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Abstract
Video games are a special type of software that differ from other
types of software systems in that they aim to deliver immersive
experiences to users. As a result, issue reports (e.g., bug reports) in
video game projects may require iterative fixes that span multiple
pull requests (PRs). A PR is a mechanism used in platforms such as
GitHub, which are built on distributed version control systems (e.g.,
Git), through which developers propose code changes for review,
discussion, and eventual integration into the main codebase. We
refer to an issue report that is linked to multiple PRs as a multi-PR
issue. Despite their potential impact on development efforts and
coordination, such multi-PR issues remain largely unexplored.

In this paper, we present a large-scale empirical study of multi-
PR issues in open-source game development. We analyze their
prevalence, derive a taxonomy explaining why multiple PRs are as-
sociated with a single issue, and compare their resolution timelines
and development effort against single-PR issues, i.e., issues resolved
through exactly one PR. Our results show that approximately 5%
of issues are resolved through multiple PRs. Most of these cases
arise from iterative refinement. Quantitatively, multi-PR issues take
substantially longer to resolve, with a median resolution time four
times higher than that of single-PR issues. They are also associated
with moderately higher commit-level activity. Our findings have
practical implications for both practitioners and researchers. For
practitioners, multi-PR issues require more careful planning, as they
involve higher commit-level effort and are more likely to experience
prolonged resolution times, potentially threatening release sched-
ules. Moreover, when multiple contributors independently submit
PRs for the same issue, teams risk duplicated implementation effort
and increased review overhead, underscoring the importance of
early coordination mechanisms (e.g., ownership assignment or con-
solidation of parallel fixes). For researchers, our results highlight
the need for empirical models and tools that explicitly account for
iterative resolution patterns rather than assuming single-PR fixes.
We further encourage researchers to extend our taxonomy to other
domains, such as web and mobile applications.
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1 Introduction
Open-source game development has grown into a vibrant ecosys-
tem encompassing playable games, game engines, and supporting
tools [17, 21, 30]. Unlike other types of software projects, game de-
velopment involves complex interactions between gameplay logic,
performance constraints, real-time responsiveness, and immersive
experience for users [5, 14, 20, 23]. Thus, defects in games often
manifest as emergent behaviors that are difficult to diagnose and
resolve through isolated code changes. Understanding how such
defects are addressed in practice is essential for advancing empirical
software engineering research in the game development domain.

To address bug reports or issue reports, developers prepare
change sets and submit them to the main codebase via pull requests
(PRs). While there have been several empirical studies analyzing
PRs and their resolution times, they typically model issues and PRs
as a one-to-one relationship or collapse multiple PRs into a single
resolution event [3], thereby obscuring iterative fixing behavior and
the additional coordination effort it entails. However, little evidence
suggests that some issue reports (e.g., bug reports [31, 33], crash
reports [34], and/or feature requests [13]), particularly in complex
domains such as game development, require multiple, iterative PRs
before being fully resolved [24]. Such multi-PR issues challenge the
notion of single-PR issues and point to a more incremental and
exploratory development process.

Despite their potential importance, multi-PR issues remain largely
unexplored in empirical research [24]. As a consequence, little is
known about how frequent multi-PR issues are, what characteristics
distinguish them from single-PR issues, and how they impact resolu-
tion time, collaboration, and code change complexity—particularly
within game development projects. In this paper, we present an
empirical study of multi-PR issues in open-source game develop-
ment. We begin with OSSGameBench [16], an existing dataset of
970 open-source game-related repositories with explicit mappings
between issue reports, pull requests, and commits. By using this
dataset, we systematically identify issues that are resolved through
multiple PRs, i.e., multi-PR issues, and analyze the reasons for their
existence and their resolution dynamics. Specifically, we strive to
answer the following research questions (RQs):

RQ1: How common are multi-PR issues in open-source game
development?
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Motivation.We quantify the prevalence of multi-PR issues in open
source video game-related projects and examine their distribution
across projects to determine whether having multiple PRs linked to
a single issue report is an occasional phenomenon or a systematic
practice concentrated in specific projects.
Results. Across 51,366 issues linked1 to at least one pull request,
2,387 issues (4.8%) are resolved through multiple pull requests.
While multi-PR issues are relatively uncommon overall, their preva-
lence varies substantially across projects, with a non-trivial subset
exhibiting high rates of multi-PR resolution.

RQ2: What are the reasons for multi-PR issues?
Motivation. To understand the reasons why multi-PR issues pri-
marily exist in open source video game projects, we analyze discus-
sions linked to issue reports and corresponding PRs to uncover the
underlying reasons that lead to multiple PRs being associated with
a single issue.
Results. Our qualitative analysis reveals a taxonomy of seven
reasons why multi-PR issues occur in open-source video game
projects. One of the popular reasons is that most multi-PR issues
stem from iterative improvement, with incomplete or buggy initial
pull requests and follow-up extensions accounting for the majority
of cases.

RQ3: How do resolution timelines and efforts differ between
single-PR and multi-PR issues?
Motivation.While several studies [12, 15] have investigated meth-
ods to predict PR/issue resolution times, none of them explicitly
focused on Multi-PR issues. If multi-PR issues reflect a distinct
resolution process, they may also exhibit systematically different
resolution timelines compared to single-PR issues. We therefore
compare resolution times to assess the temporal impact of itera-
tive, multi-PR issues vs. single-PR issues. We further compare the
commit counts across the two groups of issues.
Results. In the context of video games, we find that multi-PR issues
take substantially longer to resolve than single-PR issues, with a
median resolution time four times higher and a greater likelihood
of becoming long-running. We find that the number of commits
linked to multi-PR issues is also substantially larger than that for
single-PR issues.

Together, the results of our RQs provide a comprehensive picture
of a previously underexplored phenomenon in game development.
This work makes three primary contributions.

• We provide the first large-scale empirical characterization
of multi-PR issues.

• We identify key factors associated with iterative issue reso-
lution specifically in open-source game development, high-
lighting differences in collaboration, complexity, and resolu-
tion time compared to single-PR issues.

• We offer empirical insights that inform researchers and prac-
titioners about more nuanced models of defect resolution in
game development, accounting for multi-PR issues.

By revealing the prevalence and characteristics of multi-PR is-
sues, our findings advance the understanding of defect resolution
processes in games and lay the groundwork for future research on

1A PR is considered to be linked to an issue according to the definition provided by
the OSSGameBench dataset [17].

issue prioritization, effort estimation, and predictive models that
explicitly account for iterative fixing behavior.

Data Availability. The dataset and the scripts that we used for
our analyses are available online.2

2 Software Development and Game
Development in OSS

2.1 Issue Resolution and Pull Requests in
Open-Source Development

In open-source software platforms such as GitHub, issue reports
can be created to keep track of defects, feature requests, or design
concerns, while pull requests, i.e., PRs, have become the popular
way of proposing, reviewing, and integrating code changes that
are intended to address issue reports [36]. Issues and PRs can be
explicitly linked, enabling traceability between issue reports and
their corresponding fixes.3

Some prior studies [4, 27] on issue reports and pull requests
implicitly model issue resolution as a one-to-one process. For exam-
ple, Ren et al. [27] associated each issue with the pull request that
closes the issue, and analyzed characteristics based on that closing
PR. Such designs abstract away scenarios where multiple pull re-
quests iteratively contribute to resolving the same issue. While this
abstraction simplifies modeling and measurement, it does not nec-
essarily reflect how developers iteratively diagnose and fix complex
problems in practice.

In practice, issue resolution can be iterative. For example, Alshara
et al. [2] observed that 32% of issue reports in Android projects in
GitHub are associated with multiple pull requests, indicating that a
substantial portion of issues require staged or incremental fixes. Be-
sides, issue resolution in open-source projects can be complicated
due to their collaborative and volunteer-driven nature. Contribu-
tors may join and leave sporadically, and fixes may be developed
incrementally as understanding of the problem evolves.

Despite these implications, multi-PR issues have received limited
explicit attention in prior research. Existing studies often aggregate
PR-level metrics without distinguishing whether a PR represents a
complete or partial resolution. As a result, the prevalence, character-
istics, and impact of iterative issue resolution remain underexplored,
which we systematically investigate in this study. Also, previous
studies that discussed multi-PR issues have not investigated in
depth the underlying reasons that lead to multiple PRs per issue.
In our study, we investigate the prevalence, characteristics, and
reasons behind multi-PR issues.

2.2 Characteristics of Game Development
Relevant to Issue Resolution

While iterative development is common across software domains,
games are particularly sensitive to small behavioral changes: a
minor modification in physics, rendering, or gameplay logic can
unintentionally affect balance, user experience, or performance.

2https://zenodo.org/records/18764556
3https://docs.github.com/en/issues/tracking-your-work-with-issues/using-
issues/linking-a-pull-request-to-an-issue
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Figure 1: Threshold of PRs.

Consequently, fixes frequently require follow-up adjustments span-
ning multiple pull requests [25, 29, 34]. Not only that, gameplay-
related defects may only manifest under specific interactions or
usage patterns, making them difficult to reproduce and fix deter-
ministically [26].

Beyond technical complexity, video games are often designed
to sustain fun and long-term engagement through reward mecha-
nisms (e.g., achievements, badges, unlockable levels, contests, and
performance statistics) [6, 7, 10, 22, 35]. For example, Némery et
al. [22] evaluated persuasive characteristics across multiple types
of interfaces, including video games, by proposing and validating a
criteria-based checklist. In their framework, persuasion refers to
the capacity of an interface to shape, reinforce, or change users’ at-
titudes and behaviors through design elements, such as progressive
commitment through action sequences, reward mechanisms, and
immersive engagement [22]. In practice, this emphasis on engage-
ment can result in staged refinements to the source code of video
games, where a single bug report is addressed through multiple
successive PRs, each incrementally adjusting mechanics, balance,
or user experience rather than delivering a complete fix in one PR.

Besides, many game repositories include not only playable games
but also supporting engines and tools, introducing heterogeneity in
development practices and resolution strategies [16]. These char-
acteristics suggest that iterative, multi-PR issue resolution may be
particularly prevalent in game development. However, without sys-
tematic empirical investigation, it remains unclear how common
such issues are, how they differ from single-PR issues, and what
implications they have for collaboration and development effort.

Understanding multi-PR issues is essential for building accu-
rate empirical models of issue resolution in game development.
Treating all issues as single-shot fixes risks underestimating devel-
opment effort, mischaracterizing collaboration patterns, and biasing
predictive models of resolution time or PR success. By explicitly
identifying and analyzing multi-PR issues, researchers can better
capture the iterative nature of real-world development and derive
insights that are more faithful to developer practice. In this work,
we investigate how iterative issue resolution unfolds in open-source
game development.

3 Study Design
In this section, we present the design of our study. We begin with
an existing dataset, OSSGameBench [16] by Marsad et al., which
consists of 950 open-source repositories on GitHub. The dataset in-
cludes both playable video games and essential game development

Min Median Max Total

Number of issues 11 214 12,483 280,952
Number of PRs 100 336 14315 358,857

Table 1: Statistics of the dataset

tools (e.g., game development frameworks). It contains issues, pull
requests, comments, and commits from these projects, along with
explicit mappings among these entities. The projects in this dataset
have already been filtered to ensure that they have a reasonable de-
velopment history. In fact, the author ensured each project contains
a minimum threshold of 87 GitHub issues per project.

To ensure that the selected projects contain a sufficient number
of PRs, we plot the threshold number of PRs against the number
of candidate projects that satisfy each threshold (see Figure 1). Fol-
lowing Marsad et al. [16], we select the threshold that lies near the
“knee” of the curve while avoiding overly conservative or overly
restrictive cutoffs. Based on this criterion, we choose a threshold
of 100 PRs. This selection results in 392 projects, which consti-
tutes a sufficiently large sample to draw conclusions with over 95%
confidence. Statistics of our dataset are shown in Table 1.

4 Study Results
In this section, we provide the approach and results for each re-
search question.

4.1 RQ1: How common are multi-PR issues in
open-source game development?

Approach. To quantify the prevalence of multi-PR issues, we group
issues by project and issue number (an identifier to uniquely identify
an issue report within a project). Then, we count the number of
pull requests linked to each issue report. We classify an issue as a
multi-PR issue if it is associated with more than one distinct pull
request. To better understand the prevalence of multi-PR issues, we
conduct the following analyses:

• Cross-project analysis. We examine the prevalence of
multi-PR issues across the entire dataset by comparing the
number of issues resolved by a single PR with those resolved
by multiple PRs.

• Project-level analysis. We analyze how the prevalence
of multi-PR issues varies across projects by computing, for
each project, the proportion of issues that are associated
with multiple PRs.

Results. Our cross-project analysis revealed that across the dataset,
we identify 51,366 issues that are linked to at least one pull request.
Among these, 2,387 issues (4.8%) are associated with multiple pull
requests. While multi-PR issues represent a minority of cases, they
constitute a non-trivial number of issues in absolute terms and
reflect a distinct resolution pattern in which an issue is addressed
through multiple pull requests rather than a single change. Such
issues may involve iterative fixes, partial resolutions, or coordina-
tion across components, motivating a closer examination of their
characteristics and resolution dynamics in our subsequent analyses.
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Figure 2: Number of projects exceeding thresholds of multi-
PR issue prevalence.

At the project level, the median project exhibits a multi-PR issue
rate of 1.4%. Figure 2 shows the number of projects whose propor-
tion of multi-PR issues exceeds a given threshold percentage of
multi-PR issues in projects. From this figure, we observe substantial
heterogeneity in the prevalence of multi-PR issues. While most
projects have relatively low proportions of multi-PR issues, a non-
trivial proportion of projects shows much higher rates: 28 projects
have more than 10% of their issues resolved through multiple pull
requests, and an extreme subset of six projects exhibit multi-PR
rates exceeding 20%. This variation indicates that iterative issue
resolution is unevenly distributed across projects rather than being
driven by a small number of isolated cases.

Approximately one in twenty issues is resolved through
multiple pull requests. While most projects exhibit modest
rates of multi-PR issues, a non-trivial subset of projects
shows highly iterative issue resolution.

4.2 RQ2: What are the reasons for multi-PR
issues?

Approach. To understand why a single issue is addressed through
multiple PRs, we construct a taxonomy of "multi-PR reasons" using
60 randomly selected issues that are each linked to more than one
PR. These 60 issues contain 1,605 issue comments and 878 PRs.

For each issue report, we compile a structured evidence bundle
which includes the issue title and description, discussion comments
of the issue, and all linked PR artifacts (PR titles and descriptions,
merge status, and PR discussion comments). To create this taxon-
omy, the author of the paper manually inspected each evidence
bundle and produced an initial explanation for why a given issue is
associated with multiple PRs. To improve reliability, an additional
coder independently reviewed these explanations, and disagree-
ments were resolved through discussion with the author. In parallel,
we prompt an OpenAI Large Language Model (LLM) with the same
evidence bundle and a fixed instruction template to produce an
explanation of (i) why multiple PRs exist, (ii) a simplified “mental
model” of the resolution process (including whether all PRs were
merged, and why or why not), and (iii) any special observations
grounded in the discussion. Next, the author, with another coder,
jointly reviews the human- and LLM-generated explanations for
all 60 issues and performs an open card sorting process to group
similar rationales. This iterative sorting results in a taxonomy of

Table 2: The extracted themes for multi-PR issues.

ID Theme Frequency (%)

(C1) Incomplete/ buggy PR 29 (48.33%)
(C2) Extended PR 12 (20.00%)
(C3) Crowded PR 5 (8.33%)
(C4) Abandoned PR 3 (5.00%)
(C5) Accidental PR 3 (5.00%)
(C6) Other 4 (6.67%)
(C7) Unknown 4 (6.67%)

seven distinct reasons that capture the main reasons behind multi-
PR issue resolution. To support transparency and replication, we
include all prompts, intermediate outputs (LLM explanations and
category assignments), and the final taxonomy and labels in our
replication package. This enables reproducing the taxonomy con-
struction process.

Results. Our open card sorting yields seven categories, as shown
in Table 2. Each category in our taxonomy describes a reason for
having multiple PRs linked to an issue.

(C1) Incomplete or buggy PR. The initial PR attempts to re-
solve the issue but is functionally incomplete, of poor quality, or
introduces new bugs. Consequently, the PR is closed without be-
ing merged, and a subsequent PR is opened to provide a corrected
or improved solution. For example, in the project ppy/osu, issue
#30160 was addressed through multiple PRs. The first PR was closed
without merging due to failing test cases, while another contributor
independently developed a second PR that fully fixed the issue,
which was later merged into the main codebase.

(C2) Extended PR. The issue is initially resolved by a PR that
addresses the core problem (i.e., the PR is merged), but follow-up
PRs are created to extend or refine the solution. These extensions
may include additional features, edge-case handling, performance
improvements, or quality improvements that go beyond the original
fix. For instance, in the project GameServerManagers/LinuxGSM,
issue #3422 requested support for faster multi-threaded backup
compression. While the initial change added support for parallel
compression, subsequent pull requests further extended the backup
functionality by adding support for additional compression meth-
ods and improving dependency handling. Thus, rather than being
resolved by a single self-contained fix, the issue evolved through
multiple PRs that progressively expanded and refined the backup
mechanism.

(C3) Crowded PR. A pull request attempts to address multiple
issues in the PR. Because the PR bundles fixes for multiple issue
numbers, it may complicate review and integration, leading to clos-
ing without merging. As a result, subsequent PRs are required to
separately and cleanly resolve the original issue. For example, in is-
sue #3269 from project azerothcore/azerothcore-wotlk, one PR
introduced a large set of changes spanning several issues, prompt-
ing reviewers to suggest incremental fixes (e.g., “instead of doing
everything at once, do it bit by bit”). This PR was ultimately closed
without being merged, despite partially addressing the issue. A later
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PR that focused exclusively on the focal issue was subsequently
accepted and merged.

(C4) Abandoned PR. A pull request is created to address the
issue, but is later abandoned without being merged, often due
to lack of follow-up, unaddressed review feedback, contributor
disengagement, or discovery of new information, which means
this PR is no longer useful. The issue may or may not eventu-
ally be resolved through a subsequent PR. For example, in project
cuttle-cards/cuttle, the first PR in issue #674 has a lot of review
comments, and no changes were made to address them after several
rounds, abandoning that PR.

(C5) Accidental PR. The comments acknowledge that a pull
request in this issue was created accidentally or unintentionally
(e.g., wrong branch or mistaken submission). This PR may be su-
perseded by a follow-up PR. For example, in issue #1908 in project
quaver/quaver, a developer noted, "Whoops, accidentally had com-
mits of other branch in this." The initial PR was closed on the same
day that the corrected PR was opened.

(C6) Other. This category covers the multi-PR issues that do
not clearly fit into any of the five categories. These cases often
involve atypical workflows, mixed motivations, or project-specific
practices that cannot be classified under a single dominant rea-
son. For example, in project wolvenkit/wolvenkit, issue #2129
involved multiple PRs with differing relevance to the issue: one PR
was unrelated to the focal issue and therefore not merged, while
another PR directly addressed the issue and was merged.

(C7) Unknown. Cases in which the reason a pull request was
closed cannot be determined from available artifacts (e.g., issue
discussions, PR comments, or commit history).

Most multi-PR issues are driven by iterative improvement
rather than exceptional breakdowns. Nearly half of the
cases stem from an initial PR that is incomplete or buggy,
while another fifth arise from follow-up PRs that extend
or refine an existing solution. Only a handful of multi-PR
issues are attributable to coordination challenges, such as
crowded PRs that bundle multiple issues, abandoned PRs,
or accidental submissions.

4.3 RQ3: How do resolution timelines and
efforts differ between single-PR and
multi-PR issues?

Approach. Building on our finding that multi-PR issues largely
reflect iterative development rather than exceptional failures, we
next examine how multi-PR issues affect issue resolution timelines.
To this end, we examine whether issues resolved after the submis-
sion of multiple pull requests differ compared to single-PR issues
in their resolution timelines and the resolution efforts in terms of
the number of commits involved.

Resolution Timeline:We first define issue resolution time as
the elapsed time (in days) between issue creation and issue closure.
Because resolution time distributions are highly skewed and non-
normal, we apply non-parametric statistical testing. Specifically, we
use a one-sided Mann–Whitney U test to assess whether multi-PR

Figure 3: Distribution of issue resolution time in days.

issues tend to take longer to resolve than single-PR issues. The one-
sided formulation reflects our directional hypothesis that iterative,
multi-PR resolution processes may incur additional coordination
and rework costs, resulting in longer resolution times.

To quantify the magnitude of observed differences, we report
Cliff’s delta (𝛿) as an effect size measure, which estimates the prob-
ability that a randomly selected multi-PR issue has a longer reso-
lution time than a randomly selected single-PR issue. Following
established guidelines, we interpret effect sizes as negligible, small,
medium, or large. We visualize resolution time distributions for
both groups using comparative plots to support interpretation and
to illustrate distributional differences beyond summary statistics.

Resolution Effort.We define resolution effort as the total num-
ber of commits associated with all pull requests linked to an issue.
As commit counts are similarly skewed, we apply the same non-
parametric testing framework to compare the two groups (multi-PR
issues and single-PR issues). Using a one-sided Mann–Whitney U
test, we assess whether multi-PR issues involve more commits than
single-PR issues, consistent with our expectation that iterative reso-
lution processes require additional revisions and incremental refine-
ments. Similar to our resolution-time analysis, we report Cliff’s 𝛿
to quantify effect size, estimating the probability that a randomly
selected multi-PR issue requires more commits than a randomly se-
lected single-PR issue. We visualize commit count distributions for
both groups using comparative plots to support interpretation and
to illustrate distributional differences beyond summary statistics.

Results. Figure 3 shows the issue resolution times between single-
PR and multi-PR issues. Overall, issues resolved through multiple
pull requests exhibit longer resolution timelines than those resolved
through a single pull request.

Resolution Timeline: The median resolution time for multi-PR
issues is 40 days, substantially higher than that of single-PR issues
(10 days). Moreover, the resolution-time distribution for multi-PR
issues exhibits a heavier right tail, indicating a greater prevalence
of long-running issues. A one-sided Mann–Whitney U test confirms
that the difference in resolution times between the two groups is
statistically significant (𝑝 << 𝛼 = 0.05). Although the correspond-
ing Cliff’s 𝛿 , 0.293, suggests a small effect size, this reflects the
considerable overlap between the two distributions rather than the
absence of a practically meaningful difference. In practice, multi-PR
issues are systematically more likely to experience prolonged reso-
lution timelines. Indeed, 33% of multi-PR issues require more than
100 days to be resolved, compared to only 20% of single-PR issues
which require more than 100 days. A concrete example is issue
#479 in project Vocaluxe/Vocaluxe. This issue remained open for

https://github.com/cuttle-cards/cuttle/issues/674
https://github.com/quaver/quaver/issues/1908
https://github.com/wolvenkit/wolvenkit/issues/2129
https://github.com/Vocaluxe/Vocaluxe/issues/479
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Figure 4: Distribution of the number of commits.

an extended period because an initial workaround was required
to prevent system crashes, while the complete solution depended
on coordinated changes across multiple subsystems (e.g., engine
logic and user interface), unresolved design decisions regarding
scoring semantics, and intermittent contributor availability. As a
result, the issue only stabilized sufficiently for merging after being
scoped down to basic support and aligned with a scheduled release
milestone.

Resolution Effort: Figure 4 shows the distribution of com-
mits across single-PR issues and multi-PR issues; the figure re-
veals noticeable differences in the number of commits associated
with single-PR and multi-PR issues. Single-PR issues have a me-
dian of five commits (mean = 13.72), whereas multi-PR issues ex-
hibit a higher median of seven commits (mean = 12.58). Although
the means appear comparable, the distribution of single-PR issues
shows substantially higher variability (standard deviation = 23.49)
and a much longer right tail (max = 255 commits) compared to
multi-PR issues (standard deviation = 14.47, max = 114 commits).
A one-sided Mann–Whitney U test indicates that multi-PR issues
tend to involve significantly more commits than single-PR issues
(p << 0.001). The corresponding Cliff’s 𝛿 , 0.166, indicates a small
but non-negligible effect size, suggesting a systematic—though
moderate—increase in commit-level activity for multi-PR issues.

One might expect multi-PR issues to accumulate more commits
because they spanmultiple pull requests. However, the observed dif-
ference is moderate rather than extreme. Themedian increases from
five to seven commits, and the effect size remains small but non-
negligible. This suggests that multi-PR issues are not characterized
by uncontrolled growth in development effort. Instead, additional
pull requests appear to reflect structured iteration—incremental
adjustments and refinements—rather than large bursts of additional
code changes. In other words, multi-PR resolution does not nec-
essarily imply disproportionately large implementation effort, but
rather a more fragmented or staged integration process.

Multi-PR issues represent a structurally different resolution
process. They are substantially more likely to become long-
running, yet their increased commit activity is moderate
rather than explosive. Together, these findings suggest that
multi-PR issues are characterized not by greater coding
effort, but by prolonged, staged iteration involving refine-
ment, coordination, and cross-component adjustments.

5 Implications
Below, we distill the implications of this study.

5.1 Implications for Developers and Project
Maintainers

Developers should treat multi-PR issues as a distinct type of
issue that requires multiple iterations of work rather than
as ordinary bug-fix tasks. Although multi-PR issues account for
only about 5% of all issues overall, their much higher prevalence in
certain projects (exceeding 10–20%) suggests that they often arise
from complex bugs, architectural coupling, or coordination across
subsystems [32]. In the context of video game development, such
issues frequently span engine logic, gameplay mechanics, asset
pipelines, or user interface components [1], where fixes are difficult
to isolate within a single change. Explicitly flagging and tracking
such issues (e.g., using labels indicating iterative or multi-step reso-
lution) can help teams recognize early that these issues are likely to
require multiple iterations, enabling more realistic planning, better
expectation management, and improved coordination during issue
resolution.

Developers may need to consider the risk of duplicated
or wasted effort when a single issue is addressed indepen-
dently through multiple pull requests. In game development
projects—where contributors may work on overlapping gameplay
features, platform-specific code paths, or asset-related fixes—multi-
PR issues can reflect parallel but partially redundant attempts to
address the same underlying problem. This can lead to duplicated
implementation effort, increased review overhead, or abandoned
partial fixes that never reach production. Recognizing this pat-
tern early and introducing lightweight coordination mechanisms,
such as assigning ownership, consolidating efforts, or clarifying
resolution strategies, can help reduce unnecessary duplication and
improve the efficiency of issue resolution.

Multi-PR issues represent a disproportionate source of
long-running issues that can threaten release schedules. Al-
though multi-PR issues are relatively rare, a substantial fraction
persist for extended periods, with one-third remaining unresolved
for more than 100 days. In video game development, where releases
are often tied to fixed launch windows, content updates, or seasonal
events, such prolonged resolution timelines can pose a particular
risk. Multi-PR issues may therefore contribute disproportionately
to backlog aging and long-term maintenance burden. For devel-
opers and project maintainers, explicitly monitoring such issues
can support earlier intervention—such as scope reduction, owner-
ship assignment, or deferral to a future release cycle—to mitigate
downstream delays.

5.2 Implications for Researchers
For researchers and tool builders, multi-PR issues highlight
the limitations of single-shot resolution models in game
development. The systematic difference in resolution timelines
suggests that treating issue resolution as a one-PR process obscures
important temporal and coordination dynamics, especially in game
projects that involve tightly coupled systems, frequent iteration,
and evolving design requirements. Future tools and empirical mod-
els for game development should explicitly account for iterative
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resolution patterns, for example, by aggregating resolution effort
across multiple pull requests, modeling cross-component dependen-
cies, or identifying early signals of issues likely to enter prolonged
multi-PR stages.

Researchersmay apply our taxonomy beyond video games
and extend it to other software domains. Although this study
focuses on multi-PR issues in game development projects, the tax-
onomy we derive is not inherently game-specific. Many of the
underlying mechanisms, such as iterative refinement, partial fixes,
dependency-related adjustments, coordination across contributors,
or evolving requirements, are common across software systems.
Therefore, researchers can apply and validate our taxonomy in
other domains (e.g., games for education [11, 18, 28], Augmented
Reality applications [9], virtual reality applications [19], web appli-
cations, mobile apps [8], infrastructure tools, or AI systems) to ex-
amine whether similar multi-PR resolution patterns emerge [7, 22].
Such cross-domain replication studies would help assess the gen-
eralizability of our findings and identify domain-specific nuances.
Ultimately, comparative analyses may reveal whether multi-PR
issues are structurally tied to certain development contexts (e.g.,
asset-heavy systems, real-time constraints) or represent a broader
phenomenon in collaborative software engineering.

6 Threats to Validity
In this section, we disclose the threats to the validity of our study.

6.1 Construct Validity
We rely on the existing OSSGameBench dataset [16] for our analy-
sis. As a result, any limitations of the dataset may also affect the
results of our analysis. For example, we identify multi-PR issues
based on explicit links between issues and pull requests recorded
in the OSSGameBench dataset [16]. Note that this dataset retrieves
links between issue reports and PRs by using the GitHub API as
well as mentions with keywords like "fixes" and "closes," followed
by an issue number as suggested in prior work [2]. If pull requests
are not correctly linked to issues (e.g., missing references, informal
mentions in comments, or cross-repository links), some multi-PR
issues may be misclassified as single-PR issues. Such cases would
lead to an underestimation of the prevalence of multi-PR resolution.
Therefore, the reported proportion of multi-PR issues should be
interpreted as a conservative lower bound rather than an exact
estimate. That said, OSSGameBench represents the most compre-
hensive dataset currently available for open-source video game
development activities, containing explicit mappings among issues,
pull requests, and commits. Given its scale (392 active repositories)
and structured linking methodology, we believe that reliance on
this dataset does not pose a substantial threat to the overall validity
of our conclusions.

6.2 Internal Validity
Our taxonomy of reasons for multi-PR issues is derived from a
manually analyzed sample of 60 issues. Although this may appear
to be a small sample in terms of issue count, our analysis cov-
ers a substantial volume of qualitative data, including 3,601 pull
request comments and 269 issue comments across these issues.
While we deliberately select information-rich cases and employ a

structured evidence bundle, the interpretation of issue discussions
and pull request artifacts remains subject to researcher judgment.
To mitigate this threat, we complement our manual analysis with
LLM-generated explanations and iterative refinements.

Our study treats both games and game-related frameworks as
equivalent, whichmay obscure differences in development practices
and characteristics. Future studies may analyze these categories
separately. Lastly, the resolution time is measured as the dura-
tion between issue creation and closure. This operationalization
may not fully capture periods of inactivity or external delays unre-
lated to development effort, such as contributor availability, release
scheduling, or project-specific workflow policies. As a result, longer
resolution times for multi-PR issues may partially reflect contextual
or organizational factors rather than technical complexity alone. To
mitigate any biases, we complement the analysis of resolution time
with another analysis on the number of commits. By analyzing both
temporal and commit-level metrics, we triangulate our findings and
characterize multi-PR resolution dynamics.

6.3 External Validity
We select projects with more than 100 PRs to ensure that our anal-
ysis focuses on projects with sufficient development activity to
meaningfully study multi-PR resolution patterns. This selection
results in a dataset of 392 projects. While this dataset represents
a subset of the entire population of video game-related GitHub
projects, and may not generalize to all such projects (e.g., smaller or
less active ones), the inclusion of 392 projects constitutes a substan-
tial sample of activelymaintained repositories. As such, our findings
provide robust insights into multi-PR issue resolution practices in
open-source video game development.

7 Conclusion
This study is the first large-scale empirical study of multi-PR issue
resolution in open-source game development. In fact, we analyze
a dataset of 392 active game-related repositories, and systemati-
cally examined the prevalence, underlying causes, and resolution
dynamics of issues that are resolved through multiple PRs.

Our results show that, while multi-PR issues constitute a minor-
ity (4.8%) of issues overall, they represent a non-trivial and unevenly
distributed phenomenon across projects. A subset of repositories ex-
hibits highly iterative resolution practices, with more than 10–20%
of issues addressed through multiple PRs. Our qualitative analysis
reveals that most multi-PR issues arise from iterative refinement,
such as incomplete or buggy initial PRs and follow-up extensions.
We further find that multi-PR issues exhibit substantially longer
resolution times and systematically higher commit-level activity
compared to single-PR issues, reflecting more iterative and effort-
intensive resolution processes.

At least within the context of game development, issue resolution
frequently unfolds as an incremental, multi-stage process spanning
multiple development cycles. Abstracting this process as a single-PR
resolution event risks underestimating the true engineering effort
involved, obscuring coordination and collaboration dynamics, and
biasing predictive models of defect resolution that assume a one-
to-one issue-PR relationship.
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