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ABSTRACT

In the realm of higher education, team work is considered a crucial factor in facilitating
the development of collaborative and work-life skills among students. Studies have
shown that collaborative tasks promote a sense of community, belonging, and well-
being among students. However, uneven work distribution and vague team roles can
lead to dissatisfaction and reduced commitment, ultimately resulting in assignment
failure and impeding progress towards graduation. This paper examines students’
feedback on Britton et al.’s (2017) team quality questionnaire, along with their contri-
butions to team performance. Additional questions were added to gauge how students
communicate and organize their work within their teams, with an analysis of their
activity and contributions measured from their git repositories. Ultimately, this paper
presents successful ingredients for team work and suggests strategies for ensuring a
positive experience in dynamic team settings. These strategies include clearly defined
roles, equal workload distribution, and accountability mechanisms.
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1 INTRODUCTION

Conway’s Law points out the resemblance between the software architecture and struc-
ture of the organization (Conway 1968). The law suggests that if an organization is
divided into teams, the resulting software architecture will mirror the lines of commu-
nication and collaboration between those teams. This concept has been observed in
practice, when large monolithic software systems transform into distributed microser-
vices, where-after sizable organizations undergo a deconstruction into smaller agile
teams that direct themselves and take ownership of their tasks. Furthermore, there
has been a shift from extensive planning to the adoption of test-driven development
(Kaufmann and Janzen 2003; Gupta and Jalote 2007), to the extent of extreme pro-
gramming (Bell 2001) where tests play a crucial role as a de facto specification guiding
the development process. The delivery of functional end products that meet customer’s
requirements remains the target but with shortened feedback loops.

Universities must be able to provide industry with new employers that have internalized
the principles of the Agile Manifesto (Beck et al. 2001), and are able to form flexible,
self-organizing teams (Gren and Lenberg 2020). The influence of Agile Manifesto on
flattening organizations has been significant. Flat organizations eliminate unnecessary
layers of management, reduce bureaucracy and enable faster decision-making, thus
encouraging a shift away from hierarchical structures by empowering teams. Instead of
relying on strict top-down control, Agile promotes shared responsibility and decision-
making within teams (Conboy et al. 2010), and such Agile methodologies as Scrum
or Kanban, to provide frameworks for organizing work, fostering collaboration, and
allowing teams to prioritize and manage their own tasks.

In addition to Agile, university Web&Cloud courses introduce DevOps methodology.
The main motivation for DevOps is the automation: to achieve continuous integration,
delivery, and deployment (CI/CD) pipelines. Automation enables Agile teams to au-
tomate repetitive and manual tasks, allowing them to focus more on delivering value
and innovation. Besides the automation, DevOps emphasizes collaboration and good
communication between team members. The collaborative approach fosters a shared
sense of ownership and collective responsibility of the outcome.

2 RELATED WORK

In Tampere University, the DevOps comes in the flavor of GitOps, Gitlab being the ver-
sion control system integrated with the learning management system in use in courses
(Colantoni et al. 2021; Beetz and Harrer 2021). However, DevOps falls short of its full
potential due to the absence of continuous deployment (CD) adoption. The introduction
of CD is currently postponed until more advanced, master-level courses that use the
Kubernetes system. Conversely, continuous integration (Cl), which involves the inte-
gration of unit and integration tests, is extensively employed. Additionally, the Gitlab



issue board, which bears a resemblance to a Kanban board (Nakazawa and Tanaka
2016), is also heavily utilized to foster team interaction and facilitate the progress of
work through sprints that are split into tasks shared among team members. Thus, both
the Gitlab version control system and issue board serve as tools for monitoring team
dynamics and promoting collaboration in ongoing projects.

Parizi et al. have explored the use of Git "to capitalize on team-aware metrics” (Parizi,
Spoletini, and Singh 2018). The authors advocate for leveraging the power of Git-
driven technology and associated features to measure a team member’s contributions
throughout the entire progression of the project — not just upon its completion. This
approach ensures a comprehensive and precise assessment of individual performance
anticipated to foster team-based learning, ultimately resulting in the cultivation of grad-
uates equipped to meet the demanding standards of the software industry.

To investigate students’ group formation, Auvinen et al. studied 150 college students
who first individually solved exercises and then worked in teams of three on a class
project (Auvinen et al. 2020). The study found that teams with both low-and high-
performing students achieved almost the same results as teams with only high-performing
students, meaning teams should comprise of both low- and high-performers rather than
just one or the other. On the other hand, individual students’ poor time management
practices had a negative effect on their teammates’ time management. Most teams
assigned tasks to maximize the acquisition of technical skills, rather than training them.

“Can we pick our own groups?” is a common query that arises among students as they
anticipate undertaking substantial assignments. Chapman et al. conducted research
to examine the impact of group formation, specifically self-selection versus random
formation, on group dynamics, outcomes, and students’ attitudes towards the group
experience (Chapman et al. 2006). Chapman’s findings suggest that allowing stu-
dents to self-select into groups may be preferable to random assignment, as it more
closely simulates real-world work groups. The research implies that self-selection can
contribute to enhanced group dynamics, reduced concerns, improved attitudes, and
overall positive student experiences within group settings. However, it is important
to note that self-selection may also have certain drawbacks, such as lower perceived
efficiency and increased conflict. Thus, careful consideration is needed to balance the
benefits and challenges associated with self-selection when designing group formation.

Even if Chapman’s study suggests potential benefits of self-selection, it is essential
to critically evaluate the implications in relation to equity. It is worth acknowledging
that only a small number of students are fortunate enough to have high-performing
and established teams readily available. This advantage becomes compounded if
students are repeatedly allowed to self-select their groups. Allowing students to freely
choose their own groups can perpetuate existing inequalities, as students with stronger
social networks or prior established relationships may repeatedly form high-performing
teams, while others may be left at a disadvantage.



2.1 TeamQ questionnaire in a retrospect

Students themselves should have their say on team quality, too. The team quality study
conducted by Britton et al. demonstrates the potential of their tailored measurement
tool, TeamQ, to assess undergraduate students’ teamwork skills (Britton et al. 2017).
Their results indicate that communication and problem-solving were the strongest ar-
eas of performance, whereas collaboration and team leadership were identified as
areas posing significant challenges. Furthermore, the findings suggest that gender
may influence individual teamwork skills, with females scoring higher than males in all
four areas. This data provides a valuable insight into the efficacy of the tool, suggesting
it can be used to effectively evaluate individual teamwork skills in undergraduate ed-
ucation. In the context Web&Cloud courses in Tampere University, TeamQ has been
incorporated into reflective post-course questionnaires in a yearly basis since 2020.

In this study, we aim to answer the following research questions:

1. What is the optimal size for a team?
2. How do teams divide work and follow-up on the process?

3. What can course personnel do to ensure better team work experience?
3 RESEARCH CONTEXT

The subject of this study pertains to the Web&Cloud domain, focusing on two consecu-
tive courses: Web for Content Authors and Information Scientists (aka WebCAIS) and
Web Development 1 (WebDev1). WebCAIS targets first- and second-year students
and concentrates on frontend web technologies, such as HTML, CSS, and JavaScript.
Building on this foundation, WebDev1 provides a comprehensive overview of both
frontend and backend web technologies, with an introduction to Node.js as a major new
technology. This course is intended for third- and fourth-year students who possess a
significant programming background, including a fundamental understanding of project
work such as Agile project management.

The development process for both WebCAIS and WebDev1 adopts an iterative ap-
proach characterized by cyclic design and redesign phases. During the 2019-2020
academic year, the initial stages of development began with the transfer of grading
from manual to auto-grading, as documented by earlier studies (Niemeld and Nurminen
2020). After that, there has been a recent shift in focus towards enhancing students’
self-efficacy and optimizing their overall learning experience, particularly within the
context of collaborative teamwork settings. This shift recognizes the importance of
empowering students to take ownership of their learning, foster their sense of con-
fidence and competence, and promote meaningful engagement and communication
with their peers.



3.1 Tools used: Gitlab, Plussa and Peer-Review Service

Gitlab plays a pivotal role in final assignments; in
WebDev1, also in weekly exercises. Git repos-
itories are created subsequent to the group for-

APL

mation. To streamline project management and PRP

task coordination, the Gitlab issue board is rec- Peer-reviews
ommended as a tool, the rationale being Gitlab’s
utilization as a version control system, too. This {;/ "Plussa(LMs)" \\{}
board offers a Kanban-like interface for managing 4{}5/ \???‘;\
issues. As a primer, students are provided with " Fesak 1 \\\
a few Plussa exercises to familiarize themselves g e
with the issue board. In terms of documenta- |commumcanon commurication |:
tion requirements, groups are advised to employ p ’fsv:" ﬂ i eue‘"’
issues to assign tasks within the board. When K\A S B8 o8 K;?/
utilized effectively, this approach provides a com- g}
prehensive overview of each group’s progress Group repositories
allowing tasks to be transitioned through various Gitlab

stages such as the backlog "TODOs”, then "Do- API

ing,” and ultimately "Done”. These transitions also
serve as indicators to other group members not to

. : . Fig. 1. The teamwork env
intervene in ongoing work.

The already-mentioned Plussa is the actual learning management system (Karavirta,
Ihantola, and Koskinen 2013). Once the assignment is implemented, tested and
committed in the Gitlab version control system, the assignment will be graded by giving
its Git URL to Plussa. Fig.1 illustrates the teamwork context, which includes work
division as agreed tasks in Gitlab issue board, thereafter committing code to Gitlab,
followed by submissions to Plussa system, which grants the actual grade that will be
stored in the system. In addition to being integrated with Gitlab, Plussa can be extended
with other grading modules integrated via Learning Tools Interoperability (LTI) protocol.
One such module is Peer Review Platform (Heino 2019), that is used for both intra-
course and -team peer-reviewing purposes. In studied courses, the peer-review is
intra-team: team members give feedback to each other of the quality of collaboration.

4 RESULTS AND DISCUSSION

After the assignment, students reply to the TeamQ questionnaire by Britton in Likert-
scale [1..5], see Fig. 3 and 4. Upon initial observation, it is apparent that students con-
sistently assign significantly positive scores to one another, which can be attributed to
a phenomenon called reciprocal mutualism. This behavior stems from the anticipation
that providing positive ratings will result in receiving high scores in return. Interestingly,
the question regarding passive-aggressive receives the highest score, the question in
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Fig. 2. TeamQ results, WebCAIS (N=320) and WebDev1 (N=512)

its entirety being: “Displays appropriate assertiveness: neither dominating, submis-
sive, nor passive aggressive”. Students tend to interact with each other in a pragmatic
and straightforward manner, and this specific question tends to elicit thought-provoking
and intimidating responses. Consequently, some students feel compelled to seek
clarification and confirmation from course personnel to ensure that the questionnaire
serves a genuine purpose. Even after the confirmation, the highest scores for one’s
peers may still be perceived as the safest response to such a "bold” question.

Constructive feedback and clear goals get the least points. Constructive feedback
necessitates both courage and a willingness to assume responsibility for the project’s
success. Similarly, low scores in the clear goals category suggest communication
issues and deficiencies in work division. These challenges are indicative of broader
project management issues and suggest a need for clearer instructions to be provided.

4.1 Ideal team sizes

Table 1. The votes for the ideal size in both course implementations

| Course | N | \Votesfor[12345 | Sum | Avg | Std |
WebCAIS 605 [17, 27,137, 36, 2] 219 2.90 0.79
WebDev1 956 [10, 104, 311, 78, 9] 512 2.95 0.71

The result of the ideal team size is clear: three clearly outscores other options between
one and five, see Fig. 4.1 and more in detail Table 1. The portion of "two” is significantly
bigger in WebDev1, where the first 2020-21 implementations used it as a default size.
This observation suggests that either the experience with this size was genuinely posi-
tive, or alternatively, participants may have opted for it to avoid expressing any criticism
towards their peers. In WebCAIS, the portion of ones is bigger than in WebDev1: 7.8%
vs. 2.0%. For the most of the students, the final assignment of WebCAIS is their first



Fig. 3. The ideal team size in WebCAIS Fig. 4. ..and in WebDev1

group work done in Git, thus the skill levels vary a lot. The experienced students may
feel tempted to do everything by themselves and they do not see benefits of teamwork.

Size rationales

The following list summarizes the rationales on each team size grouped by the values
of [1..5]; the rationales were asked only in WebCAIS.

1. the students felt frustrated due to lack of collaboration, uneven skill levels, poor commu-
nication, and individual members who do not contribute adequately, and these students
thus can be categorized as "disappointed”.

2. the students highlighted optimal scheduling, coordination, task division based on indi-
vidual strengths, allowing one to focus on JavaScript while the other could contribute to
CSS; and suggested pair programming as an approach.

3. the reasons for the ideal team size of three were not very different from two, that is,
effective workload distribution, balanced contributions, efficient communication, learning
opportunities, and the ability to divide tasks based on individual skills and interests.

4. the students who preferred four highlighted the benefits of even workload distribution,
flexibility in collaboration, reliability, technical expertise, and balanced workloads.

5. only two students rationalized for their *fives” by emphasizing creativity gains and prob-
ability of getting a functional group even if members were selected at random.

Even if a larger team means less work, students did not automatically up-vote it, for
the downsides, such as the challenges in coordination, started to weigh more. There
are more opinions, ideas, and perspectives to consider, leading to longer discussions
and potential conflicts. Students also highlighted the risk of uneven workloads: with a
group of four, five or bigger, there is a higher chance of having an uneven distribution
of workload. It may be more difficult to divide tasks equally among members, leading to
potential disparities in effort and contribution. This can result in some members feeling
overwhelmed with too much work, while others may have less responsibility, causing
dissatisfaction within the group. Limited participation and engagement are real threats
in larger groups, because team members may have fewer opportunities to actively
participate and contribute, yet it is worth noting that some members may intentionally
limit their participation as a strategy to avoid work (Jarvinen, Niemela, and Virta 2019).



4.2 Git for screening students’ input in team work

Table 2 displays the Git commit data including additions, total changes, and the per-
centage of additions. The data reveals the workload for the assignment in the Web-
Dev1 course implementations are at least 10-fold higher than in the WebCAIS course
implementations. Additionally, it appears that the students in the WebCAIS course
have a higher proportion of deletions compared to those in the WebDev1 course, which
could signal that the students at the WebDev1 course are more experienced coders,
and hence, do not need to delete that much.

Table 2. Students’ Git commits as additions, total, and percentage of additions

Course Impl. N. committers Avg.add. Avg.total Add.-%
WebCAIS spring-2021 36 431 680 70.4
spring-2022 35 434 495 65.8
WebDev1 fall-2020 171 10349 12155 90.8
spring-2021 27 14324 18333 89.5
spring-2021 71 4738 6556 75.5
fall-2022 171 4538 5288 75.9
4.3 Work division and follow-up in teams
The question about work division and follow-ups
were answered by WebDev1 students only. Di- s
viding tasks effectively is important for the final
assignment to succeed. A good work division elegram 22_0‘
promotes collaboration, maximizes individual con- 49% oon
tributions, and ensures the timely completion of discord tretlo

email

project objectives. WebDev1 teams adopted di-
verse approaches for task division, such as allo-
cated tasks in Agile manner; gave a complete re-
sponsibility for specific tasks to a selected member
after assessing the complexity and workload of each task versus individual preferences
and strengths, made decisions collaborative decision-making, where teams engaged in
discussions and decision-making processes to collectively divide tasks; and assigned
tasks based on immediate project needs, availability, and skill sets, ensuring flexibility
and adaptability; divided tasks in sub-tasks, that were smaller and more manageable.

gitlab

Fig. 5. Follow-up tools

Effective progress monitoring is a crucial factor for successful collaboration and project
completion. The teams utilized various strategies, including maintaining open lines
of communication through different channels like Teams, Telegram, and Discord (as
shown in Fig. 5), to ensure efficient workflow and accountability. These channels were
used to exchange updates on completed and ongoing tasks, as well as any difficulties
encountered during the project.



4.4 Constructing functional teams

Teams can be constructed numerous ways. During the history of WebCAIS and Web-
Dev1, there have been different experiments. In WebCAIS 2020-2022, groups were
the size of three and the roles were fixed: a project manager, an architect and a
developer. A project manager was selected based on the Nexus questionnaire (Ko-
rhonen 2014) by measuring self-directedness and commitment to studies. An architect
was selected based on substance knowledge measured by weekly exercises and self-
evaluations. A developer was a novice thought to learn from their peers. In the earlier
WebDev1 iterations, students answered a Plussa questionnaire probing their prefer-
ences related to group work. Groups were then formed by the course personnel based
on their answers. In later iterations, students formed the groups using Moodle virtual
learning environment, where students first discuss their preferences and after finding
their mates, they register their groups in Moodle group formation activity. Teamless
students were grouped by course personnel. The size of three was the default, but as
some students had a strong preference to work alone, they were allowed to do so.

In our current method for forming groups, the main criterion is the students’ target
course grade. While the approach is justified, it may result in groups that are too
similar, lacking the necessary diversity and range of skills. In contrast, Auvinen et
al. argue in favor of heterogeneity. To achieve a more balanced approach, it is crucial
that alternative methods for forming groups are tested (Auvinen et al. 2020).

4.5 ”"Mid-point check” and other means to intervene poorly-functioning teams

To prevent students from having negative teamwork experiences, course personnel
must monitor the situation, regardless of whether groups are formed by students or the
personnel. In an advanced-level web architecture course known as WebDev2, poorly
functioning teams were identified and intervened through a mandatory mid-point check.
After two weeks of project work, the groups needed to open a Gitlab issue and tag a
lecturer. The lecturer then checked Git commits and the issue board to verify that
all team members were sufficiently employed. If the check showed adequate activity
and fair division of labor, the issue was closed. Otherwise, the lecturer contacted
the students and reminded them of the importance of realistic scheduling and fair
work division. This intervention often yielded responses even from students otherwise
ghosting their peers. This added manual work to the lecturer but was beneficial in
catching possible issues with poorly-functioning teams and falling behind the intended
group work schedule. It would be beneficial to automate this process, utilizing available
data and open APIs in the relevant systems wherever possible.

The findings demonstrated that teams performing well in the mid-project assessment
were likely to maintain a high level of performance throughout the project. Conversely,
groups displaying limited activity were at an elevated risk of encountering time con-
straints and experiencing an unfavorable group work experience.



5 CONCLUSIONS

RQ1 Optimal team size: Three outscored other options, in WebDev1 also two scored
relatively high, when it was used as the default size.

RQ2 Work division and follow-up: Teams work in Agile manner by utilizing project
management tools like Gitlab issue board and strengths of individuals, by communi-
cating via Teams, Telegram or Discord and by adapting flexibly to the situation.

RQ3 Towards better team work experiences: Group formation is crucial, the size
matters, as well as students’ goals and expectations, such as target grade. Mid-point
checks have proven to help, also automatic supervision tools based on git commits
and issue boards were anticipated to be beneficial.
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