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Evaluating the Impact of Structured Educational Resources on Git &
GitHub Usage in an Introductory Programming Course

Abstract

Integrating version control systems (VCSs) in workflows has become pivotal in modern software
development practices. Despite VCSs widespread adoption in industry, its inclusion in the comput-
ing curriculum is limited with industry professionals suggesting that computing students have chal-
lenges using such systems as they transition from academic to industry settings. Our paper explores
computing undergraduate students’ code collaboration and documentation practices with a VCS,
Git, through source code management (SCM) platform, GitHub, in the context of a team project
in a large Data Structures and Algorithms (DSA) course. We introduce a structured pedagogical
intervention consisting of textual and video-based educational resources to improve students’ un-
derstanding of collaboration in Git and GitHub. We further evaluate the efficacy of our intervention
on students’ code collaboration and documentation practices analyzing 193 code repositories with
579 students across control (n = 324) and intervention (n = 255) semesters. Our results show that
most students had limited interaction with GitHub features and demonstrated weak collaboration
and documentation practices when not provided with structured explicit educational resources. In
addition, we found improvements after our intervention in students’ collaboration and documen-
tation practices, which were observed via common metrics such as increased commit messages
per user, longer README file lengths, higher issue tracking, and more equitable teamwork dis-
tribution. Our work contributes baseline empirical knowledge on students’ interaction with Git
and GitHub in an introductory programming course and highlights how a structured pedagogi-
cal intervention with explicit teaching can significantly decrease the Cognitive Load of learning
to use VCSs and SCMs, thus enhancing students’ proficiency with these tools in a collaborative
educational setting.

1 introduction

Version Control Systems are essential tools in modern software development, enabling teams to
manage changes to source code over time and develop complex software [[1]. Given their im-
portance, the Computing Curricula 2023 prescribed that students should gain mastery of version
control in CS degree programs [2]. Among various VCS tools, Git stands out due to its widespread
adoption, robust feature set, and support for both individual and team-based projects [3]. Despite
the recognized adoption of VCSs in industry and suggestions by Computing Curricula designers,
many educators struggle with efficiently integrating VCSs in their classrooms and students face
challenges with using VCSs, particularly when it comes to collaboration and proper documenta-
tion [4]]. One of the reasons for the latter could be that most instructors of introductory program-
ming courses would often introduce VCSs by covering basic commands, focusing on individual
workflows rather than the collaborative use cases of using these tools [5]. In this regard, industry
professionals have noted that recent CS graduates lack skills related to project management and
software configuration management including VCSs [6]. Given these challenges, there is a press-
ing need to prepare our students for workflows that foster collaborative solution development. One
mechanism that can prepare our students is by providing explicit structured instructional resources
that offer guidance on how to utilize the various features of VCS tools like Git, and its accompa-



nying SCM platform GitHub.

Our goals for this study are to (1) understand the current practices of computing students related
to code documentation and collaboration without explicit structured resources, and (2) evaluate the
impact of structured resources on students’ use of Git/GitHub especially pertaining to their code
documentation and collaboration practices. We employ a quasi-experimental design, comparing
two cohorts of undergraduate students enrolled in a DSA course over two semesters. Both cohorts
were required to use GitHub for their submission, but they are not evaluated on using any particular
features of Git or GitHub outside of that. This was done to ensure neither group was in any way
incentivized to fluff or pad their repo statistics.

We hypothesize that structured instructions, including both textual and video-based materials,
can (1) offer detailed guidance on how to utilize the various features of Git and GitHub and (2)
provide students with a clearer understanding of how to collaborate on code, manage versions,
and document their work comprehensively. The findings of our study have the potential to inform
and enhance CS curricula, providing educators with effective strategies to integrate Git/GitHub
instruction into their courses.

2 background: cognitive load theory

In psychology, the term Cognitive Load Theory (CLT) refers to the study of how instructional
methods affect learning. CLT is based on the idea that humans have two types of knowledge:
biologically primary and biologically secondary [7]], [8]. Biologically primary knowledge is the
knowledge necessary for survival. It is gained intuitively and unconsciously through our interaction
with the environment and society, such as speaking our native language in terms of the mechanics
of making sounds, walking, recognizing faces. On the other hand, biologically secondary knowl-
edge is the knowledge we acquire through active and conscious learning. This includes reading,
writing, specific skillsets we get taught by someone requiring active effort and mental or cognitive
load. With the scheme set by these two types of knowledge, CLT studies how the biologically
secondary knowledge is acquired and the cognitive load that is associated with it.

CLT defines three types of cognitive loads people have when acquiring knowledge: (1) extra-
neous, (2) intrinsic, and (3) germane [9], [10]. Extraneous load is the load that comes from the
setting of a problem or the demands that come from the instructional design. For example, when
teaching a computing concept such as traversals or searching on a graph, the instructor could either
explain to the students the Breadth First Search algorithm on a problem while providing them with
a solution, or they could simply present the problem at hand (searching for a vertex in a graph)
and request students come up with a solution on their own. In the case where the instructor goes
over a solved problem, the load of understanding how searching a graph might look is significantly
lower than if students had to come up with a method of searching the graph on their own with
no prior guidance or knowledge. CLT would in this case say that both approaches introduce the
extraneous load, and the first method (working examples with solutions) results in a lower extra-
neous load [11]], [12]]. Extraneous load is also influenced by the sources of information and the
kind of information a learner is presented with. Multiple sources of information that are required
to be processed are unintelligible in isolation, and may contain irrelevant information, increasing
the extraneous load [13]], [[14], [[15]].



Intrinsic load is the load that comes from the internal complexity of the problem at hand. More
specifically, intrinsic load is a result of the difficulty to process information that is composed of
multiple interacting components [9], [10]. In the earlier example, graph traversals require the
knowledge of the graph structure, as well as the knowledge of information access and structure
in computing to understand how graphs could be represented, where they exist in the space of a
computer system, and how to access them. All of these individual components working together
result in an intrinsic load that may or may not be high, depending on the individual learner’s grasp
of each interacting component. As such, it is highly individual and personal to each learner. In
education, this load is attempted to be mitigated by using modular instruction, starting with the
basic components and combining them as the knowledge of learner is expected to progress. It is
still, however, unclear whether this decreases intrinsic load, or just decreases the extraneous load
enough for the learner to then have a manageable intrinsic load [9], [[16].

Lastly, CLT also includes the germane load, which is a useful difficulty for a task to inspire
learning. The idea behind germane load is that reducing the extraneous load without inducing
the learners to use the freed-up resources so they could reduce the intrinsic load on their own is
pointless. As such, the positive or useful difficulty of a task is the load related schema acquisition
or automation [10].

It 1s important to note that CLT is not a learning theory, but a way to explain the connec-
tion between human cognitive architecture, learning, and instructional methods. The theory has a
limited scope of enactive learning scenarios where learners gain knowledge by experiencing conse-
quences of choices they make [9]. CLT does not provide insight into the internal or self-motivation
of learners, individual learning strategies of persons acquiring knowledge, nor the impact of co-
constructing knowledge with peers [9]], [[17].

Research of the knowledge acquisition and processing has been able to draw connections be-
tween storing information and being able to use that information later for further learning through
the scope of schemas [[18]]. The idea behind schemas is that when we learn information, we form
patterns, and based on the existing patterns in our long-term memory, we extract and process new
information. For instance, a learner with a strong background in biology might understand graphs
by drawing an analogy to neural networks, imagining nodes as neurons and edges as synapses. In
contrast, someone more experienced in computer science might interpret graphs in terms of com-
puter networks, seeing nodes as routers and edges as data connections. In both cases, learners are
leveraging their existing schemas to make sense of graphs as a data structure.

As such, CLT would suggest that reducing the extraneous load by instruction (knowledge shar-
ing) of core components allows learners to then put more effort into forming their own schemas
that reduces their random guessing in problem solving, also reducing the intrinsic load a problem
might have for that student [[19], [20], [21]. This theory forms the basis of our work, as we antici-
pate that structured resources and explicit instruction can reduce students’ intrinsic and extraneous
cognitive load, thereby supporting more effective learning.



3 related work

3.1 group projects in computing education

Educators have incorporated group projects in CS courses to prepare students for their careers
offering environments that simulate the industrial software engineering settings [4]], [5], [22]. Ad-
ditionally, VCSs such as Git provide contribution transparency that allows educators to notice
unequal contribution patterns such as “cowboy” programmers and “free riders” [4]. However, the
grading strategies for group projects differ between instructors, with five categories identified [4],
[S]] as: (1) one-grade-fits-all, (2) everyone reports what they personally did, (3) group members
report relative contributions of others, (4) pop quizzes on project details, and (5) cross-validating
with the results of individual work. To compute individual grades for the team project used in our
study, the first three techniques are used. The group first makes a single submission that counts
for everyone. The students are then required to complete a survey about their own and their team-
mates’ performances to cross-reference and update individual grades for the students who did not
exert the appropriate effort based on peer feedback.

3.2 git, github, computing education, and cognitive load theory

Git is a Version Control System (VCS) designed to track changes in source code and support
collaborative software development [23]. It allows developers to maintain a detailed history of
project evolution, manage branching and merging, and coordinate work across distributed teams,
increasing transparency and progress tracking. GitHub is a cloud-based developer platform for
source code management (SCM) that builds on Git by providing a more visual-based interface that
integrates version control with additional features such as issue tracking, pull requests, and social
coding functionalities [24]].

Despite their widespread adoption, learning Git and GitHub can impose a significant cognitive
burden on novices. Students have described several challenges using Git or GitHub. These chal-
lenges include having a flawed mental model of Git-including files and folders, handling merge
conflicts, lack of knowledge on using GitHub for project management, etc. [25]. Although GitHub
reduces this complexity by offering easier integration through graphic interfaces and the web-based
platform, the number of components and features available to the user through the GUI can still
be overwhelming and daunting. This process can generate intrinsic cognitive load, since version
control concepts are inherently complex, and extraneous cognitive load, when learners must mem-
orize unfamiliar commands or resolve confusing error messages, or simply have to figure out what
information among the vast amount presented to them is relevant to their problem. For beginners,
these loads can exceed working memory capacity, leading to frustration, inefficient trial-and-error
learning, and delayed progress in acquiring productive workflows. This results in avoidance of the
platforms unless explicitly and strictly forced to use them, passing the responsibility of interacting
with the VCS and SCM platforms onto someone who’s more familiar with them, or simply finding
workarounds (or “hacks”) to do the very minimum required without understanding the tools.

To alleviate some of these issues, the computing education research (CER) community has
developed tools [26] and interactive resources [27]], as well as used GitHub or Git in coursework
to support students in getting familiarity with VCSs. For the latter, educators have attempted to



integrate GitHub into their courses using three ways: (1) as a submission platform for assignments
[28]], [29], [301, [31]], [32], (2) as a feedback tool through use of pull requests (PRs) [32], [33]], and
(3) as a platform for hosting course content [29], [30], [31]], [34].

As help for learning how to use VCSs, instructors typically offer self-developed or external
instructional resources to their students. However, empirical studies on how these resources influ-
ence student learning of VCSs are limited. Our work evaluates the impact of offering structured
resources on students’ knowledge of how to navigate and use Git and GitHub for group projects.
These resources are rooted in explicit teaching or direct instruction philosophy [35]], where con-
cepts are taught in a step-by-step manner. Prior work has found this strategy to be effective for
teaching in the context of general education [36]]. Additionally, Linn and Clancy’s work [37] in
computing education also incorporated this strategy where they used structured worked examples
accompanied with an expert’s commentary to help students learn to design a program. They found
that explicit explanations from experts can help students learn complex problem-solving skills,
which is what CLT explains as schema formation. Our work tests the efficacy of explicit resources
in a new context, helping students gain proficiency with Git and GitHub.

3.3 metrics for code collaboration & documentation

Metrics mined from GitHub repos have been used for a variety of purposes in computing ed-
ucation, such as gauging students’ prior programming experience [38|], measuring processes in
project-based courses [26]], or understanding code contributions [39]. To evaluate the efficacy
of our intervention, we identified metrics that have been used in CER literature for measuring
code collaboration and documentation. These metrics were mined and measured in group project
GitHub repositories (repos) in the Control and Intervention semesters. Regarding collaboration
and equitable contributions, we examined five metrics to evaluate our intervention: (1) number of
contributors to a repo, (2) duration of engagement with repo [4], [40], (3) number of commits per
user [4]], [6], (4) number of issues [4]], [30], [31], and (5) types of commit messages with empha-
sis on branch creation [33]], [40] and PRs [32], [33], [40]. Regarding documentation [41], [42],
[43]], the following three metrics were examined: (1) length of the README file [44], [45]], (2)
comment ratio (ratio of comments to the total lines of code, higher the ratio, more readable the pro-
gram) [41]], [42], [43]], [46]], and (3) commit message content (which we inductively categorized as
default GitHub generated message, repeated custom message, and unique custom message) [47]].

4  methods

4.1 study design

Our study investigates the students’ practices with a VCS, namely Git through the SCM GitHub, in
the context of an undergraduate DSA course. We introduce a structured textual and video-based in-
tervention (described in Section4.2) to improve and increase the use of the development platform.
Lastly, we assess the impact of our intervention on student collaboration and code documentation
practices using a quasi-experiment based on the posttest-only control group design [48] spanning
two semesters: Fall 2023 (control) and Spring 2024 (intervention). This design facilitates the eval-
uation of the effects of our intervention by comparing the practices of students with Git and GitHub



with or without the intervention [48]]. Our study is guided by the following research question: How
did our structured instruction intervention impact the practices of undergraduate students in com-
puting using Git and GitHub for collaboration and code documentation?

4.2 study context

Course: Our study was conducted in a DSA course at a large public university in the US. This
course is the third course in the sequence of required courses for CS undergraduate students and
runs for 16 weeks in the Spring and Fall semesters. The course uses C++, and the assessments
include two exams, three projects, two individual and one final group project, and ten conceptual
and programming quizzes. For our study, we use the final project due to its collaborative structure.
In this project, teams of three students are expected to build an application in any programming
language that implements and compares two data structures or algorithms on a real-world data set
with at least 100,000 data points. The project submissions are one per group and the project has
an overall weight of 10% of a student’s course grade split into three parts: Project 3a proposal
(20%, provide formative feedback on a report), Project 3b implementation (60%, evaluated on a
report, video demo, GitHub repo link, meeting requirements on DSA and data points), and Project
3c peer evaluation (as a group: 10% and as an individual: 10%). Teams are required to submit
the source code as a URL to a GitHub repo (for 3b) and are recommended to use GitHub for
code collaboration. They can choose to collaborate via any platform they feel comfortably with.
Regardless of how they chose to collaborate on the project, only GitHub interaction was used as
data for our experiment.

Control Group: Students from Fall 2023 are used as a control group as no changes have
been introduced during that semester. These students have taken the same prerequisite courses
as the intervention group, which provided a brief overview of Git/GitHub and the importance of
code documentation in a 50-minute lecture in the CS1 course and assessed students’ knowledge
of Git/GitHub via a quiz and a lab assignment that counted toward their grade in CS1. The
quiz gauged students’ familiarity with git terminology and basic commands. The lab required
students to use Git to clone a repo locally, add a text file to it in their IDE, and then commit those
changes and push to the remote. Therefore, the assessments are focused on the use of Git/GitHub
in an individual setting rather than collaborative aspects, including project management features
on GitHub. Students may or may not be using Git or GitHub after this overview in CS1. Note
that after the CS1 course, students are supposed to complete CS2 and Discrete Structures courses
before enrolling in our DSA course. Hence, the Fall 2023 cohort can be used as a control group
because the students were not provided any structured resources on how to use Git or GitHub after
the brief overview in CS1 course, but were expected to navigate Git/GitHub on their own for the
DSA team project.

For the control, the students were required to submit their code via a link to a GitHub repo, but
they were in no capacity required to use any feature of Git or GitHub other than file upload. They
were allowed to work on the code with local collaboration, share code via external platforms, or
use Git/GitHub based on their personal preference and comfort.

Intervention: Our intervention was rolled out in Spring 2024 in the DSA course after the
release of Project 3b on the Canvas learning management system and included structured instruc-



tional resources explaining how to collaborate on GitHub for project development and collabora-
tion. These materials consisted of a GitHub template repo [49] created for the project, containing
a markdown file called RESOURCES.md with textual instructions on how to use Git and GitHub.
The instructions were organized to showcase all the features and tools the GitHub interface offers
that would be useful in code collaboration, such as issue tracking, milestones, branching, commits,
PRs, and merging in local and remote environments. It’s worth noting that these resources were
not a required reading material for the students, but were recommended in lectures and discussions
as an aid for their project management. The resources were provided in the form of links to the
template repository and the videos in the instructions page for the assignment.

In addition to the textual instructions, the resources included three videos. The first video (20
minutes) [S0] showcased the GitHub features necessary for the project, like the markdown file,
but in video form to accommodate diverse learners. The second video (26 minutes) [51]] reviewed
local development using Git and GitHub with a focus on individual contributions, and the third
video (11 minutes) [52] described a role-play recording of an example project as a walkthrough
of the development workflow. Each video had sub-labels for navigation to topics. The first two
videos were recorded by the first author, and the last video was developed by the first author
and two undergraduate teaching assistants for the course, role-playing as a project group. These
materials were reviewed by the course instructor, and any discrepancies were resolved by editing
or re-recording the videos. To assess the reception of the intervention in Spring 2024, the students
were also asked to fill out an anonymous survey post the intervention.

Like the control semester, the students were only required to submit the code as a link to
a GitHub repo for final assessment. The only language used in the instructions for the assign-
ment that would encourage students to use Git/GitHub more were the instructional documents and
videos. As such, both the control and intervention have the opportunity, but not the requirement,
of using Git and GitHub for collaboration throughout development.

4.3 participants

The participants in this study consist of 579 undergraduate students enrolled in a DSA course
offered in a large public university in the US during the Fall 2023 (control, n = 324) and Spring
2024 (intervention, n = 255) semesters who consented to research and completed a group project.
The students come from diverse academic backgrounds in CS and exhibit varying programming
proficiency and familiarity with Git/GitHub. The course enrollments for Fall 2023 and Spring
2024 were 546 and 439 (Response rate: 60%). We used data from 193 student groups with three
members each (N = 579) and included in our analysis changes to the repos made before the project
deadline. The groups were self-appointed when possible, and the students who didn’t choose a
group themselves were randomly assigned a group. For this study, we only examined groups
consisting of three (3) active group members, meaning we only looked at the groups that:

1. Had three members assigned for the project;
2. Had all three group members consent to using the data from their repo for the research;

3. Had all three group members actively participating in the project.



Table 1: Metrics or dependent variables used for data analysis collected from GitHub logs for
answering RQ

Metric category ID  Metric
Collaboration ~ M1* Number of contributors to a repository (1,2 ],31) A
M2*  Duration of engagement with the repository (in days) T A
M3* Number of commits per user (Gini index) | A
M4*  Number of issues T A
M5+ Type of commit messages (merge branch 7, pull request T,
standard change ) A

Documentation M6* Length of README file 1" A
M7* Comment ratio T A
M8+ Commit message content (default |, repeated customJ, unique custom 1) A

*

Quantitative metrics analyzed using Descriptive & Inferential Statistics
Qualitative metrics analyzed using Inductive Content Analysis
continuous variables

discrete variables

predicted increase post-intervention

predicted decrease post-intervention

S

Groups that reported one or two team members not actively participating were excluded from
the analysis. Most students in our DSA course are in their sophomore year (Year 2).

4.4 data collection and analysis

The log data for engagement with VCS and SCM was collected using the Python Requests library
53], [54]], which interacted with the GitHub REST API [55] to extract metrics from the final
project repos student groups submitted in the control and intervention semesters. We anonymized
all data before our analysis. For our analysis of the RQ, we were interested in five collaboration
and three documentation-centric metrics. These metrics have been elaborated in Section and
Table[ll We report descriptive statistics of our metrics extracted quantitatively or qualitatively such
as means, medians, ratios, and distributions for student practices, and compare them across control
and intervention semesters.

Quantitative Analysis: Our independent variable is time, the semester during which the data
was collected (Fall 2023, Spring 2024). Our dependent variables are the metrics described in Table
We conducted univariate analysis to evaluate our hypotheses (e.g. null: Hy=The distribution of
the number of GitHub issues in repos is the same across the control and intervention semester.)
and assess the relationships between our independent and dependent variables. The Shapiro-Wilk
test was used to test for the normality [56]]. An independent-sample t-test was used as a baseline
for normally distributed continuous data, otherwise we used the non-parametric equivalent, Mann-
Whitney U test [56]]. The Pearson Chi-square test was used for the discrete variables [56] and all
tests used @ = 0.05.

Example: One of the variables we tracked for students’ collaboration practices is the number
of commits each student made in the repo. To understand how evenly the students distribute work



and engage with the repo, we use the Gini coefficient, often used to analyze inequality in income
distribution and resource consumption [57], and the inequality of contributions in software teams
[S58]]. Since the data set is curated to include only groups of three, those team members who did
not have any contributions in the repos were included in the data set with a commit count of 0. The
Gini index was computed for each team and used to measure the inequality in the contributions of
team members to the repository across each team in terms of commits. The range of Gini index
varies from O to 1, where 0 means total equality and 1 means total inequality.

Qualitative Analysis: For the inductive content analysis (M5 and M8 in Table[I), we manually
categorized data using the message contents based on keyword filtering. For example, to assess the
collaboration dynamics, the commit messages (MS5) were split into three types: messages about
branch merging, messages about PR merging, and messages describing the standard change to
code. These types were selected based on the important features of Git/GitHub that reflect effective
collaboration patterns [32f], [33]], [40]. Git doesn’t implicitly attach commits to branches they were
made on, so we cannot be more specific in categorizing data [59]. The documentation practices
were tracked through commit message content (M8) which was categorized as follows: (1) default
messages generated by GitHub (e.g., “Add files via upload”, “Create README.md”, etc.), (2)
the custom repeated messages made by students (e.g., “Final commit”, etc.), and (3) the unique
messages created by students (e.g., “Data is cleaned, working on map calculations”). No commits
were observed to use PR rebasing in the control or intervention cohort.

4.5 limitations

Our study is quasi-experimental as the participants in the control and intervention semesters were
not randomly added to each group. A better design would be to randomly assign students to the
groups. Hence, the interpretation of results should be treated with caution as our findings are
observed from correlations in data. In the future, a more careful experiment could be conducted
to evaluate the efficacy of structured resources. Another limitation is the assumption that the
two groups (control and intervention) were completely independent of each other. That may not
be the case since students could have retaken the class in the intervention semester, now having
more experience with Git/GitHub than they did in the Control semester. Our course had a drop and
failure rate of 5.5% meaning that up to 32 students could have retaken the course in the intervention
semester. Lastly, our data is from a small sample of students recruited from a DSA course. Students
had limited exposure to GitHub in our CS1 course in both semesters. It would have been valuable
to understand student practices with Git/GitHub in a survey to assess if both cohorts had a similar
distribution of GitHub familiarity prior to the team project.

Additionally, there are several difficulties with gathering data from Git/GitHub. One of them is
that Git doesn’t track the source of the merge or if it even occurred, so we rely on commit messages
describing any merge as an accurate description of the actions made [59]]. On GitHub, PRs appear
as non-merged even if they actually are [54]. The data during the intervention semester could
have also been influenced by the students adding useless content to their README files. How-
ever, students were not incentivized in any way to writt README files other than the mention
of their general importance for code documentation in the resources file or curated pages. They
were not graded based on the README file contents, nor were they informed that their README



Table 2: Mann-Whitney U Test Results comparing Code Documentation & Collaboration Metrics
for Control (C) and Intervention (7).

Median Mean SD Test values

C 1 C 1 C I U z p
M2 Duration of engagement* 22 7.1 55 109 102 107 67455 56 <0.001
M3 Gini index of commits**  0.44 0.30 0.44 030 020 0.15 2798 -4.66 <0.001

M4 No. of issues** 0 0 08 32 31 67 5726 295 <0.001
M6 Length of README file* 3 21 221 422 574 575 6977 6.2 <0.001
M7 Comment ratio** 0.18 0.14 024 02 0.19 0.19 4003 -1.52 0.127
Control repos = 108 *Too many outliers to follow normal distribution
Intervention repos = 85 **Not normal under Shapiro-Wilk test (sig. < 0.05)

files would be in any way specifically considered. As such, there is no basis to believe students
intentionally padded their documentation in any way. However, to ensure this hasn’t happened, a
sample of five random repositories and five outliers in the data were selected for manual inspec-
tion. The contents were mostly project descriptions or proposals they submitted earlier, or scarce
information such as the team members and the name of their product.

Similarly, another threat to data validity would be the coauthored commits feature. This oc-
curred very infrequently and was handled by assigning commit ownership to the person listed on
GitHub as the author. This was done because many students used a different Git username from
their GitHub username, and the co-authored commits mostly seemed to refer to those two user-
names being considered as two separate authors.

5 findings

5.1 students’ git/github practices pre and post intervention

Bar Chart of Active Contributors by Semester

Semester . Control Intervention
100 -
xA(2,N=193) = 32.93,p <0.001 85.9% (73)
e 75-
]
g 50% (54)
§ 50-
& 28.7% (31)
25- 21.3% (23)
12.9% (11)
1.2% (1
0- . (1)
1 2 3

Number of Active Contributors

Figure 1: Active contributors to repositories across semesters.

M1. Number of contributors: The number of contributors to a repository was counted based
on the commits made to that repository and split into three groups: 1-contributor, 2-contributor,
and 3-contributor. Figure [I| shows how the percentages of GitHub contributions changed between
semesters, and the chi-square test shows a significant dependence between the semester during
which data was gathered and the distribution of contributor groups (x?(2,N = 193) = 32.93,
p < 0.001). Although we observe a slight decrease, the number of groups with 2 contributors
to the repository did not significantly change between semesters, however, the proportion of 1-
contributor and 3-contributor groups has changed significantly in favor of the three-contributor



groups, showing more cross-team engagement with Git and GitHub. The median number of con-
tributors increased from 2.5 to 3 contributors per team. It is also important to note that in the con-
trol semester, three teams were observed to have all three people assigned to the repository with
only one person contributing in terms of commits while the other 28 repositories had one person
who was added to the repository. When looking at the overall number of students contributing to
GitHub, these numbers total to 239 (73.8%) students in control semester and 242 (94.9%) students
in intervention semester making contributions through GitHub.

M2. Duration of Engagement: The project lasted 78 days in total from the date when students
were asked to select teammates to the submission of all components, where the last 34 days marked
the period from which we rolled the intervention and published the development instructions for
students (Project 3b). The duration of engagement was then calculated as the difference in days
between the last commit and the first commit made to a given repo. In the control semester, the
teams engaged with Git or GitHub on average for 5.5 days (16.2% of the development time), with
a median of 2.2 days. On the other hand, the post-intervention median increased three-fold to
7.1 days, and the Mann-Whitney U test showed a significant difference between the two groups
(see Table [2)), with the intervention semester project teams now spending 10.9 days on average
engaging with Git/GitHub (32% of the development time).

M3. Number of Commits per User: We observed an increase in the overall number of com-
mits across semesters. In the control semester, students made a total of 1990 commits, averaging
about 18.4 commits per repository and 6.1 per user. In the intervention semester, students made
3796 commits, averaging 44.7 per repository and 15.7 per user, doubling the numbers in all three
aspects. To assess the equality of work distribution, we calculated the Gini index of commits in all
groups and compared the results. A higher Gini index (close to 1) means higher inequality in work
distribution, whereas a lower Gini index (close to 0) implies an even distribution. For the control
semester, the median Gini index was 0.4 with a mode of 0.7. The intervention semester observed a
decrease in the median and the mode to 0.3, leaning toward a more even work distribution. Table
[2) shows that the Mann-Whitney U test run on the Gini index data confirms a significant negative
difference between the two semesters.

M4. Number of Issues: GitHub issue-tracking feature proved to be an under-utilized feature
in student development, with only 18.5% of groups (n=20) using issue-tracking in the control
semester. After the intervention, that percentage doubled to 41.2% (n=35), and the Mann-Whitney
U test (Table [2)) showed a significant increase in the issue-tracking in the intervention semester.
On the other hand, the median and the mode remained O for both semesters, with the standard
deviation increasing for the intervention semester signifying a greater variation in the data.
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Figure 2: Commit message types across semesters.



MS. Commit Message Types: A total of 5786 commit messages were inductively coded into
three categories as those pertaining to branching, PRs, or standard changes to code based on their
contents. We found that students used the PR feature significantly more after the intervention, and
while the use of branching also went up, the change was not significant. Figure [2]shows the results
of the chi-square test run on the data, implying significant dependence of the type distribution on
the semester during which data was gathered. We also observed in the data that in the control
semester 47.2% (n=51) repositories had at least one commit about branching and 38.9% (n=42)
repositories had at least one commit related to PRs. In the intervention semester, 69.4% (n=59)
repositories had at least one commit about branching, and 32.9% (n=28) had at least one commit
about PRs. Although the percentage of the groups using PRs decreased, the higher percentage of
PR messages in the data suggests that those repositories engaged with them more frequently than
the groups in the control semester.

Mé6. README File Length and Presence: The length of the README file was measured as
the number of lines contained in the README.md files. The contents of the files were examined
only for the outliers in the data to check for validity. In the control semester, the engagement
with README files was minimal, with the median README length being 3 lines, and 41 of 108
repositories having no content or no README file. The intervention semester saw an increase
in median line length to 21 lines, and a decrease in repositories without README files to only
1 out of 85. Additionally, the number of repositories with minimal content in the README file
(up to 4 lines) has decreased from 20 in the control semester to 3 in the intervention semester.
Both semesters saw outliers in the data with repositories containing over 100 lines, 6 in the control
and 9 in the intervention semester. These repositories and 5 other randomly chosen repos were
manually checked to see if students filled their README files with empty content (Lorem Ipsum,
etc.). As expected, since students were not incentivized to write README files outside of the
textual descriptions and video resources talking about a README file’s importance for overall
development quality, none of the repositories were filled with empty or placeholder content.

M7. Comment Ratio: As with the README file, we did not examine the contents of the
comments, just the number of lines. Mann-Whitney U test (Table [2) showed that there wasn’t
a significant difference between the two semesters, so the null hypothesis couldn’t be rejected.
There was a slight decrease observed in the data with the median going from 0.18 to 0.14 in the
intervention semester, but the data is inconclusive on the correlation between our intervention and
the commenting practices of students. This decrease in comment frequency may be due to students
switching mediums of documentation toward README files for instructional purposes, such as
the installation and running instructions.
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MS8. Commit Message Contents: In terms of contents of the commit messages students made,
the messages were coded into three categories based on the kind of content they had: default
messages generated by GitHub WebUI, custom unique messages that appear only once in the data
set, and custom repeated messages that appear multiple times in the set. We observed that students
tend to leave the default messages generated by the GitHub WebUI unchanged when making their
changes to their repo. However, during the intervention semester, they used default messages less
frequently. The chi-square test run on the data (Figure [3)) shows that there was a significant change
in the data depending on the semester ()(2(2,N = 5786) = 24.57,p < 0.001). There was also an
increase in custom repeated messages across semesters. This increase was unexpected but can be
explained by students using Git/GitHub through their local IDEs, which can sometimes keep the
contents of the last written commit message without warning the user (particularly Clion which is
recommended in our course).

5.2 student feedback on our intervention

In this paper, we primarily use quantitative metrics from GitHub API to demonstrate the efficacy of
our intervention. In the post-survey, we asked students if and how they used the resources provided
to them. Out of the 165 overall responses to the survey, 127 of them answered that question, 14 of
which said they did not use the resources at all. Most of those who didn’t use the resources stated in
their response that they were familiar with GitHub already, and a few (2) said they were not aware
of the resources. It is worth noting that in the survey, we also asked them how frequently they
used GitHUD prior to the class, and 3 (1.8%) out of 165 stated they have maintained open-source
projects on GitHub, 7 (4.2%) worked on more than three collaborative projects using GitHub, and
14 (8.5%) worked on more than 3 individual projects using GitHub. On the other hand, 12 (7.3%)
of students said they didn’t even have a GitHub account prior to this project, showing the wide
range of background knowledge with version control.

Qualitative data analysis from our post-survey will be described in a separate paper due to space
constraints. However, we now present a few quotes from students regarding the reception of our
intervention. Students described the videos and textual resources in our intervention as useful and
easy to digest. For instance, S11 noted, "The videos were most impactful. They were easy to follow
and the most digestible” and S62 stated that they “modeled [their] repo after the template repo,
and the readme helped to explain and make [them] understand how to use it and what to do”. A
set of students who had more experience with GitHub described that they did not use the resources
we provided. For instance, S114 stated that they “already had experience using GitHub, so [they]
didn’t really need to use that many resources to begin with”. Lastly, a few students requested more
beginner-friendly resources such as S31 who stated that they “believe that the resources provided
helped in all the right ways, but [they] think it could’ve focused more on giving beginner level
advice for people who may not have ever had towork with github.”

6 discussion and conclusion

While previous work has explored students’ experiences when using Git/GitHub in courses [4],
[29], [30], [34], our study contributes to CER literature baseline data on students’ code collabora-
tion practices including the use of project management in GitHub by students enrolled in a DSA



course. This data includes two novel metrics — commit message types and commit message con-
tents which we inductively coded and are underexplored in the CER literature. Additionally, we
investigated how these practices changed after an intervention that explicitly provided an overview
of Git and GitHub features. Our initial hypothesis that explicit instructions encourage the use of
Git/GitHub was supported by the data gathered across the control and intervention semesters. Our
results suggest that without explicit instructions, students tend to choose methods for collabora-
tion they are familiar with rather than project management features afforded by GitHub or rely on
those group members who are more comfortable with GitHub to make changes in their repository
post-development similar to Tushev et al. [4] and Gitinabard et al. [60]. This can be explained
through the Cognitive Load Theory as having reduced the extraneous load of learning Git/GitHub,
allowing students to put effort toward practicing version control and building up their schemas.
We show that the students are more likely to equally contribute to their repo and engage with it
longer if they are given explicit instructions. In addition, their code documentation practices shift
toward more varied modes of documentation, such as the README file, as opposed to relying
solely on comments. Our study shows that students get more familiar with Git/GitHub when they
are guided toward features of VCSs and SCMs that aid collaborative development rather than leav-
ing it up to them to discover these features and filter out unnecessary ones. Version Control has a
place in classrooms to foster transparency and structured work distribution between students and
professors, but also between students themselves when required to work collaboratively.

7 recommendations for educators

We recommend Instructors follow structured instructional practices when introducing Git and
GitHub to their students offering them the following: (1) multi-modal instructional resources to
cater to diverse student needs; (2) themed and modularized resources to reduce cognitive load;
(3) resources on challenging GitHub concepts such as handling merge conflicts, proper branching
strategies, using .gitignore files, etc.; and (4) integrating GitHub beyond a submission platform
across multiple courses to gradually build students’ proficiency in using VCS and SCM tools so
that they get acquainted with the industrial workflow for collaboration.
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