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Teamwork and group projects are a prominent feature of undergraduate computing education. At the tertiary
level, educators use group projects to nurture professional skills and employability. Yet, student concerns
about fairness continue to drive discourse around what is assessed and how. Instructors may choose to
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or students’ progress. However, the range of methods for assessing student group projects in undergraduate
computing remains insufficiently characterised. This article takes a two-pronged mixed-methods approach,
surveying assessment approaches and interviewing educators. A Systematic Literature Review (SLR) of
studies published from 2013 to 2024 that examine the assessment of student group projects in undergraduate
computing contexts identifies considerable variation in assessment practices, which are synthesised through
qualitative content analysis into a schema of 23 distinct modes. A series of eighteen long-form semi-structured
interviews with instructors of group project-based computing courses from around the globe examines
instructor perspectives and challenges. Concerns about the parity and inclusivity of some methods permeate
the literature and are echoed in the interview findings. Peer evaluation is a recurring theme, as are tools
designed to monitor individual contributions to shared deliverables. While there is limited empirical evidence
supporting the suitability of any one approach, there are also intriguing opportunities which computing
departments are well-placed to implement, such as versioning, tracking, and analytics. The article concludes
by listing recommendations for assessment practice and outlining directions for future research to improve
the comparability, transparency, and effectiveness of group project assessment in undergraduate computing
education.
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1 Introduction

Effective collaboration is essential in the computing sector, where developing complex software
requires seamless teamwork among diverse team members [Nwulu et al. 2023], particularly in
increasingly distributed contexts that need to be as agile as possible [Rizvi et al. 2015]. Employers
consistently prioritise interpersonal, teamwork, and communication skills alongside technical
proficiency when evaluating computing professionals [Groeneveld et al. 2019]. As such, the ability
to work productively within a team, negotiate decisions, and convey technical information is valued
just as much as proficiency in programming languages or algorithm design. Recognising this, The
Joint ACM/IEEE/AAAI Task Force on Computing Curricula [2023] recommends that undergraduate
computing curricula incorporate opportunities for students to cultivate professional skills.

Various strategies exist for integrating collaborative skill development into computing pro-
grammes [Kirk et al. 2022]. Among these are group projects, which require self-managing student
teams to deliver a shared solution to a non-trivial problem over an extended period. Typically,
these projects serve as complex environments where students navigate social and technical pro-
cesses [Wiggberg 2008]. Recognising this dual nature, educators have long treated group work as a
cornerstone of the computing curriculum [Fincher et al. 2001].

A recent systematic mapping study by Kokkoniemi and Isométténen [2023] explores the con-
siderable body of literature on student group projects in software engineering. They found that
many studies did not explicitly engage with collaborative learning theories and empirical validation
of teaching interventions is limited. These findings align with student perspectives: while many
students acknowledge that group projects are valuable learning experiences, they also identify
considerable scope for improvement [Licorish et al. 2022; McKay and Sridharan 2024]. Although a
large number of studies focus on students’ experiences, Hooshangi et al. [2025] explored instructors’
perspectives. They found that team-based capstone course structures tend to share more com-
monalities than differences, though recurring considerations emerged including team formation,
managing student conflicts, and equitable grading practices.

Assessment remains a persistent and structurally complex challenge with current methods strug-
gling to reflect the multifaceted nature of teamwork [Hooshangi et al. 2026; Mitchell et al. 2024; Scott
et al. 2023]. Yet, studies into the assessment process are relatively under-represented [Kokkoniemi
and Isomottonen 2023]. This has led to persistent concerns about the fairness, validity, and reliability
of assessment practices [Gordon 2010]. This friction is apparent in the unresolved tension between
evaluating collective outputs and individual contributions [Richards 2009], a division that often
manifests as student frustration over unequal contribution or unrecognised effort [Hooshangi
et al. 2026; Polack-Wahl 2001; Porquet-Lupine and Brigham 2023]. Ultimately, some educators find
designing an assessment strategy that accurately captures nuanced team dynamics whilst simulta-
neously nurturing an equitable, transparent learning environment to be an elusive goal [Tafliovich
et al. 2015].

These challenges suggest that difficulties in assessing student group projects are not merely
practical, but stem from the inherently multidimensional nature of teamwork and its evaluation. As
aresult, there is value in abstracting assessment practices into more structured representations that
allow their key components and relationships to be examined systematically. Vasilevskaya et al.
[2015] introduced modelling of assessment design in the context of group projects, characterising
assessment as a design artefact comprising structural elements and relationships that describe how
assessment operates. While teaching contexts and assessment purposes vary across institutions,
recurring patterns can still be observed, such as alignment between intended learning outcomes
and the tasks used to elicit evidence. This supports the view that assessment can be modelled at
a conceptual level. Lopez et al. [2025], for example, demonstrates this through a model of group
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capstone assessment in computer engineering. Such models provide a means to formalise shared
design logics, enabling researchers and practitioners to reason about assessment approaches in a
structured and comparative way and to support more principled design of student group project
assessment.

While prior reviews address peer assessment [Yang et al. 2022] and group-based assessment [Tumpa
et al. 2022] in broader educational settings, and contemporaneous work explores assessment in
team-based capstone contexts [Hooshangi et al. 2026], there remains a lack of dedicated synthesis
regarding group project assessment in undergraduate computing education across both capstone
and non-capstone curricula. Many studies report isolated implementations of assessment practices
with limited theoretical integration or cross-context synthesis [Kokkoniemi and Isométténen 2023].
Representative examples of commonly recurring but context-specific implementations include peer
assessment and moderation systems [Babo et al. 2020], rubric-based teamwork evaluation [Vaughan
et al. 2019], and contribution tracking for individual weighting mechanisms [Buffardi 2020]. We
therefore argue that the field would benefit from stronger theoretical integration across contexts to
inform the design of student group project assessment. By organising contemporary approaches
described across the literature, this article takes a step towards clarifying the range of assessment
strategies in use by offering a structured conceptual framework of these methodologies, exploring
the challenges associated with their implementation, and illustrating technologies that can support
complex or otherwise unwieldy assessment processes.

Accordingly, this article presents a systematic review of the literature supported by findings
from interviews with computing instructors on approaches to assessing student group projects in
undergraduate computing, striving to address the following research questions:

RQ1: What assessment approaches are typical of student group projects in undergraduate

computing education?

RQ2: What challenges do undergraduate computing educators encounter when assessing student

group projects?

RQ3: How is technology used to support the assessment of student group projects in under-

graduate computing?

The remainder of this article is structured as follows. Section 2 reviews related work on group
projects and assessment, giving further background whilst also clarifying relevant concepts and
terminology. Section 3 describes the methodology used in this work. It spells out the Systematic
Literature Review (SLR) protocol and provides insight into the content analysis procedure followed
to derive data from each paper. It also outlines the semi-structured interview protocol and the
approach used for the subsequent data analysis. Section 4 presents the SLR findings, organised
around the research questions. Section 5 discusses the results of the qualitative analysis of the
interviews. Section 6 synthesises insights into the different methods of assessment, discussing
implications for practice. Section 7 provides practical recommendations from our work, while
Section 8 presents the limitations for this study. Finally, Section 9 summarises the findings and
outlines directions for future research.

2 Background

This section establishes the conceptual and theoretical foundations for the study. Section 2.1 defines
student group projects within computing education and situates them within broader curricular
and professional contexts. Section 2.2 examines the pedagogical and assessment challenges associ-
ated with collaborative project work, including tensions surrounding fairness, accountability, and
multidimensional learning outcomes. Finally, Section 2.3 introduces assessment approaches as an
analytical framework for examining how collaborative assessment practices are structured and
operationalised.
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2.1 Student Group Projects in Computing

Student group projects have been a longstanding feature of computing education [Fincher et al.
2001]. Early curriculum recommendations and subsequent reports advocated for collaborative
project work to help students develop both technical and professional competencies [Atchison
et al. 1968; Binns and West 1975]. Over time, it has become an integral part of the design of
computing curricula [Wiggberg 2008], reflecting broader shifts in educational goals and growing
recognition of teamwork as an essential graduate attribute [English and Hayes 2022]. This emphasis
on employability skills through group projects aligns with broader discussions about the relationship
between computing curricula and industry needs. Garousi et al. [2019] conducted a meta-analysis
of curricular reforms, identifying deficiencies in areas such as configuration management and
software testing that impact graduates’ professional readiness. Similar concerns have been raised
in programming education [Luxton-Reilly 2009], and in subfields such as game development,
where teamwork cultures can exacerbate workload distribution and coordination problems [Harvey
2019]. More recent curriculum guidance produced by The Joint ACM/IEEE/AAAI Task Force on
Computing Curricula [2023] explicitly endorses teamwork as an essential component of computing
education and professional preparation.

In undergraduate computing curricula, collaborative projects are integrated across diverse ped-
agogical contexts. These range from fundamental programming instruction [Blake 2005; Scott
et al. 2015] to comprehensive capstone experiences that incorporate external stakeholder en-
gagement [Bruegge et al. 2015; Steghofer et al. 2018; Stephenson et al. 2016], interdisciplinary
collaboration [Gunnars and Palmquist 2026; Paredes-Velasco et al. 2023], and the adoption of authen-
tic practices from, for example, free and open source (FOSS) projects [Braught et al. 2018]. While
such initiatives are frequently situated within the final stages of a degree programme [Bruegge
et al. 2015; Whalley et al. 2025], Bernhart et al. [2006] provides a framework for term-long team
projects which can be used earlier in programme delivery to scaffold the development of software
engineering competencies.

There are many reasons for students to group together, and so the computing education literature
sometimes uses the term student group project imprecisely, blurring the boundary between collab-
orative learning and formal projects [Kokkoniemi and Isométténen 2023]. As such, it is important
to distinguish informal, unstructured collaborative tasks [Mason 2020] from the explicit instruction
and formal structures that scaffold professional skill development [Lingard and Barkataki 2011].
Expanding upon the work of Davies [2009], we define student group project as a practical assignment
in an educational setting where at least three students work collaboratively to produce a shared
deliverable, on the basis of their own initiative, over an extended period. Team-based capstone
projects represent a common manifestation of this type of project in computing education [Whalley
et al. 2025]; however, our definition is broader and includes comparable forms of collaborative
project work across the curriculum.

This article operationalises student group projects in computing using five criteria:

(i) Artifact-Centric: The activity produces a substantive computing-related artefact or solu-
tion as a shared outcome. This criterion reflects the project-based learning strategy [Kru-
mova et al. 2020]. Collaborations oriented toward applied competence development primar-
ily from conceptual discussion or shared inquiry are excluded;

(ii) Integrative Collaboration: The project requires students to work “as a group” to con-
tribute collectively to a unitary deliverable [Chiriac 2014]. This creates a conjunctive task
structure [Steiner 1972] where contributions to the deliverable integrate in a sophisticated
manner, necessitating positive interdependence [Johnson and Johnson 1999] and usually
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demands the application of project management techniques to coordinate. Thereby dis-
tinguishing it from additive tasks “in a group,” where individual contributions are merely
aggregated;

(iii) Polyadic Interaction: At least three students must work together. The dynamic that
emerges in groups of this size and larger necessitates negotiation and mediation [Simmel
2009], requiring interpersonal management [Burke 2011]. This excludes pair programming
which is a dyadic interaction rather than a polyadic interaction, often focusing on synchro-
nous problem-solving where complex coordination is unnecessary [Lasserre and Szostak
2011];

(iv) Complex Requirements: The project requires a “non-trivial” and “ill-defined” objective,
typically drawing on resources no single individual possesses [Cohen 1994]. Such projects
challenge student agency and creativity, establishing a shared aim for the group [Davies
2009] that necessitates diverse perspectives and collective problem-solving. Consequently,
excluding rote adherence to instructions;

(v) Persistence: The group maintains stable membership over an extended period [Davis 1993],
typically several weeks to a full study block or perhaps even several consecutive study
blocks. This time-span fosters the cohesiveness [Davies 2009] and shared history required
for a group to move beyond a collection of individuals into a performing team, facilitating a
full lifecycle of team development, from forming to performing [Tuckman 1965]. Thereby
distinguishing it from short-term or ad-hoc in-class activities.

Taken together, these characteristics distinguish student group projects from short-lived or

loosely coordinated collaborative activities while highlighting the socially and technically complex
contexts within which assessment judgements are made.

2.2 Assessment Challenges in Student Group Projects

Group projects are widely used within computing curricula because they provide opportunities for
students to develop technical, collaborative, and professional skills in contexts intended to resemble
professional software development [Bastarrica et al. 2017; Tenhunen et al. 2023]. Consequently,
assessment in such projects must account not only for technical outcomes, but also for teamwork
practices, communication, and individual contribution.

Studies of student software teams have additionally demonstrated coordination problems com-
parable to those observed in professional software engineering contexts [MacKellar 2013]. Without
explicit training or structured support, student teams often function on an ad hoc basis, resulting
in ineffective collaboration and unresolved tensions [Lingard and Barkataki 2011; Scott et al. 2019].

Several assessment theorists have emphasised the importance of aligning assessment design with
intended learning processes and outcomes. Biggs’s [1996] theory of constructive alignment, along-
side subsequent work on formative assessment and feedback [Gibbs 1988; Nicol and Macfarlane-Dick
2006], argues that learning outcomes, teaching activities, assessment tasks, and feedback processes
should operate coherently to promote deep and self-regulated learning. Within group projects,
however, these principles are difficult to operationalise because assessment must simultaneously
capture technical achievement, collaborative practice, and individual contribution.

Traditional assessment approaches often struggle to capture the complexity of collaborative work
and to fairly allocate marks to individuals for their contributions [Gordon 2010]. Students regularly
express frustration when unequal effort is not appropriately recognised [Polack-Wahl 2001; Porquet-
Lupine and Brigham 2023]. Assessment complexity in student group projects arises not only from
collaboration itself, but from the need to evaluate multiple forms of learning simultaneously. A
central difficulty is that group projects require educators to assess learning that is simultaneously
collective and individual in nature.
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These collaborative demands create persistent practical challenges for students, including sched-
uling difficulties, unequal contributions, interpersonal conflict, and the coordination of shared
resources [Dori¢ et al. 2023; Polack-Wahl 2001; Porquet-Lupine and Brigham 2023]. In response, a
range of pedagogical interventions have been proposed to scaffold teamwork skills and improve
collaborative practice [Kimpton and Maynard 2025]. For example, Mahmood [2007] recommend
structured approaches that balance technical and interpersonal skill development within project-
based learning, while Peters et al. [2019] describe learning agreements that encourage accountability,
goal articulation, and reflective practice within teams.

Peer assessment is widely proposed as a mechanism for fairness and accountability, as it fosters
active engagement and critical reflection through a constructivist lens [Topping 1998]. Yet con-
cerns persist regarding its reliability, social pressure, and student trust [Mitchell et al. 2021, 2022].
Although early studies suggested peer marks could correlate with teacher grades [Falchikov 1995],
subsequent research indicates that students often inflate marks due to social pressures [Isométténen
2014] and express skepticism regarding the fairness of summative peer evaluations [Kay 2022]. To
mitigate these challenges, empirical evidence underscores that structured training enhances rating
accuracy, fosters better feedback, and increases student confidence in the fairness of the process [Liu
and Li 2014; Stonewall et al. 2018]. Careful design and training are especially important when such
assessments affect final grades [Hanrahan and Isaacs 2001]. Fagerholm and Vihavainen [2013],
for example, applied Bloom’s revised taxonomy to structure peer feedback activities, promoting
higher-order cognitive processes such as analysis, evaluation, and creation.

Learning outcomes describe what learners are expected to know, understand, and apply following
a learning activity [Biggs 2003]. Within student group projects, assessment may target a broad
range of technical, interpersonal, and professional capabilities. Bloom’s revised taxonomy [Krath-
wohl 2002] provides a useful framework for articulating such outcomes by distinguishing between
cognitive processes and knowledge dimensions. In the context of collaborative computing projects,
however, assessment must additionally account for forms of learning that extend beyond dis-
crete technical competencies, including teamwork practices, professional conduct, and reflective
development.

Building on the framework proposed by Clear [2009], Herbert [2018] categorise learning within
computing group projects according to four interrelated dimensions: Product, Process, Professional-
ism, and Progress. Together, shown in Table 1, these categories capture both the technical outputs
of collaborative work and the developmental and interpersonal dimensions of student learning.
Because Clear [2009] primarily focused on capstone contexts, where disciplinary competence may
be assumed to some extent, this article extends the framework by introducing a fifth dimension:
Principles. This additional category captures students’ demonstration and application of founda-
tional disciplinary knowledge and technical concepts, which may be particularly important in
earlier stages of undergraduate computing education.

Taken together, these dimensions illustrate why assessment in group projects is inherently
multidimensional: educators must simultaneously evaluate technical competence, collaborative
practice, professional behaviour, and individual learning trajectories within a shared project context.
As Hans [2024] observe, the relative emphasis placed on these dimensions depends on how project
success is conceptualised, with important implications for grading practices and student perceptions
of fairness. This has contributed to longstanding debates regarding whether achievement should
be attributed primarily to groups or differentiated at the level of individual contribution [Richards
2009].

Foundational work by Sluijsmans et al. [2001] and subsequent meta-analyses by Van Zundert
et al. [2010] suggest that differentiating individual performance is important for perceived fairness,
although implementation remains highly context-dependent. These challenges remain evident
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Table 1. The 5Ps for Student Group Project Assessment

Assessment Dimen- Description
sion

Product The technical artefact or deliverable produced through collaborative
effort, representing the application of disciplinary knowledge and
practical skills

Process The collaborative and organisational practices through which work
is undertaken, including communication, coordination, participa-
tion, and project management activities

Professionalism The conduct and disposition of individuals and teams as they engage
with responsibilities, collaborators, and constraints in accordance
with disciplinary and ethical expectations

Progress The development of learner capability over time, typically demon-
strated through reflection on personal growth, challenges encoun-
tered, and future improvement

Principles The demonstration and application of foundational disciplinary
knowledge, theories, and technical concepts within the project con-
text.

within contemporary analyses of team-based capstone assessment [Dugan Jr 2011; Hooshangi et al.
2026; Tenhunen et al. 2023; Whalley et al. 2025]. More recent work has therefore explored holistic
heuristics for allocating marks to individual group members [Russell 2025].

Collectively, this literature demonstrates that assessment in student group projects extends be-
yond evaluating technical artefacts alone. Effective assessment strategies must additionally account
for collaborative processes, individual participation, professional conduct, and learner development,
while also addressing the evidentiary challenges associated with attributing achievement within
collective work. These competing demands create persistent tensions between fairness, validity,
individual accountability, and pedagogical coherence. As such, assessment design within computing
group projects remains an ongoing area of pedagogical and research concern.

2.3 Assessment Approaches

An assessment approach is a structured and abstract representation of how assessment practices
within a learning environment are designed to elicit, interpret, and act upon evidence of student
attainment. Rooted in the principles of evidence-centred design (ECD) [Mislevy et al. 2003a,b] and
constructive alignment [Biggs 2003], an assessment approach defines the conceptual blueprint
that guides the coherent integration of pedagogical aims with task design, evidentiary reasoning,
and delivery mechanisms [Mislevy and Riconscente 2006]. The assessment approach is distinct
from a specific instance of assessment activity, instead functioning as a high-level abstraction that
is formally decoupled from the technical and contextual specificities of any single implementa-
tion [Mislevy et al. 2003a]. By maintaining this separation of concerns, the approach provides a
reusable schema that ensures the internal logic-linking pedagogical goals to evidentiary reasoning
remains conceptually coherent even as it is adapted into diverse assessment activities and delivery
formats [Mislevy and Riconscente 2006]. This structural coherence is critical; Fink [2013] posits
that misalignment between learning outcomes, teaching strategies, and assessment constitutes
a ‘broken’ design. A well-defined approach ensures integrated alignment by generalizing these
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Activity
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Summary Task Level
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Fig. 1. Almond’s framework — a four process architecture for assessment [Almond et al. 2002]

relationships across contexts to support robust reuse and adaptation [Brown and Knight 1994; Race
1999].

Almond et al. [2002] provide a conceptual framework for describing an assessment, shown in
Figure 1, which we use as inspiration for our study. Although Almond’s framework has been
situated to inform the design of e-learning systems, it is rooted in universal principles of evidentiary
reasoning and thus is useful for operationalising our notion of an assessment approach. We use
these concepts as a framework for describing group assessment. It incorporates key components
that ensure assessments are systematically designed and effectively implemented. The framework
supports translating learning goals into measurable learning outcomes.

Alternative frameworks such as the BEAR Assessment System [Wilson and Sloane 2000] and
the Assessment Design Decisions Framework (ADDF) [Bearman et al. 2016] address developmental
progress and high-level pedagogical choices. The BEAR Assessment System establishes developmen-
tal “construct maps” to ensure curriculum alignment, yet it primarily focuses on the why and what of
assessment within a classroom ecosystem. Similarly, the ADDF provides a comprehensive guide for
high-level decision-making in a way that balances tensions between purpose, feedback, and student
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interactions. However, it does not provide the granularity required to map how raw observations
are synthesised to measure attainment. In contrast, Almond et al.’s [2002] four-process architecture
(4PA) is specifically designed to operationalise the transformation of raw student performance into
evaluative judgements. This decomposition provides a rigorous basis for analysing information flow
in collaborative assessment, where the relationship between individual contribution and awarded
grade is often opaque. Although 4PA primarily emphasises structural relationships rather than
pedagogical interpretation, it nevertheless offers a systematic means of distinguishing how tasks
are presented, how students respond, and how those responses are transformed into evaluative
outcomes. The framework therefore makes explicit the evidentiary logic underlying assessment:
namely, how group interactions are captured, interpreted, and aggregated as individual or collec-
tive evidence of attainment. Consequently, 4PA enables granular comparison between complex
assessment approaches and provides the level of structural transparency required for this study.
Table 2 explains the role of each of the four processes:

Table 2. The role of each process in Almond et al.’s [2002] four process architecture

Process Role

Activity Selection Selecting and sequencing tasks intended to elicit evidence of learn-
ing

Presentation Delivering tasks to learners and capturing their responses

Response Processing Interpreting responses and generating task-level observations or
feedback

Summary Scoring Aggregating observations to produce overall evaluative judgements

Operationally, these four processes are realised through six interrelated components within the
broader assessment framework, as illustrated in Figure 2 and expanded in Table 3 below:

Table 3. The role of each model in Almond et al.’s [2002] four process architecture

Model Role

Student Specifying the constructs, knowledge, skills, and dispositions to be
inferred through assessment.

Task Characterising the features and formats of tasks designed to elicit
evidence of those outcomes.

Evidence Defining how task performances are interpreted as observations
and how those observations support inferences about learner at-
tainment.

Assembly Governing the selection, sequencing, and combination of tasks into

a coherent assessment instrument.

Presentation Defining how tasks and instructions are communicated to partici-
pants and how responses are collected.

Delivery Specifying the administrative, technical, and logistical conditions
under which assessment is conducted.
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Assembly Model

Student Model Evidence Model Task Model Presentation Model

Fig. 2. Almond et al.’s [2002] principle design components of the assessment framework

Taken together, the four processes and six components provide a coherent operationalisation of
assessment practice. The framework functions both as a design-oriented planning instrument and
as a conceptual structure for analysing how assessment evidence is generated, interpreted, and
reported. For the purposes of collaborative assessment, the distinction between the Task, Evidence,
and Student models is particularly significant. Collaborative tasks frequently generate intertwined
evidence of collective and individual performance, requiring explicit reasoning about how observa-
tions are attributed, interpreted, and aggregated into evaluative judgements. Almond’s framework
provides a structured means of analysing these evidentiary transitions and the assumptions embed-
ded within them. Though the Presentation and Delivery models primarily concern the logistical and
environmental implementation of assessment, the remaining core structural models provide a basis
for evaluating the quality and transparency with which assessment approaches are described in
the literature.

3 Methodology

Our work employed a mixed-methods approach that combined a Systematic Literature Review
(SLR) with long-form semi-structured interviews. This combination allowed us to integrate insights
from existing research on assessment approaches for group projects in computing with perspectives
from current practitioners.

The SLR was conducted following the guidelines proposed by Kitchenham [2004], complemented
by recommendations from more recent advice including Petersen et al. [2015] and the PRISMA
2020 statement [Page et al. 2021]. Its primary aim was to map the range of assessment approaches
for group projects in computing, with an emphasis on studies relevant to post-secondary education.
To achieve this, we developed the review protocol, executed systematic searches, screened and
assessed the quality of the studies, and extracted and synthesised data to answer the research
questions.

In parallel, we conducted semi-structured interviews with computing instructors to capture
perspectives and practices that might not be fully represented in the published literature. The
interview process consisted of constructing the interview script and creating the pre-interview
survey, identifying participants, conducting the interviews, performing thematic analysis following
Braun and Clarke’s [2006] six-stage thematic analysis framework, extracting relevant quotes and
distilling recommendation, and synthesising the findings and connecting these back to the results
from the literature.

When reporting our findings, we bring together the results from the SLR and interviews in an
integrated manner. The results from the SLR informed the development of the interview protocol
and enabled us to use prior research to explain participants’ responses. Meanwhile, the interview
insights clarified and extended results observed in the literature. Taken together, these methods
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provide a more comprehensive and practical information on assessment approaches for group
projects in computing.

3.1 Systematic Literature Review

3.1.1 Search and Screening Process. The review protocol was developed collectively by the research
team and subsequently reviewed by the Research Ethics and Integrity Committee at the first author’s
institution. The protocol incorporated feedback from this review. As part of this process, the protocol
was verified to accord with the ethical principles of the British Educational Research Association
(BERA) [Wyse et al. 2016]. The first author secured ethical approval through the formal ethics
process at their institution (as did other authors where required).

The date range, beginning in 2013, coincides with the publication of the ACM/IEEE Task Force
CS2013 recommended curricula[2013], which significantly emphasised collaborative and project-
based learning in computing education. This period also corresponds with the adoption of platforms
like Slack and GitHub [Zagalsky et al. 2015], now commonplace in computing group projects.

To support collaborative coding, bibliographic records were maintained in .bib format using
JabRef 5.13, version-controlled via a private Git repository. Extracted attributes and codes were
tabulated and managed in Microsoft Excel, in Office 365, enabling the team to conduct structured
comparison across studies.

The authors searched five digital libraries: ACM Digital Library, IEEE Xplore, Sage Journals,
ScienceDirect, and Taylor & Francis Online. The search query was:

[[AlL: “group project”] OR [All: “group assessment”] OR [All: “group assignment”] OR
[All: “team project”] OR [All: “team assessment”] OR [All: “team assignment”] OR [All:
“peer assessment”] OR [All: “team work”]] AND [[All: “computer science education”]
OR [All: “computing education”] OR [All: “software engineering education”] OR [All:
“csed”] OR [All: “cs ed”]].

In some databases, the search additionally included abstracts, as these databases index search
queries across titles, keywords, and abstracts by default. An initial trial application of the search
string to a test set of articles resulted in minor refinements, notably the explicit inclusion of “peer
assessment” due to its omission in early results.

The following inclusion criteria were applied:

IC1: Original papers published between 2013 and 2024

IC2: Papers published in peer-reviewed conference proceedings and journals

IC3: Papers published in English

IC4: Papers where the body was at least four pages in length

IC5: Papers presenting empirical evidence through a primary study

IC6: Papers describing the use of group projects at a post-secondary institution in a computing
discipline

IC7: Papers which include a description of an approach to assessing a group project

Gray literature, such as dissertations, technical reports, and non-peer-reviewed sources, was
excluded. These sources frequently lacked sufficient methodological transparency and detail about
assessment approaches, limiting their utility for structured synthesis in a systematic review of this
kind.

The initial search query produced 1221 papers. Nine authors independently screened titles and
abstracts against the inclusion criteria for these papers. Full-text screening and data extraction
were similarly distributed. To ensure consistency in the application of inclusion criteria and data
extraction categories, a Krippendorft’s alpha reliability coefficient was computed on a random 10%
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sample of papers reviewed by multiple authors, achieving a coefficient of 0.8, indicating substantial
agreement [Krippendorff 2018].

Quality appraisal was conducted using two complementary strategies. First, each paper was
assessed for empirical robustness using criteria from the 2018 Mixed Methods Appraisal Tool
(MMAT) [Hong et al. 2018]. It is a critical appraisal instrument designed for the systematic assess-
ment of the methodological quality of empirical studies encompassing qualitative, quantitative,
and mixed methods research designs [Hong et al. 2018]. There are five distinct sets of criteria
corresponding to different study types: qualitative, randomised controlled trials, non-randomised
studies, quantitative descriptive studies, and mixed methods studies. The tool facilitates a structured
and transparent appraisal process by guiding reviewers in assessing key aspects such as appro-
priateness of study design, sampling strategy, measurement tools, and data integration. Second,
the descriptions of assessment approaches within each study were appraised using Almond’s
assessment framework [Almond et al. 2002] that identifies four essential processes in any assess-
ment system: activity selection, presentation, response processing, and summary scoring. These
processes collectively form the assessment cycle, which involves two key actors: the administrator,
responsible for setting up and managing the assessment, and the participant, whose skills are being
assessed. The participant interacts with tasks presented during the assessment. Moreover, Almond’s
framework highlights six integral components of assessment: student, evidence, task, assembly,
presentation, and delivery. These components correspond to the desired learning outcomes, the
interpretation of evidence to measure those outcomes, the tasks that generate this evidence, the in-
structions linking student, task, and evidence, the medium or format for presenting the assessment,
and the overarching framework that integrates these elements in practice. We used four of the
six components, Student, Task, Evidence, and Assembly, in Almond’s framework to categorise our
findings because they explore the core elements that impact the design and interpretation of group
assessments. By concentrating on these four components, we can examine the foundational aspects
of assessment approaches that can be generalised and adapted across various educational contexts.

3.1.2 Data Extraction and Synthesis. Data extraction followed a staged content analysis approach [Krip-
pendorff 2018], combining both inductive and deductive elements. Initially, a subset of papers (n=12)
was reviewed independently by members of the research team to identify recurring themes, terms,
and concepts related to the assessment of student group projects. Through open coding [Cascio et al.
2019] and collaborative discussion, a preliminary codebook was developed to capture dimensions
such as assessment focus, modality, and rationale. This codebook was iteratively refined over
multiple rounds of review, during which codes were merged, split, or redefined to reflect better the
patterns observed across the literature. Once the codebook was stabilised, it was applied deductively
to the remaining corpus.

Data were extracted under consistent categories, the columns of the spreadsheet, including:

o the setting of the group project and its position within the curriculum,

national contexts (using the United Nations Statistics Division regional mapping'),
computing subdiscipline or knowledge area,
stated learning outcomes and assessment rationale,
articulation of the assessment approach,
assessment characteristics [Vasilevskaya et al. 2014], such as formative vs. summative, and
group-grade vs. individual-grade structures,
e additional implementation details, including team sizes, peer evaluation mechanisms, and

technology use,
e tools and how they were used in the study, and

!https://unstats.un.org/sdgs/indicators/regional- groups/
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e evidence supporting the approach’s effectiveness.

In addition, the intended learning outcomes were extracted using the model proposed by Her-
bert [2018]. This illustrated whether the assessment focused upon the product, the process, the
professionalism, or the progress that students made with their learning. There were some instances
where fundamental computing knowledge was assessable, and so an additional categorization was
added: Principles.

The schema of 23 assessment modes emerged through an inductive synthesis process based
on the coded data. Following the standards of qualitative content analysis [Mayring 2014], the
research team repeatedly reviewed coded entries related to assessment methods to identify patterns,
similarities, and differences in approach. This involved grouping similar practices, distinguishing
edge cases, and refining category labels to ensure mutual exclusivity and conceptual clarity.

The resulting schema was not predetermined but developed iteratively through constant compar-
ison and collaborative discussion, informed by both the extracted data and the researchers’ shared
understanding of pedagogical assessment in computing. While not derived from grounded theory
per se, the process aligns with an interpretive, constructivist orientation, in which categories were
generated from the data rather than imposed a priori. The final schema, encompassing twenty-three
modes of assessment, serves as an organising framework for reporting findings in this review.

3.2 Interviews

3.2.1 Instruments. The interview protocol of 22 open-ended questions was created with some
high-level input from the SLR team by a small subteam of researchers experienced in scripting and
conducting semi-structured interviews and constructing survey studies, paying careful attention
to the neutral phrasing of prompts to avoid leading the participants and biasing responses. The
pre-interview survey collected background and demographics on interviewees and asked for their
consent to participate in a recorded interview. The interview questions included prompts about
group project assessment strategies specific to the interviewee, about personnel, individual vs
collective assessment, team dynamics, tools, fairness, student feedback, peer evaluation, institutional
context, challenges, future directions, and asked the participants to give advice to other instructors
about things to do and things not to do when assessing group work in computing courses. Both
instruments were reviewed and received ethical approval by the Institutional Review Boards of
each of the four interviewers belonging to institutions in the USA, UK, Sweden and Germany.

3.2.2  Participants. Members of the research team following a network-based sampling strategy
identified potential candidates for interview and invited them to participate via email. Upon
acceptance, they were then introduced to another member of the team to conduct the interview, as
a measure to minimise acquaintance bias.

Each interviewee had experience with undergraduate courses that involved students working as a
team to deliver a project. Only those who had at least one full cycle/delivery of a team project-based
course were eligible. On that basis, the research team interviewed 18 instructors at higher education
institutions across ten countries. These included Australia (2), Canada (3), China (1), England (2),
Germany (2), The Netherlands (1), New Zealand (2), Scotland (1), Sweden (1), and the USA (3).
One of the interviewees had 1-2 years of experience conducting group project courses, four had
between 3 and 5 of experience, and the remaining thirteen participants have been involved with
group project courses for 5 or more years. Twelve of the interviewees were male, five were female
and one was gender non-binary.

Interviews were done remotely in English using Microsoft Teams or Zoom. Sessions were
recorded and transcribed by the built-in meeting software transcription function and manually
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by students to do a peer evaluation?

it well | don‘t want o, | even

Do you think hat's cultural?

Icannot really with that and fine doing that Would be for that Butculrally, It interésting, of course. I general, Duteh people a

Yes, that's why fm surprised.

£ S0/ you ask for students to give you feedback on something, they can be really dirct so. But il um And some of them are perfecty happy to do so but | think because they are in a team and they know we're going
o work together, we have to do this together and we don' want to disrupt that by saying things about sameone of so.

luation or do they have o write a refecton on their own

No, they have 1 also uh 5o in this form i they they have to they have to complete for the haltway meeting and also for the final meeting they have to tak a ot about themseivs as wel. So we ask, what do you
think are good points regarding this and that for yourself and what do you see for the team. So thats kind of reflecting on the team as  whole and yourself. And then we ask them questions about other people in the
team.

than

Yean. Although, yeah,for some yeah its [ easy o say Yean, thats just the personaiity
question i think yeah

Let's switch gears ask you. do pec that group

Um. And what kind of factors would you.?

e — 1 polices, for example, o J’

Mmhmm, | hink the way y policies or anything.

Fig. 3. Using QDAMiner to Identify Codes

checked for accuracy and corrected where necessary. A little over 22 hours of video footage was
gathered and analysed.

3.2.3 Qualitative Data Analysis and Synthesis. The transcripts were analysed following a minor
adaptation to Braun and Clarke’s [2006] six-stage thematic analysis framework. This process seeks
to identify and articulate the thematic elements which arose—defined as patterns of meaning
that reflect common concepts across instances or examples. The analysis commenced with data
familiarisation and identifying the overarching topics from the data collected during interviews.
Four members of the research team agreed on the most common themes across the overall corpus.
Then the transcripts were inductively coded [Peel 2020] using QDA Miner? as shown in Figure 3.
Following the construction of the codebook, each transcript was then coded in depth by two
researchers selected at random. These raters identified additional potential themes independently
as necessary.

Following this initial thematic review, the team convened, including all authors, to discuss their
findings and work towards reconciling their codes into a coherent codebook. After reaching a
consensus, two team members independently re-coded the data according to this unified framework.

The final dataset underwent a thorough review to highlight any lingering points of contention
among the coders, with further consultations involving the remaining authors to resolve any
stalemates. This consensus coding process was iterated until it achieved at least 80% agreement on
95% of the codes [Miles et al. 2014]. The approach deepened the group’s understanding of each
theme’s definition, scope, and distinctions in complex cases. This approach enabled a thorough
analysis beyond a single pass and minimised clerical errors in coding.

In parallel, the team identified note-worthy quotes to be included in the manuscript and distilled
recommendations for other instructors given by the interviewees. Once completed, the final analysis
allowed for the examination of the relative prevalence of each theme within the dataset while
considering inter-rater concordance using Krippendorff’s alpha [Hayes and Krippendorff 2007].

Zhttps://provalisresearch.com/products/qualitative-data-analysis-software/freeware/
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3.24 Additional Data Extraction and Reconciliation. After the qualitative analysis was complete,
three of the researchers involved in the thematic analysis independently re-watched the interview
footage and recorded the time codes and content meeting learning outcome definitions as outlined
in Table 1. Our analysis aligns with how we evaluated the SLR papers for the various dimensions
of assessment: principles; progress; product; process and professionalism. The team then met to
discuss and reconcile their findings and agreed on which assessment activities were mentioned as
utilised by each of the interviewees.

4 Systematic Literature Review Results

In this section, we present our SLR results, starting with Section 4.1, presenting an overview of the
papers identified by our selection criteria. Section 4.2 provides details on the assessment approaches
found in these papers.

4.1 Overview of Selected SLR Papers

In this section, we report on the results from our Systematic Literature Review (SLR). Of the original
1,221 papers published from 2013 to 2024, 44 (3.7%) met our selection and quality criteria, which we
aggregated by publication year, shown in Figure 5. As shown in Figure 4, we removed 1177 papers
from our SLR because:

e Four were duplicates,
Five were not peer-reviewed,
21 were shorter than four pages,
365 did not contain a primary study, such as a literature review or position paper,
621 did not focus on group project assessment,
145 conducted the studies outside of a tertiary institution,
Seven did not provide sufficient information on the assessment approach, and
Nine did not provide enough information to determine how the work aligns with Almond’s
Framework.

When reviewing the selected literature, we examined the countries in which the research was
conducted, their context, and the group size. For location, we found that most (N = 28, 64%) were
conducted in Europe and North America. The remaining papers come from Australia and New
Zealand (N = 6, 14%), Eastern and South-Eastern Asia (N = 3, 7%), Latin America and the Caribbean
(N =5, 11%), Northern Africa and Western Asia (N = 1, 2%), and Central and Southern Asia (N =1,
2%). Unfortunately, our SLR did not find studies conducted in Sub-Saharan Africa. For the context,
most (N = 27, 61%) of the papers in the SLR conducted the research in a Software Engineering
context, followed by (N = 7, 16%) placed in a Capstone context. The next common context (N = 4,
9%) was Employability and Professionalism, referring to courses focused on preparing students
for the workplace rather than on technical computing content, followed by the Specialist Topic
context (N = 4, 9%), which included courses focused on a specific advanced computing subject
area, such as natural language processing. The remaining two papers (5%) conducted studies in
the Computing Education context, focusing on the application of rubrics in Computing Education
[Kavanagh and Luxton-Reilly 2016] and the perception of peer evaluation and fairness [Aivaloglou
and Meulen 2021]. The majority (N = 37, 84%) of the papers reported group size, with a median
of five students, a minimum of three students in three papers, and a maximum of 35 students
from a study by Vasilevskaya et al. [2015] that applied their work to a course that leverages large
projects for student learning. The study collected feedback over two years on the assessment using
a questionnaire. The researchers presented their findings on how to achieve fair grading in large
student groups, primarily using summative activities, such as individual student reports and teacher
assessments.
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Fig. 5. Count of publications describing the assessment of student teamwork in computing per year

We evaluated the papers in more depth to examine their assessment types and focus. We found
that the majority (N = 43, 98%) of the papers presented the assessment types used in the studies.
For the grading approach, 27 (61%) used summative assessment, six (14%) used formative, and ten
(23%) used both assessment types. As for the assessment focus, 26 (59%) of the studies assessed the
individual, four (9%) focused on group, and 10 (23%) assessed both.

We also examined the papers to determine the tools used to support the assessment approach.
We found 24 (56%) papers that used tools. Table 4 provides a breakdown of the purpose of the tools
used in the assessment approach, along with examples of the tools. Although the majority (N = 22,
50%) of the papers did not use tools, the most common usage (N = 11, 25%) was for collaboration,
utilising tools such as GitHub. One paper [Hundhausen et al. 2023] appears in multiple rows of
Table 4 as it used tools for three purposes: to support student collaboration, to facilitate peer
assessment, and to support educators in managing group work. In these papers, educators utilised
various tools, including SPARK [Kay 2022], Microsoft and Google Forms [Hijazi and Alshehri
2024; Wee Tan et al. 2023], and PASCA [Neznanov and Maksimenkova 2016], for peer assessment.
PASCA is a mail-based tool, and SPARK (Summative Peer Assessment while Rounding Kindly)
both facilitate anonymous peer assessment to encourage fair evaluation by the students. We also
observed studies using Software Engineering tools, such as GitHub [Torchiano et al. 2024], Docker
Hub [Torchiano et al. 2024], Slack and Microsoft Teams [Hundhausen et al. 2023], to support team
coordination. Other tools, such as ePortfolios [Olstad et al. 2024], supported students’ self-reflection
during the teamwork activity.

As previously mentioned in our study design, Section 3, we evaluated the assessment approaches
in the selected literature against four components of Almond’s framework [Almond et al. 2002].
Table 5 shows how the papers in the SLR aligned with Almond’s framework. The table shows
how the papers address each of Almond’s four selected components: Student, Evidence, Task, and
Assembly. Of the 53 papers that passed the initial selection criteria, we excluded nine following
quality appraisal due to insufficient detail about the assessment approach employed, leaving 44
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Table 4. View of the Literature Examining Tools use to Support the Assessment Approach

# Purpose® Example References

22  No Tool Mentioned [Avila et al. 2021; Bhat et al. 2020; Choque-
Soto and Sosa-Jauregui 2024; Christov
and Hoffman 2019; Fagerholm and Vi-
havainen 2013; Giacaman and Sinnen 2018;
Guttmann et al. 2024; Isomo6ttonen 2014;
Isomottonen and Ritvos 2021; Kaluza et al.
2023; Kavanagh and Luxton-Reilly 2016;
Mora et al. 2020; Neill et al. 2017; Porquet-
Lupine and Brigham 2023; Putro et al. 2014;
Quek et al. 2023; Tsai et al. 2023; Tubino
et al. 2020; Vasilevskaya et al. 2014, 2015;
Wee Tan et al. 2023; Yun et al. 2016]
11 Collaboration Google Community [Aivaloglou and Meulen 2021; Buffardi
Tools, GitHub 2020; Cecilia Bastarrica et al. 2023; Chat-
ley and Field 2017; Cui et al. 2022; Her-
bert 2018; Hijazi and Alshehri 2024; Hund-
hausen et al. 2023; Jacobs 2024; Neyem et al.
2014; Torchiano et al. 2024]
8 Peer Assessment PASCA: Mail Peer As- [Basholli et al. 2013; Candrlic 2020; Crick
sessment System et al. 2022; Hundhausen et al. 2023; Kay
2022; Lu and van der Hoek 2023; Neznanov
and Maksimenkova 2016; Vossen and Ajit

2020]
3 Educator Support CATME Team [Chen et al. 2022; Hundhausen et al. 2023;
Builder Tubino et al. 2021]
1 Real-World Experience JIRA [Allison et al. 2024]
1 Self Reflection ePortfolio [Olstad et al. 2024]

*Purpose denotes how a tool was used in the study

(83%) for further analysis. Of these 44 papers, 15 (28%) provided complete information across all
components of Almond’s framework. Among the four Almond components, Evidence had the most
papers (N = 39, 74%) that addressed it.

4.2 Assessment Approaches

Lastly, seeking to answer “RQ1: What assessment approaches are typical of student group projects
in undergraduate computing education?” we examined the SLR papers by their learning outcomes
and categorised them by assessment dimension: Product, Process, Professionalism, Progress and
our addition, Principals. Table 6 presents the papers in each category along with the assessment
activity used in the studies to evaluate learning outcomes. While examining the papers, we found a
confluence between the Process and Professionalism categories, where 35 papers focused on both
learning outcomes. For example, Allison et al. [2024] addresses Process and Professionalism by
incorporating Agile methodologies, specifically the SCRUM framework, into the curriculum. In
this study, the researchers simulated real-world industry practices, requiring students to work
collaboratively. The study’s context mirrors professional environments, helping students develop
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Table 5. View of the Literature Through the Almond’s Assessment Framework

Almond’s Components Papers

Student Evidence Task Assembly # References

v v v v 15 [Aivaloglou and Meulen 2021; Allison
et al. 2024; Avila et al. 2021; Bhat et al.
2020; Chen et al. 2022; Fagerholm and
Vihavainen 2013; Herbert 2018; Hund-
hausen et al. 2023; Isomottonen and Ritvos
2021; Mora et al. 2020; Neznanov and
Maksimenkova 2016; Porquet-Lupine and
Brigham 2023; Putro et al. 2014; Tsai et al.
2023; Vasilevskaya et al. 2015]

v v 1 [Choque-Soto and Sosa-Jauregui 2024]

v v v [Candrlic 2020; Quek et al. 2023; Torchiano
et al. 2024]

V4 V4 4 2 [Cecilia Bastarrica et al. 2023; Giacaman
and Sinnen 2018]

v v v 2 [Basholli et al. 2013; Isométtonen 2014]

v v v 2 [Tubino et al. 2020, 2021]

v v 3 [Jacobs 2024; Neill et al. 2017; Olstad et al.
2024]
v v 1 [Kaluza et al. 2023]

v v 4 [Buffardi 2020; Christov and Hoffman 2019;

Kay 2022; Neyem et al. 2014]
v 1 [Yun et al. 2016]

v 9  [Crick et al. 2022; Cui et al. 2022; Guttmann
et al. 2024; Hijazi and Alshehri 2024; Ka-
vanagh and Luxton-Reilly 2016; Lu and
van der Hoek 2023; Vasilevskaya et al. 2014;
Vossen and Ajit 2020; Wee Tan et al. 2023]

v 1 [Chatley and Field 2017]
28 39 29 21 44 Total'

1 Total number of papers addressing a component in Almond’s framework

process management skills and professional behaviours, such as teamwork, communication, and
adaptability. To show papers addressing Process and Professionalism, we present them together in
Table 6, where the majority (N = 35, 80%) of the papers focus on these learning outcomes. The table
also shows that Principals have the least papers (N = 6, 14%) focusing on this learning outcome.

The summary of the SLR shown in Table 6 illustrates that the focus of assessment varied in terms
of learning outcome. For example, the previously mentioned study by Allison et al. [2024] addressing
Process and Professionalism also addresses the Product learning outcome. They incorporate Agile
methodologies to also enhance students’ employability skills by having the group-based projects
deliver a product that meets the client’s requirements. This hands-on experience supports students
in applying theoretical software engineering concepts associated with Agile to create tangible,
functional products.
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To evaluate these learning outcomes, the papers use a variety of approaches, as shown in the first
column of Table 6. The table shows commonly used assessments applied in learning environments,
such as exams, exercises, and reports, to evaluate learning outcomes. These approaches evaluate the
individual (e.g., exams) as well as evaluate the group (e.g., presentations). In addition to assessment
approaches commonly used in learning environments, the results show papers using real-world
activities, such as peer review, build inspection, and postmortems, to assess learning outcomes.
A postmortem, sometimes referred to as retrospective, is a reflective analysis conducted after the
completion of a project or an event [Kerzner 2017]. Overall, the results show papers using peer
evaluation for assessing learning outcomes the most (N = 19, 43%).

Table 6. View of the learning outcomes in the literature through the 5 P’s

Approach # of Papers Reference

Principles: (n = 6, 14%)

Exam 4 [Giacaman and Sinnen 2018; Kaluza et al. 2023; Neill et al.
2017; Porquet-Lupine and Brigham 2023]

[Neill et al. 2017; Yun et al. 2016]

[Bhat et al. 2020]

Do

Home Exercise
Presentation

—_

Progress: (n = 11, 25%)

Reflective Review 8 [Allison et al. 2024; Basholli et al. 2013; Choque-Soto and
Sosa-Jauregui 2024; Christov and Hoffman 2019; Herbert
2018; Isomottonen 2014; Isomottonen and Ritvos 2021;
Jacobs 2024]

Retrospective 1 [Torchiano et al. 2024]
Exam + Portfolio 1 [Olstad et al. 2024]
Portfolio 1 [Quek et al. 2023]

Product: (n = 23,52%)

Presentation 11 [Basholli et al. 2013; Candrlic 2020; Cecilia Bastarrica et al.
2023; Giacaman and Sinnen 2018; Herbert 2018; Isomotto-
nen and Ritvos 2021; Kaluza et al. 2023; Neyem et al. 2014;
Torchiano et al. 2024; Tsai et al. 2023; Yun et al. 2016]

Build Inspection 8 [Giacaman and Sinnen 2018; Herbert 2018; Hijazi and
Alshehri 2024; Neill et al. 2017; Neyem et al. 2014; Porquet-
Lupine and Brigham 2023; Torchiano et al. 2024; Tsai et al.

2023]
Report 3 [Christov and Hoffman 2019; Jacobs 2024; Vasilevskaya

et al. 2014]
Peer Review 2 [Mora et al. 2020; Neznanov and Maksimenkova 2016]
Portfolio 2 [Tubino et al. 2020, 2021]
Documentation 3 [Allison et al. 2024; Basholli et al. 2013; Neyem et al. 2014]
Duels 1 [Yun et al. 2016]

1

Structured Exercises [Chatley and Field 2017]

Process + Professionalism: (n = 35, 80%)

Continued on next page...
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Table 6 — Continued from previous page

Approach # of Papers Reference

Peer Evaluation 20 [Aivaloglou and Meulen 2021; Avila et al. 2021; Basholli
et al. 2013; Buffardi 2020; Candrlic 2020; Cecilia Bastarrica
et al. 2023; Crick et al. 2022; Fagerholm and Vihavainen
2013; Herbert 2018; Hijazi and Alshehri 2024; Hundhausen
et al. 2023; Jacobs 2024; Kavanagh and Luxton-Reilly 2016;
Kay 2022; Lu and van der Hoek 2023; Neyem et al. 2014;
Porquet-Lupine and Brigham 2023; Vasilevskaya et al.
2015; Vossen and Ajit 2020; Wee Tan et al. 2023]

Analytics 9 [Aivaloglou and Meulen 2021; Buffardi 2020; Chen et al.
2022; Choque-Soto and Sosa-Jauregui 2024; Cui et al. 2022;
Guttmann et al. 2024; Hundhausen et al. 2023; Putro et al.
2014; Torchiano et al. 2024]

Structured Observation 5 [Basholli et al. 2013; Cecilia Bastarrica et al. 2023; Herbert
2018; Hundhausen et al. 2023; Kaluza et al. 2023; Neyem
et al. 2014; Vasilevskaya et al. 2014]

Scaffolded Discussion 2 [Isomottonen 2014; Neill et al. 2017]

Panel 2 [Tubino et al. 2020, 2021]

Portfolio 2 [Allison et al. 2024; Isom6ttonen and Ritvos 2021]

Interview 2 [Porquet-Lupine and Brigham 2023; Vasilevskaya et al.
2014]

Postmortem 1 [Christov and Hoffman 2019]

For the remainder of this section, our modified schema of four of the five P’s, Principals, Progress,
Product, and Process + Professionalism, will be discussed in greater detail. The following subsections
outline the assessment approaches we observed and present the different modalities inferred in
these papers, along with the modalities associated with different dimensions of assessment.

4.2.1  Principals. This domain measures the student’s grasp of fundamental computing concepts,
as well as their understanding of context-specific knowledge relevant to the project at hand. It
assesses not only what students know but also how they can apply that knowledge effectively in
practical scenarios.

Exam

Exams are often used as a controlled method to assess individual student knowledge in a
time-constrained environment. In computing education, exams may involve problem-solving,
programming tasks, or theoretical questions about core computing concepts, such as algorithms,
data structures, or software engineering principles. The exam can serve as an effective tool
for evaluating how well students grasp the theoretical aspects of computing knowledge in a
team-based setting, such as understanding how to approach collaborative programming or
distributed system design under pressure.

Exams may also be designed to assess how students engage with complex problems individually
before collaborating with teammates, ensuring that they possess the foundational knowledge
necessary to contribute meaningfully to a team project [Giacaman and Sinnen 2018; Kaluza
et al. 2023; Neill et al. 2017; Porquet-Lupine and Brigham 2023].
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Home Exercise

Lab assignments and homework are practical assessments that allow students to demonstrate
their skills in solving problems or building solutions. These assignments often come in the
form of small programming tasks, quizzes, or practical exercises that help students apply the
concepts they have learned in class. In the context of teamwork, these tasks are valuable for
assessing both individual and group-based learning outcomes. Lab or homework assignments
can test the team’s collective ability to approach and resolve technical challenges, fostering
collaboration through pair or group work. In addition, they provide a structured way to track
progress and pinpoint areas where students may need further support [Neill et al. 2017; Yun
et al. 2016].

Presentation

Presentations offer a dynamic method for students to articulate their knowledge and under-
standing of a particular topic. In computing education, presentations often involve explaining
a technical concept, demonstrating a solution to a problem, or presenting the outcomes of a
project. As part of teamwork assessments, presentations are used to evaluate how well students
can communicate their ideas, defend their reasoning, and explain the impact of their project to
an audience. This is particularly important for assessing teamwork skills, as communication
and presentation are essential in collaborative settings where individuals must convey their
perspectives to achieve consensus or share progress with stakeholders [Bhat et al. 2020].

4.2.2  Progress. This domain focuses on the introspective aspect of the learning experience, typically
a reflection. The domain encourages students to critically evaluate both their individual and
collective performance, identifying their strengths and weaknesses. This domain helps students
pinpoint areas where they can improve and develop in the future, fostering a mindset geared
towards continuous learning and growth.

Reflective Review

A reflective review involves writing about one’s experiences during the project, focusing on
what they learned and how they overcame challenges. This type of assessment encourages
students to think critically about their personal growth and development during the project.
Reflective reviews help assess how well students understand their own skills, acknowledge
their strengths and weaknesses, and plan for future improvement [Allison et al. 2024; Basholli
et al. 2013; Choque-Soto and Sosa-Jauregui 2024; Christov and Hoffman 2019; Herbert 2018;
Isomottonen 2014; Isomottonen and Ritvos 2021; Jacobs 2024].

Retrospective

A formal recording of a sprint retrospective, or other similar review of work-in-progress and/or
the team dynamic at the end of a period of development [Torchiano et al. 2024].

Exam + Portfolio

In this context, an exam might be structured as a reflective review but conducted under formal
exam conditions. This type of assessment can focus on individual reflections about their
experiences in the team, their contributions to the project, and the lessons learned throughout
the process. It provides an opportunity for students to consolidate their learning in a structured
way under controlled circumstances [Olstad et al. 2024].
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Portfolio

A team portfolio captures a longitudinal record of team health by having students complete
repeated rubric-based assessments throughout the project, tracking dimensions such as team
dynamics, communication, and collaboration. This ongoing collection of evidence helps identify
where the team performed well and where it needs improvement, offering students a structured
basis to reflect on teamwork effectiveness and guide their development across successive
iterations [Quek et al. 2023].

4.2.3  Product. This domain is centred on the final output of the group, whether that be a goal
milestone, completed project, a tangible artefact, or the presentation of a solution. The primary
goal here is to assess the quality and effectiveness of the results produced by the team, determining
how well they have met the project’s objectives and standards.

Presentation

A presentation or demonstration of the project’s outcome, whether oral or video-based, is
another way to assess the final deliverable. Presentations enable students to showcase their
work, explaining the technical aspects, challenges encountered, and how they overcame them.
This method evaluates not only the technical quality of the solution but also the student’s ability
to communicate the solution clearly and effectively to an audience [Basholli et al. 2013; Candrlic
2020; Cecilia Bastarrica et al. 2023; Giacaman and Sinnen 2018; Herbert 2018; Isomé6ttonen and
Ritvos 2021; Kaluza et al. 2023; Neyem et al. 2014; Torchiano et al. 2024; Tsai et al. 2023; Yun
et al. 2016].

Build Inspection

Build inspection refers to assessing the compiled build, release, or source code produced by
the team. This assessment method can involve automated testing (e.g., unit tests) or manual
inspection of the code, such as checking for errors, inefficiencies, or adherence to coding
standards. It helps evaluate the technical quality of the solution and ensures that the final
product is functional, reliable, and meets the specified requirements [Giacaman and Sinnen
2018; Herbert 2018; Hijazi and Alshehri 2024; Neill et al. 2017; Neyem et al. 2014; Porquet-Lupine
and Brigham 2023; Torchiano et al. 2024; Tsai et al. 2023].

Report

A report is a written document detailing the student’s acquired knowledge on an assigned topic.
These reports are typically administered at the end of a project or semester to gather feedback
from students regarding their experiences working in teams. It often includes questions about
how well the team worked together, the challenges faced, and individual reflections on the
collaborative process. This method can help assess students’ perceptions of the project, the
teamwork process, and their personal growth throughout the course. Reports may also provide
valuable data for instructors to adjust their teaching methods or project designs in future
courses [Christov and Hoffman 2019; Jacobs 2024; Vasilevskaya et al. 2014].

Peer Review

Peer review involves students reviewing the work of their peers, such as team members in
a learning activity. Often, this was code, and would constitute a merge request. This method
helps assess the quality of the deliverables from multiple perspectives and promotes critical
thinking. Peer review encourages students to evaluate the work of their teammates, providing
constructive feedback that can enhance the final product. It also fosters a deeper understanding
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of the work being done, as students must engage with the content at a detailed level to evaluate
its strengths and weaknesses [Mora et al. 2020; Neznanov and Maksimenkova 2016].

Portfolio

In the context of our study, a portfolio refers to a compilation of various deliverables produced
throughout the project. It may include source code, progress logs, design documents, user
manuals, and other relevant materials that reflect the team’s work. A portfolio provides a
comprehensive view of the group’s achievements and helps instructors assess the completeness,
quality, and diversity of the outputs produced during the project [Tubino et al. 2020, 2021].

Documentation

Documentation is a critical component in evaluating the quality and usability of the final
project. This can include user manuals, API documentation, or technical specifications that
explain how the project works and how others can use or maintain it. Well-documented projects
are easier to maintain, debug, and extend, making documentation a key factor in evaluating the
overall quality of the deliverable [Allison et al. 2024; Basholli et al. 2013; Neyem et al. 2014].

Duels

A team debate, which involves discussing the project’s outcomes and evaluating the different
approaches or solutions considered during its development. This type of assessment fosters
critical thinking and collaborative discussion, as team members must justify their decisions
and reflect on the effectiveness of their strategies. Debates are also useful for assessing how
well students understand the implications of their decisions and the trade-offs involved in
developing software solutions [Yun et al. 2016].

Structured Exercises

Structured exercises involve completing specific tasks according to predefined specifications.
In computing education, these exercises often test the performance of a solution or application
rather than the solution itself. For example, exercises might include evaluating how well a
program performs under specific conditions or how efficiently a system meets user requirements.
This form of assessment is valuable for testing the real-world applicability of the team’s work
and ensuring that the solution meets the required performance standards [Chatley and Field
2017].

4.2.4  Process and Professionalism. In this domain, the focus is on evaluating the professionalism and
teamwork abilities of students. It encompasses critical skills such as effective project management,
communication among team members, and the overall synergy of the group as they strive to meet
project objectives. Assessments in this domain also aim to provide insight into how individual
contributions are recognised within the context of a collaborative effort, ensuring that every team
member’s role is accounted for.

Peer Evaluation

Peer evaluation involves students providing feedback or ratings on the performance of their
peers. This assessment approach allows students to reflect on the contributions of their team-
mates, offering insights into how effectively they collaborated and whether all team members
met expectations. Peer evaluations often include self-assessments and statistics on relative
contributions, which can help identify the strengths and weaknesses of individual team mem-
bers. This form of assessment also promotes accountability, as students are more likely to
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actively participate in team projects when they know their peers will evaluate them [Aival-
oglou and Meulen 2021; Avila et al. 2021; Basholli et al. 2013; Buffardi 2020; Candrlic 2020;
Cecilia Bastarrica et al. 2023; Crick et al. 2022; Fagerholm and Vihavainen 2013; Herbert 2018;
Hijazi and Alshehri 2024; Hundhausen et al. 2023; Jacobs 2024; Kavanagh and Luxton-Reilly
2016; Kay 2022; Lu and van der Hoek 2023; Neyem et al. 2014; Porquet-Lupine and Brigham
2023; Vasilevskaya et al. 2015; Vossen and Ajit 2020; Wee Tan et al. 2023].

Analytics

Analytics involves using tools such as commit logs, burndown charts, project management
systems (e.g., task boards), and ticketing systems to track the progress and individual contribu-
tions of team members in a project. By analysing such data, instructors can gain insights into
how actively each student is involved in the project, their coding contributions, and the quality
of their collaboration with other team members. This method can help attribute specific tasks
to individual team members, making it easier to assess both the quality and quantity of their
contributions. It also allows for real-time monitoring of project progress and the identification
of potential issues in team dynamics [Aivaloglou and Meulen 2021; Buffardi 2020; Chen et al.
2022; Choque-Soto and Sosa-Jauregui 2024; Cui et al. 2022; Guttmann et al. 2024; Hundhausen
et al. 2023; Putro et al. 2014; Torchiano et al. 2024].

Structured Observation

Structured observation involves an instructor or observer making detailed notes about the team
working in a specific setting or context, often during team meetings. Observations may focus on
interactions between team members, how they resolve conflicts, the process by which decisions
are made, and whether the group adheres to a defined workflow. This method offers valuable
insight into the team’s communication dynamics, problem-solving strategies, and the individual
contributions of each team member. It also provides opportunities to assess soft skills such
as leadership, teamwork, and conflict resolution in real-time, which are critical components
of successful collaboration in computing projects [Basholli et al. 2013; Cecilia Bastarrica et al.
2023; Herbert 2018; Hundhausen et al. 2023; Kaluza et al. 2023; Neyem et al. 2014; Vasilevskaya
et al. 2014].

Scaffolded Discussion

Scaffolded dialogue is a structured, guided discussion in which a conversation about the team’s
dynamics, effectiveness, and individual contributions is facilitated. The goal of this method is to
encourage reflection on teamwork, identify any challenges encountered, and discuss potential
areas for improvement. It provides an opportunity for team members to express their thoughts
in a controlled environment and share insights with assessors about how they worked together.
Such dialogue can help provide both individual and collective reflection on the team’s overall
performance, fostering a deeper understanding of the collaboration process [Isométtonen 2014;
Neill et al. 2017].

Panel

A panel is a group of experts meeting with student teams to discuss the progress of their work.
The panel members ask the students questions about their progress and provide guidance to
improve and complete their work [Tubino et al. 2020, 2021].
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Portfolio

A portfolio is a collection of documentation about an individual student’s contributions to a
project. Unlike a simple log, a portfolio may include reflections, detailed descriptions of tasks
completed, and evidence of problem-solving approaches taken. Portfolios help assess both
the quality and scope of an individual’s contributions, offering a comprehensive view of their
engagement in the project. This assessment method also encourages students to reflect on their
learning and the skills they’ve developed throughout the project. Portfolios are particularly
useful for highlighting personal growth and achievements in a team context [Allison et al. 2024;
Isomottonen and Ritvos 2021].

Interview

An interview discussion involves a meeting with an individual or the entire team to gain a
deeper understanding of their contributions to the project. This method is helpful in gaining
detailed insights into how each team member worked on the project, their problem-solving
processes, and their interactions with others. Interviews enable more nuanced assessments of
individual contributions and can help determine whether the project was a true team effort or
if certain members carried more weight than others. It is particularly useful for clarifying any
discrepancies between peer evaluations and actual contributions [Porquet-Lupine and Brigham
2023; Vasilevskaya et al. 2014].

A postmortem involves managers conducting individual and team meetings at the conclusion of
each Scrum sprint. In the study, managers were seniors who provided leadership and guidance
to the teams. For underperforming teams, they offered moral support and resolved any conflicts
within the team. During postmortems, the seniors shared their experiences to help the teams
succeed [Christov and Hoffman 2019].

5 Interviews Analysis

Figure 6 shows a representation of the themes and sub-themes identified when coding the interviews
described in section 3.2. Naturally, the use of a script to guide the semi-structured interview process
has influenced the themes formed in the responses of the interviewees with six of the seven top level
themes linked to a question asked. The theme broadly categorised as teaching (or teaching process)
was not based on a single question, but has sub-themes that emerged during the discussion of
many different questions. Similarly, many of the sub-themes formed elsewhere in the map naturally
emerged in conversation.

5.1 Demographics

In total 18 interviews were conducted for a total runtime of approximately 22 hours. Interviews
were carried out by different members of the working group and interviewees included 8 members
of the working group as well as a further ten participants invited through personal and professional
networks. Interviewees were employed by thirteen different higher education institutions, all of
which were public schools, with 11 of the thirteen granting degrees up to the doctoral level and two
granting degrees only to master’s level. Interviewees were based in eight different countries, spread
across Europe (7), North America (6), Australia/Oceania (4), and Asia (1). Interviewees’ aliases A
through R follow all quotes. Instructors’ location and experience in coordinating group projects are
outlined in Table 7.

Fifteen of the eighteen interviewees completed a survey before being interviewed. Figure 7 shows
the breakdown of some of the responses to the questions asked. These questions, from left to right
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Table 7. Interviewees Alias, Location and Years of Experience Coordinating Group Projects

Alias Location Years | Alias Location Years | Alias Location Years
A England 5+ G  Australia 5+ M  USA 3-5
B USA 3-5 H New 5+ N Sweden 5+
Zealand
C  Australia 3-5 I Canada 5+ O  England 3-5
D Netherland 5+ J Canada 1-2 P New 5+
Zealand
E Canada 5+ K  Scotland 5+ Q  Germany 5+
F China 5+ L USA 5+ R Germany 5+

in the diagram, were their years of experience, the significance of the project they spoke about,
the number of students in the class, how the groups were formed, as well as how projects were
distributed and the source of the projects.
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Fig. 7. Diagram showing interviewee survey responses
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Given the number of responses, it would be difficult to use these answers to establish trends or
connections. However, the data seems to show a lack of a connection between the size of the class
and the method used to form teams. For any of the four class size classifications, no more than 50%
of the interviewees reported using the same method of group formation. There does appear to be a
relationship between the access to an outside source for projects and the requirement or allowance
for groups to complete different projects. Of the nine interviewees that reported allowing each
team to complete a different project, 5 of these sourced projects from an outside client and one
made use of open source projects, the remaining three allowed the teams to propose their own
projects.

5.2 Staffing

Levels of staffing for the purposes of assessment ranged from situations where the interviewee was
the only staff involved in the course, to groups of staff members collaborating that were small (2-5),
medium (6-15) or large (16+) in size. Multi-staff setups could include team supervisors, coordinators,
other faculty, teaching assistants/tutors, PhD students, IT staff, product owners, and external clients.

Training of assessment staff was similarly varied. Some interviewees reported relying only on
general training provided by their universities for staff or assistants. Other interviewees had more
specific training for group project based courses that was done with the help of meetings, oral or
written instructions, and via rubrics. Assessment setups varied from one person assessing all teams,
multiple graders assessing multiple teams, pairs of graders assessing every team, to a separate
supervisor assigned to assessing a single team.

5.3 Teaching Process

While the teaching process is technically outside the scope of this work, it is intrinsically linked to
assessment, therefore we discuss it for context.

The teaching processes described by the interviewees varied based on factors such as the level
of the class, the desired learning outcomes, the majors of the students, and the involvement of
external entities. Thirteen of the 18 interviewees described a process based on the Scrum or Agile
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methodologies. This included the appointment of scrum masters, daily or weekly scrums and
other regular scrum ceremonies, analysis of risks and blockers, sprints, requirements analysis, and
backlogs.

5.3.1 Team Roles. The approach to the use of roles within student teams was also quite varied.
In multidisciplinary courses, such as game development, team roles were required as a practical
consequence of the project being undertaken. Most interviewees described a flexible approach
towards roles within groups wherein students were not required to take on specific roles but could
self-organize this way if suitable. Alternatively, interviewees may choose to lecture on the topic of
roles within software development teams, but not enforce these roles on the students. One course
required that each member of the group take on the role of scrum master for at least one of the
sprints completed during development.

Roles in projects

[M]inimum of four people and you needed to have at least one programmer and one artist (H)

We don’t force students to take on those leadership roles. They should try and elevate themselves
to that position if they feel that it fits their group dynamic. (O)

So I have a few lectures on how to do group work. And show the importance on how to work
in a team. [...] I talk to them about Belbin team roles [Belbin 2010]. (P)

5.3.2  Group Formation. In a class, the formation of groups of students is a task that can be difficult
to complete in a manner that does not advantage or disadvantage some of the students [Forshaw
et al. 2025]. As such, this was a topic that was discussed by many of the faculty interviewed. A
common approach to team formation was allowing students to self-select into teams either partially
or wholly, or simply to allow them to have some influence on team placement. An example of
partial self-selection would be grouping students based on the projects they have declared an
interest in. Cases where some influence is allowed would typically involve allowing students to
specify someone they would like to work with and students they request not to work with.

Student influencing team formation

I ask, “is there anyone that you’d like to be paired with?” And I say “T'll try to accommodate
that” And then I say, “is there anyone you don’t want to work with?” And I will absolutely
accommodate that. (B)

Other approaches discussed include randomisation, partial randomisation, pairing weaker and
stronger students, and ensuring acceptable gender balance in teams. Several interviewees described
completing the process themselves so that they had control and could avoid some potential problems
that they had experienced previously.

Instructor control over team formation
I put the teams together so I have a certain amount of control over what happens (B)

One interviewee described a process they had developed themselves whereby all students were
asked the grade that they aspired to get in the project and then used this as a guide to the team
formation process.

Aspiration based formation

In the beginning one of the things we ask for is the grade aspiration and then we try to form the
groups according to similar grade aspirations. Then we randomize the groups, but for people
with similar grade aspirations. (N)
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5.3.3  Feedback to Students. One aspect of the teaching process highlighted by many of the inter-
viewees was the importance of giving proper feedback to the students.

Importance of feedback

Give students feedback. So it’s not enough to say “okay, this is your grade” It’s “this is why
you got that grade” This is the categories in which you lost points, [e.g.] you didn’t volunteer
for tasks. You did all the tasks that you were assigned, but you didn’t volunteer for any. (B)

Types of feedback given to students was again varied. Typical examples include feedback directly
from the course instructor/coordinator or team supervisor, feedback from other students through
peer-review, and feedback in the form of self-reflective exercises.

In cases where the group project course includes involvement of external companies as the
source of potential projects an extra avenue of feedback is available. The manner of this inclusion
varied from cases where the industry partner met with the project group weekly, had a set number
of checkpoints during the course or simply provided feedback at the conclusion of the project.

Feedback from external clients

I think it was a really great learning experience for them because they were all sort of supporting
each other and upskilling and the technical areas that they’re a bit weaker on and the industry
project sponsor was amazing as well and that they had weekly meetings with them and they
were given a lot of advice on what they were doing. (H)

Having the students reflect on the work they have done is less direct than the other forms of
feedback mentioned, but can help students understand what they have done well and poorly. Inter-
viewees discussed approaches to this that were quite structured, such as reports to be individually
completed, reflective essays, and more formal surveys.

Reflective exercises

I've been using a rather formal approach: it’s a rubric that I'm sending out to the students
at the very end of the semester usually after the very last deliverable is turned in and it has
two parts to it. The first part is three or four open-ended questions where I'm asking each
student individually to describe their own contribution, like if they could label their primary
responsibility (L)

5.34 Feedback from Students. Several interviewees admitted that in their group project classes
they didn’t formally seek feedback from students regarding their grading process. Instead feedback
was, in the vast majority of cases, informal. With many of the students engaging in dialogue with
instructors, being largely concerned with their own grade, as a result of the grading process. Based
upon the informal student feedback, instructors have been selectively refining their assessment
practices. One interviewee stated that they developed their group working strategy with direct input
and assent being provided by student representatives. Another drastically altered their grading,
pivoting from a shared group grade strategy to an individual-based approach aided by peer review.
This was in direct response to feedback from two teams, highlighting frustration at carrying a
free-rider to a high grade. Indeed, many of those interviewed highlighted similar complaints from
their students regarding non-contributors and the grading process.

All interviewees who mentioned the formal end-of-semester course evaluations said that those
do not contain any actionable feedback related to assessment in particular.

5.4 Assessment Process

Interviewees outlined assessment approaches that were different in their structure and execution
but had significant overlap along a number of categorical dimensions outlined below.
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5.4.1 Grading Criteria. The interviewees discussed grading criteria that varied widely. This is
potentially a consequence of courses with different contexts, such as game development or software
engineering, as well as different goals for what the students should learn. In some cases the goal of
such a project might be for students to learn and apply a methodology like Agile, in other cases it
might be learning technical skills such as modelling, while in others the familiarisation with more
soft skills might be desired.

Further complications can be introduced when projects are completed in collaboration with
outside entities. One interviewee described being unable to directly assess the output of student
groups because the code or repository contained proprietary data. This results in grades that are
associated with ancillary documents as well as peer and self evaluations.

The specific criteria can most easily be split between skills or outputs that are technical (Product),
organisational or more general soft skills (Process + Professionalism / Progress). Interviewees
described organisational criteria based on the overall process, the students’ use of Trello boards or
burndown charts for organisation as well as through the production of project plans or project
production plans. Technical criteria mentioned by interviewees included the output or resulting
software produced, design documentation from different stages of the development as well as
the correct use of tools such as version control, issue tracking, or CI/CD (continuous integra-
tion/continuous delivery). Finally, a number of interviewees described criteria for soft skills such
as teamwork, communication, presentation, compilation of meeting minutes, team retrospectives,
and preparation of reflective reports (Progress).

5.4.2 Individual vs. Group. All of the interviewees reported that they currently awarded individual
grades to students, rather than a shared group grade.

Interviewees described a number of different approaches to the distribution of grades across the
members of the group. In some cases, individual grades were determined by an individual report
completed about the group activities. A common approach to determining individual grades was to
use peer-evaluations or contribution statements to scale the group grade for individual students.

Scaled grading

Which means that even though your whole group got like 100 as their group mark, but if your
individual mark equals to zero, then zero times the group mark, you still get zero. (G)

We have a maximum variance of 30%, so you might end up with a 1.3. I might end up with a
0.7. (H)

In some cases, interviewees artificially limit the effect that this scaling can have on the individual
grade of a student. This can and does lead to situations where a student failing to contribute to the
project, could end up with a passing grade as a result. Others described a more holistic approach
where the results of peer-feedback and other metrics were gathered and used as a guide to help
determine individual grades.

Holistic distribution

So I use [scores from peer-review and contribution statements] as a guide to how I'm distributing
the points, not a definitive formula that spits out the answer. [...] I consider it in effect that
the whole group has earned a pot of points and some students will get more of that [pot] and
others will get less. (F)

Most educators agreed that trying to verify individual contributions is extremely difficult and
time-consuming and not always possible with the resources and the scale they were working with.
However, a consistent sentiment across the interviews was a general striving to have the most
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accurate gauge of individual contribution that was possible with the level of resources available to
them.

5.4.3 Collaboration. Assessment of collaboration was a concern of a number of interviewees. This
sometimes presented as a concern over whether students were actively collaborating on their
project, or treating the project as a collection of individual tasks.

Working collaboratively

I try to explain, you know, the whole thing is about a collaborative exercise and trying to get
them to work together and then they’ll immediately go and divide up separate exercises and
say, okay, you do this one, you do this one, you do this one. I was like, no, no, I want you to
work together on this, you know. If you are the only one who does the class diagram, then how
are you going to know if it matches with all of these sequence diagrams? (F)

Other concerns raised related to the ability to effectively assess the collaboration of the students
within their groups. One interviewee discussed the inclusion of assessment based on the students’
communication about the project as a measure of collaboration.

Measuring collaboration

There wasn’t any way of measuring whether the students did collaborating on these activities.
[...] students were pretty good at siloing themselves in their group work. Because part of our
assessment [...] was their communication on Slack. So they had to communicate on Slack. And
I monitored that. And that’s where we collected and viewed how they exchanged information,
what they were talking about and stuff, how were the women involved and treated in these
activities. And... Yeah, they were really quite adept at siloing themselves. [..] It was very hard
to measure who did what. But under the hood, when you’re listening to them talk and you
listening to what they’re doing, it would basically boil down to like one individual would pretty
much do everything. (C)

5.4.4 Time Spent on Project. Two of the interviewees spoke about explicitly tracking the time
students spent working on their projects and including this as an element of the assessment criteria.
However, in both of these cases, this tracking relied on the students to self-report the number of
hours they had been working on the project.

Students logging time spent

So they have to log all of their hours and also say what they are doing [...] and if people want
to have a [grade of] eight or higher, they have to reach a certain boundary there as well. (D)

5.4.5 Fairness. The fairness of assessment in group projects was a major concern of all of the
interviewees and became the central theme in all interviews. To elevate the fairness of the process
and get a clearer picture of students’ individual contributions, instructors employed a number
of different approaches including in-person team interviews, observation of team meetings, one-
on-one interactions, team presentations, contribution reports, self-reflection, peer evaluation and
review, and analysis of version control logs. Even with these varied techniques applied, not a single
participating instructor expressed certainty that their assessment strategy is completely fair to all
students.

One of the principle concerns with respect to fairness related to accurately grading individual
students’ contributions to the project. These concerns were amplified when students were not all
equitably contributing (or were perceived by peers not to be equitably contributing) to the project.
This was an issue especially when teams were mixed and included students that were not writing
code but were contributing to a narrative, to artwork, to design, to project management, etc.
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Imperfect measures

Then it comes time to marking and trying to find a way that is fair and equitable to ensure that
students are getting grades which reflect the effort and the commitment they’ve had to those
projects where, none of the measures we have are perfect. We have burndown charts, we have
daily scrum recording, we have peer evaluation we have student feedback on each other, but
that only tells part of the story. And so it’s trying to find that balance of making sure people
and their contributions are accurately reflected in the grade they get. (H)

The worse or negative [student feedback] would be “so and so didn’t pull their weight and we
all get the same grade” (C)

But I think that there is a kind of difference between the value that a student is adding to a
project versus the work that they’re doing. And there’s a difference between kind of effort.
And I would love to see a way of exploring that. (O)

Fairness could also become impacted on teams with gender imbalances, with personality conflict
or flawed team dynamics.

Lone wolves

So one of the biggest challenges we have is with interpersonal conflict in teams. And that
can lead to kind of lone wolf behaviours where someone thinks they’re doing all the work
themselves, but then none of it is integrated by the rest of the team. And that, of course, impairs
their collaboration marks because you know their work’s not actually making it in the final
version. (A)

It’s hard to reward the people that are really contributing a lot. Sometimes there are people
who contribute too much and kind of hold on to it and don’t give it, share it with the team. So
it’s on them too. (I)

One aspect of fairness discussed was in the context of uniformity of grading especially when
multiple personnel were participating in assessment. Typically, a lack of resources (time or staff)
result in faculty having less familiarity with the status of individuals within group projects.

Team attachment, hard work and incomplete information

Supervisors are also heavily involved with the team and they are probably a bit biased and
really love their team and are going to be on the higher side of grading sometimes and not
being so objective. (D)

It takes a lot of energy and effort to do this fairly. [..] Do I do good enough? I keep records and
tracks of my assessment to make a fair judgment at the end. So it takes a toll to do it and it
takes effort. (N)

It’s still hard because we cannot see everything and we’re not there sitting next to the student
every day seeing what they’re doing. (D)

However, within the constraints they are working under, interviewees employed a number of
methods to improve the fairness of the assessment process and decouple individual marks from the
group grade.

Better than the alternative

The total that they get in the peer review [..] out of 100 is then the percentage that I multiply
the deliverable value by. That’s how they get their scores. [..] Is it 100% fair? No. But is it more
fair than it is to just give everybody the same grade? I think so. (B)
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One interviewee commented that they did not think it was possible for them to design an
assessment scheme that was completely fair. However, they noted that it was the students perception
of fairness that actually impacted the students engagement with group projects.

Student perceptions

It’s not really about when I deem [the course assessment] to be fair, it’s when the students
perceive it to be fair that matters. (F)

5.5 Peer Evaluation

Peer evaluation, or peer review, was a central topic in our conversations with instructors. Even
though in the interviews the two terms were used interchangeably, within the context of the five
P’s the two are different: peer review is used when describing students reviewing each other’s
work (e.g. code), while peer evaluation refers to students providing feedback on peers’ overall
collaboration, performance and contributions. Because of this theme’s prominence, we discuss
it separately, although there is some overlap with other themes and subthemes like fairness and
feedback.

Peer evaluation was used as an influence to or a component of the course assessment by all but
two of the instructors interviewed. In one of these cases the interviewee discussed the use of peer
evaluation, but that it had no influence on the grade of the students. The motivations behind the
inclusion of peer evaluation were many and varied. Given the discussions of fairness and individual
grades in section 5.4, this should not be unexpected.

5.5.1 Fairness and Free-Riders. Mechanisms for peer evaluation can be a useful tool when looking
to differentiate the contribution of individual students to a piece of group work. This can be
especially useful when those contributions are not as easily quantifiable as something like lines of
code or image assets.

Intangible contributions

Students self-report and peer report a lot of intangible contributions, which otherwise wouldn’t
be recognized if we didn’t have a peer evaluation process. (A)

Another motivation is the perception of students, and indeed faculty, that lack of a peer evaluation
could lead to unfairness in grade distribution. This can manifest in students receiving grades without
achieving the desired learning outcomes or simply coasting by on the work of others. Peer evaluation
can allow situations like this to be identified either afterwards, so commensurate grades can be
assigned, or during, to discourage free-riding students.

Undeserved pass grades

[U]ntil I got really annoyed that students are passing that shouldn’t be passing. [...] So then I
thought, okay, I'm going to throw in a peer review. And I'm going to make sure that students
fill out the peer review. And that peer review is going to influence their peers’ grades. (B)

[Blut also it’s like Damocles’ sword right? If you don’t do well, your peers will say so. So there’s
this little threat of, yeah, maybe I should contribute. (B)

Most of the interviewees conducted peer evaluation through confidential surveys or individual
reflection reports. Four of the instructors conducted live peer evaluations utilizing in-person
meetings with the team. Peer evaluations were used at multiple checkpoints or at a single checkpoint
at the end of a project. Interviewees who didn’t use peer evaluation at all or only used it at the end
of the course expressed a desire to utilize it more often but were precluded from doing so due to
the lack of resources and time they’d need to devote.
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More peer evaluations

I'm starting to think that I should do a team self-assessment at every stage of the project. 'm
starting to feel that that would be a more fair way to do things. Because I feel like that would
create more accountability for the students that are not putting in this much work. (M)

I think what works for me is [..] telling students from the very, very beginning and reminding
them throughout the entire course that that peer assessment of teamwork is coming. That it is
a part of their work that they that they will be held responsible. Now, having a formative aspect
to it would be also very helpful. But in some ways my reminders about this.. I'm not saying
it replaces formative assessment, but it helps, I think. And I think it helps keeping students
aware that they shouldn’t be freeloaders. (L)

5.5.2  Feedback. One aspect of peer evaluation was the decision to release (sanitized) comments
made by teammates to the students they were made about. The interviewees were split in this regard.
Some purposefully did not release the feedback either due to negative past experience, cultural
considerations, or due to simply not wanting to accidentally negatively affect team dynamics. One
interviewee explained that they did not want to release the comments that student have made
about their peers as they didn’t have time to check for offensive or inappropriate statements that
would cause problems in the group. Conversely, others released the comments to the students
they were made about. Other interviewees said they actively encouraged the practice of sharing
peer evaluation derived feedback with the students, though in some cases this was limited to the
positive comments made about the student and suggestions for improvement.

Consequences of peer comments

Basically, I don’t want to cause problems, cause drama. (L)

[M]ake sure that if somebody said something good about them to tell them that because that
boosts morale like nobody’s business. (B)

5.5.3 Student Acceptance and Effect on Team. When discussing how the students feel about peer
evaluation, the general consensus was that students were in favour of the practice.

Being heard

I think most students were relatively happy to to engage in the process because they saw it as
an opportunity for them to address any issues that they might have had. (H)

We have had some positive feedback on the peer evaluation process. I think it’s on the basis of
they like being seen and having a voice. (A)

And I think students being able to voice their opinions anonymously is also quite useful. So that
if there is an issue, it’s not just everyone patting their back and pretending that everything’s
okay. (A)

Several interviewees reported that student feedback on having peer evaluation outcomes tied
directly to grades was negative. Consequently, the activity was continued as a source of information
about the overall health of the groups or an indicator of potential problems that could be addressed
directly by group supervisors.

Direct link to grades

No, it doesn’t directly influence the marks and that is something students have fed back to us
through surveys. They don’t like it when it’s directly linked to the assessment process. (A)
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I would say it [peer assessment scores] shouldn’t be used directly [for grades]. So what I
personally I'm still figuring it out myself. But what I currently do is that I look at it and then
it’s first of all, it’s a warning sign. So that’s kind of like you need some evidence when you
want to make a decision, right? (J)

Amongst the concerns raised were the possibility of creating a toxic environment, the use of
peer evaluation as a punishment, and the use of peer evaluation based on personal feelings.

Misuse of peer evaluation

Yeah, at the risk of sounding critical, I think it perhaps was implicitly and unfortunately,
sometimes possibly explicitly suggested to students that things like peer evaluation can be
used to punish group members or used as the threat of punishment of group members. It’s
like, if you have someone who isn’t contributing you can say to them, remember there’s a
peer assessment and you’ll get marked down if you don’t contribute to that, which I think is
absolutely the wrong idea. It’s creating competition within groups effectively or you know
perhaps creating like competitive or toxic environments. (H)

Each of these has the possibility to negatively effect the dynamic on the team and consequently
the work they have to produce.

5.6 Tools

Interviewees identified a number of tools that they were either currently using or were considering
for use in the future. These tools can be grouped into a number of broad uses, general tools such as
learning management systems (LMS), tools for communication, tools for organisation, tools for
administration, and tools for managing peer feedback.

Slack®, Microsoft Teams?, Mattermost®, and Discord® were frequently discussed for enabling
intra-group communication. These tools were a topic that encouraged a certain level of debate
regarding suitability for purpose. Multiple interviewees put forward the idea that the platform
Discord was too familiar to many students as a social platform and as such its use was more likely
to result in unprofessional language and behavior during group discussions. One interviewee gave
advice that regardless of what technology was being used, it should be within the university IT
system.

Communication tool advice

There’s been accusations of malicious communications through those online platforms. Which
is very difficult for us to intervene in if it’s on a social media because it’s considered kind of
outside of our jurisdiction but if it’s on our platform, then it is within our jurisdiction and then
we can act upon it accordingly. (A)

I tried to get rid of a Discord platform at the University of [redacted] because it was the ‘Lord
of the Flies’ in there. (C)

Shttps://slack.com/
“https://www.microsoft.com/en-us/microsoft-teams/group-chat-software
Shttps://mattermost.com/

®https://discord.com/
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https://5https://mattermost.com
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https://3https://slack.com
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With respect to organisation, almost all interviewees mentioned the use of Git’, GitHub®, GitLab’,
or more generally version control systems. The use of these tools to aid the distribution of grades
was also mentioned, though it was never explicit.

The number of commits made by individuals was sometimes used to check students were
contributing but instructors were aware of the ways students could use deception to appear as
if they were doing more work than they actually were. One interviewee reported using the tool
Gource!? [Caudwell 2010] to visualise the contributions of the students to a repository over time.
Additionally, analysis of logs such as git-blame were used to evaluate the contribution of individuals
to the deliverables in assignments.

Trello!!, Jira!?, and Microsoft Planner!® were mentioned for task tracking. One point of concern
raised was the reliance on tools and platforms that can suddenly become unavailable or too
expensive for use in an educational context. Trello and Slack are both examples where a change in
pricing or terms of use can limit the utility or availability of a tool currently in use.

Tool availability
I don’t know what we’re going to do about Trello now. (B)

The most commonly mentioned tool for administration was Microsoft Excel'*. In some cases, it
was used to gather and combine disparate results from the course into final grades. In other cases
Excel was directly used by students to record daily scrum logs and to enable tracking of work in
the form of burndown charts.

The management of peer feedback within software project groups was relatively varied. Solutions
such as paper-based forms, Microsoft Forms'®/Google forms!®, FeedbackFruits!’, CATME'8, and
SPARKPIus!® were all mentioned as being currently in use or something that the interviewee was
considering for use in their classes.

One participant described a custom built assessment system that integrated with their LMS and
git server. This system allowed them to manage individual and group submissions as well as linking
them to tags in their repository for review.

Several interviewees also mentioned large language models/artificial intelligence (AI) but they
were still uncertain exactly how to use it for assessment of group projects.

13

I think certainly AI can be useful, I still don’t know how it can be useful for this very specific
purpose. (K)

And then for scaling the courses [..] we could start using or be thinking about using some Al
techniques or LLMs to get feedback on the group performance. To see which parts should we
look at, what are certain outliers, etc. To just scale the grading process better. (R)

"https://git-scm.com/

8https://github.com/
“https://about.gitlab.com/
Ohttps://gource.io/

https://trello.com/
2https://www.atlassian.com/software/jira
Bhttps://planner.cloud. microsoft/
4https://excel.cloud.microsoft/en-us/
Bhttps://forms.microsoft.com/
1%https://workspace.google.com/products/forms/
https://feedbackfruits.com/
Bhttps://catme.org/
Phttps://sparkplus.com.au
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https://11https://trello.com
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5.7 Challenges

Not a single one of the interviewees expressed full satisfaction with their assessment strategy
for group projects. Smaller challenges were outlined such as limitation imposed by institutions,
the difficulty of achieving uniform grading, the lack of agreed upon best practices and dealing
with accommodations and extension requests in group work contexts. The larger challenges are
addressed below in the following sections, in answer to “RQ2: What challenges do undergraduate
computing educators encounter when assessing student group projects?”.

5.7.1 Accuracy of Grading. Some instructors felt that their assessment process and criteria were
more holistic and hard to exactly translate into quantifiable grades. Others considered theirs to be
overly prescriptive and constraining because of the use of rigid rubrics that stifle student creativity.
Interviewees felt that when students worked on different projects, it was difficult to keep grading
criteria equal among groups.

Different project scope
It’s very difficult, though, because the scopes vary so much. How do you equalize things? (F)

For courses where a supervisor was in charge of multiple graders, and graders only worked with
a single team or a few teams, objectivity was an issue.

Grader objectivity

What'’s also really hard is that the supervisors are also heavily involved with the team and they
are probably a bit biased and really love their team and are going to be on the higher side of
grading sometimes and not being so objective. (D)

The most often cited challenge by all interviewees without exception was the successful separa-
tion of individual from group contributions for assessment purposes.

Individual vs. group contributions

I believe that the individual contribution to the project, that’s the most difficult one. (E)

As in all team projects for students it’s difficult to identify the high performance students and
not so much motivated elements of a team. (Q)

Most challenging in assessing group projects is the attribution, I would say. (R)

5.7.2  Student Attitudes Toward Group Work. Some interviewees expressed that getting students
to collaborate instead of siloing themselves or others off, creating hierarchies, or splitting into
subteams that did not communicate was a challenge.

Getting students to collaborate

For me the most challenging part was actually getting [students] to collaborate. To view it as a
single project instead of a collection of tiny little pieces of work that would happen to be side
by side in a repository. (F)

5.7.3  Cultural and Socio-Economic Factors. Diverse teams have the potential to surface insensitivi-
ties and prejudices, which disrupt mutual expectations of how team members ought to conduct
themselves. Social norms differ for various reasons and might not come from a place of malice but
of a lack of experience. Sometimes, unfortunately, these facets influence the assessment process in
ways that concern educators, especially if they ostracise members of the student community.
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Occasionally we do observe behaviours that would be considered a breach of [equality legisla-
tion]. Sometimes it’s quite egregious and [..] sometimes it’s kind of insidious. That interacts
with the assessment process, particularly if people feel disengaged or estranged and they don’t
feel able to contribute. So that’s one of the challenges we’re still grappling with. (A)

Similarly, internationalisation needs to be managed with care. Multilingual cohorts might prefer
to work in their own language, creating friction with tracking and isolating team members from
different backgrounds, which would affect how they perform on any collaboration assessment
component. For non-native speakers, the language barrier may create issues around communication,
especially where interpersonal communication is assessed.

Language barrier

Often it’s just the technical jargon; that they’re not familiar with the technical jargon because
they’re trying to translate it in their own language and then into English and it means that
they’re not as responsive or they’re not as quick to communicate. (A)

I certainly observe that in our [..] students. They re visibly frustrated when they’re in teams with
international students who find it difficult to communicate in English quickly. And conversely,
[the international students] often find it difficult to contribute, [they] report to me that they
often find it difficult to meaningfully contribute to things like supervision meetings and studio
practice because the other members of their team are speaking too fast. (A)

I heard stories of some domestic students being pushed out of their groups because the interna-
tional students said, oh, they’re not working with us. And it turns out because they’re speaking
their native language, they excluded the domestic student. (C)

An important consideration is cultural diversity. With an increasing trend in the use of peer
evaluations, it becomes clear that these differences diffuse into the assessment process. One instruc-
tor expressed surprise that some of their students, who are culturally very direct people, refuse
to evaluate their peers because they don’t feel comfortable passing judgment. This is especially
the case before the end of the semester when they still have to work with the same teammates.
These same students had no problem discussing their own contributions to the project. Another
interviewee had to have a conversation about realistic expectations with an international student
who was overly critical of their teammates and, during the first peer evaluation, failed to assign the
highest mark in any of the categories for any of their peers even though that mark would have
been well deserved.

Cultural attitudes toward peer evaluation and self assessment

I noticed that certain students from a particular culture are more inclined to provide feedback
and about their peers. [And] self evaluation is not considered a good thing in certain cultures.
So students don’t like to say, oh, you know, I contributed 100%. They do not want to, you know,
to self evaluate. (E)

I think because of culture background, some students feel that they would be very rude if they
point out something in front of their [fellow-]students in the class. So they prefer to hide and
wait until the end. (G)

A student like a student from [redacted], they feel that it is rude if I report anything wrong for
my peers. (G)

In terms of student acceptance of grading, one instructor said that in their opinion, female
students tended to be more accepting of their grade, whilst male students could be more vocal and
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likely to challenge a grade. It was also noted that in groups with gender imbalances, students could
be relegated to lesser roles by their team or by self-isolation, which would affect the way in which
they collaborated with peers.

Group gender imbalances

Likewise, when there was one woman in a group I also noticed that they would be very hesitant
to contribute to the project. And so how do we make that fair? How do we help them because as
a result, they might not have, they didn’t get the high marks in the chat and the communication
because they were apprehensive to put input in. So that also was difficult in fairness. (C)

Other interviewees claimed similar issues across national lines. Students from cultural back-
grounds with high power distance and respect for authorities seemed reluctant to question as-
sessment practices. Additionally, it was noted that students from some cultures are highly grade
motivated, with corresponding anxiety about how they would demonstrate exemplary performance
in a context in which they lacked full agency.

Socio-economic factors may also create friction and inequities in contributions among team
members. Students who are not able to attend all team work sessions or have less time because of
having to work to support themselves may be perceived by their teammates as free-riders. This is
often discussed in relation to changing conditions for students and the general increase in the cost
of living.

Socio-economic factors

Commuting in is often a challenge for our students and does often create frictions in teams
where people prefer to work online rather than come in because of the difficulty of commuting.
(A)

There is a non-trivial proportion of our students which don’t sympathize with our poorer
students as much as we imagine that they ought to be. (A)

And certainly we’ve had frictions even between academic teams and students where they sign
up for a full-time course. We expect them to come in and, well, we expect them to contribute
to the team. But if they’ve taken a full-time job because they can’t afford their rent then that
creates a kind of tension between supervisors and the students that they’re supervising. (A)

5.7.4  Fairness and Free-Riders. All interviewees were worried about fairness and free-riding. Peer
evaluation has emerged as a trend in striving to address these challenges but it comes with its own
set of issues and has the potential to erode team dynamics.

As mentioned above, instructors were not convinced of their ability to separate and assess
individual contributions from the group work and about ensuring free-riding was discouraged,
detected and sanctioned.

Sharing grades and free-riders

Students really don’t like sharing the same grade. Students get very upset, even if it’s just a
small component of the overall module because they see it as their peers getting credit, which
is undeserved. Particularly if they perceive them as being a free rider. (A)

Our students are very critical of each other and they often say we’re too easy to pass people
who really shouldn’t be here. (A)

I've had students before get very, very vocal, as you would expect, when other students aren’t
pulling their weight. So they can very, very clearly say, hey, I think this person’s done no work.
They have never shown up. I've never seen them. They don’t commit anything, they don’t trip
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to any of the meetings. [..] Are they going to pass? Are they going to pass off of our work?
Like, how dare they? (O)

Some interviewees were bothered by students trying to artificially inflate their participation
by overemphasizing their contributions in structured self-reflection activities. One interviewee
who split the team grade into non-overlapping individual grades based on individual contributions
and took into account attendance, peer evaluation and Git logs to determine the proportion each
student received, said that this strategy had helped convince students that they will receive fair
grades, even if one of their teammates stopped contributing as their team score would be split
fewer ways. Additionally, students were discouraged from overinflating teammates’ peer review
scores or they would receive a lower grade as a result of the split. This approach made it easy to
spot free-riders.

5.7.5 Deception. Naturally, related to fairness and free-riding, during the interviews attempts
at deception were also cited as an issue. Cases included students covering for their absent or
free-riding teammates (because they were friends, because they had agreed to cover for one another,
because they didn’t feel comfortable telling on each other, for cultural reasons etc.) by submitting
inflated peer evaluation scores, entering absent teammates’ names on attendance sheets etc. In
other cases, students tried to circumvent communication rules by using unapproved channels, or
to deceive by falsifying work.

Student attempts at deception

So there’s an attendance sheet done. I forced them to sit with their group mates when they’re
in class. [..] So I could basically come up and say, okay, there’s five of you there, but six names
[on the attendance sheet]. (F)

And I noticed one student was being really cheeky, he said, “type a lot in the chat room so it
looks like we're talking a lot” and I jumped in and I was like, “no, it needs to be meaningful”.
And he’s like, “oops”. (C)

To judge individual work. Sometimes students are not honest with me. Sometimes they cover
one of their colleagues who didn’t contribute. (E)

Based on the statistics we collected, we can identify that some of the students, they tell the
truth about their feelings about the peers. But we can see some of the other students probably
just give very high marks to all the peers. (G)

Sometimes students didn’t even have to try to intentionally deceive. Being overly punitive to
peers, culturally imposed feelings of unease at openly criticizing others, or mere apathy could all
result in inaccurate feedback about teammates’ contributions.

Free-riders, apathy, inattention, and being too nice or nasty

Sometimes I know for a fact that a student is a freeloader and the team just doesn’t care. (L)

[E]ven though we try our best to avoid any free rider, but I believe for each semester we have
some free riders hiding in the teams. So if their peers didn’t really complain from the teaching
team’s perspective, we never know that. (G)

Because especially during meetings, a lot of students, we sometimes refer to as kind of [redacted]
niceness, where it’s like, oh, this student is terrible. And they’ll go, yeah, you know, they’re
doing their best, they’re really trying. And that’s not particularly helpful. So they can be a little
bit more honest. (O)
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All of our teams are multidisciplinary. [..] We find that a lot of the concerns raised by teams,
particularly in relation to kind of free riding and other such worries are actually people not
paying attention to what their peers are doing and assuming they’re not doing anything. (A)

I added another factor in there. So in fact, that project contribution percentage is a combo
of what students think and what I think. And yes, students might punish somebody for no
reasons. I've seen that happen. (L)

Interviewees named deception and students being overly punitive to teammates as reasons why
they used peer evaluation for purely informational purposes. The one instructor that used the peer
assessment results to directly assign grades to individual students said that they still reserved the
right to override the results based on their own observations of the team and did so when necessary.

5.7.6  Lack of Resources. The majority of interviewees volunteered that they didn’t receive enough
resources and support to either innovate, make incremental changes to assessment or to even
conduct proper group project assessment in their current courses. Lack of time, other supporting
personnel, and big class sizes were the biggest culprits.

Some participants wanted to add more assessment checkpoints but were unable to do that because
they didn’t have the time to devote to that additional workload. Some were dealing with large class
sizes as a solo instructor or with insufficient support from graders and team supervisors. A few of
the interviewed instructors expressed the desire to try out new tools but they were prevented from
doing so by lack of time and/or resources and the lack of technical support from their institution.

Scale and lack of resources

I think if more resources or more support can be given from the institution, that will be highly
appreciated. (G)

Scale been a real challenge for us [..] and keeping things coordinated and everyone on the
same page. It’s not insurmountable problem, but certainly in terms of keeping things organized
is quite trying. [..] That can be a challenge just dealing with the scale of the number of staff
involved. The other thing is the kind of moderation and just the sheer number of projects and
students that we have to moderate. So towards the end of a study block, it is a kind of barrage
of challenges. (A)

I don’t think that there is anything that is completely fair in this life. But this is right now, the
best solution that I can see, [that] I can actually manage. I think there are better solutions, but I
cannot manage them because of lack of time and support. (L)

5.8 Future Reflection

To encourage participants to think about future strategies, we asked interviewees to share their
perspectives on opportunities for improving the assessment of group work in computing courses.
We also invited them to reflect on specific methods or tools that they might like to explore and to
consider any potential barriers to implementations. Through these discussions, we identified four
key areas that offer valuable insight.

5.8.1 Autonomy. One instructor highlighted the effectiveness of providing students with greater
freedom in their projects. They suggested that by outlining the approximate scope of the task, and
allowing students to choose a concept that is personally meaningful or familiar to them within the
team project to work on, students in turn will build projects around something they are passionate
yielding positive outcomes.
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I think one of the things that works really, really well for me is when you can give students a
lot more freedom. So if you can tell the students the approximate scope of the thing you’re
looking for and let them go off and pick a concept that’s dear to their heart that they know
well and have them build the project around that. That can go down really, really well. (F)

5.8.2 Create/Invest in Tools. Unsurprisingly, many instructors had strong opinions when asked
about the tools they would use for assessing group work. One instructor highlighted the benefits
of a dashboard that provides an overview of hours worked, tasks completed, commits made, and
individual contributions to the codebase. Others expressed interest in tools such as SPARKPlus
specificity tailored for group evaluation, although they noted some challenges in supporting the
implementation.

Some suggested integrating software development tools like version control systems and issue
tracking platforms, such as Git and Jira, to evaluate individual contributions and enhance students’
understanding of the development process. Suggestions also included utilising software devel-
opment tools, such as version control systems and issue-tracking platforms like Git and Jira, to
evaluate contributions and teach students about collaborative workflows. It is noted that instructors
also expressed curiosity about tools used in other institutions, emphasising the need for institutional
support and resources. Additionally, the idea of combining quantitative metrics with qualitative
assessments emerged as a promising approach to enhance evaluation practices.

5.8.3 Moderation. With respect to moderation of the assessment process, some instructors sug-
gested that grading a single team should involve multiple assessors to ensure fairness and objectivity.
Another instructor recommended a collaborative grading approach that should be done in modera-
tion with the person responsible of the course until the grader builds confidence and expertise in
their assessment.

As he got more experience and sort of got, I guess, a bit more of a feel for where I sort of see
the various grade boundaries, he started doing more of the teaching, more of the assessment as
well, but it was always a mediated response in a mediated grade in that he would mark his own
pieces or he would mark with a piece of assessment, I'd mark all their pieces of assessment and
then we would discuss, deliberate and sort of find a grade that we were both comfortable with
which would tend more towards myself being the academic, the course coordinator and kind
of having responsibility in there. (H)

5.8.4 Uncertainty. The instructors highlighted their uncertainty regarding assessment practices,
with one instructor acknowledging their lack of knowledge to confidently change their current
approach while recognising the need for improvement, and another acknowledging that there is
still significant work to be done in this area. A recommendation was to create a play-book of best
practices for instructors to follow, or to make students more accountable by creating team chapters
from individual group members to reflect their contributions instead of one final report.

I don’t know. I don’t know enough to change my current approach, but I know that it needs
more. (B)

[Flrom my perspective, what I'm trying to do, and I don’t think I have, I think I probably
still got a lot of work [to do] trying to figure out those less quantifiable things in regards to
contribution. (H)
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But we don’t have anything to benchmark against and we don’t really have that much to look
to in terms of other examples of how to do things and things which, you know, a kind of
playbook of best practices, which might be useful to know. (A)

I think there is a lot that could be done in group work assessment, particularly around the
fairness element and I don’t know what that looks like yet. (K)

Interviewees also acknowledged the inherent difficulties in achieving complete fairness, stating
that while assessments can never be perfect, incorporating multiple perspectives and striving for
clarity can help.

Acknowledging Imperfection

We also have to accept that it’s really hard to do these things and just do our best to have
measures for that and have input from different sides and to talk about this and to have multiple
views on it, but in the end, it’s human work, and it won'’t be perfect. (D)

6 Discussion

The findings of this study identified a broad spectrum of assessment approaches for student group
projects in undergraduate computing education. In this section, we synthesise the findings from the
Systematic Literature Review (SLR) and interviews, suggesting opportunities for future research,
and offer practical recommendations to enhance the group project assessments in undergraduate
computing programs.

To better understand the Computing Education Research (CER) community’s interest in student
group projects, we assessed papers on the topic of student group work over the past ten years, as
illustrated in Figure 5. The figure shows a consistent interest and an increased publication rate in
this area since 2020, with 60% of the papers published within the last five years. However, we cannot
determine a clear trend in the CER community’s interest in this area based on the publication rate,
but broadly, we observe a more consistent discourse since 2020.

Prior research [Sridharan and Boud 2019; Sridharan et al. 2019] mentioned that computing
education can implement targeted inventions to enhance peer assessment practices by positively
contributing to student learning. Indeed, there have been various calls to reform assessment in the
software engineering capstone [Basholli et al. 2013; Tubino et al. 2021], which typically involves
conducting projects in teams [Tenhunen et al. 2023]. Although in some cases teamwork has been
used in tertiary education to reduce the workload of lecturers [Schulz et al. 2023], our findings
suggest that educators endorse nurturing students’ development of non-technical and interpersonal
skills necessary for the workforce [Allison et al. 2024].

Our findings in the SLR and interviews showed professional methodologies, such as Agile,
applied in the assessment approaches. Critiques of traditional assessment tools highlight the
need for innovative approaches, such as those aligning with Agile. At Imperial College London,
integrating project-based learning and frequent assessments inspired by Agile principles has shown
positive results. Weekly submissions and bi-weekly checkpoints have encouraged the consistent
effort and minimized last-minute work surges [Chatley and Field 2017; Kaluza et al. 2023]. These
strategies reflect a shift from theoretical knowledge assessment to practical skill development
relevant to real-world software engineering careers. Other studies used tools commonly used in
industry, such as Git [Guttmann et al. 2024], within the group evaluation, also used by the majority
of the educators we interviewed.

While our SLR found research exploring assessment technologies or tools, these are underrep-
resented in comparison to discussions with interview participants adopting manual or ad hoc
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practices, despite the increasing prevalence of online and hybrid group projects. This is a notable
gap when synthesising our findings. For the remainder of this section, we present the gaps between
the interviews and SLR within six categories. Section 6.1 describes where in the curriculum we
found group project classes. Section 6.2 discusses the learning outcomes and Section 6.3 discusses
the assessment activities. Section 6.4 expands upon one of the central themes in assessment ap-
proaches, that of fairness and individual contributions. Similarly, section 6.5 discusses the peer
evaluation focus in our findings. We conclude with Section 6.6 presenting the tools we found
applied to facilitate or support the assessment approaches in answer to “RQ3: How is technology
used to support the assessment of student group projects in undergraduate computing?”.

6.1 Curricular Placement

The SLR confirms that group projects are most commonly situated in software engineering and cap-
stone contexts, reflecting their suitability for fostering technical collaboration and industry-aligned
project experience, helping students prepare for work in a professional software development
environment [Hobbs and Tsang 2014]. This curricular emphasis aligns with previous observa-
tions [Steghofer et al. 2018; Stephenson et al. 2016] and is echoed in the interview findings with the
majority of our interviewees teaching group project courses mostly related to software engineering
and game development using the Agile method. Though there is alignment in the courses typically
using group projects in the SLR and interviews, there is a gap in the application of group projects
in other tertiary courses. This suggests a missed opportunity to embed collaborative work more
widely, including in specialised or theory-driven computing topics. The under-representation of
group projects in such areas may limit students’ exposure to diverse modes of teamwork and to the
kinds of collaboration found in research, infrastructure, or data-focused computing roles.

6.2 Learning Outcome Prioritisation

Existing studies often focus on describing assessment mechanisms without explicitly evaluating
their impact on learning outcomes, leading to a limited evidence base on the effectiveness of
different assessment strategies. The limited rigorous evaluation hinders our understanding of
which assessment approaches effectively enhance student learning. The literature is fragmented,
with few comparative analyses of alternative approaches. This fragmentation makes it challenging
to identify best practices that could be widely adopted and limiting educators’ ability to make
informed decisions on assessment approaches for their students’ learning.

Our findings show that collaboration [Clear et al. 2020] is a core component of the assessment
approaches we evaluated and is a skill needed in a professional development environment. We
know that collaborative learning can help students better understand concepts [Lai 2011], but we
found a notable pattern in the prioritisation of learning outcomes across project stages, including
non-technical skills such as collaboration. While technical knowledge and deliverables dominate
early-stage projects, collaboration skills, project management, and reflective practice become more
prominent in later years. This reflects established curriculum design principles but may perpetuate
the assumption that teamwork competence develops incidentally, rather than requiring explicit
instruction and scaffolding [Lingard and Barkataki 2011]. The conflation of contribution volume
with collaborative skill, observed in several studies, underscores this issue and highlights the
need for framing learning outcomes clearly to ensure constructive alignment [Biggs 1996] with
approaches to assessment.

6.3 Assessment Activities

The focus on assessment approaches gave us us the opportunity to look deeper into how researchers
and educators construct group activities. We found assessment modalities remain centred on
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presentations, reports, and code inspections, consistent with prior work [Bastarrica et al. 2017;
Porquet-Lupine and Brigham 2023]. Interview participants discussed focusing on mostly the same
areas as our findings in the SLR.

Table 8 shows the learning outcomes/assessment approaches discussed by the interviewees
when viewed through the lens of different assessment dimensions: Principals, Progress, Product, and
Process + Professionalism. Each interviewee is identified by a single letter and the data is presented
in such a way as to present a more holistic view of the assessment in the classes that they teach. It
should be noted that this categorical breakdown of the data was not one of the original aims of the
interviews and thus some of the approaches may have been used but not discussed directly during
the interviews.

While fully reliable direct comparisons with the contents of Table 6 are difficult, we found a cor-
relation between the SLR and interviewees’ responses in the Products and Process + Professionalism
categories. We found presentations to be the most frequently discussed approach for assessing
students’ products in both the interviews and SLR. We also found, in both the interviews and the
SLR, that peer evaluation was the most common approach to assessing students’ processes and
professionalism in student groups. Some of the more esoteric approaches we found in the SLR, like
duels and panels, were not used in practice by our interviewees. There was also little to no emphasis
on exams and individual homework. Instead, our interview participants inspected code, graded
documentation, written reports, and portfolios consisting of multiple deliverables when assessing
the product; used analytics and structured observation or scaffolded discussions and postmortems
to assess process and professionalism. Progress was assessed with the help of retrospectives and
reflections and the assessment of principals, where assessed at all, was done through exams and
individual presentations. Peer and self-evaluations loomed large.

The SLR found that assessment approaches were often chosen with specific contextual goals in
mind. These included improving code quality [Chen et al. 2022], automating grading processes [Chat-
ley and Field 2017], and addressing the issue of free-riding, or non-contribution [Cecilia Bastarrica
et al. 2023]. Cecilia Bastarrica et al. [2023] also explored how grading strategies can affect team
cohesion. The diversity of rationales for assessment choices suggests that educators’ priorities
extend beyond academic achievement to include workload management, team dynamics, and
student wellbeing. This reinforces the complexity of group project assessment, where pedagogical,
administrative, and socio-emotional factors intersect. Despite educators’ efforts to emulate industry
practices, student satisfaction with group assessment remains inconsistent, with some methods,
such as peer assessment, failing to garner universal acclaim among students [Crick et al. 2022],
findings also echoed in the interviews.

The increasing adoption of peer assessment and analytics, however, signals a shift towards
mechanisms aimed at improving fairness and addressing the long-standing challenge of unequal
contribution. While these approaches promise to tackle fairness concerns and offer insights into
team dynamics, their effectiveness depends on students’ willingness to engage honestly, on the
cultural norms surrounding peer critique, and on instructors’ capacity to interpret the resulting
data meaningfully. As noted by Tafliovich et al. [2015], ensuring that assessment strategies are both
equitable and valid remains an unresolved issue in computing education.

6.4 Fairness / Individual Contributions

We observed that points raised by our interview participants aligned with some of the research we
found in our SLR pertaining to fairness and individual contributions in student group assessments.
For example, our interview participants expressed interest in fairness and justice in assessing
students’ group activities with free-riding being an oft-mentioned concern, a topic previously
mentioned in Section 4 by Cecilia Bastarrica et al. [2023] that examined marking peer assessment
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Table 8. View of the Interviews Through the Assessment Dimensions

Approach A B C D E F G H 1 J K L M N O P Q R #
Principles
Exam (4 v (4 4 4
Home Exer- v 1
cise
Presentation ¢/ v v v 4
Progress
Reflection v vV Vv v v v vV Vv 8
Retrospective ¢ ¢ ¢ ¥V vV Vv v Vv 8
Exam + Port- 0
folio
Portfolio 0
Product
Presentation v Vv vV ¥V VvV V v v v Vv v Vv Vv Vv VvV Vv Vv 17
Build Inspec- v ¢ v Vv v v v v 38
tion
Report 4 v v v 4
Peer Review v v v vV 4
Portfolio v v vV Vv Vv v v v V vV Vv 11
Documentation v v Vv v V Vv v Vv 8
Duels 0
Structured Ex- 0
ercises
Process + Professionalism
Peer Evalua- v Vv vV v Vv V v v v Vv Vv vV Vv 14
tion
Analytics vV Vv vV Vv Vv v v V vV v Vv Vv 12
Structured v v v Vv v V vV Vv vV Vv v v 12
Observation
Scaffolded v v v 3
Discussion
Panel 0
Portfolio v 1
Interview vV 1
Postmortem v v vV Vv 4

as a means of addressing non-contributors, students that do not actively participate in the group
learning activity. In addition to the peer assessment aspect, the authors used team-based learning
(TBL) principles, a three phase group assessment model to support fairness in assessment. These
three phases are the 1) project management, the 2) deliverables for the learning activity, and the
3) individual’s contribution. Like Cecilia Bastarrica et al. [2023], the work by Quek et al. [2023]
addresses individuals’ contributions to group activities by also using deliverables (or, in their study,
they refer to them as milestones) and project management for transparency in the group. This
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work, based on socio-constructivist principles, assesses the individual’s contribution through self-
reflection exercises. Both of these studies leveraged deliverables over the course of the project and
applied aspects of project management to address fairness in the group activities. This raises future
opportunities to explore the use of project management and deliverables in group project courses to
improve fairness in group assessments, while minimizing additional efforts by educators. Avoiding
added workload is especially important. Our interview participants stressed being time-poor in
their existing courses and it is not a stretch to assume that this is the experience of other educators
as well.

The diverse approaches to evaluating individual students’ contributions incorporate elements
of peer, self, team, and teacher assessments. Evidence suggests that students’ perception of effort
is not objective [Herbert 2007]. Crick et al. [2022] introduced the Team Q model, designed for
summative feedback, focusing on five core components of teamwork: contribution to the project,
facilitating contributions of others, planning and management, fostering a team climate, and conflict
management. Team Q was found to support gender parity, as peer assessments were unbiased by
either the gender of the assessor or the assessed. This highlights its potential for fair and inclusive
evaluation in team-based settings.

6.5 Peer Evaluation

Closely related to fairness and used to decouple individual contributions from the group work
product, we found peer evaluation/review was a central topic emerging from our interviews. We
also found a variety of peer assessment approaches used in 60% of the SLR papers. Peer evaluation
significantly enhances engagement, as evidenced by 58.49% of students reporting they would not
have put in the same effort without graded assignments [Kay 2022]. Oral interviews also play a
critical role in ensuring accountability, particularly in team settings, by holding free-riding members
responsible for their lack of participation [Porquet-Lupine and Brigham 2023], an approach also
employed by some of our interviewees.

With peer evaluation commonly discussed in the SLR, our results found researchers comparing
these assessment types extensively. For example, Porquet-Lupine and Brigham [2023] explored the
combination of peer evaluation with oral assessments to enhance accountability and understanding
of team contributions, providing a multifaceted evaluation approach. Candrlic [2020] analysed
peer, self, team, and teacher assessments, finding significant differences between team and other
grading methods. Interestingly, teacher and peer assessments showed the highest concordance,
supporting the reliability of peer evaluation as a substitute or complement to teacher grading,
so it is no surprise that the majority of our interviewees employed these approaches in their
assessment practice. In the SLR, and anecdotally from some of the interview participants, gender
dynamics emerged as a key factor, with team members applying milder criteria for teammates
that were men compared to women. These findings underscore the social influences inherent
in collaborative assessment contexts. However, Lu and Chiu [2022] highlighted the positive bias
of peer assessments (PA) compared to teacher assessments (TA), especially for low-performing
students. Teamwork guidelines can mitigate discrepancies, aligning PAs more closely with TAs and
enhancing students’ perceptions of peer evaluation as a learning tool. The guidelines can amplify
the perceived educational value of peer assessment, as students view it as more supportive of
learning when such frameworks are in place.

Meanwhile, our findings from the SLR showed researchers developing frameworks for peer
evaluation. For example, Fagerholm and Vihavainen [2013] proposed a framework to assess tacit
skills through nine indicators for self and peer assessment. Applied across capstone projects,
this approach reduced teacher workload while enabling a comprehensive evaluation of student
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competencies, demonstrating the practicality of structured frameworks in large-scale project
settings.

The research evaluated platforms developed for group assessment [Neznanov and Maksimenkova
2016] and forming frameworks to support practitioners applying the group assessment approach
in learning environments [Avila et al. 2021], yet there is evidence that students’ preferences can
evolve over time [Tafliovich et al. 2015], in terms of preferred assessment methods, collaboration
tools, and teamwork dynamics. The change in preference could be influenced by their prior learn-
ing experiences, or by their increased understanding of the problem domain. Students’ evolving
preferences should be considered by educators when designing assessment approaches that better
align with students’ needs to improve their learning outcomes.

6.6 Tools

The process of managing and assessing group projects is complex and a substantial amount of work.
In many aspects of computer science education, instructors make use of or create tools to reduce
their workload or improve their teaching practices [Blanchard et al. 2022]. Our SLR found 50% of
the papers describing novel and existing tools in support of educators, while our interview results
showed tools as a central topic for our participants. An important theme about tools supporting
group activities concerns the dual role of technology as both a pedagogical tool and a mechanism
for workload management. Tools such as Git, Slack, and peer assessment platforms support project
work and monitoring, but their effectiveness often depends on instructor familiarity, student
digital literacy, and institutional support. Moreover, as cautioned by some of our interviewees,
the informal culture associated with some platforms, such as Discord, introduces questions about
professionalism, inclusivity, and boundaries in academic contexts.

We found the SPARK tool to be appreciated by students for its perceived fairness in final grades
[Kay 2022]. It combines assignment scores with peer assessment participation, where students rate
their peers’ work on a 0-2 scale. SPARK emphasises participation and fairness while integrating
seamlessly into weekly assignment grading. However, the authors recommend SPARK primarily
for low-stakes assignments, as it may not be suitable for determining final grades [Kay 2022].

Our results showed innovative tools and methods enriching assessment practices. For example,
the mobile app Daily Smirk?® has demonstrated promise in enhancing peer evaluation experi-
ences [Lu and van der Hoek 2023]. Other approaches utilize objective metrics, such as GitHub
contributions, to predict team performance. Analysing metrics like public commits and repository
sizes achieved a 70% accuracy in classifying team performance levels [Cui et al. 2022]. Similarly,
correlating chat activity on platforms like Slack with GitHub contributions and peer evaluations
has revealed significant relationships between communication and performance [Hundhausen
et al. 2023]. These findings showed these tools can support educators in evaluating the individual’s
contributions, and identified a correlation between their contributions to the project and feedback
from the activity’s peer assessment. These same tools were also utilised by many of our interviewees
for assessment. However, during the interviews, some instructors cautioned about the ease with
which these tools can be manipulated for the purposes of deception.

Lastly, we found tools and more general applications or software systems used to facilitate group
projects. Some of these tools can be used to reduce the workload of the instructor and others will
enable more to be achieved with the same amount of resources. Below, we highlight some of the
available tools we found and the areas which they can be applied in for student learning (links to
most of these can be found in Section 5.6 where tools were first formally discussed).

Dhttps://dailysmirk.app/
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6.6.1 Communication. Slack, Microsoft Teams, Mattermost, and Discord were all discussed by
interviewees as the tool that they chose to enable communication within project groups. The
applications differ in terms of price, features available, level of control/moderation possible, as well
as student attitudes towards them. Discord was specifically singled out by multiple interviewees as
a tool that is commonly used socially by students which in is likely to contribute to unprofessional
behavior and language in communications. The SLR papers focused on Google Community Tools
and GitHub as available tools educators can adopt for collaboration in their group assessments.

6.6.2 Code Management. Git stands as the de facto standard tool used for version control in
software projects, but alternatives such as Mercurial?! and Perforce?> may also be useful. Both
GitHub and GitLab (including self-hosted) were commonly mentioned in the SLR and interview
results as the web application used to manage the repositories of group projects. It was not clear
in all cases whether this included the use of features such as issue tracking, pull requests, CI/CD,
Github Classroom, or was simply for managing source code. Future research could further examine
these features to support various aspects of group assessments.

Additionally, as the de facto standard, many tools have been created which can integrate with
or operate on the data generated by Git. The process of managing many repositories for student
groups can become complicated, one approach to address this difficulty is RepoBee?* [Larsén and
Glassey 2019], a tool with operations that can manage multiple repositories with a single command.
Gource [Caudwell 2010] is another exemplar tool that analyses the logs of various version control
systems, such as Git and Mercurial, within a repository to produce animated videos showing the
files contributed to or changed by different users over time. This can help students better understand
and appreciate collaborative dynamics in group projects.

6.6.3 Coordination/Management. Many existing commercial tools can be used to help manage
the completion of group projects within learning environments. While Jira and Trello may be the
best known tools for this use case, changes to pricing models or limitations in numbers of users
may discourage their use in educational contexts. Alternatives exist such as GitHub Projects or
Microsoft Planner that may be free or already included in existing software licenses.

6.6.4 Peer Assessment. One area where tools are frequently used is in the gathering and analysis
of peer feedback, which may relate to the higher interest in peer assessment found both in our
SLR and interview results. A common approach in both our interviews and SLR was the use of
Microsoft/Google Forms to gather the necessary feedback from students. These are not dedicated
tools for analysing the feedback and required manual analysis by the educator. A number of
alternatives have been developed to manage the gathering and analysis of peer feedback in a
more uniform way, such as the previously mentioned mail-based tool PASCA [Neznanov and
Maksimenkova 2016], providing a more comprehensive understanding of individual contributions
and performance in collaborative projects, thereby addressing common challenges related to
assessment fairness and bias. Some tools can be configured to collect Peer Review data, some to
collect Peer Evaluation data and some can do both. For example, SPARKPlus [Ahammed 2019],
FeedbackFruits [Campbell et al. 2020], CATME [Loughry et al. 2014], and Daily Smirk [Lu and
van der Hoek 2023] all provide mechanisms for gathering individual feedback about members of
the group project. These tools can provide analysis of the data as well as warnings when some
undesirable situations such as conflicts or manipulation.

Zhttps://www.mercurial-scm.org/
Zhttps://www.perforce.com/
Zhttps://repobee.org/
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7 Practical Recommendations

From a practical standpoint, educators designing group project assessments should explicitly align
learning outcomes, assessment tasks, and evidence-gathering strategies.

Greater transparency in reporting assessment designs—ideally informed by existing and known
frameworks—would improve comparability, reproducibility, and knowledge-building in the field.
Institutions should also invest in accessible, scalable tools that balance fairness, efficiency, and
educational value, particularly in resource-constrained settings.

While different educational contexts can shape the way in which group assessments are per-
formed, there are some general considerations. From those interviewed, some were willing to
provide advice regarding group project assessment, based on their own experience, on what to
incorporate (do’s) and what to avoid (don’ts).

7.1 Exploring Do’s

- Proactively speak to all teams to suss out potential issues. Be aware of conflicts within
teams and address them early, safeguarding groups from manifesting larger more volatile
issues. Such conflict within teams can have impacts on student motivation, performance as
well as impacting their overall grade for the assessment.

- Students should, where possible, be given thorough feedback regarding their individual
grade, with the idea of providing context to the student. Their feedback should explain the
final grade they received, the use of a detailed rubric can also provide much needed clarity
to students.

- Making use of formative assessment methods, alongside leveraging self-reflective exercises
with students can be invaluable in preventing students from inflating their performance.

- Utilize assessments with a variety of different elements, which can allow for a wider group
of students to contribute towards.

- Train all personnel involved in the assessment process. Utilize tools that foster professional-
ism.

- Encourage students to create and agree on a manifesto, team agreement, or code of conduct
at the start of their project. This allows students to provide clear expectations to each other
regarding their group work going forward. It can also provide students with a clear goal of
what is expected of them, within their own group.

- Students concerns should be taken seriously, a student who approaches in confidence should
not have issues dismissed as a learning experience without investigation. These concerns
could be quite serious issues that require staff member intervention to ameliorate.

- Provide opportunities for students efforts to be acknowledged, for example providing a
simple reward for the best presentation. Another example could be sharing a group’s
achievements on platforms like LinkedIn.

7.2 Exploring Dont’s

- Peer evaluations should not be used as a punitive tool, This can easily create toxic group
dynamics and sow discord. Instead, create clear expectations for students to engage with
the process in an equitable manner. Address issues raised by students proactively during
the project to foster collaboration and enable the team to course correct.

- When grading teams avoid providing the same grade to all group members, this can foster
resentment amongst team members. While it may not be immediately obvious, that resent-
ment can lead to complications in the future. Instead, strive to ensure that the assessment
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process properly reflects individual contributions students have made to the project. Keep
in mind that the most vocal students are not necessarily contributing more.

- Providing students with a clear rubric and detailed guidelines can be an effective measure
to prevent confusion amongst students and also prevent excessive time and energy being
spent answering student queries. These resources should be provided to students in a timely
fashion and should not change during the assessment process. However, instructors should
avoid placing undue importance on number of commits, lines of code, number of comments
in communication and other quantitative measures that can be easily manipulated.

- There are conflicting thoughts around the facilitation of team forming, with some advice
warding others from controlling the team formation process and some strongly encouraging
staff to construct teams for students to prevent future problems developing within the team,
especially around gender and cultural imbalances.

- The design of assessment timelines, should take into account deadlines, ensuring they are
well-spaced out and manageable for the students to accomplish. This can support students
well-being and minimize student stress.

- Interviewed participants stated that students generally appreciate clarity regarding assess-
ment criteria - either through a clear grading rubric, shared in advance, or through the use
of exemplar materials showcasing both good and bad works. Notably some interviewees
highlighted that students, in some cultural contexts, did not always feel comfortable passing
judgment on their peers during a peer review process. The students did however value
having their voices heard. One point of student feedback that was raised, was regarding
fairness, as outlined in section 5.7.4. One instructor theorized that students “more than
anything, hate carrying others”. Another mentioned receiving negative input about sharing
grades “so and so didn’t pull their weight and we all get the same grade”.

8 Limitations

This study has limitations. Firstly, the group confined the literature search to papers written in
English in well-known databases, which may have excluded valuable perspectives and research
published in other languages or from regional conferences. It may skew the findings, particularly at
institutions that do not offer courses in English. Furthermore, the group excluded short publications
under four pages due to time and resource constraints. As such, our analysis has not incorporated
potentially valuable insights from shorter pieces.

Methodologically, this review encountered challenges common to synthesising educational
assessment literature, including inconsistent reporting, varied study quality, and a scarcity of robust
evaluations. This includes varying terminology researchers use to describe studies that focus on
group assessment. As a result, our SLR may have missed relevant literature.

In terms of representation, notable geographical gaps remain. Few studies originated from Eastern,
South-Eastern, or Central Asia, Latin America, Northern Africa, and none were found from Sub-
Saharan Africa. This disparity mirrors broader patterns in computing education research [Blanchard
et al. 2022] and highlights the need for more diverse perspectives. This absence limits understanding
of assessment practices in regions where cultural, institutional, and educational contexts may differ
substantially from those in the predominantly represented areas. Addressing these omissions is
essential for developing a truly global perspective on group project assessment in computing
education.

The semi-structured protocol for the interviews might have introduced some bias. The approach
helped facilitate a focused discussion, however, it also directed the conversation toward particular
themes. For example, interviewers asked about course context, assessment structures, tools, and the
balance between individual and collective measures. The broad questions posed toward the end of
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the interview about challenges and opportunities for improvement in group project assessment also
directed interviewees toward discussing issues they felt were most relevant or pressing within their
contexts. While these factors were necessary to guide the interviews, they may have introduced a
bias in the content of the data collected in the process.

Of the 18 interviews conducted, eight were with co-authors of this study. Each member met the
inclusion criteria. Three members of the team built the interview protocol and two of them were
interviewed for the study, so they knew the questions ahead of time. The remaining 6 internal
interviewees heard the exact questions for the first time during their interviews. However, their
knowledge of the subject matter and their role within the group may have shaped their responses.

The interview research sub-team strived to gather a global sample. Unfortunately, there are
notable geographical gaps. Specifically, the we did not interview instructors from Sub-Saharan
African or South American institutions, potentially reducing the perspectives captured. This absence
could have resulted in a limited understanding of assessment practices in regions where contexts
may differ significantly from those represented in the sample.

Because the research team conducted the content analysis and interviews in parallel, one did
not influence the other. Therefore, the convergence of the two datasets as the data approaches
saturation is reassuring. However, it may also suggest confirmation bias in the analysis process.

9 Conclusion

This article examines group projects in undergraduate computing education, identifying current
trends in project contexts, assessment approaches, and tool adoption. Group projects remain
concentrated in software engineering courses and capstone experiences, with fewer instances
in specialised or interdisciplinary contexts. Assessment methods are diverse, with presentations,
reports, and inspections of technical artefacts commonly employed. We present a schema of 23
approaches drawn from the literature. Peer evaluation and analytics derived from version control
systems are increasingly used to track individual contributions and provide formative feedback.
However, evidence of the effectiveness of these practices remains limited and inconsistent.

We found that there is no one-size-fits-all method of assessment suited to handle the variety of
contexts in which educators apply group projects for student learning. Instead, our work offers
approaches to assessments that educators can evaluate and adopt, with learning outcomes similar
to those in their courses. This article provides educators with the opportunity to explore various
assessment approaches, detailed in section 4, that others have successfully implemented with similar
goals and learning outcomes. This work also lists some practical recommendations to assessment
of group work in section 7.

A recurring concern in the literature and among practitioners is fairness in assessment, par-
ticularly in addressing issues such as unequal participation and free-riding. While various strate-
gies—contribution analytics, structured observations, and especially peer and self evaluations—promise
to mitigate these challenges, there is little consensus on their validity, reliability, or the extent of
the mitigation. Moreover, a common limitation in published studies is the lack of comprehensive
descriptions of assessment designs, with many addressing only isolated components of assessment
frameworks, such as Almond’s Model. Greater transparency and standardisation in reporting
assessment practices would support more meaningful comparisons and evidence synthesis.

Finally, while educators acknowledge issues of equity, justice, and inclusivity in assessment
practices as significant challenges, empirical studies examining these dimensions remain scarce.
Future research should prioritise understanding the cultural and structural factors that shape
group project experiences and assessment outcomes globally. Addressing these gaps is essential
for developing fair, effective, and contextually appropriate assessment strategies that support
students’ professional development and employability. Future research could address the identified
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gaps, particularly in terms of assessment effectiveness, the equitable use of technology, and cross-
cultural differences in group project assessment. Expanding the evidence base will be essential
for developing fair, pedagogically sound, and globally relevant assessment practices in computing
education. Expanding the evidence base, particularly regarding the effectiveness of assessments,
the equitable use of technology, and cross-cultural differences in group project assessments, will be
essential.
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