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a r t i c l e s

Many institutions, like ours (a large metropolitan uni-
versity of technology), run some form of undergrad-

uate capstone computing course during the final year of 
study. As computing educators, we have all read research 
papers on running and designing such courses. These 
papers often present an ideal model for an ideal world. 
However, many of us face large cohorts, an industry or re-
search context reluctant or unable to provide suitable cap-
stone opportunities, and a general lack of resources. So, 
what do our courses really look like and what challenges 
are encountered in running a capstone project course?

In trying to answer these questions, we discuss the re-
sults of an exploratory global survey of computing academ-
ics involved in the delivery of capstone projects which maps 
their experiences with, and the landscape of, contemporary 
computing capstone courses in practice. Key characteris-
tics of courses are explored, including whether their cap-
stone courses are a mandatory component of their degree, 
typical team size and formation, course duration, degree of 
industry involvement, student support mechanisms, and 
assessment approaches. Survey participants related several 
core challenges faced when delivering capstones, including 
student preparedness, the mismatch between industry and 
academic expectations, difficulty sourcing projects, and in-
dustry contribution and buy-in. These challenges influence 
the way in which capstones are delivered.

Introduction
This article presents the results of an exploratory global 
survey of instructors, responsible for the design and delivery 
of computing capstone projects, and their experiences with 
capstone courses, which have been defined thus. 

“Most computing curricula have a special course, usually 
taken during part of the final year, that is considered a 
"capstone" course. This course is required of all students 
and is supposed to provide a culminating and integrative 
educational experience.” [17]

In addition to the classic definition above, several vari-
ants of capstone courses exist—work-integrated learning 
(WiL) [16,42], internships [35], sandwich programs [39], 
co-operative education [16], and so on. Capstone courses 
have been a long-established part of computing pedago-
gy and curricula, with research extending back some de-
cades [10,17,20,24,32]. However, determining the scope 
of a capstone project or a course can be challenging. If 
we consider the course as part of a process of developing 
a graduate prepared for professional practice, then it can 
be seen as one element of a greater work-integrated learn-
ing strategy. That ‘practice orientation,’ while not pre-
cluding ‘research as practice,’ has colored our findings in 
this study and reflects the emphasis in our questionnaire 

in Appendix A on a capstone course as offering a form of 
“authentic learning” [30]. But we acknowledge that the 
project and team-based form of learning typical to ‘soft-
ware development’ capstones may differ from other mod-
els of capstone with a different focus, and perhaps scale, 
toward integrating the curriculum. Individual research-
based capstones, capstones linking with research teams, 
community-based capstones, computing-for-the-social-
good studies [27], and critical and collaborative service-
learning models [22], as an educational contribution to 
the student’s learning, may not have been fully captured 
in our study. 

Our conception of a capstone course is compatible 
with that of Tappert and colleagues at PACE University 
[45], who have argued that “The aim of our capstone course 
in computing is to familiarize students with how their trade 
is plied in organizations, so that the program of study deliv-
ers 'the practice' part of the promised 'theory and practice.'" 
Yet this approach to developing professionalism does not 
ignore the theoretical aspects of the computing discipline 
and profession. As observed in Frezza et al. [25], reflect-
ing on the need for developing critical dispositions in stu-
dents such as “Professionalism/Work Ethic”, the capstone 
course inherently aims to educate students to act profes-
sionally as “trained and skilled people: Acting honestly, with 
integrity, commitment, determination and dedication to what 
is required to achieve a task” [25]. So, the ethical issues, for 
instance, that may arise in the context of the project must 
be understood and dealt with in their context. To further 
place this in context, the elements that make up WiL have 
been depicted in a co-operative education continuum by 
Clear et al. [16].

 The classic capstone course could be viewed as a "half-
way house" in that model. "Full immersion" reflects onsite 
co-operative learning courses, sandwich programs, or in-
ternships. "Professional practices" and "Case studies" reflect 
pedagogical strategies which simulate professional work 
practices and contexts. The co-operative education con-
tinuum model in Figure 1 suggests that several barriers and 

Figure 1: The cooperative education continuum ‒ ex. [16]
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We have collated these characteristics in Table 1 as a 
preliminary taxonomy for describing capstone courses. 

Tappert et al. reported that most capstone projects were 
conceived by the clients: “33 of the 48 universities where 
this information was found—were generated by the proj-
ect customers.” [45] In 10 of 45 universities (22%), “proj-
ects were determined jointly by the real-world project 
customers and the instructor, and in most cases (68%) in-
volving external customers, the instructor had to approve 
the projects.” [45] Three modes for student team selection 
were reported—teams were either formed by the students 
or the instructor, or students were randomly allocated to 
a team. In cases where the instructor allocated students to 
teams, factors such as student work history, student ex-
pressions of interest, and geographical location were con-
sidered. Two assessment strategies emerged through their 
survey—regular progress reports and summative peer re-
views. Surprisingly, nearly a third of the academics polled 
ran courses that did not require progress reports.

A 2023 systematic literature review (SLR) of software en-
gineering capstone courses reported on the characteristics 
of "real-world" capstone projects through an analysis of 127 

challenges exist for retaining academic control over peda-
gogic quality and consistency in the learning situation when 
running capstones. For instance, Wright has argued “locat-
ing real programming projects in the community...is often 
too time consuming. Furthermore, real projects are usual-
ly too difficult for college seniors...or students working on 
imaginary projects...may give students a poor understand-
ing of the real world.” [49] Nonetheless, capstone courses 
are generally viewed as critical aspects of a computing cur-
riculum. Professional societies and accreditation models 
aiming to set professionally informed standards for quality 
curricula exist in many countries, for instance Accreditation 
Board for Engineering and Technology (ABET) in the 
U.S., Information Technology Professionals New Zealand 
(ITPNZ) in New Zealand, Australian Computer Society 
(ACS) in Australia, and British Computer Society (BCS) in 
the U.K. In these curricula and accreditation models, a cap-
stone course is a mandatory component. In this study, we 
are interested in the "half-way house" model, where proj-
ects have an industry or practice setting link but also have 
a level of academic control, support, and assessment that 
goes beyond that which is typically provided for "full im-
mersion" models like internships, where the student works 
essentially in the role of an employee in a workplace with 
limited academic oversight. Our survey was designed with 
the intent of mapping the real landscape of experiences of 
instructors of contemporary computing capstone courses. 
We were interested in exploring what types and character-
istics of the capstone courses our respondents deliver in 
practice and what challenges they encountered when run-
ning these courses.

Related Work
There is a wealth of literature on computing and software 
engineering capstone projects. In the last 10 years, most 
papers have focused on: curriculum [21,33]; use of agile/
scrum [19]; project selection [6]; and student factors such 
as attitudes [38], values [48], and experiences [5]. Much 
of this research has been conducted in the context of a 
single institution. Our focus is on course characteristics 
and challenges in delivering capstones from a multi-
institutional and course instructors’ perspective. The 
intent here is not to provide a comprehensive systematic 
review of the literature but to highlight key articles within 
these points of focus.

Computing Capstone Course Characteristics
In 2015, Tappert et al. [48] surveyed 34 American 
universities about their capstone courses. In addition, 
they collated information on a further set of institutions’ 
capstone offerings from publicly available information on 
the Internet. The key information on the 49 institutions 
gathered resulted in a set of capstone course characteristics. 

Dimension Modes

Project Source
Industry 
Instructor 
Student

Student Team Selection
Self-Selected 
Randomly Selected  
Instructor Selected

Team Dispersal
In-person 
Dispersed-Hybrid 
Dispersed-Online

Assessment Strategies Regular progress reports 
Peer Review

Table 1: Project dimensions from Tappert et al.’s survey. [45]

There is a wealth of literature on computing 
and software-engineering capstone projects. In 
the last 10 years, most papers have focused on: 
curriculum ... [and] been conducted in the con-
text of a single institution. Our focus is on 
course characteristics and challenges in deliv-
ering capstones from a multi-institutional and 
course instructors’ perspective. The intent is 
not to provide a comprehensive systematic re-
view of the literature but to highlight key arti-
cles within these points of focus.
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assessment, the most common end of project assessment 
involved instructor grading of project artifacts which 
provide evidence of both product and process. There were 
surprisingly few papers found that discussed the use of 
peer- and/or self-reviews. Most of the papers reviewed 
mentioned the importance of continuous support in the 
form of mentoring and coaching. Many courses used 
academic staff and course instructors to mentor teams. 
A few noted using industry advisors or more experienced 
students to guide teams.

Computing Capstone Course Challenges
Dugan [20] conducted a comprehensive SLR of the 
literature on software-engineering capstone courses in 
2011. One area of focus was course and project issues. The 
challenges noted in the SLR included: time instructor 
needed to manage students and industry clients; 
industry projects being too large for one semester; risks 
associated with changes in client priorities; and the 
unique experiences student teams have when each is 
doing a different project. Fair assessment and assessing 
the contribution of individual team members is also 
recognized as a challenge for educators [37,47]. These 
findings offer a point of comparison to our own survey 
results, further discussed under the results section. Before 
discussing the results, the method adopted in survey 
design, conduct and analysis is now introduced. 

Method
Participants were instructors involved in the design and 
teaching of final-year undergraduate capstone courses 
in computer science. We recruited participants through 
the SIGCSE mailing list. Overall, 54 participants started 
the survey. Of these, 18 were not included in the study 
because their institution did not offer work-integrated 
learning programs. The remaining 36 participants were 
from institutions in Australasia, Europe (including 
U.K. and Ireland), North America, South America, and 
West Africa. No two respondents were from the same 
institution (see Table 3). This study was approved by our 
institutional ethics board [22:203]. Participants provided 
written informed consent to participate in this study.

articles [46]. The result was a taxonomy of capstone proj-
ect characteristics (see Table 2). Of the four dimensions dis-
cussed by Tappert et al. [45], three—project source, team 
selection approach, and assessment strategies—were also 
identified in this SLR. Interestingly, while Tappert [45] and 
Dugan [20] highlighted the importance of ‘student team se-
lection,’ it was an attribute absent from the Tenhunen et al., 
[46] taxonomy of Table 2.

Most of the courses reported in the SLR [46] ran over 
a single semester (66%), with the next most-common 
duration being two semesters (24%). These projects were 
typically conducted in teams of four to five students. 
According to Tenhunen et al. [46], a team of four to five 
students is the “sweet spot, cancelling out the negatives of 
the two extremes." By a small margin, more projects (58%) 
were classified as being "external" with clients or product 
owners outside of the instructors on the course. Internal 
projects were defined as projects where either the client 
or product owner role was enacted by a course instructor 
or where students worked independently with some 
academic oversight of progress. Projects were typically 
sourced from external stakeholders (62%) and course staff 
(21%). Technology selection tended to depend on whether 
the teams were undertaking a common project. If the 
project was the same for all teams, then the technology 
tended to be specified by the instructor. In terms of 

Project Attribute Values

Course Duration

< 1 semester 
1 semester 
2 semesters 
> 2 semesters

Team Size range: 1- 35 students 
norm: 4-5 students

Client Internal 
External

Project Source
External Stakeholder† 
Instructor* 
Student

Technology Selection

Common technologies across 
projects 
Team selects dependent on 
project

Assessment Strategies

Peer evaluation 
Self-evaluation 
External client evaluation 
Course staff

Support Strategies
Instructor 
More experienced students 
Industry advisors (not client)

* Referred to in source [46] as Course Staff 
† �Note that the definition of external stakeholder in Tenuhen et al. [46] differs 

from that of an industry client in Tappert et al. [45]. Here external means 
external to the capstone course instructors, not necessarily to the institution.

Table  2: A taxonomy of capstone project characteristics collated 
and adapted from Tenhunen et al.’s SLR. [46]

Country % Participants 

Australasia 22

Europe 7

North America 63

South America 4

West Africa 4

Table 3: Geographical regions of the survey participants.
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information, which was then extracted. Synonymous terms 
were merged, and the extracts labeled. For example, in as-
sessment practices (Q6), mentions of practices or processes 
that involved peer assessment, peer review, or peer feed-
back were manually tagged as “Peer Feedback” and then 
quantified.

Reflexive thematic analysis [9] is a process that is seen 
through the lens of the researchers and involves a reduction 
of participants to their written responses and our interpre-
tations of those textual expressions. Thus, knowledge is cre-
ated through interaction with the participants and the data, 
so it is important to acknowledge the perspectives and posi-
tioning of the researchers who performed the thematic anal-
ysis for interpretation of the findings. We have both taught 
and led our institution’s capstone course. We mentor sev-
eral teams each year. Our projects are year-long external in-
dustry projects, sourced by the academic team and vetted 
for suitability. The teaching team, along with our industry 
liaison administrator, collaborates with industry partners to 
frame projects that are appropriate for our capstone. We do 
not offer other forms of WiL in our computer- and informa-
tion-science bachelor’s degree. Teams are closely mentored 
by academics and have regular contact with their clients. In 
some cases, teams work at their client’s site. We have one 
full day a week in the student’s schedule blocked out in their 
timetables and weekly workshops focusing on, among other 
topics, project management, risk management, communi-
cation, and collaboration. 

Results 
The survey of academics was framed through the following 
invitation: We are interested in exploring your experiences 
with tertiary programs/courses designed to develop work-
ready graduates. We are interested in the full range of models 
designed to help students transition into their first professional 
role from one-on-one mentorship to capstone projects and 
work-based-learning/internship programs. We would like 
to invite you to participate in a study in which we explore 
any initiatives that you and/or your institution are involved 
with that help to onboard these new graduates or work-ready 
students. 

Survey
The mixed-design survey (see Appendix A) included open-
ended and closed questions. Questions comprised a list 
of potential categories, allowed multiple selections, and 
always included an "other" option to capture additional, 
unanticipated data. The survey was peer-reviewed and 
refined in collaboration with four local capstone course 
instructors. No demographic information was collected, 
and dichotomous (yes or no) questions were used to ensure 
subsequent questions were relevant to the experiences of 
the participant. The participant response question flow 
is illustrated in Figure 2. The survey was delivered online 
through the Qualtrics system for a period of two months. 
Geo-locations were collected by default and Qualtrics was 
set to flag duplicate submissions.

Analysis
The closed and list selection questions were analyzed using 
simple descriptive statistics. Our analysis of barriers and 
challenges (Q4) used inductive (‘grounded in’ the data) 
reflexive (interpretivist) thematic analysis [7-9,29]. In this 
form of analysis, it is important that homogeneity within 
the data is not assumed, and descriptions and illustrative 
examples be used instead of inter-rater reliability [9]. This 
method was chosen to best analyze the brief segments of 
data available, from a small number of participants, and 
draw out the origins of the barriers, and to challenge our 
assumptions in interpreting the data. The first author 
conducted the initial coding and theme development, and 
the second author contributed to the review, refinement, 
and naming of themes. The following iterative process of 
five steps was followed [7,34]: 

1.	 Data familiarization
2.	 Generating codes
3.	 Generating themes
4.	 Reviewing themes
5.	 Writing up with analytic narrative and extracts from 

survey responses

When analyzing the brief open responses to sub-
questions on the key features of the respondents’ cap-
stone courses (Q6), the text was read to identify relevant 

Figure 2: Participant question response flow. See Appendix A for questions (Q1-6) in full. Number is the count of responses at 
each question node. Work-integrated learning is abbreviated to WiL.
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Other models of learning included engaging working 
industry professionals as teachers and industry mentor-
ship programs. Just under half of the respondents who 
used project-based learning also used other approaches, 
the most common being case studies and/or role play. 
Figure 4 shows the combinations of authentic models of 
learning respondents reported. The left horizontal bar 
chart shows the number of responses that included each 
of the models of learning (attributes) listed. For example, 
five responses included internships so five is the set size. 
Following this row, the right-hand matrix illustrates the 
intersections (highlighted with a black box in Figure 4). 
The top vertical bar chart shows the number of respons-
es for each of the intersections. For the internships, there 
are two intersections: internships alone and internships in 
combination with project-based learning and case studies.

The first question in our survey asked which models of 
authentic learning the participants use to prepare their fi-
nal-year undergraduates for professional roles in industry. 
As noted in the introduction, this ‘professional practice’ fo-
cus, while accepting ‘research as practice’ as an option, has 
quite possibly served to limit the scope of the responses and 
findings to more software development and team-based 
capstone models. 

Learning models
Having made that observation, the three most common 
models of learning for the initial 54 respondents were 
project-based learning, case studies, and role play (see 
Figure 3). Recall that more than one option may be selected 
by a respondent, so the number of models identified 
exceeded the number of responses (N).

Figure 4: UpSet diagram, created using UpSetR [18], of the sets of authentic learning models 
used. Black horizontal box illustrates the internship attribute and its set size. The vertical blue 
box highlights the intersection of the attributes internship, case study, and project-based learn-
ing, which has a learning model intersection of three responses as indicated in the top bar chart.

Figure 3: Models of learning (Q1) (N = 54).

In all cases the capstone projects formed a 
mandatory component of the degree. Two 
respondents noted that their capstones were 
only mandatory for the students majoring in 
software engineering. Our Australian 
respondents mentioned that for them 
capstones are a core component of their 
bachelor degree program’s ACS accreditation.
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Capstone Project Characteristics
Mandatory or not
In all cases the capstone projects formed a mandatory 
component of the degree. Two respondents noted that their 
capstones were only mandatory for students majoring in 
software engineering. Australian respondents mentioned 
that for them, capstones are a core component of their 
bachelor degree program’s ACS accreditation.

Course/Project duration
Course duration (see Figure 6) varied from 10 weeks (a 
quarter) to year-long offerings (10-12 months). In this 
analysis, we have assumed that a semester runs between 12 
and 16 weeks.

Degree of industry involvement
Only 15% of the respondents’ capstone projects involved 
clients who were external to their institution. Another 4% 
of projects were reported to be run as internal projects 
but had an industry link. Most capstone projects (60%) 
were conceived and delivered in-house. The remaining 
capstones had a combination of both internal and external 
projects/clients. One respondent noted that around 80% of 
their projects are normally internal. Another respondent 
mentioned that while all their projects are now internal, 
their institution used to offer external capstone projects. 
No reason was given for this change.

Team size: Most of the capstones surveyed involved 
teams composed of three to five students. The largest team 
size reported was seven.

Team formation
The most frequent mode of team formation was self-
selection, where the responsibility for forming a team lay 
with the students. However, respondents noted that the 
project- and team-allocation process was facilitated by 
the course instructor’s institution when students either 
had difficulty finding a team or were latecomers. There 
were only two cases reported where the instructors always 

Types of work-integrated learning programs
Of the initial 54 respondents, 67% (36) came from institu-
tions that offered WiL programs for their undergraduate 
students (Q2). Only 11 (31%) of these respondents indi-
cated that their institute offered industry-linked cap-
stone projects (Figure 5). Given that many accreditation 
programs (for example, ITPNZ, ACS [1]) require a cap-
stone project with a preference for a team project con-
ducted in conjunction with a real industry client, the low 
occurrence of such courses was unexpected. The most 
common model offered was that of unpaid internships/
work experience. Four courses included virtual or simu-
lated work experience as a component of their program, 
which included either industry-linked capstones or work 
placements. None of the institutions offered sandwich 
programs.

Capstone Course/Project Offered
Overall, 83% (45) of respondents offered capstone 
projects for their final-year undergraduate students. 
Two of the 36 participants who reported they offered 
WiL (Q2) did not offer final-year capstone projects (Q5) 
but instead ran work-experience programs in the form 
of unpaid internships. The remaining 34 participants 
offered WiL (as per Q2) and final-year undergraduate 
capstones (Q5). Eleven of the respondents who did not 
offer WiL or industry-based capstone projects (Q3) 
reported that they did offer capstone projects (Q5). 
Twenty-six of the 45 respondents who offered final-
year undergraduate capstones went on to answer the 
sub-questions in Q6 asking about the features of these 
courses, including:

•	Whether the course is mandatory
•	Course duration
•	Industry involvement, that is internal 

or external/industry based
•	Team size
•	Team member and project allocation process
•	Student team support mechanisms
•	Assessment approaches

Figure 6: Capstone course duration (N = 26).

Figure 5: Programs offered (Q3) (N = 36).

Table 4: Typical team size.

Number of 
students 1-1 2-4 3-4 4-4 2-5 4-5 7-1

Percentage 
responses 32% 5% 26% 5% 11% 16% 5%
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not just the clients and academic mentors, was noted by 
one respondent. Some instructors noted mechanisms to 
facilitate inaugural client-team meetings, such as letters of 
introduction to the project site/client and academic team 
mentors accompanying their teams. Other mechanisms of 
support for teams and students involved in capstone projects 
included: space, equipment, insurance, contracting support, 
tendering support, access to venture capital, travel support, 
a portfolio team, and a careers team. Two respondents noted 
that their institution provided teams with financial support, 
but no further details were offered about how funds were 
allocated or could be used. The diversity of measures our 
respondents have in place highlights the complexity and 
level of support required to conduct capstone projects with 
industry partners.

Assessment strategies
Figure 7 illustrates the variety of reported capstone assess-
ment approaches. This does not illustrate the combinations 
of assessment items in a single program but does illustrate 
the overall occurrences. For example, one approach in-
volved the marking of six milestone documents, three incre-
mental prototypes, and client feedback. Another instructor 
mentioned marking the product (technical artifacts) and 
practices (for example, project management methods) for 
all teams. Only two respondents used assessments that to-
gether provided a 360-degree evaluation [51] consisting of 
feedback from peers, clients, mentors, and instructors. One 
instructor highlighted the challenges that exist in fairly as-
sessing student and team performance in a capstone course 
(this idea did not appear when we asked about the barriers 
and challenges in delivering computing capstone courses):

“… there are still gaps in assessing individual efforts and 
contributions and maintaining a consistent assessment 
method for projects that can vary widely in scope and 
technical depth.”

allocated students to teams and projects. In one instance, 
the clients selected the students for their project from a 
pool of students who expressed interest in participating 
in their project. In this case, the instructor again dealt 
with the allocation of latecomers. Thirty-two percent of 
the courses involved projects undertaken by individual 
students. In these offerings, students selected a mentor 
and worked with them to determine a topic; in one case, 
the topic for each individual project was approved by an 
academic panel.

Team support mechanisms
Four respondents noted that no specific team support 
mechanisms were used in their capstone projects; of these, 
one mentioned they used scaffolding involving multiple 
milestones and deliverables. Other respondents also felt 
that such scaffolds were necessary along with a clearly 
communicated set of expectations. Two respondents 
mentioned using a structured approach supported by agile 
processes and scrum as a mechanism for monitoring team 
progress and providing a framework for project delivery. 
Most of the respondents’ courses leveraged experts to guide 
students during their projects. The terms academic mentor, 
supervisor, and coach were used to describe this role. In 
some cases, the course instructor mentored all project teams. 
In such cases, the instructor noted that specific in-class time 
and support for project work and team collaboration was 
needed. In cases where the teams are mentored by a large 
pool of academics, respondents highlighted the need for 
weekly or bi-weekly meetings or workshops involving all 
the students in the course. In other cases, each team was 
provided with both an academic mentor and an industry 
mentor. The industry mentor served as a subject-matter 
expert in terms of application domain, project management, 
and/or technical aspects of the project. The importance of 
the support and involvement of other project stakeholders, 

Figure 7: Assessment approaches (N = 26).
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large-class capstone courses, unique challenges emerge 
that place demands on the academics coordinating the 
courses. For capstones that are run with industry clients, 
one respondent noted, “It takes multiple full-time staff 
members to coordinate between students and employers." 
Capstones, like many computing courses, must respond 
to rapid changes in technologies. When the students are 
embedded in industry projects, this raises the stakes, 
and one academic noted that “The demands and speed of 
industry do not easily integrate into academic curriculum.” 
Also noted as a barrier was “...finding the time ... to 
coordinate experiences between students and organizations.” 
This suggests that ultimately the level of commitment 
and effort for academics comes down to the high degree of 
coordination and logistical aspects of running a capstone 
course. In one capstone course, in which student teams 
are each given an academic mentor, differences in the 
level of engagement of mentors was noted:

“Team experiences vary. Some project supervisors 
support their teams through weekly meetings while 
others may only meet with their teams a few times 
throughout the year. Teams with less hands-on 
supervisors tend to become disengaged or flounder 
with poor processes and products being delivered. 
This of course has implications when it comes to client 
satisfaction.

Sourcing Projects
A common theme related to challenges in sourcing projects 
and building relationships with industry partners was one 
contributing factor that emerged. These relationships are 
necessarily built over time and require a level of trust and 
commitment from the academics and industry clients 
involved. Moreover, sustaining these relationships over 
time takes effort and clear communication between both 
partners.

“It is labour intensive to develop, implement, and sustain 
... work-based/project-based learning opportunities 
(building relationships, sourcing a sufficient number of 
appropriate projects)”

“It is hard to make community and industry contacts.”

Challenges and Barriers
Twenty-six of the participants responded to the open 
question (Q4) about challenges and barriers to delivering 
a capstone project. Each response was allocated one 
or more codes from which the following seven themes 
emerged that are presented in the following subsections.

Student Preparedness
From year-to-year, student cohort preparedness and 
engagement varies, which poses challenges when sourcing 
suitable projects that can cater to a diverse group of 
students. When faced with a large class, the range of 
capabilities and preparedness was noted as a significant 
challenge. This has implications for the level of support 
needed by students and in terms of sourcing suitable 
projects (when this is managed by the academic(s)) that are 
achievable and interesting to students. One participant 
noted that this constant change in cohort make-up poses 
challenges in their industry partners' experience.

“Predictability of size of student cohorts, demographic 
makeup of cohorts, their level of engagement, and 
technical and natural language competency. Dynamism 
here is challenging to manage, as the industry partner’s 
experience ranges substantially between engagements.

Student Commitment
The theme of student commitment encompasses the 
idea of the level of commitment students must make to a 
capstone course and how this commitment can be affected 
by engagement and external factors.

"We recognize that some of our students have very busy 
schedules outside of classes so we ... use our class time to 
support project work and team collaboration."

"Many of our students work almost full time to 
support their studies. In addition, they are studying 
other courses that require teamwork in parallel with 
their capstone projects. This poses a challenge for our 
students. This workload can lead to disengagement for 
some students. Often the projects are carried out by the 
more engaged students, but these students can be the 
most time poor. An example of this is where one student 
led and took the load for a team while working part 
time with a small child at home and a working partner. 
Some students are not self-driven and rely on their 
teammates to manage them."

Academic Commitment
This theme encompasses comments related to the 
commitment required and made by academics. It was a 
prevalent theme and discussed in all aspects of a program's 
delivery, from the time commitment to students/teams 
and maintaining industry relationships to the difficulty 
involved in keeping up with industry's rapid changes. In 

Capstones, like many computing courses, must 
respond to rapid changes in technologies. 
When the students are embedded in industry 
projects this raises the stakes, and one 
academic noted that “The demands and speed 
of industry do not easily integrate into 
academic curriculum.”
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Discussion
This multi-institutional multinational (MIMN) analysis 
of computing instructor experiences has expanded the 
typical single institution perspective on capstone courses 
found in the computer science education research 
literature. That limited historical focus does raise the 
question of the consistency of research into capstone 
courses and the sustainability of innovations championed 
by solo enthusiasts [4,28]. We have found the empirical 
findings reported here map closely to the taxonomy 
of Tenhunen et al. [46], which was derived from the 
literature. Common elements of duration, team size, and 
student assessment exist. Tenhunen et al. also included 
client and project sources, which equated to our "industry 
involvement", and their project implementation attribute 
maps onto our "models of authentic learning and WiL." 
This confirms our view that the characteristics and themes 
captured by our study are key aspects of a classic capstone 
computing course. 

In mapping the landscape of “capstone” courses in the 
broader context of work-integrated learning, we found 
that various models existed (see Figures 3 and 4). The most 
prevalent models reported in a 2012 survey of WiL oppor-
tunities in information and communications technology 
(ICT) in Australian universities were paid industry place-
ments and industry-linked capstones. Less than 14% of op-
portunities were unpaid internships [43]. In contrast, our 
survey found that, in the context of computer science and 
information technology degrees, the most prevalent WiL 
opportunity was unpaid internships. 

Systematic surveys of the literature report that most 
capstone projects run over one semester [20, 46]. Our 
findings suggest that, in practice, longer courses are more 
represented, with 45% of our respondents’ courses running 
for two semesters or more (aligning with the ACM/IEEE 
Software Engineering guidelines [3]—the Computer 
Science guidelines are more permissive on duration [2]). 
Tenhunen et al. [46] reported a greater variance in team 
sizes, from individual projects to teams of 35 students.1 
They also reported that most teams comprised four to 
five students. In contrast, we found a third of courses in 
our survey only offered individual projects and most were 
in-house with internal clients. All but one of the single-
semester project courses were internal. Such projects 
give students an incorrect impression of the real world 
and forgo important professional skills, such as leadership 
and collaboration [49] in favor of a lower risk model. 
This prevalence of in-house projects with an internal 
client aligns with the courses described in the literature 
[46]. A 2023 article detailed an in-house scale capstone 
course where the project was run using a software house 

Expectations
Another theme was related to a lack of alignment between 
the industry expectations and academic requirements. 
Two different challenges emerged; the first was with less 
'technical' clients who do not have a realistic view of what 
can be achieved by students.

“The client is often not very technical. This can lead to un-
reasonable expectations being laced on the students.”

For students who have highly technical clients, the same 
demands can be made:

“One of our teams communicated with a developer as 
their point of contact in a client’s company. They expected 
the students to be able to learn new technologies and cir-
cumvent process in order to build the product. This led to 
conflict between the academic requirements of the course 
and the client's demands.”

Industry Contribution and Buy-in
One common pattern that emerged from the academics 
surveyed was the need for consistent commitment to the 
students.

“Employers must be willing to be involved in an ongoing 
commitment to the student.”

“We have found that at times the role of client is devolved 
to a junior staff member within the company which 
affects the student experience. The point of contact can 
be non-responsive and delay a team’s progress or be 
unclear on the project and its requirements leading 
to a lack of understanding of the requirements, poor 
team performance and ultimately a less than optimal 
outcome.”

Resourcing
This theme encompasses challenges in staffing capstone 
courses and issues of lack of resources in terms of budget, 
space, equipment, and so on.

“Each project is different often requiring different 
technologies and methods which make it difficult for 
one instructor to be a subject matter expert across all 
projects.”

“It takes multiple full-time staff members to coordinate 
between students and industry partners.”

“... we have a limited budget which goes into our final 
public showcase. Some projects need specialist hardware 
and/or software that we simply do not have available 
for the students. Many industry clients will support the 
teams in providing access to these resources but [for] some 
this is not always possible. This means either the projects 
must be re-envisioned, or we have [to] say no to a poten-
tial industry collaboration.”

¹  �Further investigation of the source literature reporting large teams revealed 
that in such cases, the students operated within smaller sub-teams that 
worked on different aspects of the same project.
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we do not charge our clients for the service. We provide 
the service with no warranty and a disclaimer: “There 
is therefore no guarantee that students will succeed in their 
efforts. This inherently means that the client assumes a degree 
of risk. This is part of an arrangement, which is intended to be 
of mutual benefit.” It is worth noting, however, that as our 
student cohort has grown, we are suffering from many of 
the issues identified in our survey. 

Student preparedness for capstone courses was an issue 
highlighted in our analysis; this was also discussed by 
Wright [49] more than 10 years ago. One proposed solution 
is to restructure the curricula and deliver a two-year holistic 
capstone experience [36]. In this model a pre-requisite 
project course is delivered in-house, building the skills 
and capabilities students need to move into a final year-
long external industry-based project. Another approach 
is to examine the pre-requisite courses to verify that the 
assumed prerequisite skills and knowledge are indeed 
taught and assessed in earlier courses. One study from 
2017 did just this aiming to locate the source of missing 
student skills [23]. A misalignment between learning 
outcomes and assessment in pre-requisite courses as well 
as lack of assessment of technical report writing and oral 
presentation skills was discovered. Both problems could be 
easily fixed in earlier courses. We believe it might mitigate 
some student preparedness issues for capstone course 
instructors to conduct a similar analysis to verify that the 
assumed prerequisite skills and knowledge are indeed 
taught and assessed in earlier courses.

Limitations
This survey’s findings have been inevitably constrained by 
the range and perspectives of the respondents. As such, it 
may not capture the full range of models and experiences 
that could equate to a capstone course. Capstones 
supporting individual students, non-software intensive 
projects, and supervised research projects are only partly 
addressed by the findings presented here. However, given 
the broad range and variety of courses our respondents 
have described, we believe this represents the reality of 
current practice delivering team-based software-intensive 
computing capstone courses in these contexts. 

We did not ask respondents how large their cohorts 
were. Therefore, we have no way of knowing how class 
size might affect the delivery approaches used. Moreover, 
we did not ask respondents about the computing 
subdisciplines in which their capstone course was situated. 
It is possible that certain project characteristics and course 
delivery approaches are more suited to some subdisciplines 
than others. Exploring the dimensions of cohort size and 
subdisciplines and their influence on capstone course 
delivery in practice would be an interesting avenue for 
future research.

model in which students were allocated into one of four 
companies consisting of 20 students [31]. Each company 
had one student acting as scrum ‘lord’ who oversaw 
the project planning, processes, and company culture. 
Each sub-team within the company had a scrum leader. 
The authors argued that this model provides essential 
skills in multi-team software development processes, 
including coordination, collaboration, and integration 
skills that employers now demand. Thus, in the literature 
on capstone course curricula, it appears that a new trend 
toward running large-scale in-house capstone projects 
is beginning to emerge—echoing earlier models such as 
the “Kent IT Clinic” [16], where students worked in a 
managed simulation of an industry consulting service, but 
in that case serving external clients. Such initiatives are 
motivated in terms of building graduate capabilities, but it 
is also likely they might overcome the challenges faced in 
terms of sourcing industry projects and growing cohorts, 
which necessitate practical approaches to delivering 
capstone courses at scale with limited resources. While 
the initial set-up time of an internal software house 
model would be high, it may provide, over time, a low-
cost means of coping with projects at scale without the 
risk of exposing students not ready for industry to the real 
world.

Some challenging real-world ‘clinic’ models integrate 
some aspects of the “Kent IT clinic” [16], but in a more 
supported connection with external clients. The Harvey 
Mudd CS Clinic model (https://www.hmc.edu/cs/clinic/) 
spawned from its engineering clinic [11], was mentioned to 
us by one reviewer. The Harvey Mudd Clinic was built on 
six essential characteristics of an engineering clinic, as pre-
sented in Bright and Philips [11]:

1.	 A teaching clinic, providing professional services.
2.	 Services meet professional standards.
3.	 Student participates under faculty direction.
4.	 Student’s participation is organized for learning as well 

as providing services.
5.	 Seminars or discussions are used to identify principles 

and procedures.
6.	 Student is given increasing responsibility.

We have chosen to include this model, not only because 
a reviewer brought it to our attention, but also based on its 
commitment to a work-integrated model of learning, its 
characteristics, and longevity. Moreover, it offers a close 
match to the model we have been operating in our own 
university for several years, as the program has grown over 
the last two decades. While not established as a formal 
“clinic,” our university’s computing capstone course, as 
a critical aspect of the program, has its own character, 
folklore, and identity: Much like the Harvey Mudd clinic, it 
has evolved from a single coordinator to a more supported 
infrastructure. However, unlike the Harvey Mudd model, 
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Conclusions
In this study, we presented an overview of the reality of 
capstone courses and projects as seen by instructors of 
those offerings at a single point in time. We explored the 
capstone programs offered by our participants within 
the greater landscape of WiL programs. Our analysis of 
computing capstone course characteristics, in practice, is 
supported by both the concurrent taxonomy developed 
by Tenhunen et al. [46] and the ACM/IEEE guides for 
capstone courses [2,3]. The software development/
software engineering and team-based emphasis of our own 
experiences and focus of the study, does however limit the 
analysis, when considering the broader range of individual 
student, supervised, and research-based capstone 
projects undertaken in different settings. But, the set of 
features identified, along with these themes addressing 
issues and challenges, provides two theme-derived 
frameworks for future capstone research (Figure 8). The 
first is confirmation and elaboration of a set of typical 
capstone project characteristics. These characteristics 
were then used, and can be used in the future, to examine 
the changing landscape of capstone courses through a 
comparison with prior literature. In future studies, we 
recommend seeking information about cohort size, not 
just team size, to evaluate how capstone characteristics, 
types of capstones, and challenges encountered change 
with scale. The second framework arises from our 
complementary empirical exploration of the challenges 
instructors face when delivering their capstone courses, 
using a thematic analysis approach. This analysis resulted 
in the definition of a set of themes for future analysis of 
capstone courses and could be useful in designing courses 
with a focus on mitigating these challenges within the 
design. In the discussions section, we highlight possible 
mitigation strategies, which are rooted in prior literature, 
in some of the issues highlighted. Many of these issues 
need further research to empirically evaluate different 

There were 26 (of the original 54 respondents, and 36 
WiL respondents) responses to the questions about clas-
sic capstone project characteristics. While these respons-
es alone may not be sufficient to generalize, as discussed, 
our findings are supported by prior literature, giving con-
fidence that our findings are meaningful. It is important to 
recall that these 21 responses represent 21 institutional of-
ferings and that the responses represent the reality of cap-
stone courses rather than the ideal model. It does not mean 
all capstones necessarily fit with these findings. For exam-
ple, at our institution, all projects are team-based industry 
projects with industry clients and weekly meetings with 
academic mentors—thereby combining a number of the 
characteristics identified in this survey. 

We used an inductive reflexive thematic analysis ap-
proach to identify the challenges and issues our partici-
pants experienced as instructors of capstone projects. 
This analysis method is a “theoretically flexible interpre-
tative approach to qualitative data analysis that facili-
tates the identification and analysis of patterns or themes 
in a given data set” [12]. This means there is always the 
risk of researcher bias, which was mitigated through two 
of the authors reviewing and revising themes with refer-
ence to the original data through a process of critique and 
discussion. 

Our study was necessarily constrained by the strin-
gent requirements imposed by our institutional review 
board (IRB) ethics consent process. We were unable to 
recruit participants individually by email, so contact had 
to be made through professional mailing lists, such as the 
SIGCSE mailing list. This makes it difficult to recruit par-
ticipants even when a survey is brief and is one reason for 
the small sample size reported in this study. In addition, 
our IRB discourages the collection of demographic data 
in studies, even with the mandated informed consent pro-
cess, where such data is viewed as not necessary to the re-
search—our study fell into this category. This meant we 
were unable to follow up on responses to clarify a point or 
to provide demographic descriptions of the institutions. In 
the case of the open response questions, if there was any 
uncertainty or need for interpretation in a response or part 
there-of, then the portion that was ambiguous was not in-
cluded in the analysis.

While the IRB and process are essential for ethical re-
search and the process has benefits often leading to better 
research design, when the conditions imposed are too strin-
gent and based on a medico-legal model of research, they 
impede research and innovation and can deter research-
ers from conducting certain studies, such as collaborative 
change-oriented studies involving action research [50]. 
Getting the ethical considerations for computer science 
education right and still being able to undertake human re-
search that advances knowledge is critical for the future of 
high-quality computer science education research.

In this study we presented an overview of the 
reality of capstone courses and projects as seen 
by instructors of those offerings at a single 
point in time. We explored the capstone 
programs offered by our participants within the 
greater landscape of work integrated learning 
programs. Our analysis of computing capstone 
course characteristics, in practice, is supported 
by both the concurrent taxonomy developed by 
Tenhunen et al. [46], and the ACM/IEEE guides 
for capstone courses.
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