design task to provide feedback systematically. The experiment identified that
feedback provided as natural language statements for each relation entered by the novice designers and
up to date ER diagram of the relational solution was helpful for the users to detect certain errors related
to modelling ternary relationships, but no such relationship was identified with unary and binary

relationships.
2.4 Summary

This chapter has discussed the findings of the systematic mapping study conducted to understand the
existing literature of the area, which may be used for the design and analysis of this research. The
findings of the systematic mapping study based on the higher-level dimensions (type of research and

focus areas of the existing research) of the classification scheme are summarised in Figure 2.8. Simon
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(2020) conducted a bibliometric analysis of the first 22 years of the ACE conference, which arguably
represents the type of work being conducted globally in CSER. He reported that nearly 40% of papers
were related to programming even though the study didn’t indicate the context of other related areas,

and he further explained the phenomena as follows:

The growth of papers in the context of programming has taken place at the expense
of other contexts. Capstone projects and software engineering each account for 4%
of the papers, and all the remaining contexts have fewer papers still. (Simon, 2020,
p. 205)

This substantiates the gap we found in the existing literature with a relatively low number of works

identified in database modelling education.
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Figure 2.8 Visualization of a systematic map between the focused area of research (x-axis) and type of

research (y-axis).

According to Figure 2.8, one apparent gap identified in the existing literature was the lack of empirical
research and non-existent replication studies compared with opinion and experience studies. The
opinion or experiential studies typically reported validation based on user experience surveys or
uncontrolled comparison of student marks across different cohorts. These methodologies limit the
findings in terms of general applicability. Replication studies are central to being able to generalize and
confirm the research. The non-existing replication studies might reflect the focus on tools developed
in-house and not openly available to other researchers. Moreover, most of the prior research (more than
50%), albeit not all, were experiential articles focused on Tools or Pedagogy. Furthermore, there
appears to be a visible lack of research related to all the other identified focused areas. Apart from the
higher-level dimensions analysed, further exploration was conducted on articles that discussed novice
assessments. Not surprisingly, given the lack of articles in the area, only a limited number of studies
were found that discussed the assessment of novice modellers. This area, in particular, warrants further
study to understand how database modelling skills are developed and, in turn, how educators can assess

these skills in a fair and appropriate manner. For example, how to develop formative assessments that

44



help students build these skills and scaffold development better when students hit concepts that are

barriers to their learning progression.

Overall, there was a general lack of research in the introductory database education domain. From the
conducted analysis, it was observed that many existing articles highlight the issues in teaching and
learning database modelling but lack the initiatives to identify the root causes of these challenges. There
were many tools and pedagogical interventions discussed in the literature. However, it’s important to
question whether there’s enough work done to actually understand how the novices learn, the real nature
of their struggles or the root causes of the issues to propose solutions. From a constructivist point of
view, it is important to comprehend these causes before suggesting solutions (i.e., tools and pedagogies)
to address them. Otherwise, proposing solutions without having a grasp of how these students work can

result in less effective solutions that might be of no use.

Considering that understanding how novice database modellers learn to model was the focus of the
work presented in this thesis, two main aspects emerged during the review of the literature deemed a
good starting point for this work —the existing mechanisms that can explain the nature of the current
database tasks given to novices and how to measure the complexity of these tasks, which can then be
manipulated to conduct studies to understand the novices. The existing literature indicated some useful
measures of complexity that can be used to inform the instrument design to conduct think-alouds with
the novices. Further, some findings could be applied in the instrument design to overcome the cognitive

load that arises in attempting database modelling tasks.

The overall objective of this research is to find an understanding of how novice database modellers
learn to model, which was an apparent gap in the existing literature. The findings from the study might

be applicable to achieving the objective of this research.

The next chapter focuses on the research methodology developed to conduct the research.

Addendum

As mentioned earlier, the literature search process was repeated at the time of writing this thesis to
identify any relevant work published during 2021 and 2022, extending the SMS by two years. Twenty-
one new publications were identified using the filtering process discussed in section 2.2. The
publications were categorised based on the classification system developed as part of the doctoral

research for this thesis to identify the type of research and the focus area.

Considering the venues of publications in 2021 and 2022, 8% were from conferences, 3% were journals

and no symposiums. There has been a downward trend since 2011 in the number of related journal
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publications. The analysis of the papers from 2020 onwards failed to find any particular change in trends

related to the focus areas of publications beyond a modest increase in articles focusing on pedagogy.

According to Figure 2.9, more than half of the identified articles were categorised under the “pedagogy”
category, where the majority were experience articles. Unsurprisingly, the majority of the published
articles, as for the prior thirty years, related to project-based learning approaches (Borodzhieva, 2022;
Shankaranarayanan et al., 2021; Weitl-Harms, 2022). There were some articles on online and/or hybrid
learning mechanisms (Meng & Chen, 2021; You et al., 2022) that were implemented mostly due to the
COVID-19 pandemic. Borodzhieva (2022) discussed how PBL was used when they taught the topic of
relational algebra in their databases course. In this approach, the students in a group of three were asked
to develop an interactive application to visualise the basic operations in relational algebra using
computer-based tools, MS Excel, MATLAB, and the platform LearningApps. All these software tools
were used in other courses of their degree program hence, the students were familiar with the tools.
Even though the outcomes were not empirically evaluated, the authors claim that PBL in an online
course helps students learn and to develop many skills required for database design through practice,
such as critical thinking, problem-solving, creativity, collaboration and communication. Another article
discussed a service learning project implemented for a database course taught both on-campus and
online (Weitl-Harms, 2022). The students were asked to self-select a small database project for a real
client. They were asked to interact with their client to discuss the project, elicit and analyse the
requirements, and design and implement the solution. This is one of the real-world projects from the
identified literature that has required students to work with a client on multiple occasions. The students
were supported through the use of milestones and client feedback was integrated into the final
evaluation of the students’ performance. While such an approach is common for capstone projects, it is
not common in database courses. How this approach impacted student learning of database modelling
and implementation was not discussed in the article and the authors suggested this as a future direction

of investigation.
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Figure 2.9 Focus areas of the identified articles based on the type of research for 2021 and 2022.

Another study integrated the BOPPPS (Bridge-in, Outcome, Pre-test, Participatory learning, Post-test,
Summary) teaching model into their online teaching tool to stimulate the student’s interest in a mixed-
method database course that involved a hybrid of online and in-person teaching. In their approach, they
utilised the model to enforce the students to recall their prior knowledge and assess their strengths before

doing the participatory learning activities.

Another published article examined the use of a collaborative learning mechanism, think-pair-share, in
an introductory-level database course (Catania et al.,, 2022). The mechanism was employed in
lectures/lab sessions and team peer review in projects with the intention of evaluating whether
collaborative learning techniques could be beneficial in a database course. They ran a control and test
group. The control group did not participate in the collaborative activities. They found that the students
who passed and participated in collaborative activities had more consistent results than the ones who

passed without participating in the activities.

The “Assessment” category had four published articles, all empirically evaluated studies. One of the
researcher’s own articles that was drawn from the work reported in Chapter 4 of this thesis introduced
a question classification framework to analyse novice database modelling tasks (Imbulpitiya et al.,
2021). The tasks were assessed based on three dimensions of topics covered, question style and the
intellectual complexity of the task. The intellectual complexity was measured using the cognitive

dimension of the revised Bloom’s taxonomy and, to the best of my knowledge, the first study to analyse
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the complexity of a database modelling task. This study identified a little variation in the topics and
question styles provided to the novices. Further, the study identified gaps in the intellectual complexity
of tasks where the examinations failed to provide tasks in Analyse and Evaluate levels of the revised

Bloom’s taxonomy’s cognitive dimension.

Another study introduced an interesting assessment technique where they used association rules (a rule-
based machine learning method used for discovering interesting relations between variables in large
databases) to determine whether the student’s performance in the database course affects the quality of
the student’s database designs produced in their capstone projects (Xu et al., 2021). The authors
calculated each student’s performance on database design based on a mark given to their developed
ERDs, and then they performed various correlations with the student’s GPA and grades for their
Introduction to Database course. These correlations were used to identify appropriate association rules
(e.g., For all the 11 groups who got C in overall ERD score, 9 groups did not take the Advanced
Database course) based on an algorithm. Even though the work was preliminary, the authors have
reported some interesting associations they have mentioned to be shared with the faculty handling the

capstone project to better prepare the students for the capstone project.

Mason and Seton (2021) redeveloped an undergraduate database examination for non-English speaking
background (NESB) students. They have provided students with dictionary-style definitions of the
terms in several languages with the examination to reduce the extraneous cognitive load. To measure
the effectiveness of the treatment, authors have compared the database examination with the
performance in a programming course taken by the same student cohort. The authors found that
international students in the database course performed significantly better than in the programming

course.

As per Figure 2.9, the remaining thematic categories only had one or two articles classified into them.
Interestingly, a secondary study was identified, which was categorised under the “curricula” category
(Ishaq et al., 2022). This article was the first review, to our knowledge, that was published in the
teaching and learning of databases area, and it focused on pedagogy, tools, and curricula. While the
review conducted in this thesis was undertaken prior to Ishaq et al. (2022)’s review, it had not yet been
published at the time of writing. The literature review conducted on this thesis spanned 32 years from
1990 to 2020, which was later extended till 2022, while Ishaq et al. (2022)’s review covered 27 years
of literature from 1995 to 2022. The literature discussed in this thesis looked at the existing focus areas
of research in more depth, while their work was only looked into in three areas: curricula, tools and
pedagogy. Also, their venues were broader, including sites like ArXiv and Google Scholar, which might
explain the larger number of articles (29,730) they identified compared to the 730 initial articles of this

review. Further, in this review, AIS eLibrary was included to get access to database modelling-related
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research in IS. Another major difference between the searchers was their inclusion of work in SQL,
while in this review, the search was solely focused on database modelling. Interestingly, under their
“Tools” theme, they have missed the work of the Intelligent Tutoring Systems research group from the
University of Canterbury, New Zealand, which played a significant role in building intelligent tutoring
systems in the novice database domain. Ishaq et al. (2022)’s study further discussed how the research

in database systems education evolved based on their review of the past 25 years.
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Chapter 3 Research Methodology

3.1 Introduction

This chapter presents an overview of the research framework designed to drive this research. Further,
it provides a road map of the different research methods used in this thesis. A mixed-method pragmatic
approach is taken since integrating both quantitative and qualitative methods is required to develop an

instrument to better understand the factors that impact the learning of novice database modellers.
3.2 Research Approach

A mixed-method approach advocating a pragmatic worldview was adopted for this study. This approach
integrates quantitative and qualitative methods in a single study and adopts and utilises the strengths of
each technique to better understand the phenomena (Creswell, 2009). Pragmatist research designs often
involve decisions based on ‘what will work best’ to find answers to the questions under investigation.
Several researchers have highlighted the significance of concentrating on the research problem and then
combining pluralistic ways to acquire knowledge about the problem as the philosophical underpinning
of mixed-method research (Morgan, 2007; Patton, 2002; Teddlie & Tashakkori, 2010; Thota et al.,
2012).

Numerous scholars have talked about the applicability and feasibility of using multi-paradigm and
mixed-method studies in computing education research. According to Fincher and Petre (2004), multi-
method research can increase accuracy through triangulation in a single study or across multiple studies.
Another article also highlighted the practicality of using a mixed-method approach to CSER to answer
the research questions (Hazzan et al., 2006). In an analysis conducted on the teaching and learning of
programming, the authors found mixed-method approaches were favoured in studies that focused on
programming ability, aptitude, and understanding (i.e., teaching, learning, and assessing) (Sheard et al.,

2009).

Since this research context and its inherent challenges are similar to the existing research that takes on
mixed-method approaches, it was decided to use a pragmatic mixed-method approach in this study.
Further, this approach will allow for a more complete and synergistic utilisation of data comparing
quantitative and qualitative data. The quantitative data will be analysed statistically to develop a
framework that can measure the difficulty of novice database modelling tasks that would inform the
research instrument design of this study. This instrument will be then utilised to collect qualitative data
from novice database modellers. Ultimately the two sets of findings will be triangulated and mapped to

form an understanding of how students learn to model.
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Thus, this research follows an accepted methodology where the focus is on using appropriate methods
to answer the research questions and integrates both quantitative and qualitative methods to allow the
researcher to better understand the factors that impact the learning of novice database modellers. Table

3.1 provides an overview of the utilised research methods in this thesis.

Table 3.1 Overview of the utilised research methods.

Research method Quantitative Research method | Related Research Discussed
(Data collection) or qualitative? (Data analysis) Question chapter
1 | Naturally occurring Qualitative Open coding RQ2.1 Chapter 4
data (Database
Examinations)
2 | Naturally occurring Quantitative Statistical analysis: | RQ2.2 Chapter 5
dalta (Studen(tis’ b 1. Correlation test
solutions to database 2. Multiple
modelling .
. regression
assignments)
3. Principal
component
analysis
3 | Think-aloud Qualitative Reflexive thematic | RQ3.1 and RQ3.2 | Chapter 7
interviews analysis
Narrative analysis RQ3.3 Chapter 8

As indicated in Table 3.1, several research methods will be used to collect and analyse the data.

A well-established approach in CSER is the use of naturally occurring data. Several researchers have
utilised this method in their studies (Clear et al., 2009; Costantini et al., 2020; Sindre, 2020; Whalley &
Kasto, 2014). Hence, naturally occurring data has been used as the data collection method for both

phases 1 and 2 of the study, while think-aloud interviews were used in phase 3 (See Table 3.1).

At the beginning of the study, it was decided that an understanding of the nature of the existing database
modelling problems given to novices was needed. To this end, database examination scripts were
collected, and a data-driven coding method was used to develop a question classification framework.
This framework was then used to classify a full set of modelling problems/tasks. A detailed description

of this method and analysis is provided in Chapter 4

The main objective of this study is to understand how novices learn to model by understanding the
processes they use and the challenges they face. Further, the learning trajectories of students with

varying abilities were explored to understand how they learn to model. The idea is to create tasks of
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varying difficulty levels within each modelling phase to facilitate the progression of the modellers. In
order to build such a set of tasks, a framework is required to measure the difficulty of the tasks given to
novice database modellers. Software metrics and educational taxonomies, an alternative to software
metrics (see Chapter 4 for the question classification framework where one dimension was developed
based on an educational taxonomy), were considered as potential measurements to develop the task
difficulty. Several statistical analysis methods were used in developing these measurements, and the
naturally occurring data from student solutions to assessments within a novice database course were
used to conduct the analysis. A detailed discussion of the methods and the analysis is provided in

Chapter 5

Once the tasks were developed, think-aloud interviews were used to collect the verbalisation of the
thought processes of the novices while performing the tasks. The collected data were analysed using
two different views with the aim of gaining insights into the difficulties and challenges faced by the
novices using a reflexive thematic analysis (see Chapter 7 ) and comprehending the individual learning

trajectories of novices using narrative analysis (see Chapter 8 ).

3.3 [Ethical Considerations

Auckland University of Technology Ethics Committee (AUTEC) granted the consent of the ethics for
this research. Three ethical approvals were requested for the three types of data collected, as given in

Table 3.1. The ethics approval letters from AUTEC are provided in Appendix A.

The first ethics approval was gained to collect the naturally occurring data that occurred as a part of
students’ normal course work (students’ solutions to the assignments they’ve done throughout the
course), along with a prior knowledge survey. The data analysis was only started once the student’s
marks were finalised, and the participants were allowed to opt out of the study until before the
commencement of the data analysis to remove any apparent power imbalance between the researchers

and the participants.

The second ethics approval was sought to collect the database examination scripts and related course
descriptors from other tertiary institutes. An invitation to participate was sent to all CS academics who
subscribed to the SIGCSE mailing list, where they were asked to fill out the consent form and return it
to the researcher. Once the consent was received, a link was sent to the participants to a submission
form, which provided the facility to upload examinations and course descriptors via the request file
feature of OneDrive. The raw data was anonymised at the point of collection and presented in an

aggregated manner to protect the privacy and confidentiality of the participants.
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The third ethics approval was obtained in order to recruit the participants for the think-aloud interviews.
In getting the ethics approval for this, all the forms that were used during the participant recruitment
and data collection were submitted to the committee. Considering that the researcher was a tutor for the
courses where the participants were recruited in previous cohorts, and one of the supervisors was the
lecturer in charge, several steps were taken to mitigate any perceived power imbalance and coercion to
participate in the study during the ethics process. Even though the researcher was not involved in any
teaching activities during the data collection, there was a possibility that a participant could be a
repeating student. In such scenarios, they were informed about the fact that the researcher has no
involvement or influence over the course or of their outcomes on the course. Further, the researcher
undertook initial involvement with potential participants, data collection and data anonymisation. The

supervisors only had access to the data in anonymised form.
3.4 Research Participants

The participants to collect the naturally occurring data and think-aloud data were recruited from students
enrolled in the introductory database systems course offered in AUT's three-year undergraduate
Bachelor of Computer and Information Science degree program. These participants were enrolled in
INFS601 (Logical Database Design) and COMP508 (Database System Design), a mandatory course for
students in the Bachelor of Computer & Information Science (BCIS) program. COMP508 was the
course that replaced the INFS601 course due to a curriculum change that happened at AUT. While
INFS601 was a level 6 course (equivalent to 2™ year), COMP508 is offered to level 5 students
(equivalent to 1% year). Further, details of this curriculum change are discussed in section 6.2. Semesters
at AUT are twelve weeks long, and students typically study three other courses concurrent with their
database systems course. Both courses focused on providing the students with the essential concepts,
principles and techniques in database management systems. They both had a particular focus on data
modelling, design and implementation delivery, which took six of the twelve weeks of study. The
courses were structured to differentiate between the different phases of data modelling and design (i.e.,
conceptual, logical, and physical phases). The relational data model was chosen as it is most commonly
used in contemporary database applications. Both courses were mandatory for all students enrolled in
the three-year degree program irrespective of their major (i.e., Digital Service, Networks and Cyber
Security, Software Development, Data Science, and Artificial Intelligence). Further, it is also
mandatory for the Software Engineering major in the four-year undergraduate degree program in
Engineering. Hence, the course is designed to cater to a diverse set of students as an introductory
database management course. Due to that, the two courses are closer to the type of courses usually
adopted as part of Information Systems curricula at business schools rather than courses catered to only

computer science students with more theory and mathematical representations.
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Naturally occurring data was collected during two phases during the second semester of 2020 and the

first semester of 2021 from the consented students who were enrolled in the INFS601 course.

The think-aloud study for this doctoral research was conducted in two phases during the first and second
semesters of 2021. A pilot study was conducted during the 1% semester of 2021 prior to the main data
collection phase. During the pilot study, the students were enrolled in the INFS601 course. However,
in the 2™ semester of 2021, during the main data collection phase, the INFS601 course was replaced by

COMP508, and the participants were recruited from the students who were enrolled in COMPS508.
3.4.1 Recruitment

Recruitment was conducted in a way to ensure the informed and voluntary consent of the participants.
Two main recruitments were conducted to invite participants to collect the naturally occurring data and
to conduct think-aloud interviews. In collecting the naturally occurring data, both remote COVID-19

and in-person protocols were developed considering the prevailing situation at the time.
Recruiting participants to collect naturally occurring data

In collecting the naturally occurring data during the COVID-19 lockdowns, the researcher supplied the
lecturer in charge of the course the invitation to participate to be placed on the course’s Blackboard
page — the learning management system at AUT. The researcher also appeared for ten minutes at the
first online lecture of the INFS601 course to outline the research’s purpose and nature. The invitation
included a link to an online survey consisting of the participant information sheet, consent form and a
prior knowledge survey (See Appendix B for the information sheet and consent form used to recruit
participants to collect the naturally occurring data). Further, the students were asked to contact the
researcher via email if they had any questions about the study. When there were no COVID restrictions,
and face-to-face classes had returned, the researcher had a brief face-to-face in-class session during
their lecture with the students, introducing the study, inviting them to participate, and allowing them to
ask questions. The information sheets and the consent forms were circulated among students as hard

copies.
Recruiting participants for Think-Aloud interviews

When recruiting the students to collect data in this phase, the same in-person protocol was followed as
the one developed to collect the naturally occurring data (see Appendix D for the information sheet and
consent form used for this think-aloud study). The only deviation from this process was that the
researcher invited students to participate in their smaller lab classes (~50 students) rather than in the

large lecture (~300 students). This ensured that information was provided more effectively and allowed
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for more opportunities to ask questions about the research then and there. The students who consented
returned a completed consent form online or in person, depending on the recruitment protocol. The

students were free to withdraw from the study at any point before the data analysis phase.

3.4.2 Sampling methods

Two different sampling methods were utilised to select participants for this research study. One for
selecting participants to collect data to identify the task difficulty predictors and one for the think-aloud

sessions.
Sampling — To measure the difficulty of novice database modelling tasks

To develop a framework to measure the difficulty of novice database modelling tasks, naturally
occurring data of all the volunteered participants were used without excluding anyone. This was mainly
because sufficient data is required to conduct the statistical analysis to identify the correlations and
determine the validity of the difficulty predictors. In order to generalise the findings of this phase, a
sizable sample was required to represent the cohort. Further, an assumption was made that the cohorts
the participants were selected from were representative of a typical class of novice database modellers.
Recruiting participants in this phase was conducted using a non-probability purposive sampling

technique.
Sampling — To conduct the reflexive thematic analysis and the narrative analysis

All the participants who fully completed all the think-aloud sessions required to complete the given
tasks were considered for the reflexive thematic analysis since enough data was required to identify the

common patterns from the data.

However, the cases to present the narrative analysis were selected from the group of students who
completed all the think-aloud sessions based on a purposive critical case sampling method. Critical case
sampling is a technique used when a single case or a small number of cases can be decisive or critical
in understanding the phenomenon of interest. This technique is frequently applied in exploratory
research, an approach that investigates research questions that have not been studied in-depth
previously. The selected cases to be studied should be important cases that “would yield the most

information and have the greatest impact on the development of knowledge” (Patton, 2002, p. 236).

Identifying the dimensions that make a participant a critical case is important in using the critical case
sampling method. Two main dimensions were used to select the cases. The first, which ensured richer
data, was the ability to think aloud while attempting the database modelling problems. The second

dimension was the overall performance of the participants. It is important to select a group of
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participants to demonstrate a range of performance levels and database design capabilities in order to
provide a sufficiently broad view of the learning phenomena across the target population. The critical
cases were selected from the participants who attended all of the scheduled think-aloud sessions to
ensure a complete data set. Even though the findings cannot be applied to a larger population due to the
use of critical case sampling, logical generalisations may still be made based on the extensive evidence
gathered throughout the in-depth investigation with careful consideration. The participants were

representative of the cohort based on their overall spread of marks.
3.5 Summary

This chapter discussed how a pragmatic approach was adopted to conduct this mixed-method research
study by providing a road map to the utilised research methods. The overall research design was
identified that comprised three main phases: 1) development of the question classification framework,
2) development of a typology of modelling tasks based on the task difficulty, and 3) identification of
processes used and the challenges faced by novices and identification of their learning trajectories in

order to understand how novices learn to build models.

The next chapter focuses on the development of a question classification framework developed to

understand the nature of existing novice database modelling tasks.
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Chapter 4 Classification and Analysis of Database Examinations

4.1 Introduction

In order to understand how novices learn to model, it’s important to develop a research instrument
consisting of novice modelling tasks that can be used in the think-alouds data collection phase.
However, before developing these database modelling tasks to gain insight into how novices develop
the necessary database modelling skills, it was necessary to comprehend the type of tasks used to assess
them in a typical introductory-level course. Hence, one main objective of building the classification
presented in this chapter was to understand how novices were assessed and what types of tasks are used.
This knowledge could be used to inform the development of the research instrument used in the think-
alouds. Another intention was to realise what’s presented in the literature and what was actually utilised
in reality to understand the nature of the existing tasks. Before developing the classification, the
literature was searched in order to establish if any researchers had already developed a task typology
for assessing novice database modellers. In order to achieve these objectives, this analysis addresses the

following research question:

RQ2.1: What is the nature of database modelling tasks used to assess novice database

modellers?
However, no studies were found that have attempted such a task within the domain of database
modelling. But a number of educational taxonomies have been adopted in CSER, predominantly in the
programming domain, to assess the nature of the tasks (Sheard et al., 2013; Thompson et al., 2008).
This work was inspired by similar work in programming, and since this, to the best of our knowledge,
is the first such attempt in database modelling education it was decided to focus only on the database
examinations to collect the tasks. Arguably, using time-controlled examination tasks might not be the
ideal solution for this classification since many courses involve at least one take-home assignment with
a case study. However, it was decided to utilise the examination tasks as a preliminary point in devising

this scheme.

This chapter presents the development of a question classification framework for the classification and
analysis of questions in introductory-level database systems examinations. The chapter starts with a
discussion of the existing frameworks utilised in CSER to analyse the difficulty of tasks given to the
students. This is followed by an in-depth discussion of the application of Bloom’s taxonomy as a
predictor of task difficulty in CSER and data modelling in particular. Then, a classification scheme is
developed to analyse the database modelling tasks based on the concept(s) covered by a question, the
question style (e.g. multiple choice, true/false, etc.), and the intellectual complexity of the question. The

intellectual complexity is measured using the cognitive dimension of the revised Bloom’s taxonomy.
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Each cognitive level of revised Bloom’s taxonomy in relation to database modelling is then discussed

with vignettes and guidelines. Finally, the results are presented and discussed.

4.2 Educational Taxonomies in CSER

Computer science educators have utilised various educational taxonomies to describe the complexity
of tasks, classify student solutions with model solutions to tasks and estimate the overall difficulty of
tasks (Fuller et al., 2007; Masapanta-Carrion & Velazquez-Iturbide, 2018). Much of this work is
situated in the programming domain. The most adopted taxonomies have been Bloom’s taxonomy
(Bloom et al., 1956), the revised Bloom’s (Anderson et al., 2001), and the SOLO taxonomy (Biggs &
Collis, 1982). Bloom’s taxonomy and its variants are typically used to explain the level of thinking

that’s needed to perform a task successfully.

Bloom et al. (1956) first introduced this taxonomy as a framework to describe learning outcomes or
objectives of assessments in terms of the level of cognitive complexity based on the premise of
constructive alignment (Biggs, 1996), that the assessments align with the learning outcomes. The
original taxonomy was introduced with three domains: cognitive, affective, and psychomotor. The
cognitive domain, where much of the work on curriculum development had been based, relates to the
development of the mental competency skills of students. The affective domain relates to the changes
in interest, attitudes and emotional behaviours of the objectives, while psychomotor pertains to physical

skills.

Bloom’s taxonomy classifies educational learning objectives into six levels of cognitive complexity,
each building upon the previous one. These levels are presented in terms of complexity from simple to
complex, starting from Knowledge, Comprehension, Application, Analysis, Synthesis, to Evaluation.
As Bloom et al. (1956) indicated, all the levels after knowledge are presented as “skills and abilities ”,
with the notion that knowledge is the necessary precondition for putting the skills and abilities into
practice. The authors have provided brief definitions for each level in the Appendix of their handbook.
For example, they define the Application level as “the use of abstractions in particular and concrete

situations” (Bloom et al., 1956, pp. 201-207).

Later in 2001, a group of researchers published the revised version of Bloom’s taxonomy titled 4
Taxonomy for Teaching, Learning, and Assessment, taking the attention away from the notion of
educational objectives (Anderson et al., 2001). Unlike the original taxonomy, the revised version
differentiated between cognitive thinking and problem-solving procedures using cognitive and
knowledge dimensions. The knowledge dimension has four categories describing the knowledge levels
that individuals can acquire: factual, conceptual, procedural, and metacognitive knowledge. In the

original version of Bloom, all of the levels were expressed as nouns, but Anderson et al. (2001) argue
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that it is more natural to think about these nouns as verbs because verbs describe the level of thinking
needed to “do” the task in doing and successfully completing a given task at a given level, students to
meet that level of cognition. Hence, the cognitive dimension of the updated framework replaces nouns
with verbs to better reflect that learning is an active process. The cognitive dimension has six categories:
Remember, Understand, Apply, Analyse, Evaluate, and Create. These six categories are associated with
two or more specific cognitive processes, altogether nineteen, in the form of gerunds ending in “ing”.
For example, Recognising and Recalling are associated with the Remember category. Further, the top
two levels are essentially swapped in the new version, where the highest level of thinking has become
“Create”. The reasoning behind this change was that Create represents the highest level of difficulty
because, as Anderson et al. (2001) argue, the act of creation requires Evaluation. Figure 4.1 gives an

illustrative comparison of the two versions.

1956 2001
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Figure 4.1 Comparison between Bloom’s vs revised Bloom’s taxonomy.

Note. From Bloom’s Taxonomy Revised: Understanding the Revised Version of Bloom’s Taxonomy, by L.O.

Wilson, 2020, The Second Principle, https://thesecondprinciple.com/essential-teaching-skills/blooms-taxonomy-

revised/. Copyright 2020 by L.O. Wilson. Reprinted with permission from the author.

Apart from Bloom’s taxonomy, the other widely adopted taxonomy in CSER has been the SOLO
taxonomy (Biggs & Collis, 1982). SOLO is a model that can, like Bloom, be used to classify the
complexity of the learning outcomes, allowing educators to evaluate students’ work in terms of quality.
SOLO represents a continuum of increasingly integrated thinking in a student’s understanding of a
subject and is described in terms of five hierarchical levels (Figure 4.2). In the lowest level,
Prestructural, the student can acquire bits of information but cannot make any connections between
them, and their knowledge has no structure and makes no sense. However, once the students start to see
simple connections between the bits despite not fully understanding the significance of the connections,

they start operating at a Unistructural level. As the students progress, they can see more connections
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among the bits of information. However, they are yet to understand the full abstract idea, and the
students are considered to be at a Multistructural level at this stage. At the Relational stage, students
can finally see the connections and their significance in the context as a whole. Finally, the students
operate at an Extended Abstract level when they are able to generalise and transfer their knowledge

within and outside the subject domain.

In CSER, Bloom’s, revised Bloom’s, and SOLO taxonomies have been mainly used to describe the
nature of different tasks, predominantly in novice programming (Castro & Fisler, 2017; Ginat &
Menashe, 2015; Izu et al., 2016; Sheard et al., 2008). Apart from these main taxonomies, researchers
have developed other taxonomies. For example, Fuller et al. (2007) proposed a taxonomy for computer
science education that is specific to the discipline, which is a derivation of Bloom’s taxonomy. At the
time when this study was conducted, there was no published work that attempted to develop a

classification system to estimate the cognitive complexity of database modelling.

However, there was similar work conducted in domain modelling using UML diagrams, which can be
considered a subject area closely related to database modelling. For example, both class diagrams and
ERDs are used for different purposes, where class diagrams represent the classes and the associations
among them in a system, while ERDs represent the entities and the relationships between them in a
database. However, the steps involved in developing the models are similar, like noun-verb analysis,
which determines the potential classes/entities and attributes. Hence, it was decided to explore the
possibility of using the cognitive dimension of the revised Bloom’s taxonomy, relying on the work of
Bogdanova and Snoeck (2019) in domain modelling to assess the cognitive skills required to complete
novice database modelling tasks instead of other taxonomies to lay a foundation for such classification

in database modelling.

60



Competence
A

-
Il L)

Prestructural  Unistructural  Multistructural  Relational Extended
Abstract

Figure 4.2 Levels of SOLO taxonomy.
Note. From Wikimedia Commons, by D. Belshaw, 2017,

https://commons.wikimedia.org/wiki/File:Structure_of Observed Learning Outcomes %28SOL0%29_Taxon

omy.png. CC-BY CCO 1.0 public domain dedication.
4.2.1 Bloom’s taxonomy and database modelling

As discussed earlier, there is very little work that evaluates mapping educational taxonomies to data

modelling with the purpose of estimating the nature of novice modelling tasks.

Mohtashami & Scher (2000) highlighted the importance of developing summative and formative
assessments in their database course using Bloom’s taxonomy (Bloom et al., 1956). However, they do
not go into detail about how Bloom’s taxonomy was interpreted or how they categorised the assessment
tasks using Bloom. But in their work, they point out the need to create tasks to enable students to move
through the continuum of the levels: starting at the Knowledge level and then progressing up to the
Evaluation level. Fuller et al. (2007) found that Bloom’s and SOLO taxonomy are the most widely
adopted in computing-related modules. They discuss how these taxonomies have been used in the
computer science domain. Further, they also highlight possible issues of using these taxonomies using
examples situated in different courses. In this, they included a brief example of a database course and a

course related to software modelling, but their proposed two-dimensional adaptation of Bloom’s
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taxonomy was largely based on programming examples, which introduces doubt as to its applicability
to other CS subject areas. These were the only studies that have attempted to measure the complexity
of novice database modelling tasks or at least the ones that have mentioned such an approach. Due to

this reason, the literature on domain modelling was also analysed.

A recent study by Bogdanova & Snoeck (2017) used the revised Bloom’s taxonomy (Anderson et al.,
2001) to classify learning outcomes that were derived from educational resources in domain modelling.
To my knowledge, their study was the first to use an educational taxonomy to classify the learning
objectives in the field of domain modelling. They identified similarities and gaps in these resources,
namely the absence of tasks at the evaluation level and the tasks related to procedural knowledge. Their
interpretation of the revised Bloom’s taxonomy for domain modelling learning outcomes is provided in
Table 4.1. In a follow-up study, the authors introduced an educational framework called CaMeLOT for
conceptual data modelling based on the revised Bloom’s taxonomy (Bogdanova & Snoeck, 2019). The
proposed framework included three dimensions. The first dimension was the content area, which
identified the concept being assessed, e.g., classes, modelling methods, model quality, modelling
notation, etc. The authors provide detailed classification guidelines for the other two dimensions,
knowledge level and cognitive level, which were based on the revised Bloom’s taxonomy. This
framework was not empirically evaluated however, the authors have requested feedback from experts
regarding the proposed framework. The three experts provided mixed reviews on the framework but, at
the same time, indicated the potential of the framework to improve their courses. The work conducted
by Bogdanova and Snoeck (2017, 2019) inspired the classification scheme developed in this study,

which also used the revised Bloom’s taxonomy.
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Table 4.1 The revised Bloom’s taxonomy’s cognitive levels in domain modelling.

Cognitive level

Interpretation: examples

Remember

Understand

Apply

Analyse

Evaluate

Create

recalling and reproducing previously learnt material: defining a modelling
concept, naming a modelling notation.

interpreting previously learnt material (explaining, translating from one form
to another), or by comparison: interpreting a provided model, providing a
textual description of a given class or association, or giving an example
(instance) of a given class or association

using the previously learnt information in new ways and/or implementing a
learnt technique: modification of a given model, using a known technique to
determine the appropriate association between two classes

deconstructing material to understand its inner structure and the general
principles of relationships between its parts: comparing two models for a
domain or generalising a given model

make judgements based on given criteria, standards or guidelines: detecting
errors in a given domain model by comparing it to a given description of the
domain or choosing the model that describes the given domain best from a set
of possible models and reasoning about that decision.

use learnt material to create a new structure or enhance an existing one:
construction of a model according to a given description or complete an
incomplete model.

Note. Reprinted from “Examining the Exams: Bloom and Database Modelling and Design” by A. Imbulpitiya, J.

Whalley, and M. Senapathi, 2021, Proceedings of the Twenty-Third Australasian Conference on Computing
Education. https://doi.org/10.1145/3441636.3442301. Copyright 2021 held by the owner/author(s). Author's own

work.

4.3 Research Method

4.3.1 Data collection

As mentioned in section 3.3, the data was collected with the approval from AUTEC. Please see

Appendix A for the ethics approval letter and Appendix C for the related data collection documents.

Nineteen introductory undergraduate-level database examinations from four countries and six courses

were examined to develop this classification system (See Table 4.2). The examinations collected were

relatively reasonable from 2011 to 2019 and included questions assessing database design skills. All

the examinations were closed-book and paper-based. The Inclusion and Exclusion criteria presented in

Table 4.3 were developed to screen the collected examination questions related to database modelling.
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Table 4.2 Examination Demographics.

Institute Country Major Year No.exams Duration Total Qs  Modelling  Marks

(hrs) Qs (%)
A Canada CS 3 1 1 12 7 (58.3%) 39
A Canada CS 3 1 1 12 10 (83.3%) 70
B Canada CS 2 1 2.5 31 10 (32.3%) 42
C England CS 2 1 3 11 7 (63.6%) 40
D NZ IS 2 6 3 4 2(50.0%)  35-56
E NZ CS 2 1 2 14 7 (50.0%) 70
E NZ CS 2 2 2 13 7(53.8%) 61,70
E NZ CS 2 1 1 10 5 (50.0%) 70
E NZ CS 2 1 3 16 12 (75.0%) 74
E NZ CS 2 1 3 18 12 (66.7%) 70
E NZ CS 2 1 3 19 11 (57.9%) 67
E NZ CS 2 1 3 20 12 (60%) 69
F USA CS 3 1 1 13 3(23.1%) 25

Notes. Examination demographics include the year in which the undergraduate degree subject is taken (Year), the
total number of questions per examination paper (Total Qs), and the number of data modelling questions per
examination (Modelling Qs). In the % Marks column, if the column represents more than one examination, the
range of marks allocated to data modelling questions in the examinations is provided. CS indicates Computer
Science in the Major column, while IS denotes Information Systems, and NZ in the country columns indicates
New Zealand, while USA indicates the United States of America. Reprinted from “Examining the Exams: Bloom
and Database Modelling and Design” by A. Imbulpitiya, J. Whalley, and M. Senapathi, 2021, Proceedings of the
Twenty-Third Australasian Conference on Computing Education. https://doi.org/10.1145/3441636.3442301.
Copyright 2021 held by the owner/author(s). Author's own work.

A total of 122 questions were chosen based on the developed criteria for analysis from the collected
examinations. When screening the questions, all the sub-parts of a question were counted as single
questions, and questions not related to database modelling were omitted from the analysis based on the
exclusion criteria. The examinations’ database modelling and design coverage ranged from 32% to
83%, with approximately 53% of the marks given to this area. Further, Table 4.2 indicates the total

number of modelling-related questions derived based on the developed inclusion criteria.
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Table 4.3 Inclusion (I) and Exclusion (E) criteria developed for question screening.

ID Criterion

I1  Questions related to basic knowledge of database systems and data models.
12 Questions related to conceptual and logical database models.
I3 Questions related to database normalisation, including functional dependencies and data anomalies.

14  Questions related to distributed DBMS and DBLC, which are also associated with database modelling
and design.

El Questions related to relational algebra.
E2  Questions related to SQL querying and manipulation of data.

E3  Questions related to transaction management and concurrency control.

4.3.2 Data analysis method

Several other computing education analyses were analysed in order to establish the classification
scheme utilised in this study (Bogdanova & Snoeck, 2019; Simon et al., 2012; Thompson et al., 2008).
Based on the existing work, three categories were included in the question classification framework:
the concept(s) covered by a question, the question style (e.g., multiple choice, true/false, etc.), and the
intellectual complexity of the question. Open coding (Glaser & Strauss, 1968), a data-driven approach,
was performed on the data to identify the question style and the covered concepts. Course content plays
a major role in determining Bloom’s levels, and the secondary supervisor, who was the lecturer of the
course, brought that knowledge into the researcher’s interpretation. Open coding was conducted to get
a consensus among the researcher and supervisors. This process was conducted until the saturation was

reached at four examinations, where no new concepts or question styles emerged.

The intellectual complexity of the questions was classified based on the guidelines and vignettes (see
section 4.4.3) developed using the cognitive dimension of the revised Bloom’s taxonomy. Once the
classification scheme was established, the author classified all 122 questions, including the ones used
to build the classification scheme. In order to maintain the validity of the classification scheme, the
author reclassified the questions three months after the initial classification. By this point, the researcher
could no longer recall her initial coding. The Fleiss-Davies kappa statistic (Davies & Fleiss, 1982) was
used to measure the intra-rater reliability of the question classification. The statistic indicated a good

agreement (Banerjee et al., 1999) beyond chance (i« = 0.83, p < 0.001).
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4.4 The Classification Scheme

4.4.1 Concept dimension

A total of seven different database concepts were identified during the open coding process: Theory —
Data Models, Theory — Database Systems, Conceptual data models, Logical data models —Relational,
Logical data models — Relational (Normalisation), Distributed DBMS, and DBLC.

When considering the concepts covered in the questions, it was decided to include questions related to
Distributed DBMS and DBLC since the questions were related to database designs (see the examples
provided in Table 4.4). Further, the questions related to logical data models were divided into two
categories since there were two types of questions involving logical database models based on their
design approach: top-down Logical data model (Relational) and bottom-up Logical data models —
Relational (Normalisation). The questions related to Logical data model (Relational) involved the
questions that started from a general idea (e.g., case study) which led to the development of a logical
database model. In contrast, the questions related to Logical data models — Relational (Normalisation)
required the students to analyse specific details like data tables, forms or reports to identify any data

anomalies and remove them using normalisation, resulting in a better design.
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Table 4.4 Type of concepts in database modelling questions.

Concept Definition Example
1 Theory — Data The questions that assess the basic The basic building blocks of all data
Model knowledge of data models include the models are entities, attributes,
definition of a model, types of models, relationships, and constraints. Please
model components, and data independence. choose any THREE of these, and
explain them.
2 Theory — The questions that assess the basic Describe any two limitations in file

Database Systems

3 Conceptual data
models

4  Logical data
models —
Relational

5 Logical data
models —
Relational
(Normalisation)

6  Distributed
DBMS

7 DBLC

knowledge of database systems include the
definitions of file systems and database
systems, their importance and shortcomings,
and database management systems.

The questions that assess the knowledge in
explaining constructs in a conceptual model,
reading and developing conceptual database
models.

The questions that assess the knowledge in
explaining the concepts using relational
models or transforming a conceptual model
into a logical model.

The questions that assess the knowledge

related to data anomalies, functional
dependencies, and normal forms.
The questions that assess the basic

knowledge of distributed database systems.

The questions that assess the knowledge of
DBLC.

system and explain how the Database
approach and Database Management
Systems have overcome these
limitations.

Consider the ER model given in
Figure 1. This model represents the
operations of a pharmacy chain.
Please  answer the following
questions regarding this model.

a) Can a pharmaceutical company
have multiple phone numbers? If
not, what do you need to do to
allow this?

Transform the EER (Extended Entity
Relationship) model developed into a
relational schema. Show all relations
and identify the appropriate entity and
referential integrity constraints.

Examine the relation given below,
which contains data about properties
rented to clients in Auckland. It also
shows details of the owners who own
the property. Carefully analyse the
relation and answer the following
questions:

a) In what level of normalisation is
the above relation? Identify the
primary key attributes. Briefly
justify your answer.

A multinational engineering
company has decided to distribute its
project management information at
the regional level in mainland Britain.
The current centralised relational
schema is as follows (Primary key
attributes are underlined). Given this
information, answer the following
questions:

a) Explain the best distribution
strategy for the BUSINESS and
REGION tables.

Discuss the distinction between top-
down and bottom-up approaches to
database design. Use examples to
demonstrate your understanding.
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4.4.2 Question style dimension

The second dimension of the classification scheme classified the questions based on the form of answer
required by the question. Some of the questions were classified based on definitions of existing question
types such as multiple choice, short answer, and true/false questions (Dietrich & Goelman, 2017; Simon
et al., 2012). The remaining question styles were derived from the data, including matching (for
example, a question where a list of definitions must be matched with a list of terms that may contain
non-matching terms as distractors), model (a task that asks the student to develop models from scratch
or parts thereof by mapping a model from one form to another), and ordering (e.g., a question where

the students are required to reorder a jumbled set of steps in a process).
4.4.3 Cognitive dimension

In order to conduct the classification of the question’s intellectual complexity, vignettes were developed

to guide the process.

Several recent studies have produced vignettes and guidelines to classify introductory programming
tasks using Bloom’s cognitive dimension. In this research, the goal was to build a similar set of
guidelines for novice database modelling tasks that was investigated as a predictor of task difficulty.
This work was influenced by similar work conducted in programming (Lister, 2000; Sheard et al., 2013;
Thompson et al., 2008; Whalley et al., 2006) and domain modelling (Bogdanova & Snoeck, 2017, 2019)
fields.

A definition and a further explanation for each Bloom cognitive dimension category are provided with
a vignette or example from the exams analysed. However, as highlighted in section 4.5.3, since there
were no questions classified under Analyse and Evaluate levels, the author has introduced possible
questions that could be suitable at these levels. It’s important to keep in mind that while they were
representative of the analysed examinations, the samples offered under these categories are by no means

exhaustive.
Remember

At this level, the students are required to retrieve relevant knowledge like terms, concepts or modelling
notations taught in the course from their long-term memory. Remember is the lowest level of the
cognitive dimension. Anderson et al. (2001) suggested action verbs like define, list, and name help to
define and signal tasks designed to target this level of thinking. Bogdanova and Snoeck (2019) have

suggested questions like recalling or listing down leant terms and concepts, matching definitions with
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terms, duplicating a previously learnt model, notations or patterns, and drawing a graphical notation to

a given term that can be written in this level.

Three examples of questions from the exams analysed in this research which were classified under the

Remember level are:

1. List five important properties of a relation.
2. Define the terms i) Database and ii) Database Management System.

3. Discuss the distinction between top-down and bottom-up approaches to database design.
Discussion

Both questions 1 and 2 required the students to recall definitions and facts that were explicitly taught in
the class. The students should have deposited these facts into their long-term memory with repeated
exposure and usage throughout the course of the study. Action verbs (list, define, discuss) also help in
recognising the intended cognitive level of questions however, this in of itself is not sufficient to
determine that questions are at the Remember level of the cognitive dimension. The teaching context

must also be considered (Gluga et al., 2012).

The third question appeared to be different from the first two questions on the surface. Without knowing
the course content, it might be placed in a higher level cognitive category, possibly even Analyse, since
the question requires students to go beyond mere understanding of the definitions to compare and
contrast two different approaches to database design. However, since this difference is well explained
and explicitly covered in the course, students just need to remember it to provide the correct response.
This vignette demonstrates how important it is to have an understanding of the course structure when
classifying exam questions using Bloom’s taxonomy. When classifying question 3, it was assumed that
the majority of students would operate at the lowest cognitive level to answer the question. However,
not every student would necessarily respond at the Remember level if they did not specifically recall

what was taught but knew enough about the concept to frame their own comparative interpretation.
Understand

At this level, students are required to understand terms and concepts and be able to interpret and
determine the meaning of instructional messages. To answer a question at this level, the students must
first remember and recall the previously learnt material and then construct some new meaning or
interpretations based on the existing knowledge. The questions at this level can use action verbs like
explain, interpret, summarise, classify and compare. The typical type of questions that can be written

at this level, according to Bogdanova and Snoeck (2019), include translation between notation and text;
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explaining concepts, models or tables; providing appropriate examples of particular modelling

concepts; model and relating concepts with corresponding model elements.
Example one

The model shown below in Figure 4.3 is composed of four entities. Using the syntax of business rules
that you have learnt in this course, write FIVE business rules that are reflected in the Entity Relationship

Diagram provided.

Researcher Article

H—publish{ )&

T

receive

A

Reviewer Review

-—H—give—O<

Figure 4.3 ERD diagram provided to extract the business rules.
Note. From “Examining the Exams: Bloom and Database Modelling and Design” by A. Imbulpitiya, J. Whalley,
and M. Senapathi, 2021, Proceedings of the Twenty-Third Australasian Conference on Computing Education.

https://doi.org/10.1145/3441636.3442301. Copyright 2021 held by the owner/author(s). Author's own work.

Discussion

This question requires the students to translate the ERD notations into business rules based on the
relationship between two entities. When writing the business rules, the students should consider the
relationship between two entities in both directions. For example, the business rule to express the

relationship between articles and reviews would be “Each article must receive one or many reviews”.
Example two

The database shown below (Figure 4.4) is composed of four tables that reflect the following business
rules: (1) “Each EMPLOYEE must have only one JOB_CODE, and each JOB_CODE must be assigned
to one or many EMPLOYEEs” (2) “Each EMPLOYEE must participate in one or many PLANSs, and
each PLAN must be assigned to one or many EMPLOYEEs”.
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For each table in the database, identify the primary key and the foreign key(s). If a table does not have

a primary or foreign key you should indicate this in your answer.

Table name: EMPLOYEE Table name: BENEFIT
EMP_CODE | EMP_LNAME JOB_CODE EMP_CODE PLAN_CODE
14 Rudell 2 15 2
15 McCade 1 15 3
16 Ruellardo 1 16 1
17 Smith 3 17 1
20 Smith Z 17 3
17 B
20 3
Table name: JOB Table name: PLAN
JOB_CODE | JOB_DESCRIPTION PLAN_CODE | PLAN_DESCRIPTION
1 Clerical 1 Term life
2 Technical 2 Stock purchase
3 Managerial 3 Long-term disability
4 Dental

Figure 4.4 Tables provided for Understand example 2.

Note. From “Examining the Exams: Bloom and Database Modelling and Design” by A. Imbulpitiya, J. Whalley,
and M. Senapathi, 2021, Proceedings of the Twenty-Third Australasian Conference on Computing Education.
https://doi.org/10.1145/3441636.3442301. Copyright 2021 held by the owner/author(s). Author's own work.

Discussion

Both the business rules and the relevant tables are presented in this example. The students are required
to find the primary key(s) that can uniquely identify each table (e.g., EMP_CODE in the Employee
table) based on the business rules and the tables. In the case of the Benefit table, the primary key is a
composite one since both the EMP CODE and PLAN_ CODE are needed to identify the data in the
table uniquely. Since these keys also reference the Employee and Plan table, respectively, they also
become foreign keys. The students must be able to identify the examples of primary and foreign keys
in answering this question, thus demonstrating knowledge of entity integrity and referential integrity

concepts, respectively.

Apply

At this level, students are required to solve a problem by carrying out or using a known procedure. The
situation these questions are based on might be entirely new to the students, and they may need to decide
on the appropriate method to solve the problem. However, the procedures are well-known and practised
by the students. Bloom action verbs such as choose, construct and apply can further explain the
questions at this cognitive level. The typical questions given by Bogdanova & Snoeck (2019) include:

using a known design pattern (e.g. Line-Item pattern) to solve an object-oriented modelling task;
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translating database models between forms by applying a known method or a set of guidelines; and

applying a known method or heuristics to a new situation.
Example one

Transform the Enhanced Entity Relationship diagram provided (Figure 4.5) to a relational schema. In

this diagram, for a university catering service, Staff may have many skills.

Staff

Schedule A= _|
StartTime StafflD supervises |
works on |
EndTime >O—H Name >0- — !
Position salary
Skill

Figure 4.5 Part of the EER diagram provided for Apply level example 1.

Note. From “Examining the Exams: Bloom and Database Modelling and Design” by A. Imbulpitiya, J. Whalley,
and M. Senapathi, 2021, Proceedings of the Twenty-Third Australasian Conference on Computing Education.
https://doi.org/10.1145/3441636.3442301. Copyright 2021 held by the owner/author(s). Author's own work.

Discussion

To solve this question, the students must apply the rules they have been taught to use when transforming
a conceptual model (e.g., ERD) into a logical one (i.c., relational schema). They need to be able to
identify and transform different constructs like attributes (e.g., simple, multi-valued, composite),
entities (e.g., strong, weak), and relationships (e.g., one-to-many, many-to-many) to the equivalent form
in a relational schema. For example, the students should be able to identify Skill as a multi-valued
attribute (in fact, it’s hinted at in the question stem). They then need to extract Skill as a separate entity
and transform it as a relation into the relational model. The rules required to do this transformation are

taught and practised in the course using various examples and scenarios.
Example two

Given the database table in Figure 4.6, which contains data about rental properties, the renters and
owners, analyse the relation and answer the following question. At what level of normalisation is the

relation?
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C_No |P_Noc C_Name P_Address RentStart RentFinish Rent | O_No | O_Name

CR76 | PG4 John Key 6 Lawrence St, | 1-Jul-13 31-Aug-14 350 | CO40 | Tina Murphy
Auckland

CR76 | PG16 lJohn Key 5 Novar Dr, 1-Sep-14 1-Sep-15 450 | C093 | Tony Brunt
Auckland

CR56 | PG4  Alice Stewart | 6 Lawrence St, | 1-Sep-12 10-Jun-13 350 | CO40 | Tina Murphy
Auckland |

CR56 PG36 Alice Stewart | 2 Manor Rd, 10-Oct-13 1-Dec-14 375 C0O93 | Tony Brunt
Auckland

CR56 | PG16 Alice Stewart |5 Novar Dr, 1-Nov-15 10-Aug-16 450 | C093 | Tony Brunt
Auckland

Figure 4.6 Data table for the second Apply example. In the table, the prefix C = client, P = property
and O = owner.

Note. From “Examining the Exams: Bloom and Database Modelling and Design” by A. Imbulpitiya, J. Whalley,
and M. Senapathi, 2021, Proceedings of the Twenty-Third Australasian Conference on Computing Education.
https://doi.org/10.1145/3441636.3442301. Copyright 2021 held by the owner/author(s). Author's own work.

Discussion

In the question, students tend first to identify the primary key in the given relation. Then, they need to
identify the functional dependencies in the existing relationship to apply the taught steps to
normalisation to figure out the existing normal form the relation is in. In this example, the relation is in
first normal form (1NF) since there are no multi-valued or repeating attributes in the relation. For the
relations to be in the second normal form (2NF), students must first find and remove partial
dependencies. Similarly, they should identify and remove transitive dependencies to transform the

relations into the third normal form (3NF).
Analyse

At this level, the students are required to break materials into their parts and detect how they work
together as a whole. Anderson et al. (2001) explained this as “breaking material into its constituent parts
and determine how the parts relate to one another and an overall structure or purpose”. This level is
further described using action verbs such as contrast, differentiate, organise and attribute in the revised
Bloom’s taxonomy. As mentioned earlier, no questions in the examinations we analysed were classified
under this category. However, Object-Oriented (OO) domain modelling questions designed to operate
at this level were proposed by Bogdanova & Snoeck's (2019) work. Inspiration can be taken from their
work to design database modelling tasks that require analysis. Such questions might include mapping
an analysis pattern to a given problem, explaining certain modelling choices, and determining the
completeness and/or correctness of a given element (e.g., entity, primary key, etc.) within a model. An
example question based on this idea might be something like: “Identify all entities and relationships in

the case study provided and develop a set of business rules.”
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In answering this question, first, students are required to conduct a noun/verb analysis to identify the
potential entities and attributes. This task is an Apply level task. The students are applying a known
process to select candidate entities and attributes in a new situation. In this process, they should be able
to distinguish and deduce between nouns that actually indicate an attribute and ones that are really an
entity and eliminate synonymous terms within a case study or scenario description. Once the entities
and attributes are clearly identified, the students can then move on to identify the relationships and
cardinalities between the entities to develop the business rules. Hence, this type of question can be
themed under the Analyse level. But in order to be posed at this level, the problem domain should be
new to the students, and the case study should include superfluous and irrelevant information. This
irrelevant or unnecessary information, at least to a certain degree, makes the students filter out the
relevant information in order to solve the question successfully. A question like this may be categorised
as Understand if the problem description lacks extra and unneeded information or hiding the

information in the detail and having to work out what information is superfluous.
Evaluate

The Evaluate level requires the students to make judgements based on criteria and standards, and the
questions operating at this level are described using action verbs such as crificise, evaluate, assess and
Justify in the revised Bloom’s taxonomy. As per Bogdanova and Snoeck (2017), the evaluation of
models was significantly underrepresented in the materials they analysed in the OO domain modelling
field. Later, they proposed questions that could be categorised in Evaluate level, such as identifying

conventions/rules violations or critiquing a solution/the choice of example in a domain model.

The following is a question the lecturer of the course adopted into one of the assessments due to the
identified gap, which is an example of an Evaluate level question. However, these types of questions
might exist outside of examination papers, like in textbooks or take-home assignments, but none existed

in the examination papers analysed for this study.
Example

A ‘Fish Population’ research effort is underway to record fish numbers in New Zealand. Observers go
to various sites along rivers and make a note of the fish species and main body colour of the fish they
see. The proposed Logical ER Diagram (given in Figure 4.7) for fish population observation shown
below has various errors. Carefully study the entities and relationships; correct all missing/incorrect
elements in the Logical ER Diagram, such as missing relationship names and incorrect cardinality and

participation.
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Figure 4.7 Logical ERD for the example.

Discussion

To answer this question, students must understand the problem description and critically assess the
provided diagram to determine the existing errors. There might not always be a single right response.
Instead, this type of question seeks to assess how well the student can critique, assess, and eventually

identify mistakes to correct them.
Create

At the Create level, students are required to put elements together to form a novel, coherent whole or
produce an original product. The action verbs that describe this level include design, modify, develop,
and construct. All the questions categorised under this level in the examinations asked the students to
develop a design artefact from a problem description or case studies of varying lengths and levels of
detail. The following is a sample question categorised under this level. The actual case studies provided
in the exams were more lengthier, typically around 400 to 500 words, which might include additional

information or information hidden in detail.
Example

ABC Ltd. is in the business of repairing a variety of electronic devices, such as smart devices (phones,

TVs and watches), laptops, tablets, and PCs. The company wants you to create a database to help them
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run its business. Based on the provided information, draw a Logical ER Diagram using the Crow’s foot

model symbols.
Discussion

To develop a solution to this problem, students need to go through a few different steps. They need to
first analyse the scenario to extract the business rules. These rules act as a blueprint to develop the ER
diagram. In some of the examination questions analysed, such questions were scaffolded by supplying
the question in stages, which act as a reminder to the students of the high-level steps that needed to be
followed. For example, the steps include question parts for: determining all the entities (including all
attributes) and relationships; determining primary key and foreign key attributes for each entity;
resolving many-to-many relationships into two one-to-many relationships; and identifying weak
relationships and strong relationships. Despite providing the steps, these questions were still considered
to operate at the Create level since the students needed to apply the same intellectual thinking in order

to develop the model from scratch.

4.5 Results and Discussion

4.5.1 Topics covered

Seven different concepts emerged related to database modelling from the examinations analysed. As
per Table 4.5, the most assessed concept was conceptual data models followed by normalisation.
Similarly, the highest average marks were allocated to the questions assessing the knowledge of
conceptual data models. There were other questions that covered the topics like SQL, which were not
included in the analysis however the average percentage of the mark was calculated based on the

examination as a whole.
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Table 4.5 Topics coverage and percentage marks by topic.

Topic Coverage (%) Mark (%)
Theory (Data Model) 16 5
Theory (DB Systems) 7 4
Conceptual Data Model 36 12
Logical Data Model (Relational) 7 7
Logical Data Model Relational (Normalisation) 24 9
Distributed BMS 5
DBLC 4 4

Note. Reprinted from “Examining the Exams: Bloom and Database Modelling and Design” by A. Imbulpitiya, J.
Whalley, and M. Senapathi, 2021, Proceedings of the Twenty-Third Australasian Conference on Computing
Education. https://doi.org/10.1145/3441636.3442301. Copyright 2021 held by the owner/author(s). Author's own

work.
4.5.2 Question style

During the open coding process, five-question styles were identified from the examinations. Among
them, the most frequent types of questions were short answers, and model questions (i.e., create a model
based on a case study description) accounted for approximately 92% of the analysed 122 questions (See

Figure 4.8 for the percentage coverage of question styles).

Even though there were no MCQs identified during the analysis, there is a possibility of missing such
style of questions under a different assessment component. As an example, the COMP508 course at
AUT had two quiz components where MCQs were utilised. So, this classification can be expanded to

include the entire assessment programs of an institute, even though it was not done in this instance.
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Figure 4.8 Coverage of question styles.

Note. Reprinted from “Examining the Exams: Bloom and Database Modelling and Design” by A. Imbulpitiya, J.
Whalley, and M. Senapathi, 2021, Proceedings of the Twenty-Third Australasian Conference on Computing
Education. https://doi.org/10.1145/3441636.3442301. Copyright 2021 held by the owner/author(s). Author's own

work.
4.5.3 Intellectual complexity

All the analysed questions were either operating on the lower cognitive levels (Remember, Undertsand,
Apply) or the highest cognitive level (Create) of the revised Bloom’s taxonomy. Interestingly, there
were no questions categorised under the intermediate levels of Analyse and Evaluate. Figure 4.9
provides the details of the coverage of questions based on intellectual complexity according to the
cognitive levels of the revised Bloom’s taxonomy. Further, the question styles were analysed along with
the identified cognitive levels (See Figure 4.8). Short answer questions were the most frequented
question style, mainly posed at the Remember and Understand levels. Unexpectedly, variations of
question styles were observed for Model questions. The majority of model related questions were
categorised into Apply and Create levels however, there were few questions posed at the Understand

level as well.

78


https://doi.org/10.1145/3441636.3442301

35%

30%

25% R S

20%

15%

10% B i

Percentage of Questions

5%

0% e o
1. Remember 2. Understand 3. Apply 4. Analyze 5. Evaluate 6. Create

Figure 4.9 Coverage of revised Bloom's taxonomy’s cognitive levels.

Note. Reprinted from “Examining the Exams: Bloom and Database Modelling and Design” by A. Imbulpitiya, J.
Whalley, and M. Senapathi, 2021, Proceedings of the Twenty-Third Australasian Conference on Computing
Education. https://doi.org/10.1145/3441636.3442301. Copyright 2021 held by the owner/author(s). Author's own

work.

Figure 4.10 summarises the percentage of questions by question style and Bloom’s cognitive level of a
question. Based on the conducted analysis, it was noted that most of the questions were very similar in
nature, question style and the concepts covered. It’s evident that much work is needed to develop a
wider variety of questions for summative and formative assessments to assess novice database

modellers effectively.

Surprisingly, no Multiple-Choice Questions (MCQs) or variants thereof (e.g., Multiple Answer MCQs
— (Petersen et al., 2016)) were among the analysed examination questions related to database modelling.
Researchers have recently focused on developing more effective MCQs to assess novice programmers
(Abreu et al., 2019; Lister, 2001, 2000; Simon et al., 2012; Woodford & Bancroft, 2005). These efforts
have paved a pragmatic way to assess novice programmers’ knowledge, particularly within large CS
classes. Also, several of these studies have attempted to develop MCQs to assess Bloom’s levels from
the lowest cognitive level up to the Evaluate level. Apart from MCQs, another type of question that can
be used to assess novice database modellers could be asking the students to identify and fix errors given
a flawed model. Also, asking the students to complete a partially completed model or design by
providing a problem description could be another possibility. Developing Parson’s puzzles for
modelling is another option that has not been attempted by the researchers in either the database or

domain modelling area. These questions are quite important since they can assess the student’s

79


https://doi.org/10.1145/3441636.3442301

comprehension, particularly when reading and understanding the model is vital to answering such
questions. However, from the analysed examination questions, there were none that attempted to test

the student’s ability to read and explain a model.

There were gaps identified in the cognitive or intellectual complexity of the questions, which were quite
similar to the findings discussed by Bogdanova and Snoeck (2017) in domain modelling. There was a
clear rift between the Apply and Create level questions from the analysed questions, particularly with a
lack of Evaluation level tasks. It’s important to guide students through the cognitive process levels
when assessing their knowledge of database skills (Mohtashami & Scher, 2000). It’s quite a challenge
to differentiate the majority of students in terms of achievements by excluding Analyse and Evaluation
questions. In this way, the students who cannot work at the Create level but can analyse or even evaluate
a database model are only given a chance to show off their skills at the Apply level. Essentially, this
positions these students in the same category as those who can only operate at the lower cognitive levels

of the revised Bloom’s taxonomy.
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Figure 4.10 Coverage of Bloom’s cognitive level with question styles.

Reprinted from “Examining the Exams: Bloom and Database Modelling and Design” by A. Imbulpitiya, J.
Whalley, and M. Senapathi, 2021, Proceedings of the Twenty-Third Australasian Conference on Computing
Education. https://doi.org/10.1145/3441636.3442301. Copyright 2021 held by the owner/author(s). Author's own

work.
4.6 Summary

This analysis was conducted to investigate the nature of the existing questions used to assess novice
database modellers in their examinations. Hence, a question classification framework was built that can

be used to analyse the nature of the novice database modelling questions. In building this framework,
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the main intention was to understand the different question styles used and the concepts tested in typical
novice database assessments. Altogether 122 questions were analysed which were collected from 19
examinations, six different institutions and four countries. From the analysis, it was evident that there
was, holistically, little variation between the different examinations. However, the extent to which
database modelling concepts were tested varied. The lowest contribution of marks allocated for database
modelling was 25% in institution F, while in institutions A and E, around 70% of the marks were
allocated to assess database modelling skills. Further, most of the concepts tested were related to
conceptual models (i.e., ERDs and EER diagrams) and normalisation. The styles of questions provided

to the students were quite limited.

The intellectual complexity of the questions was classified based on the cognitive levels of the revised
Bloom’s taxonomy. Several guidelines and vignettes were developed that guide the use of the revised
Bloom’s taxonomy when determining the intellectual complexity of novice database modelling tasks.
There were gaps in the cognitive levels of the questions: none of the questions were assessed at the
Analyse and Evaluate levels. Arguably, it’s important to assess these skills separately since they are
critical in determining the level of competency achieved by the students while also being critical steps
in the cognition required for the development of quality database models. In this context, the study is
focused on novices, and this affects the level of cognition that a task requires. For example, what for an
expert might involve Remember, for a novice, it might involve Apply or Create level thinking

(Bogdanova & Snoeck, 2019).

The framework presented in this chapter was developed to gain an initial understanding of the nature
of the questions given to the novices in order to help guide the development of the research instrument
used for this research. The use of naturally occurring data, in the form of examination questions, is
common in CSER and has become a recognised form of data for studies into what students know and
how students are learning (Clear et al., 2009)3. Further, the use of examinations to do this is that there
was a need to measure the student’s difficulty where they successfully solved a problem as a proxy for
the student’s difficulty; controlled assessment ensures that the difficulty is that experienced by the

student without assistance, which we could then correlate with the question’s complexity.

3 Due to COVID AUT stopped controlled assessments which meant the data collection beyond the first phase of
the study was not possible. This limited both the type of questions available for this analysis as well as the sample
size.
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Some of the results reported may be specific to the nature of the data source of examinations. However,
given the same trend was observed by Bogdanova and Snoeck (2017), it is likely that this finding would
hold when including other assessment items in a future analysis. Moreover, in the literature and in the
courses that form part of this research, almost all courses appear to include a project-based take-home
assignment. Such assessments typically provide students with a case study and require them to create

design artefacts like models from scratch.

In deciding Bloom’s level, an assumption is made that all the students operate at a similar level of
understanding since the topic they encounter is relatively new to them. However, they might not operate
at the same level realistically if they had some prior knowledge, which was a limitation. For this reason,
the student’s prior knowledge level was considered when conducting the think-alouds presented in
Chapter 8 Another limitation when using the examination questions is the size of the task since the
examination questions can be relatively less complex compared to modelling in a real scenario. Hence,
it is important to be vigilant when making conclusions based on simpler modelling tasks. The next
chapter focuses on the development of a sequence of tasks with varying difficulty levels by adapting

various metrics identified in the existing literature.
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Chapter S Measuring the Difficulty of Novice Database Modelling
Tasks

5.1 Introduction

The proposed research instrument for the think-aloud interviews will be comprised of database
modelling tasks in which concepts are presented to participants in sequences of increasing difficulty. In
order to build these modelling tasks, it would be desirable to have a measure of the difficulty and
complexity of the database modelling tasks given to the participants. This chapter begins with a look at
potential metrics for determining the difficulty of database modelling tasks taken from the literature.
While metrics have been studied in the context of the software engineering industry and large-scale
systems, as far as [ am aware, no research has been done on using database design metrics to predict the
difficulty of typical assessment tasks given to novice modellers. As a result, the prior literature on
applying metrics to assess the quality of database design at the industrial level was taken into account

in this study.

A search and comparative analysis of the existing literature on database metrics was undertaken. It was
evident from this focused review that the body of work on metrics to measure database model quality
is much smaller than that for program code quality. Moreover, the review revealed that most database
design quality metrics had not been empirically evaluated. Overall, this review conducted to identify
database metrics revealed ten papers (Table 5.1), of which five were research studies conducted in the
industry. The participants were experienced modellers, and their main focus was to compare alternative
designs and identify the most effective or ‘best’ solution. The remaining studies involved either final-
year undergraduate students or graduate students with relatively advanced database skills as
participants, and the designs were more complex than those given out for novices. None of the studies

found in the literature were focused on novice modelling.

During this review, it was inevitable that similar work conducted on object-oriented domain modelling
would be discovered in the search due to the similarities in teaching and learning it has with database
modelling. Even though object-oriented metrics were discussed in relation to program code, only one
paper was found in the literature, which proposed a technique to assess student-generated object-
oriented designs (Tempero et al., 2018). The metrics used were based on counting the objects created
at runtime in the developed program. The authors’ argument is that the objects created are the reification
of the design, which holds in an object-oriented design. Another study by Amrit and Tax (2014) looked
at metrics that can explain the understandability of a UML model. However, their study was mainly

focused on the modelling notations (i.e., symbol redundancy and ease and accuracy with which different
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graphical symbols can be differentiated) and the aesthetic (i.e., size and placing of graphical elements,
font selection, etc.) of conceptual model understandability. Apart from these studies, the only paper that
was even remotely close to measuring the difficulty of novice modelling tasks in domain modelling
using UML was conducted by Bogdanova and Snoeck (2019). They proposed an educational framework
for describing the cognitive complexity of domain modelling tasks using the revised Bloom’s taxonomy
(Anderson et al., 2001). Their framework assesses the cognitive skills required to complete a task using

the cognitive levels of the revised Bloom’s taxonomy’s cognitive dimension.

Because of the lack of work on using metrics to evaluate novice data modelling tasks, the work on using
metrics to measure the difficulty of novice programming tasks was also explored to inform the selection
of metrics to evaluate novice database modelling tasks. Several researchers have used software metrics
to measure the difficulty of novice programming tasks (Elnaffar, 2016; Kasto & Whalley, 2013;
Whalley & Kasto, 2014). Researchers emphasise that software metrics should not be the sole measure
of difficulty in the context of novice programming tasks and that using a combined measure of metrics
and cognitive complexity is needed (Elnaffar, 2016; Kasto, 2016). A similar argument was made by
Moody (2003), who agreed that using a combination of measurements effectively solves the problem

of evaluating the quality of data models.

The research discussed in this chapter aims to investigate the correlation between a set of database
metrics and the difficulty level of novice database modelling tasks by addressing the following research

questions:

RQ2.2: What type of measurements can predict the difficulty of database modelling tasks?

RQ2.3: Does the performance of students in database modelling tasks indicate a hierarchical
structure in their mastery of different types of novice modelling tasks?
The primary objective is to determine if these metrics can be used to inform the design of the tasks for
the think-aloud study. The chapter starts with a discussion of the candidate metrics source from the
literature. Then, the selection of metrics for this study is discussed. Finally, a dataset for evaluation of

the selected metrics is presented, followed by the presentation and discussion of the analysis results.

5.2 Database Metrics

Database model quality metrics measure the structural complexity of a given database model. This
seems like a reasonable dimension to consider when attempting to develop a question difficulty
framework because one aspect of the difficulty of developing a database model lies within the structural

complexity of the model (Batra & Wishart, 2004; Genero et al., 2008).
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Moody (2003) proposed 29 metrics to evaluate the quality of database models (ER diagrams). They
also used an expert subjective rating to review the quality factors apart from the metrics—only five of
the metrics managed to pass the cost-benefit validation conducted. Moody (2003) noted, “An
unexpected finding was that subjective ratings of quality and qualitative descriptions of quality issues
were perceived to be much more useful than the metrics” (p. 14). Considering Moody’s claim, it’s
worthwhile to explore any subjective assessments of the quality of a database model along with

objectively calculated metrics.

At the time of writing, only ten papers were found, excluding similar studies published by the same
authors, in the literature that explored software metrics for measuring the quality of database models
and none investigating their use in the model of novice database modelling tasks (See Table 5.1). Most
of these previous studies investigated the use of static metrics to measure the quality of expert or
industry-generated database models. These industrial-level database models contained far more entities
and relationships than a database modelling task typically given to novices. The work also relied on
experienced modellers as research participants rather than the novices being investigated in this thesis.
The motivation for using metrics was also different in these studies, where the metrics were employed
to compare modelling alternatives to identify the most effective solution rather than to determine the
difficulty of the modelling task. Even the studies that involved undergraduate students (e.g., (Calero et
al., 2001b; Genero et al., 2008)) used more complex designs, and the participants were in their final
year of study. A summary of the related work identified in the literature is presented in Table 5.1. From

this, it is concluded that none of the studies were designed to evaluate the database models of novices.

Prior studies conducted in programming (discussed in section 5.3) found that code readability was
related to the difficulty of novice tasks. For this reason, it was decided that the readability of designs
was worth investigating as one of the measures for this thesis research. However, in this case, readability
metrics were derived from the case study text used to define the design problem. Here, the assumption
is that being able to read and understand the case study is central to being able to complete the modelling

task.
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Table 5.1 Comparative analysis of metrics in to measure the quality of database designs.

Author/s Domain Measurement Empirically Scope Proposed Metrics
type+ validated?
esh, usin ective an o iedtoa ehavioural Quality: Usability (user esigner), maintainability, accuracy,
(Kesh, 1995) ERD using Objecti d N Applied Behavi 1 Quality: Usability ( & designer) intainability y
Chen model  subjective database performance
design project
man - Ontological Quality: Structure — suitability, soundness, consistency, conciseness
organisation
Content — completeness, cohesiveness, validity
Subjectively measured — suitability (5 point scale), soundness
(Si-Said Cherfi et EER Objective Yes — partially Hospital Quality dimensions: Specification, Implementation, Usage
al., 2002) diagram management
Ef:(ljil(:hen Validated only sjiifl Ztll;(}il}t/ Proposed metrics for specification dimension:
for the ) different Legibility: Ease of which a model can be read — clarity (no of inheritance links,
spec1ﬁgat10n schemas — no of roles in a relationship, no of line crossings), minimality (redundant element
dimension data types of entity, relationship, and inheritance link)
administartio
n/ da‘Fa Expressiveness: no of concepts (element types)
architecture
group in the
organisations.  Simplicity: no of entities, relationships, inheritance links
Correctness: syntactic correctness — no of characteristics to be verified for an
element, no of errors
(Moody, 2003) ERD Objective and Yes Applied to Proposed candidate metrics: 29

subjective

five projects
in two
organisations.

Useful metrics: 3 + 2 new metrics identified during the process.
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Metrics to measure eight quality factors completeness, integrity, flexibility,
understandability, correctness, simplicity, integration and implementability.

The metrics which passed the cost-benefit test: System complexity (E+R),
Number of data items duplicated in existing systems/projects, development cost
estimate and new metrics — reuse level, number of issues by quality factor

All quality factors were measured subjectively as well in 5 point scale.

(Genero et al., ERD using Objective Yes Four Proposed structural complexity metrics: 12
2002) Chen model Complex
ERDs - 31 . . .
Year Number of entities (NE), number of af[trlbutes. (NA), number of derived
undergraduate attrl‘t?utes (NDA), number of composite at.trlbut.es (NCA), number of
students in mult.walu(.ad attributes (NMVA), number of .relatllonsh1ps (NR), number of .M:N
computer relaqonsh}ps (NM.:NR), number of 1:N relatlonshlps (Nl :NR), number of binary
science relationships (NBinaryR), number of IS A relationships (NIS_AR), number of
' reflexive relationships (NRefR), number of redundant relationships (NRR)
Identified correlations between the understandability time (time to answer the
questions based on the ERD) and the modifiability time (time to modeify the
provided ERD) and the measures NE, NA, NR, N1:NR, NM:NR, NBinaryR.
(Genero et al., ERD Objective and Yes Eight Proposed structural complexity metrics: 12
2008)* subjective complex
After 3 pilot llzlijgeségors Validated metrics: 6
studies, only 6 b1y NE, NA, NR, NIS_AR, N1:NR, NM:NR
metrics were
students

selected for
validation.

Understandability (UT): — time to understand the ERD (in minutes)
Understandability effectiveness (UEffec) — number of correct answers
Understandability efficiency (UEffic) — UEffec/UT
Understandability: Subjective — 7 point Likert scale
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(Calero et al., Relational, Objective Partially with ~ Final Year Database complexity
2001a) object limited undergraduate
;ilgt:égile gfﬁ;}lc\ig faiggste_d (S:t(;llflf)rlllttse;n Relational databases — Number of attributes (NA), Depth of referential tree
databases DRT and NFK  science. (DRT), Number of foreign keys (NFK), Cohesion of the schema (COS)
Object relational databases — schema size, complexity of references between
tables
Active databases — Number of attributes, Distance, Triggering potential
(Calero et al., Relational Objective Yes 4 oracle Database complexity
2001b) * database databases Number of foreign keys, Depth of referential tree
from an
organisation - ) ) o
Final Year The controlled experiment conclude that the Number of foreign keys metric is a
undergraduate good indicator of relational database complexity.
students in
computer
science.
(Pavli¢ et al., Database Objective Yes 9 projects — Relation weight (W) = Number of attributes (A) + number of keys (K) + number
2008) type is not organisations  of counted indexes (I) + number of foreign keys (F)
mentioned. databases
Database complexity (DC) = Y7, (W)i, i = no of relations
(Mishra et al., Relational Objective Yes 5 Student Proposed metrics: 6
2012) database projects —not  Number of simple attributes (SA), multivalued attributes (MVA), many-to-one
using explained ) participation constraints (M:1P), descriptive attributes (DSA) — attributes in a
ERD/ERD clearly which many-to-many relationship and depth of inheritance tree (DIT), number of
Chen model levels of derived attributes (DA)
students

Entity size (ES) = SA+tMVA+M1:P+DIT
Entity set size (ESS) = ES*M (No of tuples for each entity set)
Total entity set size (TESS) = Z?z L(ESS)i, n=total no of entity sets
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Size of derived attributes (SDA) = Zz: 1(Lines Of Codes)k, p= total no of
derived attributes

Relationship size (RS) = DSA + Degree (Total no of entity sets participating in
a relationship)

Relationship set size (RSS) = RSS *N (No of tuples of the relationship type)
Total relationship set size (TRSS) = Z;n: ,(RS)j, m= total no of relationship sets

Total Size = TESS+TRSS+SDA

(Sinha et al., 2014) Relational Objective No Public library Database complexity
database database

Database Complexity Indicator (DCI) is introduced based on designs Entity
Relationship Schema (ERS) and Object Relational Schema (ORS).

ERS — Number of entities, Number of tables, For each table — Number of
attributes, number of foreign keys, Number of relationships with referential
integrity, Number of entries

ORS —Number of objects, Number of clusters, For each cluster — Number of
entries

Note. * - Follow up study, the study that was the basis for this later work is presented in the previous row, + - measurement type indicates whether the factors are getting

evaluated objectively (e.g., metrics) or subjectively (e.g., rating — using a Likert scale).
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5.2.1 Structural complexity metrics

Towards a measure of the difficulty of novice database modelling tasks, the structural complexity of
the model was included as a candidate metric since it is evident from the literature that structural
complexity has been used with some success to identify the understandability of models (Genero et al.,

2008; Moody, 2003).

Briand et al. (2001) explain how a complex structure of software (measured by the structural properties
of an object-oriented design) results in high cognitive complexity. In building the hypotheses for their
study, they utilised the causal relationship effect between the structural class properties, cognitive
complexity, and external quality attributes. Further, the authors defined cognitive complexity and the

effect of structural properties in a class with cognitive complexity as follows:

The structural properties of a class, measured by the coupling, cohesion, and
inheritance measures, affect the cognitive complexity of the class. By cognitive
complexity we mean the mental burden of the persons who have to deal with the
class (developers, inspectors, testers, maintainers, etc.). (Briand et al., 2001, p. 4)

The work of Genero et al. (2008) theorises an ER diagram’s structural properties affect the cognitive
complexity that is associated with the diagram. Genero et al. introduced a collection of structural
properties (e.g., number of entities, number of attributes, number of relationships, etc.), which they
determined comprised structural complexity. Their study concluded that easily calculated metrics such

as structural properties are an indicator to measure the understandability of ER diagrams.

Based on the existing work, using the structural properties of a database model seems an appropriate
approach to identify potential metrics to measure the difficulty of novice database modelling tasks. A

detailed description of how these metrics were identified for this study is in section 5.4.
5.3 Use of Metrics in CSER

Considering the lack of existing database modelling education work in measuring the task difficulty, it
was decided to explore further in the CSER literature. This section presents a discussion of the use of
software metrics in CSER with a focus on the area of programming. A notable amount of work has been
carried out by researchers to apply software metrics to measure the quality of student-generated code.
Other researchers have tried to adapt these software metrics to predict the difficulty of different types
of novice programming tasks such as code comprehension, tracing, and writing. Two key types of

measures have been explored: software metrics and readability metrics.

Early work related to software metrics investigated the use of metrics as a mechanism for providing

formative feedback to novice programmers (Mengel & Yerramilli, 1999). Metrics were later evaluated
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as a means of automating feedback on the quality of student code submitted for summative assessment

(Cardell-Oliver, 2011; Pettit et al., 2015).

Other researchers examined the usefulness of software metrics as a way of estimating the difficulty of
novice programming. They believed that metrics could potentially be used as a mechanism to guide the
design of programming assessments. In a preliminary study, Kasto and Whalley (2013) empirically
evaluated several static software metrics (i.e., number of statements, number of operands, cyclomatic
complexity, etc.) in an attempt to predict the difficulty of novice code comprehension tasks. In their
study, they concluded that some of the identified metrics correlated to the difficulty of code tracing
examination questions but need further research to determine the potential use of software metrics in
other types of programming questions. In a follow-up study, they identified several metrics that
correlated with the difficulty of the program writing tasks and concluded that software metrics could be
a beneficial tool for assisting in the design and selection of questions when creating an examination

(Whalley & Kasto, 2014).

The work of Elnaffar (2016) utilised the findings of previous studies to construct a predictor of the
difficulty of code writing tasks (Predicted Difficulty Index - PDI) by linearly combining the successful
software metrics identified in prior literature. Despite building the predictor solely based on the metrics,
Elnaffar emphasised the need to address the obstacles caused by code semantics, combining the amount
of thinking necessary and the cognitive load put on students by a given question. Elnaffar (2016) further

mentioned,

In future research, we may augment the code metrics with another dimension that
addresses the cognitive level each question may require by using one of the common
educational taxonomies such as SOLO. (p. 517)

This echoes an earlier comment by Whalley & Kasto (2014), who also noted that,

Metrics should not be used as a silver bullet but used in conjunction with more
subjective measures of difficulty such as SOLO or Bloom’s classification which
consider the level of thinking and/or knowledge required. (p. 110)

Duran et al. (2018) proposed a set of cognitive complexity metrics for programming tasks. In their work,
the authors emphasised the usefulness of metrics in providing a perspective on program complexity but
also pointed out limitations discussed in the existing literature. They noted that metrics alone might not
capture factors such as students’ prior knowledge, which can significantly influence the perceived
complexity of a program. They further mention the issue of having a low correlation between perceived

complexity and metrics.
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In a more recent study, Scalabrino et al. (2021) took a more comprehensive approach by considering
various code-related (e.g., cyclomatic complexity, number of comments, number of operators etc.),
documentation-related (e.g., comments readability, comments and identifier consistency etc.), and
developer-related (e.g., programming experience) metrics to measure the code understandability. Their
study failed to identify any metrics that correlate with code understandability. They suggested that code

understandability could be too subjective to be effectively captured using metrics alone.

The conflicting findings in different studies can be attributed to several factors, including the specific

programming tasks analysed or the context in which they are being performed.

Researchers have also examined the use of taxonomies alone or as part of a framework, including
metrics (Castro & Fisler, 2017; Izu et al., 2016; Kasto, 2016; Mufioz Barén et al., 2020). All these
earlier-mentioned studies used instructor examples to ascertain the metrics. Further, the difficulty of a
task was based on student performance, either as a number of students who gave fully correct answers
or based on a mark awarded directly. Then correlation statistics were applied to see if there were any
statistically significant relationships between the metric (e.g., increased line of code) and the difficulty.
None of these studies utilised the responses given by the participants to calculate the metrics. However,
some previous work touched on the idea that there are many different possible solutions to a
programming problem which would result in different metrics if the student solutions were analysed
(Kasto et al., 2014). Some researchers have discussed how a pool of solutions can be created in the case
of small code snippets from typical programming tasks and how the solutions would vary (Glassman,
2014; Luxton-Reilly et al., 2013). Given the existing work in programming and the highly abstract
nature of database modelling, it would be safe to assume that similar issues are likely to occur in using

metrics to assess the task difficulty in database modelling.

5.3.1 Readability metrics for novice programming tasks

In general, readability may be defined as the ease with which text can be read. Several well-known
readability metrics have been applied to measure the readability of English text. These metrics typically
involve counting the number of syllables, words and sentences in a piece of text and calculating a single
numeric value according to some formula. For example, Flesch Reading Ease (Flesch, 1948), Flesch-
Kincaid Grade Level (Kintsch & van Dijk, 1978), Gunning Fog Index (Gunning, 1952) and SMOG
(McLaughlin, 1969) have been utilised to measure the difficulty of a text.

Borstler et al. (2007) mentioned that readability is a basic requirement for understanding a code, but
they found no measurements that could be used to measure software readability at the time. Hence,
following the idea of Flesch, the authors have introduced a Software Readability Ease Score interpreting

different elements of a code. In an extension to their work, the authors looked at measuring the software
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readability of code examples given to students learning object-oriented programming to examine their
understandability of good code examples (beauty) from bad code examples (beast) (Jiirgen Borstler et

al., 2016).

Starsinic (1998) adapted the Flesch-Kincaid readability grade as a Perl script that could be used to
measure the difficulty of simple programs. He designed the metric to support and develop junior
programmers within his company. Whalley & Kasto (2014) used an adaptation of Starsinic’s readability
metric to measure the readability of small pieces of code written by novice programmers. Similarly,
many researchers have since used readability metrics to identify the level of understandability of a code
and have investigated the application of readability metrics as a predictor to measure the difficulty of a
program code. Readability may be considered a reasonable metric since empirical research has found a

strong relationship between the ability to comprehend and write code (Lopez et al., 2008).

The question of whether readability can serve as a metric for predicting the difficulty of a novice
database modelling task has emerged when going through the above-discussed work in programming.
It is indeed plausible that readability could play a major role in determining a modelling task’s difficulty
since often novice modelling problems are presented in the context of a brief and less complex problem
space than in real-world systems, and they are presented with the problem as a textual statement or a
case study (Shebaro, 2018). However, at the time of writing this thesis, no published literature has
examined the effect of the problem statement on the difficulty of the database modelling task to the best
of the researcher’s knowledge. But, the issue of problem context has been researched extensively in
mathematics and other fields. As discussed earlier, there has been some work in CSER that looks at
problem context and its influence on the difficulty of novice programming tasks. The literature that
came closer to this idea in CSER was the work of Leinonen et al. (2021), which investigated the effects
of contextualised problems on problem-solving among introductory-level programmers. Their research
has demonstrated that the context in which problems are presented can impact student performance,
either positively or negatively, depending on the student’s familiarity with the problem. They
specifically examined the linguistic complexity of problem descriptions to determine the readability of

the given tasks for students.

Given the existing research on measuring readability in the context of novice programming, particularly
the work in problem descriptions, it is reasonable to consider adopting a readability metric to measure
the linguistic complexity of the provided case studies to novice database modellers, which could use as

a predictor for task difficulty.
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5.3.2 Measuring task difficulty in CSER

Researchers in CSER have utilised taxonomies such as Bloom’s and SOLO to predict the difficulty of
novice programming tasks. A discussion of these taxonomies and the use of revised Bloom’s
taxonomy’s cognitive dimension to classify novice database modelling tasks are provided in Chapter 4
Bloom’s taxonomy is a widely recognised hierarchical framework that categorises cognitive skills
required to complete a task at increasing levels of complexity, which is expected to be matched to task
difficulty. In fact, researchers in CSER have explored these taxonomies to empirically evaluate whether
the taxonomies can really predict the perceived difficulty experienced by novices when engaging in

programming tasks.

Another important aspect of this existing research was to explore how they evaluate their difficulty
variables. The researchers have used multiple methods or approaches to define the difficulty of a task,
mainly using the students’ perceived difficulty (e.g., (Duran et al., 2018)) or using fully correct answers
(e.g., (Whalley & Kasto, 2014a)). Some researchers have discussed the fact that students’ perceived
difficulty alone might not be a good indicator to measure the difficulty of a task since their knowledge
and experience can influence their level of perception, hence the students’ perceived difficulty was not
applied in this thesis’s analysis (Genero et al., 2008). Instead, the perceived difficulty of a task was
considered from the instructor’s perception along with a performance-based measure. One issue that
arises when identifying a performance-based measure is that during the marking of assessments, partial
marks are allocated to solutions that may not be fully functional. Researchers often aim to assess the
difficulty of a task by examining the percentage of students who can successfully answer a question
rather than focusing on partial answers that may not align closely with the correct solution. While partial
answers may contain elements of the correct answer by chance, they may still deviate significantly from
the expected outcome. This is why opting for fully correct answers could be a preferred approach for

measuring task difficulty and preferably an approach that was considered in this analysis.

Suppose an appropriate set of metrics can be identified and combined along with the cognitive
classification presented in Chapter 4 . In that case, the difficulty framework may be able to measure the

difficulty of novice database modelling tasks reliably.

5.4 Protocol for Metrics Selection

As discussed in section 5.2, the database-specific metrics presented in the literature were for larger
models and for use in industry and, as such, may not be relevant to smaller-scale designs based on
constrained scenarios used in teaching and learning. Moreover, this thesis work comprised the first

attempt to apply metrics to measure and predict the difficulty of novice modelling tasks. However,
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several quality metrics were discussed in the literature that could be relevant, but this raised the question

of which of these metrics are worth evaluating in the novice context.

The GQM (Goal-Question-Metric) paradigm is a widely used systematic approach in software
engineering and management that aims to improve the quality of software development processes and
products (van Solingen et al., 2002). Researchers have used the same approach to define metrics that
measure the difficulty of novice programming tasks (Kasto, 2016). Hence, it was decided to apply the
same approach in this study to identify potential metrics that can be utilised to measure the difficulty of
novice database modelling tasks. The GQM approach involves three main steps. The first step is the
conceptual level, which involves identifying specific goals that need to be achieved, which should be
clearly defined and measurable. Once the goals are established, the second step (aka operational level)
is developing the questions. These specific questions are developed to determine whether the goals are
being achieved and should be answerable with objective data. The third step is named the quantitative
level, where the metrics are defined that are used to collect data and answer the questions, which should
be specific, measurable, and relevant to the questions. The data collected in this study is objective, so
only the objective dimension of the quantitative level was considered to identify the potential metrics.

This GQM approach was used in this study to identify the metrics that would be evaluated.

From the potential metrics given in Table 5.1, some metrics were directly eliminated even before the
GQM selection. Specifically, the ones related to the behaviour of the physical databases, considering
that several past research was focused on the industrial domain, which was not relevant to the scope of
this study. For example, one of the few empirically validated metrics suggested by Moody (2003) was
based on the data model’s business and technical dimensions. As an example, the quality factor
implementability was measured using the development cost estimate metric, which is unsuitable in the
education domain. Also, some metrics were ruled out due to the diagram types which are not taught for
the novices used in this study. For example, the metrics proposed by Sinha et al. (2014) are based on

the Object Relational Schema diagram.

Therefore, only the structural metrics from database models were considered in this research to measure
the complexity of the models as they were more appropriate in the context of education and, more
specifically, in assessing novice database modelling tasks. In addition, readability was considered as a
potential metric since database modelling tasks typically involve reading and understanding case studies
before the modelling process. A detailed discussion of the metric selection using the GQM approach is

discussed in section 5.5.
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5.5 Selection of the Metrics

Goal

The main goal of this study was to identify metrics that are able to distinguish between different levels
of complexity in the context of novice database modelling tasks to measure the difficulty of tasks. As
identified from the prior literature, it was deemed suitable to look at the metrics related to the structural
properties and the readability of the case study to measure the difficulty of novice database modelling

tasks.

Questions

The following were the developed questions to achieve the goal.

1. Do the structural properties of a database model relate to the difficulty of novice database
modelling tasks?

2. Does the readability of a case study affect how difficult it is to develop a database model?

Once the goal and questions were established, metrics were selected, as discussed below.

Metrics

In order to answer the first question, several structural properties related to database models were
considered from the prior literature. These structural metrics are presented in Table 5.1. Among the
existing work, the research framework introduced by Genero et al. (2008) provided the metric suite that
best fits the type of modelling tasks given to novice learners. Genero et al. (2008) theorised that an ER
diagram’s structural properties affect the cognitive complexity associated with the diagram. Since
cognitive complexity is somewhat difficult to measure, they have introduced a collection of structural
model properties that are categorised as “structural complexity.” They have proposed several metrics
focused on the modelling elements to measure the impact of the structural properties on the

understandability of a model.

As provided in Table 5.2, Genero et al. (2008) have proposed twelve structural properties as metrics to
measure the structural complexity of an ER diagram. Among these candidate metrics, eight were
selected for this study (indicated from M1-M8). In the context of novice database modelling tasks, some
metrics (M10-M12) were eliminated from consideration. This decision was made because these
concepts were not covered or assessed in the novice tasks. Further, M13 was also not used as a separate
metric since all the relationships in the diagrams developed by students were binary, which was the

same as the number of relationships.
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Table 5.2: Selected and eliminated metrics.

Goal To measure the difficulty of novice database modelling tasks.

Question 1 Do the structural properties of a database model relate to the
difficulty of novice database modelling tasks?

Selected metrics Metric Definition

M1 Number of Entities (NE)  The Number of entities within an ER diagram, including the weak

and strong entities.

M2 Number of Attributes The number of attributes defined within an ER diagram, including
(NA) the multi-valued and composite attributes. The attributes subtype
entities inherited from supertype entities are only counted once.

M3 Number of Composite The number of composite attributes within an ER diagram.
Attributes (NCA)

M4 Number of Multivalued The number of multi-valued attributes within an ER diagram.
Attributes (NMVA)

M5 Number of Relationships ~ The number of relationships within an ER diagram, excluding the
(NR) ISA relationships. The resolved many-to-many relationships in
logical ERDs were counted as one relationship.

M6 Number of ISA The number of ISA relationships within an ER diagram.
Relationships (NISAR) Considered each supertype/subtype pair as one ISA relationship.

M7 Number of one-to-many The number of one-to-one and one-to-many relationships within an
Relationships (N1:MR) ER diagram.

M8 Number of many-to-many The number of many-to-many relationships within an ER diagram.
Relationships (NM:NR) The resolved many-to-many relationships in logical ERDs were
counted as one relationship.

Question 2 Does the readability of a case study affect how difficult it is to
develop a database model?
M9 Flesch-Kincaid Grade
Level
Eliminated metrics (related to structural complexity)
MI10 Number of Derived The number of derived attributes within an ER diagram.

Attributes (NDA)

M1l Number of N-Ary The number of N-Ary relationships within an ER diagram.
Relationships
(NN_AryR)

MI12 Number of Reflexive The number of reflexive or recursive relationships within an ER

Relationships (NRefR) diagram.

M13 Number of Binary The number of binary relationships within an ER diagram.
Relationships (NBinary)

Note. Reproduced from “Defining and validating metrics for assessing the understandability of entity—relationship
diagrams”. by M. Genero, G. Poels and M. Piattini, 2008, Data & Knowledge Engineering, 64(3), pp. 534-557.
Copyright 2008 by Elsevier. Reproduced with permission from Elsevier.
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To answer the second question, the literature in CSER was considered where the researchers have
attempted to use any metrics to measure the linguistic complexity of a problem description. As
mentioned in section 5.3.1, the only work that has used readability metrics to measure the linguistic
complexity of a problem statement was by Leinonen et al. (2021), where they used Flesch-Kincaid
Grade Level to identify the readability of the problem descriptions of their assignments in a CS1 course.
Even though they have claimed that any difference in the student performance is unlikely due to the
complexity of the language of the problem description, it was decided that Flesch-Kincaid Grade Level
is a suitable metric to measure the readability of the provided case studies considering that these could
potentially be more complex than the problem statements used in Leinonen et al. (2021)’s study. Hence,

to answer the second question, the Flesch-Kincaid Grade Level was selected (see M9 in Table 5.2).

Once the metrics were selected, the next step was to evaluate these metrics to check whether they were
effective at measuring the difficulty of a modelling task. This is presented in the following section 5.6

in detail.
5.6 Metrics Calculation

In calculating the metrics M1 to M8, an attempt was made to identify a software tool to facilitate the
calculation of these metrics. First, auto-grading tools from the previous literature in the area were
evaluated for this use. None fully facilitated the calculation of the metrics but instead made a
comparison of the elements in a single student model and the instructor’s model (Higgins & Bligh,
2006; Thomas et al., 2007). Additionally, none of these tools was freely available and seemed to be
restricted to use in research only and not beyond the particular study. Next, functions provided by open-
source and freely available CASE tools were examined to see if an automated calculation of metrics
was possible without the need to code solutions. The “visual diff” function to compare databases by
showing their differences visually in Visual Paradigm was identified, which was not freely available.
Also, from the documentation, it appeared that Visual Paradigm does not facilitate the type of
calculations necessary for this research (Visual Paradigm, 2009). Finally, it was decided to calculate
the metrics (i.e., count of the elements) from the instructor’s model by hand. Even though it was time-

consuming, it was faster than developing an application to automate the calculation of metrics.

The readability metric (M9) was calculated using the Flesch-Kincaid Grade Level. Flesch Kincaid
Grade Level (FKGL) assess the readability of a text based on two factors: sentence length and word

length, as seen in (1).

total words total syllables

FKGL = 0.39 ( )+ 11.8 ( ) — 15.59 )

total sentences total words
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A freely available online readability checker (https://readabilityformulas.com/free-readability-formula-

tests.php) was used in calculating the Flesch-Kincaid Grade Level. The Flesch-Kincaid Grade Level is
equivalent to the United States (US) grade level of education. It shows the required education to be able
to understand a text. A text with a comparatively high score in Flesch-Kincaid Grade Level, meaning
the text is less readable and difficult to understand. Table 5.3 provides an interpretation of the Flesch-

Kincaid Grade Level along with the New Zealand (NZ) equivalent of the US grade level of education.

Table 5.3 Interpretation of Flesch-Kincaid Grade Level.

Flesch-Kincaid US education level Comprehension NZ equivalent
Grade Level

5.0-5.9 5™ Grade Very easy to read Year 6

6.0-6.9 6th Grade Easy to read Year 7

7.0-7.9 7th Grade Fairly easy to read Year 8

8.0-9.9 8th & 9th Grade Conversational English Year 9 & 10
10.0-12.9 10th, 11th & 12™ Grade Fairly difficult to read Year 11,12 & 13
13.0-15.9 College Difficult to read University
16.0-17.9 College Graduate Very difficult to read University Graduate
18.0+ Professional Extremely difficult to read  Professional

Note. Adapted from Flesch, R. (1979). How to write plain English: a book for consumers and lawyers.

https://pages.stern.nyu.edu/~wstarbuc/Writing/Flesch.htm

In order to evaluate the selected metrics, a correlation analysis was conducted between the metrics and
the difficulty of a task. The metrics were calculated using the instructor’s model answer for a selected
set of novice modelling tasks from the assessments, and the student’s performance and the instructors’
perceived difficulty were used as separate measurements of task difficulty. In other words, the
correlation between student performance and metrics and instructor difficulty rating and metrics were
tested independently. The metrics that had a stronger correlation with difficulty were considered

effective to be used in predicting the difficulty of novice database modelling tasks.
5.7 Data Collection Method

As discussed in section 3.4, the data for this analysis was collected from the consented students enrolled
in INFS601 in two phases across two different cohorts during the 2™ semester of 2020 and the first
semester of 2021. There was a total of 88 students who consented to participate, and a total of 17

questions were analysed. The final marks of the students who consented to provide their data were
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compared to the marks distribution of the entire cohort to ensure that the sample adequately represents

the overall cohort.

The questions analysed were from three different assessments conducted during the semesters: midterm
assessment, normalisation and logical databases design assessment, and database project. The two
online quizzes given to the students in both semesters were excluded from the analysis since all the
questions assessed the students’ knowledge of SQL. Similarly, from the three considered assessments,
the questions not related to database modelling were excluded, and 17 out of 26 were used in the analysis
(See Table 5.4). Please see Appendix J for all the questions used in identifying the predictors of novice
database modelling task difficulty.

Table 5.4 Questions selected for analysis.

Semester Assessment Total number Included Excluded
of questions
Semester 2, Midterm assessment 5 4 1
2020 Normalisation and logical databases 2 2 0
design assessment
Database project 6 3 3
13 9 4
Semester 1, Midterm assessment 5 4 1
2021 Normalisation and logical databases 2 2 0
design assessment
Database project 6 2 4
13 8 5

Once the students’ solutions for the tasks were collected, their marks were checked to decide how to
determine the task difficulty. Although fully correct answers were initially considered, two other
measurements were also considered to calculate the difficulty of the tasks based on the student’s

performance using a percentage of top quartile answers and a percentage of answers having a grade A.

From the identified measures, the percentage of fully correct answers was later omitted due to the
abstract nature of database modelling tasks, which made it rare for students to receive full marks.
Instead, the percentage of answers in the top quartile was deemed useful to measure the difficulty
because, most of the time, a developed modelling solution can be relatively correct even if it doesn’t
receive full marks because the solutions can vary depending on the student’s perception. Hence, the
focus shifted to considering the proportion of responses that demonstrated a higher level of proficiency.
Further, the difficulty of the tasks was also measured via a subjective judgement of the subject experts
(e.g. lecturers and teaching assistants) based on how difficult or easy they found the tasks. This was
measured using a five-point Likert scale (1 very easy = 5 very difficult), a more perception-based
subjective measurement, while the percentage of answers in the top quartile was a performance-based

measure.
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Several statistical analysis techniques were utilised in developing this difficulty framework.
Correlations tests were conducted to measure the strength of the identified difficulty predictors. A
Principal Component Analysis (PCA) was used as a factor reduction technique to determine a difficulty
predictor model. Further, stepwise multiple regression was used in an attempt to develop a hierarchical
structure to comprehend correlative and causative relationships between different types of database
modelling tasks. The statistical analysis mentioned here was performed using the IBM SPSS statistical

software (IBM Corp., 2021).
5.8 Data Analysis and Results

The database modelling tasks were categorised under different types of tasks such as requirement
translation, comprehension, model transformation (transform models from one form to another) and

model creation.

Table 5.5 provides the metrics calculated for the instructor’s model along with the participant’s
performance for each question measured using the percentage of answers in the top quartile. Therefore,
question 8 was the easiest one with 80% of difficulty, a comprehension task where the students were
asked to identify the mistakes of a given ER model, while question 4 was the most difficult with 25%

of difficulty, which was a model development task given during the first assessment the students had.
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Table 5.5 Complexity metrics for instructors’ model and difficulty of questions.

Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 Q11 Q12 Q13 Q14 Q15 Q16 Q17

Question type Model creation (Develop ERD) Comprehension Requirements Model transformation

Translation Relations to ERD ERD to Relations
N 75 77 74 8 9 10 77 10 73 9 75 73 8 9 9 70 10
Difficulty (%) 33.33 28.57 31.08 25 33.33 30 71.43 80 4521 4444 34.67 3425 375 5556 4444 27.14 30
No of Entities (NE) 8 7 8 8 7 10 5 5 8 10 4 4 4 4 4 8 5
No of Attributes 36 42 50 36 31 58 10 10 NA NA 15 12 16 12 12 18 18
(NA)
No of Composite 10 9 9 10 6 9 0 0 NA NA 2 0 0 0 2 0 0
Attributes (NCA)
No of Multi-valued 0 1 0 0 0 0 0 0 NA NA 0 0 0 0 0 1 1
Attributes (NMVA)
No of Relationships 5 7 8 5 4 11 4 4 8 11 2 2 2 2 2 4 4
(NR)
No of ISA 0 0 2 0 0 0 4 4 NA NA 0 0 0 0 0 0 0
Relationships
(NISAR)
No of one-to-many 2 6 8 2 2 8 1 1 8 8 1 1 1 1 1 3 3
Relationships
(N1:MR)
No of many-to- 3 1 0 3 2 3 3 3 0 3 1 1 1 1 1 1 1
many relationships
(NM:NR)

Readability metric 7.83 595 11.05 7.83 11.16 1122 7.32 7.32 11.05 1122 NA NA NA NA NA NA NA
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5.8.1 Correlation of metrics vs task difficulty (performance-based difficulty)

The following hypothesis was used to evaluate the statistical test conducted to identify the impact of
the database metrics on the task difficulty:
Hy: There is no significant correlation between the proposed metrics and the performance — based task difficulty.
H;: There is a significant correlation between the proposed metrics and the performance — based task difficulty.

Before the correlation analysis, a Kolmogorov—Smirnov test was conducted, which indicated that data
distributions of data were not normal. Hence, a non-parametric test statistic (i.e., Spearman’s correlation
coefficient) was used to conduct the analysis. Spearman’s correlation coefficient (with a significance
level set at o = 0.05) was used to calculate the significance of the correlation of each metric to the task
difficulty (See Table 5.6). As per Schober and Schwarte (2018), Spearman’s correlation is interpreted
as being very weak (0<r<=0.19), weak (0.20<r<=0.39), moderate (0.4<r<=0.59), strong (0.6<r<=0.79)

and very strong (0.8<r<=1) based on the value of correlation.

Table 5.6 The correlations between performance-based difficulty and metrics.

Metrics Spearman’s Correlation (two-tailed)
7% p-value
Number of Entities (NE) -0.418 0.095
Number of Attributes (NA) -0.810** 0.000
Number of Composite Attributes (NCA) - 0.526* 0.044
Number of Multi-valued Attributes (NMVA) - 0.560* 0.030
Number of Relationships (NR) -0.306 0.232
Number of ISA Relationships (NISAR) 0.466 0.080
Number of 1:N Relationships (N1:MR) -0.472 0.056
Number of M:N Relationships (NM:NR) 0.051 0.845
Readability metric - Flesch Kincaid grade level - 0.083 0.820

** Correlation is significant at the 0.01 level (2-tailed)
* Correlation is significant at the 0.05 level (2-tailed)

Based on the data in Table 5.6 for NA, NCA, and NMVA metrics p-value < a value, the null hypothesis
stated earlier can be rejected, indicating that these three metrics have a correlation to the performance-
based task difficulty. However, only the NA metric indicated a very strong correlation (15 = -0.810, p
(two-tailed) = 0.000) to the difficulty of the task, while the NCA and NMVA attributes were moderately
correlated to the difficulty of the task. As expected, all these correlations were negative, which indicates
that, for example, the more attributes there are in a model, the lower the students’ performance may be,
and the more difficult the question may be. Surprisingly, none of the other metrics indicated a significant

correlation with task difficulty. Specifically, metrics like the NE are presumed to increase the structural
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difficulty of modelling related tasks, nor the readability metric, where novice modellers often find it

difficult when the case studies are too complex to understand.

These findings somewhat contradict the findings of a similar study conducted by Genero et al. (2008)
to evaluate a set of complexity metrics that significantly correlates with the understandability
effectiveness (measured using the number of fully correct answers) of database modelling tasks. The
analysis conducted here was inspired by Genero’s work, considering that it’s one of the few, if not the
only, that has empirically evaluated the metrics related to the database comprehension tasks. In their
study, the authors have mainly looked into understanding what factors drive the maintainability of
conceptual data models, intending to improve the conceptual modelling process. Initially, they
introduced twelve metrics that can be used to measure the ER models however, after conducting a
couple of pilot studies, six metrics (NE, NA, NR, NM:NR, N1:NR and NBinaryR) out of the proposed
twelve have been utilised in the final study. The participants of this study were 17 professors and 11
PhD students at the Department of Information Systems and Technologies at the University of Castilla-
La Mancha, Spain, where they were provided with eight different ER models to answer comprehension-
level questions by reading the models. They have further used ER models from different domains and

assessed the participant’s familiarity with the domains to be moderate.

Compared to Genero’s study, the major difference that can be seen in this study was that it focused on
the novices, where the participants were first-year undergraduate students, and the majority started
learning about database models for the first time. Further, Genero’s study had a selected set of ER
models that demonstrated a good spread of metric values that had statistically significant correlations
with performance based on their pilot studies. In contrast, the questions that were analysed in this study
were limited to the assessment tasks provided as a part of the participant’s coursework, where the author

couldn’t control the questions given.

Also, in this study, five out of six metrics suggested by Genero were adopted, excluding the NBinaryR
as it duplicates the NR metric. Along with that, the NCA and the NMVA were included since it might
be more meaningful to further divide the NA into different types, given that our participants were
novices as opposed to the expert participants in their study. Additionally, a readability metric was
calculated using the FKGL to measure the linguistic complexity of the provided case studies for the

tasks.
Further, in measuring the performance, Genero has used the following measures:

e Understandability Time (UT): The time needed to understand an ER diagram (expressed in
minutes)

e Understandability Effectiveness (UEffec): The number of correct answers
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e Understandability Efficiency (UEffic): The number of correct answers divided by UT
e Subjective Understandability: Rating of the difficulty of the questions using a five-point Likert
scale by the participants

In contrast, this study utilised the effectiveness measure using the percentage of the top quartile of
correct answers and subjective difficulty using a similar rating process done by the subject experts (by
the course leader and the teaching assistant). However, collecting the other measures like time and
efficiency was not possible due to the limitations of collecting data that occurred as a part of the

coursework.

The authors of Genero’s study have found that the number of relationships and the number of one-to-
many relationships were the only metrics that had a significant correlation with the understandability
effectiveness and subjective understandability. Contradictory, in this study, none of the metrics related
to relationships indicated any significant correlation with difficulty measured via the top percentage
quartile of correct answers. Instead, significant correlations were found in the metrics related to
attributes. This could be due to several reasons, mainly since Genero’s study was focused on
comprehension-level database modelling tasks while this study has focused on different types of
modelling tasks. Another major reason for the contradicting results could be the difference in the
participants where this study is related to novice database modellers compared to the database modelling
experts in Genero’s study. Further, the ER models used in Genero’s study were far more complicated

than the ones the participants of this study attempted.

However, surprisingly, in both studies, a remarkable result was that the number of entities that can be
deemed as one of the main structural metrics to measure the complexity of a database modelling task
was not significantly correlated with the difficulty. Hence, there was no evidence to claim that the

number of entities in a conceptual model can impact the difficulty of a database modelling task.

Further, similar types of modelling tasks were grouped to identify the correlation between the metrics
and the difficulty in establishing whether there could be different findings compared to the earlier
outcomes (See Table 5.7). The question types Comprehension and Requirement translation did not
correlate with task difficulty, hence the correlation analysis of only Model creation and Model
transformation type tasks are presented in Table 5.7 and Table 5.8. Despite grouping similar types of
database modelling tasks, no complexity metrics were significant to the task difficulty apart from Model
transformation tasks. In this type of task, the NE, the NMVA, the NR and the N1:MR indicated a
stronger negative correlation with task difficulty. This partially emphasises the findings of Genero
related to the relationship metrics. Also, the NISAR and the NM:NR didn’t indicate any correlation

since the metric values were constant for all the questions, hence without any variance. This, again, can
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be an indication of the similarity of the questions provided to the novices. Further, the readability metric
measured using the FKGL didn’t indicate a significant correlation for Model creation tasks despite

those tasks requiring the students to develop a model based on the provided case study.

Table 5.7 The correlations between performance-based difficulty and metrics for different types of

tasks.
Spearman’s Correlation (two-tailed)

Question Type Model creation Model transformation
Metrics Ty p-value Ts p-value
Number of Entities (NE) -0.141 0.790 -0.802* 0.030
Number of Attributes (NA) -0.338 0.512 -0.730 0.063
Number of Composite Attributes (NCA) -0.329 0.525 0.316 0.490
Number of Multi-valued Attributes (NMVA) -0.399 0.434 -0.791* 0.034
Number of Relationships (NR) -0.338 0.512 -0.791* 0.034
Number of ISA Relationships (NISAR) 0.133 0.802 - -
Number of one-to-many Relationships (N1:MR) -0.188 0.722 -0.791* 0.034
Number of many-to-many Relationships (NM:NR) -0.092 0.862 - -
Readability metric - Flesch Kincaid grade level 0.368 0.473 NA NA

* Correlation is significant at the 0.05 level (2-tailed)

5.8.2 Correlation of metrics vs task difficulty (perception-based difficulty)

Further, perception-based difficulty was measured via the judgement of the subject experts about how
easy or difficult they found the given tasks would be for novice modellers. In carrying this out, the
subject experts were asked to rate the difficulty of the tasks using a five-point Likert scale from very
easy, quite easy, neither difficult nor easy, a bit difficult to very difficult. The following hypothesis was
used to evaluate the statistical test conducted to identify the impact of the database metrics on the task
difficulty:

Hy: There is no significant correlation between the proposed metrics and the perception — based task difficulty.

H,: There is a significant correlation between the proposed metrics and the perception — based task difficulty.

Cohen’s kappa (Landis & Koch, 1977) was used to determine whether the two raters agreed about the
difficulty level of the database modelling tasks used to assess novice database modellers. Cohen’s kappa
statistic for inter-rater reliability (Altman, 1999) showed there was no agreement between the two raters
(x=0.511, p=0.004 > 0.001). After a discussion between the two raters, they managed to agree about
their difference in the difficulty ratings.

Kendall’s Tau-b correlation coefficient analysis was used to identify the impact of the metrics on the
subjective difficulty considering the tied ranks in the data. A mean difficulty value was calculated based

on the ratings of the two raters to conduct this. Table 5.8 provides the summary of the analysis based
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on the type of tasks. In contrast to the earlier discussed correlation analysis with performance-based
difficulty, only Model creation type tasks indicated a significant correlation between database metrics
and the performance-based difficulty of the tasks. The NA, the NR and the N1:MR indicated a very
strong correlation to subjective difficulty at a 0.01 significance level, indicating a correlation between
the metrics and the perception-based difficulty. The findings here are similar to the findings of Genero’s
study, where they indicated the number of relationships and the number of one-to-many relationships
impact the subjective perception of the understandability of the ER diagrams. Apart from those two
common metrics, this study identified that the NA can also impact the difficulty of Model creation

tasks.

Table 5.8 The correlations between perception-based difficulty and metrics for similar types of tasks.

Kendall’s Tau-b Correlation (two-tailed)

Question Type Model creation Model transformation
Metrics Ty p-value Ty p-value
Number of Entities (NE) -0.341 0.381 -0.403 0.287
Number of Attributes (NA) -0.849* 0.024 0.065 0.858
Number of Composite Attributes (NCA) 0.087 0.827 0.169 0.666
Number of Multi-valued Attributes (NMVA) -0.387 0.351 -0.338 0.388
Number of Relationships (NR) -0.849* 0.024 -0.338 0.388
Number of ISA Relationships (NISAR) -0.387 0.351 - -
Number of one-to-many Relationships (N1:MR) -0.783* 0.049 -0.338 0.388
Number of many-to-many Relationships (NM:NR) 0.250 0.519 - -
Readability metric - Flesch Kincaid grade level 0.077 0.838 NA NA

** Correlation is significant at the 0.01 level (2-tailed)
* Correlation is significant at the 0.05 level (2-tailed)

At the beginning of this study, the main aim was to develop a task difficulty framework based on both
performance-based and perception-based difficulty measures. Based on similar work done in novice
programming, the speculation was that integrated measurements might provide a more reliable
identification of the difficulty level of the developed modelling tasks. However, the findings of the
analysis indicated that predicting the difficulty of database modelling tasks using metrics might not be
useful. This led to the belief that the best option would be to rely on the experience of the subject experts
to classify the difficulty of the database modelling tasks subjectively. The guidelines and vignettes
discussed in Chapter 4 were used to classify the questions according to the cognitive levels based on
the revised Bloom’s taxonomy’s cognitive dimension. Then Kendall’s Tau-b correlation coefficient
analysis was conducted to identify the impact of the subjective ratings on the difficulty of database
modelling tasks calculated based on both performance-based and perception-based measurements.
Surprisingly, the cognitive levels were not correlated with the difficulty of the database modelling tasks.
Figure 5.1 provides a linear graph that further illustrates the relationship between the cognitive

complexity and the difficulty of the questions.
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Figure 5.1 Relationship between the question difficulty (y-axis) and cognitive complexity (x-axis) of

the question.
Note. In x-axis the taxonomy levels are as follows, 1=Remember, 2= Understand, 3=Apply, 4=Analyse,

5=Evaluate, 6=Create

Despite the surprising outcome of identifying the metrics, a further attempt was made to build a
predictive model of intercorrelated variables that can be used to measure the difficulty of a database
modelling task. Principal Component Analysis (PCA), a variable reduction technique, was used to
reduce the number of metrics to identify meaningful factors that can explain the difficulty of a database
modelling task. Further, feature selection using Information Gain (IG), which is one of the popular data
mining methods used to minimise the dimensions and the computational complexity of a dataset, was
also considered for this purpose. However, none of the approaches was deemed useful, at least in the

context of this study and data. Details of the conducted PCA can be found in Appendix E.
5.8.3 Learning hierarchy

One initial hypothesis in this research was that there would be a hierarchical structure in the mastery of
different types of novice database modelling tasks. However, upon analysing the data, this hierarchy
was not observed. This could be possibly due to the nature of analysed modelling tasks, which may not
have effectively targeted the specific aspects of the hierarchical structure, or it is possible that a clear
hierarchy does not exist. Nonetheless, it is more likely that there is indeed a hierarchical structure and

knowledge involved in mastering different types of tasks. The conducted analysis is presented in
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Appendix K. However, it is acknowledged that further work is needed in the future to gain a
comprehensive understanding of the learning hierarchy and its implications on the development of

database modelling tasks.

5.9 Summary

The research presented in this chapter focused on an attempt to identify metrics that could predict the
difficulty of novice database modelling tasks to develop a predictive model of intercorrelated variables.
Four different types of database modelling questions were analysed in order to investigate the
relationship between database metrics and the difficulty of database modelling tasks. The actual
difficulty of each task was determined using two measurements: 1. Performance-based measure by
calculating the percentage of top quartile answers and 2. Perception-based measure by using the ratings
of difficulty by subject experts. Furthermore, an analysis was conducted to identify a possible

hierarchical structure for mastering different types of modelling tasks from novices.

Through the conducted correlation analysis, it was not possible to conclusively confirm a correlation
between the database metrics and the difficulty of novice database modelling tasks. A correlation
analysis was not performed by SPSS on both Requirements translation and Comprehension tasks due
to the fewer number of tasks and their similarity. Relating to the Model creation tasks, only NA, NR,
and N1:MR metrics impacted the perception-based difficulty, but no metric indicated a correlation to
the performance-based difficulty. In Model transformation tasks, NE, NMVA, and N1:MR metrics
indicated a correlation with the performance-based difficulty of a task, while no metrics indicated any
correlations with the perception-based difficulty. Overall, the results of this analysis indicated that most
of the identified metrics were not strongly correlated with the difficulty of the database modelling tasks.
Due to this, developing the predictor model was unsuccessful, along with developing the hypothesised
learning hierarchy. The findings related to metrics indicated that the best option to identify the
complexity of database modelling tasks would be to rely on cognitive complexity instead of database
metrics. However, contradicting the belief, the applied cognitive levels also didn’t indicate any

correlation with the difficulty of the database modelling tasks, which was a surprising finding.

The main limitation of this analysis was the context of the collected data and not having enough tasks
to calculate the metrics in each type of task. As per the ethics requirement, it was required to gain
informed consent, and the first cohort’s recruitment was during the first wave of COVID-19, which had
a low uptake, but the second cohort had a much better uptake, with recruitment being in-person.
However, the expected outcomes were not shown mainly due to the low number of questions and also

gaps in the skills based on Bloom’s cognitive levels. Hence, this warrants further investigation.
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The findings of this analysis had a significant impact on the direction of the study since its primary
objective was to identify a predictor to determine the difficulty of database modelling tasks, which was
to be used to develop a typology of tasks with increasing levels of difficulty to be utilised in the research
instrument to conduct the think-aloud studies. However, given the issues with COVID-19 and the
continuous lockdowns in New Zealand, a decision was taken to consider alternative options to develop

the research instrument.

The next chapter focuses on the design of a set of database modelling tasks utilised in the think-aloud

sessions.
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Chapter 6 Development of Think-aloud Modelling Tasks

6.1 Introduction

Chapter 4 and Chapter 5 discussed the attempt to develop a framework for describing novice database
modelling tasks, and Chapter 5 looked at measures for predicting task difficulty with the intention of
using those measurements as predictors for task difficulty in developing a set of tasks to collect the
think-aloud data. Even though these attempted frameworks didn’t provide the anticipated outcome, this
chapter explains how the tasks were developed in an alternative manner. All these tasks were designed
within the context and pedagogical constraints of AUT’s novice database design courses (INFS601 and
COMP508). Hence, this chapter begins with details of the context of the study in terms of: course
delivery; teaching approaches; and course content; and how the curriculum changes outside of the

control of the researcher affected the research instrument and the data collection.

This chapter then goes on to discuss the task design process. This process includes the choice of
concepts covered by the tasks and how the tasks were developed. Apart from the central tasks, several
redirected tasks were developed as a part of a scale of interventions to be used when the participants
struggled while attempting the main task (See section 7.4 for the interviewer intervention protocol).
These tasks were presented in a particular sequence to trigger a reorganisation of the participant’s
knowledge structure. Each task in the sequence is linked to the one before it, and/or it may reference
some of the participant’s prior knowledge to facilitate learning or development as a new knowledge

structure. Finally, the chapter provides an overview of the tasks to be used in the think-alouds.
6.2 Novice Database Design Courses at AUT

As indicated in section 3.4, the participants for this research were the students enrolled in the
introductory-level database course offered at AUT. The teaching and pedagogical approaches used in

both courses are discussed in the following sections.
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6.2.1 INFS601 teaching approach

Both the INFS601 and COMPS508 courses assume no prior knowledge of database design. Both courses
were taught over 12 weeks with a two-hour lecture followed by a two-hour tutorial per week?. During
the lectures, the lecturer introduced the key concepts (See Table 6.1) using a slide deck, and problem-
based learning was applied to discuss and review exercises with students during the lecture class. The
weekly tutorials were used to allow the students to practice more on similar questions, reinforcing what
they had learnt during the lectures. The lectures and labs were conducted in person however, there was
a separate online lecture session since there were students attending online who were affected by
COVID-19 at the time. A separate online tutorial session was also conducted, particularly for the
students who stayed overseas and could not enter the country due to restrictions imposed by the

pandemic.

The Visual paradigm tool using crow’s foot notation was used for modelling purposes, while Oracle
SQL developer was used as the DBMS. The lecturer also followed a problem-based learning pedagogy
during the in-person lecture classes. Once the concepts were taught, the lecturer used several small
problem cases to work alongside the students to make them familiar with the application of the taught
content. Participatory teaching methods were emphasised in lectures and tutorials, where several weekly
activities were provided to the students, which were discussed and reviewed afterwards as a group. As
mentioned earlier, this course is mainly structured around relational database models, a common
approach used in many introductory-level database courses. In recent work, the authors highlighted the
central role of the relational model in courses like this (Goldweber et al., 2022). Their case study at the

University of Minnesota describes a course similar to the one at AUT.

4 See Appendix G for the learning outcomes of the courses.
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Table 6.1 Main topics and key concepts covered in the INFS601. The abbreviations are as follows: MA
— Midterm Assessment; N&LDD — Normalisation and LDD Assessment; DBP — Database Project.

Topic

Key concepts covered

Tasks in assessments

Foundations of
Database Management

Database wuse, importance, file-based and
database systems; DBMSs and functions; Types
of databases

Structured Query Introduction to SQL; Basic SQL statements; MA-QS5: Construct SQL
Language Operators —restricting and sorting data; SQL queries
joins; SQL functions; Table creation, alteration
El:lnicolﬁzirii?tli;nDl?;aedeﬁnmon language; Data DBP-Q4: Database
P guag implementation based on
the relational schema
DBP-Q5: Populate data
DBP-Q6: Construct SQL
queries
Quiz 1 and 2
Data Models Types of data models; Three-level architecture; MA'QL Identify errors
ERDs and main components —entities, attributes, 11 a0 EER model
relationships; Crow’s foot notation; Develop an
ERD -—case study analysis, business rules, MA-Q4: Create an ERD
Cardinalities; Relationship strength (i.e., weak
and strong) and degree (i.e., unary, binary, N&LDD-QI: Create an
ternary); Advanced data modelling —-EER ERD
diagrams
DBP-Q1&2: Develop
business rules and
construct a logical ERD
based on the case study
Database Design DBLC; Database design strategies; MA-Q2: Transform
Transforming a conceptual model into ERD into a logical
relations; Candidate, primary and foreign model
keys; Mapping rules
DBP-Q3: Develop the
relational schema
Normalisation Normalisation and its role in the database MA-Q3
design process; Normal forms; Data
anomghes; Steps _in normalisation; N&LDD-Q2
Functional dependencies and keys;
DBP-Q3: Validate the
schema by ensuring the
relations are in 3NF
Transaction Database transactions and properties; Role

Management and
Concurrency Control

of concurrency control in database integrity;
Locking methods; Optimistic methods for
concurrency control; Database recovery
management

113



INFS601 starts with teaching the students the basics of database systems, followed by conceptual data
modelling (ER modelling), where the students are focused on understanding the requirements and
business rules. Next, the students learn about the logical database model, which is about creating well-
structured relations based on the requirements identified and presented in the conceptual model (i.e.,
mapping the ER diagram into relational schema). Despite logical database model results in well-
structured relations, there might still be existing anomalies among them. Hence, students are introduced
to normalisation, a process that can be used to remove anomalies from a given set of relations (Hoffer
et al., 2016). Finally, the students learnt to implement the developed model using a relational database

management system, Oracle.

The students were assessed using two main assessment components: coursework and database project.
The coursework consisted of marks for two quizzes (6% each), normalisation and logical database
design assessment (8%), and midterm assessment (30%). The students were asked to complete their
weekly formative lab exercises, but no marks were offered for the completion of the lab exercises. And
the database project contributed 50% of the overall mark. Despite conducting the lectures in person, the
university was following the assessment plan developed for the COVID-19 lockdown. Due to that, all
the assessments were take-home assignments apart from the quizzes. However, the midterm assessment
was a time-controlled assessment released at a certain time, where the students were given five hours
to complete and submit their work. The midterm assessment and normalisation and logical database
design assessment consisted of questions related to conceptual and logical database models and
normalisation. Additionally, the midterm assessment consisted of questions to construct SQL queries
based on a provided database design. The database project allowed the students to work on a rather
complex case study in which they were required to follow the DBLC by identifying the business rules,
developing a conceptual model, and transforming it into a well-structured logical model where the
students were asked to use normalisation to validate the developed logical model by demonstrating each
of the relations is in 3NF by displaying the functional dependencies between attributes in each relation.
Then, finally, develop a database based on the logical model and create SQL queries that support the

data retrieval requirements of the business described in the case study.
6.2.2 COMP508 teaching approach

As mentioned earlier, the main change that happened between the two semesters was the replacement
of INFS601 with the COMP508 course due to the curriculum change. Most of the taught content
remained the same however, the new course was a level 5 course equivalent to 1% year instead of the
previous level 6 course which was offered in the 2" year. But, both courses were offered as
introductory-level database systems courses since the majority of the enrolled students were novices to

databases. If there were any difference, it would have been only the fact that the students enrolled for
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INFS601 were more versed in computing since they were in their 2™ year. Content wise, in this course,
the materials related to EER Modelling were removed and instead provided more time on teaching
Entity Relationship modelling since the cohort was 1% year students (See Appendix G for the expected
learning outcomes from the students). Further, in the logical model, the students were asked to produce
a logical ERD instead of a relational schema. This was mainly done to simplify the process and also
due to the fact that logical ERD using crow’s foot notation was an easier approach to represent the
information (e.g., cardinality, participation) to develop the relational database more intuitively for

novices in the diagrammatic version.

The staffing resources for the course were two senior lecturers and four teaching assistants. The course
consisted of twelve weekly (i) two-hour lectures and (i) two-hour laboratory sessions. But the delivery
mode was also changed almost around the mid-semester from in-person to entirely online due to the
highest level of restricted lockdown that occurred because of the COVID-19 pandemic. A flipped
classroom approach was used to deliver the course, where resources were uploaded beforehand for the
students to review. During the face-to-face sessions, the time was used to emphasise the key learning
points and undertake problem-based learning activities like INFS601. Further, several self-directed
learning resources were provided to the students, such as pre-recorded videos, readings, and practice
quizzes. The same approach was continued after the lockdown for the remainder of the semester,

transitioning into an online mode.

During the semester, the students were assessed using two assessment components similar to INFS601.
In the coursework component, however, the normalisation and logical databases design assessment was
replaced with two SQL quizzes, each contributing 10% of the overall mark. Otherwise, the assessment
components remained the same, where 30% and 50% were allocated to the midterm assessment and
database project. The midterm assessment remained the same as in INFS601, which was a time-
controlled take-home assignment, but in this, there were only four questions instead of five (i.e., both
the comprehension and model transformation questions were removed and replaced by a question to
write business rules from a provided ERD). The database project remained the same however, instead
of asking to validate the developed relational model using normalisation, the students were only asked
to produce the logical ERD by adhering to the mapping rules required while transforming the conceptual
model into a logical model to ensure the final ERD is in 3NF (e.g., transforming composite attributes,

resolving multi-valued attributes).
6.3 Task Design Process

Chapter 4 discussed the attempt to develop a framework for describing novice database modelling tasks,

and Chapter 5 looked at measures for predicting task difficulty. The idea was to use this framework of
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bloom level and database metrics to inform the design of a series of database modelling tasks for the
think-aloud study. However, the proposed database metrics did not show any conclusive correlation
with task difficulty measured via the performance of students on task. As a result, the more subjective
measurement (the cognitive levels of the revised Bloom’s taxonomy) was explored as a measure of
difficulty, but again, no correlation was observed between the Bloom level and student performance on
a task. Due to the inability to establish a predictive task difficulty framework within the constraints of
the research, a pragmatic decision was made to use well-known questions that have been tested in
classes and written in textbooks. Developing an entirely new framework to predict task difficulty would
have required significant time and resources that were not available for this study. While developing a
predictive task difficulty framework could have provided additional insights, it was not the central focus
or core objective of the research. Instead, the study focused on evaluating participant performance and
understanding their approaches to the given tasks within the given time frame. Hence, it was decided to
develop the tasks to cover database development activities taught to the students under the planning,
analysis and design phases of the system development life cycle based on the textbook used in the
INFS601/COMP508 course (Hoffer et al., 2016). The first three tasks were related to developing a
conceptual model using a top-down approach, starting from analysing the case study, identifying the
business rules, and developing the conceptual model. Then, Task 4 was transforming the conceptual
model into the logical database model. These four tasks were continuous tasks built on top of each other

based on the same case study.

The tasks discussed earlier were related to a typical top-down database design approach taught to
novices. The participants were required to work with a case study to identify business rules, develop a
conceptual model and then transform it into a logical model that can be implemented into a physical
database, and normalisation concepts were used to verify the quality of the relational scheme to ensure
they were in 3NF. However, there are situations where there is a need to reverse-engineer older database
systems where many of the tables can be subjected to redundancies and anomalies, which could be
converted into a well-structured set of relations using normalisation (Hoffer et al., 2016).In a more
recent study, it has also been suggested that a bottom-up approach would be a more relevant approach

to teaching:

Particularly, in recent years there is a shift from self-describing data-driven systems
to a problem-driven paradigm that is the bottom-up approach where data exists
before being designed. (Ishaq et al., 2022, p.2)

Hence, there was an additional set of tasks to understand how novices approach normalisation problems.
The purpose of including normalisation was to teach students the technique of developing well-

structured relations.
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So far, in the existing literature, the researchers have only utilised a case study to develop a conceptual
model for understanding novice database modellers’ cognitive processes (Batra & Antony, 1994;
Rosenthal et al., 2020, 2022). None of the researchers had attempted to scaffold the tasks or segment
the case studies into logically smaller parts given to their research participants. However, in this study,
it was decided to scaffold the task of developing a database design into a sequence of tasks across
multiple sessions. The tasks were designed to have participants already apply the concepts and
processes they had learnt in the course to a new problem context. Further, the first four tasks based on
the same case study were developed so that the novices must transfer their knowledge gained by
completing the prior task(s) to complete the current task. Each task requires furthering the knowledge
gained on the prior task and also verification of the knowledge gained in the prior task. But, the task
related to normalisation was based on a different problem scenario, as it takes a bottom-up approach to

developing a logical ERD instead of a top-down approach.

Database design is typically considered more complicated, particularly for novices, due to its abstract
nature and the higher number of interrelated concepts required to solve a task that could incur a higher
cognitive load on novices when attempting database modelling (Amin et al., 2019; Katz, 2018b; Katz
& Shmallo, 2016). Therefore, previous research on reducing learners’ cognitive load in database courses
was explored to construct the research instrument. Researchers have investigated how to reduce
learners’ cognitive load in database-related courses using worked examples (Knorr, 2020), progressive
practice — by having the learners begin working on simple versions of the task and gradually providing
them with the complex versions until the task is accomplished (Bunch, 2009). Mason et al.(2016)
discuss redesigning instructional materials by applying CLT to resequencing the content, modifications
to the learning materials format and changes to assessment activities. Later studies used keyword
glossaries to remove the extraneous cognitive load on the examination papers (Mason & Seton, 2021;
Mason & Seton, 2020). This work in the database domain inspired some of the decisions made in

developing the research instrument to reduce the overall cognitive level of the participants.

The number of interrelated concepts in database modelling increases the element interactivity required
to complete a task that can impose a high intrinsic load on the working memory. Particularly, novice
database modellers find it difficult to think like expert database modellers (Watson, 2006), where their
limited prior knowledge can strain the working memory since they still need to engage more in the
cognitive processes necessary for constructing mental models and schema development compared to
the experts. Hence, different pedagogical recommendations introduced in CLT, often referred to as
effects, were considered in designing this research instrument of the think-alouds with the intention of
reducing the overall cognitive load (i.e., reducing the intrinsic and extraneous loads) that can release
the cognitive resources in principle and then be allocated to increase the germane load where learning

happens. The used effects are as follows:
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Segmentation strategy

Segmentation strategy, a technique belonging to the sub-goal effect (Catrambone, 1998),
was applied to break down both the development of the relational database model and
normalisation problems by breaking the complex task into a manageable series of smaller
tasks where one task scaffolded the participants into the next task. The intention of the
segmentation was to reduce the intrinsic load by presenting the task in a way where the
participants could focus on one piece of information or one step at a time, reducing the
cognitive load associated with processing and integrating multiple elements
simultaneously. The concept of segmentation was initially discussed by Miller (1956), who
stated that short-term memory could only hold 5-9 chunks of information (seven plus or
minus two), where a chunk is any meaningful unit. The concept of chunking and the limited
short-term memory capacity associated with it can be considered the basis for Sweller’s

work.

Intervention model and redirected tasks

Further, as indicated in section 7.3.1, several interventions were developed to assist the
participants during their think-alouds. The interventions were developed primarily with the
intention of reducing the intrinsic cognitive load by providing support, guidance, and
instructional strategies to help them manage and gradually reduce the intrinsic cognitive
load. It can be argued that by providing these interventions, the participants can focus their
cognitive resources on the relevant information and skills they need to develop, thus
reducing the overall cognitive load associated with the intrinsic complexity of the task. As
a part of the interventions, several redirected tasks (i.e., smaller and simpler tasks focused
on one or few concepts at a time) were introduced in the research instrument, which was
used when the participants couldn’t progress at all when they were overwhelmed with
complex tasks, possibly due to cognitive overload. The idea of redirected tasks was inspired
by the isolated-interacting element effect (Sweller, 2010). When a task is redirected, it
means that the learners’ attention is shifted from the original task to a different, possibly
simpler or more focused task with the intention of reducing the extraneous cognitive load
associated with the original task. Redirected tasks may make learning easier and minimise
intrinsic cognitive load brought on by the task’s inherent complexity. Further, in this study,
the redirected tasks were developed for two main purposes: to build knowledge so the
participants can solve more complex problems and for the researcher to understand the

source of the difficulty faced by the participants.
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iii) Structured presentation of the case study
Further, the case study for the database model development problem was presented in
sections according to the main entities using a structured worksheet rather than the
conventional approach of presenting the entire study all at once. This design decision to
use segmentation in presenting the case study was influenced by the teaching staff’s
experience and empirical research that supports the observation that students struggle when
faced with analysing an entire case study at once. The research conducted by Bock & Yager
(2005) acts as a justification for this decision. Their study found that using a structured
worksheet significantly improved students’ learning outcomes in identifying constructs
such as entities, attributes, and relationships compared to the control group who didn’t use
the worksheet when developing a conceptual model. Following a similar approach to Bock
and Yager’s research, the case study in this study was divided into several sections. The
main goal of this approach was to reduce extraneous cognitive load that could incur when
a case study is presented in a traditional manner, which may overwhelm novices with a

large amount of information and data to process all at once.

iv) Sequenced sessions
Holding the sequenced sessions allowed students to focus on smaller pieces of the task,
arguably reducing the extraneous cognitive load. On the other hand, the time between
working on the problem and recalling what was done in a prior session probably added
more cognitive load. However, working on a problem over time reflects a student’s typical

learning experience where multiple courses are taken and tasks are done over time.

Further, in deciding the problem description for the database model development problem, a familiar
domain was adopted as a deliberate decision to reduce the cognitive load that an unfamiliar domain may
bring. These strategies were applied to reduce the overall cognitive load imposed on the participants
while attempting tasks. However, the application of CLT was not evaluated since there was no control
group to measure the effects. It was not the main research direction of this study, yet a limitation
acknowledged by the author. However, the tasks depict realistic scenarios that students might face in

larger assignments.

Another objective of the redirected tasks, apart from possibly reducing the cognitive load, was to use it
as a tool to discover what aspects of a central task caused the participant difficulty or stopped them from
progressing by isolating the concepts as much as possible. The redirected tasks were designed to relate
to the least possible number of concepts possible to lower the complexity associated with tasks that
involve many interrelated concepts. This idea was adopted to estimate the difficulty of a task, at least

to a certain extent, based on the number of related concepts. Such an approach has been suggested for
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the assessment of novices, where the authors suggest that “complex assessments can be decomposed
into atomic elements that can be assessed independently” (Luxton-Reilly et al., 2018, p. 47). Thus, here
in this doctoral research instrument design, an assumption is made that the fewer concepts a task

involves, the less complex the task is and the easier the task will be to solve successfully.

When designing think-aloud sessions, aligning them with the timing of teaching relevant concepts and
skills necessary for completing the task is crucial. This enables students to have a solid understanding
of the topic before engaging in the think-aloud process. Additionally, providing students with ample
opportunities to practice and apply their learning through task-based activities to consolidate their
learning is important. Hence, the think-aloud sessions were arranged when the participants were
introduced to the concepts and skills required to complete the tasks through lectures and laboratory

classes.

6.3.1 Task overview

As indicated in Table 6.2, the participants were assigned two main tasks during the study. The first main
task was the database model development problem, which involved a top-down approach. In this task,
the participants were provided with a case study description and were required to analyse it in order to
develop a logical database model. The second task was the normalisation problem, which involved a
bottom-up approach. For this task, the participants were given an existing set of data and were required
to analyse it to identify any data redundancies and anomalies. They had to apply the steps in
normalisation to transform the data into a normalised set of tables, reducing data redundancy and
minimising data anomalies. This task required the participants to follow a bottom-up approach by
starting with the existing data and gradually building up the normalised tables. By assigning these two
tasks with different approaches, the study aimed to assess the participant’s skills and understanding of
both top-down and bottom-up approaches to data modelling for a comprehensive evaluation of their

abilities to analyse requirements, design logical models, and apply normalisation principles effectively.

In designing the research instrument, the database model development problem was presented as four
scaffolded tasks built on top of each other. The idea was to reduce the potential overall cognitive load
of database development tasks due to their abstract nature and the multiple interrelated concepts
required to solve them. Further, the provided case study description was segmented into manageable
sections so that the research instrument would naturally allow the participants to focus on one section
of the case study at a time, which might reduce the intrinsic cognitive load that could arise from dealing
with multiple information simultaneously. Each section provided participants with a dedicated space to

list down the identified entities, attributes, and relationships with the intention of allowing them to focus
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on one section at a time, aiding their understanding and analysis of the case study. An extracted section

from the case study is given in Figure 6.1.

T1. Consider the given below section from the case study and identify all the likely
entities, attributes, and relationships.

Trainees: It is necessary to store details about all the trainees who participate in the
courses. Each course participant is identified by their trainee ID, and this is stored
along with their name (composed of first name and last name), date of birth, gender,
address (composed of street number, suburb, city, postcode), and contact number.
Along with these details, the previously acquired qualifications of the trainees should
be stored in the database. Since most of the time these trainees are referred to the
course by their employers, it is also necessary to store the details of the employers
including the name of the company, address, and contact number. Each employer can
be uniquely identified using the employerID. An employer can refer many employees
to a training course, and a trainee can be only referred to a course via one employer.
However, there can be few trainees who are not referred by an employer.

Figure 6.1 Extract from the full case study given in Appendix H.

Further, in this study, the case study description was intentionally selected to ensure that the participants
were familiar with the domain. By selecting a familiar domain, the researcher sought to minimise the
extraneous cognitive load associated with comprehending and interpreting the case study. Similarly, the
normalisation problem was also provided in three tasks that were scaffolded into each other. While
attempting the main tasks, if the participants struggled, several interventions were provided to help them
progressively (i.e., clarification, prompt, hint, redirected task, exact solution). These interventions were
provided in a progressive manner, starting from a simple clarification, prompt, hint, and redirected task

to provide the exact solution.

In designing the research instrument, a key assumption was made regarding the time required to
complete a single task, estimating it to be within a 30 to 45-minute session. Hence, each task was
allocated to be completed within a 60-minute session, apart from Tasks 1 and 2 in the database model
development problem, where both were allocated to a single 60-minute session. This assumption was
an informed judgment made by the researcher based on prior experience teaching laboratory classes for
these courses. This assumption was crucial for planning the research instrument and ensuring that
sessions were designed to facilitate the smooth execution of the study. However, it is important to
acknowledge that individual differences among the participants and unforeseen circumstances can

affect the number of sessions conducted.
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Eight main and eleven redirected database modelling tasks were created for this research. These tasks

were mainly classified according to the concepts required to solve the problem. Based on the analysis

presented in Chapter 5 it was evident that using the cognitive levels of the revised Bloom’s taxonomy

was not a reliable method to predict task difficulty, at least within the context of the collected data. It

did not work explicitly for working out the difficulty of specific database modelling tasks, but Bloom’s

has been shown to be a useful framework for looking at the cognitive complexity of similar modelling

tasks in OO analysis. Hence, it was decided to retain Bloom’s cognitive levels as a holistic way of

looking at the cognitive complexity of various types of tasks when developing the research instrument.

An overview of these tasks is provided in Table 6.2.

Table 6.2 Overview of the tasks.

Conceptual knowledge
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Note. Where R — Remember, U — Understand, Ap — Apply, An — Analyse, E — Evaluate, C — Create in the cognitive

difficulty column in the order of lowest cognitive level to the highest one.
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The relationship between the first four tasks under the database model development problem is
illustrated in Figure 6.2. As per Figure 6.2, there were intermediate interventions like prompts,
clarifications and hints before providing the participants with the redirected tasks. However, the
prompts and clarifications were given based on the participants’ progress, which was not directly
relevant to the tasks. Hence, the diagram only provides some examples of the potential hints used during
the sessions. Further, the implied steps required to complete each task are provided in Table 6.3. A
detailed discussion of each task and relevant redirected tasks are presented in the following sections,

6.3.2t06.3.5.
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Database model development problem
Main Task O_tllwr !nterventluns' Redirected Tasks Main Task O'ther I.ITtElVEnlIOI'IS. Redirected Tasks Main Task O_ll]er I.ntervenllonsl Redirected Tasks
(clarification/promptfhint) (clarification/prompt/hint) (clarifi p ! )
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Figure 6.2 The flow of the tasks in the database model development problem.
Note. Tasks and the outcome of a task required for another task are coloured according to the session.
Arrow ——» represents the forward question flow where the participants are redirected to scaffoldings with less difficulty.

------- » represents the backward question flow where the participants are redirected back to the main task to continue.
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Table 6.3 Steps required to solve the tasks.

Task Steps required to solve the task

T1 e Conduct a noun-verb analysis.
e Relate the knowledge of entities, attributes, and relationships to nouns and verbs.

e Eliminate the unnecessary noun and verbs with proper reasoning (e.g., duplicate
terms, vague, ambiguous, out of scope ).

E T2 e Translate the identified constructs into business rules.

% e Recall the syntax of writing the business rules.

E- e Knowledge of cardinalities and participation to complete the business rules.

g T3 e Identify the main entities and relationships from the developed business rules.

e e Develop the initial ERD.

E’ e Identify attributes and primary keys that adequately describe the entities.

g e Revise and review the developed ERD.

g T4 e Transform the conceptual ERD into a logical design (e.g., relational schema,
E logical ERD).

_cg . IQentify single'-valqed and multivalued attributes, strong vs weak ent'ity types, and
s different relationship types (e.g., one-to-many, many-to-many relationships).

E e Resolve multivalued/composite attributes, one-to-many and many-to-many

relationships when transforming the design into a logical one by applying the
taught mapping rules.

e Review and ensure the final design is in 3NF (e.g., make sure the multivalued
attributes or many-to-many relationships are resolved and no redundant
attributes).

T1 e Determine the primary key of the provided table and its current normal form.

e Prompts to recall that normalisation is based on the analysis of functional
dependencies and the need to determine the primary key prior to that.

e Identify the existing current normal form.

T2 e Based on T1, illustrate the functional dependencies using a dependency diagram.

e Decompose the relation based on the taught process by removing functional
dependencies simultaneously.

Normalisation problem

T3 e Transform the identified set of 3NF relations into a Logical ERD.

6.3.2 Task 1 and Task 2 — Analysis of the case study

At the first think-aloud session, the participants were provided with a case study (See Appendix H), and

they were given the following tasks:

Task 1 — Consider the ‘Trainees’ section given below from the case study and identify all the likely

entities, attributes, and relationships. Follow the same process for sections ‘Courses’ and ‘Instructors’.

Task 2 — Using Task 1 as a guide, develop a set of business rules for the above case study. Each

relationship must be described by two rules, one in each direction.
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The case study was at a similar level of linguistic and conceptual complexity as the ones the students
were given during their take-home assignments but was from a different problem domain, which was
not used during the classes. As noted in the thesis, the participants did not undergo examinations due to
the online delivery that happened because of the lockdowns. Hence, the specific examination questions
were not considered for the instrument design. However, the questions given at an examination would

be similar, albeit may be on a smaller and with less conceptual complexity.

In Task 1, the participants were expected to identify all the likely entities, attributes, and relationships.
Since the participants had attempted similar tasks before, they were already familiar with the
expectations. They were aware that they needed to identify potential constructs by eliminating
redundant ones or merging synonymous ones. Overall, Task 1 aimed to assess the participants’ ability
to analyse and differentiate between various constructs in the context of database design, which required

them to operate at Analyse cognitive level.

On completion of Task 1, in Task 2, the participants were asked to use the entities and attributes
extracted as a guide to identifying the business rules that explain the requirements to develop the
database, which was an Apply level task. The participants who correctly completed Task 1 were only
required to translate the identified constructs into a taught syntax to present the business rules. To
answer this, the participants needed knowledge about the syntax of the business rules, the fact that two
business rules were required to explain a relationship between two entities, and the concepts of
participation and cardinality, which explain the minimum and maximum number of instances the

entities participate in a relationship. The model answer for Task 2 is:

1. Each EMPLOYER may refer one or many TRAINEES.
Each TRAINEE may be referred by zero or one EMPLOYER.
2. Each COURSE may generate zero or many PROGRAMS.
Each PROGRAM must be generated by one and only one COURSE.
3. Each PROGRAM must generate one or many CLASSES.
Each CLASS must be generated by one and only one PROGRAM.
4. Each PROGRAM must register one or many TRAINEES.
Each TRAINEE must be registered to one and only one PROGRAM.
5. Each INSTRUCTOR may teach in zero or many PROGRAMS.
Each PROGRAM must be taught by one or many INSTRUCTORS.
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Redirected tasks

Task 1.1

T1.1 - Match each of the terms (drawn from the description above for Trainees) given
under the list of options to the correct modelling construct column of the below-given
table.

Entity Related attributes Related entity (if any) Relationship name

List of options: Trainee ID, Trainee fname, Trainee Iname, date of birth, Employer,
employerID, employer name, employer address, employer contact no, mobile phone
number, office phone number, street number, suburb, city, postcode, course, course
participant, refer, referred by, store

The required answer is indicated in Table 6.4.

Table 6.4 Model answer for Task 1.1.

Entity Related attributes Related entity (if any)

Trainee Trainee ID, Trainee fname, Employer
Trainee I[name, date of birth,
mobile phone number

Employer employerID, employer name, Trainee
employer address, employer
contact no, Street number,
suburb, city, postcode, office
phone number

This task was developed to support the participants if they were struggling with noun-verb analysis.
The redirected task addressed the problem by narrowing the focus to only the trainee section of the case
study, excluding the other sections. To aid participants in identifying the entities and attributes, they
were provided with a list of options and asked to select the relevant ones from the given words. The
intention of the task was to help participants by giving them a starting point and reducing the cognitive
load associated with identifying potential constructs from scratch. By recognising that nouns could
potentially represent entities or attributes, participants were encouraged to differentiate between these
two categories. In addition, the participants were also prompted to fill in the last column if they observed
a connection between entities. This step provided participants with a head start in identifying

relationships and encouraged them to consider the connections between different entities.
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Task 2.1

T2.1 - Fill in the gaps to complete the given below business rules from the ‘Trainees’
and ‘Instructors’ sections of the case study.

1. Each Employer may refer zero or more TRAINEES.
2. Each TRAINEE must be refereed by zero or one EMPLOYER.

3. Each Instructor may teach zero or more PROGRAMS.

4. Each Program must be taught by one or more INSTRUCTORS.

List of options: zero or one, Instructor, one or more, Employer, teach, Program, zero
or more

Note. The answers are presented in italics.

Task 2.1 was a simple fill-in-the-blanks task again focused on certain sections of the case study only.
The objective of the task was to allow the participants to deal with only a couple of concepts since the
business rules were partially completed. However, additional options were provided in both tasks to

ensure they were not mechanically doing the redirected tasks.
6.3.3 Task 3 — Develop a conceptual model

The purpose of Task 3 was to assess the participant’s ability to develop a conceptual model based on
the business rules they derived in Task 2. In order to complete this task, the participant must possess a
comprehensive understanding of the problem domain. Additionally, the business rules in Task 2 must
be accurate and thorough. This is necessary to effectively translate them from their grammatical form
to a conceptual model. However, the main task was guided using several sub-tasks that helped the

participants to realise what was required in the model.

Task 3 — Based on the business rules developed in Task 2, construct a conceptual Entity Relationship

Diagram (ERD) using the Crow’s foot model symbols.

1. Determine the main attributes in each entity, including all primary and foreign keys.
il. Identify the main relationship types (connectivity) between the entities and cardinality
and participation (mandatory/optional) for each relationship.

1. Describe any assumptions you have made while constructing the model.

In developing the conceptual model, the participants were required to refer to the identified constructs
and the business rules they had developed during Tasks 1 and 2. This approach ensured that participants

could use their prior work and build upon the foundational understanding they had already established
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by referring back to the identified constructs in Task 1 and use them to develop the conceptual model.
Similarly, the business rules in Task 2 provided additional context (i.e., cardinalities,
mandatory/optional participation, etc.) for the conceptual model. Further, in attempting Task 3, the
students were required to have adequate knowledge of the fundamental concepts and constructs of ER
modelling, such as entity types (i.e., strong and weak entities), cardinality or relationship cardinality
constraints (entity instances related — maximum and minimum cardinality/participation), the
relationship types (identifying and non-identifying relationships), types of attributes (e.g., simple,
composite) and primary/foreign key attributes. While Tasks 1-3 were structured and presented in steps
in order to reach the correct endpoint, the participants needed to operate at Bloom’s Create level. The

model solution for Task 3 is given in Figure 6.3.

( Class W
Class_ID
. Employer D 2::sroom
Company_name -
Address tlme
Contact no 1 ProgramProgram_ID
W
-+
i
: [ Instructor |
T Instructor_ID 09
( = Frogam W |_name ]
< Program_ID I_address bJ
- startDate 0 pO----oo oo I_contactno [
Trainee_ID LT | endDate 0 qualifications (]
T_name N ‘7 CourseCourse_ID status K]
T_dob N g
T_gender 0J |
T_address ] :
T_contactno 6J :
qualifications B i
= EmployerEmployer 1D r Course \
% ProgramProgram_ID | Course_ID
~ g C_name ]
C_Ie\.'el N Pewarid By Visusl Paradgm Gommunity Edison €

Figure 6.3 Model answer for Task 3

Redirected tasks

The ER diagram shown in Figure 6.4 and the problem text provided below, formed part of the redirected
tasks Task 3.1, Task 3.2 and Task 3.3.

Production tracking is important in many manufacturing environments (e.g., the
pharmaceuticals industry, children’s toys, etc.). The following ER diagram captures
important information in the tracking of production. Specifically, the ER diagram
captures relationships between production lots (or batches), individual production
units, and raw materials.
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Figure 6.4 ERD related to Task 3.1, Task 3.2 and Task 3.3.

The following redirection tasks, 3.1 to 3.3, were designed to get the participants to operate at increasing
levels of cognitive complexity (see Table 6.2) from Understand, Apply to Analyse, respectively. All of

the tasks were considered to be less complex than Task 3 itself.

Task 3.1

T3.1 - The current ER diagram represents a relationship between the raw materials
and production lot. Can you explain to me the relationship between these two entities
in the context of the manufacturing environment?

Task 3.1 required the participants to read and interpret an ERD in order to explain the many-to-many
relationship depicted in the diagram between the entities RawMaterial and Lot. A typical answer might
involve the participants explaining that the raw materials can be in the system without being allocated
to a specific lot when explaining the relationship between RawMaterial and Lot in the same direction.
For a complete view, the participants can explain the relationship to the other direction from Lot to

RawMaterial, since the relationships in an ERD can be read in both directions.

The main objective of this task was to understand whether participants could relate and explain a many-
to-many relationship in a different domain, separate from the main task. The cognitive level required
for this task was at the Understand level, which involved comprehending and explaining the concepts
of relationship and cardinality. By focusing specifically on these concepts, the task was designed to

simplify the cognitive demands compared to the main task. This allowed the participants to concentrate
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on understanding the relationship and cardinality aspects without being overwhelmed by the interrelated

concepts required in the main task.

Task 3.2

T3.2 - If the company wants to track the number of units of each raw material used
in the production lot, how would you suggest doing that? Please redraw the diagram
to indicate the suggested change.

Task 3.2 required the participants to use the knowledge gained in Task 3.1 to modify the provided ERD.

Basically, the question hinted at the need to resolve any many-to-many relationships by applying what

the students had learnt about entity types (i.e., associative entity) and attribute types (i.e., composite

primary key and foreign keys), which required the participants to operate in Apply level. The model

answer for Task 3.2 is provided in Figure 6.5.

[" Lot w
'/ LotNumber integer(10)
CreateDate integer(10) 69 I
CostofMaterials  integer(10) 69
+
|/ RawMaterialUsage W
“D MateriallD  integer(10)
“V LotNumber integer(10)
NoofUnits  integer(10) [
|" RawMaterial \|
| MateriallD integer{10)
Type integer({10) [N
Unitcost  integer(10) 0]

Figure 6.5 Model answer for Task 3.2.
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Task 3.3

Participants were asked to identify potential attributes that could be derived and composite attributes
where they only needed to focus on the conceptual knowledge of attribute types. However, the task
further asked them to explain their modelling choice, making it rather difficult compared to Task 3.1

and Task 3.2, which required the participants to operate at Analyse level.

T3.3 - Please identify an attribute in the above ER diagram that could represent a
derived attribute and a composite primary key. Explain why/how they might
represent a derived attribute and a composite primary key.

The required answer from the participants was CostofMaterials as a derived attribute and the
MateriallD, LotNumber (See Figure 6.5) as a composite attribute. For example, CostofMaterials
could be computed based on the material’s unit cost from RawMaterial and the number of units

required for a lot, hence why a derived attribute.

Task 3.4

T3.4 - Below is a partial ERD (See Figure 6.6) representing the ‘Trainees’ section of
the case study. Provide appropriate names for entities E1,E2; primary keys PK1,PK2,
composities attributes A1, A2; multi valued attribute A3; attributes A4..A8;
relationship R and cardinalities C1,C2.

This task was developed to help the participants if they struggled further despite the previous redirected
tasks. The developed ERD was partially completed with information from the first section of the case
study. The students were required to complete the partial diagram, hoping this would trigger the
knowledge required to complete it based on their existing knowledge and the information gained from
the previous tasks. This still required the participants to work with several concepts (i.e., entity,
attribute, relationship, cardinality) however, the cognitive difficulty was much lower since they needed
to apply the identified information on the partially completed diagram rather than developing it from

scratch.
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Figure 6.6 Partial ERD related to Task 3.4.

Entity E1: Trainee

Primary key PK1: TraineelD
Composite attribute Al: Trainee_name
Composite attribute A2: Trainee_address

Attribute A3: date of birth
Attribute A4: gender
Relationship: Rrefer

Entity E2:

E2

Ab
A7
A8

Employer

Primary key PK2: EmployerID

Attribute A6:
Attribute A7:
Cardinality C1:
Cardinality C2:

Company name
Company address

one-to-many
zero-to-one

6.3.4 Task 4 — Transform the conceptual model into a logical model

In this task, the participants were required to transform the developed conceptual ERD into a relational
model. The primary objective of this task was to accurately capture the requirements of the system,
ensuring that they were translated into a relational schema that could be implemented using a selected
database model. To successfully complete this task, participants needed to analyse the conceptual ERD
and map the entities, attributes, and relationships into appropriate tables, columns, and keys in the
relational schema. The transformation process required participants to make design decisions, such as
determining primary and foreign keys, establishing relationships through appropriate constraints, and

resolving any potential data redundancies or anomalies by applying normalisation to ensure the

relational schema is in the 3NF.

Task 4 — Transform the developed conceptual model into a logical design (e.g., relational schema or

logical ERD). You must ensure that your final design is in the third normal form (3NF).
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The participants were required to understand multiple concepts like entity types (e.g., strong and weak
entities), attribute types (e.g., composite, multivalued attributes), relationship cardinality constraints
(e.g., one-to-many, many-to-many relationships), relationship types and apply mapping rules (a set of
rules to transform the ERD to relations) to solve this task. As mentioned in section 6.2, the required

solutions from the participants were slightly different in both courses, as indicated in Figure 6.7 and

Figure 6.8.
EMPLOYER Employer ID | Company_name |Address | Contact_no
4 1

TRAINEE Trainee ID | T_fname | T_Iname | T_dob | T_gender | T_streetno | T_suburb | T_city | T_postcode | T_contactno | Employer_ID | Program_ID
QUALIFICATION Q ID Trainee ID | Q_name

v

—
PROGRAM [—®| Program ID |startDate |EndDate |Course_ID
|

\ 4

COURSE Course ID | C_name | C_level
|

CLASS Class ID | Date Classroom | Time Program_ID
PROGRAMINSTRUCTOR Program_ID | Instructor_ID
INSTRUCTOR Instructor ID | I_name |I_address |I_contactno | Qualifications |status

Figure 6.7 Model answer for Task 4 in INFS601.
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Figure 6.8 Model answer for Task 4 in COMP508.
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Redirected tasks

Task 4.1

T4.1 - Can you recall the mapping rules required in transforming this ERD to a
relational schema?

This task was developed to trigger the participant’s cognitive schema on the mapping rules and was
used if they struggled to transform the conceptual model into a logical design. Compared to the main
task, the participants only needed to focus on recalling the taught mapping rules. This means this task
targets the lowest cognitive level of Bloom’s taxonomy, Remember. To solve this problem, the
participants need to recall the mapping rule related to multivalued attributes — introducing a new
entity/relation with the primary key of the original entity as a part of the composite primary key in the

newly introduced entity/relation.

Task 4.2

T4.2 - Can you explain how to resolve the many-to-many relationship given in Figure
6.97? If you want to store the grade students receive for each class, where would you
place that?

( STUDENT ) ( cLAss )

Figure 6.9 ERD for redirected task T4.2.

This task required the participants to recall the mapping rule related to many-to-many relationships and
then explain how it could be resolved in a logical design. Further, they need to identify where to place
the attribute grade. Since this task required the participants to recall and explain the mapping rule in
relation to the partial conceptual diagram in Figure 6.9, it can be categorised under the Understand level
in the revised Bloom’s taxonomy’s cognitive levels. The participants should be able to explain that a
new associative entity was required between the student and class entities where the primary key is a
composite one (combination of primary keys from student and class), and the grade needed to be placed

in the newly created entity.
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6.3.5 Normalisation problem

Normalisation was taught (in both courses, INFS601 and COMP508) based on the concepts covered in
the textbook Modern Database Management (Hoffer et al., 2016). As normalisation is considered
arguably one of the most challenging topics to teach (Amin et al., 2019) and learn (Wang et al., 2020)
in database design, it was decided to provide the participants with a separate problem on normalisation.
The participants were provided with one main normalisation problem presented as three tasks, which
were similar to the exercises they practised in class and were structured based on the examples given in

the course textbook. Figure 6.10 shows how these three tasks were delivered and scaffolded within the

session.
Normalisation Problem
. Other scaffoldings .
Main Task (clarification/prompt/hint) Redirected Tasks
P Y
T1
) . H1.1
Identify the primary »| Hints on composite
key and current  fg-------4----~ F fimary ke
normal form pnmary key
v
O )
T2 H2.1 T2.1
Identify dependencies| - »| Provide hints to identify Recall the steps o
and decompose into the functional transform relations
3NF dependencies
( H2.2 : (_._V_
Provide hints to remove - t'-lf—ztz .
entify type o

all the partial
dependencies

/ dependencies in a

dependency diagram
T2.3

Fill in the blanks
based on a table

about normalisation

H2.3 .
Provide hints to remove &

all the transitive
dependencies

T3

Transform 3NF
relations to ERD

Figure 6.10 Task flow for normalisation problem.

The normalisation problem required the participants to analyse a data table (See Figure 6.11) susceptible
to data redundancies and transform it into a set of 3NF relations by initially identifying the primary key
attributes/s and functional dependencies of the given table. Then, they were asked to develop a logical
ERD that represents the operations accurately, and the entities reflect their conformance to 3NF from
the normalised relations. The participants needed to apply existing knowledge to solve the task. Further,
as for the database model development problem (Tasks 1-4), the participants need to build on the

knowledge they acquire from one task in the problem to the next.
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S ID |SLName|SFName| C_ID | CName | Grade L_ID |LLName |LFName [Semester
001 Rose |lohnson| DBQ1 [Database A LOO1 Ruger John Sem1
001 Rose |Johnson| GREQ1 | German L0O02 | Findling | Holger | Sem?2
002 |Anthony| Joshua | DB0O1 |Database LOO1 Ruger John Sem1
002 |Anthony| Joshua | GREO1l | German L002 | Findling | Holger | Sem2
003 May Parker | GREO1 |German L0O02 | Findling | Holger | Sem?2
004 Susana | Grant | ITAO1 | Italian LOO3 Fresco | Luise Sem?2

| IP| P> @

Figure 6.11 The data table provided for the normalisation problem.

Task 1 —Identify the primary key/s for the provided data table and the current normal form of the data

table. Briefly justify your answer.

Task 1 is intended to prompt the participants’ recall of important constraints that a relation must satisfy
before doing the normalisation process: (1) there are no repeating groups in the relation (thus, there is
a single fact at the intersection of each row and column), and (2) a primary key has been defined. The
participants were required to analyse the data table to identify this information. To determine the current
normal form, the participants needed to understand the requirements for a relation to be in a normal
form from UNF (un-normalised form) to 3NF. The correct answer required from the participants was
that the relation was currently in INF because it had no repeating groups and had a composite primary
key: S ID and CID. To answer this, the participants needed to understand several concepts, such as
attribute types (i.e., composite attributes), functional dependencies, data anomalies and normal forms
and apply them correctly to determine the current normal form, which requires the participants to

operate at Apply level.

Task 2 — Identify all the dependencies using a dependency diagram and decompose the relation into a

set of 3NF relations. State clearly any assumptions you make.

Normalisation Task 2 can be answered in two steps. First, the participants were required to present the
identified dependencies, preferably using a dependency diagram (See Figure 6.12) distinguishing
between different functional dependencies (i.e., partial, transitive, full) presented in the provided data

table.
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Full functional Transitive
Dependency Dependency
S_ID SLName SFName Cc_ID CNAME Grade L_ID LLName LFName Semester
Partial Partial
Dependency Dependency

Figure 6.12 Dependency diagram illustrating different functional dependencies in the data table given

in Figure 6.11.

In the next step, the participants were required to decompose the relation into a set of 3NF relations

from the current 1NF based on the identified dependencies in step one. The participants needed to draw

on the knowledge acquired earlier to do the decomposition. Then, they were required to apply a step-

by-step approach to remove partial dependencies to move from INF to 2NF and remove transitive

dependencies to move the relations from 2NF to 3NF. The solution for this step is provided in Figure

6.13, which can be considered a much more difficult task compared to Task 1, as the students were

required to apply a taught process to develop the solution.

STUDENT: S ID - SLName, SFName
COURSE: C_ID - CName, semester, L 1D
STUDENT COURSE: S ID,C ID - Grade

LECTURER: L ID - LLName, LFName

Figure 6.13 Decomposed relations in the 3NF.

Redirected tasks

Task 2.1

T2.1 - Can you explain the steps required to transform a relation from UNF to 3NF.

This task was utilised when the participants struggled when they were unable to proceed due to not

remembering the normal forms and their meanings. The objective was to trigger the participants’

knowledge of normal forms which they gained during the classes. Cognitively this task can be

categorised in the lowest level of difficulty, Remember.
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Task 2.2

T2.2 - Based on the dependency diagram given below (See Figure 6.14), identify the
type of dependencies given in D1, D2, and D3 and justify your answer.

D1
| ! | |
C1 c2 C3 Cc4 C5
| ] | ]
D2 D3

Figure 6.14 Redirected Task 2.2 where the correct answer D1= Full functional, D2 = Partial, and D3 =

Transitive.

Task 2.2 required the participants to identify different types of dependencies from a simple diagram in
the situation where they struggle with the concept of functional dependencies. This task required the
participants to recall a familiar diagram and apply their understanding of its structure and components
to identify the type of dependencies in the current diagram. Further, they only need the knowledge of
normal forms to answer the redirected task in contrast to the multiple concepts required to answer the

main task.

Task 2.3

T2.3 - Examine the table given below (Figure 6.15) and fill in the blanks.

1. staffNo and branchNo is the primary key of the above table.

2. Values in hrsperweek column can be determined from staffNo and branchNo.

3. There is a partial dependency between staffNo, name and position.

4. Atableisin 2NF when itis in 1NF, and there are no partial dependencies.
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staffNo branchNo |branchAddress name position hrsPerWeek
30, Symonds st, )
S4555 B002 Auckland 1010 Jane Edwards | Admin Support 8
10, Queens st, .
S4555 B004 Auckland 1010 Jane Edwards | Admin Support 16
30, Symonds st, .
S4612 B002 Auckland 1010 Anton Layman | Admin Support 12
10, Queens st, .
S4612 B0O04 Auckland 1010 Anton Layman | Admin Support 10

Figure 6.15 Data table related to Task 2.3.

Task 2.3 was developed to help the participants who struggled with reading and identifying the
dependencies given in the data table. This task aimed to determine whether they could identify simpler
dependencies than required by the main task from the table and fill in the blanks accordingly. Even
though the participants were required to work with knowledge of composite primary keys, functional
dependencies, and normal forms, the data table was easier to analyse compared to the main task, with
only two potential candidates for the primary key. By filling in the blanks with simpler dependencies,
participants were required to demonstrate their understanding of the relationships within the table and
their ability to apply basic concepts. Hence, the participants were only required to operate on a lower

cognitive level, Understand.

Task 3 — From your 3NF relations, draw an Entity—Relationship (ER) model and include all attributes,

primary keys, foreign keys, cardinality, and participation.

This final task required the participants to develop an ER diagram based on the normalised relations in
which they were required to use their knowledge of concepts such as entities, attributes, relationships,
and cardinalities. Again, this was an Apply level task where the participants were required to develop
the model based on the identified normalised relations. The model answer is provided in Figure 6.16.
Further, in this task, the participants were asked to develop the ER diagram based on the crow’s foot

notation by identifying the appropriate participation and cardinality notations.
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Figure 6.16 Model answer for Task 3.
6.4 Summary

This chapter has presented the novice database modelling tasks, which formed the research instrument
for this research. As explained earlier, the initial plan of using a task difficulty predictor did not yield
the expected results. Hence, a pragmatic decision was taken to use the well-tested and adopted questions
used in the class and textbook, which cover the top-down and bottom-up approaches in database design
to design the research instrument. Several tasks were developed under the database model development
problem and normalisation problem, which were designed to represent the top-down and bottom-up
approaches, respectively. Several precautions were implemented to reduce the overall cognitive
difficulty of the tasks. One of these precautions involved the use of redirected tasks, which served
multiple purposes in the research instrument. Firstly, they were designed to help participants build the
necessary knowledge and skills that could be applied to solve the main tasks. Secondly, redirected tasks
served as a source to identify the participants’ difficulty by isolating the concepts required to answer
the task. By focusing on the number of concepts, the research instrument indirectly provides insights

into how novices navigate different levels of complexity in database modelling.

As discussed in the chapter, the timing of the sessions was carefully planned to align with the
participants’ exposure to the concepts covered in their lectures and laboratory classes. This approach
aimed to ensure that the participants had sufficient familiarity with the relevant concepts before
engaging in the research instrument tasks. However, it is important to acknowledge that the study was

limited by the duration of a single semester. While the timing of the sessions and the opportunity for
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consolidation were optimised within this timeframe, it may not have provided sufficient time for full

mastery of the subject matter.

The next two chapters present the results of the think-aloud and retrospective interviews which were
conducted based on this research instrument. The two chapters utilised the same data from two different

perspectives to understand novice database modellers as a group and as individuals.
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Chapter 7 Think-aloud: Reflexive Thematic Analysis

7.1 Introduction

This chapter presents the reflexive thematic analysis (Braun & Clarke, 2022) conducted as a part of this
research, which explored the difficulties faced by novice database modellers, the mechanisms students
used to solve such problems and the tactics used to overcome any difficulties they encountered. Despite
several studies on students’ challenges in learning database modelling (Batra & Antony, 1994; Batra,
2005, 2007; Currim et al., 2014; Hussain, 2016), there seems to be a lack of research on the common
tactics that novice learners use to overcome these difficulties. Understanding tactics used by students
providing effective learning interventions should be designed. It is worth noting that most of the existing
studies used conceptual models created by students as their primary research data. While conceptual
modelling is a fundamental aspect of database modelling, it is equally important to examine the entire
process of developing a model that can be implemented in a database. Understanding how students
transfer their knowledge across different steps in the modelling process is vital to gain a comprehensive
understanding of the learning of novice database modellers. Hence this thematic analysis was conducted
to address this gap. The following research questions are addressed to understand the difficulties faced
by novices, the thinking process of the learners at various levels, and the learning activities they engage

in to complete the tasks.>

RQ3.1: What difficulties do students face when attempting novice database modelling tasks?
RQ3.2: What common tactics do students apply when attempting novice database modelling
tasks?
The chapter presents a detailed description of the participants, the think-aloud method, including the
data collection and transcription protocols, and finally, a thematic analysis of the data. The researcher’s

reflexivity and subjectivity are also explored as an integral aspect of the interpretation of this analysis.

5 It should be noted that the think-aloud data collected was used in two different analyses. Firstly, using reflexive
thematic analysis, common themes were extracted from the data as reported in this chapter to explore student
difficulties and tactics with respect to database modelling. Secondly, the data from each participant was used to
build a Learning Trajectory/Progression (LT/P) for each participant to build a picture of their learning progression
through undertaking the research tasks which is presented in Chapter 8 .
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7.2 Research Participants

As discussed in section 3.4, the main data collection phase was in the 2™ semester of 2021. Initially, 21
students indicated an interest in participating in this research and gave informed consent. However, only
seven students ended up attending the scheduled think-aloud sessions. These seven students completed
at least one think-aloud (attempting Tasks 1 and 2 given in section 6.3.2) and are henceforth referred to
as participants. Of these seven participants, two dropped out from the study after the 1% think-aloud
without providing a reason. For some participants, the 2" think-aloud (related to Task 3 given in section
6.3.3) of the study was delayed by one week due to the transition from in-person to online think-aloud
sessions. There was another participant who, despite the best efforts of the interviewer, found it difficult
to focus on the task at hand when thinking aloud, even in the in-person setup. The interviewer decided
to work with the participant despite being unable to collect useful research data. But this participant
removed themself from the study after the second think-aloud. It is likely that the shift to online think-
alouds due to the nationwide COVID-19 pandemic lockdown made participation difficult for those
participants who dropped out from the study. The remaining four participants completed the study and
thus provided a complete set of data for the reflexive thematic analysis presented in this chapter. The
analysis reported in that chapter comprises think-alouds from two cohorts and a total of six participants,
including these four participants and two from the pilot study conducted during the 1% semester of 2021.
As discussed earlier, the participants were recruited from two different courses. However, in both cases,
the courses were the first encountered in their undergraduate degree that covered databases and database
modelling. Combining these data meant that more data points for the reflexive thematic analysis were
available and were considered reasonable, given that all participants were novices to database
modelling. The only advantage the level 6 students may have is their maturity or emotional stability
since they have already completed one year of study. Nonetheless, all the participants were fresh to
database modelling. Altogether, 18 think-aloud sessions were analysed to conduct this thematic

analysis.

In line with this chapter and Chapter 8 the participants are addressed using gender-neutral aliases (as
given in Table 7.1) to remove any unintentional reinforcing of gender stereotypes. Hence, in these two
chapters, gender-neutral pronouns (i.e., they, them, and theirs) have been used instead of gender-

specific pronouns. The background of the selected participants is presented in Table 7.1.
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Table 7.1 Background information of the think-aloud participants.

Participant  Enrolled English asa Completed the Prior Prior experience in
course Second INFS600 (Data experience in database modelling?
Language Process and UML
(ESL) Modelling) modelling?
student? course?
Sam INFS601 No Enrolled in the Current None
course on the same  knowledge from
semester as the INFS600
INFS601. course.

Jackie INFS601 Yes No No As a part of a formal
secondary education
qualification.

Casey COMP508  No No None None

Morgan COMP508  No No None - As a part of a formal
secondary education
(IGCSE ICT)
qualification.

- Some database
implementation
experience in MS Access.

Eli COMP508  No Yes Yes None

Blake COMP508  No Enrolled in the Current None

course on the same  knowledge from
semester as the INFS600
COMP508. course.

7.3 Think-aloud Data Collection Method

In this study, a data collection mechanism was needed in a way to understand the cognitive thinking of
novice database modellers. Several existing mechanisms utilised in the literature, like ethnography or
phenomenography, were considered. Observation methods like these can provide rich data since they
involve understanding particular individuals or groups through close observation and interaction.
However, it was not feasible to extensively observe the participants in their natural settings due to
limitations such as the inability to follow the students’ home or be continuously present when working
on their modelling assessments and tasks. Ultimately, the data in this phase was collected using think-

aloud interviews.

The think-aloud method involved the verbalisation of thought processes while performing a task and
was initially developed to study human problem-solving strategies in psychology (Newell & Simon,
1972). The work of Ericsson and Simon (1993) on verbal protocol analysis is considered to be a good
guide for researchers collecting data using the think-aloud method. The technique mainly involves
recording participants as they solve a task while simultaneously speaking their thoughts out loud.

According to Ericsson and Simon, the underlying principle is that verbalisations provide a sub-set of
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the thoughts in working memory that occur when performing a task. This method can be adopted to
determine what information is used during problem-solving and how that forms knowledge that
contributes to framing a solution to a problem. This information can then be used to make inferences

about how participants reasoned and made decisions during problem-solving.

One major assumption in gathering data using think-alouds is that the process does not interfere with
the participant’s thought process (Ericsson, 2017). However, gathering this kind of real-time data can
be limited by the cognitive load imposed when trying to problem-solve and verbalise thinking
simultaneously (Branch, 2000). Therefore, taking necessary precautions to minimise the cognitive effort
during verbalisation is important to allow the participants to articulate their thinking process with the
least additional burden. Despite this acknowledged limitation, think-aloud is generally accepted to be
one of the better means of gaining insight into problem-solving processes (Ericsson, 2017; Rosenthal
et al., 2020; Someren et al., 1994). Moreover, in this study, the impact of thinking while problem-

solving was reduced through a practice task conducted prior to starting the first think-aloud session.

The think-aloud method is used widely in educational research to gain insight into the cognitive
processes employed by students, often novices, as they complete a learning task. It is used to capture
students’ strategies, intentions, observations and emotions (Someren et al., 1994). Think-alouds have
been used to study undergraduate computer science students in many different contexts, including
database modelling and design (Batra & Davis, 1992; Rosenthal et al., 2020), software testing (Rojas
et al., 2015) and novice programming (Loksa & Ko, 2016; Teague et al., 2013; J. Whalley et al., 2021;
Whalley & Kasto, 2014b). The think-aloud method was chosen to collect the data in this study since
it’s been used successfully in CSER, and, due to its popularity, there was an established set of guidelines

that could be adopted easily.

Several guidelines are provided for carrying out think-alouds successfully, ensuring the participants can
verbalise their thoughts freely (Ericsson & Simon, 1993; Someren et al., 1994). These guidelines, along
with a data collection procedure used by Rosenthal et al. (2020) in their recent study, were utilised in

developing this study’s think-aloud data collection protocol.

One of the most important facts in conducting think-aloud is to create a place where the participants
feel at ease. Often, sessions can take a long time to complete, so “the room should be quiet, a glass of
water should be at hand, the chair should be comfortable” (Someren et al., 1994, p. 41). Considering
these guidelines, a suitable meeting room was allocated for conducting the sessions. The room had a
large desk that provided enough room for the participants to work and for the interviewer to observe
them without interrupting. The interview room was situated on a floor occupied by the post-graduate

researchers where there were minimal disturbances.
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In this study, consent was taken during the recruitment process. Hence no time was initially allocated
for this in the data collection protocol. However, the students who wanted to join after the recruitment
was completed at the beginning of the first session were asked to fill out the consent form based on the

guidelines of Rosenthal et al. (2020).

Someren et al. (1994) suggest writing down the instructions beforehand and reading them to the
participants instead of using phrases like: ‘tell me what you think’, which could lead to different
interpretations of their own. At the same time, they suggested keeping the instructions short to avoid
any unnecessary interpretations. Further, they have suggested giving participants reminders to think
aloud after a predetermined time of silence. Rosenthal et al. (2020) have suggested using the precise
wording “Please keep talking”, and these instructions were adapted as deemed useful in this study’s

data collection protocol.

Using a warm-up task prior to the actual session was suggested in the guidelines as a way for the
participants to become familiar with the verbalising process. In their study, Rosenthal et al. (2020)
provided the participants with a relatively simple task (i.e., construct a conceptual data model
comprising two entity types and one relationship type) compared to the main modelling task based on

a different domain. This idea was adapted in developing the practice session.

7.3.1 In-person data collection protocol

This section discusses the developed data collection protocol in detail. The step-by-step protocol is

presented in Figure 7.1.
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Step1*
Introduce the study

Y

Step 2
Provide the think-aloud instructions

Prior to the main session

Y

Step 3 *
Conduct the practice think-aloud session

A

Step 4 *
Provide the prior knowledge survey

Step 5 During the session

Step 6 After the session
Conduct the retrospection interview

Figure 7.1 Think-aloud data collection protocol.
Note. The steps indicated in * were only followed during the first session, while other steps were followed in the

same order during all the sessions.
Step 1: Introduce the study

At the beginning of the first session, building a rapport with the participants was crucial to ease them
into what to expect. Hence, prior to the first session, some time was utilised to explain the purpose of
the research and data confidentiality. All this information was provided to participants during the
recruitment phase. However, the reminder was a good icebreaker to start off each session. The
interviewer emphasised that they were only interested in their problem-solving process rather than

critiquing or judging the participant’s performance.

After introducing the study, their consent was double-checked. If in case they had not completed a
consent form, one was provided, and the participants were given the time and instructions to complete

it.

Step 2: Provide the think-aloud instructions

As the next step, the participants were provided with think-aloud instructions at the start of each session.

A think-aloud protocol script was developed to assist the interviewer in conducting the sessions (see
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Appendix L). Clear instructions were provided to the participants at the beginning of each session,
reminding them of the importance of talking aloud while attempting the task. They were also asked if
they were reading something to verbalise as they read. But this was not strictly enforced. If a participant
appeared to be reading silently, they were asked to indicate what they were reading. The primary goal
of these sessions was problem-solving, while verbalisation was secondary, attempting a task in the wild
— as they would do for an assessment or a project. Hence, they were instructed that the interviewer
would, up to a certain level, play the role of observer rather than being active. However, participants
were reminded of the importance of continuing to talk while undertaking their task, and if they kept
silent for more than one minute, they would be reminded to keep talking. If it appeared a participant
was finding it hard to think and speak or was struggling to progress on a task, the interviewer asked
specific questions intended to trigger progress or continue the think-aloud process. A specific protocol
for interviewer interventions is provided in section 7.4. Further, they were informed that any other issues
related to the task or the subject could be discussed during the retrospective interview upon completing

the task.

Step 3: Conduct the practice think-aloud session

Several researchers who used think-aloud protocols in CSER have discussed using a warm-up session
prior to the actual session, where they discussed the importance of training the participants beforehand,
which leads to acquiring more quality data (Kasto, 2016; Teague, 2015). Therefore, in this research,
based on the guidelines of Rosenthal et al. (2020), participants were asked to complete a simple practice
exercise in the first think-aloud session to familiarise them with the protocol. In this exercise,
participants were asked to identify the relevant entities, attributes, and relationships from a simple case
study where the case study domain was different to the case study utilised during the sessions. Further,
all these sessions were scheduled ahead of time, with each participant using a Doodle poll

(https://doodle.com/en/), and email invitations were sent out to confirm the interview time and location.

Step 4: Provide the prior knowledge survey

Next, prior to starting the session, the participants were requested to fill in a prior knowledge survey
with several closed-ended and open-ended questions. This information was collected to get an idea
about the participants’ familiarity with developing database models before the course, which might have
an impact on their learning. Please see Appendix B for the prior knowledge survey, which was the same

one used during the collection of naturally occurring data.
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Step 5: Conduct the think-aloud session

Next, the participants were provided with the main task of that session. An alias was assigned to each
of the participants, and these were used throughout the recordings to retain anonymity. At the beginning

of each session, the participants were asked to write the alias and date of the interview.

The participants attempted the task on pen and paper instead of using a data modelling tool to reduce
an additional cognitive load imposed by the tool on the novices. The workings of the students on tasks
were recorded using a Livescribe™ Echo 2 smartpen (Livescribe Inc., 2015b) and Livescribe™ smart
paper. Figure 7.2 provides an overview of the in-person setup. The participants’ interactions with the
paper (i.e., writing, annotations, doodles) were recorded along with their verbalisations. The Livescribe
notes and audio records were saved as Livescribe PDF files. These files can be played and reviewed
using synchronised visual and audio output using the Echo desktop software (Livescribe Inc., 2015a).
The participants were asked to inform the interviewer once the task was finished. While conducting the
think-alouds, if the participants struggled to progress, the interviewer intervened accordingly based on

the interviewer intervention protocol described in section 7.4.

Step 6: Conduct the retrospection interview

End of each session, a retrospection interview was conducted to discuss the difficulties and challenges
faced by the participants while attempting task/s. Further, the interviewer managed observational notes
recording any critical events, periods of silence or lack of progress as the participants worked on the
task. The interviewer added reflective notes about the session based on their perspective at the end of
each session. In scenarios where the participants provided incorrect answers or could not provide an
answer, the retrospection interview session was turned into a post-task tutoring phase where, in some
cases, the interviewer modelled how to perform the task and walked the participants through the model

answer.
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Figure 7.2 Overview of the ‘in-person’ think-aloud setup from the participant and interviewer
perspective. A — Livescribe pen and paper used by the participant, B — A close-up of the task provided
to the participant using Livescribe paper, C — Echo desktop used by the interviewer to play and view
the recording of the participant’s think-aloud session.

Note. From “Reflections on Conducting Online Think-Alouds” by A. Imbulpitiya, J. Whalley, and M. Senapathi,
2023, ACM Inroads. https://doi.org/10.1145/3596917. Copyright 2023 held by the owner/author(s). Author’s own

work.
7.3.2 The pilot study and protocol/instrument refinement

A pilot study was conducted to ensure the reliability of the think-aloud data collection protocol to
capture data adequately. An initial group of 11 students studying the INFS601 course volunteered to
participate in the pilot study. However, only four students scheduled an appointment to participate, and
all four were selected to participate in the study. One participant withdrew from the study after the first
session, anticipating they would not have enough time to commit to the study. Another participant
dropped out after the second session without any explanation. Their data was removed from the analysis
since the sessions were built on top of one another, and full participation was needed to be able to
evaluate the protocol. The data from this pilot study were also included in the thematic analysis

presented later in this chapter.

Even though the pilot study intended to test the developed protocol and refine it if necessary, no
significant changes were required to the protocol. But, some minor technical trouble occurred with one
of the recordings due to an issue with the Echo desktop. This was retrieved without causing any damage
to the file, but it showed how crucial it is to have a backup copy of the audio. Hence it was decided to
record the audio separately to maintain backups apart from the audio captured via the smartpen.
However, during the pilot study, the interviewer encountered issues with the research instrument. For

example, there were common concepts the participants struggled with (e.g., the use of composite
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primary key), and some of the redirected tasks developed were not predominantly focused on these

areas. Hence, the provided tasks were revisited and arranged to address this issue.

Another major concern at the time was the uncertain situation of the COVID-19 pandemic. The country
had already experienced a lockdown, and there was still the potential for further pandemic-related
lockdowns. The pilot study was able to be conducted and completed in person,however the full study
was not able to be conducted fully in person as Auckland entered a lengthy lockdown shortly after the
first interview sessions. As a result, a remote think-aloud protocol was developed in order to progress

the research. This is discussed in detail in the next section.
7.3.3 Transitioning to a remote protocol

Following the first think-aloud session of the main data collection phase, the country went into a second
lockdown with the highest restrictions so far encountered during the second wave of the pandemic. This
necessitated a shift to online think-aloud interviews. The first step to making this transition was to

investigate the existing work on conducting remote interviews, which could be adopted in this study.

Several researchers have published articles about their experience conducting one-on-one virtual
interviews using various tools like Zoom and Skype (Gray et al., 2020; Lo lacono et al., 2016).
However, the only relevant work specifically on think-alouds was reported by Trate et al. (2020). Trate
et al.’s work was situated in the field of chemistry education, and they described a protocol for online
semi-structured think-alouds. The participants in their study were asked to describe their problem-
solving process as they responded to some general chemistry questions. Their protocol’s main

components included the use of Doodle polls (https://doodle.com/en/) for scheduling interviews, in-

person meetings with the participants to distribute the interview artefacts, and obtaining consent. They
highlighted the importance of minimal intervention during the think-aloud sessions, the use of the
participant’s and interviewer’s webcams to record the session conducted in Zoom, and the use of a
second webcam to capture the student’s interaction with the materials like worksheets and calculators.

The authors mentioned the advantages they saw in their online approach:

Remote interviews allow data collection from a more representative, multi-
institution sample, allow a single researcher to conduct interviews consistently
across the population, are more cost- and time-effective as there is no time lost to
travel, and provide flexibility for the researcher to continue other professional
duties. (Trate et al., 2020, p. 2422).

The existing protocol described by Trate et al. (2020) could not be implemented directly in this study

since, in their study, they used on-site personnel to meet the participant to obtain the signed consent,
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provide and collect the artefacts which were sent to the researcher and to set up the audio and video

recording equipment. However, the protocol developed for this research was inspired by their work.

Because the sessions had already started, the main concern was navigating the think-aloud sessions
remotely. The most critical requirement in this transition was to find an alternative to replace the
Livescribe™ smart pen and paper for data collection. Several video platforms were considered, and the
participants were consulted about the tools that would suit them best. After much deliberation,
Microsoft (MS) Teams was selected as the video conferencing platform since MS Teams was freely
available for all the students via the university. Another major reason for this decision was that the
recordings could be held on the university’s servers to avoid any data breaches and ensure the data

could be managed within the conditions of institutional ethics consent.

Another main requirement was to identify the hardware and software the participants had available to
them at home that could be utilised in the data collection protocol. Initially, the use of a tablet was
considered to avoid using many different tools that could have added to the cognitive load experienced
during the think-alouds and thus might hinder the participant’s ability to think aloud. Also, using a tablet
with a smartpen had the advantage of preserving the nature of the performance as closely as possible to
the original in-person usage of digital pen and paper. However, not all the participants could access a
tablet, and due to the country's lockdown restrictions, the researcher could not access the resources on
campus (i.e., tablets) and courier them to the participants. Finally, it was decided to allow the
participants who owned a tablet to use them, and for the others, the community edition of the visual
paradigm tool (Visual Paradigm, 2022) was used for modelling purposes along with simple word
processors as required. While this added to the variables in the study, it also provided an opportunity
for the researchers to observe the participants in two different setups and evaluate which was a better
mechanism for data collection. For example, did having a tablet and a pen mean participants tended to
underline and annotate key aspects of the task problem description and doodle to support their problem-
solving process more than those without a tablet? Were these processes more easily captured by the
researchers if the participant used a tablet? Essentially, the tasks and the way data was transcribed and

analysed remained the same regardless of how the data was collected.

The participants shared their screens and microphones while working on their machines at home. MS
Teams recorded the shared screen as well as the audio. In accordance with the ethics consent criteria,
the participants themselves were not recorded. It was assumed that being able to see the participants in
the recorded data would not alter the analysis of the data since the investigation was focused on student
problem-solving and modelling processes rather than socio-emotional aspects associated with the
learning. However, as the sessions went on, the interviewer observed the impact of this inability when

compared to in-person think-aloud sessions.
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Given that the participants were either continuing with a task or working on a new task that was based
on an earlier problem, the circulation of the artefacts was another issue that needed to be addressed.
Hence, the interviewer circulated each participant’s previous session workings and/or solutions via
email ahead of the session. However, the task specification was not emailed as the researcher needed
the participants to encounter the problem at the session for the first time. This was mainly done to avoid
allowing the participants to think about the problem without the interviewer capturing their thoughts.
Finally, it was decided to share the interviewer’s screen to display the task sheet during the initial brief
of the session and also at the time the task sheet was provided to the participants via the MS Teams
meeting chat channel. The rest of the protocol largely remained the same, and once the briefing was
done, the interviewer instructed the participants to share their screens and open the tools they would
utilise in their work. In order to maintain the relationship between the participant and the interviewer,
the verbalisations during reading were somewhat enforced by the interviewer in comparison to the in-
person sessions. Finally, after the recording was stopped, the interviewer instructed the participants to
email their answers and any additional notes they had made while working on the task. The recorded
sessions were uploaded to the university’s cloud storage via MS Teams, and these were downloaded to

secure storage, and the versions on the servers were deleted. Figure 7.3 indicates the online aspects of

the think-aloud data collection process.

Figure 7.3 Shared screens of the participant and interviewer. A — Participant’s shared screen while
attempting a task, B — Interviewer’s shared screen while introducing a task.

Note. From “Reflections on Conducting Online Think-Alouds” by A. Imbulpitiya, J. Whalley, and M. Senapathi,
2023, ACM Inroads. https://doi.org/10.1145/3596917. Copyright 2023 held by the owner/author(s). Author's own

work.
7.4 Interviewer Intervention Protocol

One main objective of this research was to use think-alouds to gather data closely related to the mental
processes used by the participants while attempting database modelling tasks. The interventions
provided by the interviewer offered an opportunity for the participants to progress their learning and to

complete a task whenever they had challenges like being confused with a task, unsure about the
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concepts/syntax to be used, not knowing how to progress any further or was unaware about an existing
issue. The scaffoldings or interventions used in this research were adopted from the intervention model
introduced by Kasto (2016) in studying novice programmers and originated from the work of Perkins

& Martin (1985) and Soloway (1986).

Adopting these interventions can lead to identifying the progress of novice modellers with the Zone of
Proximal Development (ZPD), a theory of learning developed by Vygotsky (1978). Vygotsky defined
ZPD as “the distance between the actual developmental level as determined by independent problem
solving and the level of potential development as determined through problem-solving under adult
guidance or in collaboration with more capable peers” (Vygotsky, 1978, p. 86). Researchers have
applied this theory to identify the ZPD of novice programmers in CSER (Teague, 2015; Whalley &
Kasto, 2014b). Hence, it seemed appropriate to adopt the intervention model to discuss the ZPD of the

novice modellers to comprehend their learning progression.

During the think-aloud sessions, the interviewer kept interaction with the participant as low as possible.
However, the interviewer intervened in situations where a participant failed to progress or appeared to
be confused about the next step. Sometimes, the interviewer also intervened when the participant
requested assistance. These interventions were provided in a hierarchical manner, beginning with high
levels of assistance and progressing to more direct and specific low-level interventions only if the
previous approaches were unsuccessful. The high level of assistance involved providing general
guidance, clarifications, or prompts to help participants approach and understand the tasks. This level
of intervention allows participants to exercise and explore their own problem-solving skills. If the
highest or indirect level of assistance did not lead to a satisfactory outcome, the interviewer moved on
to more direct and low-level assistance, like providing hints or simpler tasks that aimed to steer
participants towards the correct solution without explicitly giving it away—these interventions aimed
to scaffold the participant’s learning process, providing support to reach their ZPD. The interviewer
yielded to provide the exact solution intervention as the last option if the other approaches failed to
elicit the desired outcome. Detailed information on the interviewer intervention protocol is provided in

Table 7.2.
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Table 7.2 Interviewer intervention protocol.

Intervention Purpose Example When to intervene

1 Clarification  Used as a high-level intervention Clarifying terms used in If a participant struggled
to explain the task requirements the case study or with understanding the
to the participants. confirming the purpose of task.

a task. OR
If requested by the
participant.

2 General Used as a high-level intervention ~ Asking the participants to  If “intervention 1” didn’t

prompt to get the participants to realise re-examine their solution provide the expected
their mistakes and fix the issue or to explain the meaning result.
without any support from the of a term involved in the QR
intervi . 1 ipti t ..
Py & mistake and  didn’t
an issue. .o
realise it.
OR
If requested by the
participant.

3 Hint Used as a low-level intervention Suggesting a certain If “interventions 1 and 2”
related to the task to let modelling constructto be didn’t provide  the
participants progress. used or indicating an expected result.

error in the used syntax or R
le. . .
aruie If a participant required
more direct guidance.
OR
If requested by the
participant.
4 Redirected Used as a low-level intervention Redirecting the If “interventions 1 to 3”
task and redirect the participant to participants to read and didn’t provide the
simpler or more scaffolded task answer simple questions expected result.
to identify the source of the fromapartial ER diagram QR
issue. hen  strugglin, in .. .
U ;Vevelo in ggang ER If a participant didn’t
dia rarIr)l & have the mental schema
gram. to answer the task.
OR
If requested by the
participant.
5  Exact Used as the final intervention if Providing the participants If “interventions 1 to 4”
solution other interventions didn’t work. ~ with the solution and didn’t provide  the
discussing it with them. expected result.
OR

If a participant gives up.
OR

If requested by
participant.

the
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7.5 Transcription Protocol

Once the data was collected, the next step was transcribing the think-aloud data from audio to a written

and readable format. The transcribing happened during three main stages, as presented in Figure 7.4.

Step 1 During the session
View video during data collection

Step 2 Immediately after the session

Step 3 During transcribing
Transcribing the think-aloud data

Figure 7.4 Transcription protocol.
Step 1: View the video during data collection

A preliminary step in the transcription was to view the Livescribe video during the collection of the
data. This approach was quite useful since the researcher herself conducted all the interviews. In
situations where she made a note on a particular observation along with the time stamp, viewing the

video made it easy for her to revisit the time-stamped event during the retrospection interviews.
Step 2: A quick review of the video

As the next step, the interviewer reviewed the collected video as soon as possible after each session.
During this review, the researcher also compared the audio with the notes she made in her observational
diary. This helped the researcher to log the main events and the time stamps. For example, if the
researcher intervened at a certain point, it was logged with a quick reason. This was helpful in scenarios
where the researcher intervened due to an observation that might not have been recorded on the audio.
This approach was particularly helpful during the development of the participants’ LT/P, as reported in
Chapter 8.

Step 3: Transcribing of think-aloud data

The audio files from each session were transcribed prior to analysis. The transcription guidelines
adopted for this research are provided in Table 7.3, with examples from the actual transcription process
where required. These guidelines were adopted from those presented in published literature. The

references from which the practices were derived are given in Table 7.3.
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The transcribing from audio to written text was undertaken by the researcher instead of making use of
a third-party transcriber. This has the advantage that the researcher, as part of this process, revisited the
think-aloud sessions, becoming familiar with the raw data at least twice before the analysis was
undertaken as the transcriptions were verified. Another reason the researcher decided to do the
transcription was due to issues that may arise from using third-party transcribers, including the need to
train the third party, the unfamiliarity of the third party with the research context, and the lack of a
researcher’s perspective during the transcribing (Johnson, 2011; Jordan & Henderson, 1995; MacLean

et al., 2004).

The initial transcription of the audio was performed using two different software tools. When sessions
were in-person, the data had to be transcribed in a separate step using a transcribing tool, Descript
(Descript, 2021). However, with the transition to the remote think-aloud protocol, the data were
transcribed using MS Teams transcription facility. Following this initial transcribing, the interviewer
reviewed the transcript manually, following the guidelines provided in Table 7.3. This phase allowed
for the automatically transcribed transcription to be validated and corrected as necessary. While both
the tools provided reasonably accurate transcriptions, Descript was preferred over the MS Teams
transcription facility due to certain features like its ability to assign speaker roles in distinct colours,

which made the transcription more readable and easier to correct where necessary.

In the case of the data gathered in person, some utterances were marked as “inaudible”, which the
researcher did manually. In order to try and complete the data, the researcher also re-examined the
Livescribe video to compare the audio with what the participant was currently writing. The retrospective

interviews were also transcribed following the same guidelines as the think-alouds.
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Table 7.3 Adopted transcription guidelines.

Adopted guideline Source Example

Use of preambles (i.e., alias of (Jenks, 2011)

[00:00:06] Interviewer: Maybe you can write entities here and list them down and attributes

the participant and interVieWer) just list them down. Any way you like.

to Clearly dlStlnguISh between [00:00:22] Okay. Entity and attributes. And do | need to worry about the
the utterances of the participant relationships at this moment?

and the interVieWer. 00:02:34] 112021: Um, only sort relationships | did was like, um, relating primary keys and

foreign keys and Access and stuff. And like, we would, we would have to like draw them out.

A unique colour for each student
alias throughout all the sessions.

Add references made by the (Someren et al.,

participant or the interviewer to 1994) [00:13:39] Each course offered by the institute is stored with a course ID, so course
a previous session or made name, level of course [write under attribute list]. What else was there? Every time a course
gestures not recorded in the

audio file (e.g., point to

something on the page in square

brackets “[]”.

‘[write under entity list]. So where is it [ refer back to the case study], course ID , course

Mark hesitations in speech. E.g., (Ericsson &
. @ 99 . . . . [00:13:39] What else was there? Every time a course is running [box it] ... it

uSIng e f:OI' a quICk hes1tat10n Slmon’ 1993) generates several programs. Course is [00:15:00] running it will generate, generate several

or a break in utterance up to 5

seconds and “[pause]” for longer

[00:11:29] Ahhh courselD [pause]
breaks over 5 seconds.

[00:11:48] Interviewer: Yeah, what are you trying to do at the moment?

Mark any utterances that didn’t (Teague, 2015) [00:02:56] 112021: Then then. Multiple. Please. It's got links. And. [inaudible]
make sense during the initial
transcription as “[inaudible]”.

NOn-taSk-related Verbalisaﬁons (Rosenthal & Ok the careeracademy is a major institute that runs training courses for
were marked Separately StI’CCkCI’ 2019) professionals. They wish to develop a database to store all the details of their institute
. s

including the trainees, instructors, courses and the classes they offer. ﬁo | think in this

e g Modelhng tool reading Of sentence every noun is an entity, because .... oh I'll continue reading. After an interview with
5 5
the case study

7.6 Researcher Subjectivity and Reflexivity

Braun and Clarke (2013) explain that research is a subjective process where the researchers bring their
own assumptions, experiences, and perspectives into the research —researchers’ subjectivity or the
position they hold in the research. They further mention that reflective thematic analysis is more about
the researcher’s reflective and thoughtful engagement of the data and the analytic process than merely
following a set of steps (Braun & Clarke, 2019). Subjectivity and reflexivity have become integral
components in many qualitative studies. Reflection in the reflexive thematic analysis involves more
than simply outlining the researcher’s position on how they relate to the population being studied — it
is more about the role of the researcher as an active participant throughout the entire process. This
involves how they relate to the target population as well as how their experiences and beliefs inform

their interpretations. Hence, reflection is important to all the phases in the analytic process. In this
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section hereafter, the writing format is changed to first person view to present the researcher’s reflection

and subjectivity since it is a personal encounter.

7.6.1 Researcher subjectivity

The research I presented in this chapter required me to get involved with the participants as an
interviewer during the data collection phase. This section discusses how I positioned myself within the

study and acknowledges my subjectivity throughout the data collection and analysis.

Firstly, I should acknowledge my familiarity with the thematic analysis approach. Being a novice to
qualitative research, this was my first experience undertaking a qualitative approach to research, let
alone reflexive thematic analysis. There was a learning curve in understanding the overall approaches
to thematic analysis, particularly the reflexive thematic analysis, which was quite time-consuming.
However, prior to my PhD studies, I was an academic with seven years of experience and have taught
undergraduate software and database modelling courses in a tertiary institute in Sri Lanka, where some
of the courses belonged to offshore programs affiliated with two institutes in the United Kingdom and
Australia. This gave me a wide spectrum of understanding about the introductory level modelling-
related curriculum in a few countries. Further, as a teaching assistant, I have taught laboratory classes

in the courses used to collect data for this study in earlier cohorts.

This context with familiarity provided me with some benefits, such as a basic knowledge of the domain,
better access to the participants, and ease in developing a rapport with them. However, it was also a
challenge for me at certain times not to interpret the data beyond what was provided by the participants
during the analysis. This experience, as an “insider” (Holmes, 2020), is the lens through which I viewed

and interpreted the participant’s think-aloud data in this study.

As I mentioned earlier, as a novice to qualitative research, my supervisors played an active role as
mentors and co-researchers to a certain extent in all phases of the research process. Their involvement
was in fact, a collaborative effort where I could reflect on what I did and consider new possibilities

rather than getting their approval or agreement. Braun and Clarke discussed the same as follows:

From a quality point of view, the aim of such review and reflection is not to
determine whether you’ve got it ‘right’ or your mentor or supervisor ‘agrees’ with
your analysis. Rather its an opportunity to: explain and clarify your thinking; be
questioned; explore alternative ways of making sense of and interpreting the dataset,
coding and patternings that you haven’t considered; and reflect on whether your
particular standpoints or experiences are (problematically) limiting and constraining
how you engage with the data. (Braun & Clarke, 2022, pp.273-274)

The supervisors’ positions and standpoints in consideration of this study are stated below.
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The first supervisor is an experienced CS and SE education researcher with over 20 years of experience.
She mainly works with novice software developers to understand their challenges and research how
research-informed teaching approaches may be applied to enhance student success. Her research uses
the lenses of sociology and psychology to improve student outcomes in computer science programs.
Considering the first supervisor’s research engagements, she can be considered an ‘outsider’ (Holmes,

2020) who didn’t have any prior knowledge of the group being involved in the study.

The other supervisor is a researcher mainly active in IS, CS, and SE education research. While her being
the lecturer-in-charge of the courses where the participants were enrolled, she mainly looked at the data
from an ‘insider’ perspective. Several precautions were taken to mitigate any power imbalances brought
up due to this relationship throughout the study. Her insights as a domain expert who was teaching
introductory level database modelling courses for over 25 years were particularly useful during the data

analysis phase.
7.6.2 Personal reflexivity

As mentioned in the earlier section 7.6.1, being a Teaching Assistant for the earlier cohorts of the
courses where the data was collected, it would be impossible to be involved in the study without being
influenced by past experience and having preconceptions about the participants’ behaviour and
performance. It’s not possible to fully relate to the participants and their experience while attempting a
task however, being someone who taught students in their labs made me relate to them, at least in part,
to some of the challenges they came across. Before the think-aloud studies, I reflect on my experience
in teaching so that I can use my experience as someone who taught similar courses to build empathy

and rapport towards the participants to make them ease into the think-aloud sessions.

During the recruitment, I emphasised the fact that the sessions are to understand how they learn rather
than criticising their attempt. Also, during the sessions, I was careful not to judge the participants and
intervene with them before they requested help or couldn’t proceed. Also, I did my best to respond
quickly whenever the participants had questions or felt overwhelmed with the sessions. Considering
that the second phase of the sessions was conducted amidst the lockdowns, I spent some extra time with
the participants and talked to them, which they appreciated. I was interested in the way the participants
attempted to develop their models, the challenges they faced and the tactics they used in developing the
models. Despite looking for these commonalities among the participants using thematic analysis, I also
wanted to explore how each participant approached their tasks differently despite being taught the same

processes in the class.

Further, I maintained a handwritten journal throughout the study to write down my thoughts about the

participants’ sessions. This journal mainly included field notes taken during the think-aloud data
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collection — about the participant’s reactions, emotions, observations, thoughts and judgements while
conducting the sessions. The following is an example extract, degendered, from my field notes made

immediately after a session:

They seemed to struggle in the beginning, even to start the task. I had to ease them
into it and explain the task in detail compared to others to get them to start the task.
However, after this, they managed to start and continue.

They took more time than others and struggled with basic concepts like adding
cardinalities and deciding on the primary keys. Along with their fragile knowledge
of concepts using the tool also seemed to be more challenging. But with the help I
provided, they managed to progress, and I felt what they were going through since
I’ve come across similar students during my time as a lecturer.

During the retrospect interview, they opened up further and explained that it’s harder
for them to grasp the concepts properly despite attending all the classes. I discussed
my experience as a lecturer with them and told them I’d met similar students, but
with time they could be better at developing a model. The reassurance seemed to
make them more interested in attending the next session. I’ve realised how important
to have this quick discussion at the end of a session to build a rapport with the
participants. Maybe that will ease them into the process more.

Also, being a first-timer to qualitative research and conducting think-alouds, I had a practice session
with one of my supervisors acting as a participant. Further, I debriefed my supervisors about the sessions
frequently and documented their comments and feedback, which immensely helped me to reflect on

what I’ve done during the sessions.

All these notes I’ve made in my journal helped me to articulate my thoughts during the data collection,
analysis, and writing phase. Further, based on these observations I made during a session, sometimes |
made slight changes to the interventions I developed to help the participants better. For example, I didn’t
develop any interventions to help the participants with their knowledge of composite attributes.
However, after a session or two, since the majority seemed to need extra help to understand this concept,
I added a simple task that could help them if needed. This reflection I did throughout the process helped
me to complete the data collection and analysis successfully, particularly as a novice to qualitative

research.
7.7 Analysis Protocol

The think-aloud data were analysed using the qualitative method of reflexive thematic analysis (Braun
& Clarke, 2022). This method is typically used to analyse the think-aloud data as a group to identify
common patterns or themes in the data. In this research, an analysis method that could identify common

themes was required to understand novice modellers’ difficulties, challenges, and common tactics they
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use when attempting a modelling task. Hence, using a thematic analysis (TA) method was deemed

suitable for analysing the data.

Within the spectrum of TA approaches, the coding reliability approach is considered to fit into the
smallQ paradigm (involving aspects of both quantitative and qualitative methods) underpinned by a
positivist philosophy and a more structured approach focusing on the accuracy and reliability of coding.
In contrast, reflexive TA is considered purely qualitative within BigQ paradigm and looked at through
an interpretivist lens that emphasises an organic and flexible approach to coding. In contrast, the
codebook TA approach lies somewhere between coding reliability TA and reflexive TA approaches.
Codebook approaches (e.g., template analysis, framework analysis) combine the structured approaches
of coding reliability TA with the underlying qualitative philosophy of reflexive TA. Reflexive TA is
considered to be highly flexible and organic compared to the other two approaches. Codes and themes
evolve throughout the analytical process (Braun & Clarke, 2019). Further, the researcher’s subjectivity
is not criticised in this approach but rather considered as adding value to the analysis process. Reflexive
thematic analysis is a “theoretically flexible method for developing, analysing and interpreting patterns
across a qualitative dataset” (Braun & Clarke, 2022, p.4). The objective is to provide a persuasive and

coherent interpretation of the data, grounded in the data.

The data at this phase was analysed using the reflexive thematic analysis of Braun & Clarke (2022). As
they outlined, the main reason for selecting reflexive TA was that it allowed the researcher to determine
the outcome of the work without being bound by a specific theoretical framework. Considering that the
question the researcher wanted to explore was somewhat an understudied area in CSER, an approach
with flexibility was a must — Braun & Clarke (2006) define their approach as an ‘exceptionally useful’
method to examine understudied areas. Another reason for selecting the reflexive TA was that it allows
the researcher to be reflexive and critical about their assumptions and biases. Considering the position
of the researcher as an insider, the flexibility of the method allowed the researcher to collect and analyse
the data, expressing the participant’s opinions, experiences and attitudes as effectively as possible while
taking the researcher’s interpretation into account. Also, since the coding was mainly done by only one
researcher, the reflexive TA approach was much more suitable compared to the other two approaches
where multiple coders are involved. The supervisors were involved in coding and theme generation

however, this was a collaborative process rather than trying to achieve consensus among each other.

A predominantly inductive approach was taken to analysis, working with the data from the bottom-up
(Braun & Clarke, 2012). In this study, data were not coded to fit any pre-existing coding framework but
coded openly. The analysis was grounded on the data to understand how novice database modellers
learn, their perspectives, experiences and challenges faced during the learning process. Even though the

approach was predominantly inductive, an underlying deductive approach was employed to ensure that
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the open coding produced relevant and meaningful themes to the research questions. The analysis was
conducted from a critical standpoint, as the aim was to understand the experience of participants while

attempting the database modelling tasks, along with factors that shaped their understanding.

Throughout the analysis, the researcher sought to identify the patterns across the data to tell a story of
how novice database modellers learn to model. The six phases of Braun and Clarke's (2022) reflexive

thematic analysis were used through an iterative process described below.

Phase 1 — Data familiarisation

The researcher was able to become closely familiar with the data by managing all aspects of data
collection, including creating think-aloud tasks, running the think-aloud sessions, and transcribing
them. Further, the think-aloud sessions allowed the researcher to actively engage with the participants,
get to know them and comprehend their learning before discussing what transpired in the session during
the retrospective interviews. Through this process, the researcher could fully immerse in the data before
actively engaging in the analysis. First, the audio was transcribed using a tool, as mentioned in section
7.5, which was automatic transcribing. After this, approximately 19 hours worth of transcriptions were
updated and corrected by viewing the video, and despite being a slow process, this process enabled the
researcher to understand the data thoroughly as it was done while listening to the audio and watching
the video of what the participants did. Braun and Clarke (2022) suggest asking certain questions to
critically engage with the data during the familiarisation phase, such as “How does the person make
sense of whatever it is they are discussing? What assumptions do they make in describing the world?
What kind of world is revealed through their account?” (p.44). The researcher managed an observational
diary during data collection, which was utilised during transcription to note interesting observations,
including personal reflections on what the researcher noticed about the participant when attempting a

task and how they used different tactics in developing the solution (see Figure 7.5).
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Figure 7.5 An extraction from the observational diary.
Phase 2 — Data coding

Following the transcription phase, the coding phase commenced. In this phase, verbalisations that
provided meaningful snippets related to understanding novice database modellers were identified,
guided by research questions 3.1 and 3.2. The think-aloud transcripts were coded using the comment
feature in Microsoft Word, where relevant excerpts were highlighted and commented on with a suitable
name. Initially, qualitative data analysis tools like Nvivo were considered for the coding of data. One
major reason to deviate from using a tool was that using such tools can take the researcher away from
the total emersion of the data compared to the manual coding, where the researcher needs to re-engage

with the data regularly. Braun and Clarke highlighted their experience with manual coding as follows:

This approach worked for each of us — because we have found we think and engage
with data differently when we read it as hard copy compared to electronically. We
also liked to leave the screen behind, and to code in all sorts of different spaces —
which can bring subtly different things to the process. (Braun & Clarke, 2022, p.66)

Since this is the researchers’ first experience in conducting a thematic analysis, it was decided to go

ahead with the manual coding to avoid the additional difficulties related to electronic coding. The
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DocTools ExtractData word add-in (Fredborg, 2021) was used to collate all the codes, and the excerpts,

page number, line number and date were then saved into a separate Word document.

Initially, alongside the researcher, the supervisor also coded the same transcription independently. This
was conducted mainly as a point for reflection in which the researcher later cross-referenced the two
perspectives in order to refine and review her codes. The coding was an iterative process that progressed
slowly, and the researcher had to step away several times in order to return to the same data with a fresh
frame of mind. Initially, the codes derived tended to be more semantic, such as ‘proposing assumptions’
or ‘annotating a case study’, primarily focused on identifying and categorising the explicit or surface-
level elements of the data closer to participant language. This was expected since the coding process
was more inductive and exploratory. However, as the coding progressed, some possible latent codes
were identified, like ‘readability of model’, ‘assumptions lead to incorrect solutions’ and ‘real-world
knowledge lead to incorrect solutions’. Latent codes delve into underlying meanings or concepts that
may not be immediately apparent from the data, which is sometimes quite abstract from the explicit
content of the data (Braun et al., 2019)’. For example, the codes related to using assumptions and real-
world knowledge suggest a relationship between participants’ assumptions/real-world knowledge and
the incorrect solutions they arrive at. It implies that participants’ preconceived notions or beliefs may
influence their decision-making and lead them to arrive at ultimately incorrect or flawed solutions. In
this given context, the decision was made to keep the latent codes in generating the themes despite the
initial suitability of semantic codes. This decision was driven by the recognition that latent codes reveal
underlying meanings related to the decisions made by novices, providing valuable insights into their

thought processes.

The researcher reviewed the dataset several times through the coding process, and the codes were
renamed, merged or removed as they evolved. Further, during this process, the researcher's discussions
with the supervisors helped refine and reform the codes. As coding progressed, the researcher identified
several patterns within the data that could be collated together, and mind maps were developed that

could be later used in theme development (Figure 7.6).

166



{\ Literal translation : A Lack of holistic understanding \/

Lack of a systematic approach

\ N\ “

\ |

AN /
Unstructured v N - Syntax
nstructured analysis Difficulty .

¢ Requirement analysis process /
Inconsistent analysis Incomplete knowledge
\ Basic concepts

Terminology

\ Sentence structure

Real world scenarios Language

Problem solving skills Additional information

Speculation Annotation

Case study reading Unorganised reading

Relate to learned knowledge

Lack of attention to detail

Summarise understanding

Coomunication via diagram symbols (doodling)

Figure 7.6 An initial mind map developed during the coding process.
Phase 3 — Initial theme generation

Braun and Clarke (2022) note that this phase is about finding, losing, and then finding the way again.
This doctoral researcher experienced the path, revisiting and questioning themes through several

iterations.

As discussed earlier, the researcher identified patterns from the data set while coding. Starting with the
raw codes, the researcher in this phase began the process of collating and organising the codes. Starting
initially with the common patterns that emerged and were noted during coding. This was quite time-
consuming as the researcher was new to qualitative analysis. The process was strictly inductive. The
research consciously attempted to avoid framing the themes based on the ideas and definitions from
previous research. However, since the researcher had knowledge of prior research, there were themes
in the researcher’s mind that came from similar research. This knowledge, at certain times, tended to
introduce potential biases during data interpretation and resulted in the researcher questioning their
data-driven codes. For example, initially, a code named ‘lack of holistic understanding’ was identified
from the analysed data. However, after much consideration, it appeared that it could not be grouped
under any of the identified themes at that point. Hence, the researcher took a step back and reexamined
all the data extracts coded under this. The code ‘lack of holistic understanding’ came from the work of
Batra and Davis (1992), where they discussed how the experts are focused on developing a holistic
understanding of the problem before developing a model. However, when you actually looked at the
data through the lens of the participants in context, it appeared that the issues participants had were
related to other difficulties (e.g., in one instance, a participant struggled with their lack of attention to

detail in reading the case study) rather than the lack of a holistic understanding. Hence, the researcher
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found it necessary to repeatedly return to the raw and transcribed data to ensure that the themes and

codes were grounded in the data during this phase.

After initial theme generation, the researcher discussed the outcome with the supervisors only to realise
that some identified themes were topic summaries rather than themes. Braun and Clarke (2021)
explained topic summaries as “summaries or overviews of the most frequent things participants said in
relation to a particular topic or data collection question” (p. 39). Unlike a theme which is defined as
patterns in the data underpinned by a central concept, a topic summary doesn’t have anything that
unifies what participants said about this topic. It simply summarises the participants’ responses to a
question that Braun and Clarke referred to as a shared topic but not a shared meaning. For example, one
initial theme, reasons for difficulty in modelling, was identified as a topic summary rather than a theme
which included quite different data or even contradictory data (e.g., lack of knowledge, language
barriers, or struggle with tools). Such a topic is useful but fails to provide the shared meanings that are
required from a reflexive thematic analysis. Hence, themes subsequently deemed to be topics were
removed. Further, looking at the data again, the researcher reflected on the identified themes and
realised that some codes collated under the same theme were contradictory or didn’t make much sense.
For example, the code ‘Terminology’ was grouped under the theme Language however reflecting on it,
confusion came up about whether it should belong to the theme Incomplete knowledge since the coded
data extracts were examples of scenarios where the participants struggled with their lack of knowledge
in the terminology they learnt related to the database modelling domain. At this point, the researcher

decided to start over the theme generation again.

With the newly acquired knowledge, the researcher attempted to generate themes again from the raw
codes rather than evolve from the original themes. Instead of using Microsoft Word (e.g., using tables
and lists) to collate the codes into themes, a more hands-on approach was used this time. The researcher
used sticky notes to write down the codes so they could be easily moved into different groupings as part
of identifying themes. This approach allowed the researcher to conceive themes and move codes
between them as the themes evolved into patterns of shared meaning. Figure 7.7 shows this first

evolution of theme development.
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Figure 7.7 Initial attempt at theme development.

During the development of themes however, there were scenarios where the researcher doubted her
decisions and lost her way, uncertain about whether to move on to the next phase or not. But Braun &
Clarke explain that the absence of a simple, easy-to-apply rule for reflexive thematic analysis can lead
to these kinds of uncertainties and doubts (Braun & Clarke, 2022). After spending some more time on
this phase, the researcher realised that she arrived at the same outcome even after revisiting the data.

Hence, at this point, the researcher realised that it was time to move on to the next phase.
Phase 4 — Theme development and review

This phase was started by reviewing the candidate themes against all the extracted data from the think-
aloud sessions. At this point, the researcher collated each code, the associated excerpts, the participant
id, and the source session into a single sheet in Microsoft Excel. The researcher created physical cards
for each code with sample excerpts to make the theme development efficient and realistic, as suggested
by one of the supervisors. This card sorting exercise helped the development of the themes as it was
easy to move codes manually along with the thinking process. Braun and Clarke describe this process

as recursive, where the researcher has to move backwards and forward between the data and the analysis
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(Braun & Clarke, 2022). In fact, during this phase, several versions of the themes were created, and the

supervisors were involved in giving feedback and drawing on their domain expertise.

In the first attempt, seven themes were identified, and these were cross-referenced with the initial
candidate themes developed by the researcher. Although the current themes were somewhat similar to
the candidate themes, the number of themes dropped from nine to six by merging some and including
a new sub-theme. When moving from the candidate themes, it was realised that the comprehension
through verification and steps in process themes could be, in fact, merged together. Comprehension
through verification theme consisted of two codes: ‘summarise understanding’ and ‘cross-checking
conceptual understanding with physical views’. Even though these two codes were put under a separate
theme, after reflecting on it, they seemed more like a part of the participants’ process or approach to
attempting the tasks. Hence the two themes were merged and under the theme steps in process. Further,
among the candidate themes, a theme named miscellaneous consisted of the codes ‘lack of recall
(transfer) from previous session’ and ‘referring from/to the previous session’ were merged into the
existing theme cognitive process. Initially, the researcher named this theme as miscellaneous as she
wasn’t sure where it would fit, but upon reflecting on the decision and a discussion with the supervisor,
it was decided to merge the two codes with the cognitive process theme since the data the codes were
related to have the ability to transfer knowledge learnt on one task to the next. Similarly, two other
codes, ‘proposing assumptions’ and ‘assumptions lead to incorrect solutions’, were also kept as a
separate theme where the researcher was unsure about the theme name or where the codes should belong
to. Tentatively, it was decided to merge these codes into the cognitive process theme as that appeared
to be the closest theme that could relate to the codes. Both codes were about making assumptions as
part of the modelling process, with some assumptions leading to success while others led to errors.
Finally, after looking through the theme steps in process, it appeared that three codes (‘systematic
approach to attempt a task’, ‘not following a systematic approach’, and ‘inconsistencies in the
approach’) within the theme were related to the actual overall process the participants followed rather
than being related to a step in the process. Hence these three codes were taken out and placed under a
new theme named process and strategies where steps in process theme became a sub-theme of it.
Version 1 of Figure 7.8 indicates the initially developed themes with the card sorting activity. The card
sorting exercise was beneficial because it allowed the researcher to shift the codes around as their

thoughts developed.
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Version 1 Version 2

Version 4 Version 3

Figure 7.8 How the themes evolved during the review process.

After identifying the themes in version 1 of Figure 7.8, the researcher reflected on them and the
supervisor’s feedback and decided to refine the themes further. Doubts emerged about the theme,
personal traits. Under this theme, there were only two codes collated, ‘lack of attention to detail” and
‘less proficiency in the language’. The main issue came with the latter: the researcher felt ‘less
proficiency in the language’ directly related to understanding the case study or the theme understanding
problem specification. For such participants, despite their need to follow a particular process in
completing the task, it becomes difficult since they can’t understand the problem due to their lower
proficiency in the language. Even though it’s a personal trait related to their prior knowledge and skills,
the artefact from that is such participants move into developing models without understanding the
problem specification. With this, the code ‘less proficiency in the language’ was moved under the theme
of understanding problem specification. Another question raised at this point was whether there was a
need for the theme of personal trait altogether. Considering that there was no research question related
to this, the researcher examined the coded data again and realised the theme of personal trait was
generated out of interest rather than in relation to the research questions. However, the researcher

decided to keep the theme for the time being as a placeholder to be revisited in the next round of

171



refinement. The discussed theme development as indicated in version 2 of Figure 7.8, is illustrated in

Figure 7.9.
Understanding problem
specification
J
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Understanding the narration 7
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Cognitive process

Figure 7.9 Evolving of the themes — version 2.

The theme of cognitive processes also required rethinking. Initially, the codes ‘proposing assumptions’
and ‘proposing assumptions lead to incorrect solutions’ were categorised under this theme. However,
after the discussion with the supervisor, the researcher realised that these codes were simply a step in
the process of developing a model that is taught to the students. The researcher realised these
assumptions were necessary to solve the problem if the participants determined that necessary
information was missing from the case study. This was confirmed after looking back at the data. For
example, during the first task, Eli mentioned: “It doesn't say anything about the relationship of a
program to a course, but can do it with an assumption...”. Due to this, the codes ‘proposing
assumptions’ and ‘proposing assumptions lead to incorrect solutions’ were moved from cognitive
processes theme to steps in process. How the themes evolved from version 2 version is illustrated in

Figure 7.10.
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Figure 7.10 Evolving of the themes — version 3

After this version, the researcher was satisfied with the generated themes. However, there was only one
code under personal trait, and the question “Are there enough data to evidence this theme” (Braun &
Clarke, 2022a, p. 99) was asked to review the theme. The answer was no, and hence, the researcher
decided to remove the theme of personal trait as decided initially. This raised the issue of what should
be done about the code ‘lack of attention to detail’. The researcher went back to the data to understand
whether the lack of attention led the participants to miss something from the problem specification. If
that’s not the case, then there was probably an issue when the problem specification was translated into
the model. With the extracted data, the researcher realised it was more about misunderstanding the
problem specification due to the lack of attention in working with the case study. Hence, the code ‘lack
of attention to detail’ was placed under the theme of understanding the problem specification (see
Figure 7.11 for the updated themes mentioned in version 4 of Figure 7.8). The theme development and
review happened while going back and forth between the data, and the initial themes evolved with the

reviews. Figure 7.8 indicates how the themes progressed during this process.
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Figure 7.11 Evolving of the themes — version 4.

By the end of the reviewing phase, six main themes were identified tools, understanding the problem
specification, fragile knowledge, cognitive process, steps in process, and process and strategy. The
theme process and strategy and its subtheme steps in process did not properly present the idea of the
code grouped under them, hence it was decided to reconsider the name of the themes. These refinements
are discussed in detail in the following section. See Table 7.4 for an overview of the identified themes
and the theme definition. Alongside the theme development, the researcher developed thematic maps,
which were updated as the thinking progressed. As per Braun and Clarke, thematic maps are mainly

used to capture the figurative representation of the potential themes and their relationships (Braun &

Clarke, 2022). Figure 7.12 illustrates the refined thematic map the researcher developed at the end of

Steps in the process

this phase.

Cognitive
processes

© Theme
Processes/

strategies

Fragile knowledge S [:] Sub-theme

Link to sub-theme

---------- Relationship between themes

Understanding
problem
specification

Figure 7.12 Refined thematic map.
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Phase 5 — Theme refining, defining and naming

Braun and Clarke describe this phase as a phase that “involves further development around your themes,
as well as more precise analytic work refining your analysis” (Braun & Clarke, 2022a, p.108). At this
stage, the researcher articulated the identified themes to both supervisors, one of whom is a domain
expert in databases who brought more clarity to the identified themes. This led to further refinement of

codes being moved over different themes to precisely fit the related ideas.

Upon revision, it came to light that several codes under the steps in process and process and strategy
themes contained several codes that explicitly describe the tactics used by the participants during the
interpretation of the case study, which is the most important stage in developing the model. Hence it
was decided to form those codes under one theme called interpreting the case study. Further, the codes
that described the results that occurred due to using the identified tactics incorrectly (i.e., code —
‘assumptions lead to incorrect solutions’) were also placed under this theme. Also, the codes
‘information overloading’ and ‘lack of attention to detail’ placed under the theme understanding
problem specification were transferred to this new theme since the data is related to the incidents that

occurred while interpreting the case study.

Further, two codes (e.g., codes — ‘summarise the understanding’ and ‘crosschecking understanding with
physical view’) placed under the theme steps in process appeared to be specifically used to verify the
process despite being a sort of tactic. Therefore, a new theme was introduced, named verification of
process, and the two codes were moved under the new theme. Interestingly, this was a theme that was
let go of in an earlier phase of the analysis, but upon reflection on the data again, having them under a

new theme seemed to explain the data better.

When revising understanding the problem specification theme, the researcher realised that some of the
codes are clearly related to how the problem is presented and some about the domain. Due to this clear
distinction, the theme was divided into two to better explain the data as problem presentation and
understanding the problem domain. The theme tools didn’t go through any changes since the data
appeared to be mapping with the themes correctly. However, upon revising the cognitive process theme
and checking against the existing data, the researcher decided to remove it as it didn’t fit the research
question. But a couple of codes under it were about recalling what the students did prior to the session,
and these were placed under a new theme, problem recall, along with another code that described the
student’s ability to remember and recall what they were taught which was earlier placed under the
fragile knowledge theme. The remaining code, ‘translating word by word’, under the cognitive process
theme, was checked along with the data again and moved under the interpreting case study theme as it

discussed how some participants used it as a tactic to interpret the case study.
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Throughout this revision phase, two codes (‘considering the design standards’ under the fragile
knowledge theme and ‘not following a systematic approach’ under the processes and strategies theme)
couldn’t be placed under an existing theme. Upon further inquiry with the data, it was realised they
didn’t warrant a new theme, and it was decided to drop the two codes from the analysis. The discussed

changes to the themes and codes during this refining stage are presented in Figure 7.13.

Systematic approach to

attempt a task Interpeting the case study

‘ Process and strategies ‘

|

Inconsistencies in approach

Not following a systematic

Annotating the case study

Proposing assumptions ‘

Doodling

‘ ‘ Information overloading

Systematic approach to

Assumptions lead to incorrect

Inconsistencies in approach

Lack of attention to detail ‘

solutions

Translating word by word

Verification of process

attempt a task

‘ Steps in process ‘ CFIEEED

Assumptions lead to incorrect

Annotating the case study olutions

‘ Doodling

N

with physical
view

Crosschecking the conceptual
i i Proposing assumptions

(Crosschecking the conceptual
understanding with physical

Summarise understanding

i I\ view
Applying real-world Applying real-world
knowledge leads to incorrect
knowledge
solutions
p ~

‘ Understanding problem ‘ Problem presentation

specification

Understanding the narration
layout

Difficulties in understanding
the narration

Difficulties in understanding
the narration

Understanding the narration

Less proficiency in the
layout

language

Information overloading ‘

Lack of domain knowledge

Lack of attention to detail ‘
language

Less proficiency in the ‘

Understanding the problem
domain

Lack of domain knowledge
renamed to
Lack of context

Applying real-world
knowledge leads to incorrect
solutions

Applying real-world
knowledge

‘ Cognitive process ‘ ‘ Problem recall ‘

Ability of knowing and
remembering concepts

Lack of recall (transfer) from

previous session session session

Referring the previous
previous session

Lack of recall (transfer) from ‘ Referring the previous ‘ ‘

‘ Fragile knowledge ‘

Fragile
concepts

Fragile

. with
with syntax|

c terminolog ‘

Ability of knowing and
remembering concepts

Considering the design
standards

Figure 7.13 Refined themes.

Note. The right side column indicates the refined themes, where rounded rectangles represent the themes while
the rectangles represent the codes under each theme. The outline of the rectangles is colour-coded to indicate the

theme the code is transferred from, while the dropped-out codes are indicated using red-coloured rectangles.

Once there was a noticeable distinction between the related ideas, the theme names were finalised. The
finalised thematic map is provided in Figure 7.14. To maintain a close link between the themes and the

data, a theme definition was written for each theme, backed up with participant quotes (See Table 7.4).
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Phase 6 — Analytic Narrative

This final phase, which Braun and Clarke call “writing the report”, provides a written discussion for
each theme. Themes are illustrated through participant quotes. Even though this was the final phase of
the process, the researcher still revisited the earlier phases and data to ensure the ideas being presented
closely represented the data while addressing the relevant research questions. The analytic narrative is

presented in the following section, 7.8.
7.8 Thematic Analysis

Writing up each theme brought further clarity while articulating the ideas backed by the participant
quotes. This was yet an iterative process while revisiting earlier phases to ensure that themes were
consistently presented to address the research objectives. As per Byrne (2022), an important task in this
phase is deciding the order in which the themes are presented. The themes must be connected logically
and meaningfully to explain the story. Where relevant, each theme should be built upon the previous
theme while reporting their own individual narrative. It was decided to start presenting the themes with
the theme, interpreting the case study first since it was clear what the participants did to interpret the

case study set the foundation for how their model was developed.

Further, this theme was also influenced by most of the codes categorised under this theme. Hence, this
was considered a theme that could provide an understanding of the narrative that will be followed.
Discussing problem presentation and understanding the problem domain appeared to be sensible after

the first theme since these two themes introduced positive and negative practices of the participants
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related to the problem while interpreting the case study. The verification of process theme was presented
next, which explained some of the higher cognition levels of participants that emerged during the
interpretation of the case study. A theme related to the participant’s fragile knowledge was presented
next, which was closely related to a few themes: problem presentation, understanding the problem
domain, and interpreting the case study. This theme was then followed by the themes ‘problem recall’
and ‘tool’. At this stage, the links were made to the existing literature to further explain the patterns

identified in the data.

The overview of the identified themes and example data extracts from the participants are presented in

Table 7.4.

Table 7.4 Overview of themes.

Theme name Theme Definition Example data extracts

Interpreting the case study This theme explores various tactics “So I've made my assumption
applied by novices to analyse the [like if a course is running, it
case study, including the scenarios should have it should, it should
where these tactics were not used have generated at least one
consistently, leading to incorrect program.” (Jackie)
solutions.

“However, there can be few
trainees [underline and then
circle], sorry, I'm circling the
process or relationship that I'm
thinking, few trainees who are
not referred, not vreferred
[underline] by an employer
[underline].” (Casey)

Problem presentation This theme examines how novices “Okay. Uh, because my mother
understood the problem/task tongue is not English. I'm kind
specification and the difficulties they of struggling to understand
faced during the process. what this sentence means.”

(Jackie)

“Then this is where it starts to
play games on me... where it
says while some programs can
have more than one instructor
assigned to them based on the
number of trainees allocated
for the program.” (Casey)
Understanding This theme explores the instances in  “So in this, a program may
the problem domain which novices applied their existing have no trainees, it's an
knowledge to understanding the case assumption like in the domain
study and the difficulties faced while or in real life some programs
doing it. may not have people, so it's an
optional participation
program.” (Sam)
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“I tend to think about entities
like programming wise and
qualification name can be
changed later on and if it
happens, how can I say that
many records should be fixed if
participant has qualification
name as it's attribute.” (Jackie)

Verification of design This theme captures how novices “Usually when I think about a
decisions approach verifying their process relationship,  between  two
and/or design decisions. entities or two tables, I imagine

like extra records registered in
those tables and just try to
imagine how each record relate
to the other. So in program,
table and trainee table there
should be one program like pl
and pl can have three trainees,
tl, 12, t3. It is also possible that
tl can be in charge of not only
pl but also p3.” (Jackie)

Fragile knowledge This theme explores the difficulties “Omne to many, where we have
faced by novices due to their fragile to create the new relation and
or incomplete knowledge in three get the two primary keys and
areas:  terminology, conceptual put it in there.” (Casey)
knowledge and syntactic knowledge.

“Is it a composite attribute or a
composite primary key? It’s so
similar and some of the
terminology and stuff gets lost
in translation. ” (Eli)

Problem recall This theme describes the novices’ “So this is many to many, I have
ability to transfer their existing to have an intermediate table,
knowledge and the difficulties they which should have traineelD
faced during problem-solving. and qualificationID.” (Jackie)

“TraineelD, uhm... Oh my
gosh, I can't read my own
writing, name. OK, let's read
what is this here.” (Casey)

Tool This theme explores the novices’ “I might do this the wrong way.
experience in using a CASE tool to [ can't remember how to do it.”
develop the models. (Morgan)

7.8.1 Interpreting the case study

A participant’s approach to interpreting the case study, their tactics, and how they used them are

encompassed in the theme of interpreting the case study.

When examining the participants’ efforts in interpreting the case study, several tactics they used to help

build an understanding of the presented problem were identified. It is important to differentiate between
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tactics and strategies before discussing these observations since these terms are often interconnected
but possess distinct meanings. Tactics can be referred to as specific actions or techniques learners use
to achieve an immediate outcome as a part of a problem. For example, tactics in interpreting the case
study could include actions such as annotating the case study, doodling, performing noun-verb analysis,
etc. On the other hand, a strategy can be defined as broader plans or approaches that guide the overall
problem-solving process. For example, in database modelling, applying a top-down approach to
understand the problem holistically can be considered as a specific strategy that can be applied to

achieve the overall outcome of a problem.

Several tactics were identified under this theme: annotating the case study, doodling while reading,
making assumptions, and translating the case study word by word into modelling constructs. While
some of the participants applied these approaches successfully, others did not. Thus, this theme includes
both effective and ineffective applications of these tactics. Some of the tactics observed were
specifically taught in class, while some might have been developed independently by the learners to

cope with the task.

Annotating the case study while reading the case description was a tactic modelled by instructors in
class when conducting noun-verb analysis. This form of analysis is a tactic commonly taught to novices
to help them break down the modelling process into manageable chunks while also building an
understanding of a case study. During class, the instructor worked through simple case descriptions,
underlining verbs that map to relationships and colours highlighting nouns that might represent entities
or attributes. Even though there were no explicit guidelines given on which annotation should be used
for a given construct, it was emphasised that each construct needs to be annotated distinctively, making
it easier to develop business rules later in the process. All except Blake applied this technique when
reading the case study, albeit in their own way. The participants adopted a number of different
annotations, such as underlining, rectangles, brackets, and circles, to differentiate between different
constructs. Some participants, for example, Sam, Morgan and Eli constructed their own annotation
systems, which they used consistently throughout the task, commenting on their systems out loud. The

annotations they developed and related verbalisations are provided in Table 7.5.

None of the students mentioned the term noun-verb analysis to explain what they were doing. However,

one participant, Eli explained why the process was followed:

this is sort of like something to refer back to and helping with, I guess, framing those
business rules and stuff and understanding relationships between things. [Eli]

The participants did not explicitly discuss how they distinguished which nouns represented entities and

which represented attributes. However, Sam mentioned: “So [ think in this sentence every noun is an
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entity, because .... oh I'll continue reading.”. As Sam identified the nouns as entities while reading the
preamble to the task, they were correct in this instance, but they didn’t give any reasoning for this
decision they made. However, this was an indication of their knowledge that nouns could be potential

entities.

Two of the participants, Casey and Jackie, did not annotate consistently. They started mixing up the
annotations they initially defined as they proceeded with the case study. This introduced inconsistencies
that led to confusion. Casey was the most inconsistent with their annotation, who was the lowest-
performing participant based on their performance in the think-aloud study. After a certain point, there
was no distinction in what Casey was highlighting, underlining all potential attributes, entities and
relationships (see Figure 7.15). This meant they could not extract the correct information from the case
study to develop business rules. This poor use of the tactic also impacted their ability in later tasks,

where they attempted to create a conceptual model for the same case study.

Instructors: Every instructor is given an_instructor ID when they joined the institute
and along with the ID their name, address, contact number, qualifications, and status
(freelance or permanent) need to be storéd. An instructor may be assigned to teach any
number of programs, while some programs can have more than one instructor assigned
to them based on the number of trainees allocated for the program. Some insfructors,
especially freelance instructors, may not be assigned to teach any programs at a given

time.
Figure 7.15 Incorrect use of annotations.

Interestingly, Blake, one of the middle-level performed participants in the study, did not make any
annotations. However, they made a couple of errors in their solution, which could arguably have been
avoided if the tactic had been used. For example, they identified carrerAcademy as an entity which was
the system or used both the nouns Trainee and Employee as entities. These errors could have been
identified if a proper noun-verb analysis had been conducted since, in a noun-verb analysis, they were
instructed to remove the nouns that represent the entire scope of the system and to remove duplicates.
During the retrospection, Blake agreed that they could have avoided the errors if they had annotated the
constructs in the case study description. But also mentioned that they didn’t feel the need to annotate

since:

1 didn’t bother to, you know underline the things because the case study was sort of
familiar and it was easy to identify the entities and attributes the way it was given.
But as you explained, it would have been easy to figure out my issues you know
where I used trainee and employee both if I followed the approach. [Blake]
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The lack of consistent and systematic annotations hindered participant progress. In Casey’s case, they
were unable to identify the entities, attributes and relationships correctly, and the lack of a system of
annotations hindered their ability to progress through the tasks in the study and led to misunderstandings
of the problem domain. For example, while writing in business rules in Task 2, they found it difficult

to identify the relationship between Employer and Trainee from their solution in Task 1.

Employer may... no, that doesn't sound right, it should be trainee may. Hmm...
employer... I think employer only referred... hang on a minute. It’s hard to get it
from here [pointing the mouse to the solution of Task 1]. I'm going to have to read
this whole thing again. [Casey]|

Table 7.5 Annotation systems developed by the participants.

Examples from the participant’s workings Participant’s verbalisation
? = —':M ;ﬁ:s_a@;ng;s_ s fors So the square boxes will be an
= ‘l‘;umeﬁ—]_ﬁﬁh@j = entity, and then the underlined
Mk pame of the conrse and the i will be an attribute. [Sam]
A

T b

Trainees: It is necessary to store details about all the trainees who participate in the Okay. Uh, employer can refer
courses. Each course participant is identified by their(trainee ID and this is stored along many employees for a training

with their name (composed of first name and last name), date of birth, gender, address .
course, and a trainee can be

(composed of street number, suburb, city, postcode), contact number. Along with these K
only referred to a course via one

details the previously acquired qualifications of the trainees should be stored in the

database. Since most of the time these trainees are referred to the course by their employer. So that's a
employers it is also necessary to store the details of the employers including the name relationship, I'll indicate it
of the tompany, address, and contact number. Each employer can be uniquely identified using R.. [Morgan]

using the employerIDJ} An employer can refer many employees to a training course and
a trainee can be only referred to a course via one employer. However, there can be few
trainees who are not referred by an employer.

Trainejes: It is necessary to store details about all the trainees

So I guess I'll put like an asterisk
to denote some sort of a key sort
of traineelD is the key. [Eli]

who participate in _the cqurses. Each course participant is
identified by their_trainee % and this is stored along with their
name (composed of first name and last name),_date of birth,
gender, address (composed of street number, suburb, city,
postcode), _contact number. Along with these details the
previously acquired qualifications of the trainees should be
stored in the database. Since most of the time these trainees are
referred to the course by their employers it isMy to

store the details of thej{ employers including the name of the

Another tactic some participants (i.e., Jackie, Morgan and Eli) used was expressing their ideas using
doodles or symbols while interpreting the case study. The symbols they used here were the model
elements and parts of the notations taught for developing ERDs. One of the three participants used a
slightly different set of symbols, more like UML class diagram elements. Later, that participant revealed
that they had completed the object-oriented analysis and design course that covered UML in the

previous semester. This influenced their doodling style.
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Morgan, Jackie and Eli all three doodled while analysing the case study without being required from
the task or being prompted by the interviewer. Also, it’s worth noting that this was not a tactic utilised
by the instructors. Jackie further used doodling as a mechanism to summarise their actions. They

doodled while summarising each paragraph of the case study.

So just to summarize what I got, so participant, participant is an entity and the
primary key is traineelD? TraineelD is not a primary key because,if the primary key
of participant is there traineelD that will be duplicated. So, I guess participants
should have their own primary key. Like a surogate key or something. So I just give
participantID or traineelD.. Okay. traineelD is something like participantID. So
traineelD is a primary key, and then there are attributes, date of birth, gender and
address, contact number... [Jackie]

Jackie’s step-by-step doodling of their verbalisation is given in Figure 7.16. Jackie, an ESL student, in
particular, found it easier to draw ERD elements when they found it difficult to express an idea in
English. Either way, it was observed that participants tended to draw in order to visualise their thinking
when interpreting the case. However, the practice of doodling became less noticeable once the think-
aloud sessions transitioned from in-person to online mode. This shift can be attributed to the challenges
posed by the virtual setup, which may have made it more difficult for participants to engage in doodling,

unlike in a pen-and-paper environment.

Figure 7.16 Step-by-step doodling of Jackie.

The participants also tended to make assumptions when interpreting the case study. This strategy was
explained in class as a useful way of coping with missing case study information. Students were
instructed to document any assumptions made. Such assumptions need to be made carefully and
appropriately. When considering the case study, all but Blake managed to apply this tactic to arrive at

a sensible interpretation of the case study:

Uhm, each course must generate several, so that’s a one we don’t even know what
several means. So let’s go with one to many and that’s it. [Casey]
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Each program currently in progress can have many allocated classes. And each
class should belong to one program only. So a class can only belong to one program.
Each program currently in progress can have many allocated classes. So I assume
a program has to have at least one class and they can even have many classes, so
one to many. [Morgan]

However, in some cases, the participants, Jackie and Morgan, made assumptions that led to incorrect
interpretations of the case study. During the retrospective interviews, several reasons behind making
incorrect assumptions emerged. The main reason appeared to be a lack of attention to detail in the case
study that made them go beyond what was stated in the case study. Both participants stated below
admitted during the retrospective interviews that they missed the lines explaining the cardinalities in

the case study and hence, tended to assume based on their existing knowledge of the domain.

1 think there can be a trainee who doesn't have any program because they just
started. They just start working for a company or something. So a trainee may have
one program. [Jackie]

So I'm going to say, at the very least, a program must be associated with that one
course and a course. You can have multiple courses that do the same program. So
I'm going to, I'm just going to assume that it’s one-to-many, but that could be wrong.
[Morgan]

Jackie made an incorrect assumption about the cardinality between trainee and program, where they
assumed that there could be trainees without allocating to a program. But in this instance, they admitted
that it was rather due to not understanding the sentence correctly, being an ESL student. During the
retrospective interview, Jackie explained how they would use an online dictionary to either search
synonyms for the terms or translate them into the mother tongue if it’s difficult to understand. However,
in this scenario, Jackie explained they tended to translate the sentence in their mind to make sense of it,

but this could have led to the incorrect assumption.

1 think I missed it or rather I wasn't sure what it meant. Yeah, like language is the
main, like problem for me to understand. [Jackie]

Interestingly, both the participants who made incorrect assumptions were the ones who performed well
in the study. It seemed that maybe they were too confident in their ability to make decisions, which

could have led them to this issue.

Another tactic applied by the participants while interpreting the case study related to how they translated
the case study into database modelling constructs. Casey was seen using this tactic repeatedly while
interpreting the case study. However, Casey tended to translate word-by-word without attempting to
build an overall meaning of the interconnected parts. Batra and Antony (1994) explained this

observation as a ‘literal translation’, where novices literally translate the textual description of a problem
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into the constructs of an ER model without reflecting on the overall model or alternative solutions. In
the following example, Casey struggled to interpret the relationship between the entities (employer,
employee, and course) and appeared unsure about how the three entities needed to be connected, failing

to grasp the overall context.

An employer can refer many employees to a training course and a trainee can be
only referred to a course via one employer. I'm thinking that this is tongue twisting,
as only it's got like two entities in there which is course and employers. What about
employee? So that's kinda like catching me off guard. [Casey]

In contrast to Casey, Jackie tended to translate sentence by sentence. After reading each sentence, Jackie
processed and analysed the information to transform it into constructs before moving to the next
sentence in the case study. Each time Jackie identified the constructs, they questioned how that related
to the overall case study. For example, the following extract indicates how Jackie questions the
relationship of the Course entity to the overall case study when analysing the trainee section of the case

study, where the course was only mentioned as a part of a sentence.

Also now I'm thinking whether a training course can be an entity. But there is no
information related to it. Yeah. So I'm not sure, if a training course can be an entity
or not or how it fits to the case study. [Jackie]

Casey and Jackie both used different approaches in translating the natural language case study into

database modelling constructs®.

Despite their level of performance, three participants showed a lack of attention to detail when trying
to interpret the case study. In some cases, participants ignored the requirements when not understanding
the related text and, rather than trying to understand the information, skipped over it, deeming it not
important. Casey opted to ignore requirements, deeming the information unimportant, as exemplified

by their utterance:

¢ As an aside, an interesting interpretation of these observations can be made using the SOLO taxonomy
(Biggs & Collis, 1982). Casey could only deal with one element of the problem at a time interestingly,
this maps to the SOLO taxonomy’s unistructural level while Jackie was working at SOLO’s relational
level. The ability to abstract and holistically relate information is clearly important to understanding the
case study.
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Then however, there can be few trainees who are not referred by an employer. Well,
they don't need to worry about that. Okay I think I'm done. [Casey]

Blake questioned whether Employee and Trainee were the same entity but decided not to explore this

further, skipping over the necessary intentional analysis phase of noun-verb analysis, stating:

Are employees the same entity as trainees not sure, Yeah. Ah never mind. |Blake]

Through the retrospective interviews, it emerged that Casey, Blake and Morgan simply missed entire
sentences in the case study, leading to incorrect interpretations. This suggests a lack of attention was
given to the case study. Moreover, this might have been overcome if they had adopted a systematic
process or tactic to verify their understanding of the case study. Only Jackie and Sam verified their work
before moving from one section to the next in the case study description. These participants, who cross-

checked their solutions, completed the tasks with the fewest number of errors.

It appears that information overload played a role in the poor performance of Casey, who struggled on
multiple occasions when trying to understand and interpret the case study. From the researcher’s
observations and the retrospective interview, the cognitive load for this participant was likely due to
inconsistent tactics and fragile knowledge. Casey struggled while going back and forth between Tasks
1 and 2. Task 2 was dependent on the knowledge built during Task 1. Because Casey failed to annotate
the case study in a meaningful and systematic manner, any insights gained were not recorded, leading
to confusion when they needed to refer back to them. For example, Casey struggled with figuring out
what a session was when developing the conceptual model in Task 2. However, it was established that
session was a noun that was not either an entity or an attribute during Task 1. However, Casey’s
inconsistent approach to presenting information led them to read through the case study again instead
of referring to the knowledge gained from Task 1, which probably could have led to possible

information overload as Casey couldn’t figure out what the term session was for a long time.

That’s different sessions what's different sessions. Where does that come from?
[Casey]

The other main reason for information overloading was their fragile knowledge, and as they progressed
through the modelling tasks, it overwhelmed the participants with too much information and concepts
they could not comprehend. However, this was a rare occurrence, particularly when the participant

performed poorly during the study.

It's all so overwhelming, you know, just trying to, you know, get your head around
all that. [Casey]
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7.8.2 Problem presentation

Undoubtedly, interpreting the case study is the most important step in designing a database, as it lays
the foundation for any future modelling efforts. This theme presents how the participants understood
the problem presentation while working on the case study text. The main difficulty participants
encountered related to problem presentation was the struggle to understand the narration. It was evident
that Casey, Jackie and Sam had some difficulties with how the sentences were structured, particularly
when they were too long or connected using conjunctions. Interestingly, both Casey and Sam, whose

first language was English, had difficulty understanding the problem presentation.

...every instructor is given an instructor ID when they joined the Institute and along
with the ID, their name, what? Along with the ID, their name ... that makes no sense.
[Casey]

So an instructor can teach or can be assigned, or may be assigned to one or more
program. And some programs can have more than one instructor assigned to them.
What I'm thinking now is like, if there's a program there should be corresponding
instructor, but if there is a instructor, he or she may not be assigned to any program
because an instructor maybe assigned to teach any number of programs. Uh, it is
hard to understand this sentence. [Jackie]

Um, because there's so many sentences that describes, uh, one relationship it's hard
to like combine it and then find out like their participation then, um, identify
cardinalities. | Sam]

However, both Eli and Blake mentioned being able to see a pattern in how the case study was presented,
which made it easier for them to understand the narrative. During the retrospective interview, Eli
specifically mentioned this and explained how they noticed the way the information was presented in

the case study, which helped them to understand the flow of the case study clearly:

Trainee, after that, would be the related attributes. And that's also because of the
syntax and how the stuffis laid out. Because it's actually laid out in a very particular
way that makes it relatively easy to identify these things, I think. [Eli]

Eli also commented on the case study presentation, stating, “This case study is already being processed

somewhat so that it has information laid out in a particular way very useful for the learning process”.

As already mentioned, Jackie, an ESL student, sometimes struggled to understand the problem

presentation due to their level of English proficiency.

Okay. Uh, because like my mother tongue is not English I'm kind of
struggling to understand like what this sentence means. [Jackie]
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Also, it was evident during the retrospective interview that Jackie tended to translate the English
sentences into their mother tongue to understand them better, and this two-stage translation process

could have made it difficult to comprehend how the problem was presented.

Jackie: I think I misinterpret about like given time duration.

Interviewer: Okay. So it's related to that particular term, given there “at a given
time duration”?

Jackie: I think I mistranslate it.

7.8.3 Understanding the problem domain

Sometimes, participants had difficulty understanding the problem domain even though the case study
was intentionally developed to avoid this additional complication, and some attempted to apply their
real-world knowledge to make decisions when translating the case study into a conceptual model. While
applying real-world knowledge can be an effective tactic for decision-making, if not used correctly, it
can lead novices to incorrect solutions ( Batra & Wishart, 2004). Morgan, Eli and Sam all applied their

existing real-world knowledge to clarify the case study.

I'm currently thinking about, um, say programming one, there was comp500 and
then ENC the engineering one. So I'm thinking of examples where you could have a
programme. [Morgan]

Also each program currently in progress can have many allocated classes and each
class should belong to one program only. Okay. So I think the programs refer to
streams, and then classes refereed to the actual sort of like subjects. [Eli]

Some even used existing knowledge to make assumptions when interpreting the case study, as stated

below:

So in this thing a programme may have no trainees, it's an assumption like in the
domain or in real life some programmes may not have people so it's an optional
participation, programme. [Sam]

However, not everyone managed to apply this strategy effectively. As an example, while Morgan was
attempting to design the relationship between the Course and the Program entities, it was evident that

they wanted to rely on their existing knowledge of a similar scenario.

Yeah, I was. I was thinking it kind of like a like a paper right? So you have a paper
and you have multiple courses doing the same paper. So I think that's where I got
that from, but it could be wrong in this context at least. [Morgan]

At least in this particular instance, it seems the participant gravitated towards familiar domain
knowledge rather than the information provided in the case study. Morgan even commented on the same

but did not change their decision. Another participant made a similar error to Morgan and explained
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how relating the scenario to real-life knowledge made them extract incorrect information from the case

study.

This is I couldn't... How can I say that? Extract the information correctly. I mean,
it is not about like misinterpreting or miss translating. This is what I couldn't
understand and I thought of a real life situation and there maybe trainee who doesn't
have any programme, but this possibly, like this made me not picking the
information. Okay. Yeah. [Jackie]

There was another instance where a participant struggled with not having enough exposure to the
domain despite it being supposed to be familiar. The following example came up during the
retrospection interview with Jackie on how they justified designing Qualification as an entity instead

of an attribute.

1 tend to think about entities like programming wise and qualification name can be
changed later on and if it happens, like, I mean, how can I say that many records
should be fixed if participant has qualification name as it's attribute. [Jackie]

In this scenario, Jackie thinks a qualification can be changed, and if it happens, many records would
have to be updated if the participant has a qualification name as an attribute. While this seems
reasonable, it is unlikely to be the case as even if the qualification name changes, all people prior to the
change would have the original qualification (e.g., if BCIS changes to BSc in 2022, then prior to 2022,
people still hold a BCIS). This highlights the importance of domain in the database modelling process.

7.8.4 Verification of design decisions

Verification or checking of design decisions was not explicitly taught as a process to the participants.

However, it was a tactic the more successful participants were observed using.

Sam and Jackie demonstrated a tendency to summarise what they had just done when thinking aloud.
Based on the interviewer’s observation, it appeared to be an artefact of both the think-aloud process and
the way the case study was presented in sections. Sam tended to summarise their findings at the end of
each case study section by reading the relevant section of the case study to cross-check their answers,

while Jackie summarised by doodling and coming up with a sketch.

OK so lets just summarise what I've got. So there is instructor entity and ID is the
primary key and name, address, qualification and status are attributes. Okay
Program is another entity. [Sam]

Another interesting answer verification tactic observed was when Jackie crosschecked their conceptual
understanding of the problem by using instances of data occurrences to verify the cardinality between

two entities. As indicated in Figure 7.17, Jackie was attempting a visual representation of data instances
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to validate the relationships and cardinalities identified during the conceptual design phase. By
sketching the physical database design, Jackie visually depicts the tables, their attributes and the
relationships between them to create a concrete representation of how these constructs will be organised

in the actual database implementation.

Usually when I think about relationship , between two entities or two tables, 1
imagine like extra records registered in those tables and just try to imagine how
each records relate to each other. So in program, table and in trainee table there
should be one program like program one ,program one can have three trainees ,
trainee one, trainee two, trainee three, but it is also possible that trainee one can be
in charge of not only program one, but also like program three. [Jackie]

Figure 7.17 Jackie’s attempt to verify the conceptual design by sketching the database structure.
7.8.5 Fragile knowledge

Throughout the study, all the participants struggled with fragile or incomplete knowledge despite their
differing degrees of success in both the final course outcomes and this study. This fragility was
particularly evident in three main areas: terminology, conceptual, and syntactic knowledge. The
terminology refers to the specific vocabulary and terms describing the elements and processes in the
subject area that ensure effective communication. Conceptual knowledge refers to a deeper
understanding of the fundamental concepts and principles within a subject. Syntactic knowledge often
refers to understanding the rules and structures that govern the syntax or grammar of a language or

domain.
Terminology

Fragile knowledge of terminology can be defined as where students struggle with understanding and

correctly using the specific terminology associated with database modelling. Sometimes, they had a
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limited vocabulary or encountered unfamiliar terms, which hindered their comprehension. This lack of
familiarity with key terms can make it challenging for students to communicate effectively and grasp

the underlying concepts.

Novice database modellers involved in our sessions struggled with the specific terminology used in the
database modelling domain. In some situations, these challenging terms seem to be a cause of their
fragile knowledge. As an example, some had difficulties with the terminology used in database
modelling, in some cases confusing similar terms like composite attribute and composite primary key.
All six participants had trouble recalling the exact terminology at least once, even if they managed to

explain the underlying concept to a certain level.

Is it a composite attribute or a composite primary key? It’s so similar and some of
the terminology and stuff gets lost in translation. [Eli]

1 am not sure what it's called. What I'm trying to do is, where you write the columns
and then you do the arrows. [Casey]

Particularly, Casey, who had a relatively weak performance, was overwhelmed by hearing many new

terms at the same time.

Casey: And the logical the conceptual. My gosh it's just trying...

Interviewer: I think, is it the terms?

Casey: Yeah, I think it's all about the name trying to distinguish, you know, like it's
the meaning behind the terms. It’s confusing.

The following is an example where a participant struggled to communicate effectively due to the
confusion of terminologies. Eli initially mentioned that qualification was a composite attribute, but with
the interviewer’s prompt, they immediately realised they had used an incorrect term and went on to

explain that it was a multivalued attribute and how to resolve it correctly.

Uh, I think also trainees previous qualification could be composite as well, and same
with an instructor composite course qualification because... [Eli]

Conceptual knowledge

Fragile conceptual knowledge refers to a weak understanding of the fundamental principles and
concepts in database modelling. The difficulty of comprehending the core concepts or theories can lead
to misconceptions or shallow understanding that could affect a student’s ability to apply knowledge in

a given context to make informed design decisions and efficient database modelling.

Almost all the participants encountered difficulties with basic database modelling concepts. Sometimes,

they could not simply recall what had been taught in class despite attending.
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To identify a foreign key. Uh, I think it is in the lecture. I just didn't remember. I just
thought the foreign key becomes the primary key from the parent. |Blake]

1 don't think yeah no. No matter how long I sit here thinking about it I don't think
I'm not going to pull it out of thin air really. [Morgan]|

In the retrospective interview with Morgan, it was clear that they couldn’t recall the mapping rules
taught in the class to transform a conceptual model into a logical one apart from the one related to many-
to-many relationships. Upon further discussion, it was revealed that Morgan’s incomplete knowledge
in this area may have been due to a lack of practice with similar exercises that required the application
of all the mapping rules. Interestingly, this same issue was observed in the responses from the other
three participants from Morgan’s level 5 cohort. They could only recall the mapping rule related to the
many-to-many relationships, which led to incomplete solutions, as illustrated in Blake’s solution given
in Figure 7.18. Blake, also studying the level 5 course, had an incorrect solution due to the unresolved
multivalued attribute —qualifications and composite attribute —address as highlighted with a red box in

Figure 7.18.
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Figure 7.18 Incorrect solution due to fragile knowledge. The errors are marked in red colour.

Several other participants were confused when trying to differentiate between different concepts and
terminology they had learnt. Some participants provided incorrect explanations for determining certain
concepts, and others used incorrect terminology while explaining a concept. From the retrospective
interviews, it was evident that many participants struggled with the abstract nature of some concepts.
The following extracts portray the difficulties participants had due to fragile knowledge, particularly

related to composite and multi-valued attributes:
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If there's multivalued attributes such as address, which we even have like city, street,
and country in one column in one cell, I personally think. [Jackie]

This extract demonstrates that Jackie incorrectly used the term multivalued attribute to refer to the
attribute address, which was a composite attribute consisting of multiple components (i.c., street, city
and country). Upon the interviewer’s query, Jackie indicated: “I mix up like multivalued attribute and

>

composite.’

1 get a feeling that there should be a composite attribute for course level because it
talks about in brackets different levels like introduction level, diploma level. | Casey]

In this extract, Casey incorrectly associates course level as a composite attribute. They mistakenly
believe that a composite attribute should represent the different levels within a course, such as the
introduction and diploma levels. This indicates a fragile understanding of composite attributes and their
usage correctly. It is important to note that Casey does not realise that composite attributes represent a
simple attribute composed of multiple components rather than different levels within a course. The
confusion demonstrated by Casey suggests a need for further clarification to understand the concept of

composite attributes.

One of the participants, Casey, who didn't perform well, struggled throughout the sessions with their
fragile knowledge. But, their struggles were most evident during the normalisation problem (discussed
in section 6.3.5) when Casey attempted to transform the developed conceptual model into a logical
model. From the beginning of the task, Casey showed incomplete knowledge of the concepts needed to

complete the task, as evidenced by the below extract, where Casey was confused about the task itself.

That's right, so in order to transform them into a logical design, I have to start off
with those primary keys and then break them down, like think [ can
remember.[Casey]

As the session progressed, it was evident how fragile their knowledge was, and it seemed the cognitive
load placed upon their short-term memory did not allow Casey to grasp the concepts properly. The
following is an extract where Casey was explaining how to resolve one-to-many relationships but

instead discussed the mapping rule for many-to-many relationships.

Casey: OK, so that is going to be, I'm going to get the primary key from these two
and create a new relation.

Interviewer: OK. Before you do that, look at what the relationship is. Is it one-to-
many or many-to-many?

Despite the interviewer’s intervention, Casey kept on repeating the same mistake “One to many, where

we have to create the new relation and get the two primary keys and put it in there.”

193



Misconceptions related to database modelling were a rare occurrence among the participants. However,
it was mainly observed when they attempted to transform the conceptual model into a logical one, where
several participants believed that transformation only required changing the many-to-many
relationships. Some considered that the associative entity used to resolve the many-to-many relationship

in this transformation is only required since it connects the entities as a bridge.

Going from conceptual to logical, it's just changing the many to many relationships.
[Blake]

It's only job is to connect entities, so it's simply references entities. [Morgan]

Jackie seemed to think it was unimportant when the interviewer questioned them about not applying
the developed business rules in creating the conceptual model. Specifically, Jackie and Casey seemed
to consider this step as only a component of the question rather than incorporating it into their own

process.

I mean, well, I personally take business rules lightly or not regard or treat
business rules important, I mean as important as the case study. [Jackie]

However, Jackie, one of the best-performing participants during the think-aloud sessions, did not
experience significant difficulties by not considering the business rules to develop their conceptual
model. On the other hand, Casey faced challenges in associating business rules with the conceptual
model. Casey struggled to recall the knowledge developed during Task 2, where they were required to
identify and document the business rules based on the given case study. Instead of relying on their
acquired knowledge, Casey often had to refer back to the case study for guidance. Casey's difficulties
indicate a fragility in their knowledge regarding the application of business rules in the context of

conceptual modelling.
Syntactic knowledge

In the context of database modelling, syntactic knowledge involves understanding the correct symbols
or elements of models. This includes proper placement of the symbols and adhering to specific rules for
constructing the database models. For example, a dashed line should be used to differentiate strong
relationships from weak ones in developing a logical ERD. Further, in database modelling, syntax can
also be referred to as the grammar taught to express the business rules. This syntax governs the specific

structure and format that should be followed when expressing the business rules using natural language.

The participants occasionally had trouble with the syntax needed for database modelling. In contrast to
the participants who used the modelling tool, the visual paradigm, the participants’ fragile knowledge

of syntax was more apparent when they used pen and paper. This might be because when the

194



participants use the tool, they have an advantage since they can work around it to recognise the notations
even if they can not remember them. Also, the tool does some of them automatically, for example, when

creating a 1:M relationship, it applies the mapping by creating a foreign key in the parent entity.

And I think looking at it every time a course is running it generates several
programs. So I think that’s one to many. But ['m not sure about the symbols. [Blake]

Program must have one course. So let's say that just one dash or two dashes. I can't
remember. Are you allowed to tell me? [Eli]

However, all the participants who used the tool struggled with using and handling it at certain times,

which could have also contributed to their cognitive load.

During the think-alouds, it was observed that some participants faced difficulties in recalling or
effectively using the taught grammar to express the business rules in database modelling (i.e., correctly
defining participation and cardinality constraints using a relationship verb phrase syntax in formulating
the business rules). These struggles indicate challenges with syntactic knowledge and its application in

practice.
1 forget when to use may and when to use must. Can you explain it? | Blake]

Trainees may not be referred by employer [business rule written by Casey]. Well,
how do I do this one? It seems something is missing. But [ can’t remember what...
[Casey]

7.8.6 Problem recall

Developing a well-structured database model requires the students to transfer knowledge effectively
from one phase to another, from interpreting the specification, developing business rules, and creating
the conceptual model to transforming it into a logical model. This theme discusses how the participants
handled this process and the difficulties they faced while recalling the progress made on the modelling
problem in a previous think-aloud session. Morgan, Eli and Sam often tended to refer to the solutions
they had developed in the previous session and attempt to build on that knowledge to progress on the

current task at hand:
So I'm just going to use what I did in previous session in here. [Morgan|
So this is where I look at the business rules. [Eli]
And then in my old notes of, from the previous, um, exercise. I had a small sort of

diagram going on which I'm going to use. [Sam]
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I'm just basically taking what I've gotten already down well at least the basic
entities, attributes from the session two into visual paradigm here. [Eli]

However, Casey mentioned an inability to refer back to their previous solution and transfer that
knowledge effectively. One of the main causes of their inability to refer to their own solution was the
ad-hoc manner in which they approached the previous task. For example, Casey had no clear system

for annotating their noun-verb analysis and mentioned:

OK qualification. Why do I have qualification there and the employer underneath?
[Casey]

Then later, Casey attempted to refer back to their answer to Task 2:

The one from the second session that we had, because if I look at, you know this one.
Where I'm scrolling through, If I look through that one, it's too messy. [Casey]

Other participants, at least once, did not refer back to the findings of their previous session. This led to
incorrect solutions on the task at hand despite their answer to the precursor task being correct. For
example, both Jackie and Casey had instances where they had difficulties in developing the conceptual
model (Task 3) even though the required information was already identified in their previous solutions
to Tasks 1 and 2, but they did not seem the need to refer back. For example, in this extract, Jackie was
uncertain about whether the qualification is an attribute to the Trainee entity even though in Task 1,

they decided that it was an attribute and could even be a multi-valued one.

Qualification of the trainee, um, should be an attribute of trainee or not? Because |
don't know the relationship between trainee and the qualification. Should I check in
the previous answer ah... never mind. [Jackie]

7.8.7 Tools

The way participants utilised the modelling tool was observed due to the change from in-person sessions
where the participants used pen and paper to online sessions. Only three participants: Morgan, Casey
and Eli, used the tool during the sessions, and all of them faced issues. The main reason appeared to be
their lack of practice in handling it despite it being the course’s prescribed tool which was used in

tutorials and assessments.

Most problems arose when trying to add relationships correctly and adding the cardinality on the wrong
side of the relationship and/or not knowing how to edit a relationship and/or cardinalities that had

already been added:

So it says each employer, no, the crow is not where I want it to be. I want the each.
I want that each thing. How do you change that? [Casey]
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I can’t exactly remember which way this goes, the relationship. Isn’t there a zero to
one relationship in visual paradigm? [Morgan]

When resolving a many-to-many relationship in the logical model, Casey added a new row in the
bridging entity to add the composite primary key. Casey was not aware that once the relationships are
added, the tool would create the primary key accordingly, “Okay, so I've got there uh instructor and
program. So many-to-many create a new relation with the primary keys ...perfect. I'm going to insert a

column here. Yep.”.

Despite some initial struggles, Morgan and Eli handled the tool efficiently. For example, they inserted
the primary keys as soon as the entities were created. As a result, when the entities were linked together
via a relationship, the foreign keys were generated correctly. Also, all three of them considered how the
model would look once designed. Initially, it appeared that the participants were concerned about the
readability of the model. However, it became clear through additional discussion and observation that
the consideration of model layout was caused by the lack of knowledge or unfamiliarity with the tool.
Given how user-friendly the visual paradigm tool is, it stands to reason that if they had used it properly,

the following doubts might not have surfaced:
Oh, 1 think this is going to look messy now. So let's just move it around. [Casey]

Is there enough space for my links? Maybe I need to move it down so the links can
reach. [Casey]

7.9 Discussion

The following sections, 7.9.1 and 7.9.2, are used to connect the identified findings of the thematic
analysis to the existing literature in database modelling or CSER in general. The discussion is mainly
divided into two sections: common tactics identified by the participants and the difficulties and

challenges they faced.
7.9.1 Common tactics applied by the participants

The participants applied different tactics when attempting the tasks, and these tactics were split between
taught processes and the ones they developed by themselves. As expected, most of these tactics were
applied to interpret the case study as it laid the foundation for the model being developed. Annotating
the case study is a taught process on par with the taught noun-verb analysis. This is a tactic designed to
guide learners in systematically analysing and understanding the requirements in a provided problem
description to identify the modelling elements. However, it was noted that some participants struggled

with this taught process due to their unsystematic use. This suggests that while the participants were
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aware of the instructed tactics, they may have found it difficult to apply them consistently. While there
has been literature discussing the difficulties faced by novice database modellers, to the best of the
researcher’s knowledge, there was none that discussed the use of noun-verb analysis or annotating as a
tactic used by novice modellers. However, several database-related textbooks introduce noun-verb
analysis as a tactic or a process used in analysing the requirements, including Hoffer et al.'s (2016)

textbook used in the courses in which the participants were enrolled.

Making relevant assumptions was another taught technique to the novices to interpret a case study
precisely. However, we observed that some participants made wrong assumptions that led to issues in
the model, which led to incorrect, missing, or redundant modelling constructs. This observation maps
with the findings reported by Hussain (2016). Hussain, in their analysis, identified frequent ER
modelling errors made by students. Then, they had gone in to identify the causes of these errors using
Ishikawa’s fishbone diagram (Ishikawa, 1976), where they concluded that making a wrong assumption
or missing necessary assumptions were one of the main reason for the majority of errors made by the
students which led them to have incorrect models. Further, they have categorised these two reasons as
having a ‘severe’ impact on student generated models since such assumptions can lead to major changes

in the relational model.

The participants in the study demonstrated a tendency to rely on their existing knowledge and real-
world experience during the case study analysis. While this tactic could be advantageous if applied
properly and in a relevant manner to gain valuable insights and help participants make informed
decisions, it was observed that some participants struggled to utilise their real-world experience
effectively. In some instances, participants made decisions based on their experience or what they knew
rather than focusing on the information provided in the case study, which led to incomplete or inaccurate
database models. In a study conducted by Batra and Wishart (2004) with novice database designers,
they found instances where the designers misinterpreted the problem and deviated from the expected
design, which was similar to the above-explained observation from this study. Further, they stated: “that
perceptions, memories, thoughts, and actions have a tendency to err in the direction of the familiar and

expected.” (P. 401).

Doodling was a tactic adopted by several participants, mainly during the in-person sessions, while using
pen and paper to attempt the tasks. Even though doodling is not a tactic that emerged in the literature
associated with learning database modelling, ample researchers have discussed doodling in novice
programming (Clear et al., 2009; Khomokhoana, 2022; Lister et al., 2007). Doodling in programming
can be seen as a form of visualising the thought process to explore and experiment with ideas and
potential solutions. Unlike tracing, doodling may not be a completed or formalised process that often

stops after going through a couple of iterations once a decision is made on the coding solution.

198



Among the novice database modellers of this study, it was observed they used doodling as a spontaneous
tactic. While not explicitly prompted to do so, they used the taught notations as a means to visually
check their understanding of the identified design elements rather than relying on written explanations.
In this doctoral study, the doodling done by participants as a technique to note visually key aspects of
the case study often produced partial diagrams. These participants performed better on the tasks. These
doodles can be considered to be a form of visualisation. Such visualisations are believed to lower the
cognitive load by reducing extraneous cognitive processing, leading to better comprehension
(Schwamborn et al., 2011). Indeed, Katz (2018) showed that visualisation designed to support the
conception of database modelling schema resulted in learners making fewer errors and producing higher
quality solutions than the control group, who were not supported with visualisations. They hypothesised

that the visualisations reduced the cognitive load imposed by such tasks.

In this study, only three participants who were among the higher-performing students attempted
doodling as a part of their problem-solving process. This observation suggests that the use of doodling
could be a more personal preference or an individual learning style rather than a commonly adopted
tactic among novice database modellers. However, the fact that higher-performing participants were
more inclined to use doodling could indicate that they saw the benefits of visualising their thinking
process as a way to reduce the complexity of the problem. On the contrary, it’s worth noting that among
the other three participants who didn’t use doodling, there was only one who struggled and performed
weakly, whereas the other two performed moderately well, which could suggest they may have

employed other cognitive tactics or preferred different modes of thinking.

Some participants were observed using the tactic of literal translation of the case study in identifying
the modelling elements. Using literal translation is often described as an error-prone strategy utilised
by novices to reduce the cognitive strain of working on database modelling tasks (Batra & Antony,
1994). In Batra’s study, they found that novices tend to translate the domain semantics literally into
database structures, causing literal translation errors. This same issue was observed among this study’s

lowest-performing participants, who tended to translate the domain semantics erroneously.

Researchers have suggested that literal translation errors among novices are due to novices struggling
to relate the different parts of a problem, and as a result, novices tend to opt for a literal translation,
where they attempt to directly match the problem’s elements with their solution without fully
understanding the underlying concepts. Further, they explained how experts approach the problem from
a top-down perspective, utilising their experience to develop a holistic view of the problem domain
(Dinesh Batra & Davis, 1992; Venable, 1996). However, in a recent study, Rosenthal et al. (2022)
claimed that in their study, which was conducted with a range of modellers from novices to experts, the

majority of modellers read and annotated the entire modelling task before starting to model, suggesting
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that they all used a literal word by word translation. As they observed, none of the medium-experienced
and expert modellers in their study adopted a modelling style indicating a more holistic processing of
the case description. It should be noted that in Rosenthal’s study, all the expert participants were
postgraduate students and not industry professionals. Thus, their experts could be considered to be
closer to novice students than an expert who is an industry professional who has been working in the
area for several years. Thus Rosenthal’s results of not seeing an holistic approach to analysing the
problem description among the expert modellers is problematic. In Batra’s study four of the five experts
studied were working professionals. Batra’s position is that experts start analysing a problem
description using a top-down approach rather than a bottom-up literal translation. Thus it may be
reasonable to assume if our participants analyse the problem description top-down that, they are closer
to an approach adopted by an expert. However, no further studies on the nature of expertise was

available and it remains unclear what a more expert approach to a database design is.

Only two of the participants even attempted to verify their solutions, and a failure to crosscheck or
verify answers to tasks meant errors were propagated onto subsequent tasks. Similar issues were noted
by Venable (1996). In his work, he also noted the ability to judge the quality of models adequately was
a key challenge for novices. He elaborates on this further, explaining that novices fail to apply even
basic quality control heuristics, such as examining the data model for completeness. In contrast to
Venable’s findings, two participants in this study did attempt to crosscheck their answers before
proceeding to the next task by summarising their findings before moving forward. This activity helped
confirm their current understanding of their partially developed model. One participant, one of the best
performing in the study, used a crosschecking in which they visualised the data instances to validate the

design decisions they made related to the relationships and cardinalities.
7.9.2 Difficulties and challenges faced by the participants

The difficulties and challenges faced by the participants of this study map to those reported by other
researchers (Batra, 2007; Hussain, 2016; Katz & Shmallo, 2015; Sedrakyan et al., 2014; Venable,
1996). Regardless of their performance in the sessions, the study participants exhibited fragile and/or
incomplete knowledge. The majority of issues arose as a result of fragile knowledge of database
modelling concepts and terms. There was also evidence of a lack of knowledge of model
elements/syntax (Rosenthal & Strecker, 2019). The cases analysed in this study support the conjecture
made by Hussain (2016) that the students mainly make errors due to insufficient knowledge of either
ER concepts or problem domains and not being able to apply the knowledge correctly despite having
the required knowledge. As discussed in section 6.3.1, the case study was deliberately chosen to be in
a familiar domain for the participants. The intention behind this decision was to minimise the potential

issues arising from the problem context or domain, allowing the researcher to explore how the novices
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learnt without the added complexity of working in an unfamiliar domain. Hence, only very few
participants struggled with the lack of context or domain knowledge related to the provided case study.
There was some instances where participants struggled with the domain where they made invalid

assumptions which led to incorrect solutions.

Another main struggle faced by these novices was the lack of proficiency in the language, which led to
struggles in understanding the narration. Interestingly, in this study, even the participants whose first
language was English struggled in certain scenarios. They struggled mainly with the longer sentences
and conjunctions used in the sentences in the provided case study, which appeared to add a certain level
of cognitive strain on the participants and the challenging terminologies. However, it appears that
understanding the case study was particularly problematic for the ESL participant. These observations
somewhat agree with the recent work of Mason and Seton (2021) identified during the literature review.
As per Mason and Seton, the difficulty faced by NESB students has been linked to learning materials,
assessments, and presentations. The argument is that the way such materials are typically presented
increases the load on the working memory of NESB students. Mason and Seton give a set of guidelines
for presenting assessments that address aspects of cognitive load and show through an empirical
evaluation that this type of treatment levels the playing field and benefits all students. However, the

authors admit that further investigation is needed to confirm these findings.

Another main issue identified was not having a proper verification process to validate their design
decisions. There were instances where the participants started a task from scratch rather than
transferring the acquired knowledge to the new task. This was a common problem identified particularly
among the mid to lower-performing participants, who probably did not recognise the relation between
the tasks. This lack of transfer appeared to occur due to inconsistencies they made while following the
taught processes when completing the tasks. For example, one participant struggled to develop the
conceptual model since their interpretation of the case study was not consistently done. This affected
them like a ‘domino effect’ as all these sessions were interconnected. However, none of the past
literature discusses this factor as a challenge for novice database modellers, and this could most
probably be due to having conducted the studies on single tasks. But at least in this study, it was
implicated that referring to their own solutions to transfer the knowledge was a difficulty faced by

novices, particularly when their attempt at problem-solving was not systematic.

Another difficulty observed among the weaker-performing participants was information overload.
Wurman (1989) define information overload as the excessive amount of information an individual
might come across, which can cause stress and anxiety. Batra (2005) explained the potential causes
(i.e., disorder, novelty, inconsistency, noise, and undifferentiated features) of information overload

introduced by Reeves (1996) in relation to database modelling. Some of the observations made with the
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participants who struggled with information overloading were in line with the explanations of Batra.
For example, a participant struggled with information overload in Task 4 when developing the logical
model. Batra defined this as a ‘disorder’ cause and stated, "attribute-based models like the relational
data model can create information overload and lead to low designer performance”. Novelty didn’t
appear to be an issue at least in this study, since the case study was laid out and presented in a particular
manner. However, some indicated they were overwhelmed with all the concepts learnt for the first
time. Batra defines the difference between real-world semantics and their data model representations
can create representation inconsistency for the students, even though this was not observed among the
participants in this study. However, some participants struggled with similar relations having different
representations in the relational schema, like the fact that many-to-many relationships require a separate

relation while one-to-many relationship does not.

Table 7.6 provides a mapping of the identified difficulties and challenges to the existing literature. The
findings identified in this analysis, particularly on fragile knowledge, are well supported in the previous
literature. However, certain challenges, such as potential information overload and language-related
difficulties encountered during case study analysis, have not received comparable attention within the
published literature. Interestingly, an area not discussed in the published literature was the issues around
knowledge transfer when designing databases. To the best of the researcher’s knowledge, there was
only one publication that touched on this by Zyl & Mentz (2022), which was an extended abstract and

hence was not included in the synthesis table.

The observations and analysis made in this study also provide evidence supporting the conjecture of
other researchers that the challenges faced by the participants are largely caused by the higher cognitive
load imposed by the tasks (Batra, 2005, 2007; Katz, 2018a; Mason et al., 2016; Mason & Seton, 2021).
This observation will be discussed with the application of CLT in detail in Chapter 9
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Table 7.6 Identified difficulties and challenges mapped to the existing literature.

Identified (Batra, (Sedrakyan (Hussain, (Katz& (Venable, (Mason (Rosenthal
difficulties/challenges 2005, et al.,, 2014) 2017) Shmallo, 1996) & Seton, &
2007) 2015) 2021, Strecker,
2020) 2019)

Fragile knowledge

e Terminology

e  Conceptual v
knowledge

e Syntactic
knowledge

Invalid or missing v v

assumptions

Lack of domain- 4

specific or real-world

knowledge

Information overload v

Language issues v

Lack of a process to v v

verify design

decisions

Lack of transfer

v

7.10 Summary

This chapter focused on analysing think-aloud data as a group to identify the difficulties and challenges
novice database modellers faced while attempting the tasks. The data was analysed using a reflexive
thematic analysis to identify the common patterns. The next chapter discusses the analysis of the same
think-aloud data from a different perspective, where a group of three participants’ data were analysed

individually in a narrative style to understand their learning progressions.
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Chapter 8 Think-aloud: Narrative Analysis

8.1 Introduction

This chapter presents the second stage of analysis of the think-aloud data. The difficulties faced by the
students and the common approaches to database modelling detailed in Chapter 7 are further explored

here to understand the individual learning of the participants.

Learning trajectories have been extensively used in mathematics education to inform the development
of curricula and interpret the research findings on the teaching and learning of mathematics (Simon,
1995). In the literature, learning trajectories have been defined and interpreted in several ways. As per
Lobato and Walters (2017), some researchers have distinguished between teacher-conjectured possible
progression and researcher-documented progression of actual learners. Further, Lobato and Walters
(2017) mentioned that learning trajectories focus on the emergence and development of student thinking
and understanding over time, while learning progressions establish predetermined benchmarks for
students’ learning at different stages due to the researcher’s rational analysis according to existing
literature. In their work, Lobato and Walters (2017) used the idea of learning trajectory and progression
interchangeably and introduced the term LT/P, which captures different objects of learning where its
elements could be cognitive conceptions, forms of discourse, observable strategies and textbook tasks.
Similar to Lobato and Walters (2017), the researcher opted to use the term LT/Ps in this context, where
LT/Ps is discussed in the scale of the learning of individuals across a single problem presented in tasks
where the progress is researcher documented to identify the benchmarks of students’ learning of each

phase while solving the problem.

Lobato and Walters (2017) have presented a taxonomy of seven approaches: cognitive levels; level of
discourse; schemes and operations; hypothetical learning trajectories; collective mathematical
practices; disciplinary logic and curricular coherence; and observable strategies and learning
performances. These LT/Ps are based on the work of researchers who claimed their work is related to
learning trajectory or progression in mathematics education. Based on their approaches, the work of
this study resonates more with the approach named “schemes and operations”. This approach is focused
on modelling students’ initial schemes and mental operations and the modifications of these schemes
over time. The the main objective of this approach is to gain a detailed and in-depth understanding of
how an individual’s understanding of mathematical concepts develops over time. It's important to note

that this approach is rooted in Piaget's theory of cognitive development (Piaget, 2003).

Despite not being used extensively in CS education, unlike in mathematics education, learning

trajectories have garnered the attention of computing education researchers in understanding novice
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programmers’ behaviours and learning progression, which is discussed in detail in section 8.3.1. Hence,
the LT/Ps were developed in this study to understand the progression of learning among novice database
modellers, primarily by understanding the participants’ thinking processes on developing a database
model at various levels of learning activities they are engaged in. Further, the LT/Ps were used as a
model to identify the impact of learning interventions provided to the novices. Additionally, the
researcher used the LT/Ps to identify any barriers or challenges that novice learners faced during their
progression that could have hindered their learning. As stated in the original approach by Lobato and
Walters (2017), ideally, the research should be carried out over a long period of time to understand how
the students’ schemes developed over time. A major limitation of this work is that this study was
constrained by only one introductory database course in the degree program. Hence, a longer view of
progression was not possible beyond the semester of the study. According to Lobato and Walters (2017),
a trade-off in their approach was the limited attention given to the teacher’s pedagogical actions.
However, in this study, efforts were made to address this limitation and include the pedagogical actions

used by the teaching staff in conducting the research (Izu et al., 2019a, 2019b; Jiang et al., 2019).

The analysis in this chapter addresses the following research question to gain a better and more in-depth
understanding of the novices based on their learning progression through a single problem they

attempted in database modelling.

RQ3.3: How does the learning of novice database modellers of different capabilities develop
over time?
The chapter first introduces the data analysis method. It should be noted that the participants and data
collection details are provided in Chapter 3 and Chapter 7, respectively, since the analysed data are the
same as in Chapter 7. Narratives are then presented for each participant as they progress through the
modelling process, from analysing the case study requirements to developing an ERD. This narrative is

represented as diagrammatic LT/Ps to facilitate the interpretation of the findings.

The final set of tasks related to normalisation is presented as a separate narrative since the normalisation
problem was independent. As discussed in section 6.3.5, while the first four tasks focused on developing
a database design using a top-down approach, the normalisation uses a bottom-up approach in situations
where the data already exists. Moreover, it’s a logical modelling technique used to ensure the
development of well-structured database designs without any anomalies. Since the novices often found
this technique to be rather difficult and challenging, the participants’ learning progress of this session

is presented separately from the other tasks.

In the context of the narratives, the term section refers to a specific section of the case study (see

Appendix H). For example, the information about trainees from which the business rules are built is
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presented in the case study of a section head trainee. Moreover, a session refers to a single instance of

a think-aloud interview in which more than one or more tasks may have been completed by a participant.

8.2 Research Participants

The analysis presented in this chapter uses the same think-aloud data set used for the analysis in Chapter
7 . See section 7.3 for a detailed discussion of the think-aloud data collection protocol used and Chapter
6 for the tasks in the study. As discussed, six participants (two from the pilot study and four from the
main study) completed all four think-aloud sessions. However, due to the curriculum change, the data
from the pilot study was omitted from this analysis. Further, due to ethics consent conditions, this thesis
does not include the entire set of transcriptions, encodings, or analysis of the think-aloud sessions of all
participants. LT/Ps were established for three participants who completed the full set of tasks and
represented a spread of capabilities in terms of overall performance on the tasks. Their performance
level was determined based on how they performed on the think-aloud tasks, not in the course, since it
seemed a more reliable measure of ability than their assessment marks because the participants were
studying during the COVID-19 pandemic, where the assessments were not controlled. The measures
used were the number of interventions provided, the errors in their solutions, and the time taken to
complete the tasks (see Table 8.2). The aim was to be able to compare and contrast learner progressions
and gain insight into what types of teaching interventions help to progress learning and whether or not
existing theories about learning could help inform the findings. It was hoped that the insights gained
from this analysis might help educators design better learning activities, tasks and assessments and to

be able to initiate informed teaching interventions.

Morgan, the best-performing participant, completed the tasks in four sessions within the allocated time
with minimal interviewer intervention. The next participant, Blake, completed the tasks within the
allocated sessions but needed more direct assistance from the interviewer than Morgan, who was
selected as the middle-level performing participant. Casey had the lowest performance level and took
more sessions to complete Tasks 1 and 2 of the database model development problem, whereas the
others completed them within the allocated session time. Casey attempted all tasks but failed to
complete the tasks given for the normalisation problem entirely. Despite somehow attempting the tasks,
Casey required frequent interviewer intervention to progress, and at times, despite multiple attempts by

the interviewer, the assistance was not enough to overcome the difficulties they faced.

8.3 Data Analysis Method

Narrative research explores how a subject has acted in various contexts across time, and it provides a
way to understand the data by keeping the story intact (Polkinghorne, 1995). A “structural narrative

analysis” is used to examine the progressions of the participants as they worked through each session.
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This type of narrative analysis focuses on how the narrative is told, including the sequence of events

based on the data (Kellam et al., 2015).

Considering the LTs in this context, it is important to note the sequence of activities, and this type of
analysis draws out the sequence of activities that happened in a way that the thematic analysis presented
in Chapter 7 does not. Hence, narrative analysis is useful as a way of presenting an individual’s learning
trajectory, which aims to understand and map what participants did in each session while progressing
through tasks, which helped build a deeper understanding of the participants’ challenges and barriers to
progression. Also, the narratives were presented carefully not to create a comparison between the
participants since every narrative has its own context, meaning, and significance, and analysing stories
in isolation allows researchers to appreciate their distinct qualities and complexities and not violate the

principles of respecting the uniqueness of the individual stories (Polkinghorne, 1995; Riessman, 2008).

The narratives are grouped by the participant and are presented from the researcher’s perspective,

backed by the participants’ work. The information included in each narrative is as follows:

e A summary of the encoded think-aloud and retrospective interviews detailing the number of
tasks, time to complete the task/s, the level of completion and whether they are partially or fully
correct is presented. Further, the interviewer’s interventions are summarised based on the
scaffolding provided to the participant (see section 7.4). The time to complete the task does not
include the time spent on the retrospective interview but rather the time the participant spent on
the task, including the time spent on the interventions by the interviewer.

o The transcribed think-aloud data is presented in chronological order, along with the participant’s
quotes and solutions to support the narratives. While the participants’ think-aloud data is the
primary source of analysis, interpretations are also made based on the interviewer’s observations
while conducting the sessions. For example, if there are scenarios in which the participants
didn’t verbalise a reason behind a certain action, the interviewer’s observation notes are
considered.

e Then, the transcribed data from the retrospective interview is presented where relevant. In
scenarios where the participants were provided with a substantial degree of
scaffolding/interventions or where participants could easily solve the problem, retrospective
interviews were not conducted.

e Along with the narratives, a visual representation of the construction of the LT/P is presented as

a diagrammatic interpretation of the individual’s learning progression.

207



Further, the participants were categorised based on their ability to solve the tasks according to
Vygotsky’s ZPD notion (discussed in section 7.4). These categories have been used throughout the

narration to indicate their ability to solve data modelling problems.

1. What a participant can do individually or independently — Comfort Zone
2. What a participant can achieve with the help of knowledgeable others — Within the ZPD

3. What is beyond the participant’s reach even with someone’s assistance — Outside the ZPD
8.3.1 Development of the learning trajectory

As mentioned in section 8.1, LTs have been used by computing education researchers to understand the
learning progressions of novice programmers. Hence it was decided to use a similar mechanism to
understand the progression of novice database modellers over time in the think-aloud sessions. The first

step was identifying how researchers presented LT/Ps in the CSER literature.

The limited literature on using LTs related to programming was mostly presented as narratives (Izu et
al., 2019a) or various techniques specific to the domain (Worsley & Blikstein, 2013) or domain-specific

visualisations (Jiang et al., 2019) ).

Izu et al. (20192a) have attempted a learning trajectory by decomposing programming comprehension
tasks into the 12 cells of the Block Model table, where they outlined how to sequence tasks based on
their difficulty. Worsley and Blikstein (2013) have used a quantitative approach to analysis — an
algorithm to study the changes in programming styles among novice programmers. They have looked
at how tinkering and planning episodes affected progress through analysis of student source code and
changes made to it on a task. The study was conducted with a group of novice Python programmers,
analysing the programming activities of four novice programmers over six weeks. Their technique
involved collecting data on the programming activities, such as codes and debugging sessions, to map

out the learning trajectories over time.

Jiang et al. (2019) attempted a data-driven learning trajectory represented as a trajectory of the code
developed by the students. They developed their programming trajectory based on what the students
were doing however, this approach misses the time on a task and the thinking of the students while they
were attempting the tasks. From their learning trajectory, it was hard to define whether the students
were learning or doing random changes to the code until they got it right. Their statistical analysis of
the learning trajectories does provide the common mistakes of students and how they are corrected but
missing the evidence of how learning happens as provided in this study. Overall, Jiang et al.'s (2019)
work can be considered the one study most similar to what was attempted in this study, but it lacked

the richness of the data identified from the approach used here.
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There was no literature visualising the learning trajectories related to programming, let alone in other
areas of CSER. The closest work to address this gap was conducted by Jiang et al. (2019), where they
utilised automatically generated code pathways in a syntax tree to identify areas where students
encountered difficulties, which was the closest approach aligned to the work presented in this chapter.
Recent research has predominantly focused on learning progressions for assessing student progress,
using statistics and models to automate assessments and propose new exercises to facilitate learning.
However, these approaches have limitations and challenges, particularly in understanding the
assessments and determining intervention tasks that are appropriate (Harris et al., 2022). This study
aims to address this gap by emphasising the visualisation of learning trajectories using a timeline. The
visualised timeline is intended to allow a means of interpreting, summarising, and comparing participant

learning trajectories at a glance.

The visualisation of the LT/P was developed from the verified transcription text and the timeline as
recorded by automated transcription of the think-alouds. In developing each LT/P, three main

components were taken into account:

1. A timeline developed from the transcriptions of the think-aloud interviews.
2. Interventions provided by the interviewer informed by the narrative.
3. Other key events in the timeline such as participant activity or inactivity and interviewer

notes/observations of the affective state of the participant at key junctures.

Considering the above-mentioned components, a visualised timeline was developed (see Figure 8.1).

The timeline consists of the following elements:

Interviewer interventions

As discussed in section 7.4, the interviewer interventions were divided into two main levels based on

the assistance provided: high-level interventions and low-level interventions.

High-level interventions include the assistance provided as general prompts (IP) and clarifications (IC),
and low-level interventions are hints (IH), redirected tasks (RT) and exact solution (ES) as the final
resort of assistance. These are indicated as colour-coded rectangles in the timeline to identify the type
of intervention distinctively (e.g., IC — blue, IP — orange, IH — green, RT — yellow, and ES — red). Prior
to every intervention, the reason for providing the assistance is given in the arrowhead (e.g., FK
difficulty, uncertainty, syntax difficulty, request help, etc.). Moreover, if the participant triggered the
interviewer-provided intervention by requesting help, those interventions are further marked with an

asterisk (e.g., IH*).
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Key events — Periods of activity and inactivity

The period of activity (marked in light grey in the timeline) indicated the time when the participants
actively engaged with the task, whereas the period of inactivity (marked in a darker shade of grey in the

timeline) indicated the time when the participants were not doing anything, including thinking aloud.

Other key events

Apart from the marked key events of activity and inactivity in the timeline, events that were important
to understand the progression of the participants were identified through interviewer observations and
their field notes. For example, an event like self-identifying an error and fixing it didn’t trigger the
interviewer to provide any assistance but was important in the timeline to understand what the
participant did. These are marked in purple in the timeline (see Figure 8.1). Further, the errors made by
participants are marked with a crossed circle (as indicated in Figure 8.1) in the timeline bar, along with
a description of the error. Further, the arrows in between interventions indicate the reason for providing

the assistance. See Table 8.1 for a detailed description of these reasons.
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Figure 8.1 Sample LT/P timeline

Also, it’s important to note that “T1 start” on the timeline indicates the actual time the participants
started working on the task from the point they settled after their introductory chat, but the time was

recorded from the beginning of the session, which is time 0:00:00.
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Table 8.1 Reasons for providing the assistance.

Reason for Intervention

Definition

Tool difficulty

Uncertain

Incorrect explanation

Relationship difficulty

Relationship type difficulty

Attribute difficulty

FK difficulty
Mapping rule difficulty

Dependency difficulty

BR grammar difficulty

Notation difficulty

Request help
Clarify

Difficulty referring previous task

Narration difficulty

Lack of attention

No progress

Instances where participants struggled with handling the Visual Paradigm
tool.

Instances where participants struggled or felt unsure about how to proceed.

Instances where participants struggled to explain the scenario using correct
terminology.

Instances where participants struggled with naming relationships or
indicating the participation (optional/mandatory) correctly.

Instances where participants struggled with incomplete knowledge related
to relationship types (e.g., identifying/non-identifying or strong/weak
relationships).

Instances where participants struggled to differentiate between types of
attributes (e.g., composite and multivalued attributes).

Instances where participants struggled with identifying the foreign keys.

Instances where participants struggled to explain or apply the mapping rules
used to transform a conceptual model into a logical one.

Instances where participants struggled to identify the functional
dependencies.

Instances where participants struggled with the grammar required for
writing business rules.

Instances where participants struggled with recalling and applying the
correct notations in database models.

Instances where participants requested assistance from the interviewer.

Instances where the interviewer decided to provide further clarification after
a low-level intervention.

Instances where participants struggled to refer to the previous task.

Instances where participants struggled with reading and interpreting the
given case study.

Instances where participants struggled with a lack of attention to detail, e.g.,
interpreting the case study without properly reading it.

Instances where participants struggled to progress in a task.

8.4 Morgan

8.4.1 Session 1: Analysing the case study and extracting business rules

Morgan, one of the best-performing participants in the think-alouds, appeared to be quite confident in

attempting the tasks. They completed both tasks, which involved analysing the case study and extracting

business rules within half of the allocated session time. Morgan spent 23 minutes completing Task 1,

while they managed to finish Task 2 within 10 minutes. Throughout the session, Morgan appeared to

be operating within their comfort zone —a zone where a learner could solve problems independently

(Vygotsky, 1978a) and didn’t require the interviewer’s assistance to progress through the tasks.
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However, Morgan made a couple of mistakes, one of which they identified and corrected without the
interviewer’s assistance, which placed them in their comfort zone. But, the other two errors mentioned
in Table 8.2 were not identified till the interviewer’s queries during the retrospection. This actually
made them be in their ZPD (aka zone where a learner can solve tasks with the help of a knowledgeable
other) instead of their comfort zone, which will be discussed in the following section. Overall, Morgan
followed a quite consistent systematic approach in attempting Task 1 and refereed the extracted
information correctly to build the business rules in Task 2, which could have been the reason for

completing Task 2 rather quickly.
Task 1: Narrative

Morgan started Task 1 (see section 6.3.2) by reading the preamble, identifying a few potential entities,
annotating them with an asterisk, mentioned: “I'll just leave a little mark here to remind myself”.
Morgan skim-read the case study (see Appendix H) before starting and noted that the case study was
divided according to at least one of the main entities. From the beginning, Morgan appeared to be
attentive. Morgan started by reading the first section and underlining the term Trainees, indicating that
it’s an entity. This was followed by adding parentheses to annotate the related attributes of the Trainee
entity. Interestingly, Morgan didn’t articulate the reasons behind their choices. They continued
underlining Employer as an entity and using parentheses to indicate the relevant attributes: (company),
(address), (contact number) and (employerid). Morgan then went on to identify the existing relationship
between the Employer and Trainee by reading the relevant text in the case study and then annotating
that text using the letter R. Morgan noted how the text explained the relationship in both directions.
Once this initial analysis was done on the section related to trainees, Morgan started to write down this
information in the space provided in the task sheet. Even though the task only expected the participants
to note down the identified constructs, Morgan seemed to take a different route in expressing the
information using symbols. Morgan first added both entities and relevant attributes into an entity
diagram element. After reading the sentences related to the relationship, Morgan connected the entities
with a line and even identified the relevant cardinalities representing them using crow’s foot notation.
See Figure 8.2. They even appeared to be thinking about the optional/mandatory participation hinted in
the case study, stating that the sentence “the employer can refer...” is synonymous to “may” refer to,

emphasising the optional nature of the participation.
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Figure 8.2 Morgan’s annotations on the case study and presentation of the extracted info

Then Morgan moved on to the second section of the case study, immediately underlining the Course,
mentioning it was an entity and identifying the relevant attributes with parenthesis. Following this,
Morgan annotated the entity Program, its attributes and the relationship between the Course and the
Program using the same annotations as earlier. Further, Morgan identified the relationship between the
Trainees and the Program. Morgan finished that section by identifying the Class entity and its
attributes. Then, as observed previously in the case of the Trainee and Employer, they started
summarising this information using crow’s foot notation to describe the relationship. Morgan first added
the entities Program, Course and cardinality on the Program side. And then, they immediately decided
that the information related to the cardinality of the Course side was missing in the case study stating

that:

It doesn't say anything about the relationship of a program to a course but can make
an educated assumption. So a program has to have at least one course. I'm currently
thinking about programming one, which we did COMP500, but there was an
engineering one as well. So I'm trying to find the relationship based on that. So I'm
going to say, at the very least, a program must be associated with one course, and
you can have multiple courses that do the same program. So I'm just going to assume
that it’s one to many, but that could be wrong.

The case study expressed the same idea, but Morgan somehow missed it, probably because it was an
elaboration of a sentence and presented within brackets. However, they accurately discussed their
knowledge of a similar scenario and assumed that it should be a many-to-many relationship based on
that knowledge. Even though Morgan applied a relevant tactic here to resolve an issue by making an
assumption in this case, it was not required since the case study explained the relevant cardinality.
Morgan made an incorrect assumption that was contrary to the case study information. Morgan then
moved on to add the relationship between the Program and the Trainee by adding a one-to-many
relationship using the crow’s foot notation between the entities and, finally, adding the Class entity and

a one-to-many relationship with the Program.
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Finally, Morgan moved on to the last section, underlined the /nstructor entity, and annotated the
attributes in the case study with parentheses. Then, they read the sentence related to the relationship
between the Instructor and the Program and annotated it using an “R”. When working on this, Morgan
read each sentence at least twice and, in particular, revisited the ones explaining relationships as if to
confirm their interpretation of a sentence’s meaning. This indicates their attention to detail in analysing
the case study description. The annotations they used were consistent throughout the case study. Figure
8.3 indicates the learning trajectory of Morgan at the end of Task 1. Morgan immediately moved on to
Task 2 in the same think-aloud interview session. Hence the retrospection for both tasks was conducted

at the end of the session.
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Figure 8.3 Morgan’s LT/P at the end of Task 1.
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Task 2: Narrative

Morgan used a systematic approach to developing the business rules founded on their answer to Task
1. Morgan started with the business rule defining the relationship between the Employer and Trainee
entities. They checked the cardinality they had arrived at in Task 1 and defined a business rule for both
directions of the relationship. Morgan correctly used the grammar that was taught in class to write the
business rule. After writing the first two business rules, as indicated in Figure 8.4, they realised the
mistake of not using proper verbs to explain the relationship stating, “hold on, I forgot it’s not have,
it’s referred to...”.Their systematic approach and early presentation of entities and relations using

crow’s foot notation appeared to be helpful in effortlessly developing the business rules.
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Figure 8.4 Morgan’s attempt at writing the business rules showing later corrections.

Morgan continued with the task and used “have” in the next business rule between the Course and
Program. But after their earlier encounter, Morgan immediately realised that proper verbs could be
used to explain the relationship instead of using “have” in all the business rules. Without any prompt,
Morgan fixed this slight issue to match the grammar taught in class and continued to complete the rest
of the business rules without assistance. Throughout the task, Morgan was in their comfort zone and no
interventions were needed since they recognised and fixed their mistakes on their own. The only
persistent error in Morgan’s solution was propagated and related to the cardinality relationship between

Course and Program. Morgan’s completed LT/P at the end of the session is presented in Figure 8.5.
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Figure 8.5 Morgan’s LT/P at the end of Task 2.

00:34:44

Tasks 1 and 2: Retrospection

Despite being careful and re-reading the case study sentences, Morgan still overlooked some of the
important details in the case. The interviewer had to point out the missing qualifications attribute, and
Morgan accepted their mistake, claiming they must have missed it since it was on a different line than
the other attributes. Despite being consistent, this was an instance where Morgan appeared to have a
lack of attention to the case study. Furthermore, the interviewer mentioned their incorrect assumption,
leading to an incorrect cardinality between the Course and Program entities. Morgan agreed that they

were unsure about this but didn’t attempt to correct their mistake before ending the session.
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8.4.2 Session 2: Developing a conceptual model

Session 2 consisted of only one task (Task 3 discussed in section 6.3.3) involving creating a conceptual

model and building on the knowledge gained through the tasks in session one.

As discussed in section 7.3.3, the in-person think-alouds were transitioned into remote ones due to the
lockdowns that happened with the pandemic COVID-19 pandemic. Apart from the first session, Morgan
did all their sessions virtually, and since Morgan didn’t own a tablet device, this session and the
remaining sessions were conducted using MS Teams and Visual Paradigm to develop the conceptual

model.

Morgan took 22 minutes to complete this session’s task and was provided with six interviewer
interventions while attempting the task. All but two of these were related to difficulties Morgan had
using Visual Paradigm. At this point, all the participants have attempted using Visual Paradigm at least
once during their labs, and they already had the tool installed in their machines when they attended the
session. Morgan completed session two, sitting comfortably within their ZPD, with the interviewer
providing high-level interventions. However, Morgan, while thinking they had successfully completed
the task, actually had one error (see Table 8.2), which was one propagated from the first session where

they overlooked detail in the case study and made their own incorrect assumption.
Task 3: Narrative

Morgan started Task 3 by looking back at their solution from the previous session and added the Trainee
and Employer entities based on the first business rule they had derived in Task 2. Then, they decided to
add the rest of the entities before proceeding further. Morgan then added the attributes referring back
to their solution to Task 1, particularly focusing on the doodles they had made using crow’s foot
notation. They started by adding the attributes for the Trainee entity. They missed adding the
qualifications attribute, which was also missed in Task 1 and was discussed during the retrospection of
the last session. The interviewer did not intervene at this stage but instead decided to revisit this
attribute’s omission in the retrospective interview. Morgan continued adding the attributes for the
Employer entity. Morgan followed the same process for the Course, Program, Class, and Instructor
entities, continually referring back to the partial diagrams developed in Task 1. See Figure 8.6 for the
initial entities added by Morgan. Once the entities were added with the relevant attributes and primary

keys, Morgan decided to add the relationships between the entities.
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Figure 8.6 Morgan’s initial entities with attributes

Morgan referred to the first business rule they developed in Task 2 and attempted to add the relationship
between the Trainee and the Employer. However, Morgan appeared to be hesitant and unsure as they
were hovering the mouse pointer over the relationship options in Visual Paradigm but did not add
anything for nearly one and a half minutes. As mentioned by Morgan, the exact cardinalities they
wanted to add were not among the displayed choices. The interviewer suggested to Morgan that the
cardinalities could be changed later, prompting him to progress. With this, Morgan decided to add a
relationship that was closest to what they needed and change the cardinalities later. This intervention
was not needed due to being unsure of their original solution or how to build the relationship but due to

a lack of familiarity with drawing models in Visual Paradigm.

The direction Morgan added the Employer — Trainee relationship, dragging from the Trainee entity to
the Employer entity to draw a line. In Visual Paradigm, this results in an incorrect foreign key being
automatically added to the Employer entity. In addition, while editing the autogenerated cardinalities
for the relationship, Morgan ticked the option to make the relationship an identifying one, which was
incorrect. After making these changes, Morgan asked the interviewer whether the automatically created
foreign key (traineeid in the Employer entity) was required as they were creating a conceptual model.
With this question, the interviewer decided to intervene and reflected back, asking Morgan whether
they thought the added foreign key was correct. The interviewer was trying to get Morgan to make a
decision rather than remain in a state of uncertainty. Looking back at the solution to Task 1, Morgan
mentioned: “employer has many trainees, so primary key of the employer should be in trainee ... we

should know the employer of every trainee. Hmm... I think this is incorrect”. Morgan realised the issue
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but had trouble fixing this error using Visual Paradigm. After over a minute, the interviewer further
intervened, mentioning to Morgan how the direction of a relationship was added using the tool could
result in an incorrect cardinality. Even after this prompt, Morgan remained unsure of how to fix the
issue and stayed silent for nearly a minute. At this point, the interviewer decided to provide low-level
intervention instead of the prompts provided so far by asking Morgan to delete the existing relationship
and add the relationship in the correct direction. Morgan finally seemed to understand the source of the
issue and deleted the existing relationship, adding the relationship correctly, this time by dragging the
mouse pointer from the Employer to the Trainee instead of the other way around. The LT/P of Morgan,

including the interventions related to using the Visual Paradigm tool, is indicated in Figure 8.7.
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Figure 8.7 Morgan’s current LT/P.

However, when Morgan changed the cardinalities, Morgan again ticked the check box to indicate that
the relationship was identifying (i.e., strong), repeating an earlier error. Morgan appeared to be hesitant
about whether to tick this option or not and mentioned that if selected, the relationship would be
displayed as a solid line. To jog Morgan’s memory, the interviewer asked whether it was an identifying
relationship or not. Initially, Morgan indicated they didn’t know what an identifying relationship was.
The interviewer asked whether they could explain what a weak entity was instead. Despite not knowing
what an identifying relationship was, Morgan could correctly explain a weak entity using an illustrative
example. With that same example, the interviewer further clarified what a strong or identifying
relationship was at Morgan’s request. Morgan was then immediately able to identify their mistake and

referred back to the partially developed diagram with Trainee and Employer in Task 2 and stated:

Okay I get it now, last time I should have make it a dotted line [pointing the mouse
over the relationship between Trainee and Employer] because it’s a weak
relationship since they [entities] are both strong.

With a mix of high and low-level assistance, Morgan finally correctly added the relationship between

the Trainee and Employer. Morgan then proceeded to add the relationship name between the Employer
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and Trainee by referring to the relevant business rules developed in Task 2. See Figure 8.8 for Morgan’s
solution before and after the interviewer’s intervention. At this point, Morgan also decided to spread

the entities across the canvas, and it seemed that they were now considering the layout of the diagram.
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Figure 8.8 Morgan’s initial attempt to add a relationship before (top) and after (bottom) the interviewer

intervention. Red boxes indicate the errors Morgan made.

Morgan’s progress appears to have been hindered largely due to their lack of familiarity with Visual
Paradigm, though they also had an issue with the term identifying relationship, which was a term
introduced to them in the class. However, they have used both the terms strong and identifying
relationship during the class, which could contribute to the issue Morgan experienced. Considering all
the help on the tool that the interviewer had to provide, it seemed that using the Visual Paradigm added
an additional cognitive strain on Morgan despite Morgan having followed a systematic approach to
developing the model until that point. The interviewer felt that if Morgan had been working with pen

and paper, they would have been able to complete the task more readily.

Next, Morgan added the relationship between the 7rainee and the Program by referring back to the
partial diagrams developed in Task 1 and the business rules developed in Task 2. Again, they initially
added the relationship in the wrong direction, creating an incorrect foreign key. But, without any

prompt, Morgan immediately identified the issue, stating:

“Oh, no it’s the other way like earlier. This adds a wrong foreign key. Let me delete

it.”
Morgan followed the same process to add the relationships between the remaining entities correctly. In
doing this, Morgan made one mistake when adding the cardinality between the Course and Program,
adding a many-to-many relationship instead of a one-to-many relationship. This was an error Morgan
made in Task 2, which was not fixed and remained in the business rules they were referring back to.

The interviewer put a note to discuss this during the retrospection despite having the same discussion
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during the retrospection of session 1. Apart from that, Morgan managed to complete the task without
any further assistance. See Figure 8.9 for the final conceptual model developed by Morgan. Once
finished, Morgan double-checked and verified what they did with the business rules developed in the
previous session. Only two out of six participants did this check for correctness once a task was

completed. Morgan’s completed LT/P after Task 3 is given in Figure 8.10.
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Figure 8.9 Morgan’s conceptual model. The red box indicates the one relationship error in the model.
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Figure 8.10 Morgan’s LT/P at the end of Task 3.
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Task 3: Retrospection

A quick retrospective interview after the task was completed allowed the interviewer to explore the two
issues: the omission of the qualifications attribute and the incorrect relation between the Program and
Course. The interviewer told Morgan that the qualifications attribute was missing. At this point, Morgan
wondered whether they had also missed it in the previous session. The thinking out loud triggered
Morgan to recall the discussion they had with the interviewer at the end of the previous session. Morgan
mentioned that they had forgotten to add a note after the previous retrospection. This suggests that
Morgan largely relied on the attributes, entities and business rules developed in Session 1 to build the
conceptual model using a direct translation process without checking and verifying their original

understanding of the business rules developed in Task 2 as part of Task 3 modelling process.

With the interviewer’s feedback Morgan, in this retrospective interview, read the related section in the
case study and then added the qualifications attribute to the Trainee entity. It is this model that is shown
in Figure 8.9. The interviewer then went on to explore the incorrect cardinality in the model. Morgan
recognised that it happened due to the incorrect assumption they made during Task 1 and recalled their
discussion with the interviewer in the previous session. This time, Morgan made a note indicating their

issue as a reminder.

8.4.3 Session 3: Transforming the conceptual model into a logical model

Session three was comprised of a single task, Task 4 (see section 6.3.4). Morgan used the Visual
Paradigm tool to complete the task in 30 minutes. The interviewer needed to intervene seven times, and
the majority of the interventions (six out of seven) were high-level interventions. This assistance helped

Morgan to remain within their ZPD to complete the task.

The interviewer provided Morgan with their previous solutions from sessions one and two before the
session. Morgan started by reading the task displayed on the interviewer’s screen and opened the Visual
Paradigm file they developed the last time, as the task required them to transform their conceptual model

into a logical model.
Task 4: Narrative
After reading the task, Morgan appeared to be unsure about the term ‘mapping rules’ stating:

Uhm, mapping rules... I'm quite not sure at this moment but I'll probably remember
it, but I can't remember specifically calling them mapping rules or anything. But in
a logical design you can't, If [ remember this correctly, you can't do many to many
relationships you have to put something in between them to resolve that problem.
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After this, Morgan immediately turned their attention to their conceptual model from Task 3 and
unprompted started attempting to resolve the many-to-many relationship between the Program and
Instructor entities. Morgan added a new entity to the model named Program_Instructor and explained
how the new entity gets connected to Program and Instructor entities. Then they added a one-to-many
relationship from the Instructor to the Program_Instructor entity but then began questioning this action.
Morgan expressed doubt as to the cardinality of the Instructor side even though it was added correctly.
Morgan started mumbling incoherently, hovering the mouse pointer over the relationship they had
added and this went on for around two minutes without any progress. Hence, the interviewer intervened
and asked whether Morgan could recall the related mapping rule or a similar example from their lecture
materials to try and direct their thinking. With this prompt, Morgan managed to recall a many-to-many
relationship where the cardinality for both sides was one-to-many. Morgan appeared to partially recall
what the lecturer did to resolve this issue, but their recall was not complete. In this instance, the
interviewer took the same example that Morgan recalled, showing them the lecture materials and
explaining the reasoning behind the cardinalities. After the interviewer’s clarification, Morgan returned
to their model to correctly add the cardinalities between the three entities Program, Program_Instructor
and Instructor. After adding the cardinalities, Morgan realised that the Program_Instructor entity had
two foreign keys, which meant it should have a composite primary key consisting of these two foreign
keys. Morgan changed them to be primary keys, which automatically changed the lines representing the

relationships from dashed to solid lines, at which point they recalled:

Okay now Program_Instructor is a weak entity which means the relationships are
strong. I remember this from last session.

It is clear that the interventions provided were sufficient to progress and consolidate Morgan’s

knowledge.

Once the relationships were added, Morgan mentioned they couldn’t remember how to name them and
stayed silent for over a minute. The interviewer suggested that they could refer to their previous
solutions. Morgan returned and referred to their answers for Task 2 to figure out the proper verbs that
could be used as the relationship names. Morgan’s LT/P up to the point of resolving the many-to-many

relationship names issue is given in Figure 8.11.
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Figure 8.11 Morgan’s LT/P till resolving the many-to-many relationship.

After resolving that relationship, Morgan seemed unsure of what to do next and was silent for over a
minute. The interviewer intervened and asked whether any other mappings needed to be done to
transform the conceptual model into a logical one. Morgan was sure there were more, however, they

couldn’t recall any then.

Ah, I'm sure I'm missing something, but I don't think no matter how long I sit here
thinking about it, I don't think I'm going to it pull out of thin air, really.

It seemed that Morgan wasn’t sure what else they could do to proceed. The interviewer decided to
intervene with the intention of bringing forth Morgan’s recollection of the mapping rules related to the
attributes by asking: Can you recall any mapping rules related to attributes? This prompt somewhat
triggered Morgan’s memory, and they started explaining a scenario where multiple values cannot be
stored for the same information and that such information should be stored separately from the entity.
Morgan was, in fact, describing how a multivalued attribute needed to be resolved however, it seemed
to the interviewer that they were unable to accurately express the idea as they could not use the correct
terminology. Despite performing better, Morgan still had issues grasping the terminology, making it
harder for them to express their ideas clearly. However, with their explanation, the interviewer decided
to provide a direct hint and guided Morgan towards the qualifications attribute of the Trainee entity to

see whether they could identify that it was a multivalued attribute by asking the following:

OK, let me ask you something. If you go to the trainee entity there's an attribute
called qualifications. So what would you store there? What type of attribute is that
if you can recall the name? [Interviewer]

After that, Morgan explained that qualifications would store multiple values, and in a table, there would
be only one allocated row, hence a new table should be introduced to store the many qualifications a
Trainee had acquired. It seemed Morgan was more comfortable by first relating to the data occurrences
of the qualifications attribute, which later led to their conceptual understanding — they relied on a
concrete example to describe the more abstract concepts involved. Taking Morgan’s explanation into

consideration, the interviewer then explained that qualification was a multivalued attribute that could
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store multiple values per Trainee, and how it could be resolved and the mapping rule related to that.

With this new explanation, Morgan added a separate entity to handle this (see Figure 8.12).
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Figure 8.12 Morgan’s logical model showing their resolution to the multivalued attribute problem.

Morgan went on to explain that they didn’t realise qualifications stored multiple values when reading

the case study. It is likely that Morgan hadn’t paid due attention to understanding the problem statement

text when they extracted key information during the first session. When creating the new entity, Morgan

made an error by not recognising that the primary key needed to be a composite attribute (i.e.,

traineelD,qualificationID). Morgan resolved the qualifications attribute in the Instructor entity and

indicated the task was completed. See Figure 8.13 for the completed solution and Figure 8.14 for the

finalised LT/P.
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Figure 8.13 Morgan’s completed logical ERD with any remaining errors highlighted using a red box.
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Figure 8.14 Morgan’s LT/P at the end of Task 4.
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Task 4: Retrospection

Despite finishing the task, Morgan’s logical ERD was not in 3NF as required. They failed to resolve
composite attributes like name and address in the Trainee entity. When the interviewer asked
retrospectively about the composite attributes, Morgan mentioned they recalled composite keys but
were unsure about composite attributes. The interviewer directed Morgan to read the trainee section of

the case study, and immediately, they were able to identify that name was a composite attribute.

Throughout this think-aloud session, Morgan struggled to use the correct terminology but was able to
quickly grasp the ideas when the interviewer used illustrative examples to explain the terms. Moreover,
Morgan demonstrated a lack of familiarity with the mapping rules required for the transformation of
the conceptual model to a logical model with the exception of the rule related to resolving any many-
to-many relationships. Throughout the session, Morgan failed to mention mapping one-to-many
relationships as the mapping rules indicate that one side entity’s primary should be in the many side
entity as a foreign key. The interviewer asked why this was the case, and Morgan said that this was

because, in their Visual Paradigm setup, one-to-many relationships were added by the tool by default.

As discussed earlier, the primary key of the newly introduced Qualification entity was also incorrect.
The interviewer discussed this with Morgan here in the retrospective interview. Morgan was able to
understand this concept when it was explained to them from the implementation perspective using terms
of tables, rows, columns, etc. The interviewer also pointed out the incorrect foreign keys (instructorlD
in Trainee and traineelD in Instructor) in both the Qualification entities connected to Trainee and the
Instructor. Morgan immediately realised it was their self-described “silly” mistake of copying and
pasting the same Qualification entity twice instead of creating a new one. Overall, Morgan concluded

that the mistakes made were their own fault and that they arose from not thinking things through.

This makes sense. [ wasn’t thinking about it properly and was just looking at this
[pointing to their previous solution in Task 3] and using it.

8.5 Blake

8.5.1 Session 1: Analysing the case study and extracting business rules

Blake attempted both tasks in the allocated session time, where they spent 16 minutes and 33 seconds
on Task 1 and approximately 15 minutes on Task 2. They fully completed both tasks however there
were a few errors they made in Task 1 (see Table 8.2), which Blake didn’t realise until the interviewer
brought it up during the retrospective interview. With the assistance provided by the interviewer, Blake
identified their mistakes in Task 1 and correctly rectified them during Task 2. In Task 2, despite having

some challenges with a few interventions, the interviewer managed to keep Blake within their ZPD.
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Blake was able to solve issues and learn from them. Overall, Blake wanted to solve the tasks
independently, and persisted with the tasks and put considerable effort into comprehending any newly
acquired knowledge gained through interviewer intervention. Notably, when starting Task 2, Blake
identified errors made in Task 1 and rectified them in the process of developing the business rules for
Task 2.

Task 1: Narrative

Blake started Task 1 (see section 6.3.2) by reading the case study’s (see Appendix H) preamble and
immediately underlined the term CareerAcademy. After a short pause, Blake indicated that they were

trying to figure out whether CareerAcademy is an entity and mentioned:

At the moment, I'm just trying to figure out if Career Academy is an entity. And I
think it is because following it they talk about trainees, instructors, courses and
classes they offer.

Despite this being an incorrect choice and flawed reasoning, the interviewer allowed Blake to continue

to see whether they discovered the misunderstanding later.

Blake identified Trainee as an entity along with its attributes and noted them in the space provided. This
was followed by identifying Employer and its associated attributes. Even though Blake initially started
by underlining CareerAcademy and Employer, they did not follow through with this tactic. Instead,

Blake shifted to writing the identified terms in the space provided on the paper sheet, as shown in Figure

8.15.

Next, Blake moved on to identify the relationship between the entities. After a short pause, they listed
the Training Course as an entity. Then they wondered whether the Employee was the same as the
Trainee and mentioned, “Are employees the same entity as trainees not sure, Yeah. Ah never mind.”. It
seemed Blake was not sure whether they were the same and decided not to worry about it. However,
despite questioning his understanding, Blake didn’t make any further effort to think this issue through
or look to the interviewer for help. Instead, they immediately decided to move on. Once the entities
were listed, Blake started reading the sentences which explained the relationship between the Trainee
and the Employer. They identified the relationship between the two entities and noted them on the paper,
as indicated in Figure 8.15, and added the cardinalities. At this stage, the identified cardinality of
Employer side was incorrect, probably because Blake failed to read the last sentence of the relevant

section in the case study. They were unaware of this mistake.
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Figure 8.15 Blake’s identified constructs for section 1. The text in green is the items identified during
the think aloud and the edits marked in black are the changes Blake made after the retrospective

interview.

Blake moved on to section 2 of the case study. After reading the section, they mentioned that Course is
an entity and noted that in writing along with the attributes. This was followed by adding the Program
along with its attributes. Blake then indicated the relationships between the Course and Program and
Program and Trainee by verbalising while doodling them. However, Blake thinking aloud, stated that
they were unsure about the symbols they had used, asking the interviewer for guidance. The interviewer
assured Blake since the requirement was only to identify the existing relationships at this stage, the
model diagram symbols were not important. Even though Blake hesitated, they actually used the taught

crow’s foot notation to doodle the cardinalities (Figure 8.16). After a short pause, Blake verbalised:

I'm wondering what a class is maybe it's an entity. Class is it the same as the course?
1 think the class is an entity.

Reading further, they realised Class was, in fact, a separate entity since there were several attributes
that were relevant to a Class in the case study. With that information, Blake added the Class and its

attributes to their list and noted the relationship between the Program and Class.
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Figure 8.16 Blake’s doodling of the identified relationships for section 2.

Finally, Blake started reading section 3 of the case study. They listed Instructor as an entity along with
the relevant attributes. They further identified that attribute status could hold two different values and
added it as status (freelance or professional). Blake then read the last couple of lines and indicated the
relationship between Instructor and Program. Interestingly, this time Blake opted to explain the
cardinalities by writing them while verbalising (see Figure 8.17) instead of using symbols like

previously:

An instructor can be allocated, assigned to them, based on the number of trainees.
So there could be more than one instructor for each program, oh it could be zero or
many [add ‘o or many’ on the instructor side and ‘1’ on the program side].

The annotations Blake used for the relationships were inconsistent. But most importantly, the
cardinalities were incorrect. This is presumably due to either not reading the related line, partially
reading it, and missing information to interpret the relationship or misinterpreting the provided
information. With this, Blake indicated that they were finished. They did not verify their solutions either
during the process or at the end of the process. Failing to check as they went meant that they failed to
correct errors as they went, and by the end, the interviewer suspected that even if they had verified their
overall answer, they would not have identified all of their errors. The interviewer decided to have a

retrospection before starting Task 2. Figure 8.18 indicates Blake’s LT/P at the end of Task 1.

QA
e Aald

Figure 8.17 Blake’s presentation on the relationship between instructor and program. The changes in

black colour indicate the changes Blake made after the retrospection.
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Figure 8.18 Blake’s LT/P at the end of Task 1.

Task 1: Retrospection

Blake finished the task with only one high-level assistance. The incorrect cardinalities were discussed
immediately after the completion of the Task rather than waiting until the end of the session
retrospective interview. Blake was asked to read the sentence in the case study they had skipped over
related to Trainee and Employer. Initially, Blake failed to recognise they had the interpretation of
cardinality incorrect, and the interviewer had to explain how to interpret cardinalities in both directions
of a relationship. With this instruction, Blake was able to recognise from the case study that the

cardinality of the Employer side should be zero or one instead of only one.

Right. So it doesn't have to be one, it could be zero to 1? I get it now because trainee
doesn't have to have an employer.

Then the interviewer directed Blake to the incorrect cardinality between Instructor and Program. This
time, Blake was able to apply their newly gained knowledge of needing to interpret the cardinalities in

both directions and immediately identified their mistake.

1 think it'll be one or more instructors assigned. Instructors and programs...
instructors maybe assigned to any number of programs. So one to many and going
backwards while some programs can have more than one instructor So I think that's
one to many. Yeah. So I think it goes from at least one or many instructors to zero
or more programs.

Before finishing the retrospection, the interviewer gave Blake feedback on handling synonyms by
keeping the noun closest to the case study description while eliminating the other. Further, the

interviewer explained CareerAcademy is not an entity. Blake understood the issue and mentioned:

Yes, I wasn't a hundred per cent sure about this. I get it, and it’s the entire system.
Isn’tit?
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Task 2: Narrative

Blake started reading the preamble for Task 2, almost immediately stating that they couldn’t recall how
to write the business rules. They did not request assistance and instead tried to remember the syntax

they had been taught during class:

Um, it goes like ... each entity one, then the verb. Oh, wait. Yeah, the verb and then
the entity two and then, oh ...

Despite their perseverance to continue on their own, Blake appeared to be uncertain about the syntax
they recalled and kept mumbling incoherently without attempting to write a business rule. The
interviewer decided to intervene by suggesting Blake write the business rule for the relationships
identified in section 1. She asked Blake to break down the problem and tackle a section at a time,
reassuring them that she would provide assistance if required. This prompt meant Blake was able to

make an attempt, and they wrote the following business rule (see Figure 8.19).

5551 Ead -eu«Flm.ch ra-Lofs Zero of Wm)\as-(mnces.

Figure 8.19 Blake’s first attempt at writing business rules.
After reading aloud what they wrote, Blake immediately indicated:
Each employer refers zero or many trainees. No, that doesn't sound right.

Despite being able to identify there was an issue with the written business rule, Blake couldn’t exactly
articulate what the issue was or figure out how to handle it. Blake’s business rule was almost correct
but missing the term, which suggests an entity’s participation (may/must) in the relationship. When
Blake was unable to progress through indecision, the interviewer gave a hint by providing the correct
grammar used for business rules and then asked Blake to compare it with what they wrote to identify
the issue they had. With this, Blake was able to identify that the may/must phrase was missing and

started updating the written business rule.

Despite the low-level intervention —a hint from the interviewer in providing the syntax, Blake could not

proceed and asked for help from the interviewer:

Okay let me try it, hmm...Sorry [ forgot when to use may and when to use must. Can
you help me with this?

Blake started strongly and continued calmly during Task 1, and this was the first time they appeared

hesitant and unsure of what they were doing. The interviewer realised that even though Blake realised
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the terms may/must from the provided grammar, they did not understand the types of participation (i.e.,

partial or mandatory) to use the terms in business rules correctly.

Due to this, the interviewer decided that Blake should be redirected to a simpler task (T2.1 —see section
6.3.2) that asked them to complete a simple fill-in-the-blank task based only on one section of the case
study. This task should allow Blake to attempt a similar task with less complexity to check whether that
could help their cognition. Blake tried to fill in the blanks of some business rules provided in the
redirected task. Blake said that it was easy to fill in the blanks since they were partially completed with
the options provided. They were able to fill in the blanks correctly and independently. Then, the
interviewer asked Blake to compare two of the business rules completed by Blake in T2.1, taking the
cardinalities and the participation (may/must) into consideration. This prompt seemed to help Blake

further since they indicated:

Okay, so based on this, when may is used the cardinality is zero or one, and each
program is taught by one or more ... oh I get it that’s a must or required. This was
helpful thank you.

With the acquired knowledge, Blake returned to where they left on Task 2 and reattempted the task.
Blake correctly updated the first business rule between the Employer and Trainee, followed by the
business rule between the same entities in the opposite direction. After the T2.1 redirected task and
interviewer prompt, Blake was able to complete all the Task 2 business rules without intervention but
with one error, which was revisited in the retrospection interview. Blake’s final set of business rules is

given in Figure 8.20, and their LT/P at the end of Task 2 is provided in Figure 8.21.
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Figure 8.20 Blake’s finalised business rules.
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Figure 8.21 Blake’s LT/P at the end of Task 2.

Task 2: Retrospection

At the end of the session, the interviewer found one instance where Blake had used “must” instead of
“may”. Then, the interviewer directed Blake to that business rule and asked them to check the
participation. Blake immediately understood the issue and mentioned: “I don’t know how I made that
mistake. Silly mistake, I guess”. Apart from that, none of the errors identified in Task 1 were propagated
into Blake’s Task 2 solution. Blake found it easy to write the business rules after the redirected task

they attempted and said:

Uh, it was, uh, after that small exercise and once you explained it and showed me,
I kind of got the idea. Definitely, I got clarity on some issues 1 had before this
session. Okay with this in the next stage is ER diagram where 1'd use attributes and
identify primary and maybe foreign keys. Okay all right I see the process.

8.5.2 Session 2: Developing a conceptual model

Session 2, conducted in person, consisted of a single task (Task 3 described in section 6.3.3), which
asked the participants to develop a conceptual model on the knowledge they gained from the tasks they

attempted in session 1.

Blake managed to complete the task within 22 minutes. The majority of the time, Blake referred to the
solution they developed in the previous session to create the conceptual ERD. They appeared to be well-
composed throughout the session and seemed to follow a systematic approach to developing the
conceptual model but struggled at certain points when encountering foreign keys. However, the
interviewer managed to navigate Blake through the problem through the use of two high-level and two
low-level interventions, and Blake finished the task despite having a couple of errors in the produced

model (See Table 8.2).
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Task 3: Narrative

Blake was provided with the previous session’s solution for both Tasks 1 and 2 at the beginning, and
they started Task 3 by going through the answer for Task 1. Blake indicated they would refer to the
business rules and the case study to develop the conceptual model. Blake was observed skim-reading
the case study mentioning, “I need to remind myself a bit before I start”, and indicated that
CareerAcademy is not an entity, which was something that had come up during the retrospection of
Task 1. After revisiting the case study and their solution to Task 1, Blake began by adding the Program
entity. They then added the attribute programiID, marking it as the primary key. Then Blake added the
remaining attributes, startdate and enddate, to the Program entity. After a short pause, Blake indicated
that Program was related to Course after skimming through the business rules from the previous session
and added the Course entity to the diagram along with its attributes. Blake then added the cardinalities
to the relationship by referring to the business rules developed in the prior session (Figure 8.22). Once
that part was done, Blake returned to the business rules and read the two rules related to the Course and

Program out loud to verify the added cardinalities were correct.
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Figure 8.22 Blake’s initial entities and the relationship (bottom) and the referred business rule (top).

Blake then moved on to the Employee but indicated they were unsure about the order in which to add

the entities:

I'll do employees now. I'm actually not too sure which one to start with. I started
with the program because I just saw program repeatedly. I think I'm going to add
classes next.

Then Blake added Class followed by classiD. But Blake abruptly stopped and mentioned that the
programID should be a foreign key for the Course. But Blake seemed unsure about their decision but

decided to add it anyway, which was incorrect, and they did not realise this issue. Then, they continued
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to add the remaining attributes to the Class and indicated the classID as the primary key. However,
Blake still seemed to be unsure about the foreign key they added earlier, mumbling, “I’m not quite sure
about the foreign key. There should be one, though.”. Blake sat silently for more than a minute, and the
interviewer decided to intervene by asking how they might identify the foreign key. After a short

silence, Blake mentioned:

To identify a foreign key. Uh, I think it is in the lecture. I just don’t remember. I just
thought the foreign key would become the primary key from the parent.

Since it was apparent that Blake had an incomplete knowledge of foreign keys, the interviewer decided
to provide a low-level intervention, a hint and asked whether they recalled how the direction of the
foreign key was decided or to which entity the foreign key should be added. This question seemed to
have prompted Blake to recall what they were taught and realise the foreign key was added to the wrong

entity:

Oh yeah. Mali [the lecturer] said something about the master, which is the primary
key of the one [entity] with the I [cardinality] which is the mandatory entity that
goes to the other one. Yeah. So I think I got this the wrong way around, so yeah.
Yeah. So courselD should become a foreign key here [pointing the pen to the
program entity] Yes. [Blake]

Then, Blake corrected the diagram, as shown in Figure 8.23. Subsequently, the interviewer further
clarified the reason for using foreign keys and how they can be used during the database design

development stage.

W-l&
Couwfsc PPNQQMS@P
Covwse |9 PK xoqzaw 1D
ﬁc—@ eJA M Q'Jéw’ﬂ 0{

ewla(é’

Incorrect foreign key

\evel @L CowAse

Figure 8.23 Blake’s diagram before (left) and after (right) the interviewer’s intervention.

After the interventions, Blake continued and added the correct relationship, cardinalities and the foreign
key between Program and Class, referring back to the business rules related to the Program and Class

to verify their answer before moving on.

Then Blake added to the diagram the Instructor entity, the relevant attributes, and the primary key.
Then, Blake identified the cardinalities correctly. However, it was apparent that they were struggling

with the foreign key, but in this case, it was probably due to the many-to-many relationship:
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And the instructor may teach zero or many programs. Each program must be taught
by one or many instructors. Um... in this case, I'm not too sure which way ... I think
maybe this should go to that. What I meant was the instructor’s primary key should
go to program I think.

Blake kept reading the sentence explaining the relationship repeatedly and was uncertain about how to
proceed and hesitant about what to do next. It seemed that Blake had a very fragile knowledge of how
to handle foreign keys. After a minute, the interviewer decided to intervene by providing a hint relating
to the earlier intervention and asked: “In the earlier one, you put programlD in Class as a foreign key
since you need to know the program each class was related to. So in here if you take an instructor, what
do you need to know in regard to the program and the other way around also?” After a quick

deliberation, Blake caught up to the hint and suggested:

Okay if you take a program you need to know like which instructors are teaching it.
And instructors should know what program they are teaching. Hmm... wait a minute
do they both swap? Like instructor take program’s primary key program takes
instructor’s primary key.

Then Blake managed to recall what was taught in class and explained that a new entity is needed to
resolve the relationship, which was not required at the conceptual level. Hence, Blake swapped the

primary keys of Instructor and Program entities and added them as foreign keys.

Then, Blake moved on to add the Trainee entity and its attributes. The relationship and the cardinalities
were added correctly. The interviewer observed that Blake referred to the business rules as they thought
about and added the cardinalities to the diagram. When adding the relationship between the Employer
entity and the Trainee, Blake had to read the developed business rules a couple of times and then add
the relationship with cardinalities correctly. Figure 8.24 provides the conceptual model developed by

Blake, and Figure 8.25 illustrates Blake’s LT/P for Task 3.
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Figure 8.24 Blake’s conceptual model. The red boxes highlight the errors they made, which were later
corrected during the retrospection. The error at the bottom indicates a syntax error: using a solid line

(indicating a strong relation) instead of a dashed line (indicating a weak relation).
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Figure 8.25 Blake’s LT/P for Task 3.

Task 3: Retrospection

During the retrospective interview, Blake mentioned that the task was not too hard, but they were
confused about applying foreign keys. However, with the provided interventions, Blake managed to
complete the task. The interviewer explored some minor errors she had identified. She highlighted that
Blake had not distinguished between strong and weak relationships in the diagram (as shown in Figure
8.24). Blake was able to explain how to differentiate them using a solid line to denote strong

relationships and a dashed line to indicate weak ones.
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However, Blake was unsure about the concept of strong and weak relationships and asked the
interviewer to explain it further. The interviewer, for example, uses a relationship between an employee
and a dependent to illustrate the strong and weak relationships. This led to a discussion, and after some
time, Blake mentioned: “So... there might be hmm... a weak entity we can have here in between
Instructor and Program, isn’t it?” It seemed Blake at least understood to a certain extent what a weak
entity was, and the interviewer explained further why it is a weak entity and the connected relationships

are strong relationships.
8.5.3 Session 3: Transforming the conceptual model into a logical design

This was the first session Blake participated in online, but they used a tablet to complete the task, which
closely resembled the face-to-face data collection using a pen and paper. Hence, Blake, unlike the other
participants, did not use Visual Paradigm to produce the models and instead hand-drew them. No
notable issues were encountered during Blake’s online sessions. Blake seemed to be coherent, able to

think aloud, and confident in handling the online session.

Session three consisted of a single task (Task 4 described in section 6.3.4). Blake completed the task
within 20 minutes. Throughout the task, Blake operated within their ZPD. With high-level interviewer
assistance, they were able to progress. While working within their ZPD, Blake did make some mistakes,

which were discussed in detail during the retrospection to gain insight into the source of these errors.
Task 4: Narrative

Before beginning the session, Blake was provided with the solutions they developed in the previous
session via email, and they used a separate machine to view them. Once the interviewer explained the
task, Blake started Task 4 by reviewing the conceptual model developed during the previous session.

Then they mentioned:

At the moment, I have my conceptual design and going from conceptual to logical,
it's just changing the many-to-many relationships. I only have one between course
and instructor hmm... yes so I'm going to start now.

It was apparent before starting the task that Blake was trying to formulate a plan on how to proceed.
However, it seemed they had a misconception about how to derive a logical model from a conceptual
model in that they believed that this only required resolving many-to-many relationships. But for the

time being, the interviewer decided not to intervene and allowed Blake to continue.

Blake added the Course and the Program entities with attributes and primary keys and mentioned that

there was a one-to-many relationship between the entities. After a short pause, they added the courselD
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as the foreign key in the Program entity. Blake was able to clearly articulate this decision, which would
suggest that Blake managed to transfer knowledge gained in the previous session to this current session,
indicating progress and that some degree of consolidation of knowledge had taken place with respect

to their understanding of foreign keys.

Blake moved on and indicated that an associative entity is needed to resolve the many-to-many
relationship between the Instructor and the Program. Blake created a new entity called
Program_Instructors, and added a composite primary key to this associative entity consisting of the
programlD and instructorID attributes. Blake demonstrated the skill of resolving this many-to-many
relationship by explaining how the foreign keys were handled in a scenario like this, and they seemed

confident in what they were doing (See Figure 8.26).

Convrse 1D &

Figure 8.26 Blake’s resolution of the many-to-many relationship in the logical model.

Next, Blake added the Class entity and mentioned that it has a one-to-many relationship with the
Program entity while drawing it. And they then added the foreign key programiID to the Class entity.
This was followed by including the Trainee entity and connecting to the Program entity. The
interviewer observed that Blake was not resolving the composite attributes (e.g., address and name in
the Trainee entity). This could have been due to Blake’s misconception that transforming the conceptual
model into a logical one only required resolving many-to-many relationships and otherwise merely
transferring information from the conceptual model without actually resolving them. The interviewer
decided to intervene at this point to see whether a prompt could be provided to help Blake realise their
mistake. The interviewer asked Blake whether they could identify what type of an attribute address
was, and this prompt allowed Blake to think about what type of attribute address actually was and they

immediately mentioned:

That would be a composite attribute, so this should actually be atomic. So I should
add street, city etc. Yes, I actually forgot about that in the logical model, all the
attributes should be at the atomic level.
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Blake updated the address attribute with street, city and postcode. Another observation made by the
interviewer was that Blake did not resolve the multi-valued attributes (e.g., qualifications in the Trainee
attribute) either. Then Blake mentioned the Trainee entity had two foreign keys programlID from the
Program entity and the employerID from the Employer entity, which they had yet to add. Overall, it
was evident that Blake had a good grasp of handling the relationships in the logical model but was less

able to manage attributes.

Consequently, Blake added the Employer entity and the relationship between the Employer and the
Trainee. This time, they handled the composite address attribute correctly, recalling the earlier
discussion on composite attributes. Blake asked whether they needed to denote the strong and weak
entities on the diagram. Upon Blake’s inquiry, the interviewer indicated that to denote the strong and
weak entities, using ‘s’ and ‘w’ near the entity just as a way to ensure whether they can identify the
difference. Blake managed to differentiate between the two types of entities but still failed to use the
correct ER notation (i.e., solid and dashed lines), although the same issue occurred in the previous
session. It appeared that Blake couldn’t recall the syntax to differentiate the two types of relationships.
With this, the interviewer clarified that the strong and weak entities could be identified if the difference
is denoted using the relationships. The clarification appeared to trigger Blake to recall what they had
learnt previously, and then they updated the logical ERD with the correct syntax (See Figure 8.28).

Blake’s LT/P with all the interviewer interventions is provided in Figure 8.27.
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Figure 8.27 Blake’s completed LT/P at the end of Task 4.
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Figure 8.28 Blake’s logical ERD before (top) and after (bottom) the retrospection interview.

Task 4: Retrospection

Even though Blake indicated that he completed the task and was confident the solution was correct,
they had actually missed several mappings during the transformation. The interviewer asked Blake how
they would represent the qualifications attribute, considering that a trainee might have more than one
qualification. Blake immediately indicated they might need a separate entity to handle that attribute and
mentioned: “Is it a recursive one... no right?”’. Blake was unsure and remained silent, so the interviewer
asked whether they had discussed multivalued attributes in class. Blake admitted that it was taught but
couldn’t recall the details. Blake appeared to be struggling with the terminology and was confused about

the different types of attributes like composite and multivalued, but mentioned:

1 think it's uh attribute that could take different values within one multivalued. But I
do remember we should make new relations.
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This indicates that even though Blake learnt about the types of attributes, it was difficult for them to
recall and apply these types in the given context. With this knowledge, the interviewer decided to

explain multivalued attributes in detail and encouraged Blake to resolve them on the diagram.

Blake was sceptical about how to proceed and then did nothing for close to two minutes before deciding
to add a new entity that represents a qualification with traineelD as a foreign key and trainee
qualification as an attribute. Blake assumed a one-to-many relationship between the Trainee and the
Qualfication entity. Since Blake didn’t add a primary key to the new Qualification entity, the
interviewer inquired about that, and Blake mentioned that maybe traineelD could be the primary key
which was partially correct, but Blake seemed unsure. But before discussing the primary key, the
interviewer asked whether a qualification should only belong to one trainee highlighting Blake’s earlier
incorrect assumption that the relationship was a one-to-many one between Trainee and Qualification.

Blake considered this and then mentioned:

1 guess not, if maybe more than one trainee went to the same institute to get
qualified. Yeah, so most probably in this scenario, it'll be a many-to-many
relationship, isn't it? And that makes more sense to track each trainee’s
qualification details using an associative entity.

Based on this discussion, Blake updated their logical model, as shown in Figure 8.28. The interviewer
then commented on Blake’s naming of entities, explaining that the names should be in singular form,

not plural.

Blake found it difficult to explain whether the logical model he developed was in the 3NF or not. This
may have been due to a lack of practice in similar questions. Nonetheless, the interviewer briefly

explained how to decide whether the logical ERD is in the 3NF

8.6 Casey

8.6.1 Session 1: Analysing the case study and extracting business rules

Casey was one of the participants who struggled throughout the sessions with facing numerous
challenges, but they persevered and completed the study. During the first session, Casey was the only
participant who failed to complete both tasks during the allocated session time. From the practice
session itself, where they spent nearly 30 minutes, Casey seemed to face barriers largely associated with
their knowledge of database modelling concepts. In order to maintain the consistency of the narration,
the practice or think-aloud familiarisation task is not added in the thesis however, the interviewer had
to assist Casey while attempting even this task, which was designed to be very simple and doable in

order to ease the participants into the process of think-alouds. When the allocated time was reached, the
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interviewer stopped the session and postponed Task 2 until the next session, as Casey was overwhelmed
with all the information they were trying to process. Casey completed Task 1 but made some errors, as
indicated in Table 8.2. Casey attempted Task 2 in the next session and was outside of their ZPD most
of the time. At a certain point in the session, the interviewer decided to provide the exact solution for
one section of the case study since Casey was out of their ZPD, where they couldn’t progress even with
the interviewer’s assistance. Afterwards, the interviewer’s interventions managed to bring Casey back

on track to complete the task.

Task 1: Narrative

Casey started Task 1 (see section 6.3.2) by reading the task preamble and then went on to read the first
section of the case study. From the beginning, Casey annotated the text using an underline to highlight

the Trainees and Course participant as potential entities. Casey continued reading and underlining the

terms traineelD, name, dob, address, contact number and gualifications. Even though Casey annotated

the potential database constructs, there was no symbolic distinction between entities and attributes.
Casey moved on and underlined the terms Trainee, referred, Course, and Employers from the sentence
that explained the attributes related to Employer. At this point, Casey underlined all the nouns and verbs
in the sentence without consideration of which were relevant. However, for the attributes of the

Employer, Casey continued differentiating between entities and attributes saying:

So I'm thinking these [pointing to the attributes of Employer]| are the attributes
employers need to have [underlined each), I'm going to put them within brackets as
well.

Then Casey went on to the sentence, which described the relationship between the 7rainee and
Employer and underlined all the nouns (i.e., Employer, Employee, Training course, Trainee, Course).
Further, they circled the terms many, only, and one, which appeared to be an annotation related to the
cardinalities of the relationship, and Casey mentioned: “I’'m circling the process or relationship that
I’'m thinking is there”. Finally, Casey read the last sentence of the case study section, which provided
further information on the same relationship and circled the term few while underlining the terms
Employer and not referred. After circling the term few, Casey mentioned that they circled the terms,
which could be the relationships, even though the term represented a cardinality. It appeared to the
interviewer that even though Casey attempted to follow a systematic process, it was not consistent at
all, but waited to see how the information would be presented. See Figure 8.29 for Casey’s attempt to

use annotations in analysing the first section of the case study.
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Trainees: It 1s necessary to store details about all the trainees who participate in the
courses. Each course participant is identified by their trainee 1D and this is stored along
with their name (composed of first name and last name), date of birth, gender, address
(composed of street number, suburb, city, postcode), contact number. Along with these
details the previously acquired qualifications of the trainees should be stored in the
database. Since most of the time these trainees are referred to the course by their
employers it is also necessary to store the details of the employers including the name
of the company, address, and contact numbet. Each employer can be uniquely identified
using the employerID. An employer can refér many employees to a training course and
a trainee can be only referred to a_course via onge employer. However, there can be few
trainees who are not referred by an employes.

Figure 8.29 Casey’s attempt to annotate the case study.

Next, Casey decided to add the information into the provided space on the task worksheet as they
referred back to the case study text. Casey created a heading for Entity, Attributes, and Relationships
listed the Course under Entity followed by the Participant (see Figure 8.30). Then Casey drew arrows
from the Participant to indicate its attributes and added traineelD, name, dob, gender, address and
phone number as attributes. They questioned whether first name and last name should be added and
listed them in brackets next to the name attribute. It was interesting to observe that Casey identified the
importance of separating out the parts of the name attribute and replacing it with two separate attributes
even though they didn’t vocalise that it was a composite attribute. Casey then read the sentence where
qualifications were mentioned and hesitated but then added the term to the list of entities. Moving on,
Casey added the Employer also to the entity list and indicated referred under relationships (see Figure
8.30). Then they started reading the same sentence of the case study again and seemed a bit unsure,
asking themselves: “Wait a minute, participants, can I do slash trainee ? ” Casey realised that Trainee
and Participant represented the same entity and added the Trainee next to Participant in the entity list
separated with a forward slash. Casey then added the related attributes to the Employer and continued

to read the next line. After reading the line, “An employer can refer many employees ...” Casey muttered
quietly to themselves as they thought about whether the relationship between the Trainee and Employer
was unary but, in the end, did not record this and added only referred to the relationships list. Next, they
connected the only referred term to the Employer, pointing the arrowhead to the Employer entity and
connected the Employer to the referred by relationship where the arrowhead was pointed to the
relationship name and added /:M next to the relationship name (see Figure 8.30). Casey read the last
sentence of that section of the case study but appeared to ignore the cardinality described there,

indicating they were finished.

244



Figure 8.30 Information extracted from analysing the first section of the case study.

The interviewer questioned how they felt, and Casey mentioned it made them think about what they
learnt in class while trying to extract the information. With this, the interviewer asked Casey to move
on to the next section of the case study. Casey started reading the section and underlined Course along
with the courselD, name of the course and level of the course. Moving on, Casey underlined the phrase
generate several programs, followed by Program entity and its related attributes. At this point, Casey
abandoned the distinguishing annotations of brackets and circles they had used earlier, using
underlining for all components of the model. Then Casey added Course to the entity list and then its
attributes, followed by the relationship generate several programs on the relationships list. Once the
relationship was added, Casey listed Program as the next entity and went on to the sentence that
described the nature of a Program in the problem description. It appeared that the term session, which
was used to explain what a program was, confused Casey a bit, and they added different sessions as an
attribute of the Program with a question mark followed by the rest of the attributes. Once they read the
sentence “A program can have many trainees”, Casey drew a line between Program and Trainee, but it
appeared they struggled when it came to the rest of the information related to the cardinalities and
seemed to be adding the cardinalities randomly (See Figure 8.31). Next, Casey added the entity Class
and its attributes and noted a potential relationship between Class and Program. However, they
mistakenly linked Class to Trainee, and not noticing their error, Casey was satisfied with their solution
and seemed eager to move on to the next section but mentioned: “ The pen gets quite heavy after a
while, but otherwise, yeah, it's good. It's good.” The interviewer offered Casey a small break before

they moved on to the next section of the case study.
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Figure 8.31 Casey’s presentation of the relationships.

Casey started reading the last section of the case study and underlining all potential entities, attributes
and relationships. Then Casey noted down Instructor as an entity and also its attributes. Once Casey
read the next sentence, they realised there was a relationship between /nstructor and Program and added
Program to their list of entities. The sentence that expressed the relationship between a program and an
instructor seemed to confuse Casey, and they read it multiple times. It should be noted that the sentence
was quite lengthy and connected with a conjunction. Despite understanding that there was a relationship
(see Figure 8.32), Casey could not comprehend the cardinalities on both sides, deciding in the end to

ignore this aspect, deciding they were done:

Hmm... [pause] now how am I going to do that? So this instructor [connect instructor
to program and program side put a O to the line] will be not. Yeah, I think I haven't
read those, that symbols that they're showing us. So I don't know how to use them.
Okay. I think I am done.

Figure 8.32 Casey’s representation of the relationship between Instructor and Program.

Interestingly, despite making a few errors, Casey didn’t seem to be struggling much. Casey did not
check their answers before announcing that they finished the task. Hence, the interviewer didn’t assist
Casey during the interview and decided to discuss these issues during the retrospection. Casey’s LT/P

at the end of Task 1 is given in Figure 8.33.
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Figure 8.33 Casey’s LT/P at the end of Task 1.

Task 1: Retrospection

During the retrospection, the interviewer explained what needed to be done when similar nouns were
identified, like the case of the Trainee and Participant where one term needed to be removed based on
the context. Then, the interviewer questioned Casey about listing qualifications as an entity in the first
section. In reality, qualifications was a multivalued attribute that should end up being represented as a
separate entity during the development of the logical model when the many-to-many relationship
between trainee and qualifications should be resolved. The interviewer was interested to know whether
Casey had made this leap in understanding the need to resolve the many-to-many relation. Casey

attempted to explain their reasoning, but the explanation was very vague and imprecise:

Well, because of how they said it in here [pointing to the separate line which
explained the qualification attribute] acquired qualifications. So then wouldn't the
attributes come under the qualification? But it didn't mention any attributes, which
is why I just thought, oh, maybe it's an entity then.

The interviewer’s query led Casey to believe that their assumption was incorrect. Casey went on and
explained that qualifications couldn’t be an entity after all since only people can be entities —
demonstrating an incorrect understanding of the definition of the term entity. The interviewer decided

to explain what an entity was, and then Casey went on to explain their thinking further:

Because you know, when you get a qualification, you're not only learning one thing,
you're learning several different things like database design and programming, and
those are all attributes of the qualification.

It almost seemed they wanted to convey the correct idea but lacked the basic language and conceptual
knowledge needed to express it properly. The interviewer explained to Casey that their instinct was
correct and they could explore it further in the next session, but at this stage, they could safely consider

the attribute to be an entity.
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The discussion moved to the next section, and the interviewer queried why the Session was identified
as a potential entity. Casey couldn’t recall why they had included it and vaguely mentioned it because
it was within brackets. The interviewer explained that the term session was used to express the Program
entity further. Casey’s tendency to translate the case study description in a way that treated each
sentence in isolation and word-by-word, without considering as a whole the overall picture of the case

study, to identify the modelling constructs led to this incorrect entity.

The interviewer then directed Casey’s attention to the relationship between the Trainee and Program

entities. Casey stated:

“Oh yeah that was hard. I don't know about that one. Yeah. And then that just kept
going back from entity to entity and I was like ... it was confusing”

The interviewer realised that it was because Casey didn’t consider the relationship in both directions.
She helped Casey to identify the relationship between Trainee and Program and how to present the
cardinalities correctly. After some time, Casey seemed to grasp the concept, and the interviewer asked
them to recheck the relationship between the Instructor and the Program. Again, Casey read the
sentence aloud, which stated, “... some programs can have more than one instructor assigned to them
based on the number of trainees_allocated for the program”, which confused them since they felt the
trainee should also be included in the relationship between the Instructor and the Program. The
interviewer explained that misunderstandings could happen when students translate each and every
word one by one without considering the overall scenario. Casey agreed that this was something they

tended to do.

The interviewer suspected that Casey used to seeing shorter and simpler case study descriptions where
the information was provided directly without being obscured by extra and redundant information.
However, with the interviewer’s assistance, Casey was able to interpret the relationship correctly. At
the end of the retrospection of Task 1, the one-hour set for the session was over despite Casey not
completing the task. The interviewer decided to ask Casey whether they wanted to continue since they

appeared to be overwhelmed, and Casey confirmed, saying:

If I'm going to go, for today maybe it'll be too much information to process. But at
least this gave me a fair idea of how to start work on my case study in the assignment.

8.6.2 Session 2: Analysing the case study and extracting business rules

As decided, Casey’s Task 2 was conducted in a different session. Unfortunately, this was when the
sessions were transitioned into an online mode. Hence, there was a longer time period between

attempting tasks 1 and 2 than for the other participants. However, Casey’s solution for Task 1 was
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provided ahead of the session via email. Casey opted to use MS Word to develop the business rules. At
the beginning of the session, the interviewer had to spend some time explaining the task. They also had
to show Casey how to use the MS Teams functions, particularly on sharing their screen, as Casey was

unfamiliar with the software.
Task 2: Narrative

Casey started by creating a table with syntax elements as the headings for each column to structure
writing their business rules, which was a similar process used during the lecture. They sequentially

added Course, Trainee, and Employer to the Entity1 column, as indicated in Figure 8.34.

Entityl MAY/MUST Relationship_verb_phrase | Number Entity2
Course

T¥ainee

Employer May Be referred by 1:M

Figure 8.34 Casey’s first attempt at writing the business rules.

With the interviewer’s reminder to think aloud, Casey mentioned that they were referring to their
solution from the previous session to identify the entities specified in section 1 of the case study. Casey
started adding the following: Employer may be referred by 1:M but appeared to be struggling to
determine the second associated entity to complete the business rule. Also, it seemed that the
presentation of their answers to Task 1 might be causing issues since Casey found it difficult to interpret

and read their Task 1 solution. Casey mentioned that:

This is too hard to figure out what is where. I might have to read the whole thing
again...

Casey struggled for a while, going through their previous answer to no avail, and the interviewer
intervened to direct Casey to section one of the case study and read it, mentioning that the relationship
between the Trainee and Employer can be found in that section. With this focus, Casey managed to
identify the sentence that described the relationship between the Employer and Trainee. They then
changed the earlier written business rule given in Figure 8.34 as follows: Employer may refer 1:M
employees (see Figure 8.35). However, Casey was referring to Trainee as Employee in the business

rule. Casey then moves on to complete the business rule in the other direction as follows:

Trainee may be only referred ? employer.
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Casey struggled to figure out the missing cardinality/number. The interviewer realised that Casey was
not reading the adjoining sentence where this information was presented. It seemed Casey struggled
with sentence structures, particularly when conjunctions are used in a sentence. Casey stopped reading
and was silent, and the interviewer prompted them to read the next line in the case study. After reading
the sentence multiple times, Casey added another business rule, as highlighted using a red box in Figure
8.35. It seemed they were unaware that they had just duplicated the existing business rule in the second

row of the table between the Trainee and Employer, albeit with trainee expressed in plural form.

Entityl MAY/MUST Relationship_verb_phrase | Number Entity2
Course

Trainee May Be only referred 1 Employer
Employer May Refer 1:M employees
Trainees May Not be referred by few| employer

Figure 8.35 Newly added business rule in the red box.

At this point, it was evident that Casey was not systematic and continuously tried to develop business
rules in an ad-hoc manner, not realising that each relationship needed to be expressed using two business
rules, one for each direction of the relationship. Further, it seemed that Casey was reading the sentences

superficially and lacked focus:

A trainee can be referred hmm...Now I'm lost where I was reading... hold on I'm
looking for where I left off my reading.

Since Casey was unable to independently progress successfully and none of the hint-based assistance
provided had worked, the interviewer decided to stop working on the main task and asked Casey to try
the redirected task (T2.1 — see section 6.3.2). This was a simple fill-in-the-blank exercise based on
section one of the case study with a list of options provided for the missing parts of the business rules.
Casey started reading the task and completed the first rule correctly. However, Casey had trouble
working out the cardinality when the business rule was written in the opposite direction despite being

scaffolded with a list of options (See Figure 8.36).

1. Each __ Employer may refer _ one or more TRAINEES.
2. Each TRAINEE may be refereed by EMPLOYER.

Figure 8.36 Casey’s attempt on the redirect task — T2.1.

The interviewer intervened and directed Casey to read the last two lines of that section of the case study

again in order to identify the correct cardinality. After much deliberation, Casey commented:
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I'm thinking that I should use Entity 2, but [ can't because Entity 2 is already there.
So I wonder if that might be a number, something to do with the numbers. So each
trainee may be referred by..., but it doesn't make sense if I said zero or one or if |
said one or more, it doesn't make sense.

It seemed Casey was experiencing issues in transferring information between different forms, along
with a high intrinsic and germane cognitive load (Sweller, 1988). The interventions provided by the
interviewer were not helping Casey to move forward. The interviewer decided to explain how to transfer

information from the natural language to the grammar of the business rules using the redirected task

(T2.1) as an example.

The interviewer breaks down the sentences explaining the relationship word by word to emphasise how
cardinality can be decided. The interviewer also explained the use of the terms may/must in writing
business rules. Casey stated that after the explanation, it was much clearer to them. Figure 8.37

illustrates Casey’s LT/P to the point where the interviewer decided to redirect them to a simpler task

focusing on cardinalities.
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Figure 8.37 Casey’s LT/P up to T2.1.
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With this, the interviewer asked Casey to continue with their original task by restarting it since they had
made no real progress. Casey once again was faced with the same difficulties as before and showed a
lack of focus on the case study narrative and skimmed it in an ad hoc manner. Casey was aware of their

approach but seemed to believe that it was effective because of the nature of the task, mentioning:

I'm just jumping from line to line. I'm not actually going in any order, so I could be
on line two and then all of a sudden, I jumped to line eight. I'm looking for keywords
rather than the attributes such as you know, like Suburb, City, postcode. I don't need
to read that because I'm looking for keywords here, not attributes.

Moreover, Casey demonstrated a lack of understanding of the basic terms and concepts needed in order
to be able to develop business rules. Despite explicit instruction during their attempt on the redirected
task and Casey seeming to have understood when returning to the main task, Casey was unable to form

the correct business rules on their second attempt (see Figure 8.38).

Entityl MAY/MUST Relationship_verb_phrase | Number Entity2

Trainee May Only be referred 1 course
Each Employer May Refer 1:M course

Trainees May Not be referred by 0-M Employer

Figure 8.38 Casey’s second attempt at writing the business rules

The interviewer stopped the task and decided to discuss the business rules for section one, as Casey
couldn’t progress after a considerable amount of intervention for almost 30 minutes of the session. The
interviewer provided the solution in full to Task 2 (i.e., business rules for section one of the case study)
and explained the process they went through in order to answer the task. The interviewer also explained
the relationship in both directions while using crow’s foot notation on a whiteboard. Finally, Casey

mentioned they understood what it meant to write the business rules in both directions.

After this, Casey started to read section two of the case study and provided the business rules for the
relationship between the Program and Trainee correctly. Almost 45 minutes into the session, this was
the first instance of Casey showing evidence of progress and learning. There was a slight error in using
may instead of must in one of the business rules, and with a quick prompt from the interviewer, who
asked Casey to double check on the related cardinality, Casey realised their mistake and fixed it. Then

Casey moved on to read the sentence that detailed the relationship between Program and Class, saying:

Hey I don't have Class. I don't have Class as an entity. Can I add it?
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Casey had difficulty understanding their solution to Task 1 due to its inconsistent representation of the
information and was adamant that they didn’t identify Class as an entity despite the fact they had
actually done so in the first session. However, Casey went on to add the business rule between Program
and Class without assistance and seemed to be in more control of what they were doing. Casey started
to move on to the last section but missed developing the relationship between the Course and the
Program. The interviewer informed Casey that they had missed a sentence in the case study. Casey
managed to catch onto their omission and added the business rule, which describes the relation from
Course to Program. Interestingly, they were able to make a correct assumption, which was required as

the term several is imprecise when writing one of the business rules:

Uhm, each Course must generate several... so that's one wher we don't even know
what several means. So let's go with 1 to many and that's it.

However, Casey forgot to add the business rules that describe the relationship in the other direction
from Program to Course, but when the interviewer prompted whether the business rules were

completed, Casey realised the mistake and added the business rule.

Finally, Casey moved on to the last section despite exceeding the allocated time for the interview and
quickly developed the next business rule, expressing the relationship between the Instructor and the

Program. Yet again, Casey mentioned:

So yeah, because I see here it says an instructor may be assigned to teach any
number of programs which I've got, and then this is where it starts to play games on
me where its says while some programs can have more than one instructor assigned
to them based on the number of trainees allocated for the program. Now it's starting
to confuse me because there is so much information in there that I need to decide
which keyword to use. But it’s like extra information as you said earlier, isn’t it? I’ll
continue.

Despite their confusion, Casey managed to complete the task with the assistance provided by the

interviewer. Casey’s LT/P at the end of Task 2 is given in Figure 8.39.
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Figure 8.39 Casey’s LT/P at the end of Task 2.
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Task 2: Retrospection

As the allocated time had passed, a separate retrospective interview was not conducted with Casey.
However, since a lot of time was utilised during the session to discuss the issues, the interviewer decided
that it was not required. The interviewer pointed out some minor errors in the business rules (i.e.,
incorrect use of may/must or use of incorrect relationship name (i.e., be generated if they are run), which
Casey understood. The interviewer provided the option for Casey to contact them if they needed any

further help.
8.6.3 Session 3: Developing a conceptual model

Session 3 was comprised of only one task — Task 3 (see section 6.3.3). In this task, the participants were
asked to develop a conceptual model based on the case study. Like the other participants, due to
COVID-19 lockdowns, Casey did this task online. Since Casey didn’t own a tablet, they opted to use

the Visual Paradigm tool to develop their model, and their screen was shared via MS Teams.

Casey managed to complete this task within the time limit. But like Task 2, the interviewer had to assist
Casey throughout the session in order for them to progress. Casey’s fragile knowledge of the concepts
related to relationships and cardinalities once again was the source of much of their difficulties. One
notable observation was that they were unable to transfer their business rules into the conceptual model
despite having access to the correct business rules from the previous session. It is reasonable to assume
that the added cognitive strain from using the Visual Paradigm meant that they were even less able to
recall and apply their fragile knowledge than they could during Task 2. However, with the interviewer’s

assistance, they completed the task despite making several mistakes along the way (see Table 8.2).
Task 3: Narrative

Once the interviewer explained the task and helped Casey share their screen, Casey started the task.
Casey was provided with the solutions to their previous tasks at the beginning of the session. Casey
mentioned that they would refer to their solutions to Task 1 to develop the conceptual model and keep
both the tool and solution open on the screen. Casey added the Trainee, Employer and Course entities
to the ERD in Visual Paradigm. Then they appeared to be somewhat confused for a while and

mentioned:

So I'm scrolling through this [while scrolling through their solution to Task 1], and
it looks too messy, hmm...

As Casey struggled to proceed in identifying the entities, the interviewer directed Casey to refer to the

solution of Task 2 (business rules) instead of Task 1 to identify the entities. This allowed Casey to
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proceed and indicated that they would add all the entities first and would refer to the solution of Task 1
when adding the attributes. After that, Casey added the Program, Class and Instructor entities. Casey
decided to verify the added entities with the business rules to ensure they had not missed any. Then
Casey queried whether there was an appropriate order to add the constructs. The interviewer told them
just to do what they would normally do, and Casey decided to proceed by adding the relationship
between the Course and the Trainee. After reading the relevant business rule, Casey selected the
required relationship and dragged the mouse pointer from the Trainee to the Course. However, when
dragging the mouse pointer, Casey mistakenly deleted the name of Course entity, and as they were
trying to rename it, the tool did not allow it, which led to the relationship be not added. Casey wondered
whether this was since they attempted to add relationships first and asked whether to add the attributes
next, and the interviewer again clarified they could follow any order they liked. Then, Casey went on

to add further attributes instead of continuing with the relationships.

Casey referred back to Task 1 and successfully managed to add all the attributes for the Trainee entity,
including the primary key. However, Casey missed the qualifications attribute despite it having been
discussed during the last retrospective interview. Next, Casey moved on to add the attributes for the
Course entity but seemed to get confused: “That’s different sessions, what’s different sessions where
does that come from?”. The notion of sessions had also been discussed with the interviewer in the last
session. Casey was unable to recall this even though they had added a cross sign next to where the
session was added during their last retrospection. Casey decided to read the section of the case study
which mentioned sessions but was distracted from the sessions due to being hesitant about whether the
courselD was a unique key since it was not mentioned as a unique key in the case study. The interviewer
questioned them on how they would handle such cases normally. Casey mentioned that they would
assume that was the key and marked courselD as the primary key. Casey then added the attributes for

the Program, Employer, Instructor, and Class entities.

Finally, Casey decided to add the relationships and referred back to the business rules they developed.
Casey added a one-to-one relationship between the Trainee and the Course entities. It appeared that
Casey did not realise that they were using the incorrect business rules they had developed in their first
attempt, even though the incorrect business rules were marked separately in their answer sheet and were
also discussed during the last session. Hence, the interviewer queried Casey with the intention of making
them realise their mistake and prompted Casey to read the first section of the case study to confirm
whether there was a relationship between the Trainee and the Course. Casey read the section to
understand the issue and decided to remove the relationship and add the relationship between the
Employer and Trainee, still referring to the incorrect business rules. They were unsure about their
solution, and the interviewer mentioned that they were referring to the incorrect business rules they had

developed earlier in the previous session. Casey’s LT/P to this point is given in Figure 8.40.

256



5:00 7:25 9:08 10:43 12:29 16:23 26:13 27:27 27:50

] ] I 1 | | | |
T T T 1 T T T T

Difficulty referring

—— Request Too Narration Previous
Uncertain
- P nel Ic* difficultgf  1C : X ) difficuiy 5| IP { : ) ok sf P P

00:00:00 00:48:48

Missing attribute Incorrect relationship
qualification in Trainee etween Trainee & Course,

Figure 8.40 Casey’s LT/P during the first half of the session.

Finally, Casey managed to identify the corrected version of their solution to the previous task and added
the relationship between the Trainee and the Employer. However, Casey added the relationship in the
wrong direction from Trainee to Employer, creating an incorrect relationship and a foreign key that
didn’t resemble the requirements of the developed business rules (see Figure 8.41). Casey did not notice
this error, and the interviewer ended up hinting that they should crosscheck their model with the
business rules. It appeared to be a genuine mistake in using the tool since Casey realised the issue

immediately:

So it says each employer... Oh no, the crow [pointing the cursor to the cardinality]
is not where I want it to be. I want to change but don’t know how to. How do I
change that?

Casey asked the interviewer to explain how the cardinalities could be changed using the Visual
Paradigm tool. However, Casey didn’t realise that the foreign key was still incorrect and the cardinality
of the employer side was one instead of zero-to-one despite these aspects being correct in the business
rule. Throughout, it was quite evident that Casey had issues transferring information from one form to
another. It is possible that the inability to transfer information was due to the additional cognitive load
brought by using Visual Paradigm. However, similar issues were observed in the sessions in which
Visual Paradigm was not used, and it is more likely that Casey tended not to pay attention to detail.
Casey seemed to prefer to skim-read the specification and start on the task without fully understanding

the modelling problem.
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Figure 8.41 Incorrect relationships vs business rules.

Then Casey moved on to the relationship between the Trainee and the Program. Before adding the
relationship, Casey moved the entities here and there on the canvas, and it seemed like they were trying
to manage the layout properly. Casey used the tool correctly this time and added the relationship in the
right direction. However, they still didn’t change the cardinality of the Trainee side of the relation from
zero-to-many to one-to-many (the relationship default is visual paradigm is zero-to-many), even though
a similar scenario had been discussed in the context of the Trainee-Employer relationship. Casey did
not attempt to verify their model so far against their business rules. Instead, they continued to move on
to add the relationships between Program and Class and Course and Program entities. Again, Casey
accepted the default cardinalities added, which did not map to their business rules. Next, Casey added
“be generated if run” as the relationship name between Course and Program, which was not an
appropriate verb that could explain the relationship between the entities, and this was discussed during
the previous retrospection. The interviewer asked whether the relationship ‘“name” was correct to
prompt them to realise the issue, but Casey answered, stating it was a many-to-many relationship, which
was not the answer to the question. With the interviewer’s further explanation, the interviewer went
ahead and explained the issue with the relationship name given by Casey, which included the condition

(i.e., if run) that was not required. Casey realised the mistake and changed it to a suitable verb phrase.

Finally, Casey added the relationship between the Instructor and the Program. However, they seemed
hesitant to add the relationship and, when asked by the interviewer, indicated they were unsure about
which business rule to use since there were two. The interviewer asked them to look at the business
rules in both directions since that appeared to be the source of confusion. But, Casey still read only the

first business rule and added a one-to-many relationship instead of a many-to-many despite the prompt
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of the interviewer and announced that they had completed the task. Casey’s LT/P at the end of Task 3
is provided in Figure 8.42.
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Figure 8.42 Casey’s learning trajectory at the end of Task 3.

Task 3: Retrospection

During the retrospective interview, the interviewer started reviewing the model with Casey and asked
them to read the business rule between Program and Class and compare it with the model. Casey was
able to find the error in the model and amended the cardinality correctly. The interviewer explained
why the error had happened and that it was probably due to the way Visual Paradigm adds the same
default cardinalities, which Casey did not correct. The interviewer asked Casey to double-check the
cardinalities of all the business rules. But, it seemed Casey was not interested in verifying the model

there and then and mentioned:
Yes I get it, so that’s all that and I've saved the model. Shall I send it to you?

It appeared they wanted to end the session and had enough after 45 minutes. However, the interviewer
asked Casey to check the relationship between the /nstructor and the Program. Again, Casey managed
to figure out the issue with the cardinalities and corrected it. The interviewer pointed out the other
cardinality issues and instructed Casey to always verify the conceptual model alongside the business
rules. This time, Casey managed to fix most of the issues, apart from the cardinalities between Trainee
and Employer relationship. Overall, Casey had an issue transferring information from business rules to
the conceptual model. Interestingly, this appeared to be a recurrent scenario where, in the earlier session,
they had difficulties transferring information from the case study to modelling constructs. See Figure
8.43 for Casey’s ER model, highlighting the errors and corrections made during the retrospection. At

the end of the retrospection, Casey admitted that they need to practice more to get used to the syntax
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and use them correctly in the tool but mentioned: “I learnt something new. Thank you so much for

that.”.
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Figure 8.43 Casey’s conceptual model before (left) and after(right) the feedback. Red boxes indicate

the errors in their solution.
8.6.4 Session 4: Transforming the conceptual model into a logical design

This session consisted of a single task (Task 4 — see section 6.3.4), in which the participants were asked

to transform their conceptual model into a logical design.

Casey took more than an hour to complete this task, and despite completing it, they encountered several
barriers to progression. One issue (missing qualification attribute in Trainee entity) they had was a
repeating mistake that had also been made during their previous think-aloud session (see Table 8.2).
Casey again introduced errors due to their use of the Visual Paradigm. However, the main difficulty
Casey appeared to have was related to their fragile knowledge of database modelling concepts. Casey
also had difficulty recalling and applying the mapping rules taught in class that are used to guide the

transformation of a model from one form to another through the database modelling process.

As in Casey’s previous sessions, in this session, the interviewer had to provide assistance numerous
times throughout the session in order to see Casey’s progress. Throughout the study, Casey showed a
tendency to request assistance. They asked for help rather than trying to work through the task
themselves. It seemed in Task 4 that they were overwhelmed by the task and did not know how even to

begin.
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Task 4: Narrative

The interviewer provided the solution Casey developed in the previous session before the session began

and explained the task. It seemed right from the start that Casey was confused, mentioning:

That's right, so in order to transform them into a logical design, I have to start off
with those primary keys and then break them down, like think I can remember.

The interviewer, at this point, assumed that Casey was referring to normalisation. Due to this, the
interviewer explained what was expected of this task and how it differs from normalisation, but Casey
was confused. As a result, the interviewer intervened and directed Casey to a simple redirected task
(T4.1 as discussed in section 6.3.4) and asked whether they could recall the mapping rules required to
transform the conceptual model into a logical one. T4.1 was asked with the intention of recalling the
mapping rules they were taught during the class. Casey still seemed unsure and started referring to their
notes but was silent for a while without talking out loud. As they were not progressing at all, the
interviewer again asked whether Casey could recall the mapping rules related to many-to-many
relationships since this was a significant rule demonstrated during the lecture and had appeared in
several practice exercises in the lab classes as well. That appeared to trigger their memory, and Casey
mentioned it was what they had explained earlier at the beginning, where the interviewer thought they
were explaining the steps in normalisation. It seemed despite having incomplete knowledge, Casey
could recall what they had learnt but did not have the language needed to express the ideas coherently.
With some further discussion, it became clear that Casey was indeed having trouble with the
terminology, and this lack of knowledge was leading to, at least to some extent, their confusion. The
lack of terminology was also exacerbated by their lack of conceptual knowledge, which was quite
fragile. This meant that Casey’s explanations were rather vague. As the interviewer clarified the

mapping rules using the lecture materials that Casey was somewhat familiar with, Casey mentioned:

The logical, the conceptual it’s really hard to distinguish you know like the meaning
behind every term.

The terminologies seemed to add further cognitive strain for Casey when attempting the task. The
interviewer then provided a hint and asked Casey to start from a single entity at a time to resolve the
attributes before moving into the relationships and directed them to restart the task. Casey’s LT/P, till

they were asked to reattempt the task, is provided in Figure 8.44.
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Figure 8.44 Casey’s LT/P during their first attempt on Task 4.

Casey started the task again however, it appeared that they still hadn’t caught up to the instructions
provided for the task and started the task on pen and paper. The interviewer had to intervene and clarify
that they had to use the Visual Paradigm to complete the task, mainly due to conducting the think-aloud
online and being unable to “see” what Casey was writing otherwise. There is a probability that Casey

was trying to avoid the Visual Paradigm as it caused them issues previously.

Casey could not understand what the Task was asking them to do. They did not know what it meant to
transform the conceptual model (ER model) into a logical one (relational model) by applying
appropriate mapping rules. As in Casey did not understand how to map model constructs such as
multivalued and composite attributes and relationship cardinalities (e.g., one-to-many, many-to-many)

to a relational model.

The interviewer decided to intervene. She took an example from Casey’s conceptual model developed

in Task 3, the address attribute of the Trainee entity and discussed with Casey why it needed to be
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resolved and how to do it. She then took another example for relationships, of a one-to-many
relationship between Trainee and Employer, and asked Casey to check it against the mapping rules.
Finally, Casey appeared to be clear on what was meant to resolve the constructs in the conceptual model.

Casey seemed to be a bit overwhelmed at this point and mumbled, “That’s a lot, it’s a lot to do.” —

understandably, since it was more than 18 minutes to the task and they were still struggling to start it.

Finally, Casey opened their previously developed conceptual model (Task 3) in Visual Paradigm and
asked the interviewer how to edit their existing model to resolve the composite attribute (address) using
Visual Paradigm. The interviewer instructed that they could delete the existing attribute and add new
rows to indicate the components of the address (i.e., street, city, postcode), and with that explanation,
Casey successfully resolved the address attribute in the Trainee entity. Interestingly, they recalled the
feedback they had received for one of their assignments on a similar task where they were asked to
maintain a consistent naming pattern (e.g., First Name, Contact No) for attributes and apply it

correctly.

Once Casey confirmed that they believed that the Trainee entity had been resolved, they moved on to
the Employer entity. At this point, somehow, Casey began referring back to the case study rather than
their conceptual model. Casey was the only participant with such an approach where, instead of
transforming directly from the conceptual model, they resorted to using the case study again to guide
the transformation. It appeared that Casey could not read and understand the previous model developed
in Task 3 and was required to read the case study instead. Even after engaging with the case study for
approximately three hours over three sessions, Casey struggled to locate the information about the

Employer entity and seemed incoherent about the whole situation:

Employer ... How come I can't find my employer? Just going to highlight the ones
that are in bold [pointing to the section names of the case study]. So instructors,
courses, trainees... Hey, I don’t have an employer anywhere?

The interviewer decided to assist Casey again, prompting that the employer information could be found
in the first section of the case study. Casey finally identified the required information describing the

Employer and Trainee relationship. While reading these sentences, Casey again struggled:

... Employer can refer employees to a training course, and a trainee can be only
referred to a course through one employer. How do I work that one now?

Despite having discussed this same issue (i.e., literal or word-to-word translation) in the previous
session, Casey was unsure how to interpret the information. It appeared that Casey often had difficulty
referring and understanding their own solutions and recalling learnings and discussions from prior

sessions. Again, Casey asked for help from the interviewer. The interviewer went through the sentence
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Casey mentioned and explained how the sentence describes the relationship between Employer and
Trainee while Course was used as a term to explain the relationship. With the provided clarification,
Casey managed to recall the issue from the previous session. After this, Casey decided that the Employer
entity had nothing to resolve, but they missed a mistake they had made during Task 3 that had not been
resolved. Namely, the cardinality on the Employer side of the relation was labelled one instead of zero-
to-one. The interviewer attempted to draw Casey’s attention to the issue by asking them to read the
sentence from the case study related to this cardinality and to check that against the model they
developed for Task 3. Finally, Casey realised their mistake and made the necessary changes to the

model.

The interviewer reiterated the importance of understanding and reading relationships in both directions.
At this point, Casey appeared somewhat overwhelmed and mentioned: “It’s making my head spin with
everything ", but decided to move on even though the interviewer encouraged them to take a small break

before continuing. Casey’s LT/P halfway through the session is given in Figure 8.45.
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Figure 8.45 Casey’s LT/P halfway through the session.

Next, Casey moved on to the Program and Class entities and made a few changes to the attribute names

by renaming them according to the naming conventions they recalled and otherwise decided there was

nothing to resolve. Casey moved on to the Course entity. They mentioned that the course level attribute

265



was a composite attribute since the case study described possible course levels such as introduction,
certificate and diploma. Casey did not realise that these were simply possible values for the attribute
and did not mean that the attribute was a composite one. This clearly indicates that at this point, Casey
was still struggling with basic concepts, and it was no wonder they struggled to transform the conceptual
model as such a task requires knowledge of several interrelated concepts to proceed. Hence, the
interviewer decided to clarify why the course level attribute was not composite. Casey continued on to
look at the relationship between Program and Course and mentioned that the programiID should be a
foreign key in Course. This was incorrect, and yet they had dealt with the foreign key for Program
correctly in their conceptual model. This further evidenced Casey’s inability to read and interpret their
own conceptual model correctly. The interviewer decided to intervene and asked about the mapping
rule related to one-to-many relationships. This triggered Casey to recognise the error in their logical
model and fix it, move on to the other entities, and finally mention that they were done. However, Casey
did not bother to check the remaining relationships to make sure that they were resolved, and the
interviewer directed Casey to consider them. Even then, Casey was quite uncertain and struggled to
recall the mapping rules they learnt and apply them when transforming the conceptual ERD into a

logical one.

Considering that Casey was making no progress and clearly outside of their ZPD (almost 50 minutes
into the one-hour session), the interviewer considered terminating the session to provide the exact
solution and asked Casey if they wished to continue. Casey was determined to continue, so the
interviewer gave them a redirected task (T4.2 detailed in section 6.3.4 ). T4.2 was a simple task where
Casey was asked to explain how to resolve the many-to-many relationship between student and class
entities provided in a partial ERD (see Figure 6.9) and where they would place the grade attribute if
they want to store the grade students receive for each class. Casey had some idea but was unable to
explain it properly and mentioned that the grade should be an attribute in the student entity, which was
incorrect. The interviewer had to explain why the grade should be placed in the new associative entity
instead of placing it in the student. She went on to explain the concept using the same example provided
in the lecture materials using ERD notations, as Casey seemed to understand more with visuals. Casey

thanked the interviewer for the explanation and indicated:

I always wondered how did they get this [pointing to the composite primary key in
the associative entity] because I never got that. But thank you I got it now.

Finally, Casey decided to resolve the remaining relationships in the conceptual model and looked at the
one-to-many relationship between Program and Trainee. Casey started explaining how to resolve it by
adding a new entity, which was incorrect. The relationship was not a many-to-many relationship and

therefore did not need to be resolved. Instead, it was a one-to-many relationship where they had to
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ensure the correct placement of the foreign key (related mapping rule —primary key on the one side
becomes a foreign key on the many side). The interviewer prompted Casey to check the notes they
made earlier related to the mapping rules they had learnt in class. With the help of the interviewer,
Casey finally managed to identify that the one-to-many relationships were already resolved since the
foreign keys had been added automatically from the tool in cases where the relationship was added to
Visual Paradigm in the right direction. It seemed Casey had a major issue constructing new knowledge
in their working memory, disrupting how the knowledge structures or schemas get stored in the long-
term memory. This appeared to be why Casey struggled with the mapping rules throughout the session.
Finally, Casey managed to resolve the many-to-many relationship correctly despite requiring some
assistance from the interviewer to handle the tool. Their completed logical model and the LT/P at the

end of Task 4 are given in Figure 8.46 and Figure 8.47, respectively.
Task 4: Retrospection

There was no separate retrospective interview for this session, as the allocated time had already passed,
and most issues were discussed as the task was attempted. The interviewer decided Casey was already
overwhelmed and overloaded with information from the session and decided further retrospection
would not benefit Casey and stopped the session at this point. However, Casey missed resolving the

multivalued attribute qualification in both Trainee and Instructor entities.
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Figure 8.46 Casey’s completed logical model. The red boxes highlight the remaining errors in their

model.
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8.7 Discussion of LT/P’s Tasks 1-4

Developing the learning trajectories provided an opportunity to identify how the participants progressed
throughout their sessions, giving insight into their individual learning abilities and their difficulties.
Even though the narratives are used for exploring each individual in-depth, they can also be used as a
mechanism to compare learners who are operating at different levels to understand their thinking
processes, practices and tactics and possibly which teaching interventions might be helpful in different

scenarios.

Morgan, the best-performing participant, managed to progress their learning and gain an improved
understanding of the concepts explored with the interviewer’s assistance throughout all three sessions.
Morgan managed to complete Tasks 1 to 3 by applying their own processes and tactics, which it seemed
they had developed over time since they had some, albeit limited, exposure to databases at secondary
school. Despite having more difficulties in completing Task 4, the task involving transformation from
a conceptual to a logical model, Morgan was again able to complete the task with assistance from the
interviewer. During Task 3, Morgan was provided with more interventions than Blake. However, out
of the six interventions, five were related to using the tool rather than their comprehension of the
knowledge needed to solve the problem. This was the major difference in the learning trajectories of

Blake and Morgan.

In analysing the case study description, Morgan was the only participant who used a consistent
annotation system to identify and extract the relevant data. This meant they finished Tasks 1 to 2 in less
time than the other participants. Morgan also had a knowledge of the proper presentation of the
relationship information using crow’s foot notation. Despite a few errors (see Table 8.2), Morgan was
rather confident and calm while completing the tasks in session one. Casey faced challenges from the
outset and struggled to understand the case study narrative. This, along with an inconsistent annotation
scheme, led to constant difficulties throughout. These struggles Casey had from the outset further
explain why it was difficult for them to interpret the case study and understand the problem presentation,
which were themes identified in the prior thematic analysis. Unlike Morgan or Casey, Blake did not
follow a systematic annotation scheme for identifying and extracting the relevant data from the case

study during Task 1. This meant Blake made more mistakes than Morgan (see Table 8.2).

In the online data collection sessions, Blake used their tablet with a pen, a closer resemblance to the
original in-person sessions with pen and paper, while Morgan used the Visual Paradigm modelling tool.
It seemed that using the tool put an additional cognitive strain on Morgan when completing the task,
and indeed, as mentioned, the main challenges he encountered arose due to the tool and unfamiliarity

with its use and default settings for model elements like cardinalities.
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The main source of Morgans’ notable difficulties when attempting Task 4 was a lack of a systematic
approach for performing such a transformation. Both Morgan and Black could only recall one of the
taught mapping rules for transformation — the rule related to the resolution of many-to-many
relationships. Even though they both recalled that there were other mapping rules, they couldn’t recall,
explain or utilise them correctly during the task. This indicates that more time, examples and practice
are required in order to reinforce learning. Indeed, in the case of Morgan, simple hints and prompts
were sufficient to trigger recall of either related teaching in class or examples in class. From that recall
of similar examples, Morgan was able to apply that prior knowledge to the new context of this research’s
case study. Moreover, the interviewer did not need to ask Morgan to complete a redirected task at any
stage. This suggests that one main reason for Morgan’s lack of a systematic approach, which was
identified during the thematic analysis, directly relates to their lack of practice in similar tasks rather

than having a fragile knowledge of modelling concepts.

Morgan was more used to the concrete implementation of a database (perhaps because of their prior
experience), which they used to understand the models, and interestingly, none of the others mentioned
the implementation aspect during their sessions. However, sometimes the prior knowledge can cause
hindrance in their learning, which was evident from Morgan’s narration. In fact, Morgan performed
better due to their persistent nature and also due to practising on more questions outside of their

interviews during the lectures and labs.

Like Morgan, throughout the sessions, Blake demonstrated the ability to learn from interviewer
assistance. As a result of interventions, Blake was able to recall their in-class learning and make
associations between what they learnt and the tasks attempted to achieve a higher level of
understanding. This was evident in how Blake completed each task with less assistance as they
progressed through the modelling problem. Comparatively, Blake needed more assistance than Morgan.
In Blake’s case, redirecting them to simpler tasks with a focus on one or the least number of concepts
helped fill the gaps in their knowledge and enabled them to complete the task at hand without any
further assistance. Despite encountering some barriers to progression and needing more directed
teaching interventions than Morgan, Blake was able to fix errors and move forward on the tasks. Blake
was observed continuously verifying/checking their solution before moving on to the next task.
Consequently, unlike Morgan and Casey, Blake had no persistent errors or errors transmitted from one
task to another. This further provides insights that a proper verification of the decisions made during a
task leads to the correct knowledge transfer between tasks, which explains a primary reason for the
difficulty of the lack of transfer discussed during the thematic analysis. Unlike Morgan and Casey,
Blake showed evidence of always attempting to follow the processes taught in class. However, Blake
had very fragile knowledge of foreign keys, where they couldn't recall the rules on this and therefore

couldn't handle them during Task 3. Despite their struggles in Task 3, during Task 4, Blake was more
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in control and managed to complete the task, only requiring clarifications or general prompts from the

interviewer.

The best-performing participant, Morgan, performed well and only had a few errors in their solutions
from Tasks 1 to 3. However, they found Task 4 relatively harder and made more mistakes than the other
three tasks due to their fragile knowledge of the concepts of mapping rules required to complete the
task. Contrastingly, Blake found Tasks 1 and 2 harder and made more mistakes, particularly in Task 1,
mainly due to not following proper tactics in interpreting the case study. Further, it seemed they built
their knowledge during the first two tasks while familiarising themselves with the problem domain,
making these tasks more difficult than Tasks 3 and 4. By the time they started the last two tasks, they
managed to transfer their knowledge more readily from the previous tasks, making them complete Tasks
3 and 4 with fewer errors. Casey, however, struggled throughout the database model development

problem despite the nature of the tasks.

As mentioned, Casey, the lowest-performing participant, struggled more during all the sessions and
repeatedly required the most assistance from the interviewer. Casey appeared to be out of their comfort
zone most of the time and spent more time completing the tasks. Encouragingly, the interviewer’s
assistance to begin with seemed to get them to progress, and Casey often indicated that as a result of a
prompt or redirected task, they understood. Casey was able to fix an error or move forward there and
then. However, it was doubtful whether the knowledge was retained from one task to the next and one
session to the next. When referring back to their own work, Casey struggled to recall/understand what
they had learnt and what they had done to solve the previous task in the sequence. The lack of
verification of design decisions was discussed earlier as a reason for the lack of or incorrect knowledge
transfer between tasks. But in Casey’s situation, they could not read and understand their solutions from
one task to the next, which could be another reason for the struggles related to the problem recall theme
identified during the thematic analysis. As Casey progressed through the tasks, they relied more and
more on interviewer instruction and encouragement, and the interviewer interventions became less

effective.

During work on Task 3, the interviewer had to intervene multiple times. Most instances were not linked
to the use of the Visual Paradigm tool, though. Casey was overwhelmed by the complexity of the tasks
throughout, and this was most obvious during Task 4. Casey was unsure of what to do and how to start.
The interviewer had to redirect Casey to a simple task designed to help them recall the mapping rules,
as they could not undertake the task without this knowledge. In this case, the redirected task did not
help Casey, unlike others, since they struggled to recall what they had learnt, and also the different
terminologies used in the process also appeared to hinder their memory. It was evident that Casey could

not continue the task since they lacked the knowledge of the basic concepts and didn’t have the correct
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knowledge structures to relate to the mapping rules as it required the knowledge of a combination of
interrelated concepts. Despite providing many different types of low-level assistance, Casey didn’t seem
to grasp the concepts correctly. However, the session continued since Casey wanted to complete the
task despite the difficulties, which was commendable. In an odd case, Casey referred to the case study
during the transformation instead of the conceptual model they developed. It seemed Casey had a hard
time reading their own model, which added additional struggles which they faced during the previous

tasks.

Overall, three different levels of participants who represent anecdotally the spread of abilities seen in
the course were analysed through their narratives. Despite their varying performance levels, some
common threads were seen across all three participants. Despite their performance level, all the
participants struggled to understand the terminologies used when expressing their ideas correctly.
Further, at certain times, all of them struggled with their incomplete or fragile knowledge of certain
concepts. Both the best-performing and middle-level participants demonstrated a consistent approach
to developing solutions and made progress with the interviewer’s assistance. However, these
interventions (i.e., high-level interventions such as clarifications and general prompts) that proved
helpful for particularly the high and middle-level participants did not yield the same results for Casey,
the lowest-performing participant. The study identified various types of prompts that were effective in
aiding participants, providing valuable insights for educators in designing learning exercises and
personalising instruction. These findings can also inform the development of automated personalised
learning systems. For the worst-performing participant, it became evident that they lacked the
foundational knowledge necessary to tackle the tasks effectively. Their struggle with grasping the
fundamental concepts and terminologies made it difficult for them to make progress, even with the
interviewer’s assistance. In such cases, it becomes crucial to recognise the importance of establishing a
solid understanding of basic concepts before attempting more complex tasks. Addressing these
knowledge gaps and providing targeted support to build foundational understanding and reinforce the
fundamental concepts can be essential in helping the worst-performing participant and others facing
similar challenges. An overview of each participant based on their performance (i.e., number of

interventions required, time on tasks, errors they made and probable reasons) is provided in Table 8.2.
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Table 8.2 Summary of interviewer interventions, time on task and errors made by the participants across the sessions.

Participant  Session Task Number of interventions during Time on task Error Possible reason for the error
the session
High-level Low-level Approximate
time
Morgan 1 Task 1 24 minutes Missing attribute Lack of attention to detail and
— qualifications in Trainee entity skipped reading the line which
included this information.
- - Incorrect cardinality — Program to  Incorrect assumption based on real-
Course world experience while the
required information was available.
Task 2 - - 10 minutes Incorrect cardinality in one Transferred from error in Task 1.
business rule — Program and
Course on the course side
2 Task 3 4 2 22 minutes Incorrect cardinality — Program Transferred from session 1.
and Course on the Course side
3 Task 4 6 1 27 minutes Unresolved composite attribute Incomplete knowledge of mapping
-name and address in Trainee rules.
entity
Incorrect primary key Incomplete knowledge resolving a
— in Qualification entity multivalued attribute.
Incorrect foreign keys Incorrect use of the Visual
— instreutorID in Trainee entity and ~Paradigm tool.
traineelD in Instructor enitity
Blake 1 Task 1 1 - 18 minutes Incorrect entity Not having a proper mechanism to
— CareerAcademy interpret the case study
Redundant entity — Trainee and Not having a proper mechanism to
Employee interpret the case study.
Incorrect cardinality Lack of attention to detail (skipped
— Employer to Trainee and reading the related line) hence
Instructor to Program incorrect interpretation.
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Task 2 16 minutes Incorrect use of participation Lack of attention to detail.
(may/must) — in one business rule
Task 3 22 minutes Incorrect foreign key — in the Fragile knowledge
course entity
Incorrect syntax — when indicating
the strong/weak relationships (Not
a major issue in the conceptual
model)
Task 4 20 minutes Unresolved composite attribute — Incomplete knowledge or rather
name and address in Trainee entity ~ misconception about transforming
a conceptual model into a logical
one.
Unresolved multivalued attributes ~ Misconception about transforming
— qualifications in Instructor and a conceptual model into a logical
Trainee entities one.
Struggle with the terminology for
not being able to identify the type
of the attribute.
Casey Task 1 27 minutes Redundant entity — Trainee and Not following the taught process
Participant consistently.
Incorrect potential entity — session  Literal word-by-word translation.
Unclear representations of the Not considering the relationships in
relationships both directions.
Task 2 1 hour 17 minutes Reviewed after section 1
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Incorrect business rule — between
Trainee and Course

Literal word-by-word translation.

Incorrect cardinalities — between
Trainee and Employer

Difficulty in referring to the
previous solution and struggles in
understanding the narration.

Incorrect verb phrases — may not
be referred by between Trainee
and Employer

Incomplete knowledge of writing
business rules.




Reviewed after section 2 and 3

Incorrect verb phrases — be
generated if they are run between
the Program and Course

Incomplete knowledge of writing
business rules.

Task 3 10 49 minutes Incorrect cardinalities on Trainee, Incorrect use of the tool and the
Program, and Class entities inability to transfer business rules
correctly to the model.
Missing attribute — qualifications Transferred from session 1.
of the Trainee entity
Incorrect foreign key — traineeID Incorrect use of the tool.
in Employer entity
Incorrect relationship — between Inability to transfer business rules
Program and Instructor correctly to the model.
Task 4 15 1 hour 20 minutes | Missing attribute — qualifications Transferred from session 2.

of the Trainee entity

Incorrect attribute — Employer
entity

Not handling the tool correctly.

Unresolved multivalued attribute —
qualifications in Trainee and
Instructor entities

Fragile knowledge related to
mapping rules.
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8.8 Narrative Analysis of the Normalisation Problem

The normalisation problem is described in detail in section 6.3.5. The normalisation problem was

broken into three tasks as follows:

1. Identify the primary key/s for the provided data table and the current normal form of the data
table. Briefly justify your answer.

2. Identify all the dependencies using a dependency diagram and decompose the relation into a
set of 3NF relations. State clearly any assumptions you make.

3. From your 3NF relations, draw an Entity—Relationship (ER) model and include all attributes,
primary keys, foreign keys, cardinality, and participation.

In the normalisation problem, the participants were provided with an existing data table that was
susceptible to data anomalies. The data table consists of information about students taking different
courses and the lecturer information delivering the courses. Their task was to identify the issues in the

given data table and normalise the relations within the data table.
8.8.1 Morgan’s think-aloud session

Morgan completed the normalisation problem within a shorter period than the two other participants,
taking approximately 15 minutes. As Morgan undertook the task, they followed their own approach

rather than using the heuristics taught in the course.

Morgan first read Task 1 (see section 6.3.5) and went through the given data stating: “OK, so we have
information of students, courses and lecturers in this table.”. Morgan immediately identified the
primary key of the data table provided as a composite primary key consisting of the attributes
Student ID (S_ID) and Course ID (C ID). Morgan explained that the table was in 1NF since there
were no repeating groups (multivalued attributes) in the data. Morgan didn’t require the interviewer’s

assistance and seemed to be in their Comfort Zone attempting this task.

Morgan immediately moved to the next task (Task 2), where they were required to identify the
functional dependencies in the provided data and decompose them into a set of 3NF relations. They
managed to identify the dependencies and derive a solution within a few minutes. Interestingly, as
indicated in Figure 8.48, Morgan listed all the new relations, skipping over the step of identifying the
type of dependencies. They correctly identified two of the four relations. They added semester as a
redundant attribute into the relation determined by C ID and S ID, omitting the fact the C /D can

solely determine the semester.
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Stud_ID -> LName, FName

Crse ID ->Crse_Name, Lect_ID

Stud ID, Crse ID -> Grade, |Semester

Lect_ID -> Lect_Lname, Lect_Fname

Figure 8.48 Morgan’s solution to Task 2. The red box indicates the error in their solution.

Once Morgan confirmed that the task was finished, the interviewer decided to question why they placed

the semester attribute where they did (see Figure 8.48). Morgan replied:

So you have your student ID and the course ID. And those two determine what grade
that person gets. From that logically I'm thinking if you determine the grade from
that, you also have to determine when that course was taken by that student. Because
it doesn't, there's nothing that specifically details what semester would be defined
by in the system. So I'm thinking the student and the course ID would determine that.

Based on Morgan’s response, it was evident that they had speculated beyond the information provided
for the task and made an assumption. This assumption was based on their existing domain knowledge
instead of relying on the data provided, despite the information provided being adequate to make a
decision in this scenario. This assumption led to Morgan introducing an error into their solution despite
getting the relations mostly correct. However, Morgan could not explain how they derived their
solution. Morgan read Task 2 again and wondered how to decompose the relation, not realising that
they had already decomposed the given data into a set of relations. The interviewer decided to intervene
at this point rather than wait until the end of the task to discuss the apparent gap in their knowledge of

the normalisation process.

The interviewer asked Morgan whether the tables they had just identified were in 3NF in an attempt to
trigger a recall of Morgan’s knowledge of normal forms. Morgan struggled to explain what they had

done and what needed to be done to complete the task, stating:

Again, I mean, I know that the problem is I know the definition but it's just like I've
forgotten The actual meaning of what I'm saying. So it's like [ remember the words,
but I don't remember the context.
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The interviewer decided to provide more low-level assistance and asked what functional dependency
they were wondering about and whether it was “transitive”, providing a direct hint. This seemed to

trigger Morgan’s memory:

Yes, so I remember to be in 3NF you need to be in 2NF. So I'm confident that this is
at least the second normal form. But I'm not 100% sure if this is 3INF yet.

Despite decomposing the relation correctly, Morgan was unaware of the normalisation process or how
they applied it (or not) to derive the solution. Morgan attempted to explain, recalling the term

“transitive” but not the theory behind it:

So the problem I'm having is remembering. Because I'm looking at this [pointing to
the dependencies they derived] and I just if there is a transitive dependency here,
I've got a problem with that, I couldn't right now point it out to you.

Hence, the interviewer directed Morgan to a rather simpler task (T2.1 — see section 6.3.5), asking them
to explain the steps to transform relations from one normal form to another. However, Morgan’s
knowledge was fragile. While they recalled the names of the dependencies, they could not recall the
correct process of using them in normalisation. At this point, the interviewer decided to explain each
normal form briefly. Once this was explained, the interviewer directed Morgan to another task (T2.2).
This task required the identification of the different types of dependencies illustrated in a simple
dependency diagram. Morgan’s answers were partially correct. They correctly identified D1 (see Figure
6.15) as a full functional dependency but believed that D2 was a direct dependency instead of a partial
dependency. Morgan was able to identify D3 as a transitive dependency, however the explanation they
gave was unclear. The interviewer decided to explain how to identify transitive and partial dependencies

in detail. Morgan informed that they understood the explanation stating:

Okay, I think I got it now. So transitive dependency is if you have an element or you
have an attribute that is dependent on a non-primary key attribute. And then partial
dependency is an attribute that relies on the primary key but not the whole primary
key.

After this, the interviewer explained how to move from 1NF to 3NF step by step using the identified
dependencies. During this discussion, Morgan explained they had determined the relations without
following the steps taught in the class since they had some experience in developing basic databases
during high school. But apparently, they never really understood the process of achieving a set of

relations without any anomalies and mentioned:

1 never really like I understood sort of the formula or sort of the way of going about
identifying it and moving it out and putting it in its own place. And I sort of naturally
learnt that, but I never really learnt the terminology or the exact concept.
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The interviewer asked Morgan why they placed the Lecturer ID (L _ID) as a dependent of the C _ID
since this is typically derived when removing the transitive dependencies later in the normalisation

process. Morgan responded by saying:

This is also my practical thinking coming, so I'm what I'm doing here is when |
looked at the lecturer ID and I thought, well, there's lecturer ID, lecturer last name
and first name. We don't want to store that information with the courses, so we'll do
it with lecturer ID. So I automatically saw that. And then I saw, okay I have to
somehow connect the course with the lecturer to know who is teaching each course.
So that’s why I used the primary key of the lecturer as a foreign key in the course to
connect the tables.

In practice, this was correct, however, lack of knowledge and lack of a systematic process is likely to
fall over when faced with more complex normalisation tasks even though it was a successful approach
to anovice-level task like the one they had attempted here. It appeared that Morgan’s limited experience
in databases had, to some extent, enabled them to bridge the gap they had in their fragile grasp of the
theoretical aspects of normalisation. After the discussion they had with the interviewer, Morgan

mentioned the possible drawbacks of their approach by saying:

Yes, and that's very much a me thing where I sort of just ... I run and gun and I just
go way too fast and I'll get the main stuff like the main content. But I always miss
the little things that make up the big picture. So the little things that always make up
the marks I always forget them, which is not a good way to do this.

Further, Morgan stated, “It's very it's much better to connect how I'm thinking about it to the actual
theory behind it. It’s now going to be a lot easier, I think, for me to do a question like this.”. And then

Morgan moved to the next task.

Task 3, described in section 6.3.5, required the participants to transform the decomposed relations
identified in Task 2 into an ERD. Initially, Morgan added an entity called Course Lecturer. Morgan
realised this was incorrect when they referred back to their Task 2 solution. Morgan removed the Course
Leader entity from their solution and continued adding all the entities correctly. Next, Morgan opted to
add the relationships. In this instance, they decided to apply their real-world knowledge of the domain
to make educated assumptions on the cardinalities of the relationships as required. Despite using the
same tactic unsuccessfully in Task 2, in this instance, the tactic resulted in a correct solution. It is
interesting to note that students, or at least Morgan, tend to apply assumptions but do not have the

knowledge to judge when they are necessary or appropriate.

Throughout the normalisation problem, Morgan followed their own approach to work out how the
relations should be developed to reduce the anomalies. While Morgan’s approach was not the one taught

in the content of this simple normalisation task, it seems to compensate for Morgan’s lack of theoretical
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knowledge on the subject. This meant they were able to bridge their gaps in knowledge with fewer
interviewer prompts than the other participants. In the retrospective interview, Morgan reflected on the
fact that it would have been easier for them to complete the problem if they had understood the concepts
correctly. Morgan mentioned appreciating the interviewer’s prompts and assistance. Morgan appeared
to have managed to bridge the gap in their knowledge using the interviewer's interventions. Further
interviews with Morgan, which were outside the time frame of the course and this study, would have
been required to verify whether this knowledge was consolidated and if their experiences had indeed
led to a more systematic approach to solving normalisation problems. Morgan’s LT/P throughout the

problem is given in Figure 8.49.
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Figure 8.49 LT/P of Morgan during the normalisation problem.

8.8.2 Blake’s think-aloud session

Unlike Morgan, Blake followed the process taught in class to complete the normalisation problem.
Blake initially struggled with the normalisation problem but with the interviewer’s assistance, Blake

was able to complete the tasks within 40 minutes.

Blake read the preamble and started Task 1 (see section 6.3.5). Without any significant trouble, Blake
mentioned that the relation was in 1NF. Further, they justified their decision as being because the table
did not have any repeating groups. Blake seemed a bit unsure of the primary key and mentioned they
find it hard to identify a primary key when there is more than one potential determinant as a candidate.
Blake’s knowledge seemed to be incomplete despite knowing the primary key was a composite one.
Since Blake didn’t proceed, the interviewer decided to assist them by prompting Blake to focus on a
single row of data and then go through the table row by row to identify the determinants that might
explain all data presented in the table. Blake decided to analyse the table data with this prompt and
identified the primary key as a composite of S /D and C_ID.
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Next, Blake moved to Task 2, and after reading the task, they asked the interviewer about the
dependency diagram. The interviewer provided further clarification on this, and it seemed Blake was
more familiar with presenting the dependencies as an algebraic representation (e.g., X->Y) instead of
the diagram format mentioned here. The interviewer asked Blake to proceed with the version they were

most comfortable with.

Blake’s approach was to follow the process taught in class and determine the dependency types first.
To do this, Blake, talking aloud, tried to recall the dependency types beforehand. Once convinced they
had recalled what was required, Blake attempted the task by identifying the relations. Blake struggled
with the terms “determinants” and “dependents” as they started explaining their answer. It appeared the
terminology was difficult for Blake as the terms were quite new. The interviewer used a simple example
(e.g., employer ID -> employer name) to explain the difference between the determinant and the
dependent in a dependency. With this quick clarification from the interviewer, Blake understood and

used the terminology correctly.

Blake correctly identified the dependents of S ID but seemed unsure about the dependencies identified
by the S ID and C ID, as indicated in Figure 8.50. Blake’s answer was partially correct in that both
determinants (S ID, C_ID) were required to identify the grade. But, S _ID was not needed to determine
the L ID. Instead, C _ID should determine the lecturer’s details. Blake appeared to be going in circles,
unable to progress and unable to identify their mistake. At this point, the interviewer intervened,
directing their attention to S /D and L ID. The interviewer asked whether S ID was required to
determine L _ID. Blake realised that the L /D should be removed from being dependent on the S ID
and C _ID. But then, they struggled to identify the determinant of the semester attribute, wondering:

Okay, the one remaining is the semester, so do I need both course ID and student
ID? Or not...?

el LName , ENawe
S\

Cese\D = Ccse_Name
b 1D Grsetp —> Grade, lec -t

Figure 8.50 Blake’s incomplete answer for Task 2 (identification of dependencies).
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At this stage, the interviewer intervened again, temporarily stopping work on the task and redirected

Blake to a much simpler fill-in-the-blank task (T2.3, see section 6.3.5).

The objective of T2.3 was to check whether Blake could identify simple dependencies in the data table.
Blake managed to complete this simpler task without any assistance from the interviewer. Blake
returned back to the main task. At this point, Blake reexamined the data table more carefully. This time,
they realised that the semester does not depend on S /D and C ID but still failed to realise what it
depends on. The interviewer suggested that Blake try visualising the dependencies using a dependency
diagram instead of the representation they had been using so far. Interestingly, Blake managed to
progress and solve the task successfully using the dependency diagram but was unable to progress using

the algebraic representation that they favoured (see Figure 8.51).
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Figure 8.51 Blake’s dependency diagram.

Once the dependency diagram was done, Blake explained how to decompose the relation. Blake had an
overall idea of the process but didn’t follow it in chronological order and stopped without doing
anything for nearly 2 minutes. Hence, the interviewer prompted Blake to see if their memory could be
triggered by asking them about the first step needed to move from 1NF to 3NF. This appeared to trigger
their memory, and Blake explained that partial dependencies should be removed first, and they
successfully decomposed the relation into 2NF without any assistance. However, they realised that there
was no foreign key to connect the Course and Lecturer relations. At this point, the interviewer asked
how they could move from 2NF to 3NF with the intention of prompting Blake to remove the transitive
dependency, which would solve the foreign key problem. This prompted Blake to recall that the
transitive dependency needed to be removed. However, Blake was unsure of how to proceed and
requested help. The interviewer explained that the determinant of the transitive dependency becomes a
primary key of the new relation and also serves as a foreign key in the old relation. With this
explanation, Blake managed to decompose the relation into 3NF without any further assistance but
omitted the arrowheads, which indicate the source of the foreign keys. Once the interviewer asked Blake
to add the arrowheads, Blake was able to add them correctly, showing that Blake clearly understood

how the relations were connected. Blake’s solution is given in Figure 8.52.
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m L_ENawme |

Figure 8.52 Blake’s decomposed relations in 3NF.

Blake then moved to Task 3 and created the entities first based on the decomposed relations. However,
Blake overlooked the need for the cardinalities but took the step to complete the task once prompted by
the interviewer when she asked what was missing in the diagram. Blake correctly created the
relationship between the Course and Lecturer but appeared unsure of the connection between the
Student, Student Grade and Course entities. The interviewer intervened and asked what type of entity
Student Grade could be. This prompt made Blake realise that it was an associative entity. Blake

completed the task without any further assistance, and Figure 8.53 shows their final solution.
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Figure 8.53 Blake’s final solution.
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Even though Morgan performed better by completing the normalisation problem faster despite using
their own approach, which worked for this task, Blake had a better approach even though they did not
follow it consistently. They mostly were able to recall the steps in the process but could not see the
process as a whole some of the time. Hence, their misunderstandings and fragile knowledge surfaced
more during the session. Despite the difficulties they had, the interviewer’s interventions appeared to
steer them in the right direction, which brought Blake into their ZPD. Therefore, as indicated in Figure

8.54, more interviewer interventions were required for them to proceed.
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Figure 8.54 LT/P of Blake during the normalisation problem.

8.8.3 Casey’s think-aloud session

Casey struggled the most in this last session, and the interviewer stopped the session before Casey
completed the task. Despite their persistence and all the assistance from the interviewer, Casey failed
to progress. Like the previous sessions, Casey spent more time on the task (approximately 1 hour and
30 minutes) than the other participants. Throughout the session, they demonstrated incomplete and
fragile knowledge of the concepts related to normalisation. None of the interviewer interventions was

particularly helpful.

Casey read the problem and immediately mentioned that the student data was in the 1NF but didn’t
provide any justification for how they reached that conclusion. They then moved on to identify the
primary key for the relation and decided that the three determinants (S /D, C ID, L _ID) together were
the primary key for the provided student data. Even though Casey seemed confident in their answer, it
was apparent that they lacked the knowledge to derive this answer based on the vagueness of their

verbalisation:

So the reason why I'm saying that the primary keys are student ID, course ID, and
lecture ID is because the student ID, like ID as an identification, So without the
person’s name you don't have an ID. And without the name of the course and the
grade of that particular course, you won't be able to link it back to the course ID.
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Even Casey’s written justification as an answer for Task 1 was vague and unclear (see Figure 8.55).

Not realising their error, Casey moved on without pausing to sanity check/verify their decision.

Q2.a) Justify answer as to why Primary key are
identified as below:

The Stud_ID will need a Full Name to identify
the student.

The Crse_ID will need the attributes to define
the Crse_ID by naming the course and grade.

The Lect_ID will need a person's Full Name to
identify the Lect_ID which is the code to
identify the person and what semester they
will teach in, hence Sem1 or Sem?2.

Figure 8.55 Casey’s justification for selecting the primary key composed of S ID, C ID, L ID.

The interviewer observed that Casey had trouble identifying the primary key from the very beginning

of the normalisation problem. Casey was unaware that they had made an error.

Next, Casey moved to Task 2 to identify the dependencies and decompose them into a set of 3NF
relations. Casey confidently started identifying the dependencies (see Figure 8.56). As Casey again
didn’t comment on the provided data while identifying the dependencies, the interviewer decided to
intervene and asked them to explain how they recognised the primary key since it appeared that Casey
was identifying the dependencies without any systematic approach. Again, Casey’s answer was quite
vague, and it appeared that Casey was confused with the terms used in normalisation and thus lacked
the knowledge to provide a precise justification. Since Casey was struggling, the interviewer prompted
Casey to focus on the dependencies by asking whether both grade and course name depend on the
C _ID. Casey still seemed unsure and asked for help from the interviewer. At this point, the interviewer

directed Casey to examine the data related to grade and C D in the table provided. Casey answered:

So well the grade A means that it stands for database whereas B means it stands for
German. Because if you look at the rows you've got the same ID...

This showed that Casey did not know how to read the data in the table. The interviewer provided a more
direct hint by asking Casey whether that means that everyone taking the Database systems course gets
an A. Casey appeared to realise that there was an error in their identified primary key but still seemed
unsure. With this, the interviewer asked Casey to find an example in the student data to explain why

S ID was a part of the primary key, but it appeared they didn’t know how to explain this nor explain
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the dependencies using the data. The interviewer realised that Casey lacked a comprehensive
understanding of the concepts of functional dependencies and the normalisation process. Hence, the
interviewer decided to redirect Casey to a much simpler task (T2.1) with the intention of breaking the

problem down into manageable chunks to identify exactly where Casey’s lack of understanding began.

STUD ID_3LName Fname

Crse ID ->Crse_name |Grade

Lect ID -JLect Lname |Lect Fname |Semester

Figure 8.56 Casey’s partial solution for Task 2.

In T2.1, they were asked to explain the process of moving from UNF to 3NF through INF and 2NF
with the intention of making them recall the required functional dependencies needed to go through the
process. Casey could not recall any of the steps, so the interviewer asked them to attempt a different
task (T2.2, see section 6.3.5) where they were asked to identify the different types of dependencies
illustrated in a simple dependency diagram, hoping that a visualised form might help Casey to recall
what they have learnt in the class. The main objective of this exercise was to provide a bridging step
that scaffolds the dependency types in a dependency diagram and tests the participant’s ability to recall
and identify dependency types. The attributes in the diagram were presented in a generalised form (e.g.,
Cl1, C2, C3, etc.) to remove the requirement for having real-world knowledge to understand the
dependencies. However, Casey appeared to be even more confused with this redirected task as they

explained:

Well DI block.. it’s dividing the two groups which are D2 and D3. We’ve got C4
and C5 in that’s in the D3 group and then we got C1, C2, C3 in the group D2. That’s
what I can see.

As Casey appeared not to be progressing, the interviewer stepped in to explain how to interpret and read
dependency diagrams. Interestingly, Casey was adamant that they had not learnt that type of diagram
provided in the redirected task and proceeded to point out a different diagram used in the lecture slides
with the interviewer’s permission. After a lengthy discussion, it appeared to the interviewer that Casey
thought the diagrams were not the same because of how attributes were named in T2.2. This was an
interesting observation as it seemed that Casey could not generalise from the example presented in the
lecture slides to a diagram representing different data in a different context. This included the simplified
context-free example in T2.2. Perhaps the intended context-free version resulted in an abstract

representation of the diagram. Either way, Casey saw both abstracted and concrete examples in a
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different context represented as a dependency diagram as totally different things and was unable to see
the commonalities in the representation. It was not surprising that Casey struggled to explain the
dependencies when they couldn’t identify them in a diagram. Perhaps Casey had not seen enough
diagrams to generalise at this point, but both Blake and Morgan seemed to be able to understand the

diagram.

Next, the interviewer decided to explain the functional dependencies in detail using the same diagram
Casey pointed out in the lecture materials. Casey then attempted the task again, correctly identifying
D1 (full functional dependency) but not D2 (partial dependency) or D3 (transitive dependency). It was
evident that Casey struggled with the terminology and lacked the knowledge to complete the task.
However, Casey repeatedly affirmed that they understood the interviewer’s explanations and opted to
continue when the interviewer suggested stopping the session. At this point, Casey appeared to be

overwhelmed since they had spent almost 50 minutes on the normalisation task.

Considering the lack of progress, the interviewer provided Casey with the primary key to see if this
would help Casey move forward with the task. Casey was then able to suggest two potential

dependencies, as indicated in Figure 8.57, but appeared unsure about grade and where it would belong:

Now the only one I'm missing from here is grade because I don't know where [
should put it Or maybe I should just delete it, ignore it.

Stud_ID -> Stud_LName, Stud_FName

Crse_ID ->Crse_name, Lect_ID, Lect_LN, Lec_FN, Semester

Figure 8.57 Casey’s second attempt on Task 2.

Then, the interviewer provided another hint by asking if grade couldn’t be placed under S ID or C _ID
where it should be placed. The intent was to make Casey realise that more than one key was needed to
determine a grade for a particular student. Even with the hint, Casey seemed to think that grade was
unnecessary. With no progress, the interviewer clarified that the grade should depend on both the S /D
and C_ID. Since Casey couldn’t identify the transitive dependency, as indicated in Figure 8.57, the
interviewer asked Casey to return and attempt T2.1 again. This time, Casey realised that the lecturer’s
details needed to be moved to a separate relation but was unsure about the dependency type and how to

enact the move.

Then Casey explained that they needed to decompose the relations even though they had done it up to

2NF, albeit incorrectly. It was evident that Casey did not know or understand the process of
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normalisation. Casey showed real persistence despite all the barriers they encountered and was
determined to continue, even though the allocated time was up. The interviewer went along with

Casey’s desire to continue.

To decompose the relations, Casey started by writing create table SQL statements, as shown in Figure
8.58, going for a more concrete approach that focused on the database implementation. It was quite
evident that Casey did not understand what the phrase “decompose the relations” meant. Finally, Casey
said: “So yeah I'm not sure. I give up.” approximately 1 hour and 30 minutes into the session. Casey

did not complete the normalisation task.

Create Table Student Create Table Course
Stud_ID (PK) Crse_ID (PK)

Stud _Lname, Crse_name,

Stud _FName; Lec ID FK

Figure 8.58 Casey’s attempt to decompose the relations.

From the beginning of the task, Casey was not systematic in attempting the normalisation problem.
Despite their persistence, Casey lacked the required knowledge to complete the problem. Even with the
interviewer’s detailed and directed support of alternative examples and simpler redirected tasks, Casey
was unable to progress. Along with the lack of knowledge, Casey appeared to have difficulty with the
terms related to the normalisation process. In fact, they were not really ready to learn such a process
due to their lack of comprehension of very early fundamental concepts. As a consequence, they were
out of their Comfort Zone and their ZPD and unable to learn. From Casey’s narrative, it was evident
that without this early understanding of the concepts, students cannot begin to model or solve simple
novice-level database modelling, let alone work on more complex case studies such as those
encountered in take-home assignments and develop databases from scratch. The LT/P of Casey with

the interviewer’s interventions is provided in Figure 8.59.
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Figure 8.59 LT/P of Casey during the normalisation problem

8.9 Summary

This chapter focused on the analysis of think-aloud data collected while attempting database modelling
tasks of three participants (Morgan, Blake, and Casey). The participants attempted two novice database
modelling problems, one using a bottom-up approach and another using a top-down approach. A

narrative analysis was used to analyse their data to understand each participant’s learning progression.

The limitation of using only one problem broken into tasks in this research is duly acknowledged. As a
result, drawing broad conclusions or making definitive statements based solely on this limited scope
can be challenging. The observations made in the past literature might not be fully applicable or
generalisable to this specific study. However, it is essential to recognise that this research serves as a
valuable starting point and provides interesting insights for future investigations that can be explored

using multiple problems and tasks.

The next chapter discusses the findings of the verbal protocol analysis in light of the existing learning
and cognitive theories to examine the factors that influence the learning of novice modellers to

comprehend how they learn to model.
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Chapter 9 Linking Findings to Theory

9.1 Introduction

This chapter explores different learning and cognitive theories and examines to what extent these
theories explain the findings observed during the qualitative analyses detailed in Chapter 7 and Chapter
8 Learning and cognitive theories commonly explain how learners acquire knowledge and skills, but
they come from two different perspectives. Learning theories emphasise external factors in shaping

learning, whereas cognitive theories focus on the internal mental process involved in learning.

The primary aim of this chapter is to map the observations extracted from the participants to the existing
learning and cognitive theories to establish whether they can reasonably explain how novices learn to

model and the source of novice difficulties when it comes to database modelling.

The chapter starts by relating the findings to different theories in the domain of educational psychology.

Theories of knowledge construction and transfer, memory capacity and design thinking are explored.
9.2 Theories of Knowledge Construction

In this section, three theories concerning knowledge construction were explored that offer potential
insights into the interpretation of findings derived from thematic and narrative analysis. The first theory
examined is Piaget’s, which is a theory on which other educational theories on learning are founded,
and subsequently, Vygotsky’s ZPD and Sfard’s theory are considered both of which build on Piaget to
some extent. All three theories acknowledge the learner’s active role in knowledge construction and
recognise the importance of interaction with the environment, even though the nature of interaction
differs from one theory to the other. Unlike Piaget, Sfard and Vygotsky both consider social
interactions, discourse, and communication as central factors in facilitating learning. The foundations
of these theories are presented in the next section, and a discussion of their relevance, or not, to the

knowledge construction observed in the think aloud sessions, is discussed.
9.2.1 Piaget theory

The aspect of Piaget’s work that relates to knowledge construction and learning is the notion of schema
development (assimilation, accommodation, equilibrium, and disequilibrium) and is the theory that is
explored in this section. Piaget’s work focused on studying a small set of children, including his own
children, not adult learners. This is one of the reasons why his theory has often been criticised for its
lack of generalisability and applicability in adult learning. Because Piaget’s theory was originally

formulated to explain the cognitive development of children, some argue that its principles cannot be
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extended to adult learning (Matusov & Hayes, 2000). During the 1960s, psychologists raised questions
regarding Piaget’s position that the highest level of cognitive development is achieved in early
adolescence (Long et al., 1979). While they were not criticising the applicability of Piaget’s work in
children’s cognitive development, they were questioning using Piaget’s theory to understand adult
cognitive development. Since then, many researchers have used Piaget’s theory in education and CSER
with adult learners. In CSER, the main work tries to understand novice programmers’ knowledge

construction and cognitive development stages (Culligan & Casey, 2020; Kasto, 2016; Teague, 2015).

Piaget defined schema as “a cohesive, repeatable action sequence possessing component actions that
are tightly interconnected and governed by a core meaning” (Piaget, 1952, p.7). Or in simple terms, a
schema or schemata (plural of schema), as defined by Wadsworth (2004), is a set of index cards in the
brain where each one indicates to an individual how to proceed or react to new information. Piaget
claims that a learner is in a state of disequilibrium when they come across new information that is too
far away from their existing schema to understand and make sense of it. When individuals are in a

disequilibrium state, they actively construct meaning and add new information to the existing schema.

When a learner encounters such a new situation or new information, their schema is adapted. Piaget
describes two different forms of schema adaptation: assimilation and accommodation. Assimilation
occurs when new information is added to an existing schema. For example, if a schema has been formed
of a dog that encompasses the physical appearance of a dog and then a dog is seen and it barks, the
sound of barking is added to the existing schema for a dog. In contrast, accommodation involves a new
piece of information being learnt that restructures a schema and can result in a new additional schema
being formed. For example, given a schema of a dog, if you see a bear but the bear is silent, then you
can assume the bear is a dog since, after all, it has eyes, ears, nose, four legs and fur. But the bear growls,
not barks, hence, it does not fit into the schema for a dog. In this case, the new information results in a
new schema being formed for a bear, which is different to a dog. In the case of accommodation, the
existing schema no longer works when new information is encountered. This new information causes
disequilibria, which trigger the formation of the new schema and, hence, learning. Piaget suggests that
in such situations, a teacher or parent can provide feedback and reinforcement, which supports the

development of a new schema.

The idea of Cognitive Dissonance arises from disequilibrium (Piaget, 1929). From the educational
perspective, Piaget viewed cognitive dissonance as a mechanism that facilitates the cognitive processes
of accommodation and assimilation and is integral to knowledge development. According to Piaget,
cognitive dissonance is an essential trigger in learning that prompts learners to resolve the discrepancy

between existing schema and new information.
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There is no way to see a learner assimilating and accommodating their schemata directly. However,
researchers can observe learners and ask learners to articulate their thoughts and interpret these
observations. This was the approach taken in this doctoral work, and the discussion of observations that

may be attributed to cognitive dissonance, assimilation, and accommodation are explored here.

The evidence from the lowest-performing participant, Casey, suggests that they frequently experienced
a state of disequilibrium when encountering new information during the modelling tasks. Casey showed
little evidence of being able to adapt their existing schema. For Casey, it could be argued that the tasks
involved too much contradictory information, resulting in unmanageable levels of cognitive dissonance.
Casey struggled to form a schema for both the domain of the modelling problem and the database
concepts needed to solve the tasks. They rarely reached a level of disequilibrium that facilitated their
learning and instead were often overwhelmed, which led to appealing for help or giving up. For
example, in transforming the conceptual model into a logical one, Casey even struggled to understand
what the task required them to do, which questions whether they had a schema. They appeared not even
to have a faulty schema. Based on Casey’s discussion with the interviewer, it was evident that the main
reason for their lack of a well-formed schema was their fragile knowledge of concepts and terms, a
theme identified in the thematic analysis (see section 7.8.5). When the interviewer explained how to
resolve one-to-many relationships by modelling the relationship and adding the foreign keys correctly
(i.e., adding the primary key of one side entity as a foreign key to the entity on the many side of the
relation) between Trainee and Employer entities Casey managed to recall that they had done this during
the lecture. This indicates that they may have had a schema to handle one-to-many relationships. In this
situation, the interviewer’s explanation could have allowed them to assimilate the new information and
fix their faulty schema. However, Casey again incorrectly resolved the one-to-many relationship
between Program and Course entities and had trouble handling this new information in their existing
schema related to one-to-many relationships. This was a clear indication that Casey struggled to adapt

their existing schema to encompass the new information introduced by the case study.

Throughout the think-aloud sessions, Casey struggled to assimilate and accommodate new information
into their schema and spent more time completing the tasks than the other participants. Time on task
and inability to progress despite significant effort suggests that Casey experienced prolonged periods
of unmanageable cognitive disequilibrium in which meaningful learning and its associated schema

development did not occur. This led to frustration and a tendency to rely on the interviewer for help.

Both the top-performing and middle-level participants demonstrated instances where they constructed
their solutions through assimilation. They effectively utilised existing schemas as references and
incorporated new information into their pre-existing schema structures. For example, when adding the

relationship between the Program and Class entities in developing the conceptual model, Blake
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incorrectly added the foreign key but indicated their uncertainty about it, leading them to a state of
disequilibrium. However, with a prompt, they immediately managed to recall what they learnt during
the lecture and realised their mistake. This could be considered an example where Blake managed to fit
the new information into their existing schema through assimilation, consolidating their conception of
foreign keys. During the normalisation problem, when they were asked to decompose the relation, Blake
started the task by recalling the different dependency types required for the decomposing, which was a
clear indication that they had an existing schema required to solve the task. Blake opted to use the
representation of using dependencies and determinants (i.e., X->Y) to indicate the dependency types,
but after only identifying two dependencies out of four, Blake was in a state of disequilibrium and could
not continue. However, later, Blake opted for a more visualised representation (i.e., dependency
diagram), allowing them to complete the task. Even though Blake preferred the first representation, they

could accommodate the new representation and restructure their existing schema.

Through the lens of Piaget’s cognitive development theory, evidence of learning to model was observed
when participants experienced a state of disequilibrium triggered by the tasks at hand. This
disequilibrium serves as a trigger for successful schema adaptation through processes of assimilation
and accommodation. However, for Casey, the disequilibrium often created a sense of frustration the
majority of the time, where the disequilibrium state was not helpful. However, it is important to note
that even though Piaget’s theory can be used to explain the observations of how knowledge might be
constructed, it does not tell educators how to reach desirable levels of disequilibrium suitable for
learning or precisely what a desirable level is. Other theorists, such as Sfard and Vygotsky, have
developed ideas such as scaffolding, assistance from knowledgeable others, etc., that educators can use
to optimise learning experiences and bridge the gap between a student’s existing schema and the

required schema to complete a task, these ideas are discussed in the following sections 9.2.2 and 9.2.3.
9.2.2 Vygotsky’s Zone of Proximal Development

The work of Vygotsky (Vygotsky, 1978a) is considered to be the foundation of sociocultural cognitive
development theories (Gauvain & Richert, 2023). According to Vygotsky, learning and cognitive
development occur through social interaction and collaboration (Vygotsky, 1978a). His theory
emphasises the role of cultural and social factors in shaping an individual’s cognitive growth. Vygotsky
proposed that development occurs in two distinct ways: first through social interaction and then within
the mind of the individual. Vygotsky argued, “learning is a necessary and universal aspect of the
process of developing culturally organized, specifically human psychological function” (Vygotsky,
1978b, p. 90). This stance is in contrast to Piaget’s belief that individual development is the core of

learning rather than learning that comes from social interaction.
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According to Vygotsky, adults play a crucial role in fostering a child’s cognitive development. Through
their interactions with children, adults provide guidance on how to think about and interpret objects,
events, and experiences in their environment. They not only provide children with information (what to
think) but also teach how to think, providing the processes and the cultural tools to think with. Both
Vygotsky and Piaget define cognitive development in terms of developmental stages. However,
Vygotsky emphasises the social aspect of cognitive development, highlighting the role of social

interaction and guidance from more experienced individuals in the process.

Vygotsky’s theory posits that students learn and develop cognitively when operating within their Zone
of Proximal Development (ZPD) (see section 7.3). The ZPD refers to the range of tasks that a learner
cannot yet accomplish independently but can achieve with the guidance and support of a more capable
individual or More Knowledgeable Other (MKO). An MKO can be a teacher, a peer or someone with
more knowledge and experience with respect to a particular task, process or concept. Vygotsky believed

that a student would not be able to reach the same level of learning by working alone.

As a student leaves their zone of current development or comfort zone they travel through the ZPD

towards their learning goal. Vygotsky categorised learning into three levels:

1. The actual developmental level: what a learner can achieve on their own.
2. The potential developmental level: what a learner can achieve or learn with MKO guidance.

3. A level that is beyond the reach of the learner, even with MKO guidance.

Over time, ZPD has become synonymous in the literature with the term scaffolding, however it is
important to note that Vygotsky did not use this term in his work, and it was first introduced by Wood
et al. (1976), who defined scaffolding as a “process that enables a child or novice to solve a problem,
carry out a task or achieve a goal which would be beyond his unassisted efforts. This scaffolding
consists essentially of the adult "controlling" those elements of the task that are initially beyond the
learner's capacity...” (Wood et al., 1976, p.90). Many researchers have used the concept of scaffolding
to explain the role of MKOs in guiding learning. The term scaffolding is borrowed from construction,
where temporary structures are used to support workers as they build higher levels of a building.
Scaffolding consists of activities provided by the educator, or MKO, to support the students as they are
led through the ZPD. In the classroom, scaffolding can include modelling a skill, providing hints or
cues, and adapting material or activity (Copple & Bredekamp, 2009). This support is gradually removed
as it becomes unnecessary, much as a scaffold is removed from a building during construction until the
student is able to complete the task or a similar task independently. Within the ZPD, learners engage in
social interactions that provide scaffolding, which enables them to reach higher levels of cognitive

functioning.
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It is worth noting that a MKO does not necessarily have to be a human being. With the evolution of
technology-supported learning environments, this assistance can also be provided through various
forms of technology (McLoughlin, 1999). For example, educational software, online tutorials, or
intelligent tutoring systems can act as virtual tutors, providing step-by-step instructions,
demonstrations, and immediate feedback. These tools are designed to adapt to the learner’s needs and

provide support tailored to their current level of understanding.

As exemplified in the systematic literature review mapping study reported in this thesis, there has been
a trend in recent years toward developing automated tools and tutors to accommodate personalised
learning. However, understanding how students experience tasks and learning activities is crucial in
developing useful personalised tools and tutors and to date, little work has been conducted examining

the individual learning of novice database modellers.

Vygotsky’s ZPD development and the notion of scaffolding were used for two primary purposes in this
research: firstly, designing a set of tasks that were utilised in the think-alouds (see section 6.3) and
secondly, to develop an intervention model (see section 7.4) to assist the participants during think-
alouds to progress their learning. A range of interventions was provided, starting from high-level
indirect/general prompts to trigger recall of knowledge to low-level modelling of problem-solving
ending in a fully worked answer. If high-level interventions were unsuccessful, the researcher relied on
lower-level, more directed assistance, such as hints on how to solve the task or redirection to a similar
but less complex task. If none of the interventions worked, then the interviewer modelled the problem-
solving process, explaining key concepts and processes as a last resort. This was intended for use in
situations where a participant could not progress, and the task was beyond their reach. The model of
interventions (specifically the redirected tasks) also played a role in helping understand where the
difficulties lay that prevented the participants from progressing. Once the barrier was discovered then

other specifically targeted tasks could be used to progress learning.

In order to explore the usefulness of Vygotsky’s theory and scaffolding, the observations of the
participants were categorised according to the three zones (Comfort Zone (CZ) — known as the actual
developmental level, inside the ZPD — known as the potential developmental level, outside of ZPD —
what they cannot do even with the help of a MKO) taking into consideration the types of interventions
needed to complete a given task. In the ZPD, where participants have the potential to progress with
appropriate support, the interventions provided by the interviewer serve as scaffolds to facilitate
learning when the participants face barriers to progression. If participants were able to complete the
task with the assistance provided, it indicates that they were operating within their ZPD and were able
to utilise the scaffolds effectively to bridge the gap between their current abilities and the demands of

the task. On the other hand, if participants were unable to complete the task successfully even with the
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interventions provided, it suggests that the task was beyond their current capabilities and that the
participants were outside of their ZPD. If the participants could complete the tasks independently

without requiring any assistance, they were operating in their CZ.

Based on the observations from the participants of this study, it seems that they rarely operated in their
CZ. Even the best-performing participant rarely operated fully within their CZ. Perhaps this is not
surprising given that they were novices with limited prior experience in modelling databases. The
participants who performed relatively well tended to operate in their ZPD. Both best and middle-level
participants effectively utilised the MKO interventions to overcome any barriers they encountered

during the tasks and to progress in their learning.

An observation regarding the best-performing participant, Morgan, raises an interesting question about
their placement within the ZPD or their CZ. While Morgan often demonstrated a clear understanding
of the process and had the necessary knowledge to complete the tasks, they still required prompts or
high-level interventions to address overlooked aspects of the problem. In such cases, it appears that
Morgan’s need for interventions was not due to a lack of knowledge or an inability to perform the task
within their ZPD. Instead, it suggests that their attention may have been focused on certain aspects while
neglecting others. This could be attributed to factors such as selective attention (McCallum, 1996) or
overconfidence in their abilities (Knorr, 2020). Determining whether Morgan was operating within their
ZPD or CZ in these instances is difficult. It may be more appropriate to consider these situations as
moments where Morgan’s focus needed to be redirected rather than a lack of knowledge or skill. It is
possible that they were in their CZ, but specific aspects of the task required external cues or reminders
to guide their attention effectively. This observation highlights that even highly skilled learners can

benefit from external support in regulating their own thinking process.

The lowest performing participant, Casey, was almost always outside of their ZPD and on rare
occasions, they showed signs of being within it but were unable to consolidate the knowledge, which
was evident from their inability to apply the gained knowledge in a similar task. Throughout the think-
aloud sessions, Casey took more time to be able to do the tasks as they were struggling with the basic
concepts required to do the tasks and learn from them. This is an issue for courses that have a lot of
content and are intensive to deliver within a semester, which has been a constant issue discussed in the
literature related to novice database courses where novices do not get ample time to consolidate their
knowledge (Goldweber et al., 2022). Several participants from the thematic analysis also showed
evidence of their struggles, which could have been the main reasons for not being able to reach their
ZPD. These are discussed in section 7.8.5, related to the theme “fragile knowledge” on concepts,
syntactic and terminology. Several researchers have discussed the struggles of novices when developing

databases (see section 7.9.2 for a detailed discussion). One of the participants, Morgan, who had some
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prior experience, expressed the same concern — “Since I had some experience, it managed most of the
time. But for most people, I would say the content was heavy. It's very easy to get lost early, I think.
Honestly, if I didn't have that background, 1'd be completely lost at this point. Evidently, the course
packed a lot to a shorter delivery time, not providing time to consolidate their learning. But this is

universal in all first database courses.

The comparison between Blake and Morgan in terms of their need for assistance and their approach to
problem-solving sheds light on the effectiveness of different intervention strategies. Blake often needed
more direct assistance from the interviewer than Morgan. Blake benefited from the redirected task
interventions, while Morgan benefited more from hints. While they both operated in their ZPD, the
level of interventions required the majority of the time was different. But both of them could stay in
their ZPD with the help of the interviewer, and there was evidence that those experiences consolidated
that knowledge when applying them to a new or similar task. Overall, the participants in their ZPD did
not need a modelled solution (worked solution) and were able to progress with minimal high-level
interventions. The interventions needed focused more on consolidating the participants’ existing
knowledge and correcting minor misconceptions. In contrast, Casey was always outside of their ZPD,
and in such situations, the interventions helped eventually, and they could solve that specific task, but

when they moved on to similar but different tasks, they were again outside their ZPD.

These findings suggest which interventions could be helpful based on student performance. However,
the question remains as to which types of interventions could help students like Casey. One obvious
solution is to provide them with more time to learn and consolidate the basic knowledge required for
database modelling. But this raises the question of how to teach them these basic concepts and terms.
It is clear that they cannot even start a task until they grasp this basic knowledge. One possible way to
help such students is to reduce the cognitive load associated with terms and concepts (Mason & Seton,
2020, 2021). It is possible giving Casey a glossary of terms may have provided a scaffold that allowed

them to reach their ZPD. This is discussed more in-depth in section 9.3.

Vygotsky’s theory and the notion of scaffolding proved to be a valuable lens to facilitate learner
progress in database modelling. Particularly, the notion of MKO was helpful where it was evident that
the help participants received from the interviewer helped them to progress throughout their think-aloud
sessions. Morgan mentioned this: “But having sort of feedback and having someone to bounce off of
that, that’s been very useful. I can throw my idea out there and get it criticised. That helped me realise
what was wrong and from there, what I needed to do on the next task. In this way I can actually improve
instead of just getting an idea of what I need to do”. This suggests how important social interaction and

learning are for novice database modellers—intentionally integrating pair tasks in novice database
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courses since they need someone to bounce off their ideas or articulate their thoughts, which does not

necessarily need to be the lecturer.

Moreover, the concept of ZPD provides a means of determining where a learner is situated in the context
of a course using the notion of ZPD and measuring what the learner can achieve on their own and what
they can achieve in collaboration with an MKO. In the context of this study, learners within their ZPD
benefited from interventions like hints and redirected tasks provided by an MKO, designed with
Vygotsky’s theory as a framework with the intent of helping new knowledge to be adapted into the
learners’ cognitive schema. In such cases, the interventions help the learners navigate cognitive
dissonance and achieve a state of equilibrium. However, it is important to recognise that learners who
are outside of their ZPD face many challenges. They may lack the necessary foundational knowledge
or understanding even to begin a task or make meaningful progress. In such cases, interventions and
scaffolded tasks may not be sufficient to help them reach a level of independent learning. The question
of how to support learners who have missed important foundational knowledge early on becomes more
complex, as simply providing interventions may not be enough to bring them into their ZPD or enable
them to progress effectively. While the concept of ZPD is valuable in understanding individual learners’
needs and designing appropriate interventions, it is not pragmatic to provide personalised support in
large classes. In order to effectively use automated tools for personalised learning, it is important to
understand the types of interventions that work best for different students in depth. This warrants further

research to identify the most effective strategies and approaches for various learner profiles.

9.2.3 Sfard’s theory

Sfard (1991), in her work, developed a theoretical framework that focused on the development of an
individual’s conceptual understanding while learning mathematical concepts. She examined the dual
nature of mathematical concepts, such as numbers or functions, and described them as having two
fundamentally different aspects: structural (as objects) and operational (as processes). Sfard uses two
metaphors, acquisition and participation, that inform understanding of the learning process (Sfard,
1998). Sfard (1998) defined participation as a sociocultural metaphor where learners engage in
discourse and communication. Emphasised in the participation metaphor is the notion of interacting
with more knowledgeable others, aligning with key ideas from Vygotsky’s theory. Acquisition is a
constructive cognition metaphor where individuals acquire knowledge through a process of
accumulation. This metaphor conceptualises learning as the accumulation of concepts, which are seen
as basic units of knowledge. The acquisition metaphor often assumes a static view of knowledge,
suggesting that learners gradually build up their understanding by adding new concepts to their existing
repertoire. According to Sfard, learners can acquire knowledge of mathematical concepts by

transitioning from an operational understanding (processes) to an abstract understanding of
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mathematical objects. Piaget too, has discussed how mathematical knowledge can be achieved via
abstraction in two ways. One is from the objects the learners act upon, and the other is reflective
abstraction which involves the action itself (Piaget, 1971). In later work Piaget (1985) hypothesised that
reflective abstraction is the process by which every mathematical concept is constructed and is the

foundation for all mathematical thinking.

Sfard believed that concept formation leads to abstraction in three stages: interiorisation, condensation
and reification. Sfard (1991) defines interiorisation as a stage where learners start to familiarise
themselves with the processes that eventually lead to understanding new concepts or modifying existing
objects. Sfard explains that these processes are operations performed on lower-level mathematical
objects. A classic example that Sfard provides is the process of counting, which leads to understanding
the concept of natural numbers. Through the repeated process of counting objects, learners gradually
internalise the concept of numbers and develop an understanding of the relationships and properties

associated with natural numbers.

Sfard defines condensation as “a period of "squeezing" lengthy sequences of operations into more
manageable units ” (Sfard, 1991, p.19). At this stage, learners become capable of thinking of the process
as a whole rather than as a series of steps. Sfard argues that due to condensation combining two
processes, making comparisons or generalising becomes easier. Sfard also suggests that the
condensation stage is where new concepts are realised, and learners start to integrate and combine
different operations, recognising the relationships and connections between them. This integration of
processes paves the way for the emergence of new concepts and the ability to apply them in various
contexts. For example, in the case of negative numbers during the condensation stage, learners begin to

combine the process of subtraction with other operations, such as addition or multiplication.

These first two stages happen gradually, whereas Sfard views the last stage, reification, as an ontological
shift where “a process solidifies into an object, into a static structure” (Sfard, 1991). It is the stage
where learners are able to identify and alternate between different representations of the concept,
indicating a deeper understanding. Reification is a crucial stage because it marks the transformation of
a process where it is fully grasped and turned into an object, finalising the process of abstraction. This
object can now be used as a part of other larger processes or as a foundation for further development
and learning. It represents a shift from purely operational thinking to a more structural understanding
of a concept. For example, Sfard considers reification is achieved when a learner can treat negative
numbers as a sub-set of the ring of integers (e.g., -2, -1, 0, 1, 2) without fully understanding the formal

definition of a ring.
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While Sfard’s work primarily focuses on the development of mathematical concepts, researchers have
applied her framework to understanding concept development in other domains, including CSER. The
work of Kasto (2016) provides evidence supporting the three stages of interiorisation, condensation,
and reification in novice programmers. This suggests that these phases could apply to novices learning
database modelling since programming and database modelling require learners to grasp tightly
integrated concepts that require understanding one concept fully before moving on to learning a new

one. This notion is explored in this section.

When Blake added the relationship between the Program and Course entities when building the
conceptual model, they realised: “I'm not quite sure about the foreign key. There should be one,
though”. They were familiar with the concept and appeared to be in an interiorisation stage however,
they had to rely on the discourse they had with the interviewer to process it correctly for a one-to-many
relationship between two entities. As Blake progressed on the task, they started to show evidence of
condensing the foreign key concept as they realised which of the two entities should contain the foreign
key. Blake continued being able to add correct relationships and foreign keys for one-to-many
relationships. But, they were unable to identify foreign keys in the case of a many-to-many relationship.
Despite attempting to condense the concept between foreign keys and the relationship type, Blake was
still unable to see it as a single object to be applied in different situations. While struggling with foreign
keys when developing the conceptual model, Blake handled the other concepts, such as attributes,
cardinalities and primary keys, correctly. It is possible that although Blake was in a reification stage for
some concepts, they were still at the interiorisation stage with others, making the overall modelling
task difficult. Unlike Blake, Morgan immediately identified where to place the foreign key when
handling the many-to-many relationship between the /nstructor and Program entities by creating an
associative entity and using the primary keys of Program and Instructor entities to create a composite
primary for the newly added entity, indicating they were foreign keys. This indeed provides evidence
for the reification of the concept of foreign keys. Morgan was able to treat the process of identifying
and creating foreign keys as an object that could be used in the two different representations of the
conceptual and logical model. The successful application of foreign keys in the logical model suggests
that Morgan’s conceptual understanding of foreign keys had progressed from the interiorisation and
condensation stages to a more solidified reification stage. Casey appeared to be in the interiorisation
stage throughout the task of developing the conceptual model. For example, when adding the foreign
keys, Casey showed some familiarity with the concept but never moved beyond that stage: “The logical,
the conceptual it’s really hard to distinguish you know like the meaning behind every term”. Casey
failed to condense the foreign key concept, which suggests they were still in the early stages of concept

development.
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Based on Sfard’s theory, the phases of interiorisation and condensation in concept development take
time to occur fully. Observing and theorising about the concept development process of novice
modellers during database modelling tasks can be challenging, especially within a limited timeframe of
one semester and using a single task spread across multiple sessions. However, it is worth noting that
despite the limitations, there were still valuable observations that provided insights into the concept
development process of novice database modellers. All the participants, regardless of performance level

for certain concepts, failed to condense and reify that concept.

While both Vygotsky and Sfard hold similar central ideas regarding knowledge construction through
social interaction within the scope of this research, Vygotsky’s Zone ZPD emerged as a more useful
theory through which to view the findings. Sfard’s theory did not really add any new insights, possibly
due to the theories having similar theoretical underpinnings or possibly due to the fact the instrument

was designed with the ZPD in mind, introducing bias. However, the former is the most likely reason.

Sfard’s theory holds potential for future exploration of how concept development occurs among
novices. But concept development, particularly the phases of interiorisation and condensation, takes
time and reification, which involves a leap in understanding that would take an even longer time to
establish (Sfard, 1991). Hence, a more longitudinal approach with an instrument with increasing levels
of difficulty and an increasing number of concepts would be worth considering. Combining the
temporal depth of a longitudinal study with the cognitive progression or acquisition would allow the
researchers to gain insights into how novices build on their knowledge of concepts over time. Of course,
this was not possible in the current research as undergraduate students at AUT have a single 12-week

course on databases with only a few weeks dedicated to modelling.

9.3 Cognitive Load Theory

CLT is a learning theory that examines how an individual’s working memory deals with information
during learning and problem-solving tasks (Newell & Simon, 1972). The theory suggests that the
cognitive load, or mental effort required to process information, affects learning and can influence
learning outcomes. CLT views learning in terms of the processes related to storing and retaining
information over an extended period in long-term memory. Duran et al. (2022) suggest that long-term
memory has virtually unlimited capacity. Long-term memory serves as the repository of an individual’s
knowledge and past experiences. CLT emphasises the importance of leveraging long-term memory in
the learning process so that learners can activate and integrate new information with their existing
knowledge stored in long-term memory. It is argued that this integration facilitates meaningful learning
and the construction of new mental schemas. To construct this knowledge in long-term memory, the

information must first be processed in short-term or working memory, which is very limited in both

301



capacity (i.e., the number of elements a learner can process simultaneously) and duration. According to
CLT, when the cognitive load exceeds this capacity, it can lead to cognitive overload and hinder
learning. Therefore, effective instructional design should aim to manage the cognitive load placed on

working memory to optimize learning outcomes.

There are currently two variants of CLT. The initial theory emerged in the 1980s from the work of
Sweller and his colleagues (Sweller, 1988; Sweller et al., 1998). Kalyuga (2011) presents a revised
version of CLT, referred to henceforth as New CLT. Sweller’s theory will be referred to as Old CLT in
this thesis.

In the initial 1980s work, Sweller emphasised the limitations of working memory and proposed
guidelines for optimising the presentation of information to enhance learning. Later, Sweller (1998)

revised CLT, introducing three types of cognitive load — intrinsic, extraneous and germane load:

o [ntrinsic load is caused by the inherent complexity of the problem task, which is unavoidable when
aiming for a particular learning objective. Typically, complex concepts or tasks with many
interrelated elements have a higher intrinsic cognitive load which cannot be altered by instructional
interventions.

e  Extraneous load refers to the cognitive load imposed by the way the information is presented in the
instructional design, which can be altered by instructional interventions. Poorly designed
instructional materials, irrelevant information, or excessive visual or auditory stimuli can increase
the extraneous cognitive load, impeding learning.

o  Germane load refers to the mental effort required to process and integrate new information into
existing knowledge schemata actively. It arises from a learner’s engagement with a learning activity

and is considered a “good” form of cognitive load to experience when learning.

According to the Old CLT, intrinsic cognitive load that occurs due to high element interactivity and
extraneous load due to poor instructional designs are additive along with the germane load that creates
the total cognitive load. They claim that when the intrinsic load is high, it is important to reduce the
extraneous cognitive load to manage the overall cognitive load to ensure learning is relatively
unhindered. When the learners have a manageable level of cognitive load, their germane load capacity
is expanded, and they can be directed towards activities and processes that directly contribute to

learning.

Kalyuga (2011) claimed that the germane load might be a redundant load since it was developed purely
based on conjecture, unlike the other two loads, which had been justified using empirical results.
Kalyuga said this might be why there were no empirical studies in the literature testing the concept of

germane load. Thus, Kalyuga argued that germane load should be removed or reconceptualised and
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redefined germane load as a cognitive resource associated with the working memory. This means the
germane load is seen as a distinct dimension of the cognitive load allocated to handle the intrinsic
cognitive load that leads to learning. This is not a new idea, as Sweller arrived at the same conclusion
at around the same time (Sweller, 2010). This new idea changed the way CLT viewed the total cognitive
load, which in Old CLT comprised a sum of all three types of load. Instead, in New CLT, the total
cognitive load is the additive effect of intrinsic and extraneous loads only. Kalyuga (2011) claims that
this redefined theory makes it more straightforward by eliminating the apparently redundant germane

load and the need to develop separate distinctive measures for the three different types of load.

Considering both variants of CLT, it was decided to use Old CLT in this research as, even today, most
articles in the computing education literature still refer to Sweller’s Old CLT (Duran, 2022).
Furthermore, Old CLT offers practical guidelines for reducing the cognitive load that are well-
established, including worked examples and scaffolding to optimise learning. Old CLT effects that
influenced the instrument design included segmentation (sub-goal effect), using redirected tasks
(isolated-interacting element effect), using structured worksheet, and having sequenced sessions with
the intention to reduce the intrinsic and extraneous cognitive loads (see section 6.3). All of these aspects
were intended to free cognitive resources, which can then be allocated to coping with the germane load

of the tasks involved, thus enabling learning.

During think-alouds, some participants showed evidence that the use of segmentation of the tasks,
redirecting to simpler tasks, using a structured worksheet for the case study, and the sequence of
presenting them in consequence sessions was a useful approach to reducing both extraneous and
intrinsic loads and thereby freeing the working memory for the germane load where schema acquisition
and construction happens. While this study did not have a control group to measure the effectiveness
of segmentation of a problem, there was an instance where Morgan noted that the segmentation of the
task helped them with the normalisation problem: “Going back to it, the parts in the question helped [
think...”. There were other instances where presenting tasks in manageable chunks, in the form of
redirected tasks, helped the participants. For example, when Blake was trying to develop business rules,
they were redirected to a much simpler task that focused on the concept Blake could not grasp. The
redirected task allowed Blake to focus on that particular aspect of the bigger problem, reducing the
number of concepts to focus on at a time and the intrinsic cognitive load. In this case, the redirected
task helped the interviewer observe that Blake appeared to be more focused after realising the source
of their difficulty. This indicates that the redirected task reduced the cognitive load related to mental
processing and that this freeing of working memory resources supported the construction of mental

schemas.
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Both Morgan and Blake mentioned that the way the case study was structured helped them organise
their thoughts. Morgan acknowledged how it was easy to move between sections. When they had to
check their understanding, they could go directly to the relevant section instead of having to navigate a
lengthier case study where they could have missed certain aspects. This organisation of information
helps learners organise their thoughts and systematically approach the task, ensuring they consider all
the relevant aspects and details of each entity. This aligns with the principles of cognitive load theory,
as learners can allocate their limited cognitive resources more efficiently by processing information in
smaller, manageable chunks. This can enhance comprehension, analysis, and decision-making during
database modelling tasks and is an approach that educators could use when they provide case studies

for novices.

Despite integrating aspects of the research instrument to reduce cognitive load, some participants were
observed to have difficulties that CLT could explain. The lowest-performing participant, Casey,
struggled often and commented on being overwhelmed. This is most likely a result of excessive
cognitive load. When learners experience a cognitive load that exceeds their cognitive capacity, their
ability to process and understand information is compromised. Longer than normal time on task may
also be an indicator of excessive cognitive demand being placed on a learner’s mental capacity.
Throughout Casey’s data, there were instances where they were unable to hold and manipulate
information in their working memory, leading to longer completion times. For example, Casey took
more than an hour to complete each of the tasks, way beyond the scheduled time of one hour. Casey
spent almost four times longer transforming the conceptual model into a logical one than Morgan and
Blake did. It is believed that excessive cognitive load leads to frustration where a learner could stop a
task in a shorter time, hindering their learning (Kalyuga, 2011b; Kasto, 2016). However, on the whole,
Casey was persistent, continuing despite the fact they couldn’t progress. This is likely to be due to the
excessive cognitive demands for Casey on the tasks. It was evident that none of the introduced
mechanisms reduced the cognitive load Casey faced, which in turn resulted in not having enough
capacity in their working memory for the germane load. This is further evident when they repeatedly
made the same mistake throughout the tasks due to their faulty schema. For a specific example, while
developing the business rules, Casey spent almost 30 minutes writing one business rule. This task
involved a simple translation from English to taught business rule grammar. The case study provided
the information in a structured way and without additional irrelevant information. The unavailability of
the necessary schema may have been the main hindrance for Casey in this case. They were unable to
adapt to the new knowledge because of the intrinsic load. When given a redirected task to reduce the
overall load (intrinsic and extraneous loads), Casey could not progress. This further supports the idea
that Casey had limited capacity in their working memory, resulting in difficulties in holding and

manipulating information required to develop business rules. Due to being unable to offload information
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from working memory more frequently to free up mental resources, Casey could not gain the benefits
of the redirected tasks that were developed to reduce the overall cognitive load. The intrinsic load of

any database modelling task for a novice is likely to be high.

Even the better-performing participants struggled with using the correct terms, not only weaker-
performing and ESL participants. In the fragile knowledge theme (section 7.8.5), this issue is
highlighted with evidence from the think-alouds. When students struggle to use the correct terms, it can
increase the intrinsic cognitive load of a task, making it harder for students to grasp the concepts and
effectively apply them in their problem-solving. It requires additional cognitive effort to bridge the gap
between the terms they are using and the correct terms associated with the concepts. These findings
agree with those of Mason and Seton (2020). In their study, they provided a glossary of common terms
in each student’s first language in an examination to level the playing field and reduce the cognitive
load imposed by these terms. They found when the glossary was provided, ESL students performed
significantly better on final examinations. The findings of this doctoral research align with those of
Mason and Seton, suggesting that most novices would benefit from such a glossary at the early stages

of learning database modelling.

In deciding the problem description for the database model development problem, a familiar domain
was adopted as a deliberate decision to reduce the cognitive load that an unfamiliar domain may bring.
While Dhillon and Dasgupta (2011) argue that there is no difference between task performance and
whether or not the problem is in a familiar or unfamiliar domain, the observations from this study also
suggest that this may be true since in a familiar domain, the learners can possess assumptions based on
their existing knowledge and experience which is beneficial but sometimes can also lead to biases and

deviations from the presented problem, which was evident.

CLT was also helpful in explaining some of the other observations made in this study. As discussed
earlier, the think-alouds were conducted during the COVID-19 pandemic, when the sessions
transitioned to online due to lockdowns. In this scenario, both Morgan and Casey used an additional
tool, Visual Paradigm, to develop the models. Blake used a tablet which was closer to the pen and paper
used during the face-to-face think-alouds. While this was a more circumstantial decision, some
interesting facts were observed with regard to tool use. While the conjecture is that tools can aid and
enhance productivity, they can also add to the cognitive load in certain circumstances. Both Morgan
and Casey had some difficulty using the tool. Casey, in particular, exhibited indications that the tool
introduced a multitasking aspect, requiring Casey to consciously switch between doing the task, reading
the case study and questions, and using Visual Paradigm. The tool splits their attention (Chandler &

Sweller, 1992) and, increases the overall cognitive load, and hinders their learning by not having enough
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working memory to deal with the task at hand — “it's all so overwhelming, you know, just trying to, you

know, get your head around all that. It’s making my head spin with everything.”

This observation suggests that teaching with CASE tools needs to be carefully considered. Either tool
must be taught explicitly and included within the course content or not introduced until later when
students have the capacity to cope with the extra load imposed by the tool. Such tools also contain many
features that are not used by novices — these redundant elements add to the cognitive load of modelling
tasks for novices (Kalyuga et al., 1999). The observations in this research suggest the latter might be
the better option. There is the counterargument that when using pen and paper, novices find it difficult
to recall the correct symbols and elements of a model. If a tool is introduced, then the issue arises of the
stresses between the requirements to cover the core concepts and content in a content-intensive course
where learners already exhibit difficulty grasping the concepts and skills (Goldweber et al., 2022), and
the additional time needed to cover learning a tool. This research suggests that pen and paper or even a
tablet could be a better tool for novices to start with when learning database modelling because it seems

to reduce the additional cognitive load imposed by a tool.

On a more positive note, getting the participants to think aloud while attempting a task involves self-
explanation. Some research has found that self-explanation can help learners with problem-solving and
progress their learning (Aleven & Koedinger, 2002; Aureliano et al., 2016; Chi et al., 1989; Conati,
2016). But work by M.-H. Lin et al. (2015) found that self-explanation did not help novices when they
attempted database modelling exercises. Lin et al.’s findings align with the self-explanation effect in
CLT, which is considered to increase the cognitive load where learning happens (Kalyuga, 2011a),
which suggests that explaining thinking aloud should hinder learning — this seems to be true for Casey.
However, the best-performing participant, Morgan, said, “It’s good to talk about what I'm thinking
about, which made me sometimes realise ah... that’s wrong”. These doctoral research findings suggest
that the capability of the student affects the usefulness of self-explanation — for those students with

some, even fragile, mental schema and knowledge of the basic concepts self-explanation is helpful.

Morgan, the best-performing participant, used all the business rules they developed to effectively
develop the conceptual ERD despite having one error that interestingly got transferred from Task 2.
This was an interesting observation, as it seemed Morgan directly translated all the business rules
without much thought to the final conceptual model. It’s an odd case where they seemed to have an
appropriate and systematic process and well-developed schema but automatically processed the new
information without conscious or deliberate effort, which resulted in error propagation. If Morgan had
controlled the process by critical evaluation, then it is highly likely they would have realised the mistake
and corrected it. Morgan’s automatic approach to processing the task meant that they could operate at

a lower level of cognition. Controlled processing requires significantly more cognitive resources to
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undertake (Shiffrin & Schneider, 1977). It is hard to determine whether this automatic processing for
this particular task was because Morgan found the step of shifting from business rules hard and thus
followed the process automatically or the cognitive load of thinking aloud meant Morgan fell back on
processing in an automatic fashion or that he felt the task was so easy it did not warrant the level of
attention that controlled processing requires. Either way, it indicates that by doing this, Morgan reduced
the cognitive load associated with the task. However, despite Morgan’s limited experience they had
with databases, they still don’t have the experience of an expert to realise the patterns, and it’s expected
behaviour from a novice. This is interesting since the educators, including ourselves, emphasise a lot
on using the process correctly, but some of them follow the process to the extent that they won’t think,
and it becomes a manual process. Again, this brings forth the debate as to whether Morgan managed to
consolidate their knowledge or whether they are using the surface knowledge gained during the lectures.
While Morgan was the best-performing participant, it could be argued that the tasks were isolated
simple novice-level tasks, and that Morgan may not be able to transfer their knowledge into a more
complex task. This brings the issue of the implications into teaching because, generally, educators are
focused on using processes to compensate for the student’s lack of experience. This is an example of
where they understood the process and developed their own thinking into it but missing the evaluation

component.
9.4 Learning Transfer

Learning transfer or transfer theory lies at the intersection of educational and cognitive psychology. It
examines the ability to apply learnt knowledge or acquired skills in one context to another. Transfer
theory suggests that learning in one situation can influence learning and performance in another
situation either positively or negatively. From a learning perspective, transfer theory is concerned with
how the learning of one situation influences learning in a new situation. In contrast, from a cognitive
perspective, it explains how prior knowledge or experience stored in memory can be retrieved and

applied in a new situation.

Learning transfer has been described from several different viewpoints, starting from the traditional
view of Thorndike in the early 1900s (Woodworth & Thorndike, 1901). Thorndike’s viewpoint was
that learning of one context could be transferred to another when both the original and transfer tasks
share similar elements and features (stimuli) and where a clear relationship exists between the tasks.
Skinner's (1953) view on transfer is somewhat different from other theorists. Skinner believed that
transfer occurred because of the generalisation of stimulus-response associations learnt from one
context to another. More recently, Gagne et al. (1992) suggested that transfer of learning occurs when
prior learning can be applied to new and different situations by activating knowledge in memory

networks. According to this theory, when a learner encounters a new situation, they first search their
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memory networks for relevant knowledge and experiences. If the learner can identify similarities
between a known and new task, then they can activate the relevant memory network to transfer that
knowledge or skill to the new context. Gagne et al. (1992) recognised the three types of transfer
originally introduced by Thorndike, namely:

e Positive transfer — occurs when learners apply prior learning to a new context, resulting in
improved performance.

e Negative transfer — occurs when the applied prior learning interferes with the learning of a
new context, resulting in decreased performance.

e  Zero or Neutral transfer — occurs when prior learning has no effect on the learning of a new
task.
Perkins and Salomon (1992) provided deeper insights into learning transfer by defining the concept and
how transfer occurs from an educational psychology perspective. They separated learning transfer into

two types near and far transfer.

e  Near transfer — describes the process that refers to the application of knowledge or skills from
one context or domain to a closely related or similar context or domain.

e Far transfer — describes the process that refers to the application of knowledge or skills from
one context or domain to a different or distant context or domain.
Recent work on learning computer programming used the notion of near and far transfer. They derived
a transfer classification framework based on observations of their learners to define the extent of the
knowledge transfer (from positive to failed transfers), which they called transitions (Izu & Mirolo,
2021). Their framework was framed around the transfer level between two related programming tasks
with a common concrete subgoal. They examined learning transfer in programming at a very granular
level, going beyond using just near and far transfers. This fine-grained model is useful when considering

novice tasks.

The degree of distance between near and far transfer is open for debate. Perkins and Salomon (1992)
consider that the far transfer link is remote or alien by giving an example of applying a chess strategy
to investment practices. They give the example of students taking a final exam that is comprised of
problems that are the same kinds of problems that they have practised during the course as being near
transfer. Taking this into account, all of the tasks participants faced in this study involved near transfer.
None of the tasks are outside of those encountered during the course. However, Izu and Mirolo (2021)
claim that in the knowledge transfer between their two simple programming exercises, both near and
far transfers are possible. For [zu and Mirolo’s students at that time in their development, it is possible
that far transfer is manifested and that the definition of distance of transfer is dependent on the level of

expertise and knowledge and thus manifests differently for each individual learner. In this thesis, the
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concepts of near and far are not used, instead, a more fine-grained classification of transfer is used that

is adapted from those identified by Izu and Mirolo (2021).

[zu & Mirolo (2021) give the example of writing a function that determines if a number is an Armstrong
number or not. The task specifies the range of valid input values to the function. The student solves this
problem using a for loop. In a later exercise, the student is asked to write a function that can receive any
positive integer and determine whether it contains the digits 3 and 7. The main difference is the
parameter, where one problem has a defined range, and the other doesn’t. In the later problem, the
student uses a while loop, and this solution goes beyond basic transfer because the student realises that
a while loop is a better solution when there is no range limit on the parameter. This student is considered
to have extended transfer, whereas a student who used a for loop on the later problem was considered
to have a consolidation-type transfer. In the context of this study, the tasks were not designed to trigger

an extended transfer. However, the other forms of transfer identified by Izu & Mirolo are applicable.

In this thesis, the transfer types have been adapted to the context of novice database modelling, as

presented in Table 9.1.

Table 9.1 Transfer types.

Transfer Transfer/Non- Adapted definition

type transfer

Consolidation Possible Consolidation is a positive transfer where students recall and reuse the
transitions knowledge from the previous task in a new context or a model. In this study,

consolidation happens only when students attempt redirected task and then
use that learnt knowledge to solve the main task where the problem
domain/context is different or simplified.

Partial A partial transfer is where the knowledge from a previous task is recalled
and/or used but with some errors. For example, when a student recalls using
an annotation system when analysing the case study but ends up with some
errors in the solution due to inconsistencies.

Failed A failed transfer is where a poor attempt to recall the prior task but fails or
is unable to recall the knowledge from a prior task. For example, when
students fail to recall the mapping rules they’ve used to transform a
conceptual model into a logical one.

No transfer Non-transfer A no transfer is where, instead of using the approach from the previous task,
transitions a different and inadequate approach is selected. The conjecture is that the
previous approach was not learnt.

New insight A new insight is where a suitable approach was used as an alternative to the
previous approach. However, in this case, it’s harder to conclude the
previous approach was not learnt, as they might have replaced it purposely.

Even though the concept of learning transfer has been discussed in other education domains, it’s not a
widely explored concept among many of the subject areas in computing, except for programming. In
their study, Perkins & Martin (1985) discussed novices’ inert knowledge and how they struggle with

tasks that require them to apply programming concepts in new and unfamiliar contexts. More recently,
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several researchers have worked on different aspects of transfer related to learning in programming as

follows:

e Cognitive factors affecting transfer — (Ginat et al., 2011)

e A classification scheme facilitating different levels of transfer for novice programming tasks
—(Kasto, 2016)

e Development of teaching styles to facilitate transfer — (Margulieux et al., 2012; Morrison et
al., 2015)

e  Skill transfer between programming languages — (Dann et al., 2012; Tshukudu & Cutts, 2020)

While knowledge and skill transfer have been explored in the context of learning programming, the
same is not the case when it comes to database modelling education. Only one article was found in the
literature: a poster abstract on developing deeper self-directed learning for a database design course
(Zyl & Mentz, 2022). They theorised that the mechanisms they used (i.e., restructuring course content
holistically, worked examples, cooperative learning and real scenarios in problem-solving) promoted
the transfer of knowledge and skills. Further, the authors indicated factors like rushing for time,
misconceptions, and not applying problem-solving strategies obstructed knowledge transfer. While
there is a lack of literature focused on this area in novice database modelling, the transfer of knowledge
is important in database development since the students are required to apply the taught concepts in
different scenarios. In the case of novices, typically, tasks involve the near transfer of concepts,
processes, tactics, and examples taught in class to a new context. Usually, these tasks are framed in the
form of a case study, which is designed to be familiar to students in order to remove the burden of
additional external domain or context knowledge (Imbulpitiya et al., 2021). Moreover, for novices, the
problems are often presented in manageable chunks or subtasks that build on each other sequentially,
like the tasks used in this research. These subtasks involve students applying the knowledge developed

from completing one subtask to the next subtask in the sequence.

Despite not developing the research instrument to explicitly facilitate and explore knowledge transfer,
different types of knowledge transfer were observed during the think-aloud sessions. This section
explores the notion of knowledge transfer in the context of this doctoral research with the aim of gaining
insights into how knowledge transfer occurs, or not, when novice database modellers of different
capability levels attempt relatively simple scaffolded modelling tasks. Several taxonomies of
knowledge transfer were explored to define the various types of knowledge/learning transfer that
occurred. The transfer types identified in Table 9.1 were all observed in this research. This suggests that
the transfer types developed by Izu and Mirolo (2021) for novice programmer tasks can be reinterpreted
and generalised and used to interpret novice computer science tasks and student performance on tasks

in general, including database modelling.
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When considering transfer in this thesis, there were two forms of transfer, one of which is related to the
problem domain/context (i.e., a student management system). The other is related to the transfer of
knowledge of the discipline, namely, database modelling. In [zu and Mirolo's (2021) work, they ignore
the influence of the problem domain and focus solely on the transfer of programming knowledge from
one task to another. Arguably, their problems are relatively context-free because the algorithm for the
implementation is described in detail, so it does not rely on knowledge of Armstrong numbers. In
database modelling, the context of the problem is central to being able to construct a solution. Students
need to understand both the problem context and the modelling processes and concepts in order to solve
the problem. Looking at the distance for transfer from this perspective means database modelling may
involve far transfer in order to understand the problem context and near transfer when the transfer

involves modelling knowledge.

Transfer of knowledge with respect to the problem context/domain introduced errors among participants
in this study. Instances of this were observed and formed part of the “understanding the domain” theme

(see section 7.8.3). This is considered to be a partial transfer (see Table 9.1).

There were instances where participants demonstrated consolidation transfer when they were given a
redirected task. For example, Blake, after attempting a redirected task, was able to progress in the main
task of creating business rules. This suggests that there was a transfer of knowledge from the redirected
task to the main task, which consolidated their understanding. However, it is important to note that to
draw meaningful conclusions and identify the implications for teaching in relation to consolidation

transfer, a properly developed research instrument that specifically addresses transfer is needed.

The majority of the transfers observed in this research were partial. The participants could recall and
use an approach they used in class to complete the current task but ended up making mistakes. For
example, Blake could recall and use the process for resolving many-to-many relationships and apply it
to the current problem, which was different from others they had encountered. On the surface, this may
be considered a consolidation transfer, but in reality, the transfer was incomplete. Blake could not recall
or use the other processes needed to convert a conceptual ERD into the logical form — meaning the
transfer was partial on this task. Morgan, a very capable student, was also only able to transfer their
knowledge on this task partially. Blake and Morgan mentioned that they could have recalled the other
mapping rules if they had been working on a familiar example they had encountered before. As novices,
it seems that they had not seen enough examples to build a schema that was generalised enough to cope
with different contexts. This may be the reason for their partial transfer. A fully formed schema may
have enabled a consolidation type transfer. This raised the question as to whether these students are
operating at recall level when solving database modelling tasks rather than applying their knowledge as

is expected in such exercises.
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Since the tasks were sequenced, the participants who performed better managed to identify shared
principles and relevant information from one task to the next, transferring the knowledge gained from
one task to the next. Morgan showed evidence of this, “I’'m going to use my previous solution. So, I
know the entities and their relationships since I sort of developed it and then I’'m looking at my business

’

rules when I decide ... what do you call it, multiplicities”. In this instance, Morgan managed to

effectively transfer what they had learnt in Tasks 1 and 2 to develop the conceptual model.

If participants cannot see the commonalities/ patterns between the tasks, they cannot transfer relevant
knowledge. This was evident from Casey’s narrative, who often failed to transfer knowledge between
tasks. These observations imply that novices need more examples and explicit teaching that highlights
patterns and commonalities in tasks. The use of faded worked examples would assist such transfer and
reduce cognitive load (Renkl et al., 2004). In addition, using variation theory to inform the design of
examples may help. Variation theory suggests highlighting the essential features of a concept by
focusing on what remains constant and what changes help to learn (Gu et al., 2004). This involves
systematically varying critical aspects of a concept while keeping other aspects constant, providing

students with an opportunity to make meaningful connections.

Casey consistently struggled to transfer knowledge effectively, leading to failed transfers and even no
transfer in certain instances. Casey’s failed transfers were often linked to their inability to recall a taught
process or tactic. Moreover, Casey could not transfer knowledge from one task to another. For example,
Casey, when trying to decompose the relations of the provided data table into third normal form
relations, started writing SQL create table statements resorting to a more concrete and known
representation. Using this approach was not taught nor useful to the task at hand. Here Casey is
transferring inappropriate knowledge in an inadequate attempt to solve the problem. This is classed as

a no transfer type.

During the normalisation problem, Morgan had their own approach to solving the problem. Morgan
typically understood the taught approach, but they purposively replaced it with their own. They
expressed that this was because they preferred a more practical, concrete approach closer to specifying
the physical database. In retrospective discussions, it emerged that Morgan used that concrete
implementation focus, viewing the taught process as more, in their words, “theoretical”. Regardless,
Morgan managed to complete the problem and was able to rectify any minor errors they introduced.

Arguably, Morgan’s approach could be classed as a new insight transfer.

One important observation related to transfer theory was that while it is possible for students to transfer
knowledge, the participants in this study commonly transferred incorrect or incomplete information.

Simply transferring knowledge without critically examining and verifying its accuracy can lead to
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misconceptions and errors. To promote effective knowledge transfer, it is important to encourage
students to engage in critical thinking, reflection, and evaluation to help them develop a deeper

understanding of the concepts and principles involved.

9.5 Design Thinking

During the exploration of data from various theoretical perspectives, a recurring question arose: can
any existing theories effectively explain how novice designers approach their design problems?
Numerous studies in the literature examine software development and project management
methodologies through the lens of design thinking (e.g., Adikari et al., 2013; Gabrysiak et al., 2011).
Additionally, research has used design thinking and computational thinking as ways to gain insights
into how individuals tackle programming problems. None of the literature on database modelling
examines database designers through the lens of design thinking and design processes. This section

attempts to look at the participant observations through this lens.

Kelly and Gero (2021) provide a theoretical foundation for the connection between design thinking and
computational thinking as a dual process model for addressing design problems. While their work is a
far stretch from pure design thinking, it provides a solid foundation to discuss some of the findings of
this study. The concept of design thinking comes from the “design science” domain and sees design

«

problems as “...problems which are both goal-oriented and constrained and which depend upon a
designer’s perception of the context of the problem” (Kelly & Gero, 2021, p.3). This applies to database
modelling since a solution for a database problem always depends on the designer’s perceptions and
experiences. Different designers can arrive at different solutions to the same problem in complex
problems. The core of design thinking is the “... understanding that a designer creates the frame within
which design activity is undertaken” (Kelly & Gero, 2021, p.3), where the frame is comprised of the

designer’s unconscious assembly of interrelated knowledge when presented with a design problem.

Research of designers provides insights into how they frame the problem and their strategies when
reframing the solution as it evolves. Effective designers have been found to have an understanding of
the problem, problem space, and solution space. Designers typically co-evolve an understanding of the
problem, which changes, and the solution, keeping in mind there is more than one solution. The final
solution evolves through an understanding and evaluation of the possible solutions within the solution
space (Poon & Maher, 1997). However, novice database modelling tasks are typically not large and
complex enough to encompass a large solution space or a changing problem space. In this study, the
task was constrained in terms of solution space, and there were no changes to the problem, but this does
not mean that the participant’s understanding of the problem did not evolve as they worked on solving

the problem and arriving at a solution. For example, there were instances where Morgan, the best-
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performing participant, may have considered alternatives and evolved his understanding of the problem

based on their knowledge in the real world.

Inherent in design is making unexpected discoveries over the course of the design process, which lead
to different solutions evolving (Suwa et al., 2000). Architects have been observed not only synthesising
requirements but also inventing requirements that capture important aspects of the problem not
previously defined (Suwa et al., 2000). The best-performing participant, Morgan, often relied on their
existing knowledge of the context or their real-world experience applied in the design process, which
sometimes was useful and, at other times, was not unlike in Suwa’s study. This implies that, as a novice,
they could not differentiate their knowledge of the case study problem domain from what they have

been provided cognitively.

Kelly and Gero (2021) argue it is possible for software designers to move seamlessly between design
thinking and computational thinking. However, the novices who participated in this study were more in
a design thinking phase where their solutions were specific to the problem scenario, and the framing
was more general, where they considered every aspect of the case study and even relied on their own
experience from the real world without abstracting anything. This could be a reason why, in the study,
the novices never claimed that they had seen similar design patterns, even though Kelly and Gero (2021)
claimed that designers tend to use patterns as a part of their design thinking. It is likely that novices
have not yet developed design patterns. They cannot recognise common patterns when designing

database models.

While looking for the potential literature related to design thinking and database modelling, the work
of Welch and Lim (2000) emerged. Although their research is focused on physical designs and novices,
the similarities between their findings and those of this thesis are worth considering. The parallels are
both design tasks involve problem-solving, analysis, and decision-making. Welch and Lim (2000)
highlighted that in physical design (i.e., developing a paper tower), the process needs to be grasped as
a whole, not as unrelated parts. This is also true for database modelling. For example, students can learn
about business rules, modelling constructs, etc., in isolation, but it is important to understand how these
individual concepts are interconnected and work together to create a coherent and functional database
model. The participants’ difficulty in linking and consolidating knowledge during the transfer process

raises questions about their overall design process.

In their study, Welch and Lim (2000) developed a framework that includes five steps students use to
build a physical design artefact: understanding the problem, generating possible solutions, modelling a
possible solution, building a prototype, and evaluation. In this doctoral study, a prototype is not built,

though, in the course, students do implement a model based on their own design model as part of the
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take-home assessment. The steps we expect to see in this study are problem understanding, generation

of solutions, and evaluation of and refinement of solutions.

Both Morgan and Blake followed a process of understanding the problem and generating a solution
while learning more about the problem through generating their solution, but they failed to evaluate and
validate their solutions. For example, starting with activities centred on reading and comprehending
models, followed by critiquing models before eventually engaging the students in the stage of
developing the models. This raised the questions of how to teach novices to critique their solution/s and
evaluate possible solutions and whether students would do better if all modelling tasks led to a concrete
implementation so that they could better understand the implications of different design choices. One
solution discussed in the literature was to deliver the course in a spiral model, as discussed by Watson
(2006), which is adapted to a certain extent to the course delivery where the participants were enrolled.
Given the challenges encountered by the participants despite the way of course delivery, it may be

beneficial to think of a delivery approach aligned with skill levels and progressively advance from there.
9.6 Novice Modelling Styles

A recent article’® proposed modelling styles as a means of analysing and understanding how novice
modellers approach a design problem (Rosenthal et al., 2022). This work characterises a modeller’s
sequencing of processing based on how they apply the modelling language and its concepts when
constructing a model. Rosenthal et al. (2022) observed three different modelling types among database

modellers:

o Entity type-focused modelling style — modellers who create all the entity types in the model,
including the attributes and data types, followed by the relationships and the cardinalities.

o Linear modelling style — modellers who follow the sequence of statements provided in the
problem description/case study from beginning to end.

o Structuring modelling style — modellers who create the entities and the relationship between

the entities first and then add the relevant attributes and data types followed by cardinalities.

" Modeling styles in conceptual data modeling: Reflecting observations in a series of multimodal studies.
8 Since Rosenthal et al. (2022)’s article was published during the writing of this thesis, the modelling styles of the
modellers were not considered while the data was analysed.
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It is important to note that they examined the continuum from novice to expert. Here the participants

are mapped to these styles.

Morgan and Casey’s modelling style tended to be what Rosenthal et al. (2022) defined as entity-type
focused as they added all the entity types first, including the attributes, then the relationships and
cardinalities. Rosenthal et al. (2022) state that most inexperienced modellers use this approach — indeed,
all the novice participants in their study used this approach. In contrast, Blake had a linear modelling
style, strictly following the sequence of the case study when modelling entity types, relationship types,
attributes and cardinalities as they were encountered sequentially in the case study. Rosenthal et al.
(2020) claim that this is the approach used by intermediate and expert modellers. However, earlier work
found that novice modellers tend to follow a linear process when working on modelling tasks, whereas
experts work on one part of a case study at a time to seek clarifications, integrate information, and
recognise similar situations before representing the information (Batra & Antony, 1994; Batra & Davis,
1992). While research on expertise and database modelling processes is contradictory, Casey, who
adopted an entity-type focused process, struggled to navigate and manage the case study. Perhaps for a
weaker student like Casey, using a linear modelling style is more useful. This conjecture warrants

further investigation.

9.7 Summary

This chapter focused on different theories that could explain the findings and observations identified
during the analysis. The theories of Piaget and Sfard can explain some of the learning observed among
the participants during their think-alouds. While these theories are useful in explaining knowledge
conceptualisation, they do not provide insights into sow to facilitate schema construction or design
activities in such a way as to facilitate learning. In that aspect, Vygotsky’s notion of ZPD was more
helpful. In this thesis, it informed the development of an intervention model that was able to progress
the learning of the participants. The interventions were provided hierarchically to describe the level of
support needed by each participant, facilitating personalised assistance based on their struggles. The
evidence from this study shows that the concept of ZPD and using interventions is useful to describe
and research the learning of novice database modellers. While progressing through the sessions, the
intervention protocol allowed the interviewer to predict which type of assistance would be most useful,

though this observation is anecdotal.

In this research, CLT was useful to explain and interpret why some participants couldn’t progress or
had difficulties with certain aspects of learning. The research instrument was intentionally developed
in a manner that aimed to reduce intrinsic and extraneous cognitive loads and free the working memory

to construct schemas. This was considered important as prior research had noted that the intrinsic load
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of database modelling tasks are relatively high due to the higher number of interrelated concepts
involved. Moreover, as the participants were novices, it made sense to consider CLT while developing
the research instrument. For the participants who had difficulty progressing, it was likely due to the
cognitive overload they faced, which led to partial and failed transfer of knowledge. The participant
observations and comments suggest that the segmentation of tasks, structured case study and redirected
tasks helped them work on the tasks. When the findings of this study are examined through the lens of
learning transfer, design thinking and novice modelling styles, insights into what was observed can be

useful.

The next chapter presents the conclusion of this doctoral research by revisiting the research questions
and highlighting the key findings and contributions. Further, the chapter will discuss the limitations the
researchers faced while conducting the study, the implications of their findings in teaching database

modelling, and the future avenues this research can be manoeuvred into.
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Chapter 10 Conclusions and Future Work

10.1 Overview of Research

This thesis set out to explore difficulties faced by novice database modellers, the mechanisms and tactics
they used to overcome the encountered difficulties, and how individuals with different capabilities
progress in their learning. To initiate this research, a systematic literature review was conducted as a
mapping study. This systematic literature review was conducted to get an in-depth understanding of the
published literature in the domain of database modelling education. Subsequently, a question
classification framework was developed to gain insights into the nature of the typical examination
questions given to novice database modellers. A set of examination questions from several institutions
was classified. The classification system included a cognitive dimension using an adaptation of the
revised Bloom’s taxonomy for classifying novice database modelling questions. Further, database
metrics were utilised to predict the task difficulty, and an attempt was made to establish a hierarchy

among the database modelling tasks that could be utilised in the research instrument design.

The overarching objective of this doctoral research was to gain an in-depth understanding of how
novices learn to model based on their learning processes, developmental stages and how they acquire
the required knowledge as novices. This objective was achieved by following novice modellers enrolled
in their first database course at AUT, attempting two simple database modelling tasks presented in a
scaffolded and sequenced manner. The participants were asked to think aloud and explain what they
were doing while solving the problems. The data gathered from the think-alouds was analysed using
thematic and narrative analysis. The findings were then related to theories of human conceptualisation
in order to attempt to explain the observed learning processes of the novice database modellers in this

study.

This chapter starts with a summary of the findings and contributions related to the research questions,
followed by a discussion on the threats to validity, the implications of the findings to teaching and the
limitations faced while conducting the research. Finally, the chapter concludes with future research

directions.
10.2 Review of Research Questions

This research was guided by four main research questions, and this section revisits the research

questions formulated in section 1.3.

RQ1: What are the existing focus areas of research in database modelling education?
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The main objective of this research question was to investigate the current literature related to the
teaching and learning of database modelling by conducting a comprehensive systematic mapping study
which was presented in Chapter 2 . This understanding of the existing literature was critical for this
doctoral research in order to realise the scope and focus of any existing work and to identify any gaps
and trends in the area. This knowledge was needed to be able to develop the research instrument. To
this end, a systematic mapping study was conducted covering 30 years of research from 1990 to 2020.
One hundred and fifty-five relevant articles related to novice database modelling were identified.
Several areas of research were uncovered, namely: Tools and resources, Pedagogy; Curricula design,
Course design; Assessment, and Teaching/learning challenges. Among these, the Assessment theme
was explored further. The intention was to identify various types of tasks that could be given to the
participants and to inform the design of questions in an examination to test the notion of a hierarchical
structure of novice modelling tasks that could be useful in predicting the difficulty of such tasks. Some
of the findings from this literature review later informed decisions made during the research instrument

design phase of this research.

At the time of this review, there were no existing systematic reviews found in the domain of database
modelling education. Hence, this in-depth review contributes to the body of knowledge by providing a
broader picture of the literature in the database modelling education domain®. The findings of this
review highlighted the need for more research in the area with an emphasis on rigorous empirical
evaluation of tools, proposed pedagogies, and assessment designs in order for teachers to build better

educational experiences for their students.

RQ2: Can a question classification framework be established that describes the difficulty of

novice database modelling tasks?

The main aim of this research question was to investigate whether a question classification framework
could be developed that reliably allows the difficulty of novice database modelling tasks to be
determined. The intention was to use the framework to inform the design of the tasks used in the later

think-aloud study of this thesis. This question was answered by addressing three sub-questions:

1) RQ2.1: What is the nature of database modelling tasks used to assess novice database

modellers?

% Towards the end of this doctoral thesis, a systematic literature review was published (Ishaq et al., 2022), but in
comparison, the review in this thesis is more comprehensive and in-depth.
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To answer RQ2, it was necessary first to comprehend the nature of typical novice modelling tasks. As
a preliminary step, a classification scheme based on question style, concepts involved, and the cognitive
levels of the revised Bloom’s taxonomy was considered. Bloom’s was enhanced with definitions and
vignettes directed at novice database tasks (presented in Chapter 4 ). This classification scheme was
built based on a set of novice database modelling examination questions. This was the first attempt to
develop an adaptation of Bloom’s and provides a system that can be used by future researchers to

classify novice database modelling tasks.

The analysis highlighted a major gap in the cognitive levels in the examination questions sourced for
this study. None were at the Analyse and Evaluate levels. There were questions at the Create level
where it can be assumed the skills of Analyse and Evaluate are needed to arrive at a viable solution, but

these skills are not explicitly assessed.

i) RQ2.2: What type of measurements can predict the difficulty of database modelling tasks?

The study was expanded to check whether a task’s difficulty can be measured using database metrics
(see Chapter 5 ). Several structural conceptual database metrics that could potentially predict the
complexity of a novice database modelling task were assessed. However, statistical analysis failed to
find any significant correlations between these metrics and question difficulty as measured by student
performance. The intellectual complexity classified using the cognitive levels of the revised Bloom’s
taxonomy also failed to predict question difficulty. These findings may be due to the limitations of the
question set, including sample size and question types. The intent had been to expand the data set in a
second round of data collection with questions targeting evaluation and analysis of models to be
included in an examination. However, due to the pandemic lockdowns, no controlled assessments or
examinations were held during the remaining data collection period. In the end, as explained in Chapter
6 the think-aloud tasks were designed based on the number of concepts required to complete a task as

a proxy for difficulty, an idea adopted from recent work in programming (Luxton-Reilly et al., 2018).

1) RQ2.3: Does the performance of students in database modelling tasks indicate a

hierarchical structure in their mastery of different types of novice modelling tasks?

Another hypothesis tested during this analysis was that there is a hierarchy of skills in novice database
modelling tasks. However, no hierarchy was found, at least within the context of this study, even though

intuitively, one should exist. This analysis is presented in Appendix K.

RQ3: How do novice database modellers incorporate new modelling concepts and knowledge into

their existing understanding of database modelling?
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Through the thematic analysis presented in Chapter 7, difficulties faced by the novices were identified,
along with the mechanisms/tactics the participants used to overcome these barriers. Seven themes were
identified: Interpreting the case study; Problem presentation; Understanding the problem domain;
Verification of design decisions; Fragile knowledge; Problem recall, and Tools. The following

questions were considered through this thematic analysis:

1) RQ3.1: What difficulties do students face when attempting novice database modelling

tasks?

The most common difficulty faced by the participants, regardless of capability, was their fragile or
incomplete knowledge of foundation database modelling. Consequently, the participants’ barriers to
solving a task often revolved around fragile understandings of the relevant conceptual knowledge,

syntactic knowledge and/or terminology.

The participants also had difficulty transferring their knowledge from one task to another. This is a
necessary skill since developing a logical database model involves following several steps in the DBLC.
To solve the think-aloud tasks, participants needed to transfer their existing knowledge gained in class
to the new task context of this study. This transfer involves the ability to generalise or abstract.
Additionally, the participants struggled to understand the case study context. While this was sometimes
evident with the participant whose first language was not English, interestingly, participants whose first
language was English also struggled with the narrative of the case study in instances where the sentences

were long and connected with conjunctions.

Both the model development and normalisation problems were designed and presented in a manner to
reduce the cognitive load that comes from interrelated concepts required in developing the solutions.
Despite the intention, all participants exhibited cognitive overload, particularly the weaker two

participants. The participants, regardless of ability, also showed a lack of attention to detail.

This study contributes to the body of knowledge as one of the few studies of novice modellers that use
a thematic analysis method. The thematic analysis identified the difficulties and challenges faced by
novices while attempting the modelling tasks (see section 7.9.2) and the tactics they used to overcome
these issues they had (see section 7.9.1). Some of the findings identified confirmed the findings of those
reported in the literature. One new insight in this doctoral thesis analysis was the lack of ability of the
participants to transfer knowledge from one task to another. This was not an area which had been
explored to any great extent in the published literature. A further contribution is the themes developed,

which can be further explored and adopted by other researchers to investigate their learners.
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ii) RQ3.2: What common tactics do students apply when attempting novice database

modelling tasks?

Several tactics were found to be used by the novices through the thematic analysis: annotating the case
study; doodling; making assumptions; applying real-world knowledge; one-to-one translation of the
case study into modelling constructs; and verifying the design decisions. Annotating the case study was
a common tactic used to analyse the case study text. While not all participants used a consistent
annotation system, this was a taught process on par with the noun-verb analysis taught in class. Making
assumptions when information was considered inadequate to make informed decisions was another
taught tactic. However, the participants who attempted this were unable to use appropriate external
knowledge and made assumptions about aspects of the problem that were actually detailed in the case
study. Some participants used doodling to visualise key aspects of the case study, which yielded partial
diagrams that were helpful in later tasks to develop their models. The participants who used doodling
performed better. Less common tactics seen were one-on-one translation of the case study, summarising
the understanding, and verifying the decisions before advancing further during the analysis of the case
study. Among the participants in the study, it was observed that only those who performed well took
the initiative to validate their comprehension of the decisions they made before progressing to the

subsequent sections of the case study.

While there was published literature related to the difficulties and different tactics used by novices to
overcome these issues, none highlighted the importance of interpreting a case study and annotating as
a useful tactic during this process. Another new insight was the use of doodling while attempting
modelling tasks, which seemed to be favoured by the better-performing participants. Additionally, this
finding aligns with existing literature highlighting the value of visualisations. Another rare tactic was
verifying design decisions. This finding resonates with prior research suggesting that novices struggle
with assessing model quality. Overall, the new insights identified via the thematic analysis offer
researchers a set of tactics to investigate further. Moreover, knowing which tactics are effective and
when they can be usefully applied would improve the teaching and learning of novice database

modellers.

iii) RQ3.3: How does the learning of novice database modellers of different capabilities

develop over time?

In order to gain a deeper understanding of how novices develop their knowledge and progress in the
context of database modelling tasks, the think-aloud data were subjected to a narrative analysis that
followed three selected participants’ learning progression, as detailed in Chapter 8 . It was evident from

the narratives that the best and middle-performing participants showed clear progress in learning and
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developed their knowledge as they progressed through the tasks. Overall, they could recall and apply
their existing knowledge to the problem at hand and transfer newly developed knowledge to solve the
next task in the sequence with assistance. Thus, while they struggled and faced barriers, they persisted
and could successfully complete the tasks with the interviewer’s assistance. The lowest-performing
participant exhibited fragile knowledge, which led to an unmanageable cognitive load. They showed no

real learning progress or knowledge development.

This is the first study, to the researcher’s knowledge, that has attempted to understand how novice
modellers learn to model as they engage in a series of interconnected tasks spanning multiple sessions.
This approach deviates from the existing work in the published literature, which often focuses on
isolated individual tasks. Further, the visual representation of the learning progression and trajectory
contributes to the body of knowledge by introducing a format for quick interpretation and comparison

of student progress.

Based on this analysis, various learning and cognitive theories were considered, as discussed in Chapter
9 to interpret further the findings of the qualitative analysis. Several theories related to knowledge
construction, cognitive load, knowledge transfer, and design thinking were considered during this
discussion. Of the theories and many facets of the theories discussed, certain ones provided a more

useful and worthy of future more targeted research.

Three knowledge construction theories were examined. Between Piaget’s and Vygotsky’s work, it was
evident that Vygotsky’s notion of ZPD was more helpful in understanding novice modellers. Designing
learning experiences like the ones used as interventions in this study proved to be helpful for students
who have, to some degree, mastered the basic concepts. However, those who do not need help to

consolidate their understanding of concepts before being ready to attempt even simple modelling tasks.

Vygotsky’s notion of ZPD provided a lens to help identify when a participant could complete tasks
independently, with the assistance of an MKO, or simply could not, despite the assistance. This helps

to establish the readiness for learning and what interventions might advance knowledge.

Sfard’s theory aligns with Piaget and Vygotsky however, it is not ideally suited for time-constrained
studies like this thesis. Based on the outcomes of this research, this is a theory worthwhile delving into
if the researchers are planning for a more longitudinal approach and increasing the level of concepts
and difficulty in tasks where there would be enough time for the concept development to be established.
Otherwise, Vygotsky’s ZPD emerges as an effective theory that future researchers can adopt when

working with novice learners.
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Considering CLT was found to be useful for shaping research instruments. This research, informed how
the instrument was designed to mitigate intrinsic and extraneous cognitive loads. Several effects were
used that were found to give notable support to the students, including segmentation of tasks, structured
case study, redirected tasks, and sequenced sessions. These elements can not only aid researchers in

informing their studies but also have the potential to improve course and assessment design.

Transfer theory has not had much attention, though it holds particular relevance in the domain of
database modelling, as novices are required to transfer their knowledge across two critical dimensions,
domain-specific knowledge and the conceptual understanding of database modelling, in the literature.
This thesis presents a novel taxonomy of transfer types for novice database modelling tasks founded on
the literature and the thesis findings. This is a taxonomy that could be verified and used by future
researchers. It also provides a means for considering the complexity of simple database tasks that can

be used by educators to inform the design of such tasks.

Overall, these insights serve as guidelines for other researchers and educators, providing insight into
which theories they might adopt in their research and teaching. From an examination of the literature,
it is evident that nobody has looked at database modelling tasks and how students are progressing,
relating them through multiple theories as done in this thesis. Thus, this work forms a new contribution

to the body of existing knowledge.

10.3 Online Think-aloud Method

The emergency shift to online think-alouds, as presented in section 7.3.3, required a new data-gathering
protocol to be established. A literature review was conducted to inform this change, and a protocol with
guidelines for conducting think-alouds with tertiary CS students was established. Ethical considerations
for online think-alouds were established that can be used by other researchers wishing to conduct such

studies. This was an unexpected contribution to this doctoral study.

Working virtually and simultaneously engaging in think-aloud activities can indeed present challenges,
particularly when dealing with multiple tools and technologies. However, in this study, no significant
issues were encountered, which may be attributed to our participants’ proficiency in technology, as they
were CS students. There were initial issues with sharing screens on MS Teams, but these were easily
overcome and highlighted the need for practice sessions to deal with any technical issues. Other issues
also emerged with managing all the information on a screen and using the Visual Paradigm modelling

tool, highlighting necessary considerations for future researchers.
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Online fatigue was noted by the participants, but they commented that what they missed most was the
face-to-face interaction. When designing online think-alouds, breaks need to be scheduled every 15

minutes to relieve this.

Considering the well-being of participants is important. In this study, the interviewer and participants
had already interacted face-to-face, making the transition smoother than it might otherwise have been.
The participants sought more reassurance and connection with the interviewer during the online format,
in part due to the online format and fatigue but also due to the isolation imposed by lengthy lockdowns.
Establishing rapport and allocating extra time before and after the sessions became crucial in the online
mode. The interviewer did not experience notable additional fatigue when moving from in-person to
online sessions. Overall, the study highlighted the importance of personal connection and support in the
online setting to ensure participants' comfort and engagement during the research. Further, from the
researcher’s perspective, the virtual sessions allowed increased flexibility in scheduling and saved

participants’ time and money by eliminating the need for travel.

The participants demonstrated clear appreciation for the additional time and support provided by the
interviewer in the online format. Some of them expressed thinking aloud online was more comfortable,
possibly due to reduced performance pressure compared to the in-person mode. Interestingly, the
overall transition to the online format seemed to have little impact on the participants, even for those
who preferred the in-person mode. This suggests that the online format was well-received and effective

in facilitating the think-aloud sessions.
10.4 Implications for Teaching
10.4.1 Designing novice modeller tasks to promote learning

It is well established that database modelling tasks pose challenges for novice learners due to their
abstract nature and the presence of multiple interconnected concepts. These factors contribute to the
potential for increased cognitive load, making the task more difficult for individuals who are still
acquiring foundational knowledge and skills in this domain. The intervention/redirected tasks, which
reduced the number of concepts a task involved, proved to be effective. The framework of intervention
tasks is another contribution of this study. However, these interventions were found to be helpful only
when the participants had knowledge of the foundation concepts in the task, even if that knowledge was
weak. Further, it was evident that students cannot successfully start a task until they have this foundation
knowledge. It is a challenge to develop tasks that are focused on atomic concepts, but for educators, it’s
suggested to design exercises isolating or minimising interrelated concepts until those early concepts
are mastered then new concepts can be introduced in a scaffolded manner. This study also provided

evidence that segmentation of a task into manageable chunks also helped in reducing the cognitive load
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that arises from interrelated concepts this is also an approach that would led to the design of more

effective learning and assessment tasks.

Another important aspect is the way in which the case study or problem context is dealt with. In this
research, the problem context was familiar to the participants, and this was intentional to avoid the
cognitive load that could arise from an unfamiliar context. However, participants still encountered
difficulties related to understanding the context of the problem and made incorrect or unnecessary
assumptions. Providing a structured case study proved to be an effective strategy which facilitated
participant engagement by enabling them to concentrate on individual sections in the case study. For
the best-performing participant, this structured presentation helped to realise an assumption they had
made was unnecessary. However, incorrect and unneeded assumptions were still made despite the focus
brought through the structured case study. One potential teaching approach to mitigate such issues
would be to have students work in pairs and foster an environment that encourages them to question
assumptions (or decisions) made. Another way to support learning might be to provide exercises that

ask students to critically evaluate and justify design decisions.

This research found that fully worked examples were not needed to progress the learning of the stronger
students, while weaker students did not ultimately benefit from fully worked examples. In such cases,
employing faded worked examples (Renkl et al., 2004) might be worth investigating. This study showed
that the novices involved struggled with terminology regardless of their performance level. As
suggested by Mason and Seton (2020, 2021), using a glossary of terms in each student’s native language

is worth considering to mitigate this issue.

In this research, none of the participants made use of additional resources even though they were free
to use the internet or other resources to check their understanding. This reflects findings from a study
of novices in which only one participant made use of the programming language documentation

(Whalley et al., 2023).
10.4.2 Self-explanation for learning

Engaging students in thinking aloud about a problem using a formalised online protocol incorporates
the practice of self-explanation — a cognitive process whereby individuals articulate their thoughts,
reasoning and problem-solving strategies (Chi et al., 1989; Conati, 2016). In fields other than database
modelling, self-explanations have been found to be associated with learning gains (see section 9.3).
However, the only study involving students learning database modelling found that self-explanation did

not lead to improved learning M.-H. Lin et al. (2015).
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However, there is some evidence that the participants in this study experienced benefits from
articulating their thought processes to the interviewer as they developed their database models. Thus,
the findings of this thesis suggest that introducing opportunities for and encouraging students to adopt
self-explanation as a learning strategy for comprehension monitoring, making inferences and
connecting new information to prior knowledge might improve learner outcomes. Even very high-
achieving students can benefit from self-explanation (Chamberland et al., 2011). It should be noted,
however, that the effectiveness of self-explanation is believed to vary depending on a number of factors,

including the specific task, learner characteristics, and instructional context.

10.4.3 The need, or not, for CASE tools

In this research, richer data was obtained when students used pen and paper or a tablet rather than Visual
Paradigm, and it was evident that using the Visual Paradigm imposed a significant cognitive load on
the participants who used it. This raises an important question for educators to consider: Is the
incorporation of a CASE tool necessary at this stage, or is it worth delaying its introduction? Does the
use of a tool hinder the learning of modelling at early stages? When is it appropriate to introduce a
CASE tool? Is there adequate time in the course to teach the tool and the modelling concepts?
Ultimately, this is a decision that educators must carefully consider based on their course, students, and

learning objectives.

10.4.4 Use of diagrammatic representation

It was observed that during the normalisation task, the participants were able to identify their errors
when they were directed to use a visual dependency diagram instead of an algebraic representation of
data dependencies. This is in line with the findings of Katz (2018b) that students using a visually guided
database design approach made fewer errors. It can be argued that providing students with normalisation
problems that require them to use a dependency diagram is beneficial, and redirected tasks using this
representation may help to consolidate knowledge. Moreover, providing students with many examples
is recommended to give them the opportunity to form a generalised abstraction of this diagrammatic

representation.

10.4.5 Course design

Two participants relied on concrete examples during the study to understand the modelling process.
They had some but limited experience in database development from a high school class, so they were
naturally falling back on past concrete and familiar examples. The other participants had no prior
experience and, therefore, had no idea of physical databases or how to implement a database. Hence,

they had nothing to fall back on. Subsequently, they sometimes found the tasks more difficult than the
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other participants with some prior exposure to database implementation. However, the participants who

always relied on concrete examples did better than the others.

The participants who relied on concrete and familiar examples performed better than the others. In this
study, the learners found it easier to understand conceptual and abstract knowledge required in
modelling when they had concrete examples to relate to. This observation indicates that courses should
not be designed first to teach modelling and then teach implementation, but rather these topics should
be taught concurrently in an approach that teaches bite-sized design concepts and the matching
implementation in an iterative manner, and this “spiral approach” was first suggested by Watson (2006).
But, the question remains as to whether this approach is sufficient to overcome the novice difficulties

observed in this thesis.

Considering cognitive apprenticeship (Collins, 2006) as a pedagogy might be worthwhile. Cognitive
apprenticeship is a model of instruction in which novice learners work closely with skilled experts to
acquire knowledge and skills. Cognitive apprenticeship strategies fall into three groups: (1) modelling,
coaching and scaffolding, providing students with a space to acquire an integrated set of skills through
observation and guided practice, (2) articulation and reflection, methods that allow the students to
observe expert problem-solving strategies to reflect on their own strategies, and (3) exploration allow
learners to explore and experiment with tasks and concepts to encourage learner autonomy. These
strategies facilitate a learner’s observation, acquisition, and externalisation of implicit processes and
techniques during learning. Many of these strategies were followed during this research study and
helped to progress learning therefore, it might be worthwhile to consider this model as a holistic

framework for designing future database modelling courses.

10.5 The Impact of COVID-19

The occurrence of COVID-19 had a significant influence on the decisions made during this doctoral
research. The timing of the PhD research, which began in early 2020, coincided with the first lockdown
in New Zealand. Consequently, the study design and methodologies had to be adapted to accommodate
the lockdown restrictions. Originally, this research was going to focus solely on a quantitative research
approach, collecting naturally occurring data from controlled assessments. However, during the first
phase of data collection, it became evident that the data obtained was insufficient to meet the research
objectives, and a second data collection phase was planned that added new questions to encompass the
missing Analyse and Evaluate levels. However, due to the uncertainty of the trajectory of the pandemic,
AUT and the school (ECMS) made the decision to offer only uncontrolled assessments for the
foreseeable future. As a result, a decision was made to revise the research methodology and incorporate

an observation protocol that would be suitable for a smaller number of students, with a research study
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instrument designed specifically for this doctoral thesis while keeping the quantitative data with the
intention of triangulating the data to understand how novice modellers learn to model. This change
required submitting another ethics application. One positive was that this change allowed for a more in-
depth exploration of the research topic and provided valuable insights that would have been missed

with a purely quantitative approach.

10.6 Limitations

Only examination questions were considered when developing the question classification framework
and attempting to establish measures of task difficulty. Exams are not the only assessments in a typical
database course, and different types of questions might have been identified if assignments and other
assessments had been considered. However, because of the need to interpret student performance as
experiencing difficulty, it was appropriate to restrict this data to controlled assessments only. While the
number of participants was sufficient, the number of questions and type of questions was limited, and
the questions did not include ones that required analysis or evaluation of a model. It is possible that
with a more comprehensive data set, a metric and a hierarchy of skills or task types may have been

found.

As discussed earlier, a curriculum change happened between the data collection phases. Due to that,
more advanced questions from the pilot study could not be used in the full study. In the end, this did
not impact the findings due to the level at which participants were from the full data collection phase.
None of the students were so advanced as to complete the simpler tasks easily, and the extended task

would most likely not have added to the findings.

Qualitative analysis methods (thematic analysis and narrative analysis) have many strengths but are
limited in terms of the lack of generalisability of the findings. Further, reflexive thematic analysis
involves the researcher making a subjective interpretation of the data, which can introduce personal
biases. However, this thesis acknowledges these limitations, and several steps are taken to mitigate such
issues, as discussed in section 7.6. An obvious limitation of using the think-aloud method, which is
already discussed in the thesis, is that it may interfere with the main task the participant has to perform.
Precautions were taken to make sure that the participants were comfortable doing both simultaneously.
For example, they were provided with a practice think-aloud where they got an opportunity to practice

the method and ask questions to get familiar with the data collection method.

Another limitation that needs to be acknowledged is the use of data from a single institution and within
the context of one course’s pedagogy and assessments. It is possible that students taking different
courses might experience different difficulties and use different tactics, and their learning might

progress differently. However, many of the difficulties seen in this study are reported in the literature.
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The ethics requirements for the in-person think-aloud interviews prohibited the researcher from
recording participants, which posed a challenge during online interviews. In the online format, the
interviewer was unable to see the participants’ facial expressions, unlike in the in-person format, making
it more difficult to gauge when intervention and assistance were needed. The absence of visual cues
forced the interviewer to rely solely on audio cues. Additionally, not being able to observe participants’

offline activities was a limitation.

10.7 Future Work

In the future, the question classification framework could be improved through the examination of a
larger data set that encompasses assessments other than just examinations. Further, including database
modelling tasks from contemporary textbooks might also enhance the classification scheme. Moreover,
the study did not investigate the relationship between learning outcomes and the alignment of exams
with the corresponding learning outcomes of the courses. Further gaps in the assessments of database
modelling courses may have been identified if this was examined. The presented question classification
framework did not incorporate the revised Bloom’s knowledge dimension since this was the first
attempt to develop such a framework in database modelling. A possible avenue for improvement lies in
incorporating the adaptation of Bloom’s knowledge dimension proposed by Bogdanova and Snoeck
(2019) in their analysis of OO analysis and design tasks. It is posited that their approach can be applied
to database modelling assessment tasks, thus enriching the classification framework and providing a

more comprehensive evaluation of students’ cognitive levels and knowledge.

In the quantitative analysis, several database metrics were considered as potential predictors to measure
the difficulty of novice database modelling tasks to develop a reliable predictor for task difficulty.
However, this hypothesised predictor was not developed since the conducted statistical measures didn’t
hold any significant correlations between the task difficulty and the calculated metrics. This is
worthwhile to consider further as such predictors have proven valuable in developing tasks in novice
programming, which intuitively could be equally useful for educators in developing novice database
modelling tasks. One of the exercises the students attempted in their natural coursework was identifying
errors in an ERD. A potential area of interest is exploring whether reading activities prior to the creation
process could enhance student performance. This thesis presents an initial approach to investigate the
relationship between reading, understanding, and creating models. A hierarchy was not observed,
possibly due to the limitations of the data. Thus, it would be worth undertaking this analysis again with
better data. Intuitively, a hierarchy should exist, and if it does, it could help develop better learning tasks
and assessments. If the difficulty of tasks can be predicted and tasks placed in a hierarchy of skills, then
future researchers would have the tools to develop tasks to collect data for further in-depth qualitative

studies of novice database modellers.
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Appendix A
Ethics Approval Letters

To collect the naturally occurring data from novice database modellers:

AU

TE WANANGA ARONUI
0 TAMAKI MAKAU RAU

Auckland University of Technology Ethics Committee (AUTEC)

Auckland University of Technology

D-88, Private Bag 92006, Auckland 1142, NZ
T:+64 9921 9999 ext. 8316

E: ethics@aut.ac.nz
www.aut.ac.nz/researchethics

31 July 2020

Jacqueline Whalley
Faculty of Design and Creative Technologies

Dear Jacqueline

Re Ethics Application: 20/167 Assessing Novice Data Modelling

Thank you for providing evidence as requested, which satisfies the points raised by the Auckland University of
Technology Ethics Committee (AUTEC).

Your ethics application has been approved for three years until 31 July 2023.
Standard Conditions of Approval

1. The research is to be undertaken in accordance with the Auckland University of Technology Code of Conduct
for Research and as approved by AUTEC in this application.

2. A progress report is due annually on the anniversary of the approval date, using the EA2 form.

3. A final report is due at the expiration of the approval period, or, upon completion of project, using the EA3
form.

4. Any amendments to the project must be approved by AUTEC prior to being implemented. Amendments can
be requested using the EA2 form.

5. Any serious or unexpected adverse events must be reported to AUTEC Secretariat as a matter of priority.

6. Any unforeseen events that might affect continued ethical acceptability of the project should also be reported
to the AUTEC Secretariat as a matter of priority.

7. Itis your responsibility to ensure that the spelling and grammar of documents being provided to participants
or external organisations is of a high standard and that all the dates on the documents are updated.

AUTEC grants ethical approval only. You are responsible for obtaining management approval for access for your research
from any institution or organisation at which your research is being conducted and you need to meet all ethical, legal,
public health, and locality obligations or requirements for the jurisdictions in which the research is being undertaken.

Please quote the application number and title on all future correspondence related to this project.

For any enquiries please contact ethics@aut.ac.nz. The forms mentioned above are available online through
http://www.aut.ac.nz/research/researchethics

(This is a computer-generated letter for which no signature is required)

The AUTEC Secretariat
Auckland University of Technology Ethics Committee

Cc: asanthika.imbulpitiyva@aut.ac.nz; Mali Senapathi
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To collect the database modelling exam scripts:

AT

TE WANANGA ARONUI
0 TAMAKI MAKAU RAU

Auckland University of Technology Ethics Committee (AUTEC)

Auckland University of Technology

D-88, Private Bag 92006, Auckland 1142, NZ
T:+64 9 8219999 ext. 8316

E: ethics@aut.ac.nz

www.aut.ac.nz/researchethics

15 December 2020

Jacqueline Whalley
Faculty of Design and Creative Technologies

Dear Jacqueline

Re Ethics Application: 20/167 Assessing Novice Data Modelling

Thank you for providing evidence as requested, which satisfies the points raised by the Auckland University of
Technology Ethics Committee (AUTEC).

Your ethics application has been approved for three years until 14 December 2023.
Non-Standard Conditions of Approval

1. Inthe ‘how will these discomforts and risks be alleviated’ section of the Information Sheet please replace the
first iteration of anonymous with confidential.

Non-standard conditions must be completed before commencing your study. Non-standard conditions do not need to
be submitted to or reviewed by AUTEC before commencing your study.

Standard Conditions of Approval

1. The research is to be undertaken in accordance with the Auckland University of Technology Code of Conduct
for Research and as approved by AUTEC in this application.

2. A progress report is due annually on the anniversary of the approval date, using the EA2 form.

3. A final report is due at the expiration of the approval period, or, upon completion of project, using the EA3
form.

4, Any amendments to the project must be approved by AUTEC prior to being implemented. Amendments can
be requested using the EA2 form.

5. Any serious or unexpected adverse events must be reported to AUTEC Secretariat as a matter of priority.

6. Any unforeseen events that might affect continued ethical acceptability of the project should also be reported
to the AUTEC Secretariat as a matter of priority.

7. Itis your responsibility to ensure that the spelling and grammar of documents being provided to participants
or external organisations is of a high standard and that all the dates on the documents are updated.

AUTEC grants ethical approval only. You are responsible for obtaining management approval for access for your research
from any institution or organisation at which your research is being conducted and you need to meet all ethical, legal,
public health, and locality obligations or requirements for the jurisdictions in which the research is being undertaken.

Please quote the application number and title on all future correspondence related to this project.

For any enquiries please contact ethics@aut.ac.nz. The forms mentioned above are available online through
http://www.aut.ac.nz/research/researchethics

(This is a computer-generated letter for which no signature is required)

The AUTEC Secretariat
Auckland University of Technology Ethics Committee

Cc: asanthika.imbulpitiya@aut.ac.nz; Mali Senapathi
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To conduct think-aloud sessions:

AUL

TE WANANGA ARONUI
0 TAMAKI MAKAU RAU

Auckland University of Technology Ethics Committee (AUTEC)

Auckland University of Technology

D-88, Private Bag 92006, Auckland 1142, NZ
T: +64 9 921 9999 ext. 8316

E: ethics@aut.ac.nz

www.aut.ac.nz/researchethics

11 March 2021

Jacqueline Whalley
Faculty of Design and Creative Technologies

Dear Jacqueline

Re Ethics Application: 21/24 Assessing Novice Data Modelling

Thank you for providing evidence as requested, which satisfies the points raised by the Auckland University of
Technology Ethics Committee (AUTEC).

Your ethics application has been approved for three years until 11 March 2024,
Standard Conditions of Approval

1. The research is to be undertaken in accordance with the Auckland University of Technology Code of Conduct
for Research and as approved by AUTEC in this application.

2. A progress report is due annually on the anniversary of the approval date, using the EA2 form.

3. A final report is due at the expiration of the approval period, or, upon completion of project, using the EA3
form.

4. Any amendments to the project must be approved by AUTEC prior to being implemented. Amendments can
be requested using the EA2 form.

5. Any serious or unexpected adverse events must be reported to AUTEC Secretariat as a matter of priority.

6. Any unforeseen events that might affect continued ethical acceptability of the project should also be reported
to the AUTEC Secretariat as a matter of priority.

7. Itis your responsibility to ensure that the spelling and grammar of documents being provided to participants
or external organisations is of a high standard and that all the dates on the documents are updated.

AUTEC grants ethical approval only. You are responsible for obtaining management approval for access for your research
from any institution or organisation at which your research is being conducted and you need to meet all ethical, legal,
public health, and locality obligations or requirements for the jurisdictions in which the research is being undertaken.

Please quote the application number and title on all future correspondence related to this project.

For any enquiries please contact ethics@aut.ac.nz. The forms mentioned above are available online through
http://www.aut.ac.nz/research/researchethics

(This is a computer-generated letter for which no signature is required)

The AUTEC Secretariat
Auckland University of Technology Ethics Committee

Cc: asanthika.imbulpitiya@aut.ac.nz; Mali Senapathi
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Appendix B
Related Documents — Naturally Occurring Data

Participant Information Sheet:

Participation Information Sheet

Hello,

I’'m Asanthika Imbulpitiya and | am a PhD student at AUT. | would like to extend an invitation for
you to participate in my doctoral research in the area of computer science education. As an
undergraduate student, | found data modelling and database design challenging and this is why
| am interested in learning about how we can more effectively assess and teach database design
and modelling. | would like your consent to analyse your answers to your INFS601 (Logical
Database Design) assessments, quizzes and exams. All you need to do is fill out a short
questionnaire about your knowledge of software design and modelling

I will be conducting my research in collaboration with and under the supervision of Associate
Professor Jacqueline Whalley and Dr. Mali Senapathi.

You can access the information related to the project using the below link. Once you have read
the information, if you are happy to participate, you will be asked to indicate your consent to
participate and then you will be taken to the prior knowledge survey.

The survey should take no longer than 10-15 minutes to complete. Your valuable participation will
contribute to the future direction of how database design and modelling will be taught and
assessed.

If you have any questions about this project please feel free to contact us either using the
Blackboard discussion forum or by emailing me at asanthika.imbulpitiva@aut.ac.nz

Thank you

Asanthika
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Q1 Participation information sheet

Date Information Sheet Produced:
8 th June 2020

Project Title
Assessing Novice Data Modelling

An Invitation

My name is Asanthika Imbulpitiya and | am a PhD student at AUT. | would like to extend
an invitation to you to participate in my doctoral research in the area of computer science
education. As an undergraduate student, | found data modelling and database design
challenging and this is why | am interested in learning more about how we can more
effectively assess and teach database design and modelling. | will be conducting my
research in collaboration with and under the supervision of Associate Professor
Jacqueline (Jacqui) Whalley and Dr. Mali Senapathi.

What is the purpose of this research?

No research has looked at the nature of data modelling questions, like the ones you are
given in INFS601, or how difficult these tasks are. | believe that there is a hierarchy of data
modelling skills and this is the main focus of my research. Earlier work has established
that there is a hierarchy of skills in learning to program and intuitively it makes sense that
there is some sort of dependency in building models to describe the technical
requirements of software including databases. This research aims to investigate whether
or not such a hierarchy of skills also exists for novices learning data and software analysis,
design, and modelling. The findings of this research may be used for academic
publications and presentations and will be included in my PhD thesis.

How was | identified and why am | being invited to participate in this research?
You are being invited to participate because you are taking INFS601 (Logical Database &
Design) paper this semester. All students in INFS601 are being extended this invitation to
participate.

How do | agree to participate in this research?
You will need to complete the online consent form. After you have indicated your
agreement to participate you will then see a prior knowledge survey which you will
complete as part of your agreement to participate. The survey is simply asking you a few
questions about what you already know about software modelling and design and the
extent of your knowledge and how confident you are in different aspects of data modelling
if you do have some experience. Because INFS601 assumes no prior knowledge | expect
that most of you will not know much about this topic so don’t worry if you can’t answer all
the questions in the survey. Your participation in this research is voluntary (it is your
choice) and whether or not you choose to participate will neither advantage nor
disadvantage you. You are able to withdraw from the study at any time. If you choose to
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you choose to withdraw from the study, then you will be offered the choice between
having any data that is identifiable as belonging to you removed or allowing it to
continue to be used. However, once the findings have been produced, the removal of
your data may not be possible.

What will happen in this research?

In this research, you will be asked to provide us with permission to analyse the
artefacts that you produce as part of your study in INFS601. These artefacts may
include your answers and solutions to lab exercises, assessments, quizzes, tests and
exams. Apart from the prior knowledge survey all other data you give me permission
to collect and analyse is from your normal course work and assessments. Your data
will be combined and analysed along with the data provided by other students in order
to establish things like how difficult the tasks were or how the skills and knowledge
required to answer different types of problems relate to each other. Sometimes images
of your database designs or models may be used in publications arising from this
research with your prior permission. You can choose whether or not your database
designs/models to be used in the publications in the consent form.

What are the discomforts and risks?

It is unlikely that you will feel any risk or discomfort however it is possible that you may
experience some discomfort when filling in the prior knowledge survey and not like
revealing either a lack of experience or substantial experience in the area. Two of the
researchers of this study are involved in delivering the INFS601 paper and there is the
potential for you to perceive that participating in the study and/or any data you provide
might affect your grades and be a source of conflict. The study has been carefully
designed to ensure that this potential risk is alleviated.

How will these discomforts and risks be alleviated?

As part of this study, you will be asked to complete a prior knowledge survey about
your experiences and knowledge of data modelling before studying INFS601. Jacqui
will be the only researcher who will know who you are and the data you provide will be
summarised so that no-one other than herself will be able to identify who you in any
reports or in my thesis. Because one of my supervisors Dr. Mali Senapathi is a lecturer
on INFS601 and myself is a teaching assistant | have carefully designed my research
study so that both of us will not know whether or not you have participated in this
research and we will only be able to see the data provided by you once all your data
has been anonymised. In addition, we will not start analysing your data until the paper
is over and your results have been finalised.

What are the benefits?

As a participant of this study, you will be contributing to the design, development and
improvement of the assessment and overall learning experiences in INFS601. These
improvements will benefit future students studying this subject both within and outside of
AUT. | will benefit from this research as your data will enable my PhD study. | and my
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collaborators will gain a deeper understanding of the current INFS601 assessments
and exercises and how they impact student learning. We will gain a deeper
understanding of the source of student difficulties in data modelling. This improved
understanding will result in improved, fairer and better structured assessments for all
students. The dissemination of the results as peer reviewed papers and at conferences
will enable educators to create a better-structured learning experience for novice data
modellers like yourself.

How will my privacy be protected?

In order to protect your privacy, so that you are not identifiable to others, only Jacqui
will have access to information related to your identity and this information will be kept
confidential in a secured location. The other named researchers will only have access
to your anonymised survey, lab exercises and assessment data. In any reports or
academic papers arising from this research, you will not be named or identifiable.
Further, none of your data will be shared with other parties or used for any other
purposes apart from this study.

What are the costs of participating in this research?
None, apart from the time taken to go view the invitation to participate, read the
information sheet and provide the consent, and complete the prior knowledge survey.
It is expected that in total most of you will spend about 5- 10 minutes to complete the
prior knowledge survey. Data for the research will be derived from the activities and
assessments related to INFS601 paper.

What opportunity do | have to consider this invitation?
You will have six weeks to consider this invitation.

Will | receive feedback on the results of this research?
If you would like to receive feedback on the results of this research you can indicate
this when completing the consent form and provide an email address for it to be sent
to you.

What do | do if | have concerns about this research?
Any concerns regarding the nature of this project should be notified in the first instance
to the Project Supervisor, Associate Professor Jacqueline
Whalley, jwhalley@aut.ac.nz , (+649) 921 9999 ext 5203.

Concerns regarding the conduct of the research should be notified to the Executive
Secretary of AUTEC, ethics@aut.ac.nz , (+649) 921 9999 ext 6038.

Whom do | contact for further information about this research?
Please keep this Information Sheet and a copy of the Consent Form for your future
reference. You are also able to contact the research team as follows:

Researcher Contact Details:
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Asanthika Imbulpitiya, asanthika.imbulpitiya@aut.ac.nz

Dr. Mali Senapathi, mali.senapathi@aut.ac.nz , (+64) 921 9999 extension 5213

Project Supervisor Contact Details:

Associate Professor Jacqueline Whalley, jwhalley@aut.ac.nz, (+649) 921 9999 ext 5203.

Q2 Confirmation

| confirm that | have read the information provided in the Participation Information
Sheet. (4)

Skip To: End of Survey If Confirmation = | confirm that | have read the information provided in the

Participation Information Sheet.
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Consent Form:

Consent Form

Project title: Assessing Novice Data Modelling
Project Supervisor: Associate Professor Jacqueline Whalley
Researcher: Asanthika Imbulpitiya

¢ | have read and understood the information provided about this research project in the
Information Sheet dated 8th June 2020.

¢ | have had an opportunity to ask questions and to have them answered.

e | understand that taking part in this study is voluntary (my choice) and that | may
withdraw from the study at any time without being disadvantaged in any way.

¢ lunderstand that images of my database designs/models may be used in publications
arising from this research.

¢ | understand that if | withdraw from the study then | will be offered the choice between
having any data that is identifiable as belonging to me removed or allowing it to
continue to be used. However, once the findings have been produced, removal of my
data may not be possible.

Q1 Name of the participant: (Please enter your name as on your AUT student id)

Q2 Student ID number of the participant:

Q3 Would you like to receive a summary of the research findings?

Yes (1)

No (2)
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Display This Question:

If Would you like to receive a summary of the research findings? = Yes

Q4
Email address to which we should send a summary of the research findings:

Q5 | give permission for my database designs/models to be reproduced in publications arising
from this research.

Yes (1)

No (2)

Q6 | have read the above information and | consent to participate.
Yes (1)

No (2)

Skip To: End of Survey If | have read the above information and | consent to participate. = Yes
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Prior Knowledge Survey:

Prior Knowledge Survey

Personal Information

Q1 What is your area of specialization (major) in the BCIS degree program?
Analytics (1)
Computational Intelligence (2)
Computer Science (3)
IT Service Science (4)
Network and Security (5)

Software Development (6)

Q2 Is English your 1st language?
Yes (1)

No (2)

Background in Software Modelling
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Q1 Have you completed Data and Process Modelling paper (INFS600) ?
Yes (1)

No (2)

Q2 Are you familiar with UML modelling?
Yes (1)

No (2)

Skip To: End of Block If Q2 = No

Display This Question:
If Q2 = Yes

Q2.1 Which type of UML diagrams are you familiar with?
Use Case Diagram (1)
Activity Diagram (2)
Interaction Diagram (Sequence or Communication) (3)
State Chart Diagram (4)
Class Diagram (5)
Component Diagram (6)

Deployment Diagram (7)
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Display This Question:
If Q2 = Yes

Q2.2 How confident are you in creating these diagrams?

Not at all Not Very
Confident (1) Confident (2)

Fairly Very

Neither (3)  Confident (4) Confident (5)

Use Case
Diagram (1)

Activity
Diagram (2)

Interaction
Diagram (3)

State Chart
Diagram (4)

Class
Diagram (5)

Component
Diagram (6)

Deployment
Diagram (7)

Q3 Do you have any prior experience in database modelling and design?
Yes (1)

No (2)

Skip To: Q3.1 If Q3 = Yes
Skip To: End of Survey If Q3 = No
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Q3.1 If so how confident are you about your database modelling and design skills?

Not at all Not Very Fairly Very

Confident (1) Confident 2) o™ 3) " Gonfident (4) Confident (5)

confidence in
database
design and

modelling (1)

Q3.2 Where did you first learn about data modelling?

As a part of formal qualification (e.g. secondary, tertiary) (1)

Any other course that is not part of a formal education (e.g. short courses)
with a teacher (2)

On the job (e.g. workplace training) (3)

Self-taught (e.g. youtube, online courses such as coursera, edex etc.) (4)

Q3.3 What type of data modelling have you learned before?

Conceptual Modelling (e.g. UML diagrams, ER diagrams, EER diagrams) (1)

Logical Modelling (e.g. Relational models, Hierarchical models) (2)

Physical Modelling (e.g. Oracle, SQL server) (3)
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Q3.4 If you have learned data modelling before how well do you understand the below
concepts?

Not well at Slightly well Moderately Extremely
all (1) 2) well @) VeYwel&) a5
Concept of
entities (1)
Concept of
attributes (2)
Concept of

relationships

©)

Concept of
keys (e.g.
primary key,
foreign key)
(4)

Q3.5 Is there anything else you would like to tell us about your experiences with or of data
modelling and database design?
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Appendix C
Related Documents — Exam Script Collection

Participant Information Sheet:

TE ‘_Nl-\NANGA ARONUI
0 TAMAKI MAKAU RAU

Participant Information Sheet

Date Information Sheet Produced:

9™ September 2020
Project Title

What are we assessing in data modelling?
An Invitation

My name is Asanthika Imbulpitiya and I'm a PhD student at Auckland University of Technology, New Zealand. I'm
conducting my research in Computer Science Education (CSEd) under the supervision of Associate Professor Jacqui
Whalley and Dr Mali Senapathi. | would like to extend an invitation to you to participate in part of my doctoral
research in which | am looking at different questions asked in introductory database courses at the tertiary level. |
am ultimately interested in understanding how to better assess database modelling skills and knowledge.

What is the purpose of this research?

Very little research has been undertaken that looks at how to assess novice data modellers (and database design)
at the tertiary level. There is no doubt that this is an important skill for graduates. Work examining the difficulties
for novice modellers has shown that students have difficulty understanding relationships, semantics and
representation in database design documents. Most research in this area was undertaken nearly 20 years ago even
though databases are still important today. This research aims to examine how and what contemporary database
courses are assessing. It is our conjecture that little has changed in the field despite the importance of the subject
area and the need to improve on the assessment.

The research also forms part of a larger PhD topic and the findings will be published in the thesis and disseminated
through relevant conferences/journals in the discipline.

How was | identified and why am | being invited to participate in this research?

You are being invited to participate because you are subscribed to this specialist mailing list/institutional newsletter.
All members subscribed to the specialist mailing list/institutional newsletter are being extended this invitation to
participate.

How do | agree to participate in this research?

When you receive the invitation to participate you can go through the attached participation information sheet.
Once you have read and understood the provided information sheet and if you are willing to participate you can fill
out the consent form section of the email to send it back as a reply. Once the consent is received we will send a link
to a submission form which provides the facility to upload exams and module/paper descriptors via the request file
feature of OneDrive. This feature will only allow you to upload your files. No edit or view permission is given to the
OneDrive to further enable the security of data.

Your participation in this research is voluntary (it is your choice) and whether or not you choose to participate will
neither advantage nor disadvantage you.

What will happen in this research?

In this research, you will be asked to provide us with exam scripts from your undergraduate database course(s)
preferably from the mid and/or final exam scripts along with the course/module outlines/descriptors indicating the
learning outcomes and the course content.

The questions asked in each examination, that are relevant to database design and modelling, will be analysed using
a framework that includes Bloom's level, Topic and Task Type. The results will be collated and analysed using simple
descriptive statistics to give an overall picture of the nature of the assessments currently being used in database
design and modelling. The questions in the exam will be mapped to the corresponding learning outcomes to see
how well they correlate.

3 January 2021 page 1 of3 This version was edited in November 2019

380



What are the discomforts and risks?

It is unlikely that you will feel any level of discomfort or risk considering the facts that you are academics and
inherently reflective practitioners and you will be only required to provide exam scripts and course content
information.

However, while highly unlikely, there is the possibility that the information you provide may be attributed back to
you or your institution and this could potentially affect some facets of your role as an academic. The study has been
carefully designed to ensure that this potential risk is alleviated.

How will these discomforts and risks be alleviated?

Your participation will be confidential. The data you supply will be anonymised at the institution level and reported
in an aggregated manner. Some questions may be reproduced as exemplars and | will take care to remove any
identifiable information within a question. For example, a question might say something like “a student in INFS601
has designed the ERD below and would like your advice on how to improve their design”, in such a case the INFS601
course identifier would be removed from the question stem.

What are the benefits?

As a participant of this study, you will have a voice in furthering understanding of the assessment of database design
and modelling topics. You will also benefit from the outcomes of the study, using the results to inform the design
of future examinations and improve the assessments for your students.

| will benefit from this research as your data will enable my PhD study.

I and my collaborators will gain a better understanding of how to assess database modelling. This improved
understanding will result in improved and fairer assessments for students studying databases. The dissemination
of the results as peer-reviewed papers and at conferences will enable educators to create a better-structured
learning experience for novice data modellers.

How will my privacy be protected?

In order to protect your privacy, the raw data will be anonymised at the point of collection. The other named
researchers will only have access to your anonymised data for the purposes of analysis. In any reports or academic
papers arising from this study, you will not be named or identifiable. Further, none of your data will be shared with
other parties or used for any other purposes apart from this study.

All the provided data will be downloaded to a password-protected external storage device and will be securely
stored in my office. At the end of the study, all the data will be destroyed using a tool like DBAN.

What are the costs of participating in this research?

None, apart from the time taken to go view the invitation to participate, read the information sheet, provide the
consent and upload the data. At most, we anticipate that you will spend about 30 minutes to gather the data
required and upload to the onedrive folder.

What opportunity do | have to consider this invitation?
You will have eight weeks to consider this invitation.
Will I receive feedback on the results of this research?

If you would like to receive feedback on the results of this research, you can indicate this when completing the
consent form and the feedback will be sent to the same email address you used when providing the consent.

What do | do if | have concerns about this research?

Any concerns regarding the nature of this project should be notified in the first instance to the Project Supervisor,
Associate Professor Jacqueline Whalley, jwhalley@aut.ac.nz, (+649) 921 9999 ext 5203.

Concerns regarding the conduct of the research should be notified to the Executive Secretary of AUTEC,
ethics@aut.ac.nz , (+649) 921 9999 ext 6038.

Whom do | contact for further information about this research?

Please keep this Information Sheet and a copy of the Consent Form for your future reference. You are also able to
contact the research team as follows:

Researcher Contact Details:

Asanthika Imbulpitiya, asanthika.imbulpitiya@autuni.ac.nz,

Dr. Mali Senapathi, mali.senapathi@aut.ac.nz , (+64) 921 9999 extension 5213

Project Supervisor Contact Details:

Associate Professor Jacqueline Whalley, jwhalley@aut.ac.nz , (+649) 921 9999 ext 5203.

Approved by the Auckland University of Technology Ethics Committee on 15 December 2020, AUTEC Reference number 20/167.
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Consent Form (embedded to the invitation email):

Consent Form
Email subject line: Invitation to participate in the study - "What are we assessing in data modelling?"
Email body:

Hello,

I’'m Asanthika Imbulpitiya, a PhD student from Auckland University of Technology, New Zealand. | am looking at
different assessment questions in Database Modelling and Design to understand how better assess database
modelling skills and knowledge. As a preliminary study, | am locking at the nature of novice level database
modelling questions and identifying what types of problems students are asked to solve and how difficult these
problems are. | will be using taxonomies (such as Bloom), concepts assessed, and metrics to classify the
problems.

I'm conducting my research in collaboration with and under the supervision of Associate Professor Jacqui
Whalley and Dr Mali Senapathi.

Information related to the study can be accessed via Participation Information Sheet and the same is attached
to the email as well. Once you have read the information, if you are happy to participate, please fill the below-
given consent form and send it as a reply to this email. We will be sending you a link to submit the materials
once we received your consent for participation.

If you have any questions about this project, please feel free to contact me via this email.

Thank you
Asanthika

Consent Form
Project title: What are we assessing in data modelling?
Project Supervisor: Associate Professor Jacqueline Whalley
Researcher: Asanthika Imbulpitiya

* | have read and understood the information provided about this research project in the Information
Sheet dated 9th September 2020.

e | have had an opportunity to ask questions and to have them answered.

e | understand that taking part in this study is voluntary and that | may withdraw from the study at any
time without being disadvantaged in any way.

e lunderstand that questions of my exam scripts may be reproduced as exemplars in publications arising
from this research.

e | have my institute’s approval to share the exam scripts with you.

1. Whatis your name?

2. Whatis the institute you are currently affiliated with?

3. Would you like to receive a summary of the research findings? Yes No (Please strikethrough the
incorrect option)

4. 1 have read the above information and | consent to participate. Yes No (Please strikethrough the
incorrect option)
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Material submission form:

Material Submission Form

Q1 Please upload your course outline/ course descriptor by clicking the below link.

Click Here

Q2 Please upload your exam scripts by clicking the below link.

Click Here

Q3 Is there any other additional information you would like to tell us about your course?

Page 1 of 1
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Appendix D
Related Documents — Think-aloud Data

Participant Information Sheet:

AU

TE ‘_Nl-\NANﬁA ARONUI
0 TAMAKI MAKAU RAU

Participant Information Sheet

Date Information Sheet Produced:
11th January 2021
Project Title
Assessing Novice Data Modelling
An Invitation

My name is Asanthika Imbulpitiya and 1 am a PhD student at AUT. | would like to extend an invitation to you to
participate in my doctoral research which looks at how we can more effectively assess and teach database design
and modelling. | will am conducting my research under the supervision of Associate Professor Jacqueline Whalley
and Dr. Mali Senapathi.

What is the purpose of this research?

| am interested in finding out how you learn database modelling, what challenges you face when designing a
database and what strategies you use to solve a database design problem.

The findings of this research may be used for academic publications and presentations and will be included in my
PhD thesis.

How was | identified and why am | being invited to participate in this research?

You are being invited to participate because you are taking INFS601 or COMP508 paper this semester. In a situation
where we will get more than the required no of participants, we will select a representative sample to participate
in the study.

How do | agree to participate in this research?

If you agree to participate in this research, you need to complete the Consent Form provided to you. You can get a
hard copy of the form in your lab class or download it as a softcopy using the Blackboard course page. Once you
have completed the consent form you can either photograph or scan or digitally sign the form and email it to me.
Alternatively, you can email me and arrange to give me a hard copy in person after completing the form.

Your participation in this research is voluntary (it is your choice) and whether ar not you choose to participate will
neither advantage nor disadvantage you. You are able to withdraw from the study at any time. If you choose to
withdraw from the study, then you will be offered the choice between having any data that is identifiable as
belonging to you removed or allowing it to continue to be used. However, once the findings have been produced,
the removal of your data may not be possible.

What will happen in this research?

In this research, you will be asked to attend four 40-60 minute sessions during the semester. These sessions will be
scheduled out of your class time in consultation with you and at your convenience. The sessions will be scheduled
after you have covered the required concepts in your lecture so that you will be familiar with the modelling tasks
that you are asked to undertake.

The study involves you attempting some database modelling tasks while telling me what you are thinking as you
are solving them. Your voice and your pen and paper drawings and notes (and/or computer screen) will be recorded.

Recordings will be made using a smartpen, that records your voice and anything you write on the paper (if you
answer the questions on a paper) or using a tool like Camtasia if the modelling task is done using Visual Paradigm.

Your data will be transcribed and you will be given the opportunity to verify the data prior to it being analysed.
When | analyse your data | will be trying to establish things like how difficult the tasks were or what are the skills
and knowledge required to answer different types of problems related to each other. Further, your data will be
used to create a learning trajectory to understand how your learning progresses and which exercises help you to
extend your knowledge.

13 April 2021 page 1 of 3 This version was edited in November 2019
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What are the discomforts and risks?

Sometimes you may feel slight discomfort or embarrassment if you find it difficult to answer the modelling tasks
and not like revealing either a lack of experience or substantial experience in the area.

One of the researchers is also a teacher on the INFS601/COMP508 paper and there is the potential for you to
perceive that participating in the study and/or any data you provide might affect your grades and be a source of
conflict. The study has been carefully designed to ensure that this potential risk is alleviated.

If you are a repeat student taught INFS601 labs by me in 2020 please note that | have no involvement in this years
course and its outcomes.

How will these discomforts and risks be alleviated?

| will be the only researcher on the team who will know who you are and | will assist you throughout the sessions
easing you into the process and will guide you when you are completing the tasks if you come across any issues.
Also please note that | will not provide any negative evaluation or criticise your current approach but rather if you
want me to | can provide you with constructive feedback at the end of the sessions which will help you in your
learning process.

Once the audio recording of the think aloud sessions are transcribed, you will get a copy of the transcription (if you
wish) to check and verify. You will be given two weeks to verify the transcriptions and inform me of any corrections
before the beginning of the analysis.

Because one of my supervisors, Dr. Mali Senapathi, is a lecturer on INFS601/COMP508 | have carefully designed my
research study so that she will not know whether or not you have participated in this research and she will only be
able to see the data provided by you once all your data has been anonymised.

What are the benefits?

If you decide to participate in the study, as well as benefit from extra practice undertaking tasks that support your
learning, and you will play an important part in improving the way we teach and assess data modelling!

At the end of each session, you will have the opportunity to benefit from past session feedback that can help your
learning and understanding of some of the topics being taught in INFS601 and COMP508.

1 will benefit from this research as your data will enable my PhD study.

I and my collaborators will gain a deeper understanding of the current data modelling assessments and exercises
and how they impact student learning. We will gain a deeper understanding of the source of student difficulties in
data modelling. This improved understanding will result in improved, fairer and better structured assessments for
all students. The dissemination of the results as peer reviewed papers and at conferences will enable educators to
create a better-structured learning experience for novice data modellers like yourself.

How will my privacy be protected?

In order to protect your privacy, so that you are not identifiable to others, only | will have access to information
related to your identity and this information will be kept confidential. The other named researchers will only have
access to your anonymised interview data. In any reports or academic papers arising from this research, you will
not be named or identifiable.

What are the costs of participating in this research?

You will have to participate in four one hour sessions during the semester totalling up to four hours followed by a
brief feedback session which can be considered as a personal tutoring session as a form of koha (a Maori tradition
of giving a gift as a thank you) for your contribution to the research which is focused on the tasks you completed.

What opportunity do | have to consider this invitation?
You will have 2 weeks after the brief in-class session which will be conducted to introduce the study.
Will | receive feedback on the results of this research?

If you would like to receive feedback on the results of this research you can indicate this when completing the
consent form and provide an email address for it to be sent to you.

What do | do if | have concerns about this research?

Any concerns regarding the nature of this project should be notified in the first instance to the Project Supervisor,
Associate Professor Jacqueline Whalley, jwhalley@aut.ac.nz, (+649) 921 9999 ext 5203.

Concerns regarding the conduct of the research should be notified to the Executive Secretary of AUTEC,
ethics@aut.ac.nz, (+649) 921 9999 ext 6038.
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Whom do | contact for further information about this research?

Please keep this Information Sheet and a copy of the Consent Form for your future reference. You are also able to
contact the research team as follows:

Researcher Contact Details:

Asanthika Imbulpitiya, asanthikaimbulpitiya@autuni.ac.nz,

Dr. Mali Senapathi, mali.senapathi@aut.ac.nz, (+64) 921 9999 extension 5213.
Project Supervisor Contact Details:
Associate Professor Jacqueline Whalley, jwhalley@aut.ac.nz, (+649) 921 9999 ext 5203.

Approved by the Auckland Uni ity of Technology Ethics C: i on 11th March 2021, AUTEC Reference number 21/24.
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Consent Form:

AU

3 \_N.iNANGA ARONUI
0 TAMAKI MAKAU RAU

Consent Form

Project title: Assessing Novice Data Modelling

Project Supervisor: Associate Professor Jacqueline Whalley

Researcher: Asanthika Imbulpitiya

@] | have read and understood the information provided about this research project in the Information Sheet
dated 11 January 2021,

o] | have had an opportunity to ask questions and to have them answered.

o] | understand that notes will be taken during the think aloud interviews while performing modelling tasks and

that they will also be audio-taped and transcribed, and | will get an opportunity to verify the transcriptions if |
wish to do so.

O I understand that images of my database designs/models may be used in publications arising from this research
and that these will not be identifiable to me.

O | understand that taking part in this study is voluntary (my choice) and that | may withdraw from the study at
any time prior to the completion of data analysis without being disadvantaged in any way.

e} | understand that if | withdraw from the study then | will be offered the choice between having any data that
is identifiable as belonging to me removed or allowing it to continue to be used. However, once the findings
have been produced, the removal of my data may not be possible.

O | agree to take part in this research. YesO  NoO

o] | wish to receive a summary of the research findings (please tick one): YesO NoO

Participant’s SIBNATUIE: oo v st s s o ras e s e s e s e s ens e et e e ase s srrene s serane

PartiCiPant’s NAME: oot s e ettt et s e ae s e e s

Participant’s email address (if you wish to receive a summary of the findings ):

Date:

Approved by the Auckland University of Technology Ethics Committee on 11" March 2021 AUTEC Reference number
21/24

Note: The Participant should retain a copy of this form.

April 2018 pagelofl This version was last edited in April 2018
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Appendix E
Principal Component Analysis

Principal Component Analysis (PCA) is a variable reduction technique that maximises the amount of
variance accounted for in the observed variables by a smaller group of variables called components. In
this study, PCA was used to simplify the common variance among the set of possible variables, the
database metrics discussed in Chapter 5. In this instance, PCA was conducted as an attempt to develop

a predictive model that could predict the difficulty of model creation and model transformation tasks.
PCA for model creation tasks

Before conducting the PCA, an R-matrix was calculated to determine variables that do not correlate
with any other variables (or very few) or variables that are highly correlated with other variables. Having
highly correlated variables are known as a singularity (perfectly correlated variables) or
multicollinearity (highly correlated variables) in a data set which needs to be eliminated before a PCA
as it could increase the standard error of a coefficient which in turn can make a variable statistically

insignificant where they should be significant.

Figure 1 provides the correlation matrix for the nine metrics discussed in Chapter 5 for model creation

tasks, where the output indicates the pairwise Pearson’s correlation coefficient between the metrics.

Correlation Matrix™"
Number_of_ Mumber_of_  MNumber_of_I  Mumber_of_1  Number_of_  Readability_F  Number_of_
MNumber_of E R Mumber_of A MVA SAR MR MMNR CA
Correlation  Mumber_of_E 1.000 778 775 - 447 .0oo 485 433 430 372
Mumber_of_R 778 1.000 989 063 253 908 -122 324 246
Mumber_of_A J75 .98a 1.000 -.008 378 827 -.187 366 .24
Mumber_of_MVA -.447 063 -.008 1.000 -.200 ra -.387 -697 055
Mumber_of_ISAR .0oo .253 arg -.200 1.000 542 -.775 406 055
Mumber_of_TMR 485 808 927 217 542 1.000 -.625 312 120
Mumber_of_MNR 433 -122 -187 -.387 -.775 -.525 1.000 -.082 215
Readability_FKGL 430 324 366 -.697 408 312 -.082 1.000 -518
Mumber_of_CA 372 246 284 055 .055 120 215 -519 1.000
a. Determinant=.000
b. This matrix is not positive definite.

Figure 1 Correlation matrix between the complexity metrics for model creation tasks

Based on the above output, it indicates that the matrix is not positive definite, which usually occurs
when there are too many variables and too few cases of data/observations. In this case, variables were
the metrics and cases/observations were the number of database modelling tasks. Further, Lorenzo-Seva
& Ferrando (2021) discussed the conditions which should be violated for a correlation matrix to be not

positive definite as follows,

e The number of observations from which R is computed is larger than the number of variables.
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o All the correlations are based on the same number of observations.
e There are no linear dependencies among the variables.

e There are no items with zero variance.

Considering the data set in Table 1, it is evident that the number of observations (questions data are
gathered from) is less than the number of variables (metrics). However, Hogarty et al. (2005) noted the
following in their study related to the sample size and the quality of the factor solutions, “Consistent
with the general findings of the MacCallum et al. (1999) study, our results show that there was not a
minimum level of N or N:p ratio to achieve good factor recovery across conditions examined” (p. 222).
Considering this fact, we decided to conduct the PCA after screening the data. The calculated values
for metrics NMVA and the NISAR almost had zero variance since, in all the questions, the metrics were
0 apart from questions 2 and 3 for NMVA and NISAR, respectively. Due to this reason, it was decided

to remove these metrics from the analysis altogether.

Table 1 Questions and related metrics in model creation tasks

Q1 Q2 Q3 Q4 Q5 Q6
Difficulty (%) - based on top quartile  33.33 28.57 31.08 25 33.33 30

Number of Entities (NE) 8 7 8 8 7 10
Number of Attributes (NA) 36 42 50 36 31 58
Number of Composite Attributes 10 9 9 10 6 9
(NCA)

Number of Multi-valued Attributes 0 1 0 0 0 0
(NMVA)

Number of Relationships (NR) 5 7 8 5 4 11
Number of ISA Relationships (NISAR) 0 0 2 0 0 0
Number of one-to-many Relationships 2 6 8 2 2 8
(N1:MR)

Number of many-to-many 3 1 0 3 2 3
Relationships (NM:NR)

Readability metric — Flesch Kincaid 7.83 5.95 11.05 7.83 11.16 11.22

grade level

After removing the two variables the correlation matrix was as given in Figure 2. Despite the screening
of data, the correlation matrix was not a positive definite. Further, we looked into highly correlated
variables (R>9) that might be causing the issue and identified four variables with high correlation (
(NA:NR) - 0.989, (N1:MR, NR) - 0.909, (N1:MR, NA) - 0.927 ). However, removing these variables
consistently did not make the matrix to be a positive definite one to carry out the PCA. The outcome
was similar when applied to model transformation tasks as well. A possible reason for this might have
been the less variance among the collected data points due to having similar questions along with

insufficient data points.
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Correlation Matrix™P
Mumber_of_ Mumber_of_ Mumber_of_ Mumber_of_1 Readahility_F
Mumber_of_E CA R Mumber_of_A MMNE MR KGL
Correlation  Mumber_of_E 1.000 372 g7a d75 433 485 430
Mumber_of_CA 372 1.000 246 .284 215 120 -.518
Mumber_of_R 778 246 1.000 988 -122 409 324
Mumber_of_A A75 284 989 1.000 -187 827 (366
Number_of_MNR 433 215 -122 -187 1.000 -525 -.082
Number_of_1MR 485 120 .ang .927 -525 1.000 312
Readability FKGL 430 -518 324 366 -.082 312 1.000
a. Determinant=.000
b. This matrix iz not positive definite.

Figure 2 Correlation matrix between the complexity metrics for model creation tasks after screening

Considering the limitation we had in conducting a PCA to identify the components to develop a
predictive model to measure the difficulty of database modelling tasks, we decided to look into it further
by applying a well-known feature selection technique in machine learning to achieve the same.

Nonetheless, the outcome remained the same with the data in hand.
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Appendix F
Copyright Clearance for Figures and Tables

1. Figure 4.1: ©Leslie Owen Wilson. Reprinted with the permission of the author. The permission

provided to use the image is provided below:

Leslie Wilson <thesecondprinciple@gmail.com> [ @ © « & »~

To: Asanthika Imbulpitiya Thu 23/03/2
First off, mega-congrats at being close to the completion of your program!

Secondly, if you read my fine print on the usage page there is a caveat for non-commercial use of my
materials that clearly states, "Because | believe that we can actively work toward creating a better,
kinder world, users are duty bound to commit at least one random act of beauty or kindness for
each concept used — no kidding!!! "

As long as you agree to those terms, we are good and you have filled my requirement, so use away.
And while I do not know how seriously New Zealander engineering/mathematical types take the concept
of karma, I do know that this old lady takes it quite seriously. So, go out in the world and create
something wonderful on your way. But most of all remember that, no matter what happens, you are
always in charge of your own attitude. Be joyfull

And again congratulations.

Namaste,

Leatie

Leslie Owen Wilson, Ed.D.

Professor Emerita, School of Education

University of Wisconsin — Stevens Point

e-mails: thesecondprinciple@gmail.com

Website: http://thesecondprinciple.com

Asanthika Imbulpitiya

To: thesecondprinciple@gmail.com

Dear Leslie,

I'm a Doctoral student at Auckland University of Technology and am writing a thesis on "Learn to Model
Relational Databases: Understanding the Novice Database Designer" for a Doctor of Philosophy in
Computer and Information Sciences.

| am writing to request permission for the following work, which you hold the copyright, to be included in
my thesis:

Figure: Diagram 1.1, Bloom's Taxonomy Revised

From: https://thesecondprinciple.com/essential-teaching-skills/blooms-taxonomy-revised/

A digital copy of the thesis will be made available online via the University’s digital repository Tuwhera. This
is an open-access research repository for scholarly work intended to make research accessible to as wide
an audience as possible. The material will be fully and correctly referenced per your instructions.

If you agree, | would be very grateful if you would email me so | can add your permission to my thesis.
Thank you for your assistance and | look forward to hearing from you.

Best Regards,
Asanthika

Asanthika Imbulpitiya MISM, BSc (Hons)
PhD Candidate / Research Assistant / Teaching Assistant
Software Engineering Research Centre

Srhnnl nf Enginsaring Crmniter & Mathematieal Srisnees

2. Figure 4.2: CC-BY CCO 1.0 indicates no copyright, and the material is in the public domain.
Appropriate credit is provided with the figure.
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3. Table 4.1 —4.3 and Figure 4.3 — 4.6: © 2021 Copyright held by the owner/author(s). Reprinted
from the author’s own published work. The permission to reproduce their own work published
in the ACM digital library is given below. Author rights are explained here:

https://authors.acm.org/author-resources/author-rights.

Reuse

Authors can reuse any portion of their own work in @ new work of their own (and no fee is expected) as
long as a citation and DOI pointer to the Version of Record in the ACM Digital Library are included.

» Contributing complete papers to any edited collection of reprints for which the author is notthe editor,
requires permission and usually a republication fee.

* Authors can include partial or complete papers of their own (and no fee is expected) in a dissertation as
long as citations and DOI pointers to the Versions of Record in the ACM Digital Library are included.
Authors can use any portion of their own work in presentations and in the classroom (and no fee is
expected).

* Commercially produced course-packs that are sold to students require permission and possibly a fee,
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Appendix G
Learning Outcomes of the INFS601 and COMP508

The learning outcomes the students should be able to achieve with the completion of the are the

INFS601 course are as follows'%:

1. Explain the importance of data, and the difference between file management and database
management systems.

2. Construct conceptual data models by applying conceptual design methodologies, using Entity
Relationship Modelling.

3. Apply the relational model and mappings from conceptual designs, in particular,normalisation.

4. Implement a relational database.

5. Demonstrate knowledge of SQL by designing, implementing and executing complex queries
for realistic business cases.

6. Understand the basic concepts of transactions management and concurrency control.

The learning outcomes the students should be able to achieve with the completion of the are the

COMP508 paper are as follows'!:

1. Understand the fundamental concepts of relational databases.
Understand the conceptual, logical, and physical design processes of relational databases
Design and implement a relational database.

Define, manage and manipulate data from a relational database (SQL).

A I

Understand the concepts of transaction management

10 Taken from the INFS601 course descriptor.
! Taken from the COMP508 course descriptor.
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Appendix H

Research Instrument — Case Study

Case Study

The careerAcademy is a major institute that runs training courses for professionals.
They wish to develop a database to store all the details of their institute including the
trainees, instructors, courses and the classes they offer. After an interview with the
institute’s manager, the following requirements were identified and the data to be stored
are as follows:

QI. Consider the given below section from the case study and identify all the likely
entities, attributes, and relationships.

Trainees: It is necessary to store details about all the trainees who participate in the
courses. Each course participant is identified by their trainee ID and this is stored along
with their name (composed of first name and last name), date of birth, gender, address
(composed of street number, suburb, city, postcode), contact number. Along with these
details the previously acquired qualifications of the tranees should be stored in the
database. Since most of the time these trainees are referred to the course by their
employers it is also necessary to store the details of the employers including the name
of the company, address, and contact number. Each employer can be uniquely identified
using the employerID. An employer can refer many employees to a training course and
a trainee can be only referred to a course via one employer. However, there can be few
trainees who are not referred by an employer.

Follow the same process for section ‘Courses’ and ‘Instructors’.

Courses: Each course offered by the institute is stored with a course ID along with the
name of the course and the level of the course (eg — An accounting course can have
different levels like introduction level, certificate level, diploma level etc). Every time
a course is running it may generate several programs (eg — programs can be different
sessions the same course is offered depending on the demand) and for each program,
the database should store the program ID, start date, and end date. A program can have
many trainees registered while a trainee can be registered to only one program at a given
time duration. Also, for each program currently in progress, the database should hold
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the class id, date of each class, allocated classroom, and the time of the class. A program
can gencrate many classes and each class should belong to one program only.

Instructors: Every instructor is given an instructor ID when they joined the institute
and along with the ID their name, address, contact number, qualifications, and status
(freelance or permanent) need to be stored. An instructor may be assigned to teach any
number of programs, while some programs can have more than one instructor assigned
to them based on the number of trainees allocated for the program. Some instructors,
especially freelance instructors, may not be assigned to teach any programs at a given
time.

Extra:

For a trainee who is a self-employed professional, the database needs to hold the area
of expertise and, if appropriate, the professional title. For a trainee who is an employee,
the level and position need to be stored.
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Appendix I
Literature Review — Author Collaboration
Author network analysis

Author network analysis was designed to better understand researcher collaborations within the
database education research community and to get insight into what type of work they’ve collaborated
on during the past three decades. One popular way to research how people are connected is by
conducting a social networking analysis involving developing a structure with actors (people, groups,
organisations) and ties (relationships) between two actors. These structures are visualised using network
graphs presenting actors as nodes and the connected relationships between two nodes as an edge
indicating the collaboration between the nodes. A Scientific Collaboration Network (SCN) is a type of
network used to elaborate the authorships and scientific collaborations among researchers (Newman,
2001). Several researchers in computing education have utilised SCNs to discuss the authorship

collaborations among the CSR community (Simon, 2020a; Zhang et al., 2021).

The first step in building the SCN was to define the nodes and edges to feed into the tool used for
conducting the network analysis. In this analysis, the authors were represented as nodes and the author
name, affiliations and countries were collected to conduct the analysis. Edges represented the
collaboration among the authors, and based on their collaboration frequency, a weight was provided
(e.g., if two authors have co-authored in only one paper, the weight was 1). The data retrieval and pre-
processing were done manually, considering the number of papers. One of the main challenges during
the pre-processing of data was matching author names written differently. For example, the names
“Storey, V”” and “Storey, V.C” were matched together, and so as “Wang, Jeff” and “Wang, J”. There
was a rare occurrence of two authors sharing the same surname and initial, “Wang, J,” and based on the
time of publication and affiliation countries, they were entered as two different authors. Once the data
was processed, Gephi, an open-source software tool (Bastian et al., 2009), was used to conduct the

network analysis.
Database education research collaborations

A co-authorship network was developed to understand the research collaborations among the database
education researchers. Figure 1 illustrates the co-authorship network for the identified authors from the
period 1990 to 2022. It used a weighted undirected network model where the edges are created when
two authors have published together at least once, and the weight of an edge is proportional to the
frequency of their publications. Further, the size of the nodes (authors) varies according to their degree

count, which is the count of authors connected with a specific author, and all similar degree nodes are
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indicated in a specific colour. For example, if the degree of a node is higher, the node's size is bigger,
and the node's colour is darker and vice-versa. This co-authorship network is composed of 355 nodes
(authors) and 425 edges. The average degree was 2.388, meaning that within the observed period of
literature, a given author had approximately collaborated with atleast two authors in a published paper.
From the data set, it appeared that author “Mitrovic, A” has the highest degree means they published
the highest number of collaborations with other authors in database education among the existing

authors. Approximately 11% of authors had a degree of 0, where they had papers with 0 collaborations.

Figure 1 Co-authorship network.

In a social network, a community is a group of people who interact with each other frequently and
detecting or identifying these groups is known as community detection. Gephi’s modularity class

algorithm was used to identify distinct communities within the data set. Modularity is a measure of the
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structure and strength of a graph, measuring the density of connections within a module or a community
(Blondel et al., 2008). Before identifying the communities, it’s important to position the nodes in the
network in relation to each other for better visualisation. Gephi provides several layout algorithms to
spread the nodes by calculating the level of attraction and repulsion for each pair of nodes in the
network. Force Atlas layout algorithm was used to better visualise the network indicated in Figure 2.
Then the the modularity algorithm was applied and it detected 130 communities or clusters. Among
them, the densest community, community number 9, contained 3.93% of the nodes in the total network.
The other main community identified via the modularity algorithm was community number 43 (3.37%
of the total nodes). Despite being ranked 4™ (containing only 1.97% of the nodes) based on the
modularity algorithm, community number 13 appeared to have multiple collaborations worth looking
at. Interestingly, all these identified communities were isolated clusters indicating that the authors
collaborated with the same co-authors they have worked with and haven’t collaborated beyond their
affiliations or countries. And that can explain the larger number of smaller communities identified
compared to the larger communities. Figure 2 provides the earlier presented co-authorship network with

the 1dentified communities.

Zhou S C.No-9
‘Wang, <
AR u H
L :(\#iang, 1 Mitrovic, A
got, | Xu, Co yant, B
-l Gray, J eetasinghe, A
' Grimley, M
Faroom%u‘ WLA BDJBJEQMVIFLV:P‘IER&:@“PM
Manmw/ v Rad\fqamui\tv\{\ﬁlbg pBys, L thng =1 homson, D
; #id, & 5 kCu"lm Liu M)(laoyan
', urai O“Eipﬁm < Du, A \
Faroog, Bigq 1« Currini, S+, MBogﬁlmnBS akifannis, D Mili)N I
Gogalin, G Choobmeh JJ $ n%rd%n?ham | \ﬁ:r as
C.No-43 E Sikemere, D Log Awgr\&ms u§1 Righatzs, B 4
- maric {%a‘?
O Wang Kam, thralig2pe" '-‘Mdmwmf yKe""Pfﬁﬁeﬁfanm o Marshall, M
\ rts, M.A Mgshﬁ% h‘,%}'ﬁé‘gpﬂﬁ&re’ﬁsﬁ. @rger_ I, I
| i BRI 11
: aug | UVeSSE i Jhsend; kedo Suraweera, P
‘ s 5 Johnston, L
Lawson, \ SmmﬂjﬂlamﬁmﬂHye - T t @ﬁﬁﬁﬂb IRari 'Ij:’hrlll chan o
/ M_F_____jmardo CM  AghaifachSnokEi hrAEEs Fk ANRTY PltfgessénnmeEyes A
Bayd, A ringst ol g hg.nggoom o] !
\ Gudigad ‘\HFH =Ll f ong 1 PHo |ﬂ M
ah garn e urigh = Che}q Huang, H
Gu\m:sr:aes,F\«‘IGraﬂgE Snofil Aw k| %h%” Z Chien, K LR
Braman, Susekes ity E%“‘ e Chiigadios v |Ghen 3, L
Gazlman, D \t’lncent)%"f.‘}m!'I i Bnotr, E N lﬁ COHQW %EV Pé>7§" & L. D:\'-I 4
Tavegia, IVond, Q\'\%Mﬁ y AT S S Br%él.gc[goi Wi, onG-VilaGieg; kx Li, Z
Kou, W Mar an‘ 8 7
Murray, M — D }:{l‘: o 9§ }ﬁgb mph ?’ﬁ-é{'ﬁeﬁl—ce R Liu, ©
anakis, an uegeigt G
\wo ‘-Z"h* 4 w Munngﬁmbl@wyﬁ”wﬂsu Fyr M} m\bn e J es,A
od Wanb@\\ / Traversp’gug @RpagathF('MS Masor, R Adesope 0.0
ara‘D\mﬁm NA o ang‘Jrados.EchaMRe@Q ' LEU@C‘E-L Dey, P Coop 5 KC
ﬁs e Bagda o J Srimah{oBg.Z mﬁ@%ey 6w Nelstioyar, A
v Stler, IMartingaielo, ana PajginRa; B
all, gittencoury, |1 Storey, V
Santhanam, R Igleswaséﬁ’d E ‘ Derme\raualgslleva,J
\Mony-rswwm‘v Coli ColdshgEkeeF pes O 1as
Valacmh n;teln oL Wai. . RK
C.No-13 ol Shankaranarg;rgmarsG ! T
' Da%gn@@ecker HE S cﬁidard, D Sundare D/ :
%'E':T{g acher, LS ey

399



Figure 2 Co-authorship network with detected communities Note. C.No indicates the community number

provided by the Gephi tool.

The three clusters identified during the community detection were further analysed based on the
published papers’ themes (represented as edges) and the authors' affiliated countries (represented as
nodes) —please see Figure 3. The largest identified community (community number 9) was a group of
authors belonging to the same lab in a New Zealand university however, they had one collaboration
with an author affiliated with Australia, but in a closer inspection, it was identified that the author was
previously a member of the same research lab. So, all their collaborations were within their own group
in the country, and most of their publications were on tools, which is not surprising since their lab is
focused on research related to intelligent tutoring systems. There was one publication related to
pedagogy. However, it was conducted utilising one of their ITSs. Compared to this cluster, the other
two clusters are formed by the authors collaborating in the USA. The authors collaborating in the cluster
identified by number 43 have mainly published papers related to course design. However, a few authors
have collaborated on publishing articles related to tools and resources within the cluster. In cluster 13,
all the authors are from the USA, while there was one collaboration with a co-author from New Zealand.
This collaboration was done in a very early publication back in 1992 however it appeared they haven’t
collaborated after that, at least not within the articles identified in this study. Most of the collaborations
within this community were related to tools and resources, and there were few articles related to

assessment and pedagogy.

Wea.ve,A - oo s Za .H
@ M.A ‘ o j ME .
H.J m.,n ! / ! g_p@‘lr’ o ai.m \!\u@A
“." ; - 1 D G
® o @ kD g O ®
. .G . San, R h@ .
') =« e S As

Gommunity number 8 Gommunity number 43 Community numbar 13

Figure 3 Individual communities identified from the co-authorship network.
Note. The node colour represents the countries, and the edge colour represents the theme of the publication.
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Appendix

J

Questions used in the software metrics analysis

Model creation questions

Question 1

Question 1 Develop a logical entity relationship diagram (ERD) [20 marks]

North Island Scenic Tours (NIST) provides guided tours to groups of visitors to Rotorua City. In recent
years, NIST has grown quickly and is having difficulty keeping up with all the various information
needs of the company, The company’s operations are as follows,

» NIST offers many different tours. Each tour is identified by a tour number, the tour name, approximate
length (in hours), and fee charged is needed. Guides are identified by an employee ID, but the system
should also record a guide’s name (first and last name), home address (street, city, postcode), and date
of hire. Guides take a test to be qualified to lead specific tours. It is important to know which guides are
qualified to lead which tours and the date that they completed the qualification test for each tour. A
guide may be qualified to lead many different tours. A tour can have many different qualified guides.
New guides may or may not be qualified to lead any tours, just as a new tour may or may not have any
qualified guides. Tours are identified by tour number however the system should also keep the record
of tour name, length and fee.

+ Every tour must be designed to visit at least three locations. For each location, a name, type, and
official description are kept. Some locations (e.g. the Te Puia) are vigited by maore than one tour, while
others (e.g. Rotorua Lake) are visited by a single tour. All locations are visited by at least one tour. Each
tour covers multiple locations and the order in which the tour visits each location should be tracked as
well.

+ When a tour i actually given, that is referred to as an “outing.” NIST schedules outings well in
advance so they can be advertised and so employees can understand their upcoming work schedules.
Outings are identified by outing number. A tour can have many scheduled outings, although newly
designed tours may not have any outings scheduled. Each outing is for a single tour and is scheduled
for a particular date and time. All outings must be associated with a tour. All tours at NIST are guided
tours, so a guide must be assigned to cach outing. Each outing has one and only one guide. Guides arc
occasionally asked to lead an outing of a tour even if they are not officially qualified to lead that tour.
Newly hired guides may not have ever been scheduled to lead any outings. Tourists, called “clients” by
NIST, pay to join a scheduled outing. For cach client, a client identifier, first name, last name, address
(street, city, postcode), email address, and telephone number are recorded. Clients may sign up to join
many different outings, and each outing can have many clients, Information is kept only on clients who
have signed up for at least one outing, although newly scheduled outings may not have any clients
signed up yet.

Based on the provided information above, use Visual Paradigm to develop a logical ERD that is in 3NF
using Crow’s foot notation, Clearly state any assumptions you make.

(a) Identify all possible entities and relationships. Name all relationships.

(b) Resolve any many-to-many relationships.

(c) Identify (1) strong and weak entities and (i1) identifying and non-identifying relationships.
(d) Tdentify the main attributes in each entity including all primary and foreign keys.

(e) Identify the Cardinality and Participation (optional and mandatory dependencies) for each
relationship.
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Question 2

Question 4 [20 marks]

Please carefully analyse the transcript of an interview between an external database designer (DD)
and the business owner (BO) of company ABC given below.

DD: Could you please briefly introduce the business of your company?

BO: Our main business covers wallpaper and accessories. We have a few branches and each customer
places orders through a branch, and each branch may have many customers. A customer may place
many orders, but he or she does not always have to order through the same branch all the time.

DD: What customer information would you like to track?

BO: We need to record customers’ full name, including title, first name and last name, as well as their
contact detatls, e.g., landline or mobile number. Our customers may have one or more accounts, although
they may also have no accounts. For each customer’s account, we need to record Balance, Last payment
date, Last paymeni amount and Type.

DD: Can you explain more about the orders placed by your customers? And what do you need to track
in the orders?

BO: Sure. Each order is composed of one or more items, and an item may be involved in more than one
order. We need to know Order Date and Credit Authorization Status. Each item has Description, Colour,
Size, Pattern, and Type.

DD: Do you want to track the internal employees’ information?

BO: Definitely. We have 66 employees and their information including full name (first name and last
name), mobile number, date of hire, salary and DOB, is required to be recorded. Each employee works
in one and only one branch. An employee may or may not have a direct manager. I have given you pretty

much information. Do you have any other questions?

DD: [ think that's good enough ... Oh, one move question. What information about a branch do you need
to record?

BO: Branch Number and the address, including Street, City, State and Post Code. It just reminds me
that each branch has a manager responsible for day-to-day operations.

DD: Got it. Thank you!

Based on the information in the interview transcript above, use Visual Paradigm to create a logical
Entity-Relationship (ER) Diagram using the Crow’s foot model symbols and include all attributes.
Your diagram must:'

! Please note: You don’t need to answer these questions separately. You identify them in the diagram.

(a) Identify (i) strong and weak entitics and (i) identifying and non-identifying relationships.

(8 marks)

(b) Identify the main attributes in cach entity including all primary and forcign keys (5 marks)

(c) Identify the cardinality and participation (mandatory/optional dependencies) for all the

relationships (4 marks)

(d) Resolve all M:N relationships. (3 marks)

402



Question 3

Case study

w Case Study: APU Photography Database for Online

Booking and Ordering System

Database Project Assignment

You have been invited to join the project team that will be involved in developing a
computerized booking and ordering system for APU Photography Limited. Your job will be
to model the data to be stored in the database that will be created for the new system.

APU invited the project team to a meeting to discuss their requirements. Saba Orange, the
founder of APU, and outstanding photographer, started the company in 2015 and has
slowly achieved the reputation of being Auckland’s leading portrait photographer. Her
profile is such that appointments for her photography sessions mustbe made at least two
months in advance. Saba now employs three office staff, an accountant, and three
assistants. The increase in business has forced Saba and her staff to consider implementing
an online system to manage the photography session bookings, the ordering of
photographs by customers, and the dissemination of digital proofs to the customers.

It is planned to develop an APU web site where bookings for photo sessions and orders for
photo prints can be entered. Both bookings and orders will have to be paid at the time of
their entry on the webpage in order to be accepted. Delivery of the ordered prints is
promised within two weeks of ordering. The method of collection of the ordered
photographs, whether picked up from the studio, or couriered, will be chosen by the
people who place the orders on the website.

Through a series of questions from the team, the following information was obtained about
the data that should be stored in the system:

To book a photography session onthe web page, the customer will selectan available date
and session time from charts displayed. Session times currently last 75 minutes, with 15
minutes break between sessions. For each weekday the session times are as follows: 8.30
am -9.45 am; 10.00 am - 11.15 pm; 11.30 am - 12.45 pm; 1.30 - 2.45 pm; 5.30 pm - 6.45
pm. However, session times may change in the future. Photography sessions are carried
outinthe APU studio, or on a location of the customer’s choice, where location can be ata
local beach, park, café, home etc., Currently a customeris charged $250.00 for a daytime
session and $275.00 for an early evening sessionin the studio, or $400.00 on a location. It
is possible that this charge could also change in the future, with individual sessions all
having individual charges. Assume that session times will always be constant for all days in
the week.

The web page must prompt the customer as to the reason for the photographic session:
graduation, wedding, baby etc. The customer may enter a different reason if their purpose
is notincluded in the webpage list. If customers cannot attend their booking, they must
cancel on the web page at least three days in advance in order to receive a refund.
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Whenever a customer makes a booking on the web page, they must enter their customer
details. A new customer will automatically be assigned an account number, or a returning
customer can register using their original account number and password. It is not
necessary for you to model the password. The customer must supply details of their name
(firstname, last name for a person, or organisation name ifnot an individual person). If the
customeris a person, a contact phone number and emailaddress mustbe supplied. For an
organisation their contact person’s details must be stored (first name, last name, phone
number, email address). A contact person for an organisation may change over time. For
each new customer the billing address must be supplied (streetaddress, suburb, city,
postcode, country).

Once the photography session is completed, the digitized photographs will be stored in a
database table, identified by the session date and starttime, and each photo’s unique
number for that session.Once stored, the customer will be emailed with details of how to
access the photos online.

Saba Orange sometimes extracts sections of her photographs and assigns them individual
numbers and stores them in their own right. In the database it will be necessary to be able
to relate the extracted photographs to the original photograph from which they were
sourced.

Customers will order their printed photographs on the webpage. Each order will
automatically receive a unique order number, and the date/time of the order acceptance.
Customers will be able to view their photos at the time of ordering and selecteach
required photo by clicking on its thumbnail photo. For each selected photo the customer
mustchoose a photo colour (e.g. black and white, sepia, colour etc), size, whether the
photos are to have a glossy or matte finish, and specify the number of copies required. It is
possible that the same photos will be selected in differing combinations of colour, size, and
finish, and that different quantities may be ordered for each combination. Each photo
combination of colour, size and finish may have its own price, which may change over time.

The orderer must also indicate whether the finished photographs will be collected from
APU’s studio or be couriered. If the order is to be couriered, a destination postal address
mustbe entered if it differs from the billing address. The destination for the order may be a
person or an organisation with details as described previously for customers. For each
destination country, APU charges a fixed postage amount. The postal charge set for each
country must be stored in the database. The postal charge may change over time.

The total cost of the order, including the cost of the prints and postal charge, if any, will be
calculated by the system, displayed on the webpage, and the customer must pay before the
order is accepted. Thus, any booking or order will be paid at the time of recording on the
webpage. The handling of the payment will be carried out by a third party so payment
details will not be stored in the database. However, a booking or order will only be
validated if the third party approves the payment. Thus, only paid bookings and orders will
be stored in the database.

Question 2 Construct a logical Entity Relationship Diagram (ERD) [20 marks]

Based on the business rules developed in Task 1, construct a logical ERD for the case study using the
Visual Paradigm tool.

e Identify all attributes in each entity including all primary and foreign keys (any composite and
multivalued attributes must be transformed according to the rules of the relational model).

e All relationships must be named (i.e. Verb phrases must be shown for all relationships)

e If super/subtypes arc used, indicate whether the super-subtype relationships are disjoint or
overlapping, and fully or partially specialised (complete or incomplete).

o Identify the Cardinality and Participation for each relationship.

e Resolve all M:N relationships.

e Describe any assumptions you have made in a text note in the diagram.
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Question 4

Question 1 Develop a logical entity relationship diagram (ERD) 120 marks]|

North Island Scenic Tours (NIST) provides guided tours to groups of visitors to Rotorua City. In recent
years, NIST has grown quickly and is having difficulty keeping up with all of the various information
needs of the company. The company’s operations are as follows.

NIST offers many different tours. For cach tour, the tour name, approximate length (in hours), and fee
charged is needed. Guides are identified by an employee ID, but the system should also record a guide’s
name (first and last name), home address (street, city, postcode), and date of hire. Guides take a test to
be qualified to lead specific tours. It is important to know which guides are qualified to lead which tours
and the date that they completed the qualification test for each tour. A guide may be qualified to lead
many different tours. A tour can have many different qualified guides. New guides may or may not be
qualified to lead any tours, just as a new tour may or may not have any qualified guides. Tours are
identified by tour number however the system should also keep the record of tour name, length and fee.

Every tour must be designed to visit at least three locations. For each location, a name, type, and official
description are kept. Some locations (e.g. the Te Puia) are visited by more than one tour, while others
(e.g. Rotorua Lake) are visited by a single tour. All locations are visited by at least one tour. Each tour
covers multiple locations and the order in which the tour visits each location should be tracked as well.

When a tour is actually given, that is referred to as an “outing.” NIST schedules outings well in advance
so they can be advertised and so employees can understand their upcoming work schedules. Outings
are identified by outing number. A tour can have many scheduled outings, although newly designed
tours may not have any outings scheduled. Each outing is for a single tour and is scheduled for a
particular datc and time. All outings must be associated with a tour. All tours at NIST are guided tours,
so a guide must be assigned to each outing. Each outing has one and only one guide. Guides are
occasionally asked to lead an outing of a tour even if they are not officially qualified to lcad that tour.
Newly hired guides may not have ever been scheduled to lead any outings. Tourists, called “clients”
by NIST, pay to join a scheduled outing. For each client, the first name, last name, address (street, city,
postcode), and telephone number are recorded. Clients may sign up to join many different outings, and
cach outing can have many clients. Information is kept only on clients who have signed up for at least
one outing, although newly scheduled outings may not have any clients signed up yet.

Based on the provided information, use Visual Paradigm for UML to develop a logical ERD that is in
3NF. Use the Crow’s foot notation. Clearly state anv assumptions vou make.

a) ldentify all possible entities and relationships. Name all relationships in both directions, with
the exception that the relationship name may be omitted on a relationship travelling from an

associative or bridging entity [8 entities = 2 marks]
b) Resolve any many-to-many relationships. [2 marks]
¢) Identify (i) 5 strong (2.5) and 3 weak entities (1.5) and (ii) 5 identifying (3) and 2 non-
identifying relationships [5 marks]
d) Identify the main attributes in each entity including all primary and foreign keys [attributes — 3
marks, primary and foreign keys 4 marks] [7 marks]
e) Identify the connectivity (Cardinality and Participation) for each relationship. [4 marks]
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Question 5

Question 4 [20 marks]

KiwiVision is a nonprofit organisation that provides aid to people after natural disasters.

Individuals volunteer their time to carry out the tasks of the organisation. For each volunteer,
their name, address, and telephone number are stored. Each volunteer may be assigned to
several tasks during the time that they are doing volunteer work, and some tasks require many
volunteers. A volunteer can exist without being assigned to any task. It is possible to have a
task to which no one has been assigned as yet! When a volunteer is assigned to a task, the start
time and end time of that assignment must be recorded.

For each task, there is a task code, task description, task type, and task status. For example,
there may be a task with a code of “101,” a description of “prepare 500 packages of basic
medical supplies,” a type of “packing,” and a status of “open.”

For all tasks of type “packing,” there is a packing list that specifies the contents of the packages.
There are many different packing lists to produce different packages, such as basic medical
packages, child care packages, food packages, etc. Each packing list has a packing list [D
number, packing list name, and packing list description, which describes the items that ideally
go into making that type of package. Every packing task is associated with only one packing
list. A packing list may not be associated with any tasks, or may be associated with many tasks.
Tasks that are not packing tasks are not associated with any packing list.

Packing tasks result in the creation of packages. Package details such as the identification
number for each package, the date the package was created, and total weight of the package are
recorded. A given package is associated with only one task. Some tasks will not have produced
any packages, while other tasks (¢.g., “prepare 500 packages of basic medical supplies™) will
be associated with many packages.

The packing list describes the ideal contents of each package, but it is not always possible to
include the ideal number of each item. Therefore, the actual items included in each package
should be tracked. A package can contain many different items, and a given item can be used
in many different packages.

Each item that the organisation provides contains item 1D number, item description, item value,
and item quantity on hand. Along with tracking the actual items placed in cach package, the
quantity of each item placed in the package must also be recorded. For example, a packing list
may state that basic medical packages should include 100 bandages, 4 bottles of iodine, and 4
bottles of hydrogen peroxide. However, because of the limited supply of items, a given package
may include only 10 bandages, 1 bottle of iodine, and no hydrogen peroxide. The fact that this
package includes bandages and iodine needs to be recorded along with the quantity of each
included. The organisation can have items donated that have not been included in any package
yet, but every package will contain at least one item.

Based on the information above, create a logical Entity-Relationship (ER) Diagram using the
Crow’s foot model symbols and include all attributes.

(a) Identify all possible entities and relationships. (4.5 marks)
(b) Tdentify (i) strong and weak entities and (ii) identifying and non-identifying relationships.

(6.5 marks)

(c) ldentify the main attributes in each entity including all primary and foreign keys (5 marks)
(d) Identify the mandatory/optional dependencies for all the relationships (4 marks)
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Question 6

Case study

INFS601 Case Study for Database Project Assignment

A major faculty in the AsiaPacific University (APU) has approached you for the design
and implementation of a relational database system that will provide information on the
courses (programmes) it offers, the academic departments that run the courses, the
academic staff and the enrolled students. The system will be used mainly by the students
and the academic staff.,

The requirement collection and analysis phase of the database design process provided
the following data requirements for the Faculty Database system.

Each department runs a number of courses. The faculty provides a set of papers (e.g.
Programming I, Logical Database Design) used in different courses (e.g. Bachelor of
Science, Bachelor of Information Technology). Each course uses a number of papers but
not every paper is used. A course is assigned a unique course code and a paper is
identified by a unique paper code. A paper can be used in more than course, and it can
be studied by many students. In addition to the paper code, each paper unique title, start
date, end date, paper resources (e.g. textbooks), and assessment scheme (i.e. assessment
and exam marks percentages) are also stored.

Each course is managed by a member of academic staff, and each paper is coordinated
by a member of academic staff also. The database should also store each course unique
title, and duration (in years).

A student can enrol in one course at a time. Once enrolled a student is assigned a unique
student identification number. To complete a course, each student must undertake and
pass all the required papers in the course that the student is enrolled in. This requires
that the database store the performance (pass or fail) of each student in every paper.

Additional data stored on each student includes student name (first and last), address
(town, street, and post code), date of birth, sex, and student financial loan (Yes or No).
For emergency purposes the database stores the last name, first name, address (not
composite), phone, and relationship of each student next-of-kin. None of the next-of-kin's
attributes is unique. Assume that every next-of-kin is a next-of-kin of one student only.

Each department is led by a member of academic staff (e.g. Head of the Department). The
database should record the date the staff member started the role as Head of the
department. Each department has a name, phone number, fax number, and location (e.g.
Z Block). Each department employs many members of academic staff.

A member of academic staff can be the coordinator of at most one course but can be the
coordinator of more than one paper. A member of academic staff may not be assigned
any of the above-mentioned roles (coordinator, course leader, Head of the Department
manager). All members of academic staff teach papers. Every member of academic staff
may teach zero, one or more papers, and a paper may be taught by more than one
member of academic staff. The database should record the number of hours per week a

member of academic staff spends teaching each paper. Each member of academic staff is
identified by a unique staff number. Additional data stored on each member of academic

staff includes name (first and last), phone extension number, office number, sex, salary,
position (lecturer, or senior lecturer, or Professor, etc.), qualifications, and address (not
composite). A member of academic staff works for one department only.
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Question 2 Construct a logical Entity Relationship Diagram (ERD) [20 marks]

Bascd on the business rules developed in Task 1, construct a logical ERD for the case study using the
Visual Paradigm tool.

e [dentify all attributes in each entity including all primary and foreign keys (any composite and
multivalued attributes must be transformed according to the rules of the relational model).

e All relationships must be named (i.e. Verb phrases must be shown for all relationships)

o If super/subtypes are used, indicate whether the super-subtype relationships are disjoint or
overlapping, and fully or partially specialised (complete or incomplete).

o Identify the Cardinality and Participation for each relationship.

e Resolve all M:N relationships.

e Describe any assumptions you have made in a text note in the diagram.

Comprehension questions

Question 7 / Question 8

Midterm assessment — individual

Question 1 [15 marks]

A rail transport company wishes to hold details of train services, stations and operators. Details include the
following:

Trains: A train has a unique id code, a collection of days it runs on (Monday, Sunday ete.), and the number
of carriages it has. Each train must have at least one driver but can have many drivers that can drive it, and
a driver may drive many trains. Each driver is identified by an employee number and a name. A (rain is
designated as either an InterCity or District train though other types of train are possible. Each train must
have an operator and not more than one operator. Lach operator has a name and a phone number. The
operator can operate many trains {or none at all!)

Stations: A station has a name and the number of platforms it has. All stations are classified as either Main
Timetable: A train has a number of stops at stations during its journey. It never visits the same station
twice on the same journey. At each stop, the arrival and departure times are recorded. A station has many
trains passing through it, often arriving at the same time, and a train visits many stations.

A new database designer has made a first attempt at an EER schema, shown in Figure 1, but there are at
least 10 mistakes. Examples of mistakes include incorrect cardinality and participation in relations, missing
or incorrect attributes, and incorrect constraints (e.g., digjoint, partial).

Identify 7 mistakes by giving a number (e.g., 1, 2). Clearly explain each mistake and what should be the

correct answer in the table provided on next page. An example is given for the mistake numbered 1 (pointed
by the arrow) and its explanation is in the table next page.

% operates Operator
!
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D — T O Hame
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> NoofCarriages
= Day
(_ TrainStops ) (— staton
0 ArrivalTime
DepartureTime
(" District ) (Intercity

( ) J
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Requirements translation questions

Question 9 / Question 10 (related to the case studies provided in question 3 and question 6)

Question 1 Identify Entities & Develop Business Rules [10 marks]

Identify all entities and relationships in the case study and develop a set of business rules. You should
follow the syntax given below. Each relationship must be described by two rules, one in each direction.

Each/A/An ENTITY _1 May/Must Relationship_Verb_Phrase number ENTITY 2

Model transformation questions

Question 11

Question 2 Normalisation |25 marks]

Examine the relation given below which contains data about students enrolled in various courses during
a specific year. Carefully analyse the relation and answer the following questions:

Stud_ID | LName FName | Crse_ID | Crse_Name | Grade | Lect_ID | Lect Lname | Lect_Fname | Lect_Office | Semester
001 Rose Johnson | ENGO1 ENGLISH A LO01 Ruger John 102 Seml
001 Rose Johnson | GERO1 GERMAN B L002 Findling Holger 101 Sem2
002 Anthony Joshua ENGO1 ENGLISH A LO01 Ruger lohn 102 Seml
002 Anthony Joshua GERO1 GERMAN B L002 Findling Holger 101 Sem2
003 May Parker GERO1 GERMAN A Lo02 Findling Holger 101 Sem2
004 Susanna Grant ITAOL ITALIAN B LO03 Fresco Luise 103 Sem2

a) In what level of normalisation is the above relation (Table 1)7 Identify the primary key
attributes. Briefly justify your answer. (3 marks)

b) Identify all the dependencies using a dependency diagram. (7 marks)
¢) Using the data shown in Table 1 derive a set of relations in third normal form (3NF). Clearly
explain each step of normalisation - 1NF, 2NF, and 3NF. Show all primary keys in each relation

with a solid underline and foreign keys with a dashed underline. (10 marks)

d) Draw an Entity Relationship Diagram (ERD) from the 3NF relations and include all attributes,
primary keys, foreign keys, cardinality, and participation. (5 marks)
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Question 12

Question 3

[15 marks]

Table 1 shows data about properties rented to clients in Auckland. It also shows details of the owners
who own the property.

Table 1
clientNo | propertyNo | cName pAddress rentStart | rentFinish rent ownerNo | oName
CR76 | PG4 John Key | 0 1aWrenee Sty pis | 31 Aug-14 | 350 CO40 | Tina Murphy
Auckland

CR76 PG16 John Key ili‘lz;?r 1-Sep-14 | 1-Sep-15 450 €093 Tony Brunt

CRS56 PG4 ‘;‘tgsfm f\ifl:‘l;i‘éce St Sep-12 | 10-Tun13 | 350 CO40 | Tina Murphy
CR56 Pa36 g\g\‘;n iﬁ;‘;ﬁ de’ B'O“' 1-Dec-14 375 co93 Tony Brunt

CR56 pGle IS\tleiSfart Zi(l)(‘i:;?r’ 1-Nov-15 | 10-Aug-16 | 450 co93 Tony Brunt

Question 13

Question 2

a) Using the data shown shown in Table 1 derive a set of relations in third normal form (3NF).
Clearly show each step of normalisation — INF, 2NF, and 3NF. Show all primary keys in each
relation with a solid underline and foreign keys with a dashed underline.

(10 marks)

b) Draw an Entity Relationship Diagram (ERD) from the 3NF relations and include all attributes,
primary keys, foreign keys, cardinality, and participation,

Normalisation

(5 marks)

[20 marks)

The Shipping manifest table below shows shipping information of a large manufacturing company.
Carefully analyse the table and answer the following questions.

()
(i)
(ii)

Which normal form does the report conform to? Briefly explain your answer.
Identify all the dependencies using a Functional Dependency Diagram.
Using the dependencies identified in (ii} above, convert the report to 3NF relations, Use Visual

[2 Marks]

[8 Marks]

Paradigm to create an ERD based on the 3NF relations. Include all attributes, primary keys,
foreign keys, cardinality and participation. State clearly any assumptions you make. [10 Marks]

Shipment ID:

00-0001

Shipment Date:

01/10/2018

QOrigin:
Destination:
Ship Number:

Boston

Brazil

39

Expected Arrival:

Captain:

01/14/2018

002

-15

Henry Moore

Item Number

Type

Description

Weight

Quantity

TOTALWEIGHT

3223

3297

BM

BM

Concrete
Form
Steel
Beam

500

87

100

2,000

Shipment Total:

50,000

174,000

224,000
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Question 14

Question 3 [15 marks]

Examine the relation given below (Table 1) which contains data about properties rented to clients in
Auckland. It also shows details of the owners who own the property. Carefully analyse the relation and
answer the following questions:

Table 1
clientNo propertyNo cName pAddress rentStart rentFinish rent ownerNo oName
N . . 6 Lawrence St, - -
CR76 PG4 John Key Avekland 1-Jul-13 31-Aug-14 350 CO40 Tina Murphy
o PG16 . 5 Novar Dr. .
CR76 Johakey | 1-Sep-14 | 1-Sep-15 450 €093 Tony Bruat
PG4 Alice 6 Lawrence St, -
CR36 Stewart | Aucklond 1-Sep-12 | 10-Jun-13 350 Cco40 Tina Murphy
PG36 Alice 2 Manor Rd, C093 .
CR56 Stowart | Auckland 10-Oct-13 | 1-Dec-14 375 Tony Brunt
PG16 Alice 5 Novar Dr, e €093 )
CR56 Stewarl Auckland 1-Nov-13 10-Aug-16 450 Tony Brunt
a) In what level of normalisation is the above relation? Identify the primary key attributes. Briefly
justify your answer. (2 marks)
b) Identify all the dependencies using a dependency diagram. (4 marks)
c) Using the dependencies identified in (b), decompose the relation into a set of 3NF relations. State
clearly any assumptions you make. (4 marks)
d) Draw an Entity Relationship Diagram (ERD) from the 3NF relations and include all attributes,
primary keys, foreign keys, cardinality, and participation. (5 marks)
Question 15
b) To further demonstrate your knowledge of normalisation, assume that a proposed (badly

structured) relation for the Faculty Database has the structure shown below. ldentify the
functional dependencies represented in this relation and demonstrate the process of normalising

this relation into 3NF relations. [10 marks]
StudentID | Student Student | sex | PaperTitle | Paper performance | flatNo | address
Iname fname startDate
005021 McLeod Andrew | M | DB Design 13/07/2020 | Pass | FOO1 | 7 Symonds Street, Auckland
004647 Smith Anna F Program 15/07/2020 | Pass [FO01 |7 Symonds Street, Auckland
Design

014670 Owen Michael | M | Networking | 17/07/2020 | Fail FO02 | 24 Vulcane Lane, Auckland
016765 Smith Anna F DB Design 13/07/2020 | Pass FO03 | 24 Vulcane Lane, Auckland
005021 MclLeod Andrew | M | Networking | 17/07/2020 | Pass FOO1 | 7 Symonds Street, Auckland
004647 Smith Anna F Networking | 17/07/2020 | Fail Foo1 7 Symonds Street, Auckland
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Question 16

Question 2

[10 marks]

a) Figure 2 shows a Conceptual Entity Relationship diagram for a university dining service.
This organisation provides dining services to a major university. Each staff can have many
skills: so, the attribute Skill in the Staff relation is a multi-valued attribute.

Please transform the ER model (in Figure 2) to a logical relational schema (i.e., logical

design):

(i) List all the functional dependencies. Show all relations including any new relations
that need to be created as part of the logical design process. (5 marks)

(ii) Clearly indicate ALL primary and foreign keys for each relation. Show primary keys
in each relation with a solid underline and foreign keys with a dashed underline.

(5 marks)
Menu ) ( Event
| MenulD | EventID
ﬂ MenuCescription *HMGQ E EventDate
ﬂ MenuType | E Eventlocation
E eventTime
‘containg
4 has
********* a
; i
[ Dish i - i
Dishid [ Work Schedule @ . Supbrises
3 pishName [ eventstartTime StaffiNa !
'
i PrepTime EventEndTime )‘O } ﬂ StaffName _1
—_ Broction works on [ staffsalary
\ /
sl
L p——
Figure 2 StaffStaifNo 0
e rad By VisLal Parsdign € y Edtion

Examples of how to list functional dependencies and how to show relations with primary and
foreign keys are given below:

Functional dependencies:

(i) OrderD = OrderDate, CustomerID, CustomerName, CustomerAddress
(ii) CustomerlD = CustomerName, CustomerAddress

Relations:

OrderlD ‘ OrderDate CustomerlD

| Customer[D ‘ CustomerName CustomerAddress
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Question 17

Question 2 [10 marks]

a) Figure 2 shows a Conceptual Entity Relationship diagram for a university dining service. This
organisation provides dining services to a major university, Each staff can have many skills: so,
the attribute Skill in the Staff relation is a multi-valued attribute.

Please transform the ER model (in Figure 2) to a relational schema (i.¢., logical design):
(1) Diagram all the functional dependencies. Show all relations including any new relations
that need to be created as part of the logical design process. (5 marks)
(i) Clearly indicate ALL primary and foreign keys for each relation. (5 marks)

I MenulD || EventID

= ed at =
MenuDescription H s %] 5] EventDate
MenuType Eventlocation

EventTime
—

contains

|/ Dishld Work Schedule

DishName EventStartTime | StaffNo
PrepTime EventEndTime H StaffName -

Position works on StaffSalary
skl

Figure 2

= staffSwtivo

supenises
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Appendix K
Hierarchy among database modelling skills

Based on our preliminary exploration of the literature, no research has looked at the nature of data
modelling questions or the possibility of a hierarchy of skills in modelling. Earlier work has established
that there is a hierarchy of skills in learning to program (Lopez et al., 2008; Philpott et al., 2007b; J. L.
Whalley & Lister, 2009), and intuitively, it makes sense that there is some dependency on building

models that describe the technical requirements of software including databases.

This section focused on investigating whether or not such a hierarchy of skills also exists for novices
learning database modelling. The conjecture of a task hierarchy was explored using a statistical
modelling approach, stepwise regression. Students’ performance on modelling tasks was utilised as a
variable to establish a pathway model for novice data modelling tasks. Similar methods have been used
to develop a hierarchy of skills in novice programming, which investigated the correlative and causative
relationships between code reading, writing and tracing tasks (Lopez et al., 2008). This understanding
will lead to empirically based design regarding the structure and nature of assessments and learning

tasks in the subject area.

The main objective of this analysis was to investigate the relationship between different types of
questions and establish the notion of a hierarchy (if exists) among the skills required to complete the

questions. The main questions addressed in this analysis are as follows,

1. What are the skills associated with the ability to create a database model?
2. Does the overall student performance account for a notion of hierarchy among the database

modelling skills?

As explained in section 5.7, naturally occurring data from the INFS601 course collected in the 1%
semester of 2021 (data from 78 participants) was selected to establish a hierarchy of skills among novice
database modellers. Based on the existing studies, it was decided to use the final exam questions which
were done in a controlled environment, to conduct this analysis. However, due to the change of
assessments during the COVID-19 pandemic, instead of the final exam questions, the assignment tasks

were provided for the students since no exams were conducted during that time.
The instrument

Here we explored all the relevant assignment tasks related to database modelling. Descriptive statistics
were used to understand the distribution of the marks for each question, as indicated in Table 1. Before

the analysis, all the assignment tasks were categorised into the pre-determined set of task categories as
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Requirements translation, Comprehension, Model transformation — Type 1, Model transformation —

Type 2, and Model creation. Further, Table 2 provides simple statistics based on the type of questions.

Table 1: Descriptive statistic for each assessment question.

N  Assessment Question Type Possible  Avg Avg st Median 3"
Mark Mark  Mark Quartile Quartile
(%)
Q1 75 N&LDDA Model creation 20 16.18 80.9 14.5 18 20
Q2 77 MA Model creation 20 14.29 71.45 12 14.5 17.5
Q3 74 DBP Model creation 20 15.77 78.85 13.38 16 18.13
Q4 77 MA Comprehension 15 14.12 94.13 13 15 15
Q5 73 DBP Requirement 10 8.49 84.9 7.5 8 10
translation
Q6 75 N&LDDA Model 25 20.07 80.28 18 22 25
transformation -
Type 1
Q7 73 MA Model 15 9.48 63.2 7 10 12
transformation -
Type 1
Q8 70 MA Model 10 8.04 80.4 7 8 10
transformation -
Type 2

Note. The acronyms in column 2 are as follows: N&LDDA —Normalisation and logical database design

assessment, MA —Midterm assessment, DBP —Database project.

Table 2: Descriptive statistics for type of questions.

Ranking Question Type Possible Average  Average First Median Third
(average Mark Mark Mark Quartile Quartile
mark) (%)
4 Model creation 60 46.24 77.06 39.88 48.5 55.63
1 - Easiest Comprehension 15 14.12 94.13 13 15 15
2 Requirement 10 8.49 84.9 7.5 8 10
translation
5- Model 40 29.55 73.88 25 32 37
Hardest  transformation -
Type 1
3 Model 10 8.04 80.4 7 8 10
transformation —
Type 2
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As the first step to understanding the dependency and hierarchy among the novice database design tasks,
we identified different modelling tasks based on the previous analysis conducted to understand the
nature of the database modelling tasks (Imbulpitiya et al., 2021). The detailed definitions of the

identified categories are as follows:

1. Describe — The tasks which require the students to describe, at a recall level, the concepts
related to database modelling.

2. Requirement translation -The tasks which require the students to translate a provided
scenario/case study into appropriate modelling constructs so that the case study can be designed
accordingly.

3. Model transformation - The tasks which require the students to transform a database model
from one form to another.

4. Model interpretation/comprehension - The tasks which require the students to read, explain or
interpret a provided design.

E.g., Identifying errors and/or inconsistencies such as rule violations in a design.

5. Model evaluation — The tasks which require the students to make judgements/critique a given
design(s).

6. Model creation - The tasks which require the students to develop/create a database model (e.g.,

ERD, EERD, relational schema) based on a provided specification and case study.

The categories mentioned above were identified based on an analysis conducted on previous
examination questions. However, due to the assessment shift during the pandemic, we only had

assessment tasks to be evaluated, where some of the questions didn’t fit into any category.

Describe

These questions are intended for the students to recall or retrieve learnt information such as terms,
concepts and modelling notation, explicitly taught in the course, from their long-term memory
definitions of concepts. Some of the possible questions we identified from the previous analysis that

can be categorised under Describe are as follows:

Example 1: Define the terms 1) Database and ii) Database Management System.

Example 2: List five important properties of a relation.

As mentioned previously, none of the assessment tasks were suitable to categorise under Describe.
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Requirement translation (Question 5)

This question required the students to translate a provided case study or a scenario into appropriate
modelling constructs, which can be considered the initial step in designing the database model. The
following question was presented in the final database project with a case study. The students were
required to translate the requirements into business rules by identifying the primary constructs like

entities and relationships.

Question 5: Identify all entities and relationships in the case study and develop a set of business rules.
You should follow the syntax given below. Each relationship must be described by two rules, one in
each direction.

Each/A/An ENTITY 1 May/Must Relationship_Verb_Phrase number ENTITY 2

This question was worth ten marks, and the general performance of the students was good, where the

average mark was 8.49 out of 10 (84.9%).

Comprehension (Question 4)

Comprehension type questions required the students to read a provided design and interpret it. In this
question, the students were presented with an Extended Entity-Relationship (EER) diagram and the
scenario used to develop it. The students were required to identify seven design-level errors in the
diagram and justify why they considered it a mistake and what should be the correct way to present it.

Students were asked to identify seven errors, while eleven errors were in the design.

Students were awarded 15 marks for each correctly identified design error and the justification. Partial
marks were given in the scenarios where the explanation and correction were absent despite identifying

the error.

Question 4:A rail transport company wishes to hold details of train services, stations and operators.
Details include the following:

Trains: A train has a unique id code, a collection of days it runs on (Monday, Sunday etc.), and the
number of carriages it has. Each train must have at least one driver but can have many drivers that can
drive it, and a driver may drive many trains. Each driver is identified by an employee number and a
name. A train is designated as either an InterCity or District train though other types of train are possible.
Each train must have an operator and not more than one operator. Each operator has a name and a phone
number. The operator can operate many trains (or none at all!)

Stations: A station has a name and the number of platforms it has. All stations are classified as either
Main or District only. There are no other types of stations.

Timetable: A train has a number of stops at stations during its journey. It never visits the same station

twice on the same journey. At each stop, the arrival and departure times are recorded. A station has
many trains passing through it, often arriving at the same time, and a train visits many stations.
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A new database designer has made a first attempt at an EER schema, shown in Figure 1, but there are
at least 10 mistakes. Examples of mistakes include incorrect cardinality and participation in relations,
missing attributes, and incorrect constraints (e.g. disjoint, partial). Identify 7 mistakes by giving a
number (e.g. 1, 2) —an example is given below by naming the first mistake as number 1 (pointed by the
arrow). Clearly explain each mistake and what should be the correct answer.

& - (Tr—\ operates
D ain
 Trainid
Driver_ No

Operator

|| Op_Name
Phone_No

NoofCarriages
Day

TrainStops Station
@] ArrivaITime N | StationName
—’— 5] DepartureTime

Platforms

We were surprised by how well students performed in this question, with an average mark of 14.12 out
of 15 (94.13%); hence this can be considered the easiest question among all the assessment tasks. Almost
all the students demonstrated mastery of the Comprehension skills, where 75% of marks are less than

or equal to the full mark.

Model transformation (Questions 6,7)

Initially, we defined this category to explain tasks that required the students to transform a database
model from one form to another (i.e. conceptual model to a logical model). In these tasks, the students
were expected to read and understand the provided model to select and apply the appropriate procedure
to transform the model correctly. We identified two main types of transformations 1) relation into an
ERD and 2) ERD into a relational schema. Even though all these tasks represented a type of
transformation, the applied process was different, leading to a different difficulty level. Hence we

divided this category further into two classes as follows.

Model transformation - Type 1

These tasks required the students to transform a provided relation (row set of data) into an ERD, and
questions 6 and 7 were categorised under the model transformation — Type I category. These questions

expected the students to apply normalisation, which has multiple steps that must be adapted to get to
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the outcome. Once the students are provided with the raw data in relation, they are asked to identify the
current normal form of the relation and normalise it to the third normal form (3NF) to transform the
normalised schema into a logical ERD. This can be considered a step-by-step transformation depending
on how the question is presented, but sometimes with the developed skills, students can skip some of
the steps to get to the outcome. Considering the nature of the novices students, the questions were asked

in different scaffolded levels, as indicated in questions 6 and 7.

Question 6: Examine the relation given below, which contains data about students enrolled in various
courses during a specific year. Carefully analyse the relation and answer the following questions:

Stud_ID LName FName Crse_ID Crse_Name Grade Lect_ID Lect_Lname Lect_Fname Lect_Office Semester
001 Rose Johnson ENGO1 ENGLISH A LO01 Ruger John 102 Sem1
001 Rose Johnson GERO1 GERMAN B LO02 Findling Holger 101 Sem?2
002 Anthony Joshua ENGO1 ENGLISH A LOO1 Ruger John 102 Seml
002 Anthony Joshua GERO1 GERMAN B LO02 Findling Holger 101 Sem2
003 May Parker GERO1 GERMAN A LOO02 Findling Holger 101 Sem2
004 Susanna Grant ITAOL ITALIAN B LOO3 Fresco Luise 103 Sem?2

a) In what level of normalisation is the above relation (Table 1)? Identify the primary key attributes.
Briefly justify your answer.

b) Identify all the dependencies using a dependency diagram.

c¢) Using the data shown in Table 1 derive a set of relations in third normal form (3NF). Clearly explain
each step of normalisation — INF, 2NF, and 3NF. Show all primary keys in each relation with a solid
underline and foreign keys with a dashed underline.

d) Draw an Entity Relationship Diagram (ERD) from the 3NF relations and include all attributes,
primary keys, foreign keys, cardinality, and participation.

The students were awarded 25 marks for this question and the distribution of the marks is 3,7,10,5
marks for subparts a,b,c and d, respectively. The average mark was 20.07 out of 25 (80.28%), where
students did exceptionally well considering that this was the first assessment task related to model

transformation.

Question 7: Table 1 shows data about properties rented to clients in Auckland. It also shows details of
the owners who own the property.
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clientNo | propertyNo | cName pAddress rentStart | rentFinish rent ownerNo | oName
6 Lawrence St, ” ” e .
CR76 PG4 John Key 1-Jul-13 | 31-Aug-14 350 C0O40 Tina Murphy
Auckland
CR76 PG16 John Key | > Novar Dr, 1-Sep-14 | 1-Sep-15 450 C093 Tony Brunt
Auckland
- PG4 Alice 6 Lawrence St - .
) Qen_17 Trnl13 - .
CR56 Stewart Auckland 1-Sep-12 | 10-Jun-13 350 C0O40 Tina Murphy
- PG36 Alice 2 Manor Rd, 10-Oct- . C093 ]
CR56 Stewart Auckland 13 1-Dec-14 375 Tony Brunt
CR56 PGI6 Alice > Novar Dr, 1-Nov-15 | 10-Aug-16 | 450 €093 Tony Brunt
Stewart Auckland = ’

a) Using the data shown in Table 1 derive a set of relations in third normal form (3NF). Clearly show
each step of normalisation — INF, 2NF, and 3NF. Show all primary keys in each relation with a solid
underline and foreign keys with a dashed underline. (10 marks)

b) Draw an Entity Relationship Diagram (ERD) from the 3NF relations and include all attributes,
primary keys, foreign keys, cardinality, and participation. (5 marks)

This question was given to the students in their midterm assessment which was a time-controlled
assessment compared to question 6, and it's not as scaffolded even though both the questions are
somewhat similar and require the students to apply the same set of steps. In general, the students did
poorly in this question compared to the previous one, and the average mark was 9.48 out of 15, with an
average percentage of 63.2%. The drop in the average mark despite the similarity of the question might

be the fact that it was a time-controlled assessment despite being a take-home assignment.

Model transformation — Type 1 can be considered the hardest type of question for the students, with an

average mark of 29.55 out of 40 (73.88%).
Model transformation — Type 2 (Question 8)

In this question, students were required to transform a provided ERD into a logical relational schema.
Interestingly, an example of the transformed model was supplied with the question. Overall, the students
performed exceptionally well on this question, where the average mark was 8.04 out of 10 (80.4%). The
performance here contrasts with the students' performance of model transformation — Type 1 questions,
despite all these questions, have required the students to transform a model from one form to another.

The question under this category is as follows:

Quetion 8: Below figure shows a Conceptual Entity-Relationship diagram for a university dining
service. This organisation provides dining services to a major university. Each staff can have many
skills: so, the attribute Skill in the Staff relation is a multi-valued attribute.

Please transform the ER model (in Figure) to a logical relational schema (i.e., logical design):

(i) List all the functional dependencies. Show all relations including any new relations that need to be
created as part of the logical design process. (5 marks)
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(ii) Clearly indicate ALL primary and foreign keys for each relation. Show primary keys in each relation
with a solid underline and foreign keys with a dashed underline. (5 marks)

Menu ( Event W
I MenulD o al | EventID
= senveda =
MenuDescription H O] [E EventDate
MenuType ) EventLocation
Es EventTime
\.
contains T
€ has
|_ ________ )
—_— | 1
L |
| Dishld Work Schedule " supervises
= [ ]
DishName EventStartTime StaffNo !
PrepTime EventEndTime >0 H StaffName -1
Position works on StaffSalary
Skill

™ StaffStaffNo

Examples of how to list functional dependencies and how to show relations with primary and foreign

keys are given below:

Functional dependencies:

(1) OrderID -> OrderDate, CustomerID, CustomerName, CustomerAddress
(i1) CustomerID -> CustomerName, CustomerAddress

Relations:

OrderID | OrderDate CustomerID

v

CustomerlD CustomerName CustomerAddress

Compared to the model transformation — Type 1 questions, this transformation required the students to
follow a different process, which is more like a one-to-one transformation, possibly explaining the

difference in the average mark percentages of the students.
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Model evaluation

These questions are intended to evaluate a student's ability to judge based on criteria and standards. In
this type of question, a student should be able to critique a provided database design, as in the following

example:

Example: You have been provided with a problem description and four different ERD diagrams, each
presenting a different design solution to the problem. Which ERD diagram gives the best solution to
the problem? Explain the reasons that led you to select that particular ERD.

To answer the question, students need to critically assess the diagrams and determine which is the best
solution. There may not necessarily be a single correct answer. Instead, such a question intends to
evaluate the students' ability to critique, evaluate, and justify their decision. Again this is a type of

question we couldn't identify in the assessment tasks.

Model creation (Questions 1-3)

Questions 1 to 3 were all categorised under the Model creation category, where the students were
required to develop a database model based on the provided scenario. All of the questions classified at
this level in the assignments analysed, provided students with a scenario or problem specification (of
varying lengths and levels of detail) and asked them to build specified design artefacts. The case studies
used for all three questions are given in Appendix . The questions provided under this category were

as follows:

Question 1: Based on the provided information above, use Visual Paradigm to develop a logical ERD
that is in 3NF using Crow's foot notation. Clearly state any assumptions you make.

a) Identify all possible entities and relationships. Name all relationships.

b) Resolve any many-to-many relationships.

c) Identify (i) strong and weak entities and (ii) identifying and non-identifying relationships.

d) Identify the main attributes in each entity including all primary and foreign keys.

e) Identify the Cardinality and Participation (optional and mandatory dependencies) for each

relationship.

Question 2: Based on the information in the interview transcript above, use Visual Paradigm to create
a logical Entity-Relationship (ER) Diagram using the Crow's foot model symbols and include all
attributes. Your diagram must:

a) Identify (i) strong and weak entities and (ii) identifying and non-identifying relationships.

b) Identify the main attributes in each entity including all primary and foreign keys

c) Identify the cardinality and participation (mandatory/optional dependencies) for all the
relationships

d) Resolve all M:N relationships.

Question 3: Based on the business rules developed, construct a logical ERD for the case study using
the Visual Paradigm tool.
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a) Identify all attributes in each entity including all primary and foreign keys (any composite and
multivalued attributes must be transformed according to the rules of the relational model).
b) All relationships must be named (i.e. Verb phrases must be shown for all relationships)
¢) If super/subtypes are used, indicate whether the super-subtype relationships are disjoint or
overlapping, and fully or partially specialised (complete or incomplete).
d) Identify the Cardinality and Participation for each relationship.
e) Resolve all M:N relationships.
f) Describe any assumptions you have made in a text note in the diagram.
All these questions require the students to develop a logical ERD despite having some variations in the
case study. Question 1 was from the 1* assessment given to the students, and their performance was
quite good, with an average mark of 16.18 out of 20 (80.9%). But with questions 2 and 3, the average
mark percentage dropped to 71.45% and 78.85%, respectively. The drop in the average mark in question
2 was possible since it was from the time controlled mid assessment and question 3 was from the final

database project, where the case study was quite extensive compared to the other two case studies.

The average combined mark on these three questions was 46.24 out of 60 (77.06%), with three-quarters
of the students scoring more than 55, which is extremely good considering that the students need to
develop the models based on an unfamiliar case study from scratch. However, when looking into the
average marks, this can be considered the second most challenging type of question following model

transformation — Type 1 questions.
Data analysis and results

This section discusses the statistical analysis conducted to examine the relationship between the selected
questions. It was decided to use stepwise multiple regression to identify the relationships among the
different types of questions. It has been successfully applied to measure the same in novice

programming (Lopez et al., 2008).

In this multiple regression technique, in the initial step Model creation was considered the outcome
variable, while all the other types of questions were considered predictor variables. Then the multiple
regression was conducted, selecting the stepwise regression as the technique which combines forward
selection and backward elimination methods. When running the stepwise regression at each step, the
predictor variable that contributes most to the prediction model is entered first based on statistical
criteria. Parallelly after adding each variable, all predictor variables are checked to see if their
significance has been reduced. If a non-significant variable is found, that will be removed from the
model. This process continues until additional predictor variables contribute significantly to the
regression model, and the analysis stops when no additional predictor variables add anything

statistically meaningful to the model.
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Once the significant predictors for the Model creation were identified, the process was then repeated,
taking each of the predictor variables as an outcome variable to identify the significant predictors. This
process continued for all the identified variables, presumably to build a path diagram that can explain

the potential associations between the variables.

Checking assumptions

Prior to the multiple regression analysis, several assumptions need to be checked related to linearity,
multicollinearity, heteroscedasticity and normality (Berry & Feldman, 1985). Linearity among the
outcome and predictor variables was checked using the scatterplots. The following Figure 1 indicates a
scatter plot matrix developed among the variables, and as given, there were linear relationships between
each outcome variable and the related predictor variable. Even though some were weak linear
relationships, it was decided to conduct the analysis as the assumption was met. The multicollinearity
that occurs when predictor variables are highly correlated can be observed using Figure 1. Further, this
assumption was tested using the Variance Inflation Factor (VIF), where the values were less than three

and assumed no multicollinearity among the predictor variables.
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Figure 1: Scatter plot matrix among the variables. In this matrix, the distribution of each variable is
shown on the diagonal, while the bottom of the diagonal displays the scatter plots with a fitted line. The
values of the correlations (Kendall's tau-b ) and the signification levels (indicated using starts) are

displayed on top of the diagonal.
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Another assumption of multiple linear regression is that the variance of the residuals is constant, which
is also called homoscedasticity. This was tested by plotting the standardised residuals against the
predicted values on a scatter plot to determine if the points were fairly spread across all the values. And
the data indicated no homoscedasticity and hence assumed the assumption was met. The multivariate
normality was checked using the normal P-P plots, which show how the residuals' values are distributed.
All the P-P plots indicated that the residuals approximately followed a normal distribution. Even though
this suggests that the assumption may have been violated, only extreme deviations from normality are
likely to impact the findings significantly. Hence we continued the analysis; however, this was an
indication that the results needed to be interpreted with caution. Finally, multiple regression
observations should be independent of one another (no autocorrelation). This assumption was checked
using the Durbin-Watson statistic, and the assumption was met since the obtained Durbin-Watson

values were between 1.5 and 2.5, indicating no autocorrelation among the observations.

Evidence for a hierarchy?

No prior literature explored the dependency of modelling tasks and the possibility of a hierarchy of such
skills. However, we had our intuition about how the hierarchy of different modelling skills was
structured. This was further established with the analysis we conducted to understand the nature of the
database modelling tasks (Imbulpitiya et al., 2021). This section discusses the findings of the multiple
regression analysis to establish whether the hypothesised hierarchy is consistent with the path diagram

that emerged from the statistical analysis.

To develop the path diagram, initially, multiple regression was conducted, introducing Model creation
as the outcome variable while the other variables were used as predictors. The model summary output

in Figure 2 indicates the potential models identified via the stepwise multiple regression technique.

Model Summary

Adjusted R Std. Error of
Model R R Sguare Sguare the Estimate
1 6737 453 444 2.255
2 7018 482 ATE 2150

a. Predictors: (Constant), MT1
b, Predictors: (Constant), MT1, ReqTranslation

Figure 2: Model Summary — SPSS output.

The R values (0.673 and 0.701) for models 1 and 2 suggested a strong relationship between the outcome
and predictor variables. This indicates that both models can be considered relatively a good predictors
of the outcome. Further, Model 1 showed that 45.3% of the variance in the data could be explained by

the predictor variable (Model transformation — Type I), while 49.2% of the variance in data can be
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explained by model 2 using Model transformation — Type 1 and Requirement translation predictors.
Comparing the R? values of both models, model 2 was deemed the better fit to predict the outcome

variable.

Then, we looked into the Analysis of Variance (ANOVA) table output of SPSS to check whether the
identified model is a significant predictor of the outcome variable (See Figure 3). The ANOVA results
indicated that model 2 was a significant predictor of the Model creation variable, F(2,64)=30.948,
p<0.001.

ANOVA“
Sum of
Model Squares df Mean Square F Sig.
1 Regression 273.463 1 273.463 53.800 <.001"
Residual 330.393 65 5.083
Total 603.856 66
2 Regression 296.882 2 148.441 30.948 <.001°
Residual 306.974 64 4796
Total 603.856 66

a. Dependent Variable: ModelCreation
h. Predictors: (Constant), MT1
¢. Predictors: (Constant), MT1, ReqTranslation

Figure 3: ANOVA — SPSS output.

Once we established that the overall model is a significant predictor of the outcome variable, the
coefficient table was used to interpret the contribution of individual predictor variables to the model.
The SPSS output for the coefficient is provided in Figure 4. According to the p values, both Model
transformation — Type 1 (p<0.001) and Requirement translation (p=0.031) contribute significantly to
predicting the Model creation variable. Further, looking at the standardised coefficients (Beta),
Requirement translation skill has a positive 0.212 relationship with the outcome Model creation, which
is significant at a p-value of 0.301. Similarly, Model transformation — Type I skill has a positive 0.595
relationship with the outcome variable, which is significant (p<0.001). Finally, the outcomes were used

to initiate a path diagram, as indicated in Figure 5.

Coefficients”

Standardized
Unstandardized Coefficients Coefficients

Madel B Stel. Error Beta t Sig.

1 (Constant) 9123 809 10.035 =.001
MTA1 437 .060 673 7.335 =.001

) (Constant) 6.316 1.547 4083 =001
MT1 .386 .062 595 £.204 =001
ReqTranslation 416 188 212 2.210 .03

a. Dependent Variahle: ModelCreation

Figure 4: Coefficient — SPSS output.
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/
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Figure 5: Initial path diagram. The boxes on the paths indicate the beta weights of the paths.

This stepwise multiple regression analysis was continued by taking each variable as an outcome variable
while placing other variables as predictors at a time. The initial path diagram was extended along with
the emerged statistical outcomes. Figure 6 indicates the completed path diagram that emerged from the

statistical findings.

Requirement translation

Comprehension 18.6% [17.3%]

0<0.001 ™~

0.431

0.212

Model creation

//

49.2% [47.6%)]

\

0.595 p<0.001

Model transformation - Type 1| _—"
Model transformation -
0.673
e

p<0.001

Figure 6: The path diagram. The notations of the path diagram were adapted from (Lopez et al., 2008).
In the path, diagram variables are indicated using a titled box which contains the variance explained
(R), adjusted R?in square brackets and the significance of the overall significance (p-value). The box
in the path shows the standardised coefficient (Beta) of the path.
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As per the hypothesised model, we assume that Describe type tasks are at the bottom of the hierarchy
while Model creation is on the topmost, followed by Model evaluation tasks. It was concluded based
on the developed framework for classifying database modelling tasks (Imbulpitiya et al., 2021).
However, due to being limited to assignments, no questions were categorised under Describe and Model
evaluation tasks. However, with the emerged findings, Model creation appeared at the top of the
hierarchy, consistent with the hypothesised model since the students need to master several skills to
develop a model from scratch. In combination, Requirement translation and Model transformation —
Type 1 account for 49.2% of Model creation, consistent with our intuition that Requirement translation
and Model transformation — Type 1 are intermediate skills. However, we were surprised that
Comprehension didn't account for the variance of Model creation. In fact, we hypothesised that
Comprehension would explain the variance of every skill, even in a smaller proportion. However, the
Comprehension task used in the assignment might have been too easy to determine the association

between other tasks.

Prior to the statistical analysis, we hypothesised a statistically significant relationship between Model
transformation — Type 1 and Model transformation — Type 2. We were surprised that it didn't emerge
from the analysis despite both tasks belonging to a transformation of a model from one type to another.
Perhaps the given tasks for the assignment were too simple to draw a conclusive relationship between
the tasks. Further, this proves the argument by Lopez et al. (2008) in a similar study conducted in
programming, where they explain that characterising the difficulty of a task simply by its nature might
be insufficient. Interestingly only the Model creation explains the variance of Requirement translation
with only 18.6% of the variance. However, Model creation also solely accounts for 45.3% of Model
transformation — Type . Based on our intuition and the prior work conducted in programming, we
didn't expect such reverse associations among the tasks. Nonetheless, this makes a valid argument as
an example, if a student can solve a Model transformation — Type 1, they are more likely to do Model
creation. On the other hand, students who can do Model creation are capable of completing Model

transformation — Type 1 tasks.

Even though the outcome of the emerged path diagram contradicted the hypothesised model built upon
our prior intuition, we can confirm that a hierarchy might exist between different database modelling
skills. At least there is statistical evidence to indicate the relationship and a hierarchy among Model
creation, Requirement translation, and Model transformation -Type 1 tasks. There were also surprising
outcomes in the path diagram where Comprehension and Model transformation -Type 2 were
unconnected. The main limitation of this analysis might have been the instrument utilised since we used
the marks obtained by the students from different assignments. This contradicts the research instruments
used in prior research in programming, where the researchers have used exam papers as a research

instrument to explore the concept of skill hierarchy. Also, the limited number of questions students
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attempted during the assignments (e.g., only one question under Comprehension) raises an argument
about whether it's sufficient to understand the relationships between other skills. Nonetheless, as per
the best of our knowledge, this is the first attempt to explore a hierarchy between the database modelling
skills and warrants future work in the area to address the limitations and difficulties we encountered

during the study.
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Appendix L
Think Aloud protocol script

Introducing the process

[Present a copy of the consent form to the participant.]

“Hello, thank you for participating in this session. We are interested in how novice database designers
solve database modelling tasks, so that’s why we have asked you and some other students tsking the
logical database design paper to attempt some database modelling tasks for us and let us listen to how
you actually do that. The tasks will be similar to what you do in LDD paper, so don’t worry if at points

you struggle we are rather interested in how you are thinking about the tasks than the answer.”

“So before we start, have you ever participated in a think-aloud session before or heard about it?”

[Provide the answer based on what students have to say, assuming they are not familiar with the

concept,]

“So what happens in a think-aloud session is you have to talk aloud while you are doing the task, that

means basically you have to talk about everything that goes through your mind while doing it.”

“Are you clear with that idea? If you need I can explain more or we can go ahead and do a small

practice session. What do you like to do?”

Practice Session

[Assuming that they need to do a practice session,]

“Now I’'m going to ask you to try this simple task of identifying entities in this scenario in the same
way | described earlier. So we are using this smart pen and paper to record your voice and capture what

you are writing.

We have found that we can identify a great deal of information if we ask people to think aloud as they
work. All you have to do is talk aloud about everything that goes through your mind while doing it. It

might be a bit awkward at first, but it’s easy once you get used to it.

I’11 help you out if you are struggling at some point or if you forget to talk aloud I’ll remind you to do

it. I might not intervene much in the actual session compared to this practice session.”

“Do you have any questions if not we can go ahead and start now?”
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[Ask the students to click on the record button on the dot paper first and start the practice session. ]

[During the session if a participant becomes quiet for more than 10 seconds prompt them]

1. I’d like to hear what you are thinking.
2. Ifyou could just say what you are thinking .....

[End of the practice session]
“Ok so do you have any questions, if not we can go ahead and start the actual session.”
Actual Session

“Ok, so our main task is based on this scenario. You have to identify all the likely entities, attributes

and relationships. You can write the answer in the area given under each paragraph.”
[Prompt the participants to think aloud if they stay quiet for more than 10 seconds.]
[If they struggle more try to give some hints. ]

[Even with the hints they can’t move forward redirect them to the less difficult tasks. |

Retrospective meeting

[This will be conducted as required at the end of each task or session]

9

“You did really good, I have few questions for you. I will be recording your answers to these questions.’

1. Inoticed you had a long pause during .... (point to the time frame), what were you thinking
during that time?

2. Which of the designs/models did you find it hard to develop and why?

3. Is there anything that you found particularly difficult while creating the models/designs?

4. Did you find it helpful when you were redirected to a different task while struggling to
continue with the task you were given?

5. What would you do differently in developing a database model/design next time?

** Maybe a question around domain knowledge to get the student’s perspective.

1. Are you familiar with the domain that you worked with today? Do you think it will be easy to
work with a domain that you are not familiar with?
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