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Abstract. To teach students software engineering skills, instructors must
be able to explain what quality looks like and be able to assess it. Op-
erationally, this means that we need comprehensive rubrics for assessing
artifacts such as commits, issues, pull requests and code reviews. For
software engineering education research, such rubrics are also needed for
assessing the effectiveness of various interventions. Ideally, these rubrics
would be rooted in some ground truth, rather than reflecting the sub-
jective opinions of individual instructors; this is particularly important
if rubrics are used in empirical studies. In this paper, we seek to estab-
lish a “ground truth” for the assessment of commits by using the Delphi
process, an empirical method for establishing expert consensus around a
complex question. We assembled a diverse panel of 16 experts in software
engineering with voices from both industry and academia. By applying
the Delphi process through four rounds of questions to our panel, we de-
rived a set of rubric items for commits that represent the consensus view
of the expert panel. Our contribution is both the rubric items themselves
and a roadmap by which future researchers can arrive at similar rubrics
for other software engineering artifacts.

Keywords: Software Engineering - Software Engineering Education -
Empirical Software Engineering - Version Control - Commits - Delphi -
Assessment

1 Introduction

To perform meaningful assessment and engage in continuous improvement, com-
puter science instructors must be able to define the qualities of desirable software
engineering artifacts, and measure whether students’ work products demonstrate
these qualities. However, the definition of “desirable” can vary greatly across in-
structors and courses, resulting in reduced instructional consistency and uneven
evaluation practices.

This lack of consensus has consequences for both teaching and research. When
instructors use personal or idiosyncratic criteria for assessing software engineer-
ing artifacts, students receive inconsistent signals about professional expectations
and may struggle to develop transferable skills. Variability in assessment limits
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our ability to share pedagogical materials and rubrics across institutions [28§].
When student work is evaluated against unclear standards, feedback becomes
less actionable and learning outcomes may suffer [13].

Developing standards of quality for version control artifacts such as commits
is particularly important. Commits serve as atomic units of software development
work and form an essential communication channel among developers [30]. Many
students may graduate without understanding effective commit practices [§].
Instructors who wish to teach and assess commits must either develop personal
rubrics, adopt others’ rubrics that may not fit their context, or avoid formal
assessment entirely.

This problem extends to software engineering education research. Researchers
investigating version control practices, collaborative development, and software
engineering processes need validated instruments to measure outcomes [23].
Without rubrics grounded in expert consensus, findings risk reflecting only indi-
vidual investigators’ views rather than broader community standards. The lack
of standardized criteria also makes it difficult to compare results from different
studies or build cumulative knowledge through replication studies [12].

To develop a more stable, expert-validated definition of high-quality commits,
we applied the Delphi method with a panel of software engineering professionals
from both industry and academia. Using a multi-round Delphi process, we es-
tablished a rigorous empirical basis for the qualities of a desirable commit, along
with a corresponding set of rubric items to use in evaluating commits.

2 Related Work

2.1 Delphi Process

The Delphi process was originally developed by researchers at the Rand Corpora-
tion tasked by the US military with making certain predictions about questions
involving the Cold War [9]. The core principle is to draw on the collective knowl-
edge of a group of experts, while avoiding various biases that can arise with direct
interpersonal interactions, such as deferring to people who are more assertive,
extroverted, or senior [1,6]. Delphi panels are traditionally anonymous to one
another, and remain so after the conclusion of the research [1]. We maintain
this approach, while disclosing demographic information about the panelists so
that readers can have confidence that the panelists have the expertise to provide
informed opinions, and represent a broad spectrum of voices (see Section 3).

2.2 Assessment in Software Engineering Education

Assessment in software engineering education must capture both foundational
knowledge and practical competencies, reflecting the diversity of tasks students
complete—from small guided exercises to larger, independent projects [11]. Au-
thentic assessment has become central in higher education because it mirrors
real-world professional contexts and better prepares students for industry expec-
tations [35,25]. However, studies note considerable variation in how authenticity
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is interpreted and implemented, with digital technologies unevenly integrated
into assessment design and feedback processes [14].

Alongside authenticity, effective assessment frameworks emphasize feedback,
reflection, and collaboration. In software engineering, structured peer assessment
has demonstrated value by improving teamwork, accountability, and equitable
contribution within student project groups [29]. Collectively, the literature sug-
gests that while assessment practices are evolving toward more authentic and
learner-centered models, further refinement and standardization are needed to
support robust competency development in software engineering programs.

2.3 Commits

In version control, a commit is a unit of change in a code base, typically consisting
of a list of changes to a set of files along with metadata about those changes. This
concept exists in many version control systems and goes by different names. For
example, what git calls a commit [5] is referred to as a changeset in Mercurial
[22], and a changelist in Perforce [24].

Metadata for a commit includes the commit message, a brief comment in
natural language describing the change. Some developers have adopted particular
conventions and notations for commit messages. For example, the Conventional
Commits standard specifies notations to distinguish among bug fixes, features,
and several other change types, as well as to distinguish between breaking and
non-breaking changes [7].

Commits can function as the unit of analysis for many kinds of investigations
in software engineering. Alomar et al. [3] used commit messages to investigate
refactoring in code bases. Li and Paxson [20] used commit messages as a basis
for studying security patches. Reis et al. [27] argued that commit messages for
security patches are often not descriptive enough, and proposed commit messages
conventions to address this [26].

2.4 Assessment of Commit Quality

Several prior publications have examined what constitutes commit quality. Hund-
hausen et al. [16] used the “Goal-Question-Metric” approach from software en-
gineering research to develop metrics for commit, issue and product quality for
student work in software engineering courses. With the goal that “Students will
write commit messages that are consistent with industry expectations for qual-
ity,” Hundhausen et al. devised a rubric with the following criteria:

— atomic: Do the code changes in the commit deal with one and only one
concern?

— accurate: Does the commit message describe all changes, and only those
changes, made in the commit?

— precise: Does the commit message unambiguously describe the changes
made, situating the commit in the context of the code base or project?
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— justified: Does the commit message describe why the change was made from
the perspective of the end user?

The work of Hundhausen et al. yielded some important contributions: (1) it
demonstrated the value of applying a rubric to commits, (2) it showed that a
group of academics can converge on high inter-rater reliability when classifying
commits relative to a rubric; (3) it found that the baseline level of commit
quality is low among undergraduates, indicating there is considerable room for
improvement. However, a weakness of this work is that the authors’ proposed
rubric was not based on a rigorous analysis of empirical data, but rather on
a subjective summary of “industry discussions of good practices" such as [17].
Our work described in this paper improves upon limitations to the preceding
literature by adopting a more rigorous Delphi process.

In related work, Agarwal et al. [2] explored commit quality in five High Per-
formance Computing (HPC) projects and three non-HPC projects. The authors
presented strong rationales for three metrics: the fraction of unique commit com-
ments, their size, and the number of files per commit) but cite no prior work or
empirical basis for choosing these.

Tian et al. [32,31] sought to establish a standard for “good commit messages,”
noting that “a widely recognized standard of high-quality messages is lacking."
They reviewed 46 academic papers for definitions of “good commit messages",
reviewed the top 50 results from a Google search of the phrase “good commit
message”, and solicited opinions from “30 experienced OSS developers” which
they defined as having contributed more than 10 commits to a group of open-
source projects they were studying. From this analysis they came up with a
simplified rubric for commit messages: they should summarize what (the changes
in the commit) and why (the reasons for the changes). This simplified rubric
served as a useful basis for their analysis, but it falls short of the goal we set in this
paper. First, their rubric applied only to commit messages, while ours examines
commits as a whole. Further, while the authors have made a good faith effort to
document their process (for example, providing a dataset of the 46 papers they
surveyed), their analysis lacks the kind of specifics that usually accompany a
systematic literature survey of this kind (e.g. search terms, inclusion/exclusion
criteria, etc.) [18]. This same lack of detail extends to the content analysis of
experts and search results. Nonetheless, Tian et al. makes significant progress
towards showing the extent to which there is room for improvement in commit
messages, which further motivates our emphasis on evaluating this skill in our
students.

In sum, prior work has examined commit quality from various perspectives,
including quantitative metrics, individual researcher assessments, and domain-
specific practices. However, no prior work has systematically sought expert con-
sensus on the desirable qualities of commits for educational assessment and
empirical research purposes. Our work addresses this gap by using the Delphi
method to establish consensus-based quality criteria that can serve as a foun-
dation for rubrics used in teaching practice, computing education research, and
empirical software engineering research.
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We also note that there is a considerable body of work on the automated gen-
eration of commit messages (see, for example, [34,19,15,33,21]). Tian et al. [32]
provides an entry point for this work. Although this line of work is not directly
relevant to our goal, it underscores its importance. Indeed, the emergence of Al-
generated commit messages makes it increasingly necessary for students to be
able to assess whether the generated messages are appropriate, and to be able
to assess the entirety of a commit, not only the commit message.

3 Recruitment and Selection

Potential Delphi panel members were recruited through the authors’ professional
and academic networks, along with outreach efforts on LinkedIn. We took care
to include individuals from underrepresented groups in our recruiting to ensure
that diverse perspectives would be reflected in the panel responses and discus-
sion. Recruitment invitations continued over a two-month period in Fall 2024 to
improve the response rate and sample diversity.

Interested candidates completed a recruitment form where they self-reported
demographic and career information. We used different screening criteria for
professional developers and software engineering educators. For the professional
developers, our criteria were:

— Has at least three years of professional software development experience (5-7
preferred)

— Has done professional software development or been a manager of developers

— Has experience with a software development process that includes git com-
mits, issues, pull requests and code reviews (or equivalent artifacts in some
other version control system)

For the academics, our criteria were:

— Must have taught a course with a software engineering project for at least 5
years.

— Course projects must use git commits, issues, pull requests, code reviews (or
equivalent artifacts in another version control system).

In selecting from the qualified pool of candidates, we prioritized diverse
representation across categories of employers (e.g. large technology companies,
healthcare technology, developer tools and security, enterprise SaaS, and smaller
startups), education (unique alma maters), duration of experience, and demo-
graphics. The selected pool included both industry practitioners and academics,
and reflected diversity across gender and ethnicity (See Table 1).
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Table 1. Participant Characteristics Across Rounds

Rounp 1 Rounp 2 Rounp 3 Rounp 4 CoORE
Characteristic Qualified Invited Responded| Invited Responded| Invited Responded| Invited Responded | PANELISTS
(N=80) (N=26) (N=16) (N=26) (N=16) (N=20) (N=18) (N=20) (N=17) (N=12) _

Gender, n (%)

Men 58 (72.5%) 17 (65.4%) 12 (75.0%) |17 (65.4%) 10 (62.5%) |14 (70.0%) 12 (66.7%) |14 (70.0%) 13 (76.5%) | 9 (64.3%)

‘Women 20 (25.0%) 9 (34.6%) 4 (25.0%) 9 (34.6%) 6 (37.5%) 6 (30.0%) 6 (33.3%) 6 (30.0%) 4 (23.5%) 3 (21.4%)

Other? 2 (2.5%) 0 0 0 0 0 0 0 0 0
Race/Ethnicity, n (%)

White 50 (62.5%) 16 (61.5%) 11 (68.8%) |15 (57.7%) 10 (62.5%) |12 (60.0%) 11 (61.1%) |12 (60.0%) 10 (58.8%) | 8 (57.1%)

Asian 16 (20.0%) 5 (19.2%) 3 (18.8%) 6 (23.1%) 4 (25.0%) 6 (30.0%) 5 (27.8%) 6 (30.0%) 5 (29.4%) 2 (14.3%)

Hispanic/Latin Am. | 7 (8.8%) 3 (11.5%) 2 (12.5%) 3 (11.5%) 2 (12.5%) 2 (10.0%) 2 (11.1%) 2 (10.0%) 2 (11.8%) 2 (14.3%)

Black/African Am. 2 (2.5%) 2 (7.7%) 0 2 (7.7%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)

Not disclosed 5 (6.3%) 0 0 — — — — — — —
Role, n (%)

Academic 14 (17.5%) 8 (30.8%) 6 (37.5%) 8 (30.8%) 5 (31.3%) 7 (35.0%) 6 (33.3%) 7 (35.0%) 7 (41.2%) 5 (35.7%)

Industry 66 (82.5%) 18 (69.2%) 10 (62.5%) |18 (69.2%) 11 (68.8%) |13 (65.0%) 12 (66.7%) |13 (65.0%) 10 (58.8%) | 7 (50.0%)
Ezperience, M (SD)

Professional (yrs) 10.8 (7.5) 10.8 (7.5) 11.4 (7.5) 10.9 (7.4) 11.0 (7.1) 11.2 (7.2) 11.0 (7.1) 11.0 (7.1) 10.0 (6.5) 10.5 (6.3)

Teaching (yrs) 13.3 (12.6) 13.3 (12.6) 10.4 (10.5) | 10.0 (9.8) 10.0 (10.6) | 10.5 (11.5) 10.0 (10.6) |10.0 (10.6) 10.0 (10.6) |12.6 (11.5)
Unique Alma Maters® 39 23 16 22 16 18 17 19 18 13
Unique Employers 63 24 15 23 16 18 17 17 15 11
Response Rate 7 — — 61.54% | — 61.54% | — 90.00% — 85.00% —

“Includes non-binary (1) and prefer not to answer (1).
®Count may exceed number of participants since both undergraduate and graduate institutions were included.
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Our recruiting efforts yielded 80 individuals that met the acceptance criteria;
the demographics of this group and all subsequent participants appear in Table 1.
From the 80 qualified individuals (Column Qualified), we invited 26 to fill
out our ROUND 1 survey (Column Invited). We received responses from 16
individuals; our analysis of these responses and the responses from subsequent
rounds is described in Section 4. The demographics of those invited and who
completed subsequent rounds are shown in the remaining columns; of these, 12
individuals completed all four rounds and are referred to as the Core Panelists
(Column Core Panelists).

4 Delphi Process and Results

Round 1 — Expert Round 2 — Contextualization Round 3 — Threshold-Gated Round 4 — Atomic
Knowledge Extraction & Operationalization Consensus Refinement
“E - - Mg = o==——
Responses OraCnBnCon® — B ) o= =
£ R z 2 82 ‘ E=
T oo BB LY b 2 ' — 8=
NN = £ ) & £8 80% g V) =
>=> B © g8 =¥ £ o — D=
e 2 [ o s PN |
(YET D 30Quality 30 = 2Rubric 85 Ne A 2 = E=s
[_ N Statements 2 Statements > = | ltems, 2L 28 ltems 4 Core a 4—> 3 8 Atomic
H Archival ) Dimensions 2 Rubric ltems
< K £
S e 3
Raw input — Atomize — Code 8 Rate — Identify context split — 2 Binary vote — Apply 80% threshold % Validate — Identify compounds —
recursively — Generate topics Reframe as evaluative rubric item — Synthesize dimensions Decompose
n = 16 responses, k = 0.70-0.89, n = 16 responses, 2 contexts, n = 18 responses, 0 WIP consensus, 10 n =17 responses, 16-17 agreement,
30 statements 10 statements > 80%, 28 items Archival consensus — 4 dimensions 2 decomposed — 8 final rubric items

Fig. 1. Delphi Process Overview

As shown in Figure 1, our study consisted of four rounds of the Delphi pro-
cess. In each round, we sent our panelists an online survey and asked for re-
sponses within 2-3 weeks. We coded and analyzed the responses to identify
common themes, and areas of agreement and disagreement, leading to a new set
of questions for the subsequent round. Our full survey instruments are available
and raw data are available at https://osf.io/3qjs5

4.1 Delphi Process—RoOUND 1

Survey Design and Distribution The ROUND 1 survey consisted solely of
the following open-ended question:
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What do you regard as the desirable qualities of commits?
In your answer, you may consider all of the aspects of a commit that
you think are important, including but not limited to:

— the commit message

— the contents of the commit (files changed, lines changed)
For each of the qualities you identify, please explain why it is a desirable
quality—i.e. what is the beneficial impact when the quality is present
and/or the negative impact when it is absent? It would also be helpful
if you could include examples to illustrate desirable qualities.

As shown in Table 1, we distributed the survey to 26 qualified professionals
and received 16 responses.

Analysis Two raters conducted a bottom-up, inductive, semantic thematic anal-
ysis of the 16 ROUND 1 responses, following the procedures outlined by Braun
and Clarke [4]. The raters used an iterative, consensus-building approach de-
signed to ensure both rigor and adaptability as new themes emerged.

Responses were first separated into discrete segments for analysis, with each
segment representing a distinct idea or statement about commit quality. Each
rater then separately analyzed the responses of one of the panelists, yielding
a preliminary set of coding categories organically from the data. These efforts
yielded an initial coding scheme with four hierarchical dimensions: (1) the High
Level Category (e.g., Observation, Quality), (2) the Commit Criteria Scope (e.g.,
Commit Contents, Commit Message), (3) Detailed Label (e.g. Definition, Ra-
tionale), and (4) Topic (e.g. “Commit message is concise”, “Commit contents
compile”, etc.).

After coding an initial corpus of 118 responses from two panelists, raters
achieved an initial inter-rater reliability (Cohen’s Kappa) of x = 0.642 for High
Level Category, £ = 0.905 for Commit Criteria Scope, k = 0.644 for Detailed
Label, and k = 0.791 for Topic.

The coders then proceeded through 11 rounds of iterative coding of randomly
selected sets of 25-45 segments at a time.

In each round, the raters independently coded the segments using the exist-
ing coding categories, labeling unclassifiable segments as “Other” and proposing
a new code. After completing each batch, the raters calculated inter-rater relia-
bility. When any dimension fell below x > 0.8, the raters resolved discrepancies
and updated the category definitions.

After 11 rounds of iterative coding, the raters achieved inter-rater reliability
values of Kk = 0.575 for High Level Category, x = 0.801 for Commit Criteria
Scope, K = 0.729 for Detailed Label (o = 0.731), and x = 0.647 for Topic.
All 370 segments were subsequently reviewed through systematic convergence
meetings where raters discussed and resolved every discrepancy, resulting in
100% final agreement across all segments and all four coding dimensions.

Following the completion of coding, all Topic codes were extracted and com-
piled for further analysis. The research team reviewed and grouped these topics
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thematically, identifying conceptual overlaps and redundancies across categories.
This process resulted in a final set of 30 distinct statements presented in Table 2
that capture the panel’s proposed qualities of a high-quality commit. These 30
statements formed the basis for the ROUND 2 survey instrument.

Table 2. Round 2 results: 30 statements from Round 1 rated on Likert scale. The
words "A high-quality commit" appeared at the start of each statement.

*SD=Strongly Disagree, D=Disagree, N=Neutral, A=Agree, SA=Strongly Agree

7# ‘ A high-quality commit. .. ‘ SD D N A SA
1 . is focused on a single concern (e.g., part of a specific feature). 2 0 1 5 8
2 . changes a reasonable number of lines of code and files. 3 0 1 5 6
3 |... contains code with a useful purpose. 3 0 2 7 3
4 |... has a commit message that follows project-specific style guidelines. 1 0O 1 4 10
5 . improves the project’s software quality. 1 1 1 7 6
6 |... tags (refers to) its associated ticket/issue. 2 4 2 2 6
7 . identifies other collaborators/co-authors in the description. 1 2 1 3 8
8 |... does not break existing code and does not cause existing tests to fail. 1 0 1 6 8
9 . clearly describes what was changed. 2 1 4 3 6
10|. .. provides the context necessary to understand the change. 1 3 2 4 6
11|... includes a brief justification for why the change is being made. 2 3 2 5 2
12|... does not always need to have a clear commit message, especially when| 0 0 2 5 9
included in a pull request with a clear description of changes.
13|... contains a title that provides a clear idea of what the commit is about.| 1 1 2 5 7
14|... has a message that correctly describes the contents of the commit. 1 1 4 9 1
15]. .. explains the high-level structure of the changes made. 1 o 1 5 9
16]... has a commit message that is understandable to other developers on| 1 5 3 3 4
the project.
17]... conveys the significance of the change that was made. 1 0 3 10
18]... is concise, but still useful. 1 3 6 5
19]|... contains a message that describes the change at a higher level of ab-| 2 7 3 3 1
straction than its code contents.
20]. .. includes a description of the solution strategy. 8 5 1 0
21|... includes a description of the tradeoffs that were considered in the so-| 1 1 3 9 2
lution.
22|... makes a change that was previously identified as necessary. 1 0 2 5 6
23|... is collegial. 2 0 8 4 2
24|... advances the team’s understanding of a particular area of functionality.| 1 1 2 6 6
25]... is accompanied by tests. 1 3 3 4 5
26|... contains code with helpful internal comments. 2 1 0 2 11
27|[... contains code with well-chosen identifiers (variable names, method| 2 1 2 5 6
names, etc.).
28|... contains code that is free of anti-patterns that hinder maintainability. | 1 0 2 4 9
29|... contains code that follows patterns of indentation, style, etc. that are| 1 1 2 7 4
consistent with the code base.
30]... does not need to contain information that will be conveyed in the Pull| 1 1 2 7 4
Request (such as links to issues/tickets, impact on the end user, pros/cons
of alternative implementations, etc.).

4.2 Delphi Process—ROUND 2

Survey Design and Distribution In ROUND 2, we sought to determine the
level of panel agreement or disagreement with the 30 statements derived from our
analysis of the ROUND 1 Survey. Each statement was presented to the panel,
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with a Likert-scale allowing panelists to indicate their level of agreement (see
Figure 2 for an example). An additional response option, “Unable to answer
(explain below)”, was included to capture uncertainty or ambiguity.

*A high-quality commit is focused on a single concern (e.g., part of a specific
feature).

O Strongly Agree

O Agree

O Neutral (Neither agree nor disagree)
O Disagree

O Strongly Disagree

O Unable to answer (explain below)

Comments and feedback for this attribute:

‘ None

Fig. 2. Example of ROUND 2 Survey Question

In addition, the questionnaire included two broader open-ended questions:

1. Commit Context. What aspects of a commit are possible to evaluate out-
side of its broader context? What aspects of a commit require further context
to evaluate? Please elaborate on your answer below.

2. WIP vs. Archival Commits. Two commit practices that we’ve observed
are Work in Progress (WIP) commits and Archival commits. WIP commits
might not have all of the attributes that we are associating with “high qual-
ity commits", but at some stage (perhaps before making a pull request) the
developer “squashes and merges” these into a smaller number of Archival
commits with higher quality. What are your thoughts on these practices? Are
the criteria for evaluating commits different for WIP commits vs. Archival
commits? Please elaborate below.

We included the question about commit context because we knew that the
target rubric would eventually be used to evaluate commits in isolation as a
means of evaluating student software engineering skills.

The question about WIP commits was motivated by the responses of a few
ROUND 1 panelists who noted that their organizations’ workflow is to squash
and merge all commits in a pull request (PR) into single commit before the PR
is reviewed. These panelists expressed skepticism about the value of reviewing
individual commits outside of that context.

For ROUND 2, the same experts from ROUND 1 were invited, with one ex-
ception: one panelist opted out and was replaced by a new academic expert,
resulting in the same total number of invitees across both rounds.
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Analysis As shown in Table 2, none of the 30 proposed statements achieved
100% consensus in terms of receiving either “agree” or “strongly agree” ratings.
Each of the two open ended questions were analyzed by two coders for four
binary attributes; for both questions, the coders initially agreed on 57 of these
64 decisions k = 0.78, and easily resolved each of these disagreements after
discussion.

Analysis of sixteen responses to the question about commit context iden-
tified two emergent patterns, suggesting the need for greater precision in how
experts interpret and evaluate statements about commit quality. Four panelists
emphasized that individual commits are rarely evaluated in isolation and that
the pull request (PR), rather than the commit, is the primary unit of review.
Five participants indicated that they rely on PR descriptions, issue tracker links,
and diff walkthroughs to assess intent, tradeoffs, and correctness. Four respon-
dents expressed difficulty interpreting the question itself, reinforcing the view
that commit evaluation is inherently contextual.

Six panelists did indicate that some surface-level and structural aspects of a
commit can be meaningfully evaluated in isolation; they mentioned message clar-
ity, adherence to team conventions, coding style, atomicity, size, and the absence
of syntax errors or obvious defects. In contrast, deeper qualities such as correct-
ness, necessity, security impact, alignment with project goals, and justification
for design decisions were described as requiring broader contextual information,
including project norms, team expectations, customer needs, and the surround-
ing PR discussion. Overall, responses suggested a strong consensus around the
view that, while limited formal properties of commits can be assessed in isola-
tion, meaningful evaluation of commit quality typically depends on contextual
information beyond the commit itself.

Analysis of the open-ended responses about WIP versus archival commits re-
vealed two themes. First, all sixteen panelists indicated that they distinguished
between WIP commits, which support iterative and non-linear development,
and archival commits, which are intended for long-term integration into the
main branch. Twelve respondents indicated that their understanding of “high-
quality commits” primarily applied to archival commits, especially those pro-
duced through squash-and-merge at the pull request stage. In contrast, WIP
commits were often described as temporary, developer-focused artifacts that
should not be held to the same standards. Second, three panelists explicitly
stated that WIP commits should not be formally evaluated, emphasizing that
strict criteria at this stage could hinder developer productivity. Others noted
that evaluation standards might depend on visibility—for example, WIP com-
mits in shared branches may warrant higher quality expectations. Additionally,
three responses suggested that the pull request, rather than individual commits,
is the appropriate unit for quality evaluation, highlighting the importance of
broader context.
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4.3 Delphi Process—ROUND 3

Survey Design and Distribution For ROUND 3 of the Delphi survey, we
condensed the 30 statements from ROUND 2 into 28 candidate rubric items
suitable for educational assessment by merging conceptually similar items.

Panelists were instructed to assess each rubric item in both Work-in-Progress
(WIP) and Archival commit contexts. For each rubric item and applicable con-
text, panelists selected one of three response options (Yes, No, or Neutral) to
indicate whether the item should be included as an evaluative criterion.

Panelists were then instructed to evaluate each statement according to ideal
professional expectations that would be desirable for students to learn, even if
such practices may not be uniformly feasible in professional settings. Figure 3
shows one example question from the instrument; all 28 questions were presented
in this way.

Additionally, the survey instrument incorporated structured feedback from
the previous round by presenting panelists with aggregated responses and rep-
resentative comments associated with each statement. We did this because an
important principle of the Delphi process is that it isn’t simply an opinion sur-
vey; it is intended to be an indirect moderated discussion among the expert
panel. That is, the panelists need to hear from one another, but through an
intermediary so that anonymity is preserved. In this round we took special care
to ensure that that panelists not only were able to answer the questions, but
were able to see what answers other panelists gave, along with their rationale.

The survey also included questions that allowed panelists to indicate whether
a given attribute may be more appropriately assessed in another software artifact—
for example, pull requests, issues, or code reviews. Our intent was to distinguish
between disagreeing with the software engineering principles in the rubric and
disagreeing with the commit as the right place to evaluate them.

We invited 20 experts to participate in the ROUND 3 survey and received
18 responses. To preserve the integrity of the Delphi process, invitations were
limited to panelists who had responded to at least one of the two prior rounds.

*Should we use this rubric item when evaluating students’ work-in-
progress commits?

O Yes O No O Neutral

*Should we use this rubric item when evaluating students’ archival com-
mits?
O Yes O No O Neutral

Fig. 3. Example of ROUND 3 Survey Question
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Table 3. Round 3: Rubric items evaluated by the panel. Items with more than 80%

“Yes” agreement are bolded. Y/N/— signifies Yes/No/Neutral

# Statement Work In Progress Archival
Y N - Y N

1 This commit contains code that follows patterns 12 4 2 16 1
of indentation, style, etc. that are consistent with
the code base.

2 This commit has a commit message that follows 8 10 0 15 1
project-specific style guidelines.

3 This commit does not hurt the project’s software 6 9 3 15 2
quality.

4 This commit clearly describes what was changed. 9 6 3 16 1

5 This commit has a message that correctly de- 6 9 3 15 0
scribes the contents of the commit.

6 This commit has a commit message that is under- 9 9 0 15 3
standable to other developers on the project.

7 This commit contains code that is free of anti- 7 9 2 16 1
patterns that hinder maintainability.

8 The number of files and lines changed by this 10 7 1 14 3
commit is small enough or straightforward enough
that it can be effectively code reviewed.

9 This commit includes code/content that serves a 9 5 4 15 2
clear and necessary purpose.

10 This commit does not break existing code and 7 9 2 15 3
does not cause existing tests to fail.

11 This commit contains a title that provides a clear 10 5 3 15 3
idea of what the commit is about.

12 This commit contains code with well-chosen iden- 11 4 3 14 2
tifiers (variable names, method names, etc.).

13 This commit is focused on a single concern (e.g., 9 8 1 13 4
part of a specific feature, or addressing a single
user goal).

14 This commit contains a message that describes 10 6 2 13 3
the change at a higher level of abstraction than
its code contents.

15 This commit contains whatever documentation 7 6 5 12 3
and/or internal comments are needed to be main-
tainable.

16 This commit tags (refers to) its associated tick- 8 7 3 13 3
et /issue.

17 This commit is accompanied by tests. 4 8 6 11 2

18 This commit makes a change that was previously 5 8 5 11 2
identified as necessary.

19 This commit message communicates in a collegial, 8 8 2 11 3
inclusive and respectful manner.

20 This commit explains the high-level structure of 6 9 3 12 4
the changes made.

21 This commit identifies other collaborators/co- 5 10 3 10 4
authors in the description.

22 This commit includes a description of the trade- 3 14 1 4 10
offs that were considered in the solution.

23 This commit provides the context necessary to 4 11 3 9 5
understand the change.

24 This commit includes a brief justification for why 5 10 3 10 5
the change is being made.

25 This commit describes the impact and purpose of 3 12 3 5 7
the change for code reviewers.

26 This commit advances the team’s understanding 2 12 4 5 7
of a particular area of functionality.

27 This commit includes a description of the solution 2 14 2 4 13
strategy.

28 A high-quality commit does not need information  x X X 9 4

that will be in the Pull Request (links, pros/cons,
etc.).
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Analysis Table 3 presents a summary of panelists responses to the 28 ROUND 3
survey questions. For the responses to a given rubric item to achieve acceptable
agreement, the research team established a threshold requiring at least 80% of
panelists to select "Yes" for the rubric item in a given context. We note that
when Diamond et al.[10] conducted a review of 72 Delphi studies, a percentage
agreements was by far the most commonly used definition of consensus, used in
25 of the studies, and that the median threshold of agreement among these stud-
ies was 75%. Using this threshold, none of the rubric items achieved consensus
for WIP commits. In contrast, 10 rubric items in Table 3 (see bolded items)
met the consensus threshold when evaluated in the archival context.

We conducted a thematic analysis on the 10 items that met the 80% threshold
in order to identify higher-level dimensions of commit quality. Our goal was
to see if any of the rubric items could be consolidated. Through this process,
four topics were identified: code quality, code style, commit message/title, and
commit purpose. All researchers independently annotated each of the ten items
using these topic categories and subsequently resolved the discrepancies through
discussion until consensus was reached. The 10 rubric items were then distilled
into the four synthesized rubric items shown in Table 4.

4.4 Delphi Process—ROUND 4

Survey Design and Distribution The ROUND 4 survey included the four
items listed in Table 4. Panelists were asked to indicate whether each should be
included in the final rubric (“Yes” or “No”). To support consensus-building, we
presented statistics from the previous round indicating which rubric items met
the 80% agreement threshold in the instrument. Figure 4 presents an example
proposed rubric item with a yes/no question and associated open-ended question
eliciting comments and concerns.

Proposed Rubric Item 1: This commit does not hurt the project’s soft-
ware quality, meaning that it (a) does not break existing code, (b) does not
cause tests to fail, and (c) is free of known anti-patterns.

Should we include this item in our final list of rubric items for assessing
archival commits in student software projects?

O Yes O No

Do you have any comments or concerns about the proposed rubric
item 1.

‘ None

Fig. 4. Example of ROUND 4 Survey Question

In addition to the synthesized items, panelists were presented with the orig-
inal set of 28 archival-context rubric items from the previous round. Panelists
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Table 4. Proposed Rubric Items For Survey Round 4. Among the 20 participants
invited in this round, 17 responded.

% Agreement
#  Topic Proposed Rubric Item Include? Top 7

1 Code This commit does not hurt the project’s software quality, 94.1% 94.1%
quality meaning that it (a) does not break existing code, (b) does
not cause tests to fail, and (c) is free of known anti-patterns.

2 Code This commit follows good code style, meaning indentation 100.0% 94.1%
style and other style elements are consistent with the code base.

3 Message / This commit has a title or commit message that clearly and 100.0% 94.1%
Title correctly describes what was changed, is understandable to

all developers on the project, and follows any project-specific
guidelines that are in place.

4 Purpose This commit contains only changes that serve a clear and 94.1% 100.0%
necessary purpose.

were asked to finalize a set of seven rubric items by selecting up to three ad-
ditional items from this list. They were permitted to exclude any of the pro-
posed synthesized items. This approach enabled convergence on a concise rubric
while allowing flexibility in determining the most essential criteria for evaluating
archival commits. In ROUND 4 of the Delphi survey, 17 out of 20 invited panelists
responded.

Analysis Table 4 summarizes panelists’ agreement with the proposed commit
rubric items. The "Include ?" column indicates the percentage of panelists that
agreed that the item should be included in the rubric. The "Top 7" column
indicates the percentage that indicated the item should be included in the top 7
most important rubric items. In each case, the decision was either unanimous
(100%), or there was only a single dissenting vote (16/17 = 94.1%). This high
level of agreement suggests that the panel broadly views these rubric items as
essential characteristics of high-quality commits, supporting their inclusion in
the finalized rubric. (One panelist was inconsistent in their response for item 4,
indicating "No" for Include? and "Yes" for "Top 7".)

In ROUND 4, panelists provided qualitative feedback indicating that two
of the synthesized rubric items combined multiple evaluative dimensions, which
could complicate their use in educational assessment. In particular, two panelists
noted that the first proposed rubric item bundled several distinct criteria—
breaking existing code, causing test failures, and introducing known anti-patterns—
—raising concerns about how partial satisfaction of these subcomponents should
be scored and about the appropriateness of the item across different stages of a
software engineering course. One panelist emphasized that expectations regard-
ing regression testing and anti-pattern avoidance are often introduced progres-
sively, suggesting that this criterion may be more suitable for later coursework
rather than early projects. In response to this feedback, we decomposed the
rubric item into three separate items addressing (1) whether a commit breaks
existing code, (2) whether it causes tests to fail, and (3) whether it introduces
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known anti-patterns, thus allowing instructors to apply these criteria selectively
based on course context and learning objectives.

A similar concern arose for the third rubric item, which combined clarity,
correctness, understandability, and adherence to project-specific conventions into
a single criterion. To improve instructional flexibility, we similarly decomposed
this item into three distinct rubric items focusing on (1) the clarity of the commit
title, (2) adherence to project-specific message guidelines, and (3) the extent to
which the commit message clearly and correctly describes the commit contents
in a manner understandable to other developers. After decomposing the two
rubric items, we finalized the rubric item in Table 5.

Table 5. Final Rubric Items On Commit Quality

Rubric Item

This commit does not hurt the project’s software quality by breaking existing code.

This commit does not cause tests to fail.

This commit is free of known anti-patterns.

W N #

This commit follows good code style, with indentation and stylistic elements consis-
tent with the codebase.

This commit contains a title that provides a clear idea of what the commit is about.

o

(=2}

This commit has a commit message that follows project-specific style guidelines.

7 This commit has a message that clearly and correctly describes the contents of the
commit, which is understandable to other developers on the project.

8 This commit contains only changes that serve a clear and necessary purpose.

In addition to rating the four proposed rubric items, panelists were invited to
select additional items from the original set of 28 to identify three further items
to form a final rubric of seven. Table 6 presents all rubric items that were selected
by at least one panelist. Although some items received multiple selections, no ad-
ditional item achieved majority agreement among the panel. Instead, selections
were distributed across a range of items, indicating the absence of consensus for
including any further rubric items beyond the four proposed ones.

5 Discussion

Our study produced a set of eight rubric criteria for evaluating archival commits
that is grounded in empirical expert consensus. We now reflect on what these
results contribute beyond prior work, and what they reveal about the nature of
commit quality as a construct.

Empirical grounding for criteria identified in prior work. The most
directly comparable prior work is that of Hundhausen et al. [16], whose rubric
for commit quality included four criteria: atomicity, accuracy, precision, and
Justification. Our study both confirms and refines this rubric. Atomicity maps
closely to our criterion that a commit contain only changes that serve a clear and
necessary purpose. Accuracy and precision both find expression in our criteria
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Table 6. Additional rubric items selected by (n = 17) panelists in Round 4.

Rubric Item Selected By
This commit is accompanied by tests. 6
This commit is focused on a single concern (e.g., part 6

of a specific feature, solving a single architectural
problem, or addressing a single user goal).

This commit contains code with well-chosen identi- 4
fiers (e.g., variable and method names).
The number of files and lines changed by this commit 3

is small enough or straightforward enough to allow
effective code review.

This commit identifies other collaborators or co- 2
authors in the description.

This commit contains a message that describes the 2
change at a higher level of abstraction than its code
contents.

This commit’s message tags or refers to its associated 2
ticket or issue.

This commit message communicates in a collegial, in- 1
clusive, and respectful manner.

This commit provides the context necessary to under- 1
stand the change.

This commit describes the impact and purpose of the 1

change for code reviewers.

concerning the commit message: that it clearly describe what was changed, that
it accurately reflect the commit’s contents, and that it be understandable to other
developers. However, where Hundhausen et al. derived their criteria from a sub-
jective synthesis of industry discussions, our panelists arrived at a similar set of
properties through the structured Delphi process, giving them a stronger empir-
ical foundation. Notably, justification—the “why” of a commit—did not emerge
as a consensus criterion in our study, even though it was featured in Hundhausen
et al.’s rubric and in the simplified rubric proposed by Tian et al. [32]. This may
reflect genuine disagreement among practitioners about whether the rationale for
a change belongs in the commit message or in adjacent artifacts such as issues
or pull requests—a question our panelists raised explicitly in their responses.

Commits as wholes, not just messages. Tian et al. [32| focused exclu-
sively on commit messages, arguing that a good commit message should convey
what was changed and why. Our rubric expands this view in two directions.
First, two of our eight criteria concern the contents of a commit rather than
its message: that it not hurt the project’s software quality (including avoiding
broken code, test failures, and known anti-patterns), and that it follow the code
style conventions of the codebase. These properties cannot be evaluated from
the message alone. Second, even within the commit message, our panel drew
finer distinctions than the what /why framing of Tian et al., separating clarity of
the commit title, correctness and completeness of the message description, and
adherence to project-specific conventions into distinct evaluable criteria. This
granularity may be especially valuable in educational settings, where students
can benefit from targeted, specific feedback.
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The WIP /archival distinction. One of the most substantive contribu-
tions of our study is the explicit distinction between work-in-progress (WIP)
commits and archival commits. This distinction was not a premise of our study
design but emerged organically from ROUND 1 responses, in which several pan-
elists noted that their organizations routinely squash commits before merg-
ing pull requests. When we probed this theme in ROUND 2, it became clear
that many panelists hold fundamentally different expectations for WIP commits
vs. archival commits. In their view, WIP commits are ephemeral, developer-
facing artifacts, whereas archival commits are permanent, team-facing records
of change. This finding suggests that prior rubrics, including those of Hund-
hausen et al. and Tian et al., may have conflated two distinct categories of
artifact. Applying archival-quality standards to WIP commits risks penalizing
legitimate iterative development practices. Conversely, failing to distinguish the
two may explain some of the skepticism our panelists expressed about evaluating
individual commits at all. For educators, this finding recommends being explicit
about which type of commit is under evaluation, and calibrating assessment
expectations accordingly.

The role of context in commit evaluation. Our panelists consistently
noted that many aspects of commit quality cannot be assessed from the commit
in isolation. Correctness, necessity, security impact, and alignment with project
goals all require contextual information—e.g. pull request descriptions, issue
tracker links, team norms—that is unavailable when a commit is viewed on
its own. This finding resonates with the broader assessment literature, which
emphasizes that authentic evaluation requires sufficient context to mirror real-
world professional practice [35,25]. It also has a practical implication for rubric
design: the criteria that survived to our final rubric are, by and large, those
that can be evaluated in relative isolation: code style, message clarity, message
accuracy, and the absence of obvious defects. This is not a weakness of our rubric
but rather a principled consequence of designing for the educational assessment
context, where evaluators typically assess student commits without access to the
full project history or team deliberation.

Implications for Al-generated commit messages. As noted in Sec-
tion 2, there is a growing body of work on the automated generation of commit
messages [34,15]. The consensus criteria we have established take on additional
relevance in this context: if students are increasingly likely to encounter or pro-
duce Al-generated commit messages, they need an explicit framework for eval-
uating whether those messages meet professional expectations. Our rubric can
serve precisely this purpose, giving students a principled basis for assessing gen-
erated messages rather than simply accepting them.

6 Threats to Validity

Geographic and temporal scope. All panelists were recruited from North
America, so findings may not generalize globally. Our data were collected in
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2024-2025; what practitioners regard as desirable commit practices may evolve,
particularly as Al tools increasingly automate commit message generation.

Panel composition and attrition. Our panel size of 16-17 is consistent
with Delphi norms [1], but participation across four voluntary rounds may have
selected for a particular kind of respondent. We cannot rule out attrition bias in
the views that shaped the final consensus.

Consensus threshold. We defined consensus as > 80% of panelists selecting
“Yes.” This is a methodological choice supported by prior practice [10]; never-
theless, a lower threshold would have admitted additional items. Readers should
note that the items in Table 6 attracted meaningful support and may be more
or less appropriate in specific instructional and research contexts.

Researcher influence. Despite using systematic thematic analysis proce-
dures [4] and two independent raters, we were unable to achieve £ > 0.8 across all
coding dimensions during independent coding. All disagreements were resolved
through structured convergence meetings, but the codes cannot be guaranteed
to be entirely free of researcher perspective.

Construct validity. Panelists may have interpreted “commit quality” dif-
ferently depending on whether their organizational context emphasized WIP or
archival commits, particularly in early rounds before we explicitly introduced
that distinction.

7 Summary and Future Work

We applied the Delphi method with a panel of 16-17 diverse software engineering
experts from industry and academia to establish empirically grounded consensus
criteria for evaluating commits. Over four rounds, we derived a final rubric of
four high-level criteria and eight detailed items, each endorsed by at least 16 of
17 panelists. The criteria address two dimensions: the contents of a commit (soft-
ware quality and purposefulness of changes) and the commit message (clarity
of title, accuracy of description, and adherence to conventions). A key emergent
finding was that consensus applies specifically to archival commits; panelists
did not endorse applying the same standards to WIP commits. Beyond the
rubric itself, this study demonstrates the feasibility of using the Delphi process
to derive empirically grounded rubrics for software engineering artifacts, guiding
future similar work on issues, pull requests, code reviews, and other artifacts cen-
tral to software engineering practice. Immediate future work includes classroom
validation: specifically, whether multiple instructors can apply the rubric with
Kk > 0.8 interrater reliability, and whether instruction organized around these
criteria produces measurable improvement in student commit quality. Longer-
term directions include investigating automated assessment of rubric criteria,
cross-cultural replication with non-North American panels, and extending the
Delphi approach to other software engineering artifacts.
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