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Abstract 

Context: Organizations that develop software deploy considerable resources on projects in order 

to drive innovation and transformation. However, enduring evidence indicates that many software 

projects fail to deliver within time or budget and do not achieve business objectives. One of the 

reasons underlying such failures has been an inability to provide accurate forecasts of the time and 

resources needed for project completion. This may be due to the use of inherently poor estimation 

techniques, the poor use of good estimation techniques, the lack of use of any such techniques, or 

some combination of the three. 

 

Numerous estimation techniques have been proposed for use in the software industry to forecast 

project or artefact size, the human effort required, the likely cost of development and the project 

schedule, with highly varying degrees of success. Some have proved to be effective in traditional 

software development (TSD) but their effectiveness in agile software development (ASD) is yet to 

be determined. ASD is currently the most popular methodology for the development of software 

because of its emphasis on fast release cycles, frequent delivery of value-added features to 

customers, and close collaboration between the product owner, the customer and the development 

team. The prevailing approach to forecast size, human effort and schedule for a software project in 

ASD is simple, which is a benefit, but still there are gaps and limitations in that approach. The current 

study is proposed to address the most important of these. 

 

Purpose: This research study is conducted to understand and improve the utility of forecasts of 

size, effort, cost and schedule for ASD projects through variants of approaches based on a range of 

relevant objective and subjective indicators, including the size of stories, the velocity/capacity of the 

team, sprint and system complexity, the domain knowledge, expertise and experience of the team, 

stakeholder coordination, team relationships, project/sprint risks, and organizational culture, type, 

and work environment.  

  

Methods: The Design Science Research Methodology encompasses three phases, being problem 

identification, solution design and evaluation. These phases have been enacted in this study through 

reviews of the state-of-the-art and the state-of-practice, quasi-experimentation, and detailed 

validations. The core empirical work in the study is conducted via quasi-experimental methods and 

face-to-face interviews with 21 IT experts. COEEMO ï the proposed model of estimation along with 

two other suggested techniques (Bottom-Up and variants of Program Evaluation and Review 

Technique (PERT)) are applied to three real-industry ASD projects of AUSIT, and their performance 

is assessed using Mean Absolute Error (MAE), Balanced Relative Error (BRE), BREbias, and 

Standardized Accuracy (SA). To determine the statistical significance of the above suggested 



 

iii  | P a g e 

 

methods one-way ANOVA (Parametric), and Kruskal-Wallis (Non-Parametric) tests are conducted, 

while the effect size (Glass delta Ƅ æ) is calculated to determine the practical efficacy of COEEMO. 

Further, COEEMO is corroborated through empirical and laboratory validations: the model is 

implemented by using Mamdani Fuzzy Inference (MFIS) in the MATLAB toolbox and applied to the 

data of 85 sprints from ten previously completed ASD projects. 

 

Contributions: There are three primary contributions deriving from this research in the area of 

effort estimation with the intent to improve accuracy in effort estimates for ASD projects: design and 

development of the novel COEEMO model, which delivers a pooled effect size Glass delta æ of 0.23, 

outperforming the existing method of estimation by exhibiting 56% and 43% overall improvements 

in accuracy during the field-trials and empirical evaluations, respectively; a tailored approach of 

PERT, referred to as PERTôs Variant-1, which shows 25% enhancement in accuracy during field-

trials; and the use of Expert Judgement based on a Bottom-Up approach, demonstrating a 47% 

improvement in accuracy for effort estimation as compared to AUSITôs existing method during the 

field-trials. 
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PART - 1     INTRODUCTION AND BACKGROUND  
 

This thesis comprises of six parts. The first part, contains two chapters which introduces the thesis 

topic and describes the gaps and limitations of agile estimation, motivating the present study. 

Further, it discusses evolution of the agile methodology, some of its benefits, and issues in effort 

estimation in an agile development context. This is followed by an overview of the most significant 

factors that are said to impact estimation in agile and non-agile contexts, but with a principal focus 

given to agile development. Furthermore, some of the potentially relevant estimation techniques 

are also discussed.  

 

Detailed views of the research activities with respect to the chapters within this part are presented 

in the figure as given below. On the top of the diagram, the chapters covered in this part are shown 

along with their different research endeavours as accomplished within the individual chapters, while 

the outcomes of Part-1 based on its related chapters are exhibited on the bottom of the figure. 
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Chapter-1   Introduction 
Content Summary: This chapter introduces effort estimation in an agile development context as the topic area on which this research 
is conducted. It covers the background and motivation for the research along with the research questions (RQs) and their intended 
outcomes. The methodology used to address these questions is also briefly introduced. At the end of this chapter, the outline/structure 
of the thesis is described. 

 

1.1 Context and Motivation 

Organizations that develop software deploy considerable resources on projects in order to drive 

innovation and transformation (Sauser et al., 2009; Shenhar and Dvir, 2007). However, enduring 

evidence indicates that many software projects fail to deliver within time or budget and do not achieve 

business objectives (KPMG, 2017, PMI-Pulse, 2017).  

 

Given its universal and pervasive nature, software is produced in various environments and under 

numerous contextual configurations (Prikladnicki et al., 2013). Its development and use inherently 

form part of wider ósocio-technical systemsô where the human and organizational contexts play 

significant roles (Fuggetta & Di Nitto, 2014), along with factors including budgets, infrastructure (e.g., 

offices, hardware, communications, travel, training) and others (Banker, 1987). The success of a 

software project is consequently multi-faceted ï common considerations are adherence to scope, 

time, and cost goals and/or stakeholdersô satisfaction (Schwalbe, 2014; Dragicevic et al., 2017). As 

such, estimates of the personnel effort likely to be required to complete a software project are central 

for forecasting size, cost or schedule (Jørgensen and Shepperd 2007; Stutzke 2006), and these may 

need to be mediated by a wide range of potentially influential factors, including (Wegner & Ruhe, 

2008; Arora et al., 2018):  

a. product factors such as precedence, reliability, reuse  

b. process factors such as architecture risk resolution, process maturity 

c. development environment factors such as the use of particular practices or tools  

d. human factors such as corporate culture, team culture, team capabilities and experience 

e. physical factors such as the workplace, telecommunication facilities. 

 

Accurate estimation of effort has long been held to be important in planning a software development 

project and it remains an ongoing challenge in the field of software engineering (Souza & Aquino, 

2014; Dragicevic et al., 2017, Arora et al., 2018; Shams et al., 2019, Fernández-Diego et al., 2020). 

As such, it has received extensive attention in research and practice, yet in many instances software 

project managers still fail to arrive at correct estimates (Tariq & Shobha, 2011). Several reviews of 

such studies have shown the disbursement of 30% to 40% more effort than estimated (Molokken-

Ostvold & Jorgenson, 2003) and 20% to 30% average error on effort estimation (Grapenthin et al., 

2014; Abrahamsson et al., 2011; Kang et al., 2010). Project bids and work schedules are developed 

based on some form of effort projection; and the accuracy of that projection is important in terms of 
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enabling personnel to manage financial issues and to monitor a projectôs development and likely 

time-to-market (Suharjito et al., 2016).  Poor estimation of software development effort can lead to 

detrimental outcomes such as schedule and budget overruns of the project and could in some cases 

ultimately threaten organizational competitiveness and viability (Kocaguneli, 2012: Minku and Yao, 

2017). A collaborative survey conducted by McKinsey and Oxford University of more than 54,000 

software projects reported in 2013 that 45% of projects ran over budget, 7% fell behind schedule, 

and 56% provided less functionality than expected. When these effects were considered overall, 

17% of projects were said to threaten their organizationsô existence (Bloch et al. 2013). Further, a 

business review conducted by Flyvbjerg & Budzier in 2011, revealed 27% average cost overrun after 

analysing a sample of 1,471 IT projects. One out of every 6 projects in the sample had shown 200% 

and 70% overruns, on average, in terms of the budget/cost and schedule, respectively. 

 

In light of the above, numerous estimation techniques have been proposed for use in the software 

industry (Jørgenson & Shepperd, 2007; Sommerville, 2007), most of them formulated in the 1980s, 

and to varying degrees of success. Almost all have been founded on the prior estimation of the scale, 

and perhaps the complexity, of the project to be undertaken, based on some granular breakdown of 

the functionality to be delivered. While none has found universal applicability some of these 

estimation methods have proved to be effective in specific development contexts, particularly over 

the 1990s. However, many software teams have moved from what we term here as traditional 

software development (TSD) (also known as planned or plan-driven and typified by the waterfall 

method and its variants) to agile software development (ASD), due to the latterôs emphasis on fast 

release cycles, frequent delivery of value-added features to customers, and close collaboration 

between the product owner and the development team (Hamdan et. al., 2013). Whether the 

estimation methods established prior to the advent and adoption of agile approaches have any 

relevance or value in ASD environments remains unknown. The most widely known examples of 

sizing and estimation techniques used for projects undertaken in TSD environments are COCOMO 

(Briand et al., 1999; Zhao et al., 2003; Jodpimai et al., 2009), Function Point Analysis (Albrecht, 

1979; Wu, 1997; Jun et al., 2008), Top-Down & Bottom-Up approaches (Pengelly, 1995; Wu, 1997), 

Use Case Points (UCP) Estimation (Diev, 2006; Ochodek et al., 2010; Collaris & Dekker, 2011), and 

expert estimation (Kumar et al., 2016), whereas the most common techniques used for sizing and 

forecasting (per sprint) in an ASD environment are Planning Poker, T-Shirt Sizing, and Relative Mass 

Valuation (Green, 2014). 

1.2 Problem Statement 

ASD is not a single method; rather, it represents a class of contemporary methods of software 

development. Although variants of agile methods have been used in multiple forms since the late 

1950ôs, it is only relatively recently that agile software development has received global recognition 

and adoption (Hamdan et. al., 2013).  
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ASD has fundamentally changed the software life cycle. The emphasis of ASD is on the iterative and 

continuous delivery of working software features, replacing the formerly large-scale (and often 

document-heavy) phases of TSD including Vision, Analysis, Design, Build and Test. Moreover, just 

as ASD introduced the disruptive concept of agility in every step of the software life cycle, it has also 

introduced a range of new and unique methods for sizing and cost estimation.  Rather than being 

based on a breakdown of the functionality to be delivered by the project to the customer, the 

breakdown in ASD typically centres on an increment of activity for the development team ï in some 

ASD methods this increment is referred to as a sprint. 

 

For instance, some executions of ASD include a group estimation methodology in which the team of 

developers sits with the product backlog manager, and they estimate the relative size of each story, 

i.e., a feature of the software to be developed comprising a written description, discussions, and 

tests (Cohn, 2004), often in unit-less story points. The number of story points completed in a sprint 

is called teamôs velocity. Over time, and assuming stability over a range of factors, the anticipated 

velocity of a team per sprint may be calculated based on actual development outcomes. Such data 

can inform those charged with the planning and delivery of features and releases in terms of 

management and scheduling. 

  

As stated above, while in ASD a range of techniques are being utilized to forecast the story points 

(used here to refer to the range of feature sizing methods) that would make up an increment, 

evidence suggests that the most popular are Planning Poker, T-Shirt Sizing, and Relative Mass 

Valuation (Green, 2014). The existing methodologies of ASD to estimate story points and inform the 

scheduling of a software project are intentionally simple and can produce results that are close to 

the actual values of size and effort for a project. However, the trade-off for that simplicity is that there 

are many gaps in the prevailing methodology; it is asserted here that their consideration may help to 

improve the estimations further: 

 

a. Estimates of the work required/expected in a sprint are dependent on team experience in 

software development and/or effort estimation (Nguyen-Cong & De Tran-Cao, 2013), and on 

how effectively a product owner explains a story, making the process vulnerable to aspects 

of team composition and experience. 

 

b. Offshore software development is increasingly common due to its access to cheaper labour 

costs (Islam, et al., 2009) whereas there is an assumption in ASD that a team meets 

frequently and relies on verbal rather than written material; this may compromise shared 

knowledge and hence may affect project schedules (Hamdan et. al., 2013). Geographical, 

temporal, and cultural differences are some of the global barriers which should be considered 
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as additional cost and effort drivers while estimating effort for distributed ASD (Usman & 

Britto, 2016). 

 

c. In addition, extensive travel may be needed when a project is developed at different sites, 

and specialist tools and technologies may need to be employed, which may both contribute 

to further project costs. However, this specific aspect is not directly related to the effort cost. 

 

d. Existing estimation and tracking methods for agile software development cannot be easily 

related to time durations (relevant to scheduling) because story points are used to estimate 

the size and complexity of a story rather than the amount of work required, and its completion 

time is velocity-dependent where velocity may differ from team to team (Popli & Chuhan, 

2013; Dragicevic et al., 2017). 

 

e. In TSD senior project managers are frequently responsible for the estimations of size and 

effort in projects and in general they are not contributing substantially towards the overhead 

of the project because they are also involved in other miscellaneous activities of management 

in addition to the project activities. In ASD, however, the team ï which may consist of 6-8 

members ï is responsible for estimations of all of the increments in a project. While the 

specifics will vary it is not unreasonable to assume that a one-month increment may require 

a time-boxed period of 8 hours from the development team (Schwaber & Sutherland, 2016) 

to carry out the sizing and forecasting exercise. This is a non-trivial cost that, if it is to be 

expended on a regular basis, should be offset by the benefits of having the team involved. 

This can be further explained by an example: letôs assume one team of 8 members is working 

on a single agile software development project made up of 4 increments. If the team utilizes 

time-boxed 8 hours to derive size estimates per increment, then they would need 32 hours 

exclusively for estimating effort. The approximate cost of that activity over the project would 

be NZ$32,000 (based on the hourly rate of an experienced IT professional with multiple areas 

of expertise (Recruit IT, 2015). 

 

f. The techniques used in agile forecasting of component size (e.g., user story size) are based 

on expert judgement which tends to be the most popular method applied (Jørgensen, 2005; 

Usman et al., 2014; Popli & Chuhan, 2014), probably due to its simplicity and flexibility. 

However, limited substantial empirical evidence is available to support this method over other 

methods of effort estimation (Jørgensen, 2005). Furthermore, a more recent study in a 

medium-sized organization (focused on bespoke software development for domestic and 

international markets) showed cost estimation based on unstructured expert judgement to be 

unreliable during the bid phase of the project (Faria & Miranda, 2012). 
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g. Techniques including Function Point Analysis, UCP estimation, COCOMO and the like, which 

have been used successfully in TSD to estimate the size and effort of software projects, 

indicate that many factors can affect the cost of a project, including the desired reliability and 

usability of the software, team experience, team culture, corporate culture, workplace factors, 

use of modern tools/practices, offshore development, and others; how such factors are or 

could be accommodated in ASD sizing and estimation is not clear. 

 

h. ASD embraces the concepts of self-management and self-organization in a team. Such an 

approach assumes that all members are dutiful, responsible and honest in their dedication to 

a project. This is potentially an optimistic assumption. It is a matter of fact that some people 

are more capable, hardworking and dedicated compared to others, and/or more suited to 

particular roles and responsibilities. Furthermore, ASD supports team work more so than that 

of individuals. It is contended here that any compensation to the team members may have a 

good impact on the overall velocity of a team and may also create a sense of positive 

competition among the team members. Consideration of such factors may impact on the 

overall velocity of a team and have flow-on effects for project scheduling.  

 

i. ASD suggests close collaboration between development personnel and the Product Owner 

(or similar) ï being the person responsible for ensuring the right features are prioritised and 

delivered ï and user requirements are clarified through verbal, not written, communications 

(Marchesi & Succi, 2002). The same level of collaboration is also expected between the team 

and other stakeholders at the time of project estimation. Non-availability of stakeholders or 

their inadequate input may therefore affect project estimates (Hamdan et. al., 2013). 

 

j. The accuracy levels for the estimates derived using various techniques in ASD are shown in 

Table 1.1. These levels of accuracy are drawn from a 2018 Systematic Literature Review of 

the state of the art on estimating effort in ASD post-2014 (Dantas et al., 2018). Results in the 

table reveal that there remains substantial room for improvement (the weaknesses of the 

measures used notwithstanding). Further, the average error of various ASD time predictions 

has been found to be about 20-30% (Halkjelsvik & Jorgensen, 2018).  

 

Technique Accuracy Achieved % 

Planning Poker *MMRE: 16-61 

** BRE: 35 

Expert Judgement MMRE: 22 

*** PRED (25): 73.13 

BRE: 38.7 ς 78.5 
* Mean Magnitude of Relative Error ς mostly used metrics to measure accuracy 
** Balanced measure of Relative Error 
*** Prediction Accuracy  

  

Table 1. 1 Accuracy Achieved by Techniques (Dantas et al., 2018) 
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Taking into consideration the many issues just described it may be possible to improve the accuracy 

of ASD forecasts for size, effort, cost and schedule. This study therefore investigates how the above 

identified gaps and opportunities may be assessed, and addressed, in terms of their effects on ASD 

forecasts. This intent is captured in the research questions and objectives that follow. 

 

1.3 Research Questions and Objectives 

There are four research questions that will be answered through the proposed study: 

 

RQ-1: What are the gaps and limitations in contemporary estimation and scheduling 

techniques when applied in agile development contexts? 

 

Objective: To study prevailing estimation techniques employed (in ASD) to forecast 

the size, human effort and schedule of a software project and to identify any 

weaknesses and limitations that may constrain the delivery of products within time or 

budget constraints. 

 

RQ-2: What is the minimum data required for óaccurate-enoughô agile estimation and 

scheduling? Which factors are influential in agile estimation and so should be 

measured, and which can be ignored? 

  

Objectives: To identify and classify factors based on their relevance, significance 

and utility for the forecasting of size, effort, cost and scheduling of projects as 

indicated by academia and practice in agile and traditional software development. 

Further, to include only those factors that are relevant and may impact/improve the 

forecasting accuracy of size, effort, cost and scheduling of the projects in TSD and 

ASD both contexts, but the principal focus is given to the agile development context. 

The core aim is to improve accuracy by considering factors that are (most) 

relevant/significant in terms of their impact on development effort and cost. 

 

RQ-3: How can the significant factors as discovered in RQ-2 be effectively calibrated to build 

a dynamic model of estimation, on its own and in combination with other subjective 

assessments, to further improve estimation accuracy? 

 

Objectives: Once significant/relevant factors as identified in RQ-2 are quantified, an 

algorithmic model is developed to improve the utility of forecasts of size, effort, cost 

and schedule for ASD projects. The proposed values of these factors are further 

calibrated to accommodate their impacts on accuracy of forecasts of size, effort, cost 
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and schedule for ASD projects with and without combinations of other subjective 

assessments/techniques as considered in RQ-4.  

 

RQ-4:  What is the effect of augmenting expert judgement, as applied in existing estimation 

methods for ASD projects, with the PERT and expert judgment with Bottom-Up 

approaches in terms of utility on forecasts of size, effort, cost and schedule for ASD 

projects? 

 

Objectives:  Evidence has shown that expert judgement is one of the dominating 

techniques in current methods of estimation for ASD projects. This prevailing 

technique is planned to be extended by two other well established methods - Bottom-

Up and PERT - and their utility assessed in terms of accuracy of forecasts of size, 

effort, cost and schedule for ASD projects.   

Note: Size refers to the (relative) scale of a feature, task or other unit of development estimated 

using various techniques, e.g., Planning Poker (using the Fibonacci sequence), Relative Mass 

Valuation, T-shirt sizing, and like; Effort means the person-units of time required by the team to 

implement a development unit; Cost is typically the product of person-hours by their salary rates; 

and Schedule refers to duration over time and numbers of iterations. 

1.4 Research Methodology  

In order to answer the four research questions stated above the DSR (Design Science Research) 

methodology as per the guidance provided by Offermann et al. (2009) is employed. DSR undergone 

continuous refinement over more than 40 years (Cross, 2007) and gained positive recognition in the 

discipline of Information Systems (Nunamaker et al., 2013). Numerous researchers have not only 

informed the multiple frameworks of DSR but also shared their benefits while employing DSR as a 

methodology in conducting and reporting research in the IS domain (Gregor and Hevner, 2013; 

Nunamaker and Briggs, 2011, Peffers et al.,2007; Hevner et al., 2004; Nunamaker et al., 1991). 

 

The DSR process as proposed by Offermann et al. (2009) is shown in Figure 1.1.  This process 

suggests three core phases, i.e., Problem identification, Solution design and Evaluation which are 

further divided into various steps as shown. 
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Figure 1. 1 DSR Process as proposed by (Offermann et al., 2009)  

Mapping of the DSR process with this research is presented in Figures 1.2 to 1.4, starting from the 

phase of problem identification, and concluding with the summary of results, as suggested by 

Offermann et al., (2009). Further, these three phases are interconnected which means that after the 

completion of each phase the previous phases are revisited for the purpose of improvements, 

modifications, revalidation and revaluation. A detailed discussion of the selected research 

methodology is reported in Chapter 5.  

 

Figure 1. 2 Mapping of envisaged study with DSR (Problem Identification Phase) 
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Figure 1. 3 Mapping of envisaged study with DSR (Solution Design Phase) 

 

Figure 1. 4 Mapping of envisaged study with DSR (Evaluation Phase) 

1.5 Thesis Layout / Structure 

The remainder of this thesis is structured as shown in Figure 1.5. As per the demonstrated layout, 

this thesis is divided into six parts. Each part includes a group of chapters that reflect a logical flow 

of activities as conducted in this study. Part-wise chaptersô details are given as follows: 

¶ Part-1 (Chapter-1 & 2): This introduces the thesis topic and describes the gaps and limitations 

of agile estimation, motivating the present study. Further, it discusses evolution of the agile 

methodology, some of its benefits, and issues in effort estimation in an agile development 



 

Page 11 of 328 

 

context. This is followed by an overview of the most significant factors that are said to impact 

estimation in agile and non-agile contexts, but with a principal focus given to agile 

development. Furthermore, some of the potentially relevant estimation techniques are also 

discussed. 

¶ Part-2 (Chapter-3 & 4): This part reviews related studies conducted in the area of the 

proposed research and presents comparisons of the weaknesses and strengths of some of 

the current and traditional methods/techniques/models used for effort estimation. Further, the 

theoretical and functional frameworks of the proposed model is discussed in this part. 

¶ Part-3 (Chapter-5, 6, & 7): This part describes the detailed research methodologies that are 

adopted in this study along with the ethics approval from AUTEC. This part also discusses 

detailed plans of the experimentation and its execution. 

¶ Part-4 (Chapter-8 & 9): This part reports the conduct and results of the interviews conducted 

with 21 IT practitioners. This covers details of the instruments used for interviews, and the 

methods used in the execution of the interviews, including collection and categorization of 

the data, their interpretation, analysis and synthesis. Moreover, this part exhibits descriptive 

statistics of the experiments conducted in real-industry settings along with evaluations of the 

hypotheses and accuracy comparisons of different treatments. 

¶ Part-5 (Chapter-10 & 11): This part encompasses the validation of the proposed model based 

on three perspectives: i.e., empirical, field trials, and laboratory. Further, this reports the 

discussions and findings of the study. 

¶ Part-6 (Chapter-12, References, and Appendices): This part includes a summary of the 

study, along with the core contributions of this research. Further, this part also discusses the 

implications, future work and limitations of the study. Furthermore, the lists of references and 

appendices are presented. 
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Figure 1. 5 Thesis Structure / Layout 1 

 
 
 

1.6 Mapping of Research Activities and Outcomes based on Thesis Parts and Chapters 

Detailed views of the research activities with respect to the chapters within the related parts are 

presented in Figure 1.6. On the left side of the diagram all parts of thesis and chapters are shown 

along with their different research endeavours as accomplished within the individual chapters, while 

the outcomes of each individual part based on their related group of chapters are exhibited on the 

right side of the figure. 
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Figure 1.6 Mapping of Research Activities and outcomes based on Thesis Parts and Chapters 
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1.7 Chapter Review 

In this chapter, background literature regarding effort estimation in agile and non-agile contexts, gaps 

/ limitations in current agile estimation methodology, research questions along with objectives for the 

intended study, research methodology selection for the envisaged study, and layout / structure of 

the thesis were covered.  

 

In next chapter, the materials regarding agile development, factorsô significance and their relevance, 

potential techniques for the intended study, agile team roles and responsibilities, description of the 

existing methodology, and learning curves are discussed. 
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Chapter-2                          Background 
Content Summary: This chapter provides a brief detail about evolution of the agile methodology, some of its benefits, and issues in 
effort estimation in an agile development context. Further, it discusses factors that could be significant for estimating effort in agile 
development. Finally, the chapter describes some of techniques significant to the intended study. 

 

2.1 Agile Software Development (ASD) 

Software Development (SD) encompasses all the interconnected endeavours that bring a software 

project from conception to implementation. IBM Research defines SD as ñéa set of computer 

science activities dedicated to the process of creating, designing, deploying and supporting 

software.ò Numerous methodologies have been utilized in the development of software, among them 

code-and-fix, evolutionary (McCracken and Jackson, 1982), transform (Balzer et al., 1983), waterfall 

(Royce, 1987), spiral (Boehm, 1988), and others. Among those methods the iterative waterfall model 

attained extensive popularity and was an effective development method for many years. It had 

resolved many issues and limitations of earlier methods and was utilized particularly widely for the 

development of large-scale systems (Misra et al., 2012).  

 

However, all of these methods including the waterfall (normally referred to as traditional software 

development method (TSD)) were óprocess-heavyô, in that they relied on prescribed steps and 

extensive documentation (e.g., plans and Gantt charts, detailed requirements specifications, design 

blueprints, and others). As such they suffered a range of limitations ï it was difficult to accommodate 

change in client requirements, the methods were complex to learn and use, and were considered to 

be labour-intensive (Tolvanen, 1998; Kalermo and Rissanen, 2002; Awad, 2005). Consequently, to 

overcome TSD shortcomings and limitations (Dingsøyr, et al., 2010), agile software development 

methods were formally introduced in 2001 by a group of seventeen practitioners (Beck et al., 2001) 

via an agile manifesto.  

 

This manifesto was based on four basic guidelines which gave preference to stakeholdersô 

interactions, working software, customer collaboration, and response to change, over processes and 

tools, detailed documentation, contract negotiation, and comprehensive planning (Agile Manifesto, 

2001). Variants of agile methods (Dingsøyr, et al., 2010) had been used in multiple forms since the 

late 1960ôs (Merisalo-Rantanen et al., 2005) including: Scrum (Schwaber 1995; Schwaber and 

Beedle 2002), Extreme programming (Beck 1999; Beck 2000), Feature-driven development (Coad 

et al. 2000; Palmer and Felsing 2002), Crystal (Cockburn 1998; Cockburn 2000b; Cockburn 2002), 

Adaptive software development (Highsmith 2000), Radical software development (Bayer and 

Highsmith 1994), Agile modelling (Ambler 2002), Dynamic systems development method (DSDM 

Consortium 1997; Stapleton 1997), and others.  However, it is only relatively recently that agile 

software development has received global recognition and adoption (Hamdan et. al., 2013). The 

evolutionary mapping of the various agile methods is shown in Figure 2.1, which not only 
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demonstrates their interrelatedness but also presents their intellectual source (displayed by arrow 

lines). Further, links to previous studies vis-à-vis agile methods are also exhibited in Figure 2.1 to 

illustrate which methods and/or their developers supported the publication of the agile manifesto 

(Dingsøyr, et al., 2010). 

 

Figure 2. 1 Evolutionary mapping of Agile Software Methods (Dingsøyr, et al., 2010) 

 

Agile software development methodologies have since gained extensive popularity worldwide 

(Haines at al., 2017). A 2016 report demonstrated that various aspects of agile had been embraced 

by approximately 95% companies while 41% organizations were using agile as their core system 

development endeavour (Rago, 2020). Numerous studies and reports have presented practitioner 

trends and pursuits in agile development along with related risks and organizational challenges 

(Conboy, et al., 2011; Cram & Newell, 2016; Janes & Succi, 2012).  

2.2 Effort Estimation in ASD 

Effort estimation in software development provides forecasts of the effort that is likely to be required 

to accomplish a project and/or a task (Roark, 2020). The approximation of this effort not only 

facilitates a team or an organization to assess the cost required to retain a workforce to complete 

the project but it can also underpin the delivery schedule through to the handover of the project to 

the client (Bilgaiyan et al., 2017). A software projectôs success is based on numerous parameters 

but accurate effort estimation (Bilgaiyan et al., 2017) is one of the core factors among them, because 

it assists stakeholders in planning, budgeting, and scheduling the project (Roark, 2020). 
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Although there are numerous success stories for ASD, the fact remains that the IT industry still has 

problems delivering complex software development projects on time, resulting in budgeting and 

scheduling overruns. A recent SLR presents an updated review of the state of the art on estimating 

effort in ASD since 2014 (Dantas et al., 2018) and it states that even the best level of accuracy is 

not sufficient for good practice. Further, another recent study states that the time predictionôs average 

error remains stubbornly at about 20-30% (Halkjelsvik & Jorgensen, 2018). Several factors 

contribute to inaccurate effort estimates which include but are not limited to the following: project 

size, estimator experience, environment dependency, developer experience, team skill, 

communication with client, complexity and others (Sehra et al., 2016 & 2017; Tanveer, et al., 2017; 

Usman et al., 2017). More details about the factors that may impact accuracy for estimating effort, 

and so are potentially of interest in this study, are covered in the next section. 

   

2.3 Potentially Significant Factors for this Study 

Estimates for a project may need to be mediated by a wide range of potentially influential factors, 

including product, process, development environment, soft and physical factors (Wegner & Ruhe, 

1980).   

 

The initial conceptual model of the estimation process at the centre of this study is based on some 

of the many parameters, and potential predictors (given in tables 2.1, 2.2, 2.3, 2.4, 2.5 and figure 2.3 

respectively), as considered significant in previous survey studies in general (Usman et al. 2014 & 

2015; Ahimbisibwe et al., 2015; Tanveer et al, 2017; Dantas et al., 2018; Carbonera et al.,  2018) 

and as relevant to the agile development context in particular; some additional parameters based on 

the twelve principles in the Agile Manifesto; other academic and practice evidence; and the 

researcherôs own domain knowledge and software industry experience (described in the Preface); 

all as shown in  Figure 2.2.  

 
  

Figure 2. 2 Mapping of Potentially Significant Factors 
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Ahimbisibwe et al. (2015) reported 37 critical success factors (CSFs) (given in Table 2.1 and shown 

in Figure 2.4) identified through a systematic literature review of 148 previous articles, included 

because of their reported significant influence on the success of software development projects. The 

literature is unclear, however, regarding their individual roles affecting project success. They are 

grouped into four major CSF categories (organizational, team, customer and project factors) and 

ranked based on the number of occurrences in the literature, set alongside their associated 

development methodologies. 

   
Table 2. 1 Critical Success Factors for Sofwtare Development Projects (Ahimbisibwe et al., 2015) 

The potentially significant factors considered in this study are reviewed in the following subsections 

under the main categories as depicted in Figure 2.2.  

 

                                   
 
    Figure 2. 3 Factors considered implicitly by practitioners during effort estimation (Tanveer et al., 2017) 
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2.4 Human Context 

2.4.1 Relevant Evidence 

Numerous software projects have failed to be delivered within time and budget projections and many 

have also not achieved their associated business objectives (PMI-Pulse, 2017, KPMG, 2017; 

Ahimbisibwe et al., 2017). However, it has been asserted that this rate of failure could be reduced if 

organizations and teams were to adopt a more suitable project management methodology according 

to various team, client, organizational and other project factors (Ahimbisibwe et al., 2017). 

 

In a study, Pereira et al. (2017) identified and assessed aspects of maturity in software engineering 

teams by using a framework of proficiency for capabilities across eight categories: intra-team 

relationships, intra-team communication, team processes, extra-team relationships, extra-team 

communications, relating with Product Owner, individual characteristics and team characteristics. 

These categories as stated in the aforementioned study overlap to a degree with those presented 

by Fontana et al. (2015) for an agile context, in which their study specifies seven outcome categories 

as a means of identifying ASD team maturity: practice learning, team-conduct; pace of deliveries, 

features disclosures, software product, customer relationship and organizational support.  

 

 
 

Table 2. 2 Cost Factors for Estimation in Agile Context (Usman et al., 2014 & 2015) 

A further earlier study on agile and plan-driven approaches asserted that most of the critical success 

factors for software projects are human-related factors, although other factors related to 

methodologies, technical and management techniques have their own importance. Further, this 

same study specified the particular significance of five human-related factors: staffing, culture, 

values, communications, and expectations management (Boehm & Turner, 2009).  

  

Acquisition of knowledge is significant to build effective teams for the purpose of producing high-

quality software products successfully and proficiently (Richardson et al., 2012; Yilmaz et al., 2016). 

Inexperienced and unskilled team members, on the other hand, may be responsible for inaccurate 

estimates (Usman & Britto, 2016; Grimstad & Jorgensen, 2005). According to Pressman and Maxim 

(2014), such human aspects have fundamental significance for the success of a software project. 
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Addressing a related topic, it has been observed more generally that software experts or senior 

software engineers are typically responsible for the estimation of software size and cost (Gandomani, 

Wei & Binhamid, 2014). Their experience and judgement are most often only helpful in the 

organization where they have worked, however, because the adequacy of such predictions strongly 

depends on team experience, project complexity, organizational culture, and so on (Gandomani, 

Wei & Binhamid, 2014).  

 

Developer professional experience was considered one of the parameters in a suggested scheduling 

model for software projects within agile frameworks (Jahr, 2014). In another study Caballero & Calvo-

Manzano (2012) concluded that team prior experience and excellent technical skills are influential in 

terms of productivity in a SCRUM environment. 

 

Research conducted by Sedelmaier & Landes (2014) proposed a body of skills for software 

engineering that includes competencies for professional collaboration with others, communicative 

competencies, structuring oneôs own way of working, motivation to contribute oneôs share, personal 

competencies that reflect developer capabilities, a capability to understand complex systems, 

processes and their relationships, and some additional competencies such as a willingness to accept 

responsibility for others and shared projects. 

  

A study reported by Augen (2006) found that more accurate group estimation results (via the 

Planning Poker Technique) were achieved when the team had previous experience with similar 

tasks; whereas it was likely that less accurate results would be achieved from an inexperienced team 

even working with similar tasks. This outcome was reiterated in another study: in one evaluation an 

experienced team estimating effort by using Planning Poker produced a more accurate estimate (0.5 

MMRE vs 0.70) than that produced by a non-experienced team; in a second evaluation for large task 

estimation the difference was more marked (MMRE 0.21 vs 0.87) (Nguyen-Cong, Tho & Tran-Cao, 

2013). 

 

There is also longstanding agreement among numerous authors on the significance of social and 

interpersonal abilities (e.g., D.P. Flanagan.et.al 2012, L. C. Buffardi, 2000, E. A. Fleishman.et.al 

1984 & 1968). The software development process is dependent on the situational aspects of the 

individual software development environment. Such characteristics include the nature of the 

application under progress, requirements volatility, team size, and personnel experience (Clarke & 

OôConnor, 2012). 
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Table 2. 3 Reasons for inaccurate estimates from practice in ASD (Usman et al., 2015) 

Ziauddin et al. (2012) used so-called ófriction factorsô in their proposed model of estimation for ASD 

projects, considering team composition (e.g., appropriately skilled team members) and team 

dynamics (variations in team membersô attitudes towards their roles). 

 

A good working relationship with the customer has long been recognized as significant for project 

success (Beath & Orlikowski, 1994). The first principle in the agile manifesto notes the importance 

of customer collaboration and their satisfaction. Further, this principle states ñour highest priority is 

to satisfy the customer through early and continuous delivery of valuable softwareò (Agile Alliance, 

2001). In an agile context the customer relationship is dependent on how the team collect, dispatch, 

understand and utilize feedback from the customer; the relationship has been acknowledged as 

being complex and multidimensional (Conboy et al., 2011). Numerous studies in agile project 

management have explored the relationship between the customer and the development team, 

specifically in the context of their communications (Korkala et al., 2009), their contributions (Kautz, 

2009) and their contentment (Mann & Maurer, 2005). 

 

Chow & Cao (2007) identified delivery strategy (with respect to scope, timeliness and cost), agile 

software engineering techniques (in terms of quality and scope) and team capability (with respect to 

timelines and cost) as the three critical success factors for agile software development in a survey 

study conducted among agile professionals across 109 agile projects from 25 different countries. 
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Figure 2. 4 Comparison of CSFs between methodologies (Ahimbisibwe et al., 2015) 

 
 

 
 
Table 2. 4 Cost factors for estimation in Agile Context (Dantas, et al., 2018) 

2.5 Systems Context 

2.5.1 Relevant Evidence  

 
In studies where ósoftware typeô is considered to be an indicator of system complexity most of those 

researchers also consider it as a significant factor of influence on the required effort. However, the 

specific classification varies among the researchers: they may use different terms (e.g., real-time; 

control systems; scientific programs), and even when similar terms are used it may be that each 

researcher interprets the terms differently (Levy, 1990). 
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Software complexity is typically thought of in three forms: structural, which refers to the complexity 

of the design & composition of the software product; conceptual, which views complexity as a 

function of how easy it is to understand the system, the source code, the requirements, and/or the 

novelty of the software product; and computational, which reflects complexity in computational 

performance (Laird & Brennan, 2006; Camci & Kotnour, 2006). 

 

Project complexity is also a relatively common concept described in the literature, but one that again 

has various interpretations based on the context of use, or on individualsô perceptions; in some 

cases, this concept is used in place of project size, or as an alternative to project difficulty or product 

complexity. The underlying intent is to acknowledge that project size is not the only important aspect 

to consider, though the operationalisation of complexity presents other challenges. Thus, project size 

is a significant feature and one that often serves as a proxy to reflect the essential complexity of a 

project, and it is one of the most important and often considered attributes of a software project. In 

most cases it is considered to be directly related to the effort required to implement the project and 

to the productivity of the development team (Fitsilis et al., 2011). 

 
In a proposed framework for the analysis of estimation error Grimstad & Jorgensen (2006) provided 

a comprehensive list of factors that can have a principal impact on estimation accuracy, including 

estimation ability, complexity and measurement process factors. Further, this study indicates 

ñinherent Project execution complexityò as a sub-factor of the complexity factors, which includes 

innovative projects; i.e., projects developed using leading-edge technology and having complex 

functionality are inherently more difficult to estimate as compared to simple or repeating projects. ñIn 

the software engineering literature, there is a notion that applications of a similar type or algorithmic 

domain experience have similar level of complexity & productivityò. Further, a study regarding the 

moderating effects of structure on volatility and complexity in software enhancement shows 

application type as an important factor (Banker & Slaughter, 2000). 

 

Applications that incorporate induction-based algorithms to support activities such as planning, 

forecasting and management for decision making are more complex and volatile as compared to the 

rule-based algorithms in applications that support operational and transaction-processing activities 

(Jones, 1991). 

 

Software complexity also derives from the amount of data that the application must process (Card & 

Glass, 1990). Rombach (1987) conducted an experiment using graduate programmers and 

concluded that more structured code requires less maintenance effort. One further study reveals 

high maintenance effort for informally developed applications as compared to structured applications 

(Kada et al., 1993). 
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Many software cost estimation models have considered application type as a significant adjustment 

factor for cost but they have used different terminologies in their models; for example, Putnam and 

Myers (1997) referred to it as the ñfourth factorò; Jones (1991) considered ñproject typeò and 

ñalgorithm typeò in his SPQR and feature point model, respectively; Kemerer (1993) considered this 

aspect as an ñinfluential factorò in his Function Point model; while Boehm named it ñmodpò in the 

COCOMO model in 1981.  

2.6 Organization Context 

2.6.1 Relevant Evidence 

 
ñAn organization is a social arrangement which pursues collective goals, which controls its own 

performance, and which has a boundary separating it from its environment, and the culture within 

such an organization is defined and lived by its peopleò (Bulander & Dietel, 2015). In todayôs business 

environment the majority of processes within an organization are accomplished through 

combinations of people and technologies (Weske, 2012). 

 

Organization structure and culture both affect the capability to accomplish project success. The 

culture of an organization is a set of shared values, behaviours, and assumptions that describes its 

functional view and has 10 characteristics: member identity, group emphasis, people focus, unit 

integration, control, risk tolerance, reward criteria, conflict tolerance, means-ends orientation, and 

open-systems focus (Schwalbe, 2014). 

 

Sharma & Gupta (2012) describe how the provision of a resilient organisational environment is more 

likely to ensure project success. Furthermore, team cohesiveness, mutual trust, freedom of 

expression, team autonomy, and domain-specific and creative skills are the dominating 

characteristics of an open, trusted & robust organizational environment. 

 

Understanding the concept of organizational culture and its implications within a specific company 

context has thus been considered as important in prior studies (Moor, 1995; Shore & Warden, 2008). 

It influences how processes are managed, which in turn influences both the software projects 

undertaken as well as the context in which software development takes place. It can directly affect 

the project selection process and the usage of technologies and practices in industry. The 

acclimatisation of a new practice or behaviour in software projects requires either the practice to be 

adjusted to fit the organizational culture or the culture to be moulded to fit the behavioural 

requirements of the new practice ï or some combination of the two. An appropriate fit between the 

values and beliefs amalgamated in the context of software development and the organization's 

overall worth will lead to a more effective implementation (Strod et al., 2009; Tolfo & Wazlawick, 

2008).  
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Sharp & Robinson (2010) give attention to the cultural and communal aspects in successful XP 

practices, the characteristics of teams and the kinds of social interactions that occur in these 

practices, and how they are themselves influenced by organizational culture and team 

characteristics. In prior work they had discovered five characteristics of óXP cultureô: respect and 

responsibility that lie with both the team and its members; preserving the quality of working life; the 

XP process itself values both individuals and teams, to create in them faith and trust in their own 

abilities in terms of achieving their set goals throughout the life cycle of their activities. Robinson & 

Sharp (2010) state ñXP is as much about human values as about technical valuesò (p.139). 

 

Ziauddin et al. (2012) suggest the relevance of ófriction factorsô in their proposed model of estimation 

for ASD projects, including environmental factors (turbulences that may hinder team productivity, 

e.g., noise, poor ventilation and lighting, uncomfortable seating arrangements and improper 

hardware/software availability) and process factors (e.g., unexpected or undesirable changes to an 

adopted process). 

 

Schein (2009) established three different levels of organizational culture, as shown in Figure 2.5: 

First, visible Artefacts - this level deals with aspects such as the work setting, technology-dependent 

working routines, myths, language, patterns of behaviour of the organization members, and stories; 

Second, Espoused Values - this level explains behaviours and includes aspects such as company 

strategies, beliefs, goals, rules and philosophy; the Third level, Basic Underlying Assumptions, 

includes the right way(s) to feel, perceive and think for members of a group. 

     

 
Figure 2. 5 Levels of Organization Culture (Schein, 1999) 

 

2.7 Iteration / Sprint Context 

2.7.1 Relevant Evidence 

It seems intuitive to expect that estimates and plans be generally less accurate early in projects 

when information and certainty are at a premium, and that accuracy should improve as projects 

progress (all other things being equal).  
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A degree of evidence in support of this expectation was found in a case study conducted at the 

University of Ljubljana that had the aim of studying the behaviour of development teams who were 

using Scrum for the first time (Mahnic, 2011). In this study, the planned velocity estimates of teams 

were very optimistic in the first sprint and only one team out of 13 actually accomplished all of the 

functionalities as per their commitment in the sprint planning meeting. Further, a systematic study 

(Nguyen-Cong & De Tran-Cao, 2013) reviewing the current literature on effort estimation in agile, 

iterative and incremental software projects shows how the magnitude of errors over the iterations / 

releases are reduced, as shown in the table 2.6. 

   

 
 

Table 2. 5 Estimation of Errors over iterations / releases (Nguyen-Cong & De Tran-Cao, 2013) 

 

2.8 Risk Context 

2.8.1 Relevant Evidence 

 

Empirical evidence supports the assertion that inadequate awareness and management of software 

project risk is an important reason for project failure; and that high-level risks are associated not just 

with failure but with undesirable project outcomes such as low quality, budget overruns, and late 

delivery of the software product. Numerous studies have proposed conceptual frameworks that 

depict a range of software development risks and their various mitigation strategies (Sharma & 

Gupta, 2012). 

 

Software project risk management has rarely addressed organizational risks even though most 

problems occur when the social aspects of organisational work are not addressed. A recent study 

has proposed an organizational risk diagnosis framework in order to convey how these types of risks 

could be understood and managed in a better way (Vrhovec et al., 2015). However, organizational 

risks remain challenging to manage and knowledge of their possible presence alone is insufficient 

to contribute to project success (Thamhain, 2013; de Bakker et al., 2010). 
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Unmanaged risks are one of the (albeit numerous) reasons for the failure of software projects 

(Winch.et .al, 1997, Charette, 2005). Some of the risks linked with project failures are uncertainty 

regarding project complexity and project goals, and personality differences (William, 2005). Effective 

risk management can enable project managers to identify the potential risks of their projects and to 

mitigate them through dynamic courses of actions (Morski & Miller, 2002).  

2.9 TECHNIQUES OF POTENTIAL RELEVANCE TO THE CURRENT STUDY 

This research study seeks to understand and improve the utility of forecasts of size, effort, cost and 

schedule for ASD projects through variants of approaches. Some of these approaches or their 

variants as explained in the preceding sections are chosen based on all or a few reasons as stated 

below to analyse their usefulness and efficacy in the context of the current study: 

a) Popularity/use of technique in software development for estimating effort and/or schedule 

b) Researcherôs prior knowledge and practical exposure about the technique 

c) Significance of the technique for the intended study 

2.9.1 Expert Judgement 

Expert judgement is an informal means of estimating effort for software development 

activities/projects based on expertsô own experiences (MacDonell & Shepperd, 2003). Results of a 

review of studies on expert estimation of software development effort have shown that expert 

judgement based estimation is the most used strategy (Dantas et al., 2018) for software projects as 

compared to estimation models (Tanveer et al., 2017), and in some situations expertise-based 

estimation is more accurate than model-based estimations (Jørgensen, 2004).  

 

The Delphi technique and work breakdown structure (Tausworthe, 1980), informal analogy-based 

reasoning, rules of thumb (Jones, 1996), top-down and bottom-up estimation (Tausworthe, 1980; 

Jørgensen, 2003; Shekhar & Kumar, 2016) all fall under the class of expert judgment techniques. 

 

Top-down estimations are made based on an assessment of an entire project, with effort then 

allocated over the various components, whereas bottom-up estimations are based on determining 

the effort of each of the components of the project (Jørgensen, 2003; Shekhar & Kumar, 2016) and 

then aggregating these up to a total for the project as a whole. Each technique has its advantages 

depending upon the specific situation, i.e., the top-down estimation technique may be applied in a 

situation where the estimator(s) has little or no knowledge / experience about developing the 

components of a software project but has already estimated a similar project or has some experience 

with similar projects, whereas the bottom-up approach can be very helpful in producing accurate 

estimates when the estimator(s) may be inexperienced in general but has an awareness of the 

project elements; it is typically a more time-consuming approach (Jørgensen, 2003). Use of both 

top-down and bottom-up approaches independently in a single software project may reduce the 

chances of extreme inaccuracies in estimation (Jørgensen, 2004). 
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2.9.2 Program Evaluation Review Technique (PERT) 

 
The PERT methodology, developed by the U.S. Department of Defense, is used to estimate an 

average value for effort based on three estimates: optimistic time, pessimistic time and the most 

likely time required for completing a task or an activity. The average time is calculated by the 

following formula:  

                      

                                         Et= (Ot + 4Mt + Pt) / 6 

Where:  

¶ Estimated Time (Et): is the average time  

¶ Optimistic time (Ot): is the minimum possible time required to accomplish a task, assuming 

everything proceeds better than is normally expected  

¶ Pessimistic time (Pt): the maximum possible time required to accomplish a task, assuming 

everything goes wrong; for example maximum possible delay in the availability of the 

hardware or software resources for the task and/or the expertise for a particular tool (but 

excluding major catastrophes)  

¶ Most likely time (Mt): the best estimate of the time required to accomplish a task, assuming 

everything proceeds as normal. 

 
A Quasi-experiment was conducted (by the candidate) to apply PERT to the Technical and 

Environmental Factors of the Use case points (UCP) estimation method to determine its impact on 

the accuracy of the resulting estimations. This resulted in a six percent improvement on average in 

the accuracy of the effort estimation for ten small-scale software projects (Tariq & BC, 2011). Further, 

numerous researches have been conducted to illustrate the PERT concepts and their application 

(Nickolet, 2007); e.g. PERT applications in project management and quantitative risk analysis 

(Intaver Institute, 2006) and health management organization (Stefan & Burcea, 2007). One early 

study also demonstrated the effectiveness of PERT in project planning and contracting by proposing 

new uncertainty and criticality measurements (Mummolo & Giovanni, 1997). 

2.9.3 SCRUM 

SCRUM is one of most popular variants of agile development (Usman et al., 2017; Torrecilla-Salinas 

et al., 2015; Inayat et al., 2015; Grapenthin et al., 2014; Usman et al., 2014; Nguyen-Cong et al., 

2013), used around the globe as a development framework for IT and other projects (Baham, 2019). 

SCRUM focuses mainly on three roles (Product owner, Scrum Master, and Team), three documents 

(Product backlog, Sprint Backlog, and sprint results), and three meetings (Sprint Planning, Review, 

and Daily Scrum) as shown in the figure 2.6 (Stober and Hansmann, 2010). Descriptions of the 

above stated roles are given in the table 2.7 (Cohn, 2010; Sutherland & Schwaber, 2016).  
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Figure 2. 6 SCRUM Overview (Duka, 2013) 

SCRUM working is very simple (Duka, 2013, MGS, 2019) as exhibited in the following steps: 

 

a. The Product Owner (PO) takes decisions about the items of the product backlog that should 

be prioritised, i.e. the features anticipated from the next release of the product/project, and 

their associated deliverables. S/he acts as a representative of the stakeholders.  

b. In every sprint planning meeting, the team decides which items from the product backlog are 

taken to the sprint backlog. The selection of these items is dependent upon their value to the 

business, technical requirements and/or other commitments as set by the Product Owner 

and/or team. During the execution of each sprint (typically lasting from 1-4 weeks), the team 

tries their best to complete the items as allocated to the current sprint.  

c. A daily time-boxed Scrum meeting (normally 15 minutes duration) is held preferably in the 

morning at the same place/time to follow-up the ongoing tasks and further to resolve any 

impediments / issues. The Scrum Master, being a facilitator, helps in resolving issues 

discussed during the meeting. 

d. The Sprint review meeting is conducted after the conclusion of each sprint to evaluate the 

outcomes and the lessons learned of the finishing sprint. Each concluding sprint is an 

increment to the intended software product.  

e. The same process as stated above from sub-para (a-d) is repeated until the whole product 

backlog become emptied and productôs releases are ready to deliver. Further, the releases 

can be repeated to cater for any changes or updates. 
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Roles Description 

Product 
Owner (PO) 

PO is one of the significant members of the Agile team who is responsible for defining user 
stories and prioritize them based on their business values and also to maximize the 
productôs value and the teamôs work. 

Scrum Master 
(SM) 

SM is one of the important members of the agile team who works as a facilitator between 
team and the management to address project related issues/impediments, etc. and coach 
to train team on SCRUMôs various aspects. Moreover, to make sure that these aspects 
have been understood and enacted. 

Development 
Team 

Professionals/developers who works in agile development environment and responsible 
for shippable deliveries of the ñdoneò product at the end of each Sprint. 

Table 2. 6 SCRUMôs Roles Descriptions (Cohn, 2010; Sutherland & Schwaber, 2016) 

2.9.4 Planning Poker (PP) 

Planning Poker is one of the contemporary techniques used commonly for estimating the size of 

each story in Scrum projects. PP is a consensus-based estimation effort technique proposed initially 

by Grenning in 2002 and later popularized by Cohn in his book in 2005. The Planning Poker method 

was believed to be consistent with the people-oriented approach of ASD (Javdani et al., 2012). In 

Planning Poker, the estimates are limited to precise numbers as written on a set of cards. During the 

effort estimation of a story, each member of the estimating team is holding a deck of Planning Poker 

cards with values such as 0,1, 2, 3, 5, 8, 13, 20, 40 and 100 (a popular sequence (Cohen, 2004-5) 

but there are others). Each of the values written on the cards represents the number of story points 

(referring to the relative size of the clientôs functional requirements), ideal days (required to 

implement the clientôs specific requirements), or other units depending upon the teamôs preferred 

unit of estimation. Figure 2.7 shows a sample of a card deck for Planning Poker. 

 

 
Figure 2. 7 Planning Poker Cards (Gandomani et al., 2014) 

During the estimation process, team members discuss the features if required with the stakeholder 

and / or with the product owner (who represents a customer / stakeholder in their absence). After 

completing the desired discussion each of the team members individually selects one card from the 

deck of the cards to represent his or her estimate and reveals it at the same time as all other 

members of the team. If all team members have shown the same value, then it is considered as an 

estimate of that specific story, otherwise they need to discuss their estimate differences with reasons, 

especially those members with the highest and lowest estimate values. The whole process of 

selecting and revealing the cards is repeated again until a consensus is established among the team 

members, or a decision could be made to defer this activity until further additional information is 

provided to complete estimate for a specific story (Cohen, 2005). 
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2.9.5 Learning Curve (LC) 

Learning Curve accounts for learning from experience and/or repetitive similar tasks (manual and/or 

tool based) that enriches the performance of workers, a phenomenon evident in numerous studies 

conducted in a wide range of industrial domains, including software, electronics, construction, 

chemical and automotive (Anderson,1982; Pananiswami and Bishop, 1991; Adler and Clark, 1991; 

Nembhard and Osothsilp, 2002; Nembhard and Uzumeri, 2000a; Vits and Gelders, 2002; Hamade 

et al., 2007; Chen, 2009; Jarkas, 2010; Weber and Fayed, 2010).  

 

LC was developed empirically for the first time by Wright in 1936 when he observed the cost 

reduction in airplanesô assembly due to the repetition of tasks. This reduction in cost presented at a 

constant rate when the assembled airplanes doubled which was called 80% learning rate (LR), a 

figure widely employed in the aeronautical industry of that time. The LR demonstrates that the 

cumulative cost of the assembly reduced on average by 20% on each doubled-up number units 

(Teplitz, 1991; Cook, 1991; Badiru, 1992; Argote, 1999; Askin and Goldberg, 2001). The first formal 

LC model which Wright proposed in 1936, a Log-Linear Model, is stated as follows: 

 CX = CuXb 

Where: 

¶ CX is the average time or cost to produce X units 

¶ Cu is the time or cost for the first unit 

¶ b is the slope of the LC which indicates workersô LR. The value of b is calculated by dividing 

the Log (LR) by Log base 2 (i.e., Log2).  

A smaller LR implies faster learning, e.g., 75% LR indicates faster learning while 99% suggests 

slower improvements in productivity. LR may differ from one industrial process to another but in 

practice most industrial processes note their LR between 80-90% (Racoon, 1995). Typical LRs are 

shown in Table 2.8. Furthermore, Racoon suggests an 80% LR for software development processes, 

based on 75% worker and 25% machine-paced processes. 
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Typical 

LR 

Percent 

Worker-Paced 

Percent 

Machine-Paced 

Remarks 

70-75% 99% 1% Indicates fast LR. Enhancement needs that learning 

continues without interruption.  

80% 75% 25% Recommended for Software Development processes. 

85% 50% 50% Moderate LR. 

90% 25% 75%  

98-99% 1% 99% Shows slow LR. Improvement needs the upgrading of 

machinery which is dependent on the availability of 

finance.  

 

Table 2. 7 Typical Learning Rates (Racoon, 1995) 

Numerous studies suggest the efficacy of the Learning Curve (LC) effect in software development. 

In one such study, the presence of an exponentially reducing LC relationship between effort and an 

Integrated Computer Aided Software Engineering tool was shown in regard to the experience of a 

programmer (Pendharkar and Subramanian, 2006). In another study the way to utilize a proposed 

LC-based simulation model for software development in industry was discussed. This model 

suggested solutions for issues/complications which arose due to variations in the developersô 

productivity based on their learnings to estimate and/or forecast projectsô progress (Hanakawa et al., 

1998). 

 

2.10 Chapter Review 

 

In this chapter, the specifics of various methods of software development, and particularly agile 

methods, were considered. Effort estimation in agile development contexts and the factors potentially 

significant to that estimation were discussed. Descriptions of some of the possible techniques to be 

used in this study were provided. 

 

In the next chapter, contents drawn from literature reviews reflecting the perspectives of industry and 

academia in the domain of estimating effort, cost and scheduling are elaborated. Further, numerous 

methods/models for effort/cost estimation and their comparisons, along with their categorizations in 

algorithmic, non-algorithmic, and hybrid groupings, are discussed. 
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PART - 2   Related work and Proposed model ½R framework s 

 

This part consists of two chapters which reviews related studies conducted in the area of the 

proposed research and presents comparisons of the weaknesses and strengths of some of the 

current and traditional methods/techniques/models used for effort estimation. Further, the 

theoretical and functional frameworks of the proposed model are discussed in this part.  

 

Detailed views of the research activities with respect to the chapters within this part are presented 

in the figure as given below. On the top of the diagram, the chapters covered in this part are shown 

along with their different research endeavours as accomplished within the individual chapters, while 

the outcomes of Part-2 based on its individual chapters are exhibited at the bottom of the figure. 
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Chapter-3 Related Work / Literature Reviews 
Content Summary: This chapter reviews the prior literature addressing software effort estimation. It covers the significant existing 
methods and, in particular, parametric and AI-based models used for effort estimation. Further, it compares, and contrasts proposed 
and existing AI-based methods and parametric models.  

3.1 RELATED WORK 

Numerous studies have provided empirical evidence demonstrating that AI-based methods (e.g. 

Mamdani FIS (Fuzzy Inference System), Artificial Neural Network (ANN), ML (Machine Learning), 

Support Vector Regression (SVR), decision Trees (DT), Bayesian Networks (BN), Support Vector 

Regression (SVR), Genetic Algorithms/programming (GA/GP), Association Rules (AR), and others) 

can be used successfully in the area of software cost estimation and optimization (Arora, 2018). 

Therefore, previous studies on the estimation of effort, cost and/or schedule are classified on the 

basis of these two directions, i.e., studies using AI-based methods and studies not using them. 

Descriptions of the relevant studies as per the defined two categories are given in the subsequent 

subsections. Further, in this chapter, many of the prior evaluations of estimation method performance 

are presented based on the Magnitude of Relative Error (MRE) measure of accuracy/error, as it was 

the most used metric over the last decade or more (Usman et al., 2018). However, currently MRE is 

not utilized to measure estimation modelsô accuracy, due to criticisms of bias in numerous studies 

(Shepperd et al., 2000; Kitchenham et al., 2001; Foss et al., 2002; Jørgensen, 2007; Myrtveit and 

Stensrud, 2012; Shepperd and MacDonell, 2012). Instead, the Balanced Relative Error (BRE) and 

Balanced Relative Error Bias (BREbias) metrics (their formulas are presented in Figure 9.17 of 

Chapter-9) are applied in this study due to their balanced performance in situations of over- and 

under-estimation (Moløkken-Østvold et al., 2008; Mahnic et al., 2012; Usman et al., 2018). 

3.1.1 STUDIES ON THE ESTIMATION WITHOUT AI-BASED METHODS 

According to a 2007 systematic literature review compiled by Jørgensen and Shepperd (Table 3.1 

shows the individual and collective distribution of the studies on the various estimation approaches 

against the period in years), the emphasis of the bulk of the research in software effort estimation 

had been on the introduction of new methods and on their assessment and appraisal when 

compared to existing methods (Jørgensen & Shepperd, 2007). Given its timing, much of that review 

focused on methods that had been proposed for a pre-Agile development world. In the interim there 

had been a growing body of research in ASD and increasing evidence that Agile Methodologies 

(AMs) had the potential to considerably improve the way software was produced (Vijayasarathy & 

Leo, 2008). Given this, contemporary forecasting methods must fit with the agile way of working 

(Abrahamsson & Koskela, 2004). To date, however, there had been limited empirical evidence 

produced in regard to the efficacy of forecasting methods in an ASD context. In addition, some of 

that work had perhaps misunderstood or mis-represented genuine ASD ï while that might be the 

case, we did not make such discernment here. Rather, we accepted the authorsô position that their 

approach was intended to fit in an agile context. 
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Table 3.1 Estimation Approaches (Jørgensen & Shepperd, 2007) 

An algorithm-based change effort estimation model said to work within a Software Development 

Phase-Change Impact Analysis Framework was proposed for both traditional and agile methods to 

estimate the cost/effort of software projects. This proposed model was evaluated by applying it on 6 

real software projects in both agile and traditional contexts. The authors asserted that the modelling 

outcomes confirmed its suitability for use with both agile and traditional methodologies (Basri et al., 

2016).  

 

A COSMIC-based model has also shown better results for effort estimation based on story points 

(Hussain et al., 2013) as compared to SCRUMôs native method of estimation with planning poker 

(Ungan et al., 2014). In a comparative analysis applying Function Point Analysis through different 

approaches (i.e., one, extended FPA, two, estimation in agile development and FPA, and three, agile 

estimation using functional metrics), the third approach outperformed the other two (Wanderley et 

al., 2018). In one more study, COSMIC function points (FP) and story points (SP) were compared 

against three ASD projects. The outcomes of this study suggested that COSMIC FP offered 

comparatively more objective estimates than relative SP. Further, this research claimed that 

COSMIC FP can surpass SP if it is used as an independent variable in a regression model 

(Salmanuglu et al., 2017). 

 

While simple models have achieved encouraging results typically in one-off scenarios, other 

research has shown that there are many factors that can affect effort estimation while using story 

points in an agile development context, such as priority, story size, complexity factors and team 
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experience (Tanveer et al., 2016; Popli et al., 2014; Mukker et al., 2014; Downey et al., 2013; Logue 

et al., 2007). To minimize the negative impact of these factors and to reduce uncertainty in effort 

estimation Zahraoui et al. (2015) proposed adjusting story-point measures by using various ranges 

to quantify the given factors through fuzzy scales.  

 

As with TSD projects the estimation of the size, effort, cost and schedule of ASD projects is 

dependent on expert judgement and/or historical data, and in case of their non-availability various 

methods of estimation, such as via analogy, planning poker and so on, are not viable. Further, current 

agile forecasting methods provide minimal detail regarding their estimates, and many are also unable 

to produce them at a sufficiently early stage in development. To overcome these and similar issues 

some new methods for effort estimation were proposed which were said to be helpful for the 

assessment of cost, effort and duration for small and medium-sized ASD projects. A few of them 

include the following: (i) A model with the name of WebMO (i.e. Web Model) was proposed by Reifer 

in 2000 for estimating the effort of the web-based applications. WebMO was designed based on the 

concept of COCOMO-II and SoftCost-OO ï a software cost-estimating model proposed by Reifer 

1993 - but only suitable for web-based systems. (ii) A method suggested in which the total number 

of user-stories were identified as per the user-requirements and the total story-points were calculated 

and the initial velocity of the project determined (Popli & Chuhan, 2014). (iii) A constructive agile 

estimation algorithm (CAEA) based on eight significant factors, including the project domain, ease 

of operation, and security, and these factors were included in the estimation after assigning them 

some weighted values. Further, the CAEA algorithm estimates the effort in two core phases, i.e., 

early and iterative (BHALERAO & INGLE, 2009). In this model, however, a few significant human-

centric factors, e.g., teamwork and collaboration, were not included even though these had been 

said to be critical in an ASD context (Munialo & Muketha, 2016). In addition, the validation of CAEA 

on real IT projects in an ASD context was not demonstrated. (iv) Agile method of web estimation 

(AgileMOW) had been suggested but its usefulness in real industry projects was unspecified (Litoriya 

& Kothari, 2013). This model considers 24 significant attributes (12 high- and 12 low-priority 

attributes) and is an extension of the COCOMO-II model and WebMO as proposed by Reifer in 2000.  

 

Ziauddin et al. (2012) developed a simple model for estimating the effort and cost of ASD projects. 

This model was calibrated using empirical data from 21 software projects and the modelôs accuracy 

was evaluated based on MMRE and PRED metrics. Both of these metrics reported values within the 

acceptable ranges of MMRE (7.19%) and PRED (57.14%) for estimating effort with respect to time. 

This model proposed customized scaling for story-sizing from exceptionally large to small, and the 

complexity of user-stories from extremely complex to straightforward. Further, it included a few 

friction factors in context of team, process & environment along with nine dynamic factors to address 

various aspects of the project and development team (e.g., expected relocation of a team, vendorsô 

issues, tools/technology expertise and others) was demonstrated by the model. That said, the model 
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does have limitations: the practical efficacy of the model is not shown and only accuracy has been 

reported; the model suggests values for story-points (SPs) along with completion time, while in agile 

development contexts teams have autonomy and prefer to estimate SPs themselves; and the 

Velocity calculation is done based on the modelôs own estimated SPs divided by the time taken in a 

sprint, which is again an anomaly from preferred practice. 

 

Studies have also shown the substantial benefits that can accrue when combining techniques to 

improve effort forecasts in software project management, e.g., expert judgement, least squares 

regression and case-based reasoning. Such an approach relies on the expectation that when one 

technique fails to forecast well then another tends to perform significantly better (MacDonell & 

Shepperd, 2001; Jorgensen, 2007).  

 

3.1.1.1 CRITICAL ANALYSIS ON ESTIMATION METHODS WITHOUT AI 

There are some inadequacies found in the models of the aforementioned studies which include the 

following: the majority of models have limited empirical evidence to show their practical efficacy with 

real-industry projects, e.g., the constructive agile algorithm; human factors such as teamwork, 

collaboration, and the like are not considered which are otherwise important in an agile environment; 

limitations in model use for multiple types of system, e.g., WeMo can only be used for Web-based 

applications; the modelsô cost effectiveness is unknown; models typically suggest agile team 

replacement; and the actual implementation of the models in the field is not demonstrated. 

 

3.1.2 STUDIES ON THE ESTIMATION WITH AI/SOFT COMPUTING METHODS 

Pospieszny et al. (2018) found that a State Vector Machine (SVM) outperformed ANN and GLM 

approaches when used to estimate effort for ASD projects in the ISBSGôs dataset (both with and 

without log transformation of the variables included). The authors of this study were of the opinion 

that the variations in the outcomes were due to the heterogeneous nature of the ISBSGôs dataset, 

whereas results could be different for more homogeneous datasets. In an earlier study, long short-

term memory and a recurrent highway network were used to estimate effort for user stories instead 

of for the project as a whole. This technique was applied on 16 open-source projects which 

comprised 23,313 user stories in total. The outcomes of their suggested settings/models surpassed 

the techniques of random guessing, the median, and the mean (Choetkiertikul et al., 2015). 

 

A model for effort estimation was proposed by Alostad et al. (2017), in which three significant factors 

(i.e., the teamôs experience, size and complexity of the story) were taken as inputs to a Mamdani 

Fuzzy Inference System (FIS) type Fuzzifier, generating rules to predict story points required for the 

user stories or issues. The suggested model resulted in higher accuracy rates with respect to MMRE 

and PRED; i.e., 0.28 and 50% respectively. Moreover, the model exhibited substantial improvement 
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in accuracy with an increase in the teamôs experience when the model was used for more sprints 

(Alostad et al., 2017).  

 

To improve on what was purported to be poor estimation practice in an agile context, an automated 

estimation methodology called ñAuto-Estimateò was proposed by Moharreri et al. (2016) to 

complement the agile manual process of estimation conducted through planning poker. The 

proposed approach extracted features from story cards and related these to their associated records 

of actual effort through different methods of machine learning (ML). The generated estimates of the 

selected machine learning methods were said to have resulted in good performance and higher 

estimation accuracy as compared to planning poker (i.e., ML modelling resulted in a 91.75% MMRE 

whereas the comparable result was a 106.81% MMRE in the case of manual Planning Poker), 

especially in the advanced stages of a project (Moharreri et. al., 2016).  

 

A hybrid Multilayer Dilation-Erosion-Linear Perceptron (MDELP) model was proposed for effort 

estimation by Ricardo et al. (2017). As far as can be found this model had not yet been utilized on 

ASD projects and, therefore, its usefulness in an ASD context is unknown. However, this hybrid 

model showed the best performance in terms of the MMRE (0.06) and PRED25 (95.84) measures 

as compared to that achieved by the existing approach. In another study, a proposed hybrid model 

employing a Bayesian network (BN) exhibited accuracy above 90% for all datasets when applied to 

estimate the effort of 160 tasks from agile development context. The authors used RMSE along with 

other measures of accuracy (i.e. MMRE, Pred, MAE) to check the deviations in effort estimations of 

their model as compared to actual effort, The proposed model revealed Pred value (m=25) equals 

100% while MAE within 2.6% for the estimated effort. (Dragicevic et al., 2017). 

 

Furthermore, one more study (Ionescu et al., 2017) showed promising results, i.e., approximately 

50% better, as compared to previous empirical studies (with the ratio of 12:6) when they used ML 

techniques, i.e., TF-IDF (Term Frequency-Inverse Document Frequency), SVR (Support Vector 

Regression), and GNB (Gaussian Naive Bayes) to estimate effort versus the traditional 

methodologies (i.e., COCOMO). 

 

Another BN model was proposed for use in a SCRUM environment for the purpose of estimation. 

The suggested model determined estimates based on two inputs, i.e., complexity and the importance 

of the story. The researchers used correlation tests to validate their model. Further, they were of the 

view that this model was helpful for teams who were new and/or planning to adopt SCRUM as their 

upcoming development environment (Lopez-Martinez et al., 2017). An optimized algorithm (called a 

Satin bowerbird) based on a hybrid fuzzy inference system was suggested in a further study. This 

research claimed more accurate results in effort estimation but still, its effectiveness for ASD projects 

was unknown due to that contextôs difference in input parameters that could be fed to the fuzzifier. 
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The proposed algorithm produced good MMRE results as compared to an existing technique, i.e., 

CART, when applied on ISBSG datasets (Moosavi & Bardsiri, 2017). 

 

Wen et al. in 2012 identified approximately 84 primary studies in their systematic review proposing 

eight types of AI/soft computing estimation model; i.e., Case-Based Reasoning (CBR), Artificial 

Neural Networks (ANN), Decision Trees (DT), Bayesian Networks (BN), Support Vector Regression 

(SVR), Genetic Algorithms (GA), Genetic Programming (GP), and Association Rules (AR). The 

review concluded that the accuracy of the effort estimations and the resultsô acceptability of such 

models were much better than those from non-ML models. Further, CBR, ANN, and DT were the 

most frequently used ML techniques for effort estimation, and they were found in 80% of the above 

stated primary studies. However, in one more study, it was concluded that analogy-based software 

effort estimation (ASEE) had provided better results as compared to the above eight given ML 

techniques, especially when ASEE was used in combination with fuzzy logic or GA (Idri et al., 2015). 

A range of ML and other relatively complex techniques had also been used in other such studies ï 

for instance, a General Regression Neural Network, a Probabilistic Neural Network, a Polynomial 

Neural Network, Cascade-Correlation Neural Network, Radial basis function neural network, 

General regression neural network, Cascade correlation neural network and Multilayer Perceptron 

had been assessed for efficacy (Panda et al., 2015; Nassif et al., 2016).  

 

Other studies that sought to improve effort estimations by using soft computing methods in ASD 

include: the use of the back propagation learning algorithms on a multilayer perceptron (Agahi et al., 

1998; Chulari et al., 1999), the utilization of Genetic Programming successfully on public datasets 

(Lefley and Shepperd, 2003), the application of three techniques (i.e., SVR, RBFNs and Linear 

Regression) (Oliveira, 2006), and the use of Fuzzy Decision Trees (Andreou & Papatheocharous, 

2008). 

 

3.2 Estimation Methods / Models  

Effort estimation techniques / methods can be classified into various types as discussed in a range 

of review studies (Jorgensen, 2005; Jorgensen & Shepperd, 2007; Suri & Ranjan, 2012; Bardsiri et 

al., 2013). One of simpler classifications was proposed by Bardsiri et al. in 2013 in which the 

estimating techniques were grouped into two core types: algorithmic and non-algorithmic. 

Algorithmic models are normally dependent upon sets of rules that are constructed by using a 

knowledge base from a range of domains, e.g., Mathematics, Statistics, Arithmetic, Machine 

Learning, Artificial Intelligence, and the like (Biller, 2000; Li et al., 2009; Basri et al., 2016), while 

non-algorithmic approaches are based on analysis, reasoning, inferring, and learning (Basri et al., 

2016; Saljoughinejad and Khatibi, 2018). An overview of both types is given in the subsequent 

subsections.   
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3.2.1 NON-ALGORITHMIC ESTIMATION METHODS 

3.2.1.1 ANALOGY BASED ESTIMATION (ABE) 

This method is used commonly for software effort / cost estimation (Shepperd et al., 1996; Shepperd 

& Schofield, 1997; Li et al., 2007; Suri & Ranjan, 2012) and has been seen as a longstanding 

alternative for traditional algorithmic estimation techniques (Idri et al., 2016; Shams et al., 2019). 

ABE forecasts the effort / cost of the candidate software project by using information from previously 

completed similar software project(s). Analogy based estimation provides an opportunity for an 

estimator to assess the intended project as a whole or in parts. Both options have advantages, e.g., 

project-level estimations provide the total cost and/or effort of the whole project while part- or 

component-level estimations enable more fine-grained assessments of similarities and dissimilarities 

between the new and completed projects (Leung & Fan 2002). 

 

3.2.1.2 EXPERT JUDGMENT BASED ESTIMATION (EJBE) 

This is a preferred and popular approach used to estimate effort/cost of software projects in an agile 

development context (Jorgensen, 2005; Keaveney, 2006; Popli & Chauhan, 2014; Usman et 

al.,2014; Shams et al., 2019) because of its simplicity and independence of any tool/technique 

(Huang et al., 2008). In this method, experts estimate the projectsô development effort based on their 

gut feelings, intuition and/or their past experiences of estimating similar projects. Expert judgement 

can be augmented in numerous ways by using particular techniques, e.g., expert consensus through 

Delphi or PERT to resolve inconsistencies in the estimations. 

 

3.2.1.3 ESTIMATION BASED ON TOP-DOWN METHOD (EBTDM) 

 

In this meta-method, effort/cost estimation is performed for an overall project or product by using any 

algorithmic and/or non-algorithmic methods, e.g., estimating a projectôs effort / cost by comparing it 

to the effort/cost of similar past projects/products. The overall development effort of a project/product 

in EBTDM is then distributed among the core / main phases or parts. This approach considers the 

global properties of a project/product while estimating its effort / cost. 

 

3.2.1.4 ESTIMATION BASED ON BOTTOM-UP METHOD (EBBUM) 

This meta-method is in effect the opposite of EBTDM. In this method, a project/product is first divided 

into relatively small work entities or activities. The effort/cost of each of these small work units is 

estimated separately and later their individual effort/cost estimates are combined to calculate the 

effort/cost of the project/product as a whole. The breakdown of a project/product into small workable 

entities is critical and can only be done where tasks/components are easy to identify sufficiently early 

in a project and can be compared and contrasted with small entities of completed projects. 

 



 

Page 41 of 328 

 

3.2.1.5 t!wYLb{hbΩ{ [!² 

The phenomenon known as Parkinsonôs law was first described by G. Nortcote Parkinson. This law 

says, ñWork expands so as to fill the time available for its completionò (Levy, 1990; Leung & Fan, 

2002). To implement Parkinsonôs law, the cost is computed (rather than estimated) by considering 

the available human resources available to the intended project and therefore, no objective 

evaluations of the envisioned project are done (Leung & Fan, 2002). For example, if an intended 

software project has to be delivered in 6 monthsô time and 7 team members are allocated to this 

project for its development then as per Parkinsonôs law the required effort will be 42 person-months. 

This method is not strictly an estimating approach because this is ña philosophy of despairò, but it 

has been used in practice (Levy, 1990); hence its brief inclusion here.  

 

3.2.1.6 PRICE-TO-WIN 

This method is normally used in estimations when a company wants to win a bid / contract for an 

intended software project. The bidding companies estimate the upcoming project based on the 

clientsô budget instead of the functionalities and/or features of the intended project (or perhaps on 

some combination of the two). This approach is not considered a sound method of estimation 

because it tends to be highly optimistic; delays in the delivery of the envisioned project are common 

due to the unrealistic basis of these estimations (Levy, 1990; Leung & Fan, 2002).   

 

3.2.2 ALGORITHMIC ESTIMATION METHODS 

3.2.2.1 COCOMO 

This model has been widely used in TSD for estimating the effort/cost of software projects (Boehm, 

2000; Benediktsson et al., 2003). COCOMO, an acronym standing for Constructive Cost Model, was 

developed by Boehm in the 1970s for estimating project effort, cost, and schedule and was published 

in Boehm's seminal book titled ñSoftware Engineering Economicsò in 1981. COCOMOôs initial 

parameters were determined by trial and error and were refined over time by fitting 

regression formulae using data from historical projects (i.e. 63 projects for COCOMO 81 and 163 

projects for COCOMO II).  The model has three levels, i.e., Basic (said to be good for estimating 

software projectsô cost quickly with limited accuracy), Intermediate (taking into account the cost 

drivers that are basically attributes of the Product, Project, Hardware, and Personnel), and Detailed 

(the final level of the model which also considers the impacts of the individual phases of a project). 

In COCOMO, an effort adjustment factor (EAF) is calculated by taking the product of all 15 effort 

multipliers as provided by the Intermediate model. Further, the effort of the intended software project 

is estimated by using a given formula depending upon the matching type of the project from three 

available types (to reflect the deployment context).  

 

 

https://en.wikipedia.org/wiki/Barry_Boehm
https://en.wikipedia.org/wiki/Regression_analysis
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The cogency and accuracy of the Intermediate COCOMO are in question for todayôs complex and 

dynamic software development environment because the modelôs cost drivers and their values were 

originally dependent upon the data of software projects completed in the 1960s and 1970s (Hu et 

al., 1998).  

3.2.2.2 FUNCTION-POINTS ANALYSIS (FPA) METHOD 

FPA is another approach that was particularly popular for estimating the effort / cost of TSD software 

projects during the 1980s and 1990s (Lubashevsky, 1996; Yinhuan et al., 2009). This approach 

surpassed the practice of software project size measurement as compared to the traditional 

approach of counting lines of the code; rather, it sought to assess the functional scale of a software 

project/application (Meli & Santillo, 1999). However, to apply this technique effectively, a 

comprehensive descriptive level document of requirements/design is expected. Furthermore, usersô 

specific logical functions of the intended software project (divided further into two data and three 

transactional function types respectively) are grouped into added, changed, or deleted sets of 

functions, and merged with a Value Adjustment Factor (VAF) to get the final value/number of FP. 

Moreover, a unique formula is utilized for each of two count types, i.e., for an Application / 

Development or an Enhancement project. 

3.2.2.3 USE CASE POINTS (UCP) METHOD 

UCP is another TSD approach for estimating the effort/cost of software projects (Braz & Vergilio, 

2006; Ochodek et al., 2011), developed by Karner in 1993. This is one of the more extensively used 

models to estimate effort for software projects (Usman et al., 2014; Kirmani and Wahid, 2015; Ribu, 

2008) and is said to be appropriate for both short (up to one month) and longer duration projects 

(that is, above one year). Further, this model is also helpful to estimate the size of a software project 

in their early stages of development (Azzeh &Nassif, 2016). The working concept of UCP is based 

on as systemôs use case(s), i.e., a description of steps/actions between a user and a system under 

discussion (Tariq & Shoba, 2011) which are core to the set of UML modelling techniques. This 

method determines the size and then the human effort of the software project based on calculations 

of the elements as stated (Tariq & Shoba, 2011): 

a. Unadjusted Use Case Weight (UUCW): The size in points of the software project is calculated 

based on the number of identified complexities (i.e., simple, average, and complex) of all the 

use cases of the intended system. 

b. Unadjusted Actor Weight (UAW): The size in points of the project is also calculated based on 

the number of identified complexities (i.e., simple, average, and complex) of all the actors of 

the projected system. 

c. Unadjusted Use Case Point (UUCP): UUCP is computed by adding UUCW and UAW. 

d. Technical Complexity Factor (TCF): The technical factors of the intended project are 

identified from a list of 13 factors as provided by the UCP model. 
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e. Environmental Complexity Factor (ECF): Similarly, the environmental factors that may impact 

or influence the anticipated project from a list of eight environmental factors are identified, as 

provided by the UCP model. 

f. Use Case Points (UCP): UCP is determined by taking the product of UUCP, TCF, and ECF 

which is later transformed into human effort estimates if UCP is multiplied by the effective 

hours (i.e., the time in hours taken by a development team to implement one UCP). 

This model has some restrictions that may impact estimation accuracy. The core limitation is related 

to the somewhat arbitrary criteria that are defined by UCP, which state that a use case can be 

declared simple, average, or complex based on the number of transactions in it; e.g., a use case is 

declared simple with 3 transactions, but it becomes an average use case by just adding one more 

transaction. Further, as per UCP measures, a project with 10 average-sized use cases is double in 

the size of a project having the same number of simple-sized use cases. Such changes and 

differences have been described as impractical (Nassif et al., 2016). Furthermore, the TCF and ECF 

factors of UCP are dependent on the experience of the estimator (Morgenshtern et al., 2007).  

3.2.2.4 HYBRID METHODS / MODELS 

Hybrid models or methods are modified versions of the approaches as discussed in the preceding 

sections combined with one or more soft computing techniques/methods e.g. Artificial Intelligence, 

Machine / Deep Learning, Genetic Algorithm, Neural/Fuzzy networks, particle swarm optimization, 

grey relational analysis, outlier elimination technique, principal component analysis, regression & 

rough set theory, and others, to improve the effort/cost estimations of software projects (Ruhe, 2007; 

Bardsiri et al., 2013). Among multiple ML techniques, numerous studies have shown the efficacy of 

Neural Network models in the area of effort estimation (Finnie et al., 1997; Samson et al, 1997; 

Tadayon, 2005; Idri et al, 2006;  Park and Beak, 2008; Tronto et al, 2008; Iwata et al, 2009; Balich 

and Martin, 2010; Reddy et al, 2010; Attarzadeh and Ow, 2010; Shepperd and MacDonell, 2012; 

López-Martín, 2014) but still, more research work is needed to conclude the most feasible model for 

the anticipation of effort estimation in terms of precision (Kamlesh, 2019).  Details of various hybrid 

methods and models are already covered in section 3.1.2 of this chapter. 

 

3.3 ESTIMATION TECHNIQUES IN ASD 

Agile Software Development (ASD) has fundamentally changed the software life cycle. The 

emphasis of ASD is on the iterative and continuous delivery of working software features, replacing 

the formerly large-scale (and often document-heavy) phases of TSD, including Vision, Analysis, 

Design, and Test (Usman et al., 2017). Moreover, just as ASD introduced the disruptive concept of 

agility in every step of the software life cycle, it has also introduced a range of new and unique 

methods for sizing and cost estimation. Some of the more frequently reported techniques used for 

estimation in ASD are explained in the subsequent subparagraphs. 
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3.3.1 PLANNING POKER (PP) 

Planning Poker is asserted to be one of the more popular sizing estimation techniques in the agile 

development context (Usman, et al., 2017, Grenning, 2002). It is a consensus-based technique of 

estimation, the details of which are already covered in section 2 of Chapter 2. Agile teams typically 

use the Planning Poker method to estimate the relative scale of their user stories in story points by 

utilizing the Fibonacci series (or similar). 

 

3.3.2 AFFINITY GROUPING 

Affinity grouping is said to be very simple but effective when there are a large number of items to be 

estimated. In this approach, team members are required to group similar sized items (Sliger, 2012) 

as shown in Figure 3.1.  

 

 
 

Figure 3.1 Affinity Grouping Sample (Sliger, 2012) 

 

Affinity grouping also employs the idea of relative size thinking; any item from the list is picked and 

read out in the presence of the development team and placed on the wall/discussion-board. Then all 

other items are taken out from the list one by one and placed on the wall/discussion-board as per 

their sizes after comparing the size of the current item with the size(s) of the items already placed 

on the wall/discussion-board, in groups of different sizes. The simple steps of this method are shown 

in Figure 3.2. 
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Figure 3.2 Simple Steps of Applying Affinity Grouping 

Affinity grouping can also be applied on the items by using the T-shirt sizing technique, another 

methods of estimation in ASD (Sliger, 2012: Raslan et al., 2015; Alostad et al., 2017). This method 

utilizes the idea of applying different T-shirt sizes, i.e., Extra-Small (XS), Small (S), Medium (M), 

Large (L), and Extra-large (XL), to like-sized sets of the items, as shown in Figure 3.3. 

 
 

 
 

Figure 3.3 Affinity Grouping using T-shirt Sizing (Sliger 2012) 

3.3.3 THE BUCKET SYSTEM 

The bucket system is said to be a particularly efficient technique when a sizable number of items 

/stories are to be estimated by a larger number of participants. In this method, various buckets of 

different sizes are created, e.g., 0, 1, 2, 3, 4, 5, 6, 7, 8, 13, 20, 50, 100, 200, and then the like-sized 

items are placed in the relevant buckets of the matching sizes, as exhibited in the Figure 3.4. 

 

Step-4

Estimation unit values such as Points can be assigned, the smallest point e.g. 1 point should be allocated to 
the left most item's set and the biggest value to the right most set of the items.

Step-3

Step-2, is repeated until all items finished 

Step-2
Item-2 is read, and team asked whether the item-2 is smaller, or larger than the item-1. As per the 

response of the team, smaller placed on the left while larger on the right of the item-1.

Step-1

Item-1 is read in the presence of team and placed on the discussion board.
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Figure 3.4 The Bucket System Sample (Py, 2019) 

  

 
 

3.4 ESTIMATION METHODS COMPARISON 

The above review highlights the diversity of a subset of the approaches that have been taken by 

researchers, and sometimes practitioners, when seeking to estimate aspects of software projects. 

Table 3.2 summarizes the strengths and weaknesses of the major method classes.  

 

Method / Category Strengths / Merits Weaknesses / Demerits 

Analogy Method ¶ Based on the realistic experience of 

estimators for past projects / 

products (Shepperd et al., 1996) 

¶ Tendency to account for all 

software factors 

¶ Easy to put into practice and 

superior than some other methods 

(Shepperd et al., 1996; Mendes et 

al., 2003-4) 

¶ Relies on the historical data availability 

and the experience of the estimator 

(Shepperd et al., 1996) 

¶ In some situations, experience / data 

of a similar project is unavailable 

¶ Less robust especially when dealing 

with the heterogeneous data sets 

(Briand et al., 1999) 

Expert Judgment ¶ Commonly used approach in 

software industry (Jørgensen and 

Sjoberg, 2006; Jørgensen, 2004; 

Shekhar and Kumar, 2016; Ivan & 

Despa, 2016; Damm, & Börstler, 

2018; FERNÁNDEZ-DIEGO et al., 

2020) 

¶ Accuracy expected due to shared 

estimates 

¶ Comparatively quick prediction 

(Cuadrado-Gallego et al., 2010) 

¶ Simple to apply (Cuadrado-Gallego 

et al., 2010) 

 

¶ Dependent on experts and hence no 

standard method is being followed 

(Jørgensen, 2005). 

¶ Estimates cannot be justified with 

verifiable evidence and can exhibit 

bias because this relies on expertôs 

past experience on similar projects 

(Khuat and Le, 2016, Cuadrado-

Gallego et al., 2010) 
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Top-Down  ¶ Requires only limited project details 

(Moløkken, 2002). 

¶ Fast & easy to implement / use 

 

¶ Could be unstable if the estimators 

have no or limited experience of very 

similar projects (Jørgensen, 2003) 

Bottom-Up ¶ Utilizes more project details which 

improves project insight/awareness 

(Jørgensen, 2003) 

¶ More stable & accurate (Moløkken, 

2002) 

 

¶ More effort / time consumed in its 

practice (Jørgensen, 2003) 

¶ System / project level cost ignored 

Algorithmic Traditional 
(COCOMO, UCP, FP, etc) 

¶ Possible to calibrate on the 

available data of the past 

completed projects (Keung, 2009) 

¶ Developers can be trained, and 

methods can be used by advanced 

or novice teams 

¶ Objective based, analyzable 

formula and can be replicated 

¶ Additional expertise is not required 

to put into practice because of 

simple linear / mathematical 

models 

¶ Adjustments of the modelsô formulas 

are only possible with past completed 

projects (Prakash and Viswanathan, 

2017) and for future projects there is 

no guarantee of suitable calibration 

¶ Not suitable for all types of projects 

(Ren and Yun, 2013).  

¶ Not frequently used for agile 

development context (FERNÁNDEZ-

DIEGO et al., 2020) 

¶ Some of the models require additional 

data as compulsory input to make 

them operational, which are 

sometimes unavailable or require 

more time to prepare or gather 

Algorithmic Non-
traditional 
(Proposed Simple 
algorithm-based Model for 
Agile Development) 

¶ Suitable for agile development 

context (Beck et al., 2015; Huang 

and Chiu, 2007, Ziauddin et al., 

2012; Schmietendorf et al., 2008) 

¶ Objective based, analysable 

formula and can be replicated 

¶ Possible to calibrate on the 

available data of the past 

completed projects 

¶ Developers can be trained, and 

methods can be used by advanced 

or novice teams 

¶ Additional expertise is not required 

to put into practice because of 

simple linear / mathematical 

models 

¶ Requires empirical validation because 

they are new in the industry 

¶ A few models do not take into 

consideration some of the critical 

factors, e.g., culture, work 

environment, projectôs risks, sprint, 

technique, which otherwise can impact 

a projectôs success / team 

performance / productivity 

¶ Some of the models require additional 

data as compulsory input to make 

them operational, which are 

sometimes unavailable or require 

more time to prepare or gather. 
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AI/Machine Learning 
Based 
(New Models, or 
Traditional Models 
modified by using AI / 
Machine Learning / 
Technology) 

¶ Relatively more accurate as shown 

by some empirical evidence 

(Mahajan et al., 2011; Kaur et al., 

2012) 

¶ Combination of two approaches 

therefore less chance of estimation 

failure (Ren and Yun, 2013; 

Jørgensen et al., 2009) 

¶ Cost effectiveness is unknown. 

¶ Complex to put into practice  

¶ Additional expertise required to use 

them effectively 

 

 
Table 3. 2 General Comparison of Estimation Methods 

The weaknesses of these models or methods as reported in the above table necessitate the 

construction of a new model that should exhibit features and characteristics so that most of the above 

stated shortcomings are avoided or resolved. Those features and characteristics should mean the 

new model is: dynamic in nature, i.e., capable of adjusting the teamôs effort estimates for agile and 

non-agile projects;  able to provide estimates on its own for ASD projects, e.g., in a situation where 

a team is new and/or migrating to agile development; configurable based on improvements or 

changes in team expertise, experience, relationship, culture and/or team reflections per sprints; 

using fewer cost drivers as compared to prior models so that the team may readily complete the 

modelôs data entry requirements; based on simple and transparent rules; using cost drivers relevant 

to agile development; supporting the team in their estimation activities without replacing them; easy 

to understand and implement; and could provide effort estimates for multiple types of systems. 

 

3.5 CHAPTER REVIEW 

In this chapter, contents drawn from literature reviews reflecting the perspectives of industry and 

academia in the domain of estimating effort, cost and scheduling were elaborated. Further, 

numerous methods/models for effort/cost estimation and their comparisons, along with their 

categorizations in algorithmic, non-algorithmic, and hybrid groupings, were discussed.  

 

In next chapter, conceptual, and functional views of COEEMO, the Constructive Effort Estimation 

Model, are discussed. Moreover, the modelôs various components along with their detailed 

descriptions, prototype instances, and a number of scenarios for its implementation, are presented.  
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Chapter-4    Proposed Parametric Model 
Content Summary: This chapter describes the conceptual and functional views of the proposed model. It further encompasses 
explanations of the essential components of the intended model along with aspects of its proposed implementation and calculations 
of various components. Moreover, prototypeΩs description for the proposed model along with the various scenarios of its 
implementation are provided.  

 

The previous chapter established the need for a new model of effort estimation that is suitable for 

use in agile software development (ASD) contexts. The framework of this model is based on the 

factors that were discussed in Chapter-2 under the core categories of Human, Organization, System, 

Sprint, and Risk. The simple functional view of this model is shown in Figure 4.1 within the SCRUM 

framework but in principle it could be used by non-agile teams who are using RUP or any other 

development methodology, with or without a sprint-based development approach.  

 

 
 

Figure 4.1 Conceptual/Functional Schematic View of the COEEMO aligned with the SCRUM Framework 

 

The proposed model in the figure is represented by a box that needs to be configured based on the 

categories of factors as shown prior to being utilized for estimating effort in a sprint / iteration. On 

the other side of the figure a SCRUM framework is shown where the team follows their existing 

estimation activities and concludes the number of stories and total story-points to be implemented 

in the upcoming sprint / iteration. The number of story-points arrived at by the team is then input to 

the proposed model, which then provides suggested adjustments to the story-points based on the 

data that the team has already set for the critical factors considered under each category of this 

model. Finally, the adjusted story-points are reported to the team for the purpose of implementing 

their upcoming sprint / iteration. 
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The categories as shown in the conceptual view are suggested because each has a distinctive single 

or group of critical factors that could impact the accuracy of effort estimates, as revealed by 

numerous prior studies (and detailed in previous chapters). Some of these factors are considered 

critical for the proposed model and, therefore, form the basic components of the proposed model. 

These factors are subdivided into 3-4 levels based on subjective criteria and then each level 

comprises a set of ratings based on a scale of five-point fuzzy values ranging from ñVery Highò to 

ñVery Lowò. The core objective is to create various levels of each factor to accommodate multiple 

scenarios of a team (e.g., their relationships, experiences, and expertise), the organizationôs culture 

and working environments, the projectôs risks, systemsô / sprintsô complexities, and stakeholder 

coordination. Further, five fuzzy scale ratings are used to make the model more flexible and 

practicable, enabling practitioners to assign each factor with a sufficiently granular set of values from 

ñVery Highò to ñVery Lowò. Some of the previous studies have used fuzzy sets for constructing their 

estimation models to improve estimation accuracy in ASD contexts (Ziauddin et al., 2013; Abeer, 

2014; Raslan et al., 2015) because through this approach, it is possible to capture the interval details 

of ordinal variables in an open response format, helping to reduce information loss and/or its 

distortion during measurement (Li, 2013).   

 

The initial framework of the proposed model is designed based on the outcomes of the prior state-

of-art and state-of-practice. Further, the initial values of the ratings for fuzzy scales are given 

intuitively based on insights from some of the previous non-algorithmic models, e.g., COCOMO, 

UCP, Function Point Analysis, and the like. However, they are validated and modified later based 

on the significance of the envisioned factors as conveyed by 21 IT practitioners during interviews 

(and where ratings for all factors are provided in Chapter-8).  

 

The model proposed here is referred to as the Constructive Effort Estimation Model (COEEMO). 

This model estimates effort for ASD projects by considering a range of parameters (stated in section 

4.1 of this chapter) supported by a number of traditional and contemporary estimation techniques, 

i.e., Expert judgement, PERT, Top-Down, Bottom-up, and planning poker. Detailed significant 

factors, features and scenario-based implementations of COEEMO are given in the subsequent 

sections. 

 

4.1 Significant Factors for COEEMO 

The potentially significant factors considered for COEEMO are reviewed in the following subsections 

under the main categories and subcategories as depicted in Figure 2.2 of Chapter-2. Each has its 

own proposed description and scale(s) to capture responses for its quantification. To validate the 

proposed descriptions, their various levels along with associated scales, interviews with IT 

practitioners are conducted (as reported in Chapter 8).                                                   
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4.1.1 Human Context 

Numerous factors under this category are discussed in previous chapters which might impact 

estimations; however, the following four human aspects are selected as being particularly significant 

based on the sources as explained in section 2.1 and the list of significant factors as shown in figure 

2.2 of Chapter-2. 

4.1.1.1   ¢ŜŀƳ aŜƳōŜǊǎΩ 9ȄǇŜǊǘƛǎŜ 

Wright & Bolderm (1992) describe the understanding of expertise as one of the significant goals for 

cognitive science in the context of both theoretical and practical motives. It is closely related to the 

structure of differences in knowledge, demonstration, decision-making, and a variety of other 

cognitive competencies; in practice this underpins an ability to classify and use experts in a wide 

range of real-world scenarios (e.g., an expert may be used to predict project scheduling).  

 

In this proposed model, expertise means knowledge or skill that is acquired through practice 

irrespective of its duration. It is suggested to be measured across four levels of expertise, which are 

given below, based on the team memberôs domain-specific knowledge (meaning the demonstrable 

academic and/or practical and/or application knowledge in a relevant area of Information 

Technology, ICT, Computer  Science, Software Engineering or equivalent), proficiency with 

development tools (i.e. how many relevant development tools and technologies they have used), 

and expertise to estimate/develop software projects (i.e., how many software projects have they 

estimated/developed). The detailed qualification / description for each level of expertise is stated as 

follows: 

 

i. High Expertise: To be eligible for this level a person should have established sufficient 

theoretical and practical skills in Software development (e.g., desktop / mobile / web / cloud-

based platform and others) and should also be proficient in a minimum of 8-10 development 

/ design tools / technologies (e.g., Dot Net, Java, and others). Further, s/he should have been 

involved in the estimation and/or development of more than 10 software projects / products 

in agile and/or non-agile context(s).  

 

ii. Medium expertise: To be eligible for this level a person should have established sufficient 

theoretical and practical skills in Software development (e.g., desktop / mobile / web / cloud-

based platform and others) and should also be proficient in a minimum of 4-7 development / 

design tools / technologies (e.g., Dot Net, Java, and others). Further, s/he should have been 

involved in the estimation and/or development of 5-10 software projects/products in agile 

and/or non-agile context(s). 

 

iii. Adequate expertise: To be eligible for this level a person should have established sufficient 

theoretical and practical skills in the Software development (e.g., desktop / mobile / web / 

cloud-based platform and others) and should also be proficient in a minimum of 1-3 
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development / design tools / technologies (e.g., Dot Net, Java, and others). Further, s/he 

should have been involved in the estimation and/or development of 1-4 software projects / 

products in agile and/or non-agile context(s). 

 

iv. Inadequate expertise: To qualify for this level a person should have established necessary 

theoretical and/or practical skills in the Software systems development (desktop / mobile / 

web / cloud-based platform and others). 

Note: The ratings (from Very High to Very Low) in all the ñTeam Memberôs Expertiseò levels are 

depended upon the level of their practical skills, proficiency in the number of the development tools, 

and number of the estimated and/or developed software projects/products e.g. ñVery Highò rating is 

assigned when a team member has demonstrated an exceptionally high level of expertise in all the 

above stated areas for the relevant selected level / subcategory. 

 

4.1.1.2   ¢ŜŀƳ aŜƳōŜǊǎΩ 9ȄǇŜǊƛŜƴŎŜ 

In a study the correlation between teamsô experience and the total estimated cost of a software 

project was considered (Macdonald, 2005). The analysis indicated that such estimates are 

dependent upon two aspects of team experience: (1) the average experience of the members of 

each team, and (2) whether team members have or have not had ósimilarô project experience ï 

though a concept such as ósimilarô may be challenging to define in operational terms. Further, one 

more study found that the type of experience of a team member may be more important than the 

total amount of their experience. Moreover, each developerôs knowledge and experience are among 

the significant factors that may affect the magnitude as well as the accuracy of the estimation 

(Tanveer et al., 2017). 

 

For this proposed model, experience means knowledge or skill that is acquired or practiced over a 

number of years. It is suggested to be measured across four levels as demonstrated below based 

on the team memberôs type and length (duration) of experience. Type of experience includes 

knowledge and hands-on working in any one or more of the activities of a software project: 

requirementsô engineering, designing, architecting, code development, testing, quality assurance, 

system support, maintenance, estimation and scheduling. The detailed description of experience for 

each level/subcategory is given as follows: 

 

i. Proficient: To qualify for this level a person should have working experience of 10 years or 

more in estimation and/or scheduling of software project(s) and/or in other software 

development activities which include but are not limited to: requirementsô engineering, 

designing, architecting, code development, testing, quality assurance, system support, 

and/or maintenance. 
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ii. Experienced: To qualify for this level a person should have working experience of 6-9 years 

in estimation and/or scheduling of software project(s) and/or in other software development 

activities which include but are not limited to: requirementsô engineering, designing, 

architecting, code development, testing, quality assurance, system support, and/or 

maintenance. 

 
iii. Intermediate: To qualify for this level a person should have working experience of 2-5 years 

in estimation and/or scheduling of software project(s) and/or in other software development 

activities which include but are not limited to: requirementsô engineering, designing, 

architecting, code development, testing, quality assurance, system support, and/or 

maintenance. 

 

iv. Beginner: To qualify for this level a person should have working experience of 0-1 years in 

estimation and/or scheduling of the software project(s) and/or in other software development 

activities which include but are not limited to: requirementsô engineering, designing, 

architecting, code development, testing, quality assurance, system support, and/or 

maintenance. 

 

Note: The ratings (from Very High to Very Low) in all the ñTeam Memberôs Experienceò levels are 

depended upon the number of years working and the number of estimated and/or developed 

software projects/products e.g., ñVery Highò rating is assigned when a team member has exhibited 

an exceptionally high level of the experience in all the above stated domains for the relevant selected 

subcat / level. 

 

4.1.1.3   Team relationship and spirit  

 
The Oxford English Dictionary defines team spirit as ñfeelings of camaraderie among members of a 

group, enabling them to cooperate and work well togetherò. Kozlowski & Bell (2003) describe teams 

as ñ(a) composed of two or more individuals, (b) who exist to perform organizationally relevant tasks, 

(c) share one or more common goals, (d) interact socially, (e) exhibit task interdependencies (i.e., 

workflow, goals, outcomes), (f) maintain and manage boundaries, and (g) are embedded in an 

organizational context that sets boundaries, constrains the team, and influences exchanges with 

other units in the broader entityò. 

 

According to Stavru (2014) agile development approaches are in use in 50% of software projects 

world-wide and therefore the effective teamwork of agile teams has much, and growing, significance 

(Chow & Cao, 2008) and is of genuine interest to practitioners (Gregory et al., 2015). However, 

conflicting views exist regarding how effective teamwork can be best achieved in an agile context. 

For example, one view is that effective teamwork can be achieved through the adoption of agile 

practices whereas another view states that practice adoption alone is not sufficient to enable 

effective teamwork (Strode, 2015). To address these different perspectives, it is important to have a 

clear idea of the teamwork theories (e.g., Dickinson & McIntyreôs theory, Team Mental Model theory, 
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Big Five theory and others) that are appropriate in an agile development context. For instance, Moe 

& Dingsøyr in 2008 applied the well-grounded Big Five teamwork theory (BFTT) in their study and 

found all concepts of BFTT suitable for agile projects with the exception of only one concept ñi.e., 

team leadershipò due to the self-organised nature of agile teams. 

 

The Big Five teamwork theory (BFTT) framework was established by Salas et al. in 2005. Strode 

(2015) relabelled one of the concepts from ñteam leadershipô to ñshared team leadershipò because 

some research has indicated that the ñteam leadershipò concept of BFTT is not applicable in a self-

organised agile software development context. Overall Strode concludes that the existing and 

adapted BFTT theory is applicable in some cases but is not universally applicable due to the variable 

adoption of agile practices (or potentially other factors). Having said that, Strode (2015) supports the 

selection of the BFTT framework over others due to the extensive underpinning review of literature 

covering 20 years of research and involving the analysis of 121 references from multiple contexts, 

its prior use in agile contexts, and its positive impact in the literature (Google Scholar has shown 

2095 citations (March 2021)).  

 

For this intended model, the modified BFTT framework as presented by Strode (2015) is used to 

measure the effectiveness of teamwork. It is measured across five levels (i.e., Excellent, Very Good, 

Good, Satisfactory, and Poor / conflicting / challenging) based on each of the concepts of BFTT as 

described in Table 4.2. 

 

 

Table 4.2 Big Five Team Theory Framework (Salas et al., 2005) 
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According to the above given table, BFTT has uses eight concepts (with their descriptions) to 

measure team effectiveness. For COEEMO, these eight concepts are treated as eight traits of a 

team, and they are ordered from trait 1-8. The concept given in the first cell of the above table 

represents trait-1 of the team whereas the second cell represents trait-2 of the team, and so on. 

Based on the number of given traits a team can be assigned different levels / subcats (i.e. Excellent, 

Very Good, Good, Poor / struggling / challenging) while the level of compliance against the given 

traits will decide the rating level (i.e. Very High to Very Low) within the assigned subcats. For 

example, if a team has all eight traits as shown in Table 4.2, then the team can be given ñExcellentò 

subcat but the ratings (i.e. from Very High to Very Low) within the ñExcellentò subcat will depend on 

the level of compliance of the team to the exhibited traits (i.e. for a very high level of compliance of 

the team for all traits, the team can be assigned a ñVery Highò rating within the ñExcellentò subcat or 

ñVery Lowò otherwise in the same if the team has variations in the compliance with the given traits).  

 

Keeping in view these eight traits team effectiveness is categorized into four levels, which are 

explained as follows: 

i. Excellent: A team is given ñExcellentò level if the team shows all eight traits.  

ii. Very Good: A team is allocated ñVery Goodò level if the team indicates all eight traits with 

slight deviations in trait 6 or 7.  

iii. Good: A team is assigned ñGoodò level if the team shows any 6 traits without any deviations 

in traits 1, 2, 4, 5, and 8.  

iv. Poor / Conflicting / Challenging: A team is assigned ñPoorò level if the team indicates that it 

is lacking in any 3-4 traits and/or missing traits i.e., 1, 2, and 5.  

Note: The ratings (from Very High to Very Low) in all the ñTeam Relationship & Spiritò subcats are 

depended upon on the level of the compliance which the team demonstrates against the given traits. 

4.1.1.4  Stakeholder/User Collaboration 

 
Agile practices lend importance to direct and regular contact between the clients (and/or their 

representatives) and the development team. These forms of contact (e.g., Daily stand-up meetings, 

release and iterative planning) are said to be of help in building a positive relationship between client 

and team. More concretely, this relationship gives an opportunity to the team to discuss user 

requirements and project progress with the client and to get the clientôs feedback and/or evaluate 

their success (Tripp et al., 2016). 

 

For this intended model, Stakeholder/User collaboration refers to the relationship between team and 

client and it is measured across four levels (Fully, Partially, Occasionally, and Poorly) based on the 

type of contact (e.g., one to one, through email, Skype or other channels), frequency of 

visits/interactions, and the feedback level (e.g., detailed or incomplete) of the client stakeholders. 

The details of each level for stakeholder / user collaboration are given as follows: 
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i. Fully: This level is designated if a stakeholder / user collaborates fully with the development 

team by attending all the scheduled meetings and also respects completely to other agreed 

upon means of correspondence / communication for the intended project. Moreover, s/he 

provides thorough feedback as and when is required.  

 

ii. Partially: This level is assigned if a stakeholder / user collaborates partially with the 

development team by attending some of the scheduled meetings without missing the 

important ones (e.g., kick-off, release planning.) and also respects completely the other 

agreed upon means of correspondence / communication for the intended project. Moreover, 

s/he provides thorough feedback as and when is required.  

 

iii. Occasionally: This level is allocated if a stakeholder / user collaborates occasionally with the 

development team by attending some of the scheduled meetings but also disregards some 

of the important ones (e.g., kick-off meeting, release planning). Further, s/he sometimes 

respects the other agreed upon means of correspondence / communication for the intended 

project and also provides delayed or on time and/or thorough or incomplete feedback 

frequently or occasionally. 

 

iv. Poorly: This level is assigned if a stakeholder / user does not attend any of the scheduled 

meetings or attends some occasions but also disregards most of the important ones (e.g., 

kick-off meeting, release planning) and does not respect other agreed upon means of 

correspondence / communication for the intended project. Moreover, s/he provides delayed 

or on time and/or thorough or incomplete feedback frequently or occasionally.  

 

Note: The ratings (from Very High to Very Low) in all the ñStakeholder / User Collaborationò subcats 

are depended upon on the level of the collaboration, response, and feedback of the stakeholder for 

the intended project(s). 

4.1.2 Systems Context 

This factor is intended to capture the challenges encountered due to the implementation of leading 

technologies and/or complex functionalities. Evidence suggests that military and mission-critical 

systems are typically more complex than general purpose information-based systems, and hence 

require relatively more effort and cost to implement (Popli & Chauhan, 2014) ï all other things being 

equal. This aspect is subdivided into different subcats as shown below. These subcats cover the 

various types of system to gauge their complexity levels (i.e., from Very High to Very Low) with 

respect to their implementation: 
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a. Sys-1 (Defence / Military / Mission Critical Systems) 

b. Sys-2 (Decision Support / EIS / Enterprise Systems / Embedded Systems / IoT / Machine 

Learning / Data Analytics) 

c. Sys-3 (Financial / Banking Systems) 

d. Sys -4 (General Purpose Systems other than financials) 

 

Note: All the above stated subcats include the multiple platforms of systems e.g., Web, Mobile, 

Cloud, Desktop and others. 

 

4.1.3 Organization Context 

Organization structure and culture both affect capability to accomplish project success. The culture 

of an organization is a set of shared values, behaviours, and assumptions that describes its 

functional view comprising 10 characteristics: member identity, group emphasis, people focus, unit 

integration, control, risk tolerance, reward criteria, conflict tolerance, means-ends orientation, and 

open-systems focus. To capture the organization context, three important aspects, i.e., organization 

type, culture, and working environment, are considered by the COEEMO. Their details are given in 

the following subsections. 

4.1.3.1 Organization Type 

It seems plausible that organization type, including government, private, and joint, could influence a 

project directly or indirectly; e.g., in a government organization the strong bureaucracy may restrict 

frequent meetings with project stakeholders, or top management may be unwilling to support any 

specific project or team over concerns regarding probity. The organization type is divided into three 

subcategories which includes: Government / Public sector (e.g., government departments or 

ministries, public limited company and corporations), Private sector (private limited companies, 

individually owned organizations), and Joint ventures (e.g., public and private entrepreneur). 

 

The ratings (i.e., from Very High to Very Low) for the different types of organization will depend on 

the structure, control, policies and similar parameters that are implemented in the organizations to 

execute their day-to-day operations e.g., if an organization belongs to the ñPrivateò category but it 

has long bureaucratic channels, centralized control and strict policies just like a government 

organization, then it may be assigned a ñVery Lowò rating.  

 

Note: The ratings from ñVery Highò to ñVery Lowò can be assigned against the above given subcats 

of the organization depending upon the organization structure (i.e., from big to small), policies (i.e., 

from strict to soft), procedures (i.e., from long to short), control mechanisms (i.e., from centralized to 

distributed) and similar parameters. For example, the rating ñVery Highò can be assigned to a small, 

structured organization that has soft procedures for approvals of its projectsô / teamsô requirements, 

and/or has a distributed control mechanism. 



 

Page 58 of 328 

 

4.1.3.2 Organization Culture 

Organizations may have established values and beliefs that in turn can have positive or negative 

impacts on teams and their projects. Teams may seek to adhere to, or work against, strong 

organizational values. The organization culture is suggested to be measured across four levels (i.e., 

Strong, Semi-Strong, Fragile, Challenging /Toxic). The details for each level are stated below: 

 

i. Strong: This level is assigned when the organization follows an open and robust culture 

where values and beliefs are strong and there is freedom of expression and other positive 

traits i.e., team cohesiveness, mutual trust, team autonomy (Sharma & Gupta, 2012). 

ii. Semi-Strong: This level is allotted when most of the qualitative traits as given in the ñStrongò 

culture category are being followed with some exceptions. 

iii. Fragile:  This level is assigned when the organization follows a culture where values and 

beliefs are weak; there is a lack of mutual trust, and restricted freedom of expression. 

iv. Challenging/Toxic: This level is appropriate when the organization follows a culture where 

values and beliefs are very weak; the workplace is afflicted by fighting and/or drama; there 

is an extreme lack of mutual trust; no freedom of expression; creating unhappy employees. 

 

Note: The ratings (from Very High to Very Low) in all the ñCultureò categories can be assigned ñVery 

Highò if the organization culture in that specific level is inclined enormously towards the good as 

compared to the bad traits and so on. 

4.1.3.3 Work Environment 

The work environment may have direct and indirect impacts on project outcomes; e.g., it can directly 

influence team performance progression, and job continuity, while quality and development time can 

be impacted indirectly (Schwalbe, 2014; Sharma & Gupta, 2012). The work environment is 

suggested to be measured across four levels (i.e., Best, Semi-Best, Good, and Poor). The details 

for each level are stated below: 

 

i. Best: This level of the work environment is allotted when the work environment is 

characterised by traits such as these: people operate as individuals, but still focus on 

succeeding as a team; honest feedback is favoured; it helps to keep the team composed; it 

offers employees flexibility to customize their own working styles; everything may be 

questioned because questions are encouraged (Wroblewski, 2020; B, 2021). 

  

ii. Semi-Best: This level of the work environment is assigned when most of the qualitative traits 

as given in the ñBest Work Environmentò are being followed, with a few exceptions. 

 

iii. Good: This level of the work environment is allocated when some of the qualitative traits as 
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given in the ñBest Work Environmentò are being followed. 

 

iv. Poor: This level is assigned when the work environment exhibits traits such as: having strict 

timetables, dress codes, protocols, and operations; it restricts the creativity and 

independence of team members; forces individuals into silos; there is nothing except success 

or failure; rewarding good behaviour but punishing bad behaviour; bosses cannot be asked, 

leaders cannot be confronted (Williams, 2017; Ishak, 2016).  

 

Note: The ratings (from Very High to Very Low) in all the ñWork Environmentò levels can be assigned 

ñVery Highò if the ñWork Environmentò of the organization in that specific level is inclined immensely 

towards the good as compared to the bad traits and so on. 

 

4.1.4 Iteration / Sprint Context 

It seems intuitive to expect that estimates and plans will be generally less accurate early in projects 

when information and certainty are at a premium, and that accuracy should improve as projects 

progress (all other things being equal). This aspect is also considered to be potentially important for 

the proposed model of estimation. It is assumed that the first sprint of any new project will need more 

effort than the succeeding sprints due to the longer time consumed by the team in initial learning and 

understanding of the user requirements and also in developing the first blueprint of the basic 

architecture of the system. The sprint context is suggested to be measured across the three 

subcategories (i.e., Spt1Cpxy, Spt2Cpxy, and SptNCpxy). The details for each subcat are stated 

below: 

i. Spt1Cpxy ï Spt2Cpxy: This subcat is used to assign the complexity level for Sprint-1 to 

Sprint-2 from the 5 given ratings (i.e., ñVery Highò to ñVery Lowò complexity). 

 

ii. SptNCpxy: This subcat is used to assign the complexity level for Sprint-3 or more from the 5 

given ratings (i.e., ñVery Highò to ñVery Lowò complexity). The sprintôs complexity for the 3rd 

or later sprints can be calculated by the formula as given in the section 4.4.5.1 of this Chapter. 

Further, if a project / product develops in only 3 sprints then the complexity rating for its last 

sprint is suggested to be selected from the SptNCpxy subcategory. 

 

4.1.5 Risk Context 

Unmanaged risks are one of the (albeit numerous) reasons for the failure of software projects. Some 

of the risks linked with project failures are uncertainty regarding project complexity, project goals, 

personality differences, and others. This aspect also has the potential to impact on estimation. It is 

assumed that some risks are known and so they will be mitigated during the life of the project. 

However, some risks are unknown and therefore cannot be mitigated in advance, including the 
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resignation of an active member of the team, long leave due to illness, and so on. This aspect is 

measured in 3 subcats (i.e., Planned Risks, Unplanned Risks, and Unknown Risks). The impact 

ratings for all these subcats of the risks on the intended project(s) can be selected from ñVery Highò 

to ñVery Lowò. 

 

4.2 /h99ahΩǎ /ƻƴŎŜǇǘǳŀƭ ǾƛŜǿ 

COEEMOôs conceptual view is very simple, and it provides a value to adjust the effort estimations of 

the team for the upcoming sprint. This value is calculated by the model based on the 10 significant 

factors which are covered in the preceding sections of this chapter and on the selection of the 

estimation techniques, e.g., Expert judgement, PERT, Top-Down, and Bottom-up. These factors are 

divided into five core categories/contexts: i.e., Human, System, Organization, Sprint, and Risk as 

explained in the previous section. A complete list of the categories along with their detailed ratings 

and weighted values are provided in Table 4.1.  

4.3 /h99ahΩǎ CǳƴŎǘƛƻƴŀƭ ǾƛŜǿ 

The core formula of the proposed model, significant keywords, sub-parts, and the abbreviations used 

to exhibit the formula are all described in this section. Moreover, the abbreviation ñwt.ò is used 

frequently for the word ñweightedò during the functional description of the COEEMO. 

4.4 /h99ahΩǎ Components 

4.4.1 COEEMO Effort Adjustment Factor (CEAF) 

CEAF is the sum of the effort factor (EF) and the learning factor (LF). This is the final value that the 

model computes for the estimator. The estimator then calculates the Adjusted Effort Estimation 

(AEE) by taking the product of CEAF and Estimated Effort (EE). CEAF is a multiplier (for ASD) / 

divisor (for TSD) and does not represent any unit. Therefore, the unit of the estimation (e.g., story 

points, or ideal person day, or hours, and so on) depends upon the priority of the estimator. Here EE 

is the estimation of Story points, or ideal days, or hours that the team estimates to start their 

development activities (normally called project / sprint development schedule). 

4.4.2 Technical Factor (TF) 

The model computes TF by considering the selected complexities of the product / system (SysCpxy), 

sprint (SprintCpxy) and risks. Three types of risks are used to compute risk complexity i.e., Planned 

risk (PlanR), unplanned risk (UplanR), and unaware risk (UnR). The selected wt. values of all these 

parameters are used in the following base formula to calculate the TF: 

 

 ὝὊ πȢχ πȢπςz ὛώίὅὴὼώВ   +   В   +    В )) --------- Equation-1 

Where:   

¶ TF is the Technical Factor  

¶ SysCpxy is the System Complexity 
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¶ В   is an average rating for all the Planned Risks (i.e., Known mitigated Risks) of the 

sprint / project from Ὥ ὸέ Ὦ 

¶ В  is an average rating for all the Unplanned Risks (i.e., Known unmitigated Risks) of 

the sprint / project from Ὧ ὸέ ὰ 

¶ В  is an average rating for all the Unaware Risks (i.e., Unknown Risks) of the sprint 

/ project from ά ὸέ ὲ 

Note: The values i.e., 0.7 and 0.02 in the equation are used for model fitting. 

4.4.3 Environmental Factor (EnvF) 

EnvF is calculated by using the formula as stated in Equation-2. This can be used in situations where 

estimations are required for the upcoming sprint / projects i.e., in a sprint planning meeting for agile 

and/or non-agile projects (with or without sprints/cycles e.g., RUP or waterfall) where 

iterations/sprints/cycles are considered for the software development work e.g., RUP.  It may also 

be applied in a situation where initial effort estimation is required for the ASD project for the purpose 

of bidding and/or to communicate approximate likely timelines to the customer. Further, this formula 

can also be utilized for projects that typically do not follow development in iterations/sprints/cycles 

e.g., waterfall. In the both equations (i.e., Equation-1 and -2), EF is computed by considering the 

selected wt. values of the factors that include sprint complexity (SprintCpxy) when development work 

is in iterations/sprints, team expertise (TExpert), team experience (TExp), team relationship (TR), 

stakeholder coordination (StkCoord), organization type (OrgT), environment (OrgEnv), and culture 

(OrgCul). Moreover, some intermediate values are also computed based on the above stated factors 

that are utilized later to compute the value for the Environmental Factor. These intermediate values 

are teamsô capability (TCap), productivity (TPrd), human impact (HI), and the organization efficiency 

index (OEI). The base formulas to calculate the Environmental factor are given as follows: 

 
EnvF= 1.3 + (-(0.05) *(Tcap + TPrd + OEI + HI)) ---------------------------- Equation-2 

Where:  
 

¶ HI is the sum of the team expertise (TExpert), team experience (TExp), stakeholder coordination 

(StkCoord), and the team relationship (TR) which are calculated by the following formulas: 

o TExpert = (×wt. values of each team member expertise) / Total no. of team members 

o TExp     = (×wt. values of each team member) / Total no. of team members 

o StkCoord = (×wt. values of each stakeholder coordination) / Total no. of stakeholder 

o TR = Selected wt. value by the team and/or team Lead for the team spirit and 

relationship 
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¶ Tcap is computed by this formula:  TCap = (0.3 * TExpert + 0.5 * TExp) * TR 

¶ OEI is calculated by taking the sum of the selected wt. values of the organization type, culture, 

and environment.  

¶ TPrd is computed by this stated formula: TPrd =0.25*(TCap + OEI) 

Note: The values i.e., 1.3 and 0.05 in the equation are used for model fitting. 

 

4.4.4 Effort Factor (EF) 

Effort Factor is the product of the Technical and Environmental factors (i.e., TF * EvnF). This factor 

is used as an intermediate value in the Learning Factor (LF) to calculate the COEEMO Effort 

Adjustment Factor (CEAF). 

4.4.5 Learning Factor (LF) 

Learning Factor for agile and non-agile projects is computed by the formulas as stated in the 

successive sections. The details and efficacy of the learning curve are already covered in Chapter 2 

(section 2.9.5). 

4.4.5.1 LF Computation for ASD projects 

The formula as demonstrated in equation-3 is used to compute LF for ASD projects. 

 ὒὊ ρ ὉὊᶻὛὴὸὅὴὼώz ὔ  ------------------------------ Equation-3 

Where: 

¶ EF is the Effort Factor 

¶ b is the slope of LC and is calculated by the formula: Log (Learning Rate) / Log2 

¶ N is the value calculated by dividing the total number of expected sprints by the current sprint 

¶ SptCpxy: This is the rating as selected by the team keeping in view the complexity of a sprint. 

The SptCpxyôs ratings are given in Table 4.1 for the first two sprints under the sprint category but 

if the project / product has more than two expected sprints then the formula as stated below will 

be employed to calculate the complexity of the third and further sprints:  

   SptCpxy = Spt2Cpxy + ((SptNCpxy- Spt2Cpxy) / (Expected Sprints/ Current Sprint)) 

Notes:  

¶ Current sprint means the upcoming sprint for which the team intends to generate estimations. 

(The expected and current sprints must be given as integer values, e.g., in 10/4, 10 

represents the total number of the expected sprints while 4 is the current sprint number for 

which the team wants to estimate.) 

¶ Spt2Cpxy and SptNCpxy are the ratings as given in Table 4.1 under the five scales (i.e., Very 

High, High, Moderate, Low, and Very Low). These ratings can be chosen by the team based 

on the complexity of the current sprint. If the team selects SptNCpxy rating from the ñVery 

Highò scale then they should choose the corresponding value of the rating for the Spt2Cpxy 

from the same scale if they do not remember the complexity rating for the sprint 2. 
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¶ The value for the Learning Rate (LR) can be considered from 80% to 90% depending upon 

the learning capability (i.e., fast or slow) of the team. However, the recommended LR for 

software development processes is 80% (Racoon, 1995). The typical LRs for most of 

industrial processes are exhibited in Table 2.8.  

 

4.4.5.2 LF Computation for Non-ASD projects 

The formula presented in equation-4 is applied to calculate LF for Non-ASD projects. 

 

             ὒὊ ρ ὉὊ ὓz  ---------------------------------------- Equation-4 

Where: 
 

¶ EF is the Effort Factor 

¶ b is the slope of LC and is calculated by the formula: Log (Learning Rate) / Log2 

¶ M is the value calculated by dividing the expected duration of the project in Person-Hours by the 

work hours in a day (i.e., normally 8 hours are contemplated as work hours by most 

organizations, but this can be modified as per the need of an organization) for TSD projects 

developed without sprints. 

Notes: 

The value for the Learning Rate (LR) can be considered from 80% to 90% depending upon the 

learning capability (i.e., fast or slow) of the team. However, the recommended LR for software 

development processes is 80% (Racoon, 1995). 
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 /h99ahΩǎ /ƻƴǘŜȄǘǎΣ /ŀǘŜƎƻǊƛŜǎΣ {ǳōŎŀǘŜƎƻǊƛŜǎΣ CǳȊȊȅ {ŎŀƭŜǎκwŀǘƛƴƎǎ 
Contexts Category /Subcategory/Factors  Fuzzy Scale / Ratings  

Human  Very 
High 

High Moderate Low Very 
Low 

Team Expertise                                                                     

High expertise 0.3 0.34 0.42 0.52 0.64 

Adequate expertise 0.7 0.74 0.82 0.92 1.04 

Medium expertise 1.4 1.44 1.48 1.58 1.7 

Inadequate expertise 1.95 1.99 2.07 2.17 2.20 

Team Experience 

Proficient 0.2 0.25 0.35 0.5 0.7 

Experienced 0.8 0.85 0.95 1.1 1.3 

Intermediate 1.55 1.6 1.7 1.85 2.05 

Beginner 2.1 2.15 2.25 2.4 2.6 

Team Relationship & Spirit 

Excellent 1.03 1.06 1.09 1.12 1.15 

Very Good 1.18 1.21 1.24 1.27 1.3 

Good 1.33 1.36 1.39 1.42 1.45 

Poor / Struggling / Conflicting 1.48 1.51 1.54 1.57 1.6 

Stakeholder / User Collaboration 

Fully 0.25 0.3 0.35 0.4 0.45 

Partially 0.6 0.65 0.7 0.75 0.8 

Occasionally 1 1.05 1.1 1.15 1.2 

Poorly 1.5 1.55 1.6 1.65 1.7 

System System Typesô Complexity 

Sys-1 (Defense/Military/ Mission critical System)  0.1 0.25 0.4 0.55 0.7 

Sys-2 (DSS / EIS/ Enterprise/ Embedded/ IoT / 
Machine Learning / Data analytics) 

0.8 0.95 1.1 1.25 1.4 

Sys-3 (Financial/Banking (Mobile & Desktop)  1.5 1.65 1.8 1.95 2.1 

Sys-4 (General Purpose systems other than 
financials) 

2.15 2.25 2.35 2.45 2.5 

Org. Organization types 

*Public / Government Sector  0.9 0.95 1 1.05 1.1 

**Joint Sector organizations 0.6 0.65 0.7 0.75 0.8 

Private Sector  0.3 0.35 0.4 0.45 0.5 

Organization Culture 

Strong 0.15 0.25 0.35 0.45 0.55 

Semi Strong 0.65 0.75 0.85 0.95 1.05 

Fragile 1.15 1.25 1.35 1.45 1.55 

Toxic / Challenging 1.65 1.75 1.85 1.95 2.05 

Work Environment 

Best Work Environment 0.25 0.3 0.35 0.4 0.45 

Semi best work Environment 0.6 0.65 0.7 0.75 0.8 

Good work Environment 0.95 1 1.05 1.10 1.15 

Poor work Environment 1.3 1.35 1.4 1.45 1.5 

Sprint 
No. 

Sprint  

Spt1Cpxy 0.1 0.12 0.15 0.18 0.2 

Spt2Cpxy 0.3 0.4 0.45 0.5 0.55 

Spt3Cpxy / SptNCpxy 0.75 0.85 0.9 0.94 0.98 

Risk Risk  

Known Mitigated Risks 2.1 2.3 2.5 2.7 2.9 

Known non-mitigated Risks -0.5 -0.4 -0.3 -0.2 -0.1 

Unknown Risks -1.5 -1.3 -1.1 -0.9 -0.7 
* e.g. Govt., Dept., Ministry and/or public Ltd. Company or corporation, etc 
** e.g. Public and entrepreneurs, etc. (private Ltd. Companies and/or individual owned organization) 

 
Table 4.1 COEEMOôs Contexts, Categories, Subcategories, Fuzzy Scales /Ratings 
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4.5 /h99ahΩǎ tǊƻǘƻǘȅǇŜ 

A prototype of the model was developed by using VBA in Microsoft Excel. Key screen shots of the 

prototype are provided in Appendix-A while a soft copy of this program was provided to the team 

who applied COEEMO during the experimentation part of this study. This application helped the 

team in collecting data regarding their team and projects.  

 

4.6 /h99ahΩǎ {ŎŜƴŀǊƛƻ-based Usages & Implementations 

In Table 4.1, the complete list of the COEEMO contexts, categories, subcategories and significant 

factors, along with their ratings, are provided. The complete method of the calculations per single 

category / context and their use in COEEMO is explained in this section. Further, to illustrate the use 

of these significant factors and the calculations made using COEEMOôs various formulas, and to 

estimate human effort at the end, example activities are presented here. Before the explanation of 

the calculating activities and various scenarios, the following concepts are essential to know for more 

understanding about the various computations of COEEMO: 

 

a. COEEMOôs Contexts: For COEEMO, five main contexts (CC) are discovered which impact 

or influence the human effort estimation for a software project undertaken in an agile 

development. They are Human, Organization, System, Sprint/iteration number, and Risk. 

b. COEEMOôs Categories:  CC comprises 10 main categories (CCat) which are Team expertise, 

experience, relationship & spirit, stakeholder coordination, system complexity, organization 

type, culture, work environment, sprint number, known-mitigated risks, known but 

unmitigated risks, and unknown (not mitigated) risks. For the purpose of the calculations all 

these CCat are utilized by the COEEMO model. 

c. COEEMOôSôs Subcategories: CCat have 37 different subcategories (CSCat) which are 

considered critical, and their list is given in Table 4.1. The relevant CSCat are identified within 

each CCat while using COEEMO model. 

d. COEEMOôôs Ratings: While estimating the effort, each identified CSCat is assigned a single 

value from the ratings based on the different fuzzy scales / levels i.e., Very High, High, 

Moderate, Low, Very Low. 

4.6.1 /h99ahΩǎ /ŀƭŎǳƭŀǘƛƻƴǎ 

4.6.1.1 How to calculate Team expertise? 

 

This factor captures the expertise of a team involved in the development of a software project. The 

method of the expertise computation of a team is very simple and explained in easy steps as given 

below: 

 

Step-1: Team members (TMs) are assigned their relevant CSCat for team expertise from the given 

four CSCat of expertise i.e., High, Adequate, Medium, and Inadequate (the qualifications of each 
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expertise level of the CSCat are given in subsection 4.1.1.1 of this chapter). For example, if you have 

seven team members and you want to calculate the team expertise based on the aggregate 

expertise of these individual members of the team then they are required to assign / allocate the 

relevant CSCat of expertise to each of the team members based on their individual qualifications 

matching to the given criterion of the expertiseôs CSCat.  The allocation of expertise based on the 

seven individual team members of the current example is shown in table 4.3. 

Number of Team Members 
(TMs) 

(a) 

Allocation  
CSCat of expertise 

(b) 

1 High expertise 

2 Adequate expertise 

3 Medium expertise 

1 Inadequate expertise 

 

Table 4.1 Allocation of the relevant CSCat of expertise and the no. of TMs 

           

Step-2: The team is then required to select the fuzzy scale against each selected CSCat and the 

relevant ratings against each chosen fuzzy scale. To illustrate Step-2, table 4.3 is updated by the 

two additional new columns as shown in table 4.4: 

No. of Team 
Members 

(a) 

Allocations 

CSCat of Expertise 
(b) 

Grading / Scale 
(c) 

Ratings 
(d) 

1 High expertise Very High 0.30 

2 Adequate expertise Moderate 0.82 

3 Medium expertise High 1.44 

1 Inadequate expertise Very Low 2.20 

 
Table 4.2 Allocations of relevant Gradings/ratings against selected CSCat of expertise 

            

Finally, team expertise is calculated by multiplying the column (a) and column (d) and then the all 

product values of the column (e) are added, and further their average is taken as shown in table 4.5. 

This average value is noted as the teamôs expertise for the planned / upcoming sprint of the seven 

members of the team and is used further in COEEMO for the various calculations. 

 

No. of Team 
Members 

(a) 

Allocations Team Expertise 
(e = a*d) CSCat of Expertise 

(b) 
Grading / Scale 

(c) 
Ratings 

(d) 

1 High expertise Very High 0.30 0.3 * 1 = 0.3 

2 Adequate expertise Moderate 0.82 0.82 * 2 = 1.64 

3 Medium expertise High 1.44 1.44 * 3 = 4.32 

1 Inadequate expertise Very Low 2.20 2.20 * 1 = 2.20 

 
Total Team Expertise= Sum of CSCat expertise/Total number of TMs 

 
8.46/7 = 1.21 

 
Final Value of the Team Expertise for the planned sprint/project 

 
1.21 

 
Table 4.3 Final value calculations of the team expertise 
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4.6.1.2 How to calculate Team experience? 

 

This factor reflects the experience of a team involved in the development of a software project. The 

method of the experience computation of a team is very simple and explained as follows: 

 

Step-1: Team members (TMs) are assigned their relevant CSCat for team experience from the given 

four CSCat i.e., Proficient, Experienced, Intermediate, and Beginner (the qualifications of each 

experience level are given in subsection 4.1.1.2 of this chapter). For example, for the same seven 

team members the team is required to assign the relevant CSCat of experience to each of them 

based on their individual qualifications matching to the given criterion of the experienceôs CSCat.  

The allocation of experience based on the individual team members of the current example is shown 

in table 4.6. 

 

Number of Team Members (TMs) 
(a) 

Allocation  
CSCat of experience 

(b) 

1 Proficient 

2 Experienced 

3 Intermediate 

1 Beginner 

 
Table 4.4 Allocation of the relevant CSCat of experience and the no. of TMs 

 

          

Step-2: The team is then required to select the fuzzy scale along with the relevant ratings against 

each chosen fuzzy scale. To illustrate Step-2, table 4.6 is updated with two additional columns as 

shown in table 4.7. 

 

No. of Team Members 
(a) 

Allocations 

USCat Team 
experience 

(b) 

Grading / Scale 
(c) 

Ratings 
(d) 

1 Proficient Very High 0.2 

2 Experienced Moderate 0.95 

3 Intermediate High 1.6 

1 Beginner Low 2.4 

 
Table 4.5 Allocations of the relevant Gradings/ratings against selected CSCat of the experience 

     

Finally, team experience is calculated by multiplying column (a) and column (d) and then all product 

values of column (e) are added, and further their average is taken as shown in table 4.8. This average 

value is recorded as the teamôs experience for the planned / upcoming sprint of the seven members 

of the team and is used further in COEEMO for the various calculations. 
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No. of Team 
Members 

(a) 

Allocations Team Expertise 
(a*d) USCat Team 

experience 
(b) 

Grading / Scale 
(c) 

Ratings 
(d) 

1 High Very High 0.2 0.2 * 1 =0.2 

2 Adequate Moderate 0.95 0.95 * 2 = 1.9 

3 Medium High 1.6 1.6 * 3 = 4.8 

1 Inadequate Low 2.4 2.4 * 1 = 2.4 

 
Total Team Expertise= Sum of CSCat team experience/Total number of TMs 

 
9.3/7 = 1.33 

 
Final Value of the Team Experience for the planned sprint / project 

 
1.33 

 

Table 4.6 Final value calculations of the team experience 

                    

4.6.1.3 How to calculate Stakeholder Coordination/collaboration? 

 

This factor captures the coordination/collaboration level of the stakeholder(s) of the project.  

 

Step-1: Stakeholder(s) are assigned their relevant CSCat from the given four options of stakeholder 

coordination (StkCoord) i.e., Fully, Partially, Casually, and Poorly (where the qualifications of each 

CSCat of StkCoord are given in the subsection 4.1.1.4 of this chapter). For example, if you have 

three stakeholders of your project and you want to calculate their coordination level then you are 

required to allocate the relevant CSCat of StkCoord to each of the stakeholders based on their 

individual qualifications matching to the given criteria.  The allocation of coordination level based on 

the individual stakeholders of the current example is shown in table 4.9. 

 

Number of Stakeholder(s) 
(a) 

Allocation  
CSCat of StkCoord 

(b) 

1 Fully 

1 Partially 

1 Poorly 

 
Table 4.7 Allocation of related CSCat of the stkcoord and no. of Stakeholders 

 
          

Step-2: You are then required to select the fuzzy scale and ratings against each selected CSCat of 

the StkCoord. To illustrate Step-2, table 4.9 is updated by two additional columns as shown in table 

4.10. 

 

No. of Stakeholder(s) 
(a) 

Allocations 

CSCat of StkCoord 
(b) 

Grading / Scale 
(c) 

Ratings 
(d) 

1 Fully Very High 0.25 

1 Partially Moderate 0.70 

1 Poorly High 1.55 

 
Table 4.8 Allocations of the relevant Gradings/ratings against selected CSCat of the StkCoord 
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Finally, Stakeholder coordination/collaboration is calculated by multiplying column (a) and column 

(d) and then all product values of column (e) are added, and further their average is taken as shown 

in table 4.11. This average value is the StkCoord for the planned / upcoming sprint and is used 

further in COEEMO for the various calculations. 

 

No. of Stakeholder(s) 
 (a) 

Allocations StkCoord 
(a*d) CSCat of StkCoord 

(b) 
Grading / Scale 

(c) 
Ratings 

(d) 

1 Fully Very High 0.25 0.25 * 1 =0.25 

1 Partially Moderate 0.70 0.70 * 1 = 0.70 

1 Poorly High 1.55 1.55 * 1 = 1.55 

 
Total StkCoord= Sum of CSCat StkCoord/Total number of Stakeholders 

 
2.5/3 = 0.83 

 
Final Value of the StkCoord for the planned sprint / project 

 
0.83 

 

Table 4.9 Final value calculations of the Stakeholder Coordination/Collaboration 

4.6.1.4 Iƻǿ ǘƻ ŎŀƭŎǳƭŀǘŜ wƛǎƪǎΩ LƳǇŀŎǘΚ 

 
This factor captures the impact of risks on the project/sprint. The method to calculate the impact of 

risks is very simple and is explained in the steps given below. Further, in case no risk is identified for 

the planned sprint/project against any of the CSCat of the risk then the ñVery Lowò rating is suggested 

to be chosen for that specific CSCat. 

 

Step-1: Risk is assigned their relevant CSCat from the given three CSCat of the risk, i.e., known 

mitigated, known non-mitigated, and unknown risk (where the qualifications of each CSCat of risk 

are given in subsection 4.1.5 of this chapter). For example, if a team has six risks for their 

sprint/project and they want to calculate the overall impact of these risks then the team is required 

to assign the relevant CSCat of the risk based on risksô individual qualifications matching to the given 

criterion of the CSCat of that risk.  The allocation of the number of risks based on their CSCat of the 

current example is shown in Table 4.12. 

     

Number of Risks 
(a) 

Allocation  
CSCat of Risk 

(b) 

3 Known mitigated  

2 Known non-mitigated 

1 Unknown 

 
Table 4.10 Allocation of related CSCat of the risk and no. of risks 

 

          

Step-2: The team is then required to select the fuzzy scale along with the relevant ratings against 

each chosen fuzzy scale. To show Step-2, Table 4.12 is updated with two additional columns as 

shown in Table 4.13. 
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Number of Risks 
(a) 

Allocations 

CSCat of Risk 
(b) 

Grading / Scale 
(c) 

Ratings 
(d) 

3 Known mitigated  Moderate 2.5 

2 Known non-mitigated High -0.4 

1 Unknown Very High -1.5 

 
Table 4.11 Allocations of the relevant Gradings/ratings against selected CSCat of the Risk 

Finally, risk impact is calculated by multiplying column (a) and column (d) and then all product values 

of column (e) are added, and further their average is taken as presented in Table 4.14. This average 

value is noted as the risk impact for the planned sprint / project and is used further in COEEMO for 

the various calculations. 

 

Number of Risks 
 (a) 

Allocations Risk Impact 
(a*d) CSCat of Risk 

(b) 
Grading / Scale 

(c) 
Ratings 

(d) 

3 Known mitigated  Moderate 2.5 2.5 * 3 = 7.5 

2 Known non-mitigated High -0.4 -0.4 * 2 = -0.8 

3 Unknown Very High -1.5 -1.5 * 1 = -1.5 

 
Total StkCoord= Sum of CSCat StkCoord/Total number of Stakeholders 

 
5.2/6 = 0.86 

 
Final Value of the Risk impact for the planned sprint / project 

 
0.86 

 

Table 4.12 Final value calculations of the Risk impact 

4.6.1.5 How to calculate complexities/impacts of the factors excluding expertise/experience, 
stakeholder coordination, and risk? 

 

No calculations are required for the allocation of values/ratings of all other COEEMO factors: Team 

Relationship & Spirit, System complexity, impacts of the Organization type, culture, work 

environment, and the sprint. The ratings of these factors can be chosen directly from Table 4.1 

depending upon the selection of the CSCat of that factor and then further selection of the relevant 

fuzzy scaling and the rating(s) within the chosen CSCat.  

 

For example, if a team considers that their relationship and spirit fall in the ñExcellentò CSCat then 

they need to choose a fuzzy scaling from the five given scales, i.e., from ñVery Highò to ñVery Lowò 

within the Excellent CSCat. If a team decides to select ñVery Highò fuzzy scaling, then they need to 

pick the related rating of this scale which in this case is 1.03. A similar process will be followed for 

all the above said factors to determine their ratings, except the factors that are explained from section 

4.6.1.1 to 4.6.1.4. 

 

4.6.1.6 How to calculate the COEEMO Effort Adjustment Factor (CEAF)? 

COEEMO includes CEAF computation as the sum of the Effort Factor (EF) and the Learning Factor 

(LF).  Detailed descriptions of CEAF, EF, and LF are presented in section 4.3. CEAF is the final 

value that the model computes for the estimator. The estimator then calculates the Adjusted Effort 
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Estimation (AEE) by taking the product of CEAF and the Estimated Effort (EE) for the ASD projects, 

while the AEE for the non-agile projects can be computed by dividing the EE by the CEAF. 

This activity is completed in four steps. Step-1 includes the complete method of technical factor 

calculation, while the computation of environmental, learning, and effort factors are demonstrated 

from steps 2 to 4. The data for this activity are drawn from the sample data as shown in Table 4.15. 

Moreover, the data for team expertise, experience, stakeholder collaboration, and risks are used 

from the activities as explained in subsections 4.6.1.1 to 4.6.1.4. The other data items are taken from 

Table 4.1 directly as per the selection of the category/subcategory of the factors for the sample 

project and are used as sample data for the calculations of CEAF as shown in Table 4.15. Further, 

to illustrate the computation of sprint complexity, this sample project is assumed to be implemented 

in four sprints. The ratings along with scales for the complexity of sprints from 1-2 are selected from 

Table 4.1 while the complexity for sprint 3 and 4 is computed by the formula as provided in subsection 

4.4.5.1. The calculations of the complexities for sprint 3 and 4 are demonstrated as follows. The 

selected complexity scale for the SptNCpxy is ñHighò while its rating is ñ0.85ò. To calculate the 

complexity for sprint-3 and 4, the complexity rating of sprint-2 is given to the formula as stated below: 

SptCpxy = Spt2Cpxy + ((SptNCpxy ï Spt2Cpxy)/ (Expected Sprints / Current Sprint)) 

SptCpxy for the Sprint-3 = 0.45 + ((0.85-0.45) / (4/3)) 

    = 0.45 + (0.4/1.33) 

    = 0.45 + 0.3 = 0.75 

 

SptCpxy for the Sprint-4 = 0.45 +((0.85-0.45) / (4/4)) 

    = 0.45 + (0.4/1) 

    = 0.45 + 0.4 = 0.85 

The calculated values of the complexities for sprints 3 & 4 are also shown in Table 4.15. 
 

S/No Factorsô Category Factorsô Subcategory Selected 

Grade / Scale Ratings 

1 Team Relationship & 
Spirit 

Good High 1.36 

2 System Type 
 

Sys-3 (Financial/Banking) Very High 1.5 

3 Organization Type Joint Sector Moderate 0.7 

4 Organization Culture Semi-Strong High 0.75 

5 Work Environment Best work environment High 0.3 

6 Sprint Number 
(This is 4 sprints 
project) 

Spt1Cpxy High 0.12 

Spt2Cpxy Moderate 0.45 

Spt3Cpxy High 0.75 

Spt4Cpxy 0.85 

 
Table 4.13 Sample Project / Data Used to Exhibit CEAF Calculations 

   

 

Step-1: Calculation of the Technical Factor (TF) of COEEMO 
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EF is the product of technical and environmental factors. COEEMO computes the technical factor 

(TF) by considering selected complexities of the product / system (SysCpxy), and risks. Three types 

of risks are used to compute risk complexity, i.e., planned risk (PlanR), unplanned risk (UplanR), and 

unaware risk (UnR). The system complexity from the sample data (as given in Table 4.15) and the 

risk impact (as shown in subsection 4.6.1.4) are placed in the following base formula (where the 

details are covered in section 4.4.2) to calculate the TF: 

 

ὝὊ πȢχ πȢπςz ὛώίὅὴὼώВ   +   В   +    В )) --------- TFôs base formula 

 
TF = 0.7 + 0.02 * (1.5 + 0.86) 
 
TF = 0.7 + 0.02 *(1.5 + 0.86) 
 
TF = 0.7 + 0.05 = 0.75 
 

The final value of the technical factor (TF) is in this case 0.75.  
 

 
Step-2: Calculation of the Environmental Factor (EnvF) of COEEMO 
 
The details of EnvF are given in subsection 4.4.3. The base formula to calculate the environmental 

factor is given as follows: 

 
EnvF= 1.3 +(-0.05*(Tcap + TPrd + OEI + HI)) -------------- EnvFôs base formula 

 

Where:  

 

HI: is the sum of the team expertise (TExpert), team experience (TExp), stakeholder coordination 

(StkCoord), and the team relationship (TR) which are calculated by the following formulas (EnvFôs 

sub-base formula-1): 

 
HI = TExpert + TExp + StkCoord + TR ----------------- EnvFôs sub-base formula-1 

 
 

TExpert: Sum of the ratings of each team memberôs expertise / Total no. of team members  

(As already shown in activity-1 of the current section, in which Team expertise is calculated for the 

seven team members and the final value is 1.21) 

 

TExp: Sum of the ratings of each team memberôs experience / Total no. of team members 

(As already presented in activity-2 of the current section, in which Team experience is calculated for 

seven team members and the final value is 1.33) 

 

StkCoord: Sum of the ratings of each stakeholder coordination / Total no. of stakeholders 
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(As already exhibited in activity-3 of the current section, in which Stakeholder coordination is 

calculated for the three stakeholders and the final value is 0.83) 

 
TR: The selected ratings by the team from Table 4.15. 

TCap: is computed by the given formula (EnvFôs sub-base formula-2):  

 
TCap = (0.3 * TExpert + 0.5 * TExp) * TR    --------------- EnvFôs sub-base formula-2 

 

OEI: Calculated by taking the sum of the selected wt. values of the organization type, culture, and 

environment.  

OEI: Sum of Ratings of (Organization Type + Culture + Work environment) 

----- EnvFôs sub-base formula-3 
 

TPrd: Computed by the following formula (EnvFôs sub-base formula-4): 
 

TPrd =0.25 * (TCap + OEI) ----------------- EnvFôs sub-base formula-4 
 

 

Now, by putting the values from Table 4.15 and activities from 1-4 in EnvFôs sub-base formulas 1-

4, the values of Human Index (HI), Team Capability (TCap), Organization Efficiency index (OEI), 

and Team Productivity (TPrd) can be calculated as shown: 

 

 HI = TExpert + TExp + StkCoord + TR 

     = 1.21 + 1.33 + 0.83 + 1.36 

 HI = 4.73 

 

 TCap = (0.3 * TExpert + 0.5 * TExp) * TR     

 = (0.3 * 1.21 + 0.5 * 1.33) * 1.36 

            = (0.36 + 0.67) * 1.36 

 TCap = 1.40 

 

 OEI = Sum of Ratings of (Organization Type + Culture + Work environment) 

 OEI = 0.7 + 0.75 + 0.3 

 OEI = 1.75 

 

 TPrd = 0.25*(TCap + OEI) 

         = 0.25 * (1.4 + 1.75) 

 TPrd = 0.79 

 
Further, by putting the above computed values of HI, TCap, OEI, and TPrd in the base formula of 

EnvF, the final value of the Environmental Factor (EnvF) can be calculated as: 
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EnvF = 1.3 +(-0.05* (Tcap + TPrd + OEI + HI)) 

 = 1.3 + (-0.05 * (1.40 + 0.79 + 1.75 + 4.73)) 

 = 1.3 + (- 0.05 * 8.67) 

 = 1.3 ï 0.44 

EnvF = 0.87 

 

 

Step-3: Calculation of the Effort Factor (EF) of COEEMO 

EF is the product of technical factor (TF) and environmental factor (EnvF); therefore, the current 

EF is 0.65 (by taking the product of both factorsô computed values, i.e., 0.75 and 0.87, as 

calculated in the preceding steps). 

 

Step-4: Calculation of the Learning Factor (LF) of COEEMO 

LFs for agile and non-agile projects are computed by the formulas as indicated below: 

ὒὊ ρ ὉὊᶻὛὴὸὅὴὼώὔz  ------------------------ LF base formula for agile projects 

ὒὊ ρ ὉὊ ὓz  ----------------------------------------- LF base formula for non-agile projects 

 

Where: 

¶ EF is effort factor 

¶ b is the slope of LC and is calculated by the formula: Log (Learning Rate) / Log2 

¶ N is the value calculated by dividing the total number of expected sprints by the current sprint in 

agile 

¶ M is the value calculated by dividing the expected duration of the project in Person-hours by the 

work hours in a day (i.e., normally 8 hours are contemplated as work hours by most 

organizations, but this can be modified as per the needs of a specific organization) for TSD 

projects developed without sprints 

¶ SptCpxy: This is the rating as selected by the team keeping in view the complexity of a sprint. 

The SptCpxyôs ratings are given in Table 4.1 for the first two sprints under the sprint category but 

if the project / product has more than two expected sprints then the formula as stated below will 

be employed to calculate the complexity of the third and later sprints:  

   SptCpxy = Spt2Cpxy + ((SptNCpxy- Spt2Cpxy) / (Expected Sprints/ Current Sprint)) 

Notes:  

¶ Current sprint means the upcoming sprint that the team intends to estimate (the expected 

and current sprints must be given as integer values, e.g., in 10/4, 10 represents the total 

number of the expected sprints while 4 is exhibiting the current sprint number for which the 

team wants estimation). 
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¶ Spt2Cpxy and SptNCpxy are the ratings as given in Table 4.1 under the five scales (i.e., Very 

High, High, Moderate, Low, and Very Low). These ratings can be chosen by the team based 

on the complexity of current sprint. If the team selects SptNCpxy rating from the ñVery Highò 

scale then they should choose the corresponding value of the rating for the Spt2Cpxy from 

the same scale, if they do not remember the actual complexity rating for sprint 2. 

¶ The value for the learning rate (LR) can be considered from 80% to 90% depending upon the 

learning capability (i.e., fast or slow) of the team. However, the recommended LR for software 

development processes is 80% (Racoon, 1995). The typical LRs for most of the industrial 

processes are exhibited in Table 2.8.  

The sample project as shown above is an agile project which is supposed to be implemented in four 

sprints. Therefore, LFs for four sprints are calculated by using the aforesaid formula for agile projects. 

The complexities of sprints 1-4 as taken from the sample Table 4.15 (i.e., 0.12, 0.45, 0.75, and 0.85) 

are placed in the LF formula to calculate the LFs for the four sprints. The sprint-wise computed LF 

along with input values are presented in Table 4.16. 

 

SPT# SPT 

Cpxy 

(a) 

EF 

 

(b) 

1-EF 

 

(c) 

(TSPT/CSPT) 

 

(d) 

LR 

 

(e) 

Log (LR) / Log2 

 

(f) 

LF = c * a * d ^ f 

 

1 0.12 0.65  

0.35 

4  

0.8 

 

-0.32 

0.03 

2 0.45 0.65 2 0.13 

3 0.75 0.65 1.34 0.24 

4 0.85 0.65 1 0.30 

SPT#: Sprint No.     EF: Effort Factor       TSPT: Total Expected Sprints    CSPT: Current Sprint    

 LR: Learning Rate   LF: Learning Factor   Log2: Logarithm base 2         SPT Cpxy: Sprint Complexity 

 

Table 4.14 Sprint-wise Computed LF for Sample ASD project / Data 

So finally, the value of CEAF can be calculated after the completion of step-4. To illustrate the CEAF 

computation, one more column is added in Table 4.16 while CEAFs for all the sprints are shown in 

Table 4.17. These are the final values which the estimator / team can use to adjust their effort 

estimates, by taking the product of CEAF for the relevant sprint and the team-provided estimates, 

e.g., if the teamôs sprint-wise total estimated story-points (TESPs) are 35, 45, 50, and 60 for sprint-

1, 2, 3, and 4 respectively, then their adjusted effort estimates (AEE) or adjusted story-points (ASPs) 

after multiplying them with the CEAFs of the relevant sprints (as shown in Table 4.17) are 24, 35, 

46, and 57. 
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SPT# 

SPT 

Cpxy 

(a) 

EF 

 

(b) 

1-EF 

 

(c) 

(TSPT/CSPT) 

 

(d) 

LR 

 

(e) 

Log (LR) / Log2 

 

(f) 

LF = c * a * d ^ f 

 

CEAF= 

EF + LF 

1 0.12 0.65  

0.35 

4  

0.8 

 

-0.32 

0.03 0.68 

2 0.45 0.65 2 0.13 0.78 

3 0.75 0.65 1.34 0.24 0.89 

4 0.85 0.65 1 0.30 0.95 

SPT#: Sprint No.     EF: Effort Factor       TSPT: Total Expected Sprints    CSPT: Current Sprint   SPT Cpxy: Sprint Complexity 

 LR: Learning Rate   LF: Learning Factor   Log2: Logarithm base 2            CEAF: COEEMO Effort Adjustment Factor 

 

 

Table 4.15 Sprint-wise Computed CEAF for the Sample ASD project / Data 

 

These ASPs are the final story-point values that the team will seek to implement in their upcoming 

sprints. COEEMOôs usage in other scenarios, e.g., if the team does not provide TESPs or estimates 

or if the estimates are presented by using T-shirt sizing and not story points, and COEEMO utilization 

in a non-agile environment, are covered in the subsequent sections. 

 

4.6.2 COEEMOΩǎ ¦ǎŀƎŜ ƛƴ ±ŀǊƛƻǳǎ {ŎŜƴŀǊƛƻǎ 

 

4.6.2.1 Iƻǿ ǘƻ ¦ǎŜ /h99ah ƛŦ ǘƘŜ ǘŜŀƳ ŘƻŜǎƴΩǘ ǇǊƻǾƛŘŜ 9{tǎ ƻǊ ŜǎǘƛƳŀǘŜǎ ŦƻǊ ŀƭƭ ƻǊ ŀ ǎƛƴƎƭŜ 
sprint(s)/iteration(s) for ASD Projects? 

 

 

COEEMO can work in situations where the team is experienced or new or in a transitional phase to 

an agile methodology, or in scenarios where the team desires that COEEMO should provide 

estimates for a single and/or multiple upcoming sprint(s) of software development project(s). To 

apply COEEMO effectively in these specific situations, the team is required to follow two core steps. 

In step-1, the team needs to provide the actual team capacity (ActTeamCap) based on the template 

given as Appendix-B (The detailed instructions are provided in the attached template to calculate 

the actual team capacity in points). After getting the actual team capacity in points, the given formula 

is used to calculate the projected team capacity (PrjTeamCap) for the upcoming sprint: 

PrjTeamCap = ActTeamCap + DTLF ---------------- Projected Team Capacity base formula 

Where: 

¶ DTLF is the difference of Team LF (TLF) and the actual capacity of the team (ActTeamCap) 

while TLF can be calculated by the given formula: TLF= ActTeamCap ᶻὛὖὝρ   

¶ b is the slope of LC and is calculated by the formula: Log (Learning Rate) / Log2 

¶ SPT is the current sprint number for which the team intends to get estimations 

The team / product owner needs to list down the stories of the project/product based on the 

referenced sizes as presented in Table 4.18. The given sizes of the stories can be associated by the 

team based on their own benchmarked storiesô sizes, e.g., if the team benchmarked story has the 
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size 0.5 or 1.5, then the initial size of the XSS can be reset to 0.5 or 1.5 and all other subsequent 

sizes of the stories can be readjusted accordingly. Further, if the team suggests the size of any story 

is bigger than 13 then the breakdown of that story is recommended into any size(s) as are 

demonstrated in Table 4.18.  

 

S# Size Description of the Story  Size of the Story 

(Story-Points) 

1 Extra-small size story (XSS) 1 

2 Small size story (SS) 3 

3 Medium size story (MS) 5 

4 Large size story (LS) 8 

5 Extra-large size story (XLS) 13 

 

Table 4.16 Recommend sizes of the stories 

 

To plan and estimate the upcoming sprint, the team is required to pick the number of stories from 

their product backlog based on their own/product priorities or business value but the sum of the 

story-points for their chosen number of stories must not be more than the projected team capacity 

(PrjTeamCap). For step-2, the team is required to follow the activities reported in section 4.6.1 to 

calculate CEAF, EF, TF, and EnvF. 

To illustrate the above scenario, a sample product backlog as presented in Table 4.19 is utilized. 

There are nine stories to be implemented in this envisioned project/product. These stories are 

categorized based on their priority. Further, by using the specifications as given in Table 4.18, the 

team / product owner has classified the stories based on their sizes.  
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ToDo List 

IDs Storyôs Description Priority Story-Size 
Description 

Story-Size 
Points 

ST-01 As a visitor, I want to register myself into the site by 
providing my name and email address so that I can 
participate in the discussionsô forums (DFs) of the site. 

1 XS 1 

ST-02 As a member, I want to read the different discussionsô blogs 
on the home page of the site so that I can contribute in the 
discussion blogs of my interest. 

2 MS 5 

ST-04 As an administrator, I want to remove the unethical 
discussions blogs to establish a pleasant discussion 
environment among the site members. 

3 LS 8 

ST-03 As a member, I want to subscribe for an RSS feed of news 
to keep myself updated. 

4 MS 5 

ST-07 As an administrator, I want to remove the members from the 
list of the site members on their request so that they can feel 
liberty 

5 LS 8 

ST-05 As a member, I want to read Frequently Asked Questions 
related to the ethics policies for the participation in the 
discussionsô blogs so that I can keep myself within the 
defined policies of the ethics. 

6 LS 8 

ST-06 As a visitor, I want to read the diverse DFs so that I can join 
my interesting forum. 

7 SS 3 

ST-08 As a member, I want to share my DFs with non-members 
(my friends or family) of this site so that they can also get 
benefits of the DFs. 

8 MS 5 

ST-09 As a member, I want to view the similar blogs of the 
discussions on the other sites so that I can improve my 
knowledge base. 

9 LS 8 

 

Table 4.17 Sample Product Backlog 

To decide how many stories and total story-points the team can undertake in sprint-1, for example, 

if the total expected sprints are 3, what is the procedure? In step-1, the team is required to provide 

the actual team capacity (i.e., 15 points in this case) to the above stated formula to compute the 

projected team capacity of the team for sprint-1. If the actual capacity of the team remains the same 

for all three expected sprints while sprintsô complexities are ñModerateò for sprint-1, 2 and 3 

respectively, then the projected team capacity (PrjTeamCap) values for all the three sprints are 

shown in Table 4.20. As the table shows, the sprint-wise projected team capacities are 18, 20, and 

21 points for sprint-1, 2, and 3, respectively, which means that the team can undertake the number 

of stories in each sprint if their sum of story-points are equal or close to the projected team capacities 

(where the acceptable difference is within 1 to 2 story-points). Consequently, in sprint-1, the team 

can consider only four stories (i.e., story IDs ST-01, ST-02, ST-04 and ST-03) to implement because 

the sum of their Story-points (19) is slightly above the projected team capacity. Similarly, three (story 

IDs ST-07, ST-05, ST-06) and two (story IDs ST-08, ST-09) stories can be implemented in sprint-2 

and 3. However, the final decision regarding the implementation of the actual number of stories per 

sprint can be taken by the team after the completion of step-2 where the team is required to calculate 

CEAF, EF, TF, and EnvF, as shown in subsection 4.6.1. 
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Sprint# ActTeamCap 

(Points) 

b 

Log (LR) / Log2 

SPT PrjTeamCap 

(Points) 

1 15 -0.32 1 18 

2 15 -0.32 2 19 

3 15 -0.32 3 20 

LR: Learning Rate i.e. 80%      SPT: Current sprint number for which the team is interested to estimate 

 

Table 4.18 Sprint-wise Projected Team Capacity 

4.6.2.2 How to Use COEEMO for TSD Projects where development is done without sprints / cycles? 

COEEMO can also be utilized for non-ASD projects where the product / project development is 

followed without sprints or cycles. To illustrate its usage, sample data for three non-ASD projects 

are reported in Table 4.21 (a) while their data regarding the COEEMO factors are presented in 

Table 4.21(b).  

 

S# Project Name Estimated Effort 

(Man-Hours) 

Team Members 

1 Project-A 2,112 4 

2 Project-B 3,168 6 

3 Project-C 4,224 8 

 

Table 4.19(a) Sample Data for Non-ASD Projects 

These values are employed to compute the CEAF, EF, EnvF, and LF along with some intermediate 

factorsô values (i.e., Human Impact, Team Capability, Team Productivity, and the organization 

Efficiency Index) for the aforementioned non-ASD projects by following the methods as 

demonstrated in subsection 4.6.1.  
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S# COEEMO Factors Computed / Selected Ratings 

Project-A Project-B Project-C 

1 Team Expertise 0.3 0.82 1.48 

2 Team Experience 0.85 0.35 1.7 

3 Team Relationship & Spirit 1.18 1.03 1.33 

4 Stakeholder / User Collaboration 0.7 1 0.25 

5 System Type Complexity 0.1 1.65 2.35 

6 Organization Type 1 0.7 0.4 

7 Organization Culture 0.75 0.95 0.35 

8 Work Environment  0.3 0.65 1.05 

9 Risks 

 Known Mitigated Risks 2.1 2.7 2.9 

 Known non-mitigated Risks -0.5 -0.3 -0.1 

 Unaware Risks -1.5 -1.1 -0.7 

 

Table 4.20 (b) Sample Data of the COEEMO Factors for Non-ASD Projects (Project-A, B, and C) 

 

All the computed COEEMO factorsô values and the adjusted estimated Effort (AEE) for the three 

projects are presented in Table 4.23(a) and Table 4.23(b) respectively. 

Project Name HI Tcap OEI Tprd TF EF LF CEAF 

Project-A 3.03 0.61 2.05 0.66 0.70 0.98 0 0.98 

Project-B 3.20 0.43 2.30 0.68 0.76 0.97 0 0.97 

Project-C 4.76 1.72 1.80 0.88 0.79 0.84 0.02 0.86 

 

Table 4.23 (a) COEEMO Factors Values Computations for Non-ASD Projects (Project-A, B, and C) 

AEE is computed by dividing the Estimated Effort of the three projects by the CEAF values as 

shown in Table 4.23(b).  

 

S# Project Name Estimated Effort 

(Man-Hours) 

Team Members AEE 

(Man-Hours) 

1 Project-A 2,112 4 2,155 

2 Project-B 3,168 6 3,266 

3 Project-C 4,224 8 4,912 

AEE: Adjusted Estimated Effort 

 

Table 4.21 (b) Adjusted Estimated Effort for Non-ASD Projects (Project-A, B, and C) 
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4.7 /h99ahΩǎ {ǳƳƳŀǊȅ 

4.7.1 aƻŘŜƭΩǎ Lbt¦¢ǎ 

COEEMO considers five core contexts (Human, Organization, Sprint, System, and Risk) to 

compute their impact on the project/sprint.  

4.7.2 aƻŘŜƭΩǎ aŜǘǊƛŎǎ 

For the purpose of the effort estimations, model provides numerous intermediate metrics which are 

ultimately used to calculate the COEEMO Effort Adjustment Factor (CEAF). These metrics are stated 

as follows: 

a. Team Capability (Tcap): Details are given in sections 4.4.3, 4.6.1.1 & 4.6.1.6 (Step-2) 

b. Team Productivity (Tprd): Details are provided in section 4.4.3, 4.6.1.2 & 4.6.1.6 (Step-1 

to 2) 

c. Organization Efficiency Index (OEI): Details are presented in sections 4.4.3 & 4.6.1.6 

(Step-2) 

d. Human Impact (HI): Details are exhibited in sections 4.4.3 & 4.6.1.6 (Step-2) 

4.7.3 aƻŘŜƭΩǎ !ǎǎŜǎǎƳŜƴǘǎ 

The model provides, the final assessments: 
 

a. Technical Factor (TF): Details are given in sections 4.4.2 & 4.6.1.6 (Step-1) 

b. Environmental Factors (EnvF): Details are exhibited in sections 4.4.3 & 4.6.1.6 (Step-2) 

c. Effort Factor (EF): Details are provided in sections 4.4.4 & 4.6.1.6 (Step-3) 

d. Learning Factor (LF): Details are demonstrated in sections 4.4.5 & 4.6.1.6 (Step-4) 

e. COEEMO Effort Adjustment Factor (CEAF): Details are presented in sections 4.4.1 & 

4.6.1.6 

 

4.8 Chapter Review 

 

In this chapter conceptual and functional views of the COEEMO (Constructive Effort Estimation 

Model) were discussed. Moreover, the modelôs various components along with their detailed 

descriptions and a number of scenarios for implementation were presented.  

 

In next chapter, the significance of the Design Science Research (DSR) methodology and its 

projected relevance to the intended study is described. Further, DSRôs suggested three phases and 

their alignment with this study are presented. The PhD study plan involving the use of a variety of 

methods in each DSR phase, along with their justification and importance, are discussed. At the end 

of this chapter, data collection strategies and methods along with the ethics approval sought from 

the AUT ethics committee (AUTEC) to conduct this intended study are described.  
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PART - 3          Research  framework  

 

This part consists of three chapters which describes the detailed research methodologies that are 

adopted in this study along with the ethics approval from AUTEC. This part also discusses detailed 

plans of the experimentation and its execution along with collection of experimental data.  

 

Detailed views of the research activities with respect to the chapters within this part are presented 

in the figure as given below. On the top of the diagram, the chapters covered in this part are shown 

along with their different research endeavours as accomplished within the individual chapters, while 

the outcomes of Part-3 based on its individual chapters are exhibited at the bottom of the figure. 
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Chapter-5 Research Methodology and Ethics Approval  
Content Summary: This chapter describes the research methodology, the relevance of its selection, the mapping of the methodology 
with the research questions, research goals, and PhD study plan. The last section of this chapter discusses the use and importance of 
mixed-methods research and the methods of data collection employed, along with ethics approval from the AUT ethics committee 
(AUTEC) for the proposed study. 

 

As already described briefly in Chapter-1, the Design Science Research (DSR) methodology as per 

the guidance provided by Offermann et al. (2009) is employed to conduct this intended study in order 

to answer the four research questions as stated in that same chapter. DSR has undergone 

continuous refinement over more than 40 years (Cross, 2007) and has gained positive recognition 

in the discipline of Information Systems (Nunamaker et al., 2013). Numerous researchers have not 

only informed the multiple frameworks of DSR but also shared their benefits while employing DSR 

as a methodology in conducting and reporting research in the IS domain (Gregor and Hevner, 2013; 

Nunamaker and Briggs, 2011, Peffers et al.,2007; Hevner et al., 2004; Nunamaker et al., 1991). The 

DSR process as proposed by Offermann et al. (2009) is shown in Figure 1.1 of Chapter 1.  This 

process suggests three core phases, i.e., Problem identification, Solution design & development and 

Evaluation, further divided into various steps as demonstrated in the above stated figure. 

5.1 DESIGN SCIENCE RESEARCH 

Design Science Research (DSR) is a methodology that seeks to generate new knowledge through 

design and recommends ways through which research and design can be practically joined (Cross, 

2007). This methodology has been employed by IS researchers for more than two decades for the 

purposes of exploration and clarification for their in-hand phenomena of interest (Peffers et al., 2006). 

In early 1990s DSR was suggested to be used for Information System and/or its allied domains 

(March & Smith, 1995; Walls et al., 1992; Nunamaker et al., 1990). Since then, numerous studies 

(Vaishnavi & Kuechler, 2015; Gregor & Hevner, 2013; Hevner & Chatterjee, 2010; Hevner, 2007; 

Alan et al., 2004) have encouraged IS or similar fieldsô researchers to apply DSR in conducting 

artefact-related research, in order to produce generally useful and rigorous research outcomes 

(Rosemann & Vessey, 2008; Alan et al., 2004; Benbasat & Zmud, 1999) in the domains of interest. 

 

The reasons why DSR has gained recognition in the IS discipline, which were relevant to it being 

used in this intended study, include: it has suggested clear directions along with a roadmap for 

research in Information System through the lens of design science (Offermann et al., 2009); it 

motivates the construction of artefacts for resolving real-life issues or problems (Alan et al., 2004); it 

provides opportunities to conduct research of an applied nature which not only contributes to 

producing general insights about the problem in-hand but also contributes to practice (Chamberlain 

et al., 2007; Smaczny, 2001); it proposes comprehensive directions about artefacts, their roles and 

the methods to produce them as research outcomes which are not only rigorous but also relevant 

(Rosemann & Vessey, 2008; Alan et al., 2004; Benbasat & Zmud, 1999).  



 

Page 84 of 328 

 

 

This study followed the DSR methodology as per the guidelines provided by Offermann et al. (2009). 

This comprised three phases, i.e., problem identification, solution design & development, and 

evaluation. Further, these three phases were interconnected, meaning that after the completion of 

each phase the previous phases were revisited for the purpose of improvements, modifications, 

revalidation and re-evaluation. Each phase was considered with respect to the current study as 

follows. 

5.1.1 PROBLEM IDENTIFICATION PHASE 

Problem identification is the first phase of DSR, in which the area of research is chosen based on 

the interests of the researcher and the significance of the practical and knowledge requirements of 

the selected research area. The literature review is an important technique to get an overview of 

current knowledge related to the area of research prior to initiating further investigation. DSR 

advocates this type of activity in the problem identification phase. Such an endeavour in research is 

referred to as a secondary study because it does not have the requirements for collection or analysis 

of primary data. 

 

In Software Engineering a more systematic approach has been taken to such almost for more than 

a decade (Kitchenham, 2004a: Kitchenham et al., 2004). Further, two methods are being followed 

in SE to execute secondary studies: the Systematic Literature Review (SLR) and the Systematic 

Mapping (SM). Kitchenham et al. (2007) note that through such approaches research gaps and 

opportunities may be identified for further improvement.   

 

The area of effort estimation in agile development is the identified domain in which this research was 

being conducted. This phase had two steps to determine the current state of effort estimation in agile 

development contexts. In step-1, the underlying problems and issues in this area were surfaced by 

literature reviews in addition to three SLR studies in the field published between Sep 2014 and Dec 

2015 (Ahimbisibwe et al., 2015; Usman et al., 2015; Usman et al., 2014). To search the relevant 

literature, both manual and automatic searches were performed on the basis of relevant keywords 

(e.g., Effort estimation, agile based estimation, Gaps/Limitations in Agile methods, Critical factors for 

effort estimations, Significant factors for software development projects, Cost drivers for software 

projects, Estimation techniques/Methods, Traditional and non-traditional methods of effort 

estimations, Weaknesses of traditional methods, COCOM, UCP, FPA). Snowballing techniques 

were also utilized to search for relevant papers from the aforementioned SLR studies. Initially, 550 

relevant papers were gathered from four digital libraries, i.e., IEEE Xplore, ACM, SCOPUS, and 

Google. Later, after applying the exclusion criteria, 350 relevant papers were finalized to include in 

this study.   
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In the second step, practitionersô interviews were conducted to support identification and validation 

of the related problems in that area of research. Interviews are a primary method to be used in 

qualitative research (Doody & Noonan, 2013; Schultze and Avital, 2011). Further, they are said to 

be one of the best means in qualitative research to determine othersô perceptions (Cisneros-Puebla, 

Faux and Mey, 2004; Patton and Michael, 2002).  

 

In this study face-to-face interviews were planned through physical contact or over phone / skype / 

whatsapp. In the last three decades interviews over phone as well as other modes, e.g., skype, VoIP 

(voice over internet protocol) and others, have gained popularity, given evidence that they produce 

similar outcomes as face-to-face interviewing (Miller, 1995; Holt, 2010; Sturges and Hanrahan, 2004; 

Opdenakker, 2006; and Vogl, 2013). The Daily Interpretive Analysis (DIA) technique was utilized to 

assemble and interpret the information as collected from the interviewees at the end of every day of 

interviewing. Further, audio recording and note taking were also utilized for the interviews. Suitably 

qualified and experienced participants were recruited and also provided with pre-interview guidelines 

one week prior to the planned meeting/interview.  

 

The outcomes of the problem identification phase of DSR are the input and motivations to initiate 

the next phases, with the intent to deliver new knowledge / artefacts being useful in resolving the 

problems/issues and for advancement in research and practice.  

5.1.2 SOLUTION DESIGN AND DEVELOPMENT PHASE 

During the execution of this phase a solution needs to be designed and employed while keeping in 

view the requirements of the academia and practice (Offermann et al., 2009). For artefact design 

there is no single strategy provided in the IS literature, but this can be thought as an innovative 

engineering process (Offermann et al., 2009).  

 

Some studies have published general approaches, i.e., prevailing solution and state-of-the-art is 

deliberated (Eder et al., 2007; Simon, 1996). Walls et al. (1992) suggested that an Information 

Systems Design Theory (ISDT) should be ña prescriptive theory which integrates normative and 

descriptive theories into design paths intended to produce more effective information systems.ò  

March and Smith (1995) proposed artefacts segregation into four groups, i.e., models, methods, 

constructs, and instantiations. 

 

To undertake the solution design and development phase for this study, the framework as suggested 

by Venable (2006) was followed. This framework states that design theory should follow a format of 

utility theories Ƅ this relates to probable enhancements gained by employing a specific single or 

multiple types of technology to address a particular issue or a problem. An activity framework as 

shown in Figure 5.1 was adapted from Venable (2006) for this study. This figure shows a framework 
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comprising a novel model of estimation along with two existing methods of estimation, i.e., PERT 

and Expert Judgement based on a Bottom-Up approach.  

 

During this phase a novel model for estimation was designed and developed based on theories, 

constructs, assumptions, and factors as indicated in the problem identification phase. The 

conceptual functional framework of this model was constructed along with the running prototype of 

this model. Two techniques, i.e., PERT and Expert Judgement based on a Bottom-Up approach, 

were suggested to be utilized to resolve the underlying issues and problems as surfaced in the 

problem identification phase. The current PERT technique was modified (reported in Chapter 6) and 

its two variants were devised to analyse their effectiveness in effort estimation. There are therefore 

three artefacts developed during this phase that were inducted into the next phase, i.e., Evaluation, 

to analyse their efficacies as compared to existing methods of effort estimation, to resolve the 

identified gaps and limitations as conceived from the problem identification phase to improve ASD 

estimation accuracy. 

 

Figure 5.1 DSR Implementation for the Intended Study 

5.1.3 EVALUATION PHASE 

This phase is important to corroborate the expectations of the artefacts as developed in the solution 

design phase in terms of actually being a solution for the problems and issues identified (Offermann 

et al., 2009). Further, there is also a possibility to revisit the design of the artefacts (being completed 

in the solution phase) and/or the problem identification phase, depending upon study requirements 

(Vaishnavi and Kuechler, 2004). The validation activity may be accomplished by using one or many 
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techniques that include but are not limited to fieldôs trials, laboratory or field experiments, case 

studies and expertsô surveys.  

 

In the evaluation phase of this study, in order to validate artefacts three distinct perspectives were 

employed, i.e., field, empirical and laboratory. In the first, artefacts were applied in field settings on 

real industry data and their results were compared with those obtained from existing methods. The 

second perspective, i.e., empirical, was accomplished by applying artefacts on the data of already 

completed ASD projects collected from different sources: published studies and the IT industry. For 

the context of laboratory validation, the artefacts were implemented using a well-established fuzzy 

inference model (i.e., the Mamdani model in the MATLAB toolbox) and applied to the already 

completed projects, and their results were compared. 

 

In all three validation perspectives, two metrics were used to measure the accuracy rate (BRE) and 

the direction of any error (BREbias) for each effort estimation. A model/method resulting in a lesser 

value of BRE compared to another such models was considered more accurate. The core objective 

of evaluation to establish that artefacts offer a practicable solution for the in-hand problem/issue. 

  

At the end of research, the findings and conclusions are reported through various forms, typically 

conference or journal articles or a thesis (Offermann et al., 2009). In this research, the whole 

research endeavour along with its outcomes are published in the form of this thesis. However, some 

specific features of this research will also be published separately: the framework of the proposed 

novel model for effort estimation, an industrial review publication reporting the outcomes of the 

practitionersô interviews, and the findings/outcomes detailing the field, laboratory and empirical 

studies.  

 

Figure 5.2 presents the PhD research plan employed during this intended study. In this figure, all 

phases of the intended research are shown along with the study year. Moreover, every phase output 

is shown by the cloud callout symbols. In the first year of study, initial searches of the literature along 

with the prevailing methods of estimation were conducted. The cloud callout of the first year shows 

the various outputs: a list of issues/gaps in effort estimation, critical factors impacting estimations, 

and others. Likewise, every phase of DSR aligned with this intended study year wise. In year-3, the 

envisioned artefacts were validated and then finalized.  
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Figure 5.2 Mapping of PhD study plan with the intended study 

Figure 5.2 shows three perspectives were planned to be inducted to validate the artefacts that were 

developed under the solution design and development phase.  

5.2 MIXED RESEARCH METHODS FOR THE INTENDED STUDY 

During this study various types of methods as explained in the subsequent paragraphs are used. A 

mixed-methods approach to research is very effective for in-depth comprehension of a theory or 

phenomenon of interest (Venkatesh et al., 2013) while offering opportunities for a variety of 

interpretations (Teddlie and Tashakkori, 2009). For example, in the problem identification phase, 

both qualitative and quantitative methods were used while analysing the industrial reviews regarding 

the research problem. Numerous studies have advocated the usage of a variety of methods in 

information systems research (Lee 1999; Robey 1996; Sidorova et al. 2008). However, their usage 

has been limited: only 5 percent of the empirical studies published between 2001 and 2007 in the 

six major journals of Information System had engaged mixed methods (Venkatesh et al., 2013). 

Creswell and Clark (2007) proposed mixed methodsô designs of four key types that include: 

triangulation Ƅ this unifies information of a qualitative and quantitative nature to comprehend a 

problem/issue of research; embedded Ƅ  responding to a research question by utilizing information 

either quantitative or qualitative in nature; explanatory Ƅ employs data qualitatively to illustrate 

quantitative outcomes of a research problem/issue; and exploratory Ƅ enlightening and evaluating 

an association established in qualitative information through quantitative data. 
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5.2.1 INDIVIDUAL IN-DEPTH INTERVIEWS 

Interviews were conducted individually with industry practitioners to collect data relating to their 

perceptions of the factors that were thought to be relevant to estimation. Audio-recording along with 

note taking were used to collect interview data. Daily Interpretive Analysis (DIA) was utilized to 

assemble and interpret data as collected from the interviewees at the end of every day of 

interviewing. Suitably qualified and experienced participants were recruited, and they were given 

pre-interview guidelines and an interview schedule one week prior to the planned meeting. Further, 

thematic analysis by following deductive approach was utilized to identify themes from the interview 

data (Braun &Clarke, 2006). 

5.2.1.1 PARTICIPANTSΩ SELECTION 

Candidate organisations engaged in agile software development were identified from public sources 

such as the Agile Auckland LinkedIn group and the indexNZ sector listing for software firms, or 

through the researcherôs personal industry contacts. The CIOs of the chosen organisations were 

contacted by the applicant and primary researcher via email. The message described the nature and 

purpose of the research, the role of the researcher and our expectations of organisations and 

participants.  

 

Participants were considered eligible to take part in interviews if they had knowledge and experience 

working for at least 3 years in an agile context in any of the activities of software development, such 

as requirements engineering, design, architecture, code development, testing, quality assurance, 

maintenance, and IT management.  

 

Further, organisations and teams sought to participate in the experimentation phase could be eligible 

only if they were using an agile methodology in the development of their software products and 

services. Organisations that responded positively to the request were asked to confirm their 

participation in the research. Moreover, a Consent form was shared with the participants to secure 

agreement regarding data and information being used later for the research. Participants had the 

choice to withdraw at any stage of the interview. 

 

Once confirmation was received the primary researcher proceeded. The primary researcher asked 

the first contact of the targeted organisations to forward an email invitation to suitable participants 

who would then be asked to contact the researcher directly. In some cases, the researcher might 

contact candidate organisations or research participants through phone calls or by face-to-face 

meetings. In total, 21 participants from 7 different countries were selected for face-to-face interviews. 

Their details are covered in Chapter 8 of this thesis. 

5.2.2 EXPERIMENTATION 

Quasi-experimentation was planned. Projects were used as objects of the experiment while teams 

who had completed or worked on ASD projects were considered as the subjects of the experiments. 
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Full details about treatments, hypothesis formulation, and research design for this intended 

experiment are reported in Chapter 6. Moreover, details of the participating organization, their three 

industry projects and the associated teams are covered in Chapter 7. 

5.2.3 EMPIRICAL AND LABORATORY VALIDATION 

Empirical evaluation for the intended study was accomplished by applying anticipated artefacts on 

the data of already completed ASD projects collected from different sources. For laboratory 

validation, the proposed model of estimation was implemented by using a well-established fuzzy 

inference model - MFIS (i.e., the Mamdani model in the MATLAB toolbox) and applied to the already 

completed projects. In both methods of validation, the outcomes were compared to the existing 

methods of estimation.  The details of the ASD projects that were collected to validate artefacts 

empirically are provided in Chapter 10. Further, the laboratory validation to compare the results of 

the proposed estimation model with MFIS are presented in the same above stated chapter. 

5.3 DATA COLLECTION METHODS FOR THE INTENDED STUDY 

In this envisaged study multiple sources were traversed to gather data in order to limit the effects of 

constrained interpretation due to the availability of a single data source. Data collected from various 

software development and management artefacts (both electronic and non-electronic), participant 

interviews and discussions, as well as quasi-experiments in the fields and validation in laboratory, 

which in turn were subject to the analysis.  

 

The techniques used for data collection in this study fall under the three broad categories defined by 

(Lethbridge et al, 2005): a) Direct methods, real time data collected directly from subjects through 

interviews, meetings and the like; b) indirect methods, which involve collection of raw data without 

actually interacting with the subjects during the data collection, such as are available via software 

tools (companyôs project databank), or observations; and also by c) examining already available 

compiled or un-compiled data regarding projects (such as documented records of already completed 

ASD projects, archival data, repositories, logs).  

5.4 ETHICS APPROVAL 

A fundamental principle for all research is to seek ethics approval prior to the start of that research, 

if human participants are directly or indirectly involved in or impacted by the data collection (Gelling, 

2015). For this intended research, human participants were involved at two stages: one at the stage 

of validation of the identified influential factors, and on a second occasion while conducting 

experiments in the actual setting of the IT industry. Therefore, the researcher submitted a research 

proposal to the Auckland University of Technology Ethics Committee (AUTEC) to seek their approval 

in relation to the conduct of interviews with IT practitioners and for the execution of the planned 

experiments within the IT industry. In addition, the following documents were also submitted as pre-

requisites to AUTEC for their approval: 



 

Page 91 of 328 

 

a. The participantôs information sheet (Appendix-I) which described the purpose of the research, 

its benefits, privacy protection of the participants, and other items of relevance to potential 

participants. This information sheet was shared with the participants well before their active 

involvement in the research. 

b. Two consent forms seeking agreement to participate in an interview and/or experimentation 

(Appendix-G & H). These forms were shared with the participants before the conduct of the 

interview and experimentation sessions. Willing participants were required to place their 

signatures on the provided space of the forms and email the signed forms back to the 

researcher before the start of the interview/experiments.  

c. An interview guide (Appendix-K), which included a list of some open- and closed-ended 

questions that were to be put to the participants, and details of the anticipated duration of the 

interview. This guide was sent to the participants four weeks in advance prior to the actual 

date of the interview session. 

d. The email text that was used to invite participants via email (Appendix-J) 

AUTEC approved the above submitted case on 24 April 2018 and allotted reference number 18/153 

to the case for future reference. As stated above, relevant documents were shared with the 

participants well before the time of their engagement in the research. All participants were assured 

of privacy protection of their projects, data, organizations, and their own identities. Further, they were 

also advised of their right to withdraw from participations at any time, or from any stage/phase of the 

research.   

 

5.5 CHAPTER REVIEW 

In this chapter, the significance of the Design Science Research (DSR) methodology and its 

projected relevance to the intended study was described. Further, DSRôs suggested three phases 

and their alignment with this study were presented. The PhD study plan involving the use of a variety 

of methods in each DSR phase, along with their justification and importance, were discussed. At the 

end of this chapter, data collection strategies and methods along with the ethics approval sought 

from the AUT ethics committee (AUTEC) to conduct this intended study were described.  

 

In the next chapter, the specifics of the experimental planning including the research hypothesis, the 

various treatments along with details of the study environment, the dependent and independent 

variables, and hypothesis testing strategies are all covered. 
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Chapter-6  Experimental Planning 
Content Summary: This chapter describes the formulation of the research hypothesis and its intended testing based on quasi-
experiments. It also encompasses details of all the treatments to be applied to the objects of interest along with the suggested study 
environments, dependent & independent variables. 

  
The core empirical work in this thesis was conducted via quasi-experimental methods. The purpose 

of conducting a series of experiments was to systematically evaluate the impact of a range of 

forecasting techniques and their variants (Top-Down, Bottom-Up and PERT), as stated in RQ-4. This 

enabled the comparative analysis of existing methods of estimation along with the novel estimation 

model proposed here. The model was applied to and calibrated on a number of projects using 

appropriate regression methods (linear, log-transformed, robust or trimmed) and model performance 

was assessed using best practice error measures, Balanced Relative Error (BRE) and BREbias, due 

to their balanced performance in situations of over- and under-estimation (Mahnic et al., 2012; 

Usman et al., 2018). Moreover, two further measures, Standardized Accuracy (SA) and Effect size 

(Glass delta Ƅ æ) as recommended by Shepperd and MacDonell (2012), were also utilized to test 

whether the prediction error of any proposed model or method was equivalent to random guessing, 

and further, how much improvement over random guessing was attained. Details of the experimental 

plan are given in the succeeding sections. 

 

6.1 Hypothesis Formulation 

To conduct the required experiments a standard Randomized Complete Block Design (RCBD) was 

proposed. This design had been chosen because it was expected that each subject (Team) would 

apply all treatments (forecasting methods) on one or more single objects (ASD projects) to test one 

factor with restrictions on randomization, and RCBD was the most suitable in such a context. It is 

one of the experimental designs most commonly used in software engineering. The selection of 

quasi-experiments was made to compare the effects of multiple treatments (Wohlin et al., 2000). To 

implement RCBD for this experiment, six treatments with one factor were chosen and their details 

are given as follows: 

 

Á Treatment-1: Effort estimation through existing methodology for an agile software 

development project (EffortExMethod): - 

Under this treatment the baseline estimation methods followed within a typical SCRUM 

framework were Planning Poker and Expert Judgement. Developers would estimate stories 

based on gut feelings, analogies, previous experiences of similar or other projects and/or a 

top-down approach but they were not allowed to employ a Bottom-Up method for their 

estimations. During the estimation process / sprint planning, story estimations were done in 

story points based on the development complexity of the reference story. 
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Á Treatment-2: Effort estimation through existing methodology for an agile software 

development project extended with PERT (Program Evaluation Review Technique) 

(EffortExtPERT): - 

Under this treatment the existing methodology was extended with PERT along with its two 

variants (i.e., Treatments T2a and T2b).  

To apply PERT as a treatment a modification in the existing PERT are suggested. The three 

points-based estimates of time are replaced by estimates of size in story points and so the 

new three points-based scale is based on the optimistic size of a story, the pessimistic size 

of a story and the most likely size of a story. The average size of a story is calculated by the 

following formula: 

 

   Es= (Os + 4Ms + Ps) / 6 

Where 

a) Es (Estimated size of the story): is the average size of the story 

b) Os (Optimistic size of the story): is the minimum value picked from the disclosed values 

of the team at the time of estimating the size of a particular story before consensus and / 

or discussion is made among the team 

c) Ms (Most likely size of the story): is the value in-between Os and Ps of a particular story 

picked from the disclosed values of the team at the time of estimating the size of a 

particular story before consensus and / or discussion is made among the team. If more 

than one value is disclosed in-between Os and Ps, then the average of those values is 

selected. 

d) Ps (Pessimistic size of the story): is the maximum possible value which is picked from the 

disclosed values of the team at the time of estimating the size of a particular story before 

consensus and / or discussion is made among the team. 

 

Á Treatment-3: Effort estimation through existing methodology for an agile software 

development project extended with expert judgment based on Bottom-Up approach 

(EffortExtBU): - 

Under this treatment the suggested modifications to the existing methodology were applied. 

The team was given two options to apply this treatment and a summary of these options is 

given in the succeeding paragraphs while details can be viewed in Appendix-C. The team 

had chosen option-1, for two reasons: one, to save time because this treatment was applied 

on the actual industry project, and two, to reduce the confounding impact of one technique 

on the other while estimating. 

 

Option-1:   
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The team applied bottom-up approach (BUA) on alternate sprints e.g., if they applied existing 

approach on sprint-1 then BUA was followed in sprint-2, and so on. In BUA, the team had 

followed work break down structure (WBS) technique in which each member of the team 

divided development task of the candidate estimating story into various activities/tasks i.e., 

design, coding, testing, integration, etc. and then shared his / her estimates in the estimation 

activities. 

 

Option-2: 

Single agile team proposed to be divided into two subsets of the small teams e.g., if there 

were 6 members in a team, they were divided in two subsets (subset-A and B) in equal 

numbers.  In case of 05 members, subset-A or B might have 03 or 02 members each. One 

subset of team was suggested to apply existing methodology / Top-Down and other BUA 

simultaneously in a single sprint/iteration. Team applied BUA through WBS as explained in 

option-1. Further, the final size of the story taken by averaging the two values as decided by 

the two subsets (subset-A & B) of the team. 

 

Á Treatment-4: Treatment-3 extended with PERT (EffortExtBU&PERT) 

Under this treatment, the treatment-3 was extended with PERTôs two variants (i.e., 

Treatments T4a, and T4b). 

 

Á Treatment-5: Under this treatment, the treatment T1 extended with the proposed Model 

(EffortExtProModel): - 

 

Á Treatment-6: Under this treatment, the treatment T3 extended with the proposed Model 

(EffortExtProModel): - 

 

Á Subjects:  Team(s) in Software Industry using Agile Methodology  

 

Á Objects:    Agile Software Development Project(s) 

 

All treatments were applied on the selected projects while estimating the sizes of the stories In the 

remainder of this section Treatments T1, T2a-b, T3, T4a-b, T5 and T6 will be used in place of 

EffortExMethod,   EffortExtPERT, EffortExtBU, EffortExtBU&PERT,  and EffortExtProModel. 
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6.1.1 Null Hypothesis (H0) 

The null hypothesis is accepted if the same estimation result (i.e., ɛs for all treatments are equal) is 

returned by all of the treatments:  

 

H0: ɛ1 = ɛ2 = ɛ3 = ɛ4 = ɛ5 = ɛ6 where mean is the same for all treatments 

 

6.1.2 Alternative Hypothesis (H1) 

On the rejection of H0 the alternative hypothesis is accepted, which means that the results of the 

treatments are not the same: 

 

H1: ɛ1 Í ɛ2 Í ɛ3 Í ɛ4 Í ɛ5 Í ɛ6  for at least one pair 

 

Appropriate statistical tests were used to test the above hypotheses. They included ANOVA (a 

parametric test that makes assumptions about the distribution of the population from which data are 

drawn) and/or Kruskal-Wallis & Chi-squared tests (non-parametric tests that make no such 

assumptions). The ANOVA (Analysis of Variance) test compares variabilities due to treatment and 

random error as well as the samples of the same mean values. A summary of the test is presented 

in the following Table 6.1: 
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Input ñbò Samples of Treatments from 1-6 

H0 ɛb1 = ɛb2 = ɛb3 = ɛb4 = ɛb5 = ɛb6  Where mean is same for all treatments 

Calculations                                 b         nj 
Sum of Square (SSz) = ×     ×   b2

ij ï b2... / N 
                                i=1      j=1 
where N is the total number of measurements and a dot Index denotes a sum over 
the dotted index. 
                       b                                                 
SSTreatment = × b2i/ni ï b2.../ N 
               i=1 
SSError = SSz ï SSTreatment 

Mean Square (MSTreatment) = SSTreatment / (b-1) 
Mean Square (MSError) = SSError / (N-b) 
 
F0 = MSTreatment / MSError 
 

Criteria Reject H0 if F0 > FÐ, b-1, N-b. 
Here, FÐ, f1, f2 is the upper Ð percentage point of the ñFò distribution with f1 and f2 
degrees of freedom 

 
Table 6.1 ANOVA (One Factor with multiple Treatments) 

6.2 Study Environments 

The experiments were undertaken in sequence in two environments: 

 

a) Environment-A:  Industry Environment 

In this environment all treatments were applied in the real-world setting of the IT industry; 

development teams applied all the suggested treatments on ongoing and new ASD projects. 

 

b) Environment-B: Lab (AUT SERL) Environment 

To validate and measure the impact of the proposed model on estimations, two activities 

were undertaken by the researcher in the Lab environment: 

 

i. The proposed model of estimation was applied on 10 projects (i.e., 85 sprints / 

iterations) developed in agile/SCRUM environments. The data for these projects were 

collected from prior published studies and from the IT industry.  

ii. The proposed model was implemented in a Mamdani Fuzzy model using Matlab 

toolbox. 

  

As we were relying on the goodwill of volunteers to provide data and access to projects, we used a 

convenience sampling approach. Personal contacts and professional networks were trawled to seek 

willing contributors to the research. Teams and projects for which the above data were available, or 

could be easily collected, were considered for inclusion. While this potentially introduced a bias in 

the projects, we worked to mitigate this by disclosing as many details as possible and by including 

the data so that our experiments could be verified.  
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6.3 Study Variables 

6.3.1 Dependent Variables 

Effort estimation by the existing (baseline) and proposed methods are the dependent variables of 

the treatments and hence their responses were evaluated.  

6.3.2 Independent Variables 

Independent variables are those that differ per sprint, per project, per team and so on. We were 

interested in assessing the extent to which those differences impact on the dependent variables. We 

were also interested in the effects of how the inclusion of additional variables influenced the 

forecasting outcomes. 

6.3.2.1    Independent Variables for Treatment-1 

Independent variables for Treatment-1 were: 

a. Story Size 

Every ASD project comprises a number of stories or epics that are to be delivered through a 

number of features. The size of each should be evaluated in terms of story points (or similar). 

The total number of story points is calculated within a sprint, which the team then commits to 

develop or implement. 

 

b. Number of Sprints 

Every project is developed over some number of sprints or iterations. Each iteration has 

particular development and release goals which the team strive to achieve before starting 

the next iteration. 

 

c. Team Velocity / Capacity 

This represents the typical pace of work of a team in a sprint, calculated by considering the 

numbers of features or story points that are implemented over a collection of iterations. 

 

d. Actual Effort 

Person-hours required to implement the completed / finished story-points in a sprint / project. 

 

e. Estimated Effort 

 Person-hours required to implement the estimated story-points in a sprint / project. 

 

6.3.2.2 Independent Variables for Treatment-2 with Variant-1 (PERT-1) 

The independent variables of Treatment-1 were augmented by the following in Treatment-2: 

 

a) Es (Estimated size of the story): It is the average size of the story 

b) Os (Optimistic size of the story): The value whose frequency is highest in between the values 
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of the minimum and maximum frequencies is picked from the disclosed values of the team. 

If there is more than one such value and they have the same frequencies, then the smaller 

value will be chosen among them. However, if there is no value in between Os and Ps, and 

overall, only two different values exist, then zero will be considered as the Os value. 

c) Ms (Most likely size of the story): The value with the highest frequency is picked from the 

disclosed values of the team. However, if more than one such value has the same highest 

frequencies, then the team will follow the steps as explained in the following two scenarios: 

 

Scenario-1: Consider the situation in which the team discloses their estimated values and 

out of those, three different values have the same highest frequencies then the team needs 

to use these values ï largest as Ms, large as Os, and small as Ps. 

 

Sceraio-2: In another situation, if the team has two different values of the same highest 

frequencies, then the team should choose these two values ï largest as Ms, and smallest as 

Ps. 

 

d) Ps (Pessimistic size of the story): The value with the minimum frequency is picked from the 

disclosed different values of the team. However, if more than one values are minimum and 

have the same frequencies then the largest value among them will be picked as pessimistic 

while the smallest will be assigned to Os, if the Os value is not yet decided.  

 

Note: In case only one value is disclosed as the size of the story by the whole team before discussion 

or consensus is achieved among the team then the proposed PERT extension will not be applicable. 

6.3.2.3 Independent Variables for Treatment-2 with Variant-2 (PERT-2) 

The independent variables of Treatment-1 were augmented by the following in Treatment-2: 

a) Es (Estimated size of the story): It is the average size of the story 

b) Os (Optimistic size of the story): It is the minimum value picked from the disclosed values of 

the team but if there are only two different values then zero value will be considered as 

optimistic value. 

c) Ms (Most likely size of the story): It is the highest value picked from the disclosed values of 

the team in between Os and Ps. However, if there is no value in between Os and Ps, except 

the overall two different values then the smallest one will be considered as Ms.  

d) Ps (Pessimistic size of the story): It is the maximum possible value which is picked from the 

disclosed values of the team. 

 

Note: The following suggestions are applicable when the given situation or scenario emerges while 

applying PERTôs variants, but to select a value for PERT, it is required to choose the values at the 
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time of the estimation from the disclosed values of the team before the teamôs discussion or 

consensus is made: 

¶ In case, the only one value disclosed as a size of the story then the proposed PERT is not 

applicable for that particular story.  

¶ If the two or more different values have the same frequencies, then the greater, smaller, and 

the value in between greater and smaller are considered for Ps, Os, and Ms respectively.  

6.3.2.4 Independent Variables for Treatment-3 

The independent variables of Treatment-1 and Treatment-3 were the same if this treatment was 

applied by the team using option-1 but for option-2, the following independent variables were also 

considered:  

  

a) Size of the particular story from the subset of the team using existing approach (SizeT) 

b) Size of the particular story from the subset of the team using BUA (SizeB) 

c) Average size of the story calculated by sum of SizeT and SizeB and dividing it by two. 

 

6.3.2.5 Independent Variables for Treatment-4 

All the independent variables of Treatments-1, 2 and 3 were also considered independent variables 

of Treatment-4 with minor modifications in the variables/calculations as follows: 

a) Estimated size (Es) based on optimistic (Os), most likely (Ms) and pessimistic size (Ps) of the 

particular story is calculated as per the given criteria under Treatment-2 (for both variants PERT-

1 & 2) exclusively for the two subsets of the same team as per the given option-2 of Treatment-

3 

b) The average of both estimated sizes of the story from the two subsets of the team is considered 

as the final estimated size (Es) of each story if the team selects option-2 for the application of 

Treatment-3. 

 

6.3.2.6 Independent Variables for Treatment-5 & 6 

The Independent variables of Treatments T1, T3 and the variables that are the constituents of the 

proposed dynamic model of estimation were considered as the independent variables of Treatment-

5 and 6. The list of those factors is as follows:  

1. Human context 

a. Team Membersô expertise 

b. Team Membersô experience 

c. Team relationship and spirit  

d. Stakeholder / User collaboration 

2. Systems complexity 

3. Organization context 
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a. Organization culture 

b. Organization type 

c. Working environment 

4. Sprint context 

a. Sprint number 

5. Risk context 

a. Known mitigated risks 

b. Known unmitigated risks 

c. Unknown risks 

 

 

Figure 6.1 Block Diagram  Experiments Implementation 

6.4 Chapter Review 

In this chapter, the specifics of the experimental planning including the research hypothesis, the 

various treatments along with details of the study environment, the dependent and independent 

variables, and hypothesis testing strategies were all covered.  

 

In the next chapter, the settings for the real industry projects in which the proposed experiments are 

conducted are described. The chapter also discusses the methods through which the planned 

treatments are applied to the industry projects. Moreover, various aspects of the experiments 

including the details of subjects, objects, and important data points of each treatment, are presented. 
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Chapter-7 9ȄǇŜǊƛƳŜƴǘǎΩ 9ȄŜŎǳǘƛƻƴ and Data Collection  
Content Summary: This chapter covers the details of the environments in which the experiments were conducted. It also discusses the 
methods through which the planned treatments were applied to IT projects in industry. The various aspects of the experiments are 
also discussed in the last sections of this chapter, including the subjects, objects, and significant data points of each treatment. 

 

7.1 Experimental Settings 

 

The experiments were conducted in the real-world environment of an IT company that is itself a 

subsidiary of an Australian-based international company dealing in building products and 

construction. As per AUT ethics approval, the actual name of this company cannot be disclosed. 

Therefore, the fictitious name AUSIT is used to refer to the experiment host organization. AUSIT is 

involved in the development of software projects ranging from Mobile/Web applications to ERP 

solutions for their clients. AUSIT follows an agile/scrum framework for the development of their IT-

related projects. The proposed treatments were applied on three real AUSIT projects (i.e., the objects 

of the experiment), which are named as Xproject, Yproject, and Zproject throughout this 

experimentation. These projects were developed by two different AUSIT development teams (i.e., 

the subjects of the experiment) who are referred to in this experiment as Team-A and Team-B. 

Further details of the teams, treatments, and projects are given in the subsequent sections.  

 

The data collected through the experiments was shared on the Google/Excel sheets with the 

researcher (templates of Excel sheets used for the collection of the data for the different treatments 

are attached at Appendix-C). These templates were developed, refined and finalized collectively by 

the researcher and the Agile coach / Capability lead of the teams. As per the agreement with the 

company, the Capability lead of the AUSIT teams was responsible to enter the required data on the 

given templates and to share them with the researcher on the same day as completed, or at least 

before the next meeting, i.e., the next sprint planning or retrospective meeting. Other interactions 

were common - the researcher was available via SMS/phone and 44 times chats/calls were 

exchanged, 5 video meetings were conducted over Skype, and around 150 Whatsapp chats/calls 

occurred. This enabled the researcher to answer any queries of the team/Capability Lead and to 

provide clarity on the applications of the proposed treatments. 

 

7.1.1 Xproject Details 

Xproject centred around an ERP system and was an on-going project of AUSIT when it was included 

in the proposed experiment. Development and testing of this product started in 2017 and was 

completed in September 2018. This project was developed by Team-A, which consisted of 10 

developers. Further, the team worked strictly using the agile/scrum framework for their development 

and testing activities throughout the Xproject.  
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This project was completed in 34 sprints where the duration of each sprint was 2 weeks. Team-A 

started to apply the proposed treatments on this on-going project from Sprint#27-32. Team-A applied 

three treatments (i.e., Treatment-1, 2, and 5) on the Xproject. As per the plan and agreement of the 

researcher with the team/agile coach, it was decided to apply those treatments (i.e., 1, 2 and 5) and 

not treatments 3 and 4 on the Xproject, as this would not require much time or training of the team 

thus ensuring that the on-going project could be delivered on time. Instructions to apply the proposed 

treatments on the Xproject were provided to Team-A, as placed at Appendix-C. The data collected 

from the Xproject is shared in Table 7.1. 

 

 

7.1.2 Yproject and Zproject Details 

 

Yproject and Zproject were new, small-scale AUSIT projects which were planned to include in this 

proposed study. In these projects, the team had to develop and test two Web systems along with 

their mobile interfaces. Both projects were undertaken in 2019 by Team-B of AUSIT, which 

comprised five developers. The projects were completed within four months in a total 12 sprints (i.e., 

six sprints in each of the projects while each sprintôs duration was 2 weeks). Team-B followed strictly 

the agile/scrum framework for their development and testing activities.  

 

Team-B applied the proposed treatments on alternate sprints of the two projects; i.e., in the Yproject 

treatments 1, 2, and 5 were applied on Sprint #1, 3 and 5 while treatments 3, 4 and 5 were applied 

on Sprint # 2, 4, and 6); and in the Zproject treatments 1, 2, and 5 were applied on Sprint # 2, 4 and 

5 while treatments 3, 4, and 5 were applied on Sprint # 1, 3, and 6. Instructions on how to apply the 

proposed treatments on the Yproject and Zproject were provided to the team, as placed in Appendix-

C. In addition to the instructions, the agile coach / Capability Lead of the team also conducted training 

sessions with the team on applying the Bottom-Up approach in their estimation activities, because 

this was the only technique that the team was not practicing in their previous projects for the purpose 

of estimating effort. The data collected from the Yproject and Zproject are shared in Table 7.1. 
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Experimental Data: (Proposed subjects are Team-A and Team-B, Agile coach / Capability Lead, and the Researcher, while 
objects are Xproject, Yproject & Zproject) 

S# SPT 
# 

US T1 
TESPs 

T2a  
(PERT-1) 

TESPs 

T2b  
(PERT-2) 

TESPs 

T3 
TESPs 

T4a 
(PERT-1) 

TESPs 

T4b 
 (PERT-2) 

TESPs 

T5 
TESPs 

T6 
TESPs 

AFSPs 
 

 

Xproject Data: -     Subjects/Treatments: Team-A, Agile coach, Researcher / T1, T2, T5 

1 27 10 37 35.3 34 - - - 33.3 - 32 

2 28 8 45 45.8 45 - - - 40.7 - 42 

3 29 8 49 41.8 41 - - - 44.5 - 44 

4 30 12 78 71.2 65.2 - - - 71.3 - 57 

5 31 8 77 67.2 58.2 - - - 70.8 - 77 

6 32 12 62 54.7 47.7 - - - 57.3 - 49 

  

Yproject Data: -     Subjects/Treatments: Team-B, Agile coach, Researcher / T1, T2, T3, T4, T5, T6 

7 1 5 39 28.5 22.5 - - - 29.9 - 31 

8 2 5 - - - 34 37.7 32.7 - 27.9 31 

9 3 5 47 34.5 30.5 - - - 41.1 - 39 

10 4 5 - - - 42 45.2 40.2 - 38 37 

11 5 5 39 30.7 26.2 - - - 36.4 - 39 

12 6 5 - - - 32 31.2 27.2 - 30.8 32 

 

Zproject Data: -      Subjects/Treatments: Team-B, Agile coach, Researcher / T1, T2, T3, T4, T5, T6 

13 1 5 - -  34 30 26.5 - 26.1 31 

14 2 5 42 37.7 32.7 - -  34.5 - 37 

15 3 5 - - - 45 37.3 30.8 - 39.4 40 

16 4 5 52 45.2 40.2 - - - 47 - 44 

17 5 5 37 30 26.5 - - - 34.5 - 34 

18 6 5 - - - 32 31.2 27.2 - 30.8 32 
S#: Sample number   SPT#: Sprint number   US: User stories   T1, T2, T3, T4, T5, T6: Treatments 1, 2, 3, 4, 5, 6   TESPs: Total Estimated Story-Points per sprint   AFSPs: Actual 
Finished SPs  PERT-1 & 2: Variant-1 & 2 of PERT  
 

 

Table 7.1 Experimental Data of AUSITôs Projects X, Y and Z 
 

7.2 Treatments as Applied to !¦{L¢Ωǎ tǊƻƧŜŎǘǎ 

 

The six different treatments T1 to T6 were applied across the three AUSIT projects (i.e., Xproject, 

Yproject, and Zproject). The estimation data per sprint was recorded in story points (SP) by the agile 

coach on the agreed upon templates of the Excel sheets. The data collection sheets for all treatments 

and projects are given at Appendix-D. The exact dates of the sprints and other project/team 

identifying information are removed from the data to comply with the ethics protocol of the AUT ethics 

committee. The methodology of each treatment with respect to the project is explained in the 

subsequent subsections. 

 

7.2.1 Treatment-1 and Important Data Points (DPs) 

 

Treatment-1 ï a blend of Planning Poker and Expert judgment techniques ï was applied on all sprints 

of Xproject and alternate sprints of Yproject (i.e., Sprint# 1, 3, and 5) and Zproject (i.e., Sprint# 2, 4, 

and 5) by the development teams of AUSIT. During this treatment the developers estimated stories 

by employing their normal methodology that was based on gut feelings, analogies, previous 
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experiences of similar or other projects and/or a top-down approach but they were not allowed to 

use a Bottom-Up method for their estimations. Table 7.2 demonstrates the important DPs that the 

agile coach was required to record on the provided Excel sheets were the total number of stories 

estimated per sprint, agreed size/estimate of the story within the team in SP against each story, 

Sprint number, finished SP (i.e., the story points which were completed by the team as the respective 

sprint concludes) and unfinished SP (i.e., story points which were not completed by the team at the 

conclusion of the corresponding sprint). 

 

   

    

Sample 
Number 

Sprint No. No. of User 
Stories 

Agreed SPs per Story / 
Sprint 

Treatment-1  
Agreed Team 

Estimated 
 {ǇǊƛƴǘΩǎ ¢ƻǘŀƭ {t 

Finished 
{ǇǊƛƴǘΩǎ 

SP 

Unfinished 
{ǇǊƛƴǘΩǎ {t 

Xproject:  

1 27 10 5, 3, 8, 5, 5, 3, 3, 3, 1, 1 37 32 5 

2 28 8 5, 3, 8, 5, 5, 8, 8, 3 45 42 3 

3 29 8 21, 13, 5, 5, 2, 1, 1, 1 49 44 5 

4 30 12 2, 13, 2, 13, 3, 5, 3, 5, 
3, 13, 13, 3 

78 57 21 

5 31 8 21, 13, 13, 13, 8, 5, 2, 2 77 77 0 

6 32 12 8, 8, 5, 5, 5, 8, 5, 3, 3, 
8, 2, 2 

62 49 13 

Yproject: 

7 1 5 
 

8, 13, 8, 5, 5 39 31 8 

9 3 13, 8, 5, 13, 8 47 39 8 

11 5 8, 13, 8, 5, 5 39 39 0 

Zproject: 

14 2 5 
 

13, 13, 8, 3, 5 42 37 5 

16 4 13, 13, 13, 5, 8 52 44 8 

17 5 8, 13, 8, 3, 5 37 34 3 
 

Table 7.2 Treatment-1ôs Important DPs of Xproject, Yproject and Zproject 

7.2.2 Treatment-2 and Important Data Points (DPs) 

Treatment-2 ï a combination of Planning poker, Expert Judgement, and PERT with two variants i.e., 

PERT-1 & PERT-2 ï was applied on all sprints of Xproject and alternate sprints of Yproject (i.e., 

Sprint# 1, 3, and 5) and Zproject (i.e., Sprint# 2, 4, and 5). The agile coach of the team had recorded 

the estimates of each individual team member against each story per sprint on the provided template 

of the Excel sheet. 
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Treatment-2 (Yproject & Zproject) 

Project Name: Yproject 

Sprint No: 1 3 5 

No of Stories: 03 

{ǇǊƛƴǘΩǎ {tǎ 9ǎǘƛƳŀǘŜŘ ōȅ ¢ŜŀƳΥ 39 47 39 

{ǇǊƛƴǘΩǎ {tǎ 9ǎǘƛƳŀǘŜŘ ōȅ t9w¢-1: 28.5 34.5 30.7 

{ǇǊƛƴǘΩǎ {tǎ 9ǎǘƛƳŀǘŜŘ ōȅ t9w¢-2: 22.5 30.5 26.17 

Team Member wise 
SPs against individual 
Story (5 Developers) 

S-1 5, 5, 8, 8, 5 13, 13, 8, 8, 8  5, 5, 8, 8, 5 

S-2 13, 13, 8, 13, 13 8, 8, 5, 5, 8 13, 13, 8, 13, 13 

S-3 8, 5, 8, 8, 8 3, 3, 5, 3, 3  8, 5, 5, 8, 13 

S-4 5, 3, 5, 5, 3 8, 8, 13, 13, 13  5, 3, 5, 5, 3  

S-5 5, 3, 3, 5, 5 8, 8, 8, 8, 8  5, 3, 3, 5, 5  

 

Project Name: Zproject   

Sprint No: 2 4 5 

No of Stories: 03 

{ǇǊƛƴǘΩǎ {tǎ Estimated by Team: 42 52 37 

{ǇǊƛƴǘΩǎ {tǎ 9ǎǘƛƳŀǘŜŘ ōȅ t9w¢-1: 37.7 45.2 30 

{ǇǊƛƴǘΩǎ {tǎ 9ǎǘƛƳŀǘŜŘ ōȅ t9w¢-2: 32.7 40.2 26.5 

Team Member wise 
SPs against individual 
Story (5 Developers) 

S-1 13, 13, 13, 8, 8 13, 13, 8, 8, 13 5, 5, 5, 8, 8 

S-2 13, 13, 13, 13, 13 13, 13, 13, 13, 13 13, 13, 8, 13, 13 

S-3 5, 8, 5, 8, 8  13, 13, 13, 8, 8 8, 5, 5, 13, 8 

S-4 5, 5, 5, 8, 8 5, 5, 8, 5, 8  5, 3, 3, 2, 3  

S-5 5, 3, 5, 5, 3  13, 8, 8, 13, 8 5, 3, 5, 3, 5  
 

Table 7.3 Treatment-2ôs Important DPs of Projects X & Y 

Table 7.3 and 7.4 present the important DPs that the agile coach was required to record on the 

provided Excel sheets, similar as given in Treatment-1 but in addition the story size/estimate of each 

story in SP against each individual member of the team was recorded as revealed during the sprint 

planning meetings. 
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Treatment-2 (Xproject) 
Project Name: Xproject 

Sprint No: 27 28 29 30 31 32 

No of Stories: 10 8 8 12 8 12 

{ǇǊƛƴǘΩǎ {tǎ 9ǎǘƛƳŀǘŜŘ ōȅ 
Team: 

37 45 49 78 77 62 

{ǇǊƛƴǘΩǎ {tǎ 9ǎǘƛƳŀǘŜŘ ōȅ 
PERT-1: 

35.3 45.83 41.8 71.2 67.2 54.7 

{ǇǊƛƴǘΩǎ {tǎ 9ǎǘƛƳŀǘŜŘ ōȅ 
PERT-2: 

34 45 41 65.2 58.2 47.7 

Team Member 
wise SPs against 
individual Story 
(10 Developers) 
 
(Note: S-1 
represents  
Story-1 and so on) 

S-1 5, 5, 5, 3, 3, 8, 
8, 3, 5, 5 

3, 3, 8, 5, 5, 5, 
3, 5, 5, 5  

21, 21, 13, 13, 21, 
13, 21, 21, 21, 13 

2, 2, 2, 1, 1, 3, 0.5, 
1, 2, 2  

21, 21, 13, 13, 21, 
13, 21, 21, 21, 13 

8, 8, 8, 8, 5, 5, 
5, 8, 8, 5 

S-2 3, 3, 3, 3, 2, 2, 
1, 3, 3, 1 

2, 2, 3, 3, 3, 3, 
2, 3, 3, 3  

8, 13, 13, 8, 5, 13, 
13, 13, 8, 13  

8, 8, 13, 13, 13, 
13, 8, 13, 8, 13  

8, 8, 13, 13, 13, 13, 
8, 21, 13, 13  

8, 8, 5, 5, 5, 5, 
8, 8, 8, 8  

S-3 8, 8, 13, 13, 8, 
8, 5, 8, 5, 8 

5, 5, 8, 8, 8, 13, 
5, 13, 8, 8  

5, 5, 5, 8, 5, 8, 8, 5, 
5, 8  

1, 1, 2, 2, 2, 2, 2, 
2, 1, 2  

13, 8, 13, 13, 13, 13, 
8, 8, 13, 13  

5, 5, 5, 5, 3, 3, 
8, 5, 5, 3  

S-4 5, 5, 5, 5, 5, 3, 
8, 3, 3, 5 

5, 5, 3, 8, 5, 5, 
5, 3, 5, 5  

5, 5, 5, 3, 3, 5, 8, 3, 
5, 5  

13, 13, 13, 21, 13, 
21, 13, 13, 13, 13 

8, 13, 13, 13, 13, 13, 
13, 13, 13, 13 

3, 3, 5, 5, 5, 5, 
8, 5, 5, 3 

S-5 5, 5, 5, 5, 5, 3, 
5, 3, 3, 5 

3, 3, 5, 8, 8, 5, 
5, 5, 3, 5  

1, 1, 2, 2, 2, 3, 1, 2, 
2, 3  

1, 1, 2, 3, 3, 3, 3, 
2, 3, 3  

8, 8, 8, 5, 13, 8, 5, 
13, 8, 8  

5, 5, 5, 3, 3, 3, 
5, 5, 5, 5,  

S-6 3, 3, 3, 3, 2, 2, 
5, 3, 5, 5  

8, 8, 13, 13, 13, 
8, 8, 8, 8, 5  

0.5, 0.5, 0.5, 1, 1, 1, 
1, 0.5, 1, 1,  

8, 5, 5, 5, 3, 8, 5, 
5, 5, 5  

8, 5, 5, 5, 5, 3, 3, 5, 
5, 5  

5, 8, 8, 8, 8, 8, 
5, 5, 8, 8  

S-7 3, 3, 3, 3, 2, 2, 
1, 3, 3, 1 

5, 5, 8, 8, 8, 13, 
8, 8, 8, 5  

1, 1, 1, 1, 1, 1, 1, 0.5, 
2, 1  

5, 3, 3, 5, 5, 3, 3, 
3, 3, 3 

3, 1, 1, 1, 2, 2, 2, 2, 
2, 1  

5, 5, 5, 5, 3, 3, 
5, 8, 5, 5  

S-8 3, 5, 3, 5, 2, 2, 
3, 3, 3, 3  

2, 1, 1, 3, 3, 5, 
3, 3, 2, 3 

2, 2, 1, 1, 1, 1, 0.5, 1 
0.5, 0.5 

5, 5, 5, 8, 8, 3, 5, 
5, 5, 5  

3, 1, 2, 2, 2, 2, 2, 3, 
1, 3  

2, 2, 1, 3, 3, 3, 
3, 3, 5, 3  

S-9 0.5, 0.5, 0.5, 1, 
1, 1, 1, 1, 1, 0.5 

  2, 3, 3, 3, 3, 5, 2, 
3, 3, 5  

 3, 3, 3, 3, 3, 2, 
2, 5, 3, 3  

S-10 1, 1, 1, 1, 1, 0.5, 
1, 0.5, 1, 0.5 

13, 13, 13, 13, 8, 
21, 13, 8, 13, 13  

5, 5, 8, 8, 8, 8, 
8, 8, 5, 8 

S-11  13, 13, 13, 13, 8, 
8, 13, 13, 13, 8 

1, 2, 2, 2, 2, 3, 
5, 2, 2, 1 

S-12 5, 5, 5, 3, 3, 2, 3, 
3, 3, 3 

1, 1, 1, 2, 2, 2, 
2, 2, 3, 2  

 

Table 7.4 Treatment-2ôs Important DPs of Project X 

7.2.3 Treatment-3 and Important Data Points (DPs) 

Treatment-3 ï a blend of Planning poker and Expert Judgement in a strictly Bottom-Up approach ï 

was applied on the alternate sprints of two AUSIT projects i.e., Yproject (on Sprint #2, 4 and 6) and 

Zproject (on Sprint #1, 3, and 6). The development teams had conducted their estimation activities 

in all sprintsô planning meetings by following their normal method of planning poker and estimated 

the stories in story points (SP) through an expert Bottom-Up approach based on the work break 

down structure (WBS) of the complexities perceived in the development and testing activities that 

were to be carried out during the actual implementation of the estimated story.  

 

Table 7.5 exhibits the important DPs that the agile coach was required to record on the provided 

Excel sheets, the same as given in Treatment-1. 
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Sample 
Number 

Sprint 
No. 

No. of User 
Stories 

Agreed SPs 
per Story / 

Sprint 

Treatment-3  
Agreed Team Estimated 

 {ǇǊƛƴǘΩǎ ¢ƻǘŀƭ {t 

Finished 
{ǇǊƛƴǘΩǎ {t 

Unfinishe
Ř {ǇǊƛƴǘΩǎ 

SP 

Yproject: 

8 2 5 
 
 

8, 13, 5, 5, 3 34 31 3 

10 4 8, 13, 8, 5, 8 42 37 5 

12 6 8, 8, 8, 5, 3 32 32 0 

Zproject: 

13 1 5 
 

5, 13, 8, 3, 5 34 31 3 

15 3 13, 8, 3, 13, 8 45 40 5 

18 6 8, 8, 8, 5, 3 32 32 0 
 

Table 7.5 Treatment-3ôs Important DPs of Projects Y & Z 

7.2.4 Treatment-4 and Important Data Points (DPs) 

Treatment-4 ï a mixture of Planning poker and Expert Judgement in a strictly Bottom-Up approach, 

and PERT with two variants PERT-1 & PERT-2 ï was applied on the alternate sprints of the AUSITôs 

latter on two smaller projects, i.e., Yproject (on Sprint #2, 4, and 6) and Zproject (on Sprint #1, 3, 

and 6). The development teams had conducted their estimation activities in all sprintsô planning 

meetings by following their normal method of planning poker. The team estimated the stories in story 

points (SP) through an expert Bottom-Up approach based on the work breakdown structure (WBS) 

of the complexities perceived in different development and testing activities that were to be carried 

out during the actual implementation of the estimated story. The agile coach of the team recorded 

the estimates of each individual team members against each story of the alternate sprints on the 

provided template of the Excel sheet. Table 7.6 shows that the important DPs that the agile coach 

was required to record on the provided Excel sheets were that same as those given in Treatment-1 

and Treatment-2. 
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Treatment-4 

 

Project Name: Yproject 

Sprint No: 2 4 6 

No of Stories: 03 

{ǇǊƛƴǘΩǎ {tǎ 9ǎǘƛƳŀǘŜŘ ōȅ ǘŜŀƳΥ 34 42 32 

{ǇǊƛƴǘΩǎ {tǎ 9ǎǘƛƳŀǘŜŘ ōȅ t9w¢-
1: 

37.7 45.2 31.2 

{ǇǊƛƴǘΩǎ {tǎ 9ǎǘƛƳŀǘŜŘ ōȅ t9w¢-
2: 

32.7 40.2 27.2 

Team Member wise 
SPs against individual 
Story (05 Developers) 

S-1 5, 5, 8, 8, 5 5, 5, 8, 8, 5 13, 13, 8, 8, 13 

S-2 13, 13, 13, 13, 13 13, 13, 13, 13, 13 13, 8, 8, 8, 13 

S-3 5, 5, 8, 8, 8 13, 13, 8, 8, 13 5, 8, 8, 8, 8 

S-4 5, 5, 8, 8, 5 5, 5, 5, 8, 8 5, 5, 8, 8, 5 

S-5 5, 3, 3, 5, 5 13, 13, 8, 8, 8  5, 3, 3, 3, 5 

 

Project Name: Zproject   

Sprint No: 1 3 6 

No of Stories: 03 

{ǇǊƛƴǘΩǎ {tǎ 9ǎǘƛƳŀǘŜŘ ōȅ ǘŜŀƳΥ 34 45 32 

{ǇǊƛƴǘΩǎ {tǎ 9ǎǘƛƳŀǘŜŘ ōȅ t9w¢-
1: 

30 37.33 31.2 

{ǇǊƛƴǘΩǎ {tǎ 9ǎǘƛƳŀǘŜŘ ōȅ t9w¢-
2: 

26.5 30.83 27.2 

Team Member wise 
SPs against individual 
Story (05 Developers) 

S-1 5, 8, 5, 8, 5 13, 13, 13, 13, 8 13, 8, 13, 8, 13 

S-2 13, 13, 13, 8, 13 8, 8, 5, 8, 5 13, 8, 8, 8, 13 

S-3 8, 5, 8, 5, 13 3, 3, 2, 5, 3  8, 5, 8, 8, 8  

S-4 5, 3, 3, 2, 3  8, 13, 8, 13, 13  5, 5, 8, 5, 8 

S-5 5, 3, 5, 3, 5  8, 8, 8, 8, 8 5, 3, 3, 5, 3 
 

Table 7.6 Treatment-4ôs Important DPs of Projects Y & Z 

7.2.5 Treatment-5 and Important Data Points (DPs) 

This treatment ï the proposed model of estimation (COEEMO) along with the combination of other 

techniques: planning poker, and Expert Judgement ï was applied on all sprints of the Xproject and 

alternate sprints of the Yproject (i.e., Sprint# 1, 3, and 5) and Zproject (i.e., Sprint# 2, 4, and 5). 
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Treatment-5 

Project Name Xproject 

Sprint Numbers All Sprints (i.e., from Sprint# 27 ς 32) Conversions of ratings into 
values as given per Table 4.1 

¢ŜŀƳ aŜƳōŜǊǎΩ 
Expertise 

о aŜƳōŜǊǎ ƻŦ άIƛƎƘ ŜȄǇŜǊǘƛǎŜέ ǿƛǘƘ ά±ŜǊȅ IƛƎƘέ ǊŀǘƛƴƎ 3 * 0.3 = 0.9 

5 Members of άaŜŘƛǳƳ ŜȄǇŜǊǘƛǎŜέ ǿƛǘƘ άIƛƎƘέ ǊŀǘƛƴƎ 5 * 1.44= 7.2 

н aŜƳōŜǊǎ ƻŦ ά!ŘŜǉǳŀǘŜ ŜȄǇŜǊǘƛǎŜέ ǿƛǘƘ άaƻŘŜǊŀǘŜέ 
rating 

2 * 0.82 = 1.64 

Team Expertise - calculated as per method given in Chapter-4 subsection 4.6.1.1 9.74/10 = 0.97 

¢ŜŀƳ aŜƳōŜǊǎΩ 
Experience 

о aŜƳōŜǊǎ ƻŦ άtǊƻŦƛŎƛŜƴǘ ƭŜǾŜƭέ ǿƛǘƘ ά±ŜǊȅ IƛƎƘέ ǊŀǘƛƴƎ 3 * 0.2   = 0.6 

р aŜƳōŜǊǎ ƻŦ ά9ȄǇŜǊƛŜƴŎŜŘ ƭŜǾŜƭέ ǿƛǘƘ άIƛƎƘέ ǊŀǘƛƴƎ 5 * 0.85 = 4.25 

н aŜƳōŜǊǎ ƻŦ άLƴǘŜǊƳŜŘƛŀǘŜ ƭŜǾŜƭέ ǿƛǘƘ άaƻŘŜǊŀǘŜέ 
rating 

2 * 1.7   = 3.4 

Team Experience - calculated as per method given in Chapter-4 subsection 4.6.1.2 8.25/10 = 0.83 

Stakeholder 
Coordination 

у {ǘŀƪŜƘƻƭŘŜǊǎ ŀǊŜ άCǳƭƭȅέ ŎƻƻǇŜǊŀǘƛǾŜ ǿƛǘƘ ά±ŜǊȅ IƛƎƘέ 
scaling / rating 

8 * 0.25 = 2 

н {ǘŀƪŜƘƻƭŘŜǊǎ ŀǊŜ άtŀǊǘƛŀƭƭȅέ ŎƻƻǇŜǊŀǘƛǾŜ ǿƛǘƘ ά±ŜǊȅ 
IƛƎƘέ ǎŎŀƭƛƴƎ κ ǊŀǘƛƴƎ 

2 * 0.6 = 1.2 

Stakeholder Coordination - calculated as per method given in Chapter-4 subsection 
4.6.1.3 

3.2/10 = 0.32 

Team Relationship & 
Spirit 

¢ŜŀƳΩǎ ƭŜǾŜƭ ƻŦ wŜƭŀǘƛƻƴǎƘƛǇ ƛǎ ά±ŜǊȅ DƻƻŘέ ǿƛǘƘ άIƛƎƘέ 
rating/scaling 

1.21 

System Complexity Sys-2 ({ȅǎǘŜƳΩǎ ǘȅǇŜ ƛǎ 9ƴǘŜǊǇǊƛǎŜ ǿƛǘƘ ά±ŜǊȅ IƛƎƘέ 
complexity rating/scaling) 

0.8 

hǊƎŀƴƛȊŀǘƛƻƴΩǎ ¢ȅǇŜ hǊƎŀƴƛȊŀǘƛƻƴ ǘȅǇŜ ƛǎ άWƻƛƴǘ {ŜŎǘƻǊέ ǿƛǘƘ ά±ŜǊȅ IƛƎƘέ 
rating 

0.6 

hǊƎŀƴƛȊŀǘƛƻƴΩǎ /ǳƭǘǳǊŜ Organization ŎǳƭǘǳǊŜ ƛǎ ά{ǘǊƻƴƎέ ǿƛǘƘ άVery IƛƎƘέ ƎǊŀŘƛƴƎ 0.15 

hǊƎŀƴƛȊŀǘƛƻƴΩǎ ²ƻǊƪ-
Environment 

²ƻǊƪ ŜƴǾƛǊƻƴƳŜƴǘ ƛǎ ά.Ŝǎǘέ ǿƛǘƘ άIƛƎƘέ ǊŀǘƛƴƎ 0.3 

tǊƻƧŜŎǘΩǎ wƛǎƪǎ Yƴƻǿƴ tƭŀƴƴŜŘ Ǌƛǎƪǎ ǿƛǘƘ άaƻŘŜǊŀǘŜέ ƎǊŀŘƛƴƎ 2.5 

Yƴƻǿƴ ¦ƴǇƭŀƴƴŜŘ Ǌƛǎƪǎ ǿƛǘƘ άIƛƎƘέ ƎǊŀŘƛƴƎ -0.4 

¦ƴƪƴƻǿƴ Ǌƛǎƪǎ ǿƛǘƘ άIƛƎƘέ ƎǊŀŘƛƴƎ -1.3 

Transitional Factors - calculated as per method given in Chapter-4 subsection 4.6.1.6 HI 
3.33 

Tcap 
0.85 

OEI 
1.05 

Tprd  
0.48 

Sprint(s)-wise Story Points (SPs) ς TF, EnvF, EF, LF, CEAF calculated as per methods given in Chapter-4 subsection 4.6.1.6 

 Sprint-27 Sprint-28 Sprint-29 Sprint-30 Sprint-31 Sprint-32 

Sprint(s) Complexity  
(Very High for all sprints) 

0.66 0.67 0.68 0.70 0.71 0.72 

Learning Factor 0.16 0.16 0.17 0.17 0.18 0.18 

COEEMO Effort Adjustment Factor (CEAF) 0.90 0.90 0.91 0.91 0.92 0.92 

Technical Factor (TF) Environmental Factor (EnvF) Effort Factor (EF) 

0.73 1.01 0.74 

{ǇǊƛƴǘΩǎ {tǎ 9ǎǘƛƳŀǘŜŘ ōȅ /h99ah 33.3 40.7 44.5 71.3 70.8 57.3 
 

Table 7.7 Treatment-5ôs Important DPs of Xproject 

The important DPs that the agile coach was required to record on the provided Excel sheets were 

the same as those given in Treatment-1 and Treatment-2 along with the 10 significant factors of the 

proposed model as given in Chapter 4. The DPs values of the factors along with the ratings provided 

by the agile coach for all three projects are given in Table 7.7 and 7.8, respectively. 
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Treatment-5 

Project Name Yproject & Zproject 

Sprint Numbers Sprint# 1, 3, and 5 of Yproject 
Sprint# 2, 4, and 5 of Zproject 

Conversions of ratings into 
values as given per Table 4.1 

¢ŜŀƳ aŜƳōŜǊǎΩ 9ȄǇŜǊǘƛǎŜ м aŜƳōŜǊ ƻŦ άIƛƎƘ ŜȄǇŜǊǘƛǎŜέ ǿƛǘƘ άIƛƎƘέ ǊŀǘƛƴƎ 1 * 0.34 = 0.34 

2 aŜƳōŜǊǎ ƻŦ άaŜŘƛǳƳ ŜȄǇŜǊǘƛǎŜέ ǿƛǘƘ άIƛƎƘέ ǊŀǘƛƴƎ 2 * 1.48= 2.96 

н aŜƳōŜǊǎ ƻŦ ά!ŘŜǉǳŀǘŜ ŜȄǇŜǊǘƛǎŜέ ǿƛǘƘ άaƻŘŜǊŀǘŜέ 
rating 

2 x 0.74 = 1.48 

Team Expertise - calculated as per method given in Chapter-4 subsection 4.6.1.1 4.7/5 = 0.97 

¢ŜŀƳ aŜƳōŜǊǎΩ 
Experience 

о aŜƳōŜǊǎ ƻŦ ά9ȄǇŜǊƛŜƴŎŜŘ ƭŜǾŜƭέ ǿƛǘƘ άIƛƎƘέ ǊŀǘƛƴƎ 3 * 0.85 = 2.55 

н aŜƳōŜǊǎ ƻŦ άLƴǘŜǊƳŜŘƛŀǘŜ ƭŜǾŜƭέ ǿƛǘƘ άaƻŘŜǊŀǘŜέ 
rating 

2 * 1.7   = 3.4 

Team Experience - calculated as per method given in Chapter-4 subsection 4.6.1.2 5.95/5 = 1.19 

Stakeholder Coordination н ǎǘŀƪŜƘƻƭŘŜǊǎ ŀǊŜ άCǳƭƭȅέ ŎƻƻǇŜǊŀǘƛǾŜ ǿƛǘƘ ά±ŜǊȅ IƛƎƘέ 
scaling / rating for Yproject 

2 * 0.25 = 5 

п ǎǘŀƪŜƘƻƭŘŜǊǎ ŀǊŜ άCǳƭƭȅέ ŎƻƻǇŜǊŀǘƛǾŜ ǿƛǘƘ ά±ŜǊȅ IƛƎƘέ 
scaling / rating for Zproject 

4 * 0.25 = 1 

Stakeholder Coordination - calculated as per method given in Chapter-4 subsection 
4.6.1.3 

0.25   

Team Relationship & Spirit ¢ŜŀƳΩǎ ƭŜǾŜƭ ƻŦ wŜƭŀǘƛƻƴǎƘƛǇ ƛǎ ά±ŜǊȅ DƻƻŘέ ǿƛǘƘ άIƛƎƘέ 
rating/scaling 

1.21 
 

System Complexity {ȅǎǘŜƳΩǎ ǘȅǇŜ Sys-2 ǿƛǘƘ ά±ŜǊȅ IƛƎƘέ ŎƻƳǇƭŜȄƛǘȅ 
rating/scaling 

2.15 
 

hǊƎŀƴƛȊŀǘƛƻƴΩǎ ¢ȅǇŜ hǊƎŀƴƛȊŀǘƛƻƴ ǘȅǇŜ ƛǎ άWƻƛƴǘ {ŜŎǘƻǊέ ǿƛǘƘ ά±ŜǊȅ IƛƎƘέ 
rating 

0.6 
 

hǊƎŀƴƛȊŀǘƛƻƴΩǎ /ǳƭǘǳǊŜ hǊƎŀƴƛȊŀǘƛƻƴ ŎǳƭǘǳǊŜ ƛǎ ά{ǘǊƻƴƎέ ǿƛǘƘ ά±ŜǊȅ IƛƎƘέ ƎǊŀŘƛƴƎ 0.15 

hǊƎŀƴƛȊŀǘƛƻƴΩǎ ²ƻǊƪ-
Environment 

²ƻǊƪ ŜƴǾƛǊƻƴƳŜƴǘ ƛǎ ά.Ŝǎǘέ ǿƛǘƘ άIƛƎƘέ ǊŀǘƛƴƎ 0.3 
 

tǊƻƧŜŎǘΩǎ wƛǎƪǎ Yƴƻǿƴ tƭŀƴƴŜŘ Ǌƛǎƪǎ ǿƛǘƘ άaƻŘŜǊŀǘŜέ ƎǊŀŘƛƴƎ 2.5 

Yƴƻǿƴ ¦ƴǇƭŀƴƴŜŘ Ǌƛǎƪǎ ǿƛǘƘ άIƛƎƘέ ƎǊŀŘƛƴƎ -0.4 

¦ƴƪƴƻǿƴ Ǌƛǎƪǎ ǿƛǘƘ άIƛƎƘέ ƎǊŀŘƛƴƎ -1.3 

Transitional Factors - calculated as per method given in Chapter-4 subsection 4.6.1.6 HI  
3.62 

Tcap  
1.07 

OEI 
1.05 

Tprd  
0.53 

Sprint(s)-wise Story Points (SPs) ς TF, EnvF, EF, LF, CEAF calculated as per methods given in Chapter-4 subsection 4.6.1.6 

Yproject & Zproject Sprint-1 Sprint-3 Sprint-5 Sprint-2 Sprint-4 Sprint-5 

Sprint(s) Complexity 
(All Sprints High) 

0.12 0.63 0.78 0.40 0.70 0.78 

Learning Factor  0.02 0.13 0.18 0.07 0.15 0.18 

COEEMO Effort Adjustment Factor (CEAF) 0.77 0.88 0.93 0.82 0.90 0.93 

Technical Factor (TF) Environmental Factor (EnvF) Effort Factor (EF) 

0.76 0.99 0.75 

{ǇǊƛƴǘΩǎ {tǎ 9ǎǘƛƳŀǘŜŘ ōȅ /h99ah 
(Yproject/Zproject) 

29.9 41.1 36.4 34.5 47 34.5 

Note: If any value /rating is same in case of Yproject and Zproject then they are given only once in the table. 

 

Table 7.8 Treatment-5ôs Important DPs of Yproject & Zproject 

7.2.6 Treatment-6 and Important Data Points (DPs) 

This treatment ï the proposed model of estimation (COEEMO) along with the combination of other 

techniques: planning poker, and Expert Judgement in a strictly Bottom-Up approach ï was applied 

on alternate sprints of the Yproject (i.e., Sprint# 2, 4, and 6) and Zproject (i.e., Sprint# 1, 3, and 6) 

by the development teams of AUSIT. Table 7.9 exhibits the important DPs that the agile coach was 

required to record on the provided Excel sheets, the same as given in Treatment-1. 
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Treatment-6 

Project Name Yproject & Zproject 

Sprint Numbers Sprint# 2, 4, and 6 of Yproject 
Sprint# 1, 3, and 6 of Zproject 

Conversions of ratings into 
values as given per Table 4.1 

¢ŜŀƳ aŜƳōŜǊǎΩ 9ȄǇŜǊǘƛǎŜ м aŜƳōŜǊ ƻŦ άIƛƎƘ ŜȄǇŜǊǘƛǎŜέ ǿƛǘƘ άIƛƎƘέ ǊŀǘƛƴƎ 1 * 0.34 = 0.34 

н aŜƳōŜǊǎ ƻŦ άaŜŘƛǳƳ ŜȄǇŜǊǘƛǎŜέ ǿƛǘƘ άIƛƎƘέ ǊŀǘƛƴƎ 2 * 1.48= 2.96 

н aŜƳōŜǊǎ ƻŦ ά!ŘŜǉǳŀǘŜ ŜȄǇŜǊǘƛǎŜέ ǿƛǘƘ άaƻŘŜǊŀǘŜέ 
rating 

2 x 0.74 = 1.48 

Team Expertise - calculated as per method given in Chapter-4 subsection 4.6.1.1 4.7/5 = 0.97 

¢ŜŀƳ aŜƳōŜǊǎΩ 
Experience 

о aŜƳōŜǊǎ ƻŦ ά9ȄǇŜǊƛŜƴŎŜŘ ƭŜǾŜƭέ ǿƛǘƘ άIƛƎƘέ rating 3 * 0.85 = 2.55 

н aŜƳōŜǊǎ ƻŦ άLƴǘŜǊƳŜŘƛŀǘŜ ƭŜǾŜƭέ ǿƛǘƘ άaƻŘŜǊŀǘŜέ 
rating 

2 * 1.7   = 3.4 

Team Experience - calculated as per method given in Chapter-4 subsection 4.6.1.2 5.95/5 = 1.19 

Stakeholder Coordination н ǎǘŀƪŜƘƻƭŘŜǊǎ ŀǊŜ άCǳƭƭȅέ ŎƻƻǇŜǊŀǘƛǾŜ ǿƛǘƘ ά±ŜǊȅ IƛƎƘέ 
scaling / rating for Yproject 

2 * 0.25 = 5 

п ǎǘŀƪŜƘƻƭŘŜǊǎ ŀǊŜ άCǳƭƭȅέ ŎƻƻǇŜǊŀǘƛǾŜ ǿƛǘƘ ά±ŜǊȅ IƛƎƘέ 
scaling / rating for Zproject 

4 * 0.25 = 1 

Stakeholder Coordination - calculated as per method given in Chapter-4 subsection 
4.6.1.3 

0.25   

Team Relationship & Spirit ¢ŜŀƳΩǎ ƭŜǾŜƭ ƻŦ wŜƭŀǘƛƻƴǎƘƛǇ ƛǎ ά±ŜǊȅ DƻƻŘέ ǿƛǘƘ άIƛƎƘέ 
rating/scaling 

1.21 
 

System Complexity {ȅǎǘŜƳΩǎ ǘȅǇŜ Sys-2 ǿƛǘƘ ά±ŜǊȅ IƛƎƘέ ŎƻƳǇƭŜȄƛǘȅ 
rating/scaling 

2.15 
 

hǊƎŀƴƛȊŀǘƛƻƴΩǎ ¢ȅǇŜ hǊƎŀƴƛȊŀǘƛƻƴ ǘȅǇŜ ƛǎ άWƻƛƴǘ {ŜŎǘƻǊέ ǿƛǘƘ ά±ŜǊȅ IƛƎƘέ 
rating 

0.6 
 

hǊƎŀƴƛȊŀǘƛƻƴΩǎ /ǳƭǘǳǊŜ hǊƎŀƴƛȊŀǘƛƻƴ ŎǳƭǘǳǊŜ ƛǎ ά{ǘǊƻƴƎέ ǿƛǘƘ ά±ŜǊȅ IƛƎƘέ ƎǊŀŘƛƴƎ 0.15 

hǊƎŀƴƛȊŀǘƛƻƴΩǎ ²ƻǊƪ-
Environment 

²ƻǊƪ ŜƴǾƛǊƻƴƳŜƴǘ ƛǎ ά.Ŝǎǘέ ǿƛǘƘ άIƛƎƘέ ǊŀǘƛƴƎ 0.3 
 

tǊƻƧŜŎǘΩǎ Risks Yƴƻǿƴ tƭŀƴƴŜŘ Ǌƛǎƪǎ ǿƛǘƘ άaƻŘŜǊŀǘŜέ ƎǊŀŘƛƴƎ 2.5 

Yƴƻǿƴ ¦ƴǇƭŀƴƴŜŘ Ǌƛǎƪǎ ǿƛǘƘ άIƛƎƘέ ƎǊŀŘƛƴƎ -0.4 

¦ƴƪƴƻǿƴ Ǌƛǎƪǎ ǿƛǘƘ άIƛƎƘέ ƎǊŀŘƛƴƎ -1.3 

Transitional Factors - calculated as per method given in Chapter-4 subsection 4.6.1.6 HI  
3.62 

Tcap  
1.07 

OEI 
1.05 

Tprd  
0.53 

Sprint(s)-wise Story Points (SPs) ς TF, EnvF, EF, LF, CEAF calculated as per methods given in Chapter-4 subsection 4.6.1.6 

Yproject & Zproject Sprint-2 Sprint-4 Sprint-6 Sprint-1 Sprint-3 Sprint-6 

Sprint(s) Complexity 
(All Sprints High) 

0.40 0.70 0.85 0.12 0.63 0.85 

Learning Factor  0.07 0.15 0.21 0.02 0.13 0.21 

COEEMO Effort Adjustment Factor (CEAF) 0.82 0.90 0.96 0.77 0.88 0.96 

Technical Factor (TF) Environmental Factor (EnvF) Effort Factor (EF) 

0.76 0.99 0.75 

{ǇǊƛƴǘΩǎ {tǎ 9ǎǘƛƳŀǘŜŘ ōȅ /h99ah 
(Yproject/Zproject) 

27.9 38 30.8 26.1 39.4 30.8 

Note: If any value /rating is same in case of Yproject and Zproject then they are given only once in the table. 

 

Table 7.9 Treatment-6ôs Important DPs of Yproject & Zproject 

7.2.7 Treatments Vs Samples Matrix 

 

There were thus a total of 18 samples collected from the experiments. The specific treatments 

applied (a number of times) to the specific samples is shown in Table 7.10. As illustrated, 

Treatments-1 and 2 were employed on 12 samples. Further, six samples were subjected to 

Treatments-3, 4 and 6. 
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Sample#  T1 T2 T3 T4 T5 T6 Treatments/
Sample 

1 X X - - X - 3 

2 X X - - X - 3 

3 X X - - X - 3 

4 X X - - X - 3 

5 X X - - X - 3 

6 X X - - X - 3 

7 X X - - X - 3 

8 - - X X - X 3 

9 X X - - X - 3 

10 - - X X - X 3 

11 X X - - X - 3 

12 - - X X - X 3 

13 - - X X - X 3 

14 X X - - X - 3 

15 - - X X - X 3 

16 X X - - X - 3 

17 X X - - X - 3 

18 - - X X - X 3 

 Samples / 
Treatments 

12 
T1 

12 
T2 

06 
T3 

06 
T4 

12 
T5 

06 
T6 

 

  

Table 7.10 Treatments Vs Samples Matrix 

7.2.8 Implementation of the TESPs as recommended by Treatments 2, 4 & 5 

There were some implementation issues to apply to total estimated SPs (TESPs) per sprint as 

suggested by treatments 2, 4, and 5 in an actual scenario as suggested. These are discussed in the 

subsequent subsections along with their possible solutions.  

7.2.8.1 Rounding Issue 

In the first step, all TESPs as suggested by treatments 2, 4, and 5 must be rounded by employing 

the simple mathematics rounding rule that says if the first digit after the decimal is 5 or greater than 

the TESPs value is rounded up to the nearest whole number, otherwise it is rounded down to the 

nearest whole number. For example, if the TESPs value is 35.61 then this value requires to be 

rounded up because the first digit after decimal is 6, which is greater than 5, and so the suggested 

nearest whole number is 36. However, if the TESPs value is 35.45 then this value needs to be 

rounded down and the recommended nearest whole value is 35. This rule is applied on all the TESPs 

values as proposed by treatments 2, 4, and 5. The rounded data are exhibited in Table 7.11. 
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Experimental Data: (Proposed subjects are Team-A and B, Agile coach / Capability Lead, and the Researcher while 
objects are Xproject, Yproject & Zproject) 

S# SPT 
# 

US T1 
TESPs 

T2a  
(PERT-1) 

TESPs 

T2b  
(PERT-2) 

TESPs 

T3 
TESPs 

T4a 
(PERT-1) 

TESPs 

T4b 
 (PERT-2) 

TESPs 

T5 
TESPs 

T6 
TESPs 

AFSPs 
 

 

Xproject Data: -     Subjects/Treatments: Team-A, Agile coach, Researcher / T1, T2, T5 

1 27 10 37 35 34 - - - 33 - 32 

2 28 8 45 46 45 - - - 41 - 42 

3 29 8 49 42 41 - - - 45 - 44 

4 30 12 78 71 65 - - - 71 - 57 

5 31 8 77 67 58 - - - 71 - 77 

6 32 12 62 55 48 - - - 57 - 49 

 

Yproject Data: -     Subjects/Treatments: Team-B, Agile coach, Researcher / TMT-1, TMT-2, TMT-3, TMT-4, TMT-5, TMT-6 

7 1 5 39 29 23 - - - 30 - 31 

8 2 5 - - - 34 38 33 - 28 31 

9 3 5 47 35 31 - - - 41 - 39 

10 4 5 - - - 42 45 40 - 38 37 

11 5 5 39 31 26 - - - 36 - 39 

12 6 5 - - - 32 31 27 - 31 32 

 

Zproject Data: -      Subjects/Treatments: Team-B, Agile coach, Researcher / TMT-1, TMT-2, TMT-3, TMT-4, TMT-5, TMT-6 

13 1 5 - -  34 30 27 - 26 31 

14 2 5 42 38 33 - - - 35 - 37 

15 3 5 - - - 45 37 31 - 39 40 

16 4 5 52 45 40 - - - 47 - 44 

17 5 5 37 30 27 - - - 35 - 34 

18 6 5 - - - 32 31 27 - 31 32 
S#: Sample number   SPT#: Sprint number   US: User stories   T1, T2, T3, T4, T5, T6: Treatments 1, 2, 3, 4, 5, 6   TESPs: Total Estimated Story-Points per sprint   AFSPs: Actual 
Finished SPs  PERT-1 & 2: Variant-1 & 2 of PERT  
 

 

Table 7.11 Rounded TESPs of the Experimental Data of AUSITôs Xproject, Yproject & Zproject 
 

7.2.8.2 {ǇǊƛƴǘΩǎ ōŀŎƪƭƻƎ LǎǎǳŜǎ 

How should the team implement the Treatmentsô suggested TESPs in their actual work environment 

for the forthcoming sprint backlog? To answer this question, a range of scenarios are now discussed 

along with the possible solutions and the same steps/solutions were applied on all the TESPs as 

recommended by Treatments 2 to 6. The new adjusted data due to the changes in SPs for Xproject 

(i.e., sprint# 28, and 31), Yproject (i.e., sprint# 1, 2, 3, 4, 5 and 6) and Zproject(i.e., sprint# 2, 3 and 

6) shown in Table 7.12, the values of which were used in this study for the purpose of analysis and 

other evaluations.  

 

Scenario-1: In the Xproject, the TESPs were 45 and 41 as proposed by the team and Treatment-

5, respectively, for sprint-28. The team required to compare and adjust both these TESPs in the 

sprint backlog by following the given steps: 

  

a. Compare both TESPs of sprint-28 as suggested by the team and Treatment-5 and find the 

difference - in this case the answer is 4, after subtracting TESPs 41 from 45. 
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b. Find the user story (US) that is equivalent or close to the size of 4 SP from the list of the 

agreed-upon sizes which the team has estimated against the individual USs in the sprint, 

which are 5, 3, 8, 5, 5, 8, 8, 3 against the user stories 1-8 correspondingly. From this given 

list, the team can choose US 2 or 8 to remove it from their sprint backlog because both these 

USs are close to the story size that in this case is 4. To remove among same-sized multiple 

USs, the team may also consider other factors such as their business value or the technical 

requirements of the user stories. 

Scenario-2: In the Yproject, the TESPs were 42 and 38 as recommended by the team and 

Treatment-3, respectively, for sprint-4. The team required to compare and adjust both these 

TESPs in the sprint backlog by following the given steps: 

 

a. Compare both TESPs of sprint-4 as indicated by the team and Treatment-3. Find the 

difference - in this case the answer is 4. 

b. Locate the US that is equivalent or close to the size of 4 SPs from the list of the agreed-upon 

sizes which the team has estimated against the individual USs in the sprint, which are 8, 13, 

8, 5, 8 against US 1-5 correspondingly. From this given list, the team can choose US 4 to 

remove it from their sprint backlog because this is the only US that is close to the size of the 

4 SPs, as compared to all other user stories which are relatively larger in size. If the team 

considers that the candidate US for removal, i.e., US-4, is more important and has higher 

business value than others, then they can remove any other US from the sprint backlog which 

may be higher or lower in size but is less important and/or has less business value as 

compared to the candidate US for exclusion. 
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Experimental Data: (Proposed subjects are Team-A and B, Agile coach / Capability Lead, and the Researcher while 
objects are Xproject, Yproject & Zproject) 

S# SPT 
# 

US T1 
TESPs 

T2a  
(PERT-1) 

TESPs 

T2b  
(PERT-2) 

TESPs 

T3 
TESPs 

T4a 
(PERT-1) 

TESPs 

T4b 
 (PERT-2) 

TESPs 

T5 
TESPs 

T6 
TESPs 

AFSPs 
 

 

Xproject Data: -     Subjects/Treatments: Team-A, Agile coach, Researcher / T1, T2, T5 

1 27 10 37 35 34 - - - 33 - 32 

2 28 8 45 46 45 - - - 42 - 42 

3 29 8 49 42 41 - - - 45 - 44 

4 30 12 78 71 65 - - - 71 - 57 

5 31 8 77 67 58 - - - 70 - 77 

6 32 12 62 55 48 - - - 57 - 49 

 

Yproject Data: -     Subjects/Treatments: Team-B, Agile coach, Researcher / TMT-1, TMT-2, TMT-3, TMT-4, TMT-5, TMT-6 

7 1 5 39 29 23 - - - 31 - 31 

8 2 5 - - - 34 38 33 - 29 31 

9 3 5 47 35 31 - - - 42 - 39 

10 4 5 - - - 42 45 40 - 37 37 

11 5 5 39 31 26 - - - 34 - 39 

12 6 5 - - - 32 31 27 - 29 32 

 

Zproject Data: -      Subjects/Treatments: Team-B, Agile coach, Researcher / TMT-1, TMT-2, TMT-3, TMT-4, TMT-5, TMT-6 

13 1 5 - -  34 30 27 - 26 31 

14 2 5 42 38 33 - - - 37 - 37 

15 3 5 - - - 45 37 31 - 42 40 

16 4 5 52 45 40 - - - 47 - 44 

17 5 5 37 30 27 - - - 34 - 34 

18 6 5 - - - 32 31 27 - 29 32 

            
S#: Sample number   SPT#: Sprint number   US: User stories   T1, T2, T3, T4, T5, T6: Treatments 1, 2, 3, 4, 5, 6   TESPs: Total Estimated Story-Points per sprint   AFSPs: Actual 
Finished SPs  PERT-1 & 2: Variant-1 & 2 of PERT  
Note: {ǇǊƛƴǘǎΩ ōŀŎƪƭƻƎ adjustments in SPs are shown in yellow colour for the sample# 2, 5, 7, 8, 9, 10, 11, 12, and 14 of the Treatments.  

 

Table 7.12 Adjusted TESPs of the Experimental Data of AUSITôs Xproject, Yproject & Zproject 
 

7.3 Chapter Review 

 

In this chapter, the settings for the real industry projects within which the proposed experiments were 

conducted, the methods through which the planned treatments were applied, and various aspects of 

the experiments including the details of subjects, objects, and important data points for each 

treatment, were presented.  

 

In the next chapter, the design and execution of the instrument used for the interviews of agile 

developers, and their responses against the three intended topics (i.e., position, product 

development and estimation), are reported. Moreover, intervieweesô responses with supporting 

graphic/tabular depictions and demographic details are also presented. 
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PART - 4       results and analysis  

 

This part consists of two chapters which reports the conduct and results of the interviews conducted 

with 21 IT practitioners. This covers details of the instruments used for interviews, and the methods 

used in the execution of the interviews, including collection and categorization of the data, their 

interpretation, analysis, and synthesis. Moreover, this part exhibits descriptive statistics of the 

experiments conducted in real-industry settings along with evaluations of the hypotheses and 

accuracy comparisons of different treatments. 

 

Detailed views of the research activities with respect to the chapters within this part are presented 

in the figure as given below. On the top of the diagram, the chapters covered in this part are shown 

along with their different research endeavours as accomplished within the individual chapters, while 

the outcomes of Part-4 based on its individual chapters are exhibited at the bottom of the figure. 
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Chapter-8  Interviews and Analysis  
Content Summary: This chapter covers the design and execution of the instrument used for the interviews of agile developers. 
Responses of the interviewees against three intended topics are covered, with supporting graphic and tabular depictions. 
Demographic details are also reported in the last section of this chapter. 

 

As per the design of the intended study, interviews with IT practitioners were conducted to validate 

the factors considered to be significant for the estimation of effort in agile development. The factors 

themselves have been described fully in Chapter 2 and 4. Interviews were conducted individually 

with practicing industry professionals to collect data relating to their perceptions of the relevance and 

importance of the various factors in relation to effort estimation. Audio recordings along with note-

taking techniques were used to collect interview data. Daily Interpretive Analysis (DIA) was utilized 

to assemble and interpret the information as collected from the interviewees at the end of every day 

of interviewing. Further, thematic analysis by following deductive approach was utilized to identify 

themes from the interview data (Braun &Clarke, 2006). 

 

Suitably qualified and experienced participants were recruited and given pre-interview guidelines 

one week prior to the planned meeting. While a minimum of around ten interviews would be sufficient 

to achieve lend a level of confidence in the insights found we ultimately conducted 21 interviews. We 

did not necessarily expect consensus regarding all factors; rather, it was assumed that all relevant 

themes of the said research should be held by a minimum of 50% of the respondents (Galvin, 2015). 

 

8.1  Instrument Used for the Interviews 

A semi-structured questionnaire was used to collect data from the interviewees. Open-ended and 

closed questions were included in this questionnaire. The open-ended questions were included to 

gain an understanding of the participantsô roles and responsibilities, and their experiences and 

expertise in product/project development and/or estimation in their existing and/or previous 

organizations. The closed questions were included to capture their perceptions regarding the list of 

factors that are each thought to have some level of influence on software estimation. The intent was 

to analyse the relative impact of each factor with respect to estimates of size, effort, and cost of 

projects undertaken in agile development contexts. Note that the factors included in the 

questionnaire were not necessarily the only factors that impact on estimation; therefore, suggestions 

from the interviewees for additional factor(s) were also welcomed. 

 

8.1.1 Instrument Design 

 

Three main topics were covered in the questionnaire, i.e., Position, Product/Project development, 

and Software estimation/scheduling experience. Their details found in the attached Appendix-K 

while the high-level structure is given in Figure 8.1. 
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Figure 8.1 Structure of the Instrument for the interview 

8.2 Selection Criteria for the Interviewees 

We sought personnel actively involved in the development activities of a software project/product 

that included but was not limited to common practices such as requirements engineering, design, 

architecture, code development, testing, quality assurance, maintenance and management. They 

preferably had recent experience in an agile environment, in any one or multiple roles of Product 

owner, Scrum master, or agile team members, and had not less than 3 years overall experience as 

an IT practitioner. Details of the procedure used for the recruitment of participants is given in section 

C.3.5 of the attached Ethics approval document at Annex-L. Moreover, efforts were made to select 

interviewees from more than one country irrespective of their number of participants (i.e., no upper 

or lower limit of participants was pre-set for any specific country to ease the process of data 

collection, and in recognition that software engineering is an international discipline), so that 

feedback might be gathered from people working in different organisational and national cultures.  

Twenty-one IT practitioners were recruited (some voluntarily and a few of them through the 

researchersô personal references and contacts) from seven different countries as shown in the graph 

in Figure 8.2. Unsurprisingly, given the researcherôs location, the largest number of participants (i.e., 

11) were drawn from New Zealand. 

Topic-1 Position 
Related Questions

(10-15 Minutes):
6 Questions were 

asked of the 
participants

Topic-2 Product / 
Project 

Development 
Experience Related 
Questions (10-15 

Minutes):
5 Questions were 

asked of the 
participants

Topic-3 Product / 
Project Estimation / 
Scheduling Related 
Questions (40-45 

Minutes): List of 12 
factors were shared 

with the 
participants to ask 
their opninion re 
their impact on 

estimation
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          Figure 8.2 Pie Chart Showing Respondents Vs Countries 

  

8.3 Responses of the participants against Topic-1 Position 

Under this topic, six questions were framed to collect responses from the interviewees through which 

they could describe their roles/responsibilities, the extent of their domain experience, and their 

topmost three areas of expertise. In addition, questions probed their involvement in the development 

or management of software projects/products. Details of the questions and intervieweesô responses 

are given in the subsequent sections.  

Q.1: What is the title of your current position? 

The core objective of this question was to provide a sense of the suitability of the respondents in 

terms of their providing feedback about effort estimations, and the degree to which they were working 

in a project/product in various roles. Table 8.1 shows that a range of key roles in an agile 

project/product development were included in the interviews. Moreover, the role frequencies were 

proportional to an actual working organization for a small agile team (normally from 5-8 members) 

who were deployed to undertake a real-world project/product in the industry; i.e., to undertake a real 

industry agile project a team of 5-8 members with one Product owner and one Scrum 

Master/facilitator is recommended. 

 

S/No  Role  Respondents # 

1 Product Owner 1 

2 SCRUM Master 3 

3 Lead (Quality, Agile Transformation) 3 

4 Configuration / Business Analyst 2 

5 Developers 6 

6 System Architect 1 

7 HoD Process Engineering 1 

8 CTO / Data Officer 2 

9 IT Consultant / Ecommerce Specialist 2 

 
Table 8.1 Intervieweesô Role 
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Q.2: How long (years, months) have you been involved in this occupation? 

This question was asked to capture intervieweesô length of experience in their professional domains 

to achieve two key goals. One was to verify their suitability as respondents in this intended study 

and the second was to better understand their feedback about effort estimation based on the depth 

of their professional experiences. As the graph given at figure 8.3 shows, the highest number of 

interviewees (8) had 10-14 years experiences, and no-one had experience of less than 5 years. 

Moreover, 3 respondents had more than 20 years of experience. 

 

Figure 8.3 Respondents and their experiences in number of years 

Q.3. Please list your top three areas of professional expertise.  

 

This question was designed to categorize intervieweesô professional expertise based on their own 

choice of topic and level of expertise. The core objective of asking this question was to provide an 

understanding of the diversity or similarity in intervieweesô expertise and its relationship to their 

responses regarding estimation. The expertise categories Vs the number of respondents are shown 

by the bar graph in Figure 8.4 while the types of expertise are listed in Table 8.2. 
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Figure 8.4 Type of expertise Vs number of respondents 

The graph shows that 10 respondents had Software/Business/Web Development (SBWD) expertise 

either alone or in combination with other expertise. 

 

Expertise's 
Category Expertise Full Name 

SBWD Software/Business/Web Development 

PPM Project/Product Management 

DRBA Data/Requirements/Business Analysis 

ASDPS Agile / SD process / SCRUM 

AD Architecture / Designing 

IPO Integration/performance Optimization 

QAT Quality Assurance / Testing 

DMBI Data Mining / Business Intelligence 

DevOps DevOps 

IC IT Consultancy 

Miscellaneous 
GIS, Change/Enterprise management, Java tech, 
SAP, Info Security, Block chain, IT Governance 

 

 

Table 8.2 Expertiseôs categories 

Q.5: Are you involved in software development? 

This question was asked to find out about the respondents; whether they were fully, partially or not 

involved in software development in their current roles. The objective in asking this question was to 

surface and collect feedback on the varieties of challenges faced in estimating effort ï a person who 

was fully involved in development might had encounter different challenges or issues in estimation 

than the person who was partially involved in development but was at the same time responsible for 

other responsibilities in the project or organization. Moreover, individuals who were not involved in 

development in their current roles but still had experience in development and estimation could give 
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a different perspective regarding the challenges that could arise in estimation. As the graph given at 

figure 8.5 shows 3 and 10 respondents who were involved in the software development (SD) in the 

partial and full roles respectively. Further, 8 respondents were not involved in SD in their current 

roles. 

 

 
 

Figure 8.5 Software Develoment Vs Number of Respondents 

8.4 Responses of the participants against Topic-2 Product/Project Development experience 

Under this topic five questions were asked, to collect responses from the interviewees through which 

they could describe various aspects of their experience in the context of product/project 

development: the type of projects/products on which they were working and/or had worked, the 

development environment, i.e., global and/or local, common practices in their development activities, 

their experiences in estimating effort, size and/or scheduling, and common methodologies and 

challenges encountered in estimation. Details of each question along with the intervieweesô 

responses are given in the subsequent sections. 

 

Q.1: What kinds of projects/products does your company mainly develop e.g., Web, Desktop, 

mobile, built-in/embedded, games etc.?  

 

The core objective in asking this question was to gain insights into the types of systems on which 

the interviewees were working or had previously worked. Further, it was assumed that exposure of 

the respondents to more varieties or types of systems might help them in completing one of the 

aspects considered in Topic-3 of the questionnaire where they were required to provide comparative 

ratings on the complexities of various system types with respect to their implementation. 

Respondents indeed revealed different types of systems/products on which they were working. All 

but two respondents communicated that their companies/organizations were dealing with the 

development of more than one project/product. Respondentsô sharing types of systems/products 

were grouped into 11 categories, as shown in the graph given at Figure 8.6. This shows that the 

majority of the organizations (13 responses) were working on Web based systems while Desktop 
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(10 responses) and Mobile applicationsô (6 responses) development were placed at rank 2 and 3, 

respectively.  

 

 

 
 

Figure 8.6 Type of Systems / Products Vs Number of Responses 

Q.2: Does your project/product involve global development?  

 

Offshore/global software development has become common due to various reasons, e.g., cheap 

offshore labour market, non-availability of trained or experienced human resources, and/or team 

placed at various geo-locations. This question was posed to find out how many interviewees were 

working in global development environments and based on their answers, in further intended 

questions their feedback collected on the challenges they observed or faced in estimating the effort 

of their projects/products because of the global development context and/or multi geo-located teams. 

The responses are shown by the bar graph as given at Figure 8.7, which demonstrates that 13 

respondents were working and/or worked in global development contexts where their teams were 

geo-located in different countries, while 3 respondentsô teams were geo-located in the same country. 
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 GGL: Golbal Geo-located                   GL: Geo-loacted in the same country 

 
Figure 8.7 Global Development Vs Number of Responses 

 

Q.3: What practices do you regularly or often employ in software development?  

 

In this question, the respondents were asked about their usage of business processes/practices in 

their project/product development. A list of the current practices and the responses against them are 

given in Table 8.3. The majority of the respondents (13) revealed the use of SCRUM as a single 

practice for the development of their projects/products. Eight respondents disclosed SCRUM was 

used along with other methods. 

   

Current Practices in SD No. of Respondents 

Agile (SCRUM) 13 

Agile (SCRUM) and other methods (Kanban, Xtreme 
Programming, SAFe, Waterfall, RAD, TDD, CDD, V-Model, 
Lean, and Prototyping) 

8 

SAFe: Scaled Agile Framework                                                 RAD: Rapid Application Development 

TDD: Test Driven Development                                               CDD: Component Driven Development 

 
Table 8. 3 Current Software Development Practices Vs number of Responses 

Q.4: Do you have any experience estimating the size, effort, cost or schedule of a software 

development project? If yes, then which methodology or methodologies have you used for the 

purposes of estimation?  

 

This question was designed to draw out respondentsô experience in estimating effort, cost or the 

scheduling of a development project/product, and which methodologies or practices they had used 

for the purpose of estimation. This was one of the core questions in the context of the intended study 

because it was assumed that if more respondents had experience in estimation, and further, the 

usage of its various methodologies, then they could be effective in explaining the actual challenges 

as faced by the IT industry in estimation generally and in the employment of specific techniques. 
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All respondents revealed that they had experience in estimating the effort, size, and/or the cost of 

software development projects/products. The techniques that they disclosed were being used for 

their project/product estimations are given in Table 8.4. These techniques were grouped into three 

categories based on the number of responses. Category-A techniques centred on planning poker 

were in use by the majority of the respondents (12 in number), while 7 respondents were employing 

various Category-B practices for the estimation of their development projects. Further, 3 respondents 

were using Category-C techniques, i.e., their own customized methods and/or no formal techniques 

for estimating their projects. 

 

Category# Methods / Techniques Used in Estimation No. of 
Respondents 

A Planning Poker (Story Points based estimation) through expert 
judgement / Top-Down / Analogies approaches 

12 

B Mixed methods of estimation (Parametric, T-shirt sizing, Kanban, 
EVM, CPI & SPI, Lean, SCRUM, Waterfall/SDLC) 

7 

C Own customized or no formal estimation method through expert 
judgement / Top-Down / Analogies approaches 

3 

EVM:    Earned Value Management 

CPI:      Cost performance index 

SPI:      Schedule performance index 

SDLC:  Software development life cycle 

 

Table 8.4 Estimation Methods / Techniques Vs number of Responses 

Q.5: Please describe any problems / challenges you might have experienced in estimating the 

size, effort, cost, or schedule of a software development project in which you were involved?  

 

This was a supplementary question of previously asked question (Q.4) and designed to know the 

challenges or issues which respondents had experienced while they worked on their products. This 

was also one of the core questions in the context of the intended study because it was assumed that 

if more respondents had experience in estimation, then they could be effective in explaining the 

actual challenges / issues as faced by the IT industry in estimation generally and in the employment 

of specific techniques. 

 

All respondents revealed that they had experienced numerous issues / challenges / problems while 

in estimating the effort, size, and/or the cost of software development projects/products. These 

problems / issues were grouped into 10 types based on the number of responses as presented in 

Table 8.5. Majority of the respondents were in the views that one of the core challenges of the 

estimation was the presence of new developer(s) in the team which impacted estimationsô accuracy 

(due to many reasons e.g., lack of understanding for estimation activity, more time required to 

understand project, team, culture, environment and others), while 5 respondents indicated unclear 

requirements as one of the problems.   Further, 3 respondents in each case were presented four 

challenges as indicated at S# 3, 4, 5, and 6 of Table 8.5 while estimating size of the project. 

Furthermore, 2 respondents unveiled that estimation could be impacted by various projects domains, 

lack of technological toolsô expertise or experience and also the understanding issues for a story 
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complexity. However, single respondent in each case had indicated 6 problems / issues during 

estimation. When the respondents were asked about the effort estimatesô deviations as they 

observed for their completed and/or on-going projects, then 6 of them revealed 21-30%, 5 indicated 

10-20% while 3 respondents conversed that the accuracy deviations were above 30%. Though to 

overcome the estimation inaccuracies, 4 respondents exhibited that they included 15-25% buffer or 

cushion time as over and above to their estimates for non-agile projects while for ASD projects the 

equivalent percentage of deviations were created deliberately in estimated story-points. 

 

S# Problems / Issues / Challenges No. of 
Respondents 

1 
New Team Member / Developer 11 

2 
Requirements are unclear / not enough 5 

3 
Relationship of time with Story-points while estimating 3 

4 
HR availability for development tasks 3 

5 
Vertical Slicing of Stories especially for new Project 3 

6 
Different projectôs types / domains 3 

7 
Technological tools' expertise /experience 2 

8 
Understanding in story complexity 2 

9 
Integration Issues 2 

10 Miscellaneous Issues:  
Global Development, Type of client-data especially for Business 
Intelligence Project, Estimator experience, Ambiguous done criteria, 
Priority of project, Involvement of non-developers for estimation 1 

 

Table 8.5 Problems/Issues/Challnegs Vs number of Responses 

8.5 Responses of the participants against Topic-3 Estimation / scheduling 

The core intent of Topic-3 was to test and potentially validate the identified list of factors, their 

proposed descriptions, categories/subcategories, and scaling, based on the views of IT practitioners 

estimating size, effort, and cost of development projects and products in agile development contexts. 

 

Q.1: Do you agree that the list of factors is adequate and significant in the context of estimating 

effort, size, and/or cost of projects/products in agile development contexts? If not, then state which 

factors(s) are missing and/or not significant, with some justifications. 

 

A list of 10 factors was shared with the respondents to ask their perceptions about their significance 

in the context of effort estimation and the possibility that they might impact accuracy with respect to 

the actual effort. All 21 respondents agreed upon their significance in relation to effort estimation at 

a general level and their potential to impact on accuracy. No other additional factors were suggested 

for this purpose. 

Q.2: Do you agree with the proposed description, categories / sub-categories and 

scaling of the factors? 
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Almost all respondents agreed with the descriptions, categories and scaling.  A few respondents 

suggested including more subcategories in the existing subclasses of the system types, working 

environment, and culture factors. They were of the opinion that the given subcategories (e.g., best 

& worst working environment and open & closed culture, respectively) could only cater for extreme 

scenarios of the given factors, whereas more subcategories were required to address in-between 

situations. Further, two respondents were proposed to include IoT, Data analytics, and Machine 

Learning as additional subcategories of the systemôs types. 

 

Q.3: Provide ratings against each of the given or proposed factors? 

To secure responses from the participants, detailed views of all factors were provided in the interview 

guide, attached at Annex-K. In the guide, each factor was elaborated based on the following 

perspectives: 

a. Description of the factor: A detailed concept description of each 

factor was provided, showing its significance in the context of 

estimating effort, and its perceived impact on accuracy in relation to 

the actual effort, size, and cost of the project / product. 

b. Subcategories of the factor along with their descriptions: Each factor 

was divided into further subclasses to measure their level of 

significance in terms of estimating effort and its impact on accuracy 

with respect to the actual effort, size, and cost of the project/product; 

e.g., in the expertise factor, the level of expertise was divided into 

four further subclasses of High, Medium, Adequate, and Inadequate 

expertise. Each subcategory had a full description to show its 

relevance. The proposed subclasses of all the factors along with 

their level of significance are given in the table. 

c. Fuzzy scales of five values from Very High to Very Low (i.e., Very 

High, High, Moderate, Low, Very Low): Scaling / rating options were 

provided against the subcategories of a factor so that respondents 

could choose the scaling and ratings of their choice. One additional 

ñDonôt knowò, option was also provided so that respondents could 

choose this option if they were unaware of the significance or impact 

of a specific factor(s) or its subclasses.  

The meaning of the scales for each factor was different, e.g., in the 

expertise factor, if the respondent marked the rating ñVery Highò 

against the subclass ñHigh Expertiseò, it meant a team member with 

ñHigh Expertiseò could estimate effort very close to the actual 

estimations of effort, while rating ñHighò meant estimations close to 
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the actual estimates but less than ñVery Highò and so on. For the 

factor of team relationship and spirit, subclass ñExcellentò of the said 

factor demonstrated very high effectiveness of the team, if a 

respondent selected rating ñVery Highò whereas rating ñHighò meant 

team effectiveness was still high but less than ñVery Highò and so 

on. 

8.6 Ratings of the respondents 

In this section, the ratings of the respondents for all of the individual factor(s) as obtained from the 

interviews are reported using graphs and tables. Any additional comments of the respondents are 

included in the table following the graph. Moreover, the most frequently used terminologies in this 

section are explained here for more clarity: 

i. Actual Effort: The effort required to implement a software development task by the 

team. 

ii. Estimated Effort: The projected/estimated effort required to implement a software 

development task by the team. 

iii. Impact on estimation: This is an effect which may influence estimation negatively or 

positively due to which the projected estimations may be accurate, close or deviated 

from the actual effort. 

8.6.1 wŜǎǇƻƴŘŜƴǘǎΩ wŀǘƛƴƎ ŦƻǊ ŀƭƭ ŦŀŎǘƻǊǎ 

 

Respondentsô ratings against all factors, i.e., Team membersô expertise, experience, and 

relationships, Stakeholder coordination, Organization type, culture, and work environment, System 

context, Sprint and Risk contexts, are shown by the bar graph given in Figure 8.8, demonstrating the 

perceived impacts of the identified factors on projected/estimated effort.  
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Figure 8.8 Intervieweesô Responses to Exhibit all Factors/Subclassesôs Impacts on effort Effort Estimates 

 

The y-axis shows the number of responses while the x-axis denotes ratings (i.e., Very High, High, 

Moderate, Low, Very Low) in each subclass of the factors (i.e., P1, P2, P3, and P4) where P1 

represents the highest and P4 the lowest subcategory of the specific factor.  (Note that System 

context has five subcategories but the last two subcategories, i.e., P4, and P5, are combined just to 

create symmetry with other factors, meaning that all factors along with their subcategories can be 

exhibited in a single graph as presented in Figure 8.8.) The respondentsô ratings for the individual 

factors are given in the subsequent sections. Moreover, to describe the responses of the 

interviewees, the acronyms VH, H, M, L, VL are used to represent different gradesô levels as ñVery 

Highò, ñHighò, ñModerateò, ñLowò and ñVery Lowò respectively. 

 

8.6.2 RespondeƴǘǎΩ wŀǘƛƴƎs for individual factors 

 

a. Team membersô expertise 

Respondents were required to rate this factor based on the level of expertise in the team 

members and its impact on the anticipated effort accuracy. High, Medium, Adequate, and 

Inadequate are the proposed expertise levels, presented in the graph as P1, P2, P3, and P4 

respectively. Their complete descriptions are provided in Chapter 4. The responses are shown 

in the graph as given in Figure 8.9. The different coloured bars represent the different levels of 

expertise within one scale, e.g., P1 in scales of ñVery Highò and ñHighò are in different colours. 

On the y-axis of the graph the numbers of responses are given while ratings / scales are shown 

on the x-axis. Response-wise ratings and their explanations are given below: 

 

¶ Respondents rated P1 as per the given grade-response matrix: VH-7, H-11, M-2, L-0, 

and VL-1. The majority of respondents (19/21) were of the view that if the team had 

members with ñHigh expertiseò then their estimated effortôs accuracy could be from ñVH 

to Hò and likely to be very close to the actual effort. 
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¶ Respondents rated P2 as per the given grade-response matrix: VH-1, H-11, M-9, L-0, 

and VL-0. The majority of respondents (20/21) were in the opinion that if the team had 

members with ñAdequate expertiseò then their estimated effortôs accuracy could be from 

ñH to Mò and likely to be close to the actual effort. 

¶ 19 respondents rated P3 as per the given grade-response matrix: VH-0, H-0, M-9, L-10, 

and VL-0 while two respondents graded P3 from ñModerate to Lowò. This reveals that 

almost 12 respondents were of the view that if the team members had the ñMedium 

expertiseò then their estimated effortôs accuracy could be low while 11 respondents said 

moderate as compared to the actual effort. 

¶ 19 respondents rated P4 as per the given grade-response matrix: VH-0, H-0, M-0, L-6, 

and VL-13 while one respondent graded P4 from ñLow to Very Lowò. This discloses that 

almost 14 respondents were of the opinion that if the team members had the ñInadequate 

expertiseò then their estimated effortôs accuracy might be ñVLò than the actual effort. 

¶ 1 respondent rated P4 ñDonôt Knowò which means that if the team had members with 

ñInadequate expertiseò then their estimated effortôs accuracy could not be known by the 

respondent. 

 

Figure 8.9 Respondentsô ratings of impacts on effort estimates based on the expertise levels 

 

b. Team memberôs Experience 

Respondents were required to rate this factor based on the level of experience in the team 

members and its impact on the anticipated effortôs accuracy. Proficient, Experienced, 

Intermediate, and Beginner are the proposed experience levels and are presented in the graph 

as P1, P2, P3, and P4 respectively. Their complete descriptions are provided in Chapter 2. The 

responses are shown in the graph as given in Figure 8.10. Response-wise ratings and their 

explanations are given below: 

¶ Respondents rated P1 as per the given grade-response matrix: VH-12, H-8, M-1, L-0, 

and VL-0. The majority of respondents (20/21) were of the view that if the team had 
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members with ñProficientò experience then their estimated effortôs accuracy could be from 

ñVH to Hò and likely to be very close to the actual effort. 

¶ Respondents rated P2 as per the given grade-response matrix: VH-2, H-13, M-6, L-0, 

and VL-0. The majority of respondents (19/21) had the opinion that if the team members 

were in the ñExperiencedò category then their estimated effortôs accuracy could be from 

ñH to Mò and likely to be close to the actual effort. 

¶ 20 respondents rated P3 as per the given grade-response matrix: VH-0, H-3, M-12, L-5, 

and VL-0 while one respondent graded P3 from ñModerate to Lowò. This reveals that 

almost 13 respondents were of the view that if the team members had the ñIntermediateò 

experience then their estimated effortôs accuracy could be moderate while almost 6 

respondents said low as compared to the actual effort. 

¶ 20 respondents rated P4 as per the given grade-response matrix: VH-0, H-0, M-2, L-7, 

and VL-11. This reveals that 11 respondents had the opinion that if the team members 

were ñBeginnerò in their experiences then the estimated effortôs accuracy could be very 

low while 7 respondents said low as compared to the actual effort. 

¶ 1 respondent rated P4 ñDonôt Knowò which means that if the team had members with 

ñBeginner experiencesò then their estimated effortôs accuracy could not be known by the 

respondent. 

 

 

Figure 8.10 Respondentsô ratings of impacts on effort estimates based on the experience levels 

c. Team relationship and spirit 

Respondents were required to rate this factor based on the level of coherence and effectiveness 

in the team and its impact on the anticipated effortôs accuracy. Excellent, Very Good, Good, and 

Poor or conflicting are the proposed levels for team effectiveness and are presented in the graph 

given at Figure 8.11 as P1, P2, P3, and P4, respectively. Response-wise ratings and their 

explanations are given below: 
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¶ 20 respondents rated P1 as per the given grade-response matrix: VH-12, H-7, M-1, L-0, 

and VL-0 while one respondent graded P1 from ñModerate to Lowò. This reveals that if 

the team effectiveness is ñExcellentò then their estimated effortôs accuracy could be from 

ñVH to Hò and likely to be very close to the actual effort. This is because of the very high 

synergy level within the team which assists the team to accomplish the projected tasks 

at their earliest. 

¶ 19 respondents rated P2 as per the given grade-response matrix: VH-5, H-11, M-2, L-0, 

and VL-1 while two respondents graded P2 from ñHigh to Moderateò. This discloses that 

if the team effectiveness is ñVery Goodò then the estimated effort accuracy could be high 

and likely to be close to the actual effort.  

¶ 19 respondents rated P3 as per the given grade-response matrix: VH-2, H-2, M-11, L-3, 

and VL-1 while two respondents graded P3 from ñModerate to Lowò. This discloses that 

if the team effectiveness is ñGoodò then its estimated effortôs accuracy could be 

ñModerateò and likely to be moderately close to the actual effort.  

¶ 19 respondents rated P4 as per the given grade-response matrix: VH-0, H-1, M-0, L-6, 

and VL-12 while one respondent graded P4 from ñLow to Very Lowò. This reveals that if 

the team effectiveness is ñPoor or conflictingò then its estimated effortôs accuracy could 

be ñLow to Very Lowò as compared to the actual effort. This is because of the low synergy 

level of the team. 

¶ Only 1 respondent rated P4 ñDonôt Knowò which means that if the team effectiveness is 

ñPoor or conflictingò then its estimated effortôs accuracy is not known by the respondent. 

 
 

Figure 8.11 Respondentsô ratings of impacts on effort estimates based on the team effectiveness levels 

 

d. User / Stakeholder Collaboration 

Respondents were required to rate this factor based on the level of user/stakeholder 

collaboration and its impact on the anticipated effortôs accuracy. Fully, Partially, Casually, and 

Poorly are the proposed levels for user/stakeholder collaboration, presented in the graph given 

0

5

10

15

P1 P2 P3 P4 P1 P2 P3 P4 P1 P2 P3 P4 P1 P2 P3 P4 P1 P2 P3 P4 P1 P2 P3 P4

Very High High Moderate Low Very Low Don't Know

N
u

m
b

e
rs

 o
f 
re

s
p

o
n

s
e

s

Ratings/Scales of Impacts on effort estimations' accuracy

Respondents' ratings of impacts on effort estimations' accuracy 
based on the levels of the team effectiveness



 

Page 133 of 328 

 

at Figure 8.12 as P1, P2, P3, and P4, respectively. Response-wise ratings and their explanations 

are given below: 

  

¶ Respondents rated P1 as per the given grade-response matrix: VH-14, H-7, M-0, L-0, 

and VL-0. This demonstrates that if the users/stakeholders are ñFullyò collaborative then 

the estimated effort accuracy of the team could be very high, due to the timely feedback 

and active participation of the user/stakeholder in the various development activities and 

meetings of the product. Therefore, it is more likely that the tasks of the team are 

completed within the anticipated effort and hence its accuracy could be very close to the 

actual effort.  

¶ 20 respondents rated P2 as per the given grade-response matrix: VH-1, H-6, M-12, L-0, 

and VL-1 while one respondent graded P2 from ñHigh to Moderateò. This reveals that if 

the users/stakeholders are ñPartiallyò collaborative then the accuracy of the teamôs 

estimated effort could be ñHigher to Moderateò as compared to the actual effort due to 

partially feedback/participation of the stakeholders/users in the productôs endeavours.  

¶ 20 respondents rated P3 as per the given grade-response matrix: VH-0, H-0, M-3, L-12, 

and VL-5 while one respondent graded P3 from ñModerate to Lowò. This demonstrates 

that if the users/stakeholders are ñOccasionallyò collaborative then the estimated effortôs 

accuracy of the team could be ñLow to very Lowò than the actual effort due to the usersô 

occasional feedback and participation in the productôs endeavours. 

¶ 20 respondents rated P4 as per the given grade-response matrix: VH-0, H-0, M-0, L-3, 

and VL-17. This reveals that if the user/stakeholder ñPoorlyò collaborates then the 

estimated effortôs accuracy of the team could be very low as compared to actual effort, 

due to the poor participation in different activities of the product. 

¶ Only 1 respondent rated P4 ñDonôt Knowò, meaning that if the user/stakeholder 

collaborates ñPoorlyò then the estimated effortôs accuracy of the team is not known by the 

respondent. 
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Figure 8.12 Respondentsô ratings of impacts on effort estimates based on the coord levels of stakeholders 

 

e. Organization Type 

Respondents were required to rate this factor based on organizations types and their impact on 

anticipated effort accuracy. Govt/Public, Private, and Joint (i.e., a mix of Public and Private) are 

the proposed types of organization, presented in the graph given at Figure 8.13 as P1, P2, and 

P3, respectively. As with all factors considered in these interviews their complete descriptions 

are provided in Chapter 2. Response-wise ratings and their explanations are given below: 

  

¶ 20 respondents rated P1 as per the given grade-response matrix: VH-16, H-4, M-0, L-0, 

and VL-0 while one respondent graded P1 from ñVery High to Highò. This reveals that 

Govt/Public sector type of organization has very high impact (normally negative) on the 

accuracy of the teamôs estimated effort due to lengthy bureaucratic channels, project size, 

political interference, and others in government/ public sector organization. Therefore, 

ñVery High to Highò level of deviations are expected in the estimated effort of the team as 

compared to the actual effort. 

¶ 20 respondents rated P2 as per the given grade-response matrix: VH-4, H-3, M-10, L-3, 

and VL-0 while two respondents graded P2 from ñModerate to Highò. This demonstrates 

that the Joint sector type of organization has ñModerate to Highò impact (normally 

positive) on the estimated effort accuracy due to joint nature of the organization (i.e., a 

mix of Govt/Public and Private). Therefore, this organization type has less influence on 

the anticipated effort of the team for the completion of their projects/products. Because 

of this, some deviations are expected in the estimated effort of the team as compared to 

the actual effort. 

¶ 19 respondents rated P3 as per the given grade-response matrix: VH-4, H-9, M-5, L-1, 

and VL-0 while one respondent graded P3 from ñVery High to Moderateò and other from 

ñHigh to Moderateò. This reveals that the Private type of organization has ñHigh to 
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Moderateò impact (normally optimistic) on the estimated effort accuracy due to the private 

nature of the organization (where no lengthy bureaucratic channels, small project size, 

no political interference, and others are expected). Because of this, little deviations are 

likely in the estimated effort of the team as compared to the actual effort. 

 

 

Figure 8.13 Respondentsô ratings of impacts on effort estimates based on the organizationsô types 

 

f. Organizationôs Culture 

Respondents were required to rate this factor based on the impact of the culture of organizations 

on estimated effort accuracy. Open and Robust, Fragile and Closed are the proposed cultures, 

presented in the graph given at Figure 8.14 as P1 and P2, respectively. Response-wise ratings 

and their explanations are given below: 

  

¶ 19 respondents rated P1 as per the given grade-response matrix: VH-12, H-4, M-3, L-0, 

and VL-0 while two respondents graded P1 from ñVery High to Highò. The majority of the 

respondents (18/21) were of the opinion that the Open & Robust culture had a positive 

impact on the anticipated effort estimations. Therefore, it was more likely that the team 

might finish their intended tasks within the anticipated effort and consequently could 

achieve ñHigh to Very Highò level of estimationôs accuracy as compared to the actual 

effort. 

¶ 20 respondents rated P1 as per the given grade-response matrix: VH-0, H-1, M-0, L-5, 

and VL-14 while one respondent graded P2 from ñLow to Very Lowò. Respondents (20/21) 

were of the opinion that the Fragile & Closed culture had an adverse impact on the 

accuracy of effort estimation. Therefore, it was more likely that the team could not be able 

to finish their intended tasks within the anticipated effort and hence might achieve ñLow 

to Very Lowò level of estimationôs accuracy. 
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Figure 8.14 Respondentsô ratings of impacts on effort estimates based on the organizationsô culture 

 

g. Organizationôs Work Environment 

Respondents were required to rate this factor based on the working environments of 

organizations and their impacts on anticipated effort accuracy. Quite simply, Best and Worst are 

the proposed work environments, presented in the graph given at Figure 8.15 as P1 and P2, 

respectively. Response-wise ratings and their explanations are given below: 

  

¶ 20 respondents rated P1 as per the given grade-response matrix: VH-9, H-10, M-1, L-0, 

and VL-0 while one respondent graded P1 from ñHigh to Moderateò. Almost all of the 

respondents (20/21) were of the opinion that the best working environment had an 

inspiring impact on the anticipated effortôs estimations. Therefore, ñHigh to Very Highò 

estimationôs accuracy could be expected when compared to the actual effort. 

¶ 20 respondents rated P1 as per the given grade-response matrix: VH-0, H-0, M-2, L-9, 

and VL-9 while one respondent graded P2 from ñLow to Very Lowò. The majority of the 

respondents (19/21) were of the opinion that the Worst working environment had an 

undesirable impact on the effort estimation accuracy. Therefore, ñLow to Very Lowò 

estimationôs accuracy could be expected as compared to the actual effort. 
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Figure 8.15 Respondentsô ratings of impacts on effort estimates based on the organizationsô work Environment 

 

h. Sprint context 

Respondents were required to rate this factor based on the complexity of the Sprints/Cycles and 

their impacts on the anticipated effort. Sprint-1, -2 and Sprint-n are the proposed sprints/cycles 

of a product/project, presented in the graph given at Figure 8.16 as P1, P2, and P3, respectively. 

Response wise-ratings and their explanations are given below: 

  

¶ 18 respondents rated P1 as per the given grade-response matrix: VH-12, H-1, M-1, L-2, 

and VL-2 while two respondents graded P1 from ñVery High to Highò. The majority of the 

respondents (14/21) were of the opinion that the first sprint/cycle of a product/project had 

a very high level of complexity and therefore required more effort as compared to the 

succeeding sprints, due to factors such as the level of uncertainty, longer time 

consumption by the team in initial learning and understanding of the user requirements, 

and/or also in developing the first blueprint of the basic architecture of the system. 

Therefore, more deviations were expected in the anticipated effortôs accuracy of the team 

in this sprint as compared to in successive sprints. 

¶ 18 respondents rated P2 as per the given grade-response matrix: VH-4, H-7, M-5, L-1, 

and VL-1 while one respondent graded P2 from ñHigh to Moderateò. A simple majority of 

the respondents (12/21) held the view that sprint-2 had a complexity level from ñHigh to 

Moderateò. Therefore, fewer deviations were expected in the anticipated effort accuracy 

of the team in sprint-2 as compared to in successive sprints. 

¶ 17 respondents rated P3 as per the given grade-response matrix: VH-2, H-3, M-6, L-5, 

and VL-2 while one respondent graded P3 from ñLow to Very Lowò.  A bare majority of 

the respondents (12/21) were of the opinion that sprint-n had the complexity level of 

ñMedium to Lowò. Therefore, fewer deviations were expected in the anticipated effortôs 

accuracy of the team in sprint-n as compared to in successive sprints and it was likely 
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that the projected effort estimations of the team could be close to the actual estimation of 

the effort.  

¶ 1, 2 and 3 respondents were unsure about the complexity of sprint 1, 2, and n 

respectively. Therefore, they selected the ñDonôt Knowò option while responding in 

relation to the sprint factor. 

 

 

Figure 8.16 Respondentsô ratings of impacts on effort estimates based on the  Sprintôs numbers 

 

i. Risk context 

Respondents were required to rate this factor based on the types of the risks that may influence 

the success of the project/product and hence impact the anticipated effortôs accuracy. Known 

mitigated, known non-mitigated, and Unknown are the proposed risks on a project/product, 

presented in the graph given at Figure 8.17 as P1, P2, and P3, respectively. Their complete 

descriptions are provided in Chapter 2. Response-wise ratings and their explanations are given 

below: 

  

¶ Respondents rated P1 as per the given grade-response matrix: VH-2, H-0, M-4, L-10, 

VL-7. The vast majority of the respondents (17/21) were of the opinion that, in the case 

of known mitigated risk, there will be ñLowò (10 responses) to ñVery Lowò (7 responses) 

chance of an adverse impact on the success of the project/product. Therefore, few 

deviations are expected in the anticipated effort accuracy, and it is likely that the projected 

effort estimations of the team will be very close to the actual effort expended. 

¶ Respondents rated P2 as per the following grade-response matrix: VH-6, H-8, M-7, L-0, 

VL-0. The majority of respondents (14/21) are of the opinion that, in the case of known 

unmitigated risk, there will be a ñHighò (8 responses) to ñVery Highò (6 responses) chance 

of a detrimental impact on the success of the project/product. Moreover, 7 respondents 
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were of the view that this type of risk will have a moderate level of negative impact on the 

accomplishment of the project.  

¶ Respondents rated P3 as per the given grade-response matrix: VH-13, H-6, M-0, L-0, 

VL-0. Nearly all of the respondents (19/21) were of the opinion that, in the case of 

unknown risk, there will be a ñHighò (6 responses) to ñVery Highò (13 responses) chance 

of a detrimental impact on the success of the project/product. Sizeable deviations are 

expected between the anticipated effort of the team and the actual effort incurred. 

                                       

 

 

Figure 8.17 Respondentsô ratings of impacts on effort estimates based on Risks types 

 

j. System Complexity 

Respondents were required to rate this factor based on the impact of the Systemsô types and 

complexities (with respect to their implementation) on effort estimation accuracy. 

Defence/Military/Mission Critical, Embedded, DSS/EIS/Enterprise, Financial/Banking, and 

General Purpose (other than financial) are the proposed system types, presented in the graph 

given at Figure 8.18 as P1, P2, P3, P4, and P5, respectively. Response-wise ratings and their 

explanations are given below: 

  

¶ Respondents rated P1 as per the given grade-response matrix: VH-18, H-1, M-2, L-0, 

VL-0. The majority of them (18/21) were of the opinion that Defence/Military/Mission 

Critical systems have very high levels of complexity and therefore, require very high effort 

to implement as compared to other types of systems. Consequently, the team may expect 

very high levels of deviation in its anticipated effortôs accuracy as compared to the actual 

effort. 

¶ Respondents rated P2 as per the given grade-response matrix: VH-1, H-14, M-4, L-0, 

VL-0. A majority (14 in number) were of the view that the Embedded system type is 
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relatively complex and requires a high amount of effort to implement as compared to 

other types of system. Therefore, a high level of deviation is expected in the teamôs 

anticipated effort accuracy. 

¶ Respondents rated P3 as per the given grade-response matrix: VH-3, H-12, M-6, L-0, 

VL-0. Many of the respondents (18 in number) were of the opinion that the 

DSS/EIS/Enterprise system type has moderate (6 responses) to high (12 responses) 

complexity and, as a result, require moderate to high amounts of effort to implement as 

compared to other types of system. Hence, a team may expect moderate to high 

deviations in its anticipated effort accuracy when compared to the actual effort. 

¶ Respondents rated P4 as per the given grade-response matrix: VH-8, H-9, M-3, L-1, VL-

0. The respondents (20/21) had mixed opinions, indicating that Financial/Banking 

Systems are very high (8 responses), high (9 responses), and/or moderate (3 responses) 

in their complexities. Therefore, these types of system require very high to moderate 

amounts of effort to implement as compared to the other types of systems. 

¶ Respondents rated P5 as per the given grade-response matrix: VH-0, H-1, M-10, L-8, 

VL-2. They (18 in number) were of the opinion that the General-Purpose system type are 

is of moderate (10 responses) to low (8 responses) complexity, and hence require a 

moderate to low amount of effort to implement as compared to the other types of systems. 

Accordingly, the team may expect deviations from moderate to low levels in its anticipated 

effort accuracy. 

¶ 4 respondents were unsure about the implementation complexity level of the 

DSS/EIS/Enterprise system type while one was uncertain in each type of system, 

therefore, they selected the ñDonôt Knowò option when responding regarding the impact 

of the system complexity factor. 

 

 

Figure 8.18 Respondentsô ratings of impacts on effort estimates based on the System typesô complexity 
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8.7 Chapter Review 

 

In this chapter, design and execution of the instrument used for the interviews of agile developers, 

and their responses against the three intended topics (i.e., position, product development and 

estimation/scheduling) were discussed. Moreover, intervieweesô responses with supporting 

graphic/tabular depictions and demographic details were also presented.  

 

In next chapter, experimental data preparation, descriptive statistics, analysis, normality testing, and 

hypothesis evaluations are demonstrated. Further, various treatments, and effort estimation analysis 

are also provided. 
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Chapter-9     Data Preparation and Analysis 

/ƻƴǘŜƴǘǎΩ {ǳƳƳŀǊȅ: This chapter explains the experiment data preparation, the selection of descriptive statistics and the inferential 
data analysis for the six treatments employed on three industrial projects. Consideration is given to the normality of data distributions, 
and testing of hypotheses using both parametric and non-parametric tests. At the end of this chapter various comparisons are 
ǇǊŜǎŜƴǘŜŘ ŀƳƻƴƎ ǘƘŜ ǘǊŜŀǘƳŜƴǘǎΩ ŜǎǘƛƳŀǘŜŘ ŀƴŘ ŀŎǘǳŀƭ ŦƛƴƛǎƘŜŘ ǎǘƻǊȅ-points, effort estimations, and actual effort based on single 
story-points. Furthermore, Balanced Relative Error (BRE) and Balanced Relative Error Bias (BREbias) metrics are reported to analyse 
over- and under-estimation for the applied treatments. 

 

Descriptive statistics are an effective means through which to characterise various aspects of 

research data, which mainly incudes the central tendency (i.e., the Mean, Median, and Mode) and/or 

variability/dispersion (e.g., standard deviation, inter-quartile range ï indicators of how much the 

individual recorded/observed values are similar or different) (Vetter, 2017).  In this study, data was 

collected during two activities: interviewing the 21 IT experts and at the time of conducting the 

planned experiments. The interview data collection, preparation and analysis were explained in 

Chapter 8 while the experimentation details along with the data recordings were reported in Chapter 

7. This chapter describes the experimental data quantitatively with the help of descriptive statistics 

supported by text descriptions and various graphs/tables. Further, the hypotheses (i.e., null and 

alternate) which were formulated in Chapter 6 are discussed and evaluated here.  

9.1 Experiment Data Preparation 

The experiments were conducted in the real-world environment of an IT company that was itself a 

subsidiary of an Australian-based international company dealing in building products and 

construction. As per AUT ethics approval, the actual name of this company could not be disclosed. 

Therefore, the fictitious name AUSIT was used to refer to the experiment host organization. AUSIT 

was involved in the development of software projects ranging from Mobile/Web applications to ERP 

solutions for their clients. AUSIT followed an agile/scrum framework for the development of their IT-

related projects. The proposed treatments were applied on three real AUSIT projects (i.e., the objects 

of the experiment), which were named as Xproject, Yproject, and Zproject throughout this 

experimentation. These projects were developed by two different AUSIT development teams (i.e., 

the subjects of the experiment) who were referred to in this experiment as Team-A and Team-B. 

Further details of the teams, treatments, and projects are given in Chapter 7. The data collected 

through the experiments were shared on the Google/Excel sheets with the researcher by AUSIT. 

The data items for all of the treatments are shown in Table 9.1. This table exhibits samples, sprint 

numbers, number of stories per sprint, estimated story-points, person-hours, finished and unfinished 

story-points for all treatments.  
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Experimental Data: (Proposed subjects are Team-A and Team-B, Agile coach / Capability Lead, and the Researcher, while 
objects are Xproject, Yproject & Zproject) 

S# SPT 
# 

PHs T1 
TESPs 

T2a  
(PERT-1) 

TESPs 

T2b  
(PERT-2) 

TESPs 

T3 
TESPs 

T4a 
(PERT-1) 

TESPs 

T4b 
 (PERT-2) 

TESPs 

T5 
TESPs 

T6 
TESPs 

AFSPs 
 

 

Xproject Data: -     Subjects/Treatments: Team-A, Agile coach, Researcher / T1, T2, T5 

1 27  
 
 

700 

37 35 34 - - - 33 - 32 

2 28 45 46 45 - - - 42 - 42 

3 29 49 42 41 - - - 45 - 44 

4 30 78 71 65 - - - 71 - 57 

5 31 77 67 58 - - - 70 - 77 

6 32 62 55 48 - - - 57 - 49 

 

Yproject Data: -     Subjects/Treatments: Team-B, Agile coach, Researcher / T1, T2, T3, T4, T5, T6 

7 1  
 
 

350 

39 29 23 - - - 31 - 31 

8 2 - - - 34 38 33 - 29 31 

9 3 47 35 31 - - - 42 - 39 

10 4 - - - 42 45 40 - 37 37 

11 5 39 31 26 - - - 34 - 39 

12 6 - - - 32 31 27 - 29 32 

 

Zproject Data: -      Subjects/Treatments: Team-B, Agile coach, Researcher / T1, T2, T3, T4, T5, T6 

13 1  
 
 

350 

- -  34 30 27 - 26 31 

14 2 42 38 33 - - - 37 - 37 

15 3 - - - 45 37 31 - 42 40 

16 4 52 45 40 - - - 47 - 44 

17 5 37 30 27 - - - 34 - 34 

18 6 - - - 32 31 27 - 29 32 
S#: Sample number   SPT#: Sprint number   US: User stories   T1, T2, T3, T4, T5, T6: Treatments 1, 2, 3, 4, 5, 6   TESPs: Total Estimated Story-Points per sprint                           
AFSPs: Actual Finished SPs  PERT-1 & 2: Variant-1 & 2 of PERT   PHs: Person-Hours 

 

Table 9.1 PHs and TESPs of the Experimental Data of AUSITôs Xproject, Yproject & Zproject 
 

To use these data items further in the analysis and hypothesis evaluations, further data points are 

added to account for estimated/actual effort per story-point in all the sprints against all 

projects/treatments, and the modified data are shown in the Table 9.2. The estimated/actual effort 

per story-point is calculated by dividing the ideal Person-hours by the total estimated/finished story-

points in a sprint.   The ideal Person-hours (PHs) are the product of the number of team members 

(who actually worked in a sprint), the duration of the sprint (i.e., 10 days in this case) and the ideal 

hours per day. AUSIT conveyed to the researcher that their average ideal hours were 7 hours a day 

in which the teams concentrated solely on their work with no disruptions. 

  

Further, post adjustments to implement the suggested TESPs by the treatments in the actual 

environment were made. The details of these post modifications, along with indicative scenarios, 

can be viewed in the last section of Chapter 7. 
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Experimental Data: (Proposed subjects are Team-A and B, Agile coach / Capability Lead, while objects are Xproject, Y 
& Zproject) 

S# Spt 
No 

Estimated Effort / SP as suggested by the Treatments AE / SP 
 

PHs TMs US 

T1 
 

T2a 
 
 

T2b 
 

T3 
 

T4a  
 
 

T4b 
 

T5 
 

T6 

Xproject Data: -     Subjects/Treatments: Team-A, Agile coach / T1, T2, T5  

1 27 18.92 20.00 20.59 -   - -  21.21 -  21.88  
 
 

700 

 
 
 

10 

10 

2 28 15.56 15.22 15.56  -  -  - 16.67  - 16.67 8 

3 29 14.29 16.67 17.07  -  -  - 15.56  - 15.91 8 

4 30 8.97 9.86 10.77  -  -  - 9.86  - 12.28 12 

5 31 9.09 10.45 12.07  -  -  - 10.00  - 9.09 8 

6 32 11.29 12.73 14.58  -    - 12.28  - 14.29 12 

Yproject Data: -     Subjects/Treatments: Team-B, Agile coach / T1, T2, T3, T4, T5  

7 1 8.97 12.07 15.22  -  -  - 11.29 - 11.29  
 

350 

 
 
5 

 
 
5 

8 2 -   -  - 10.29 9.21 10.61 - 12.07 11.29 

9 3 7.45 10.00 11.29  - -   - 8.33 - 8.97 

10 4  - -  -  8.33 7.78 8.75 - 9.46 9.46 

11 5 8.97 11.29 13.46  -  -  - 10.29 - 8.97 

12 6       10.94 11.29 12.96 - 12.07 10.94 

Zproject Data: -      Subjects/Treatments: Team-B, Agile coach / T1, T2, T3, T4, T5  

13 1  -  - -  10.29 11.67 12.96 - 13.46 11.29  
 
 

350 

 
 
 
5 

 
 
 
5 

14 2 8.33 9.21 10.61  - -  -  9.46 - 9.46 

15 3  -  -  - 7.78 9.46 11.29 - 8.33 8.75 

16 4 6.73 7.78 8.75  -  - -  7.45 - 7.95 

17 5 9.46 11.67 12.96  -  -  - 10.29 - 10.29 

18 6  -  -  - 10.94 11.29 12.96 - 12.07 10.94 
SP: Story Point                              S#: Sample Number                              Spt No: Sprint number                           TM: Team member                           US: User Stories 
T1, T3, T5, T6: Treatment-1, 3, 5 and 6 while T2a, T4a are the treatment-2, 4 with PERT variant-1 and T2b, T4b treatment-2, 4 with PERT variant-2 

 
Table 9.2 Effort per SP for the Experimental Data-Points of Treatments T1 to T6 of AUSITôs Projects 

9.2 Descriptive statistics 

Minitab 19, IBM SPSS, MS Excel 2019 and an online statistical calculator (Statstestcalc, n.d.) were 

utilized as statistical software tools to perform descriptive and other similar statistical tests/analyses 

in this study.  The six treatments were applied variably across the three real industry projects (i.e., 

Xproject, Yproject, and Zproject of AUSIT) as described fully in Chapter 7. To reiterate, the 

treatments were as follows: T1 - Planning Poker based estimation (PPBE), this was an existing 

methodology that teams were using for their estimations by using expert judgement based on gut 

feelings, analogy, or Top-Down techniques but excluding Bottom-Up methods; T2a - treatment T1 

extended with variant-1 of PERT; T2b - treatment T1 extended with PERTôs variant-2; T3 - Planning 

Poker extended with expert judgement by following strictly the Bottom-Up approach based on the 

work breakdown structure; T4a - treatment T3 extended with PERTôs variant-1; T4b - treatment T3 

extended with PERTôs variant-2; T5 - treatment T1 extended with the COEEMO, the proposed 

parametric model of this study; and T6 - treatment T3 extended with the COEEMO.  

Measures of the central tendency and dispersion of the total estimated SPs (TESPs) and the actual 

finished story-points (i.e., story-points that meet the development teamôs definition of ñDoneò and are 

ready for delivery to the client) per sprint are reported using descriptive statistics. However, Individual 

Value Plots (IVPs) are used to compare TESPs, AFSPs, Estimated and actual effort per story-point 
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of the treatments because IVPs effective in depicting low numbers of data points, especially if data-

points are fewer than 50 (Frost, 2019). 

9.2.1 AFSPs and TESPs for Treatments Ƅ T1, T2a-b, and T5 

Four treatments T1, T2a, T2b, and T5 were applied on all sprints of Xproject and alternate sprints of 

Yproject and Zproject (i.e., 12 sprints in total). Descriptive statistics and IVPs, as presented in Figure 

9.1, show T1 has the highest central tendency of the four treatments (i.e., Maximum TESP is 78) 

while T2b has the lowest (i.e., Minimum TESP is 23).  

 

Regarding variability, T2b has a broader range than the other treatments. Further, all treatments 

resulted in a different spread of values (i.e., all treatments have distinct Mean values that include 

50.3, 43.7, 39.3, and 45.3) when they are compared to each other or with Actual finished story-points 

(AFSPs). The data distributions of the TESPs for all treatments, except AFSPs, seem to be more 

toward the normal because the values of skewness and kurtosis are in between 0 and ± 2.03 (for 

the perfect normal distribution the values of skewness and kurtosis must be equal to 0 and 3 

respectively). However, due to small number of data-points (i.e., only 18 in this intended study) such 

deduction could be misleading. 

 

 

 
T1, T5: Treatments-1 and 5     T2a: Treatment-2 with PERT variant-1   T2b: Treatment-2 with PERT variant-2 
TESPs: Total Estimated Story points               AFSPs: Actual Finished /done Story points by the team 

 
Figure 9.1 Descriptive Statistics and IVPs graph for AFSPs and TESPs for Treatments Ƅ T1, T2a, T2b, and T5 
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9.2.2 Actual and Estimated Effort for Treatments Ƅ T1, T2a, T2b, and T5 

 
Descriptive statistics and Individual Value Plots (IVPs) for the estimated (EE/SP) and the actual 

(AE/SP) effort in Person-Hours per SP in the sprints for treatments T1, T2a-b and T5 are depicted 

in Figure 9.2. The statistical results for the EE/SP of these treatments indicate that the Mean of all 

treatments are indeed distinct (i.e., 10.7, 12.2, 13.6, and 11.9 respectively) which is as expected 

given the different treatments. Moreover, this aspect is also substantiated through the IVPs (as 

exhibited in Figure 9.2), which show the diverse spread of values when they are compared to each 

other or with Actual Effort (AE/SP). 

 

The Mean of EE/SP for T1 is smaller in value among the treatments as well as than the Mean of the 

AE/SP (the latter value is 12.3) that foresees the higher deviations in the effort estimates for this 

treatment as compared to the others. This specific aspect is also revealed by the IVPs, which show 

that T5 has the highest central tendency (i.e., Effort per SP is 21.21 PHs) of the 4 treatments while 

T1 has the lowest (i.e., Effort per SP 6.73 PHs). 

 

 

 
T1, T5: Treatments-1 and 5     T2a: Treatment-2 with PERT variant-1   T2b: Treatment-2 with PERT variant-2 
EE: Estimated Effort                  AE: Actual Effort                                         PHs: Persons-Hours 
 

Figure 9.2 Descriptive Stats. and IVPs graph for Actual/Estimated Effort for Treatments Ƅ T1, T2a-b and T5 
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Regarding variability, T1 has a broader range than the other treatments. Moreover, the values of 

skewness and kurtosis are in between 0 and ±1.5 as shown in the descriptive statistics.  

 

9.2.3 AFSPs and TESPs for Treatments Ƅ T3, T4a, T4b, and T6 

Four different treatments were employed on the alternate sprints of the Yproject (i.e., T1, T2a-b, T5 

on sprint number 1, 3 and 5 and T3, T4a-b, T6 on sprint number 2, 4 and 6) and Zproject (i.e., T1, 

T2a-b, T5 on sprint number 2, 4 and 6 and T3, T4a-b, T6 on sprint number 1, 3, and 6).  Descriptive 

statistics and IVPs, as presented in Figure 9.3, show T3 and T4a to have the highest central 

tendencies of the four treatments (i.e., Maximum TESP is 45 in both treatments) while T6 has the 

lowest (i.e., Minimum TESP is 26).  

 

Regarding variability, T6 has a broader range than the other treatments. Further, all treatments have 

shown different value spreads (i.e., all treatments have distinct Mean values that include 36.5, 35.3, 

30.8, and 32) when they are compared to each other or with Actual finished story-points (AFSPs). 

The values of skewness and kurtosis are between 0 and ± 1.74. 

 

 

 
T3, T6: Treatments-1 and 6     T4a: Treatment-4 with PERT variant-1   T4b: Treatment-4 with PERT variant-2 
TESPs: Total Estimated SPs              AFSPs: Actual Finished SPs                                        
 

Figure 9.3 Descriptive Statistics and IVPs graph for AFSPs and TESPs for Treatments Ƅ T3, T4a-b, T6 

9.2.4 Actual and Estimated Effort for Treatments Ƅ T3, T4a, T4b, and T6 
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Descriptive statistics and Individual Value Plots (IVPs) for the estimated (EE/SP) and the actual 

(AE/SP) effort in Person-Hours per SP in the sprints for treatments T3, T4a, T4b and T6 are 

represented in Figure 9.4. The statistical results for the EE/SP of these treatments indicate that the 

Mean of all treatments are distinctive (i.e., 9.7, 10.1, 11.6 and 10.4 respectively) which is as expected 

given the different treatments. Moreover, this aspect is also validated through IVPs (as displayed in 

Figure 9.4) which indicates the varied spread of values when they are matched to each other or with 

Actual Effort (AE/SP). 

 

The Mean of EE/SP for T3 (i.e., 9.8) is smaller in value among the treatments as well as than the 

Mean of the AE/SP (the latter value is 10.4) that foresees the higher deviations in the effort estimates 

for this treatment as compared to the others. This particular aspect is also revealed by the IVPs, 

which show that T6 has the highest central tendency of the 4 treatments (i.e., Effort per SP is 13.46 

PHs) while T3 and T4a have the lowest (i.e., Effort per SP is 7.78 PHs in both treatments). Regarding 

variability, T4a has a greater range than the other treatments. Moreover, the values of skewness 

and kurtosis are in between -1.48 and -0.09 as shown in descriptive statistics.  

 

 

 

T3, T6: Treatments-1 and 5     T4a: Treatment-4 with PERT variant-1   T4b: Treatment-4 with PERT variant-2 
EE: Estimated Effort                  AE: Actual Effort                                         PHs: Persons-Hours 
 

 

Figure 9.4 Descriptive Stats. and IVPs graph for Actual/Estimated Effort for Treatments Ƅ T3, T4a-b, and T6 
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9.3 Normality Test 

Numerous statistical methods may be utilized to check the distribution of data and whether or not it 

is normally distributed, and further, based on the normality of the data, different parametric or non-

parametric tests are suggested to avoid deriving the wrong interpretations from the data. For 

example, if the data-points are not normally distributed in the continuous data type, then the 

representative mean (i.e., applying a parametric method) instead of the median (i.e., using a non-

parametric method) to compare between groups may mislead the final outcome from the data 

(Mishra et al., 2019).  

 

The statistical analysis reported in Section 9.2 and further, the values of the skewness and kurtosis 

of the data sets, reveal that the spread of the data is normally distributed. However, due to small 

sample size in the study, i.e., only 18 data-points from all of the six treatments, the deduction of 

normality in the distributions could be deceptive. Therefore, both the parametric one-way ANOVA 

test for normally distributed data and the non-parametric Kruskal-Wallis test for non-normally 

distributed data are applied to test the Null hypothesis in section 9.4 of this chapter. Moreover, the 

normality testing is done by using the Ryan-Joiner test (that is similar to but simpler than the Shapiro-

Wilk test) to determine the normality of the data. The results of these normality tests are exhibited in 

Figures 9.5 and 9.6.  

 
The outputs shown in Figures 9.5 (A, B, C, D) and 9.6 (E, F, G, H) reflect the normality tests for the 

TESPs as calculated by Treatments 1-6. The results suggest that the data follow the normal 

distribution in all cases except for one treatment, i.e., T1, which shows a p value equal to 0.05. That 

can be considered as a border line value because the value of p should be >0.05 for a normal 

distribution, otherwise it should be equal to or smaller than 0.05 when the data is non-normally 

distributed (ADT, 2018). The probability graphs as depicted in Figures 9.5 and 9.6 show most of the 

data-points on or close to the straight lines, in contrast to the non-normal spread of data where most 

of the points are not close to or placed on the straight lines.  
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Figure 9.5 Normality Tests of the TESPs as suggested by Treatments T1 to T3 

 

 
 

Figure 9.6 Normality Tests of the TESPs as suggested by Treatments T4 to T6 










































































































































































































































































