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ABSTRACT

Context: Efforts to improve reproducibility and research credibility
have gained relevance in multiple fields, including Software Engi-
neering (SE), where the 3R practices (Repeatability, Reproducibility,
and Replicability) are essential to ensure the reliability of empirical
studies. Despite growing interest in Open Science, concerns about
a Replication Crisis persist. Objectives: To assess the perceptions
of SE researchers of the Replication Crisis and 3R practices, identify
good practices, barriers, and facilitators to reproducible research,
and evaluate the community’s acceptance of the ACM’s standard-
ized definitions of 3R. Method: We conducted a survey adapted
from Baker [5], targeting authors of SE studies related to replication.
From a list of 1,061 researchers, we received 101 responses. The
questionnaire combined Likert-scale and open-ended questions.
Responses were analyzed using descriptive statistics and Reflexive
Thematic Analysis. Results: Most respondents acknowledged the
importance of 3R practices. On average 84.5% agreed with the ACM
definitions, participants raised concerns about their clarity and ap-
plicability, especially to qualitative research. 74.3% recognized the
existence of a Replication Crisis in SE. The key challenges reported
include a lack of protocols, selective reporting, data unavailability,
and pressure to publish. Positive actions included using containers,
version control, artifact sharing, and Open Science practices. How-
ever, participants noted that cultural and institutional incentives for
reproducibility are limited. Conclusion: Although SE researchers
support the principles of 3R practices and recognize ongoing chal-
lenges, uncertainty persists about the scope and solutions of the
crisis. This study highlights the need for more precise terminol-
ogy, better reporting standards, and greater institutional support to
promote reproducibility, transparency, and research integrity in SE.
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1 Introduction

Several studies from the most diverse disciplines indicate high fail-
ure rates in attempts to replicate/reproduce research [5, 9, 15, 22, 26].
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This problem is known as a Replication Crisis “in which experi-
mental results cannot be reproduced and published findings are
mistrusted” [15]. This crisis was initially observed in behavioral,
cognitive, and social disciplines [34]. However, it also occurs in
Computer Science fields, such as Artificial Intelligence [21], Infor-
mation Systems, and Software Engineering [15], raising serious
concerns about the reliability and validity of conclusions drawn in
several studies [34]. Reliance on undocumented or unavailable tools
in Software Engineering impedes replication [29]. Clear guidelines,
transparency, and open data sharing are critical to improving repli-
cability and reliability [20]. As a result, addressing reproducibility
issues has become a critical concern, demanding greater trans-
parency, artifact availability, and methodological rigor.

3R practices are essential for reliable research findings, but have
not been sufficiently explored in Software Engineering [30]. Insuffi-
cient data disclosure by original authors often hampers replication
efforts, casting doubt on the reliability of published results [15].
Additionally, the absence of widely adopted replication guidelines
exacerbates the issue [3, 30]. The confusion between the 3R terms,
such as replicability and reproducibility, has been reported in sev-
eral fields [3, 16, 19, 20, 25, 28], and further complicates the situation,
leading to inconsistencies in how research results are communi-
cated and interpreted. These concepts are fundamental to validating
and ensuring the reliability of scientific results. Although initiatives
aim to align terminology [1] with broader scientific communities,
variations in definitions persist, often leading to divergent inter-
pretations, where researchers employ different definitions that can
have significantly different meanings.

The terms Repeat, Reproduce, and Replicate refer to the spe-
cific acts of duplicating a study. Repetition, Reproduction, and
Replication refer to the broader processes of conducting such
duplications, while Repeatability, Reproducibility, and Repli-
cability describe the extent to which the results of a study can be
consistently duplicated. Furthermore, Repeatable indicates that
consistent results can be obtained when the study is repeated un-
der identical conditions by the same research team, Reproducible
means that the results can be achieved using the same data and
analysis methods in the same or different context by a different
research team, and Replicable suggests that the results of the study
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can be duplicated by a different research team redoing the original
study with different conditions [1].

Previous studies have documented the Replication Crisis in sev-
eral fields (such as Medicine [9, 22], Psychology [26], and Computer
Science [15]), highlighting difficulties in reproducing or replicating
results and questioning the reliability of published findings. In Soft-
ware Engineering, existing research has investigated replication
challenges and proposed strategies to address them [17], but often
with a different focus, such as methodological guidance or insights
from adjacent domains such as High-Performance Computing [4]
or Synthetic Aperture Radar [7]. Other works have emphasized
the confusion caused by inconsistent definitions of Replication,
Reproduction, and Repetition (3R) [8, 20, 27, 28], which has hin-
dered standardization efforts across disciplines [23]. However, to
our knowledge, no previous study has investigated the Replication
Crisis in Software Engineering while also examining the commu-
nity’s understanding and adoption of the Association for Comput-
ing Machinery (ACM) standardized 3R definitions.

We provide results for the following Research Questions (RQs):

e RQ1 [3R] Do Software Engineering researchers agree with the
terms Repeatability, Reproducibility, and Replicability?

© RQ2 [Replication Crisis] In the researchers’ opinion, is there a
Replication Crisis in Software Engineering?

- RQ2.1 [Replication Crisis Factors] What are the contribut-
ing and mitigating factors of the Replication Crisis in Software
Engineering?

To answer these RQs, we surveyed Software Engineering re-
searchers to understand their perceptions of the Replication Crisis,
challenges, and good practices. Our work offers insights into how
experienced SE researchers perceive the Replication Crisis and the
degree to which they align with the current concepts of Repeata-
bility, Reproducibility, and Replicability (3R). We analyzed their
perceptions on the Replication Crisis and the 3R terminology to de-
scribe different dimensions of research replication in SE, as defined
by the ACM [1]. Our contributions are summarized as follows:

o Firstin-depth investigation of the Replication Crisis in SE.
To the best of our knowledge, this is the first study to explore
the topic with this level of depth, specifically in SE.
Evaluation of the Software Engineering community’s
alignment with ACM’s 3R definitions. While broadly ac-
cepted, respondents raised important concerns about clarity,
scope, and applicability, especially for qualitative research.

e Mapping of actual practices adopted by researchers to

support 3R. Highlights the recent growth in the adoption of

practices, especially documentation and artifact sharing.

Identification of key contributors to 3R failures. Missing

data/code, academic pressure, and insufficient documentation

were the most frequently cited factors.

Analysis of barriers when trying to reproduce or replicate

studies. Includes technical limitations, lack of transparency,

and lack of support from original authors.

o Insights into the cultural and institutional shifts needed
to mitigate the Replication Crisis. Suggests revisiting pro-
ductivity metrics, prioritizing quality, and fostering supportive
replication communities.
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e Categorization of community-driven suggestions to im-
prove 3R. Recommendations encompass cultural change (e.g.,
greater acceptance of replication studies and negative results),
institutional reform (e.g., funding and recognition mechanisms),
and technical support (e.g., tools, documentation standards, and
infrastructure).

e Commitment to Open Science through full artifact avail-
ability. All research artifacts used in this study are publicly
available (Section ARTIFACT AVAILABILITY), promoting trans-
parency, allowing verification, and supporting future research
efforts.

The remainder of the paper is structured as follows. Section 2 dis-
cusses related work, Section 3 presents the methodology adopted
in this study, Section 4 presents the results and provides answers
to our research questions, Section 5 outlines our conclusions and
addresses threats to validity, and the ARTIFACT AVAILABIL-
ITY section details the disclosed data and provides a link to our
repository.

2 Related Work

Replication Crisis. Initially identified in health-related fields such
as medicine [22], psychology [26], and cancer biology [9], it has
also drawn attention in Computer Science [15]. Baker [5] found
that more than 70% of the scientists struggled to reproduce others’
experiments, and over 50% also faced challenges replicating their
own work, prompting investigations in all disciplines, including SE.
Our research adapts Baker’s survey to focus on SE, incorporating
questions about the 3R (Replication, Reproducibility, and Repeti-
tion) as contributing factors to the crisis. Balz and Rocca [7] studied
reproducibility of Synthetic Aperture Radar (SAR) through a sur-
vey modeled after Baker’s, finding that 75% of respondents faced
replication issues and proposed solutions such as automated record
keeping, version control, and containerization. While their focus
was on SAR, our study examines Software Engineering and the
factors that affect the 3R. Dos Santos et al. [17] explored replication
challenges in Software Engineering, offering recommendations to
researchers and practitioners, while our work emphasizes the Repli-
cation Crisis and guidance for conducting 3R studies. Finally, very
recent replications of Baker’s survey in Biomedicine [14] and in
Sport and Exercise Science [24] report patterns that closely mirror
our own results. These parallels are discussed in the Results section.

3R. Magalhies and Silva [23] interviewed Software Engineering
researchers to develop a taxonomy for empirical study replication to
promote discussion of standardized definitions. Our study diverges
by assessing SE researchers’ acceptance of ACM’s 3R definitions.
Antunes and Hill [4] examined the reproducibility crisis in High-
Performance Computing (HPC), identifying how evolving processes
obscure replication. Our work parallels theirs, but it focuses on
SE through survey data. Studies such as Peng [27] and Barba [8]
found that inconsistent 3R definitions cause confusion. Before 2020,
ACM’s definitions[2] differed from current ones [1], leading to
inconsistencies. Barba [8] emphasized that many articles still use
outdated ACM definitions, complicating standardization.

Novelty. To advance the discourse on research rigor within Soft-
ware Engineering this study investigates perceptions surrounding
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the Replication Crisis and the 3R, specifically how researchers con-
ceptualize, engage with, and are affected by related challenges and
practices. Despite the growing body of literature on the 3R in var-
ious scientific domains, to the best of our knowledge, this is the
first domain-specific investigation of the Replication Crisis and
the 3R in Software Engineering that explicitly employs the ACM’s
standardized 3R definitions as a framework for analysis.

3 Study Design

Below, we present how we answered our RQs (presented in Intro-
duction) and achieve our goal.

3.1 Data Collection

We conducted a survey adapted for the Software Engineering con-
text based on the original study by Baker [5]. Several questions
from the original survey were retained. To address our research
questions, we slightly modified some questions and added new
ones. The final questionnaire, consisting of 31 items, was hosted
on Google Forms, and collected anonymous responses between
October 2023 and February 2024 to assess the participants’ agree-
ment with statements regarding the Replication Crisis and the 3R
concepts. The complete questionnaire is publicly available in our
research repository (see ARTIFACT AVAILABILITY). Following the
criteria established by Baldassarre et al. [6], this study qualifies as
a conceptual replication of the original work.

Survey Pilot. To assess the clarity and comprehensibility of our
questionnaire, we conducted two phases of tests involving six re-
searchers from the Software Engineering research community. The
questionnaire administered to the participants was the result of
iterative refinements developed during both pilot phases.

Participants. We looked for experienced SE researchers with pre-
vious work on replication. Based on Systematic Mapping Studies of
replication in SE, we identified papers that address replication! and
extracted their authors to invite them to participate in our survey.

The Systematic Mapping Studies (SMS). We based our selection
on the results of the SMS conducted by Silva et al. [31], which
covered studies from 1994 to 2010, and by Bezerra et al. [10], who
updated and extended the previous study [31] to include studies
from 2011 to 2012. To ensure coverage of more recent publications,
we further extended this mapping, adopting the research protocol
(with some adjustments) and the refined search string? used by
Bezerra et al. [10].

Two authors performed automated searches in the ACM Dig-
ital Library, IEEE Xplore, ScienceDirect, SCOPUS, and Springer.
Additionally, we manually searched the proceedings of leading®
journals and conferences in SE: Empirical Software Engineering
Journal (ESEJ), Symposium on Empirical Software Engineering and
Measurement (ESEM), Evaluation and Assessment in Software Engi-
neering (EASE), International Conference on Software Engineering
(ICSE), Journal of Systems and Software (JSS) and Transactions
on Software Engineering (TSE). We also manually reviewed all

!Papers that study replication or which report a replication of a previous study.
ZBezerra et al. [10] refined the original search string “to increase precision of the search
process”, but confirmed that the revised version maintained the same sensitivity.
3According to [11, 18, 32, 33].
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Figure 1: Process of identifying survey participants.

available editions of two venues specifically focused on replication:
the ROSE Festival (Rewarding Open Science Replication and Re-
production in SE) and the Replications Track of the International
Conference on Program Comprehension (ICPC).

As presented in Figure 1, we retrieved a total of 592 papers: 133
papers from Silva et al. [31], 49 papers from Bezerra et al. [10],
and 410 from our SMS extension. From these papers, we extracted
the names and email addresses of 1,786 researchers. After remov-
ing duplicate researchers, we obtained a final list of 1,061 unique
researchers. We individually invited the authors, via email, to par-
ticipate in our survey. To encourage participation, a gentle reminder
was sent two weeks after the initial invitation. We received 101
responses, which resulted in a response rate of approximately 9.5%.
While typical in academic surveys, this rate may limit the general-
izability of our findings due to potential non-response bias.

3.2 Data Analysis

The closed-ended questions, which assessed participants’ level of
agreement with specific statements, were answered using a five-
point Likert scale. The analysis of these questions involved calcu-
lating the frequency of each response option to identify trends and
general perceptions among participants.

For open-ended questions, we conducted Reflexive Thematic
Analysis [12, 13]. The labeling process followed a six-phase process:
(1) each researcher read all responses to familiarize with the data;
(2) each researcher generated their initial labels for each response,
after finishing, they met to analyze individual labels and reach a
consensus to merge them; (3) labels were grouped into broader
categories based on their similarities; (4) labels and categories were
checked to make sure they agree with responses; (5) labels and
categories were refined; and (6) the results were reported. As a result,
a single response could receive multiple labels. This categorization
process enabled us to identify patterns and recurring themes within
the qualitative responses.

4 Results and Discussion

Participants from several continents completed the survey. The
majority are Ph.D. (89.1%), Professor Researchers (70.3%), have
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more than six years of experience performing empirical research
(73.3%), and are currently engaged in primary research (95.0%). The
profile of the respondents demonstrates that we have mature and
experienced researchers, providing us with more reliable results
regarding the focus of our research.

4.1 3R (RQ1)

The goal of this research question is to examine the extent to which
researchers accept and agree with the definitions of the 3R terms,
assessing their clarity, applicability, and relevance within the Soft-
ware Engineering research community.

Overall Agreement with ACM 3R Definitions

Among the ACM 3R definitions (Figure 2) Repeatability received
the highest agreement* (89.1%), while Replicability had the low-
est (78.3%), yielding an average consensus of 84.5%. However, 23
participants disagree® about the definitions, citing insufficient com-
prehensiveness for qualitative research, lack of clarity, and inad-
equate detail. Some criticized irrelevant aspects such as location
or team, suggesting instead a focus on metrics such as the num-
ber of attempts required or the availability of links to the original
study. Three participants proposed swapping definitions, arguing
that Repeatability better describes Replicability, while others noted
overlaps among the terms. Even those who agreed with the defini-
tions highlighted the challenges in maintaining identical conditions,
disagreements about defining aspects, and mismatches between
definitions and real-world practices, reflecting the difficulty of ap-
plying 3R concepts effectively.

. Strongly Agree |:| Agree |:| Neither |:| Disagree . Strongly Disagree

Reproducibility 52.5% 6.9% 5%I2%
Replicability 43.6% 11.9% | 8:9% ff 1%

Repeatability 56.4% 5% 5.9%
0% 25% 50% 75% 100%

Percentage of Responses

Figure 2: Agreement with the 3R definitions.

Takeaway 1: Most of the participants agreed with the ACM
definitions of Repeatability, Reproducibility, and Replicability,
especially Repeatability. However, concerns were raised about
clarity, applicability to qualitative research, and conceptual
overlaps, revealing that the definitions may not fully reflect
real-world research practices.

Concerns and Disagreements with 3R Definitions

Participants who expressed neutrality or disagreement® with the 3R
definitions raised several concerns, many of which were common
across the three concepts. The most frequent criticisms referred

4Participants who selected the options: “Agree” or “Strongly Agree”.

SParticipants who selected the options: “Disagree” or “Strongly Disagree”.
®Participants who selected the neutral option (“Neither Agree nor Disagree”) or ex-
pressed disagreement by selecting “‘Disagree” or “Strongly Disagree”.
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to a perceived lack of clarity and precision in the definitions, par-
ticularly regarding their applicability to qualitative research and
studies involving human subjects. Respondents also questioned
the relevance of certain elements (such as team composition or
location) as defining factors, suggesting that these aspects may not
always be meaningful in the context of Software Engineering.

Additional concerns included the omission of context-sensitive
elements (e.g. how many repetitions are necessary for an exper-
iment to be considered repeatable) and the narrow scope of the
definitions, which seemed more suited to quantitative approaches.
Two participants rejected all three definitions, arguing that they are
overly aligned with quantitative research and overlook important
nuances relevant to qualitative approaches.

Takeaway 2: Respondents who disagreed or remained neutral
cited lack of clarity, narrow applicability (especially to quali-
tative research), and questionable relevance of some defining
aspects (e.g. location, team). Some felt that the definitions were
overly focused on quantitative research, neglecting key contex-
tual and methodological nuances.

Terminological Ambiguities and the ACM Revision

Some participants highlighted conceptual overlap between the def-
initions, particularly between reproducibility and replicability, oth-
ers explicitly suggested revising or even swapping the two terms
to better reflect their understanding. This issue is not unique to our
participants and has been widely debated across various disciplines.
Goodman et al. [19] pointed out that foundational terms, such as
reproducibility and replicability, lack standardization, leading to
conceptual and operational confusion on how scientific findings
should be confirmed. Plesser [28] emphasized that common uses of
reproducing and replicating often contradict long-established ter-
minology in the experimental sciences. Cohen et al. [16] traced the
lack of consensus to the fact that Reproducibility and Repeatability
are nearly synonymous in general English and are frequently substi-
tuted for each other in formal definitions. In the context of Software
Engineering, Hermann et al. [20] observed inconsistent, though
often subtle, uses of replicability and reproducibility, attributing
this partly to the evolving terminology and partly to discrepan-
cies in the literature. Nosek and Errington [25] argued that the
commonly accepted notion of replication/repetition as a procedure
to observe if the same finding recurs is intuitive and widespread,
yet inaccurate. They noted that vague theories and poorly under-
stood methodologies often lead to misinterpretations of replication.
Anchundia and Fonseca [3] also found that replication and repro-
ducibility are frequently conflated in the literature, with varying
definitions, some referring to replication as the extent to which a
study matches the original, while others treat it as a synonym for
reproduction or reanalysis.

A similar concern emerged within the Software Engineering
research community itself when ACM introduced its artifact review
and badge initiative and defined the 3R [2]. After discussions with
the National Information Standards Organization (NISO), ACM
received recommendations to align its terminology with the broader
scientific community. Consequently, ACM decided to swap the
definitions of Reproducibility and Replicability and retroactively
updated all previously assigned badges to ensure consistency [1].
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To mitigate these issues, it is essential that the 3R definitions
be reviewed, refined, and clearly communicated, particularly with
regard to their applicability across different research paradigms.
Greater clarity and precision would help reduce conceptual overlap
and support greater understanding and consistent usage. This is
especially important given that the terms Replication and Reproduc-
tion are still frequently used interchangeably in the literature, even
within the same paper, as though they refer to the same concept.
The feedback gathered in our study highlights an ongoing need
for clearer guidance and shared understanding, particularly in the
context of Software Engineering, where methodological diversity
demands more nuanced and inclusive definitions.

Takeaway 3: Participants echoed long-standing debates across
disciplines about the confusion between Reproducibility and
Replicability. Several suggested swapping or revising the def-
initions. ACM itself revised its terminology in 2020 to align
with broader scientific standards, highlighting the importance
of refining and clearly communicating these definitions for
consistency in the Software Engineering research community.

RQ1: Do Software Engineering researchers agree with the
terms Repeatability, Reproducibility, and Replicability?
Our findings indicate that most SE researchers agree with the
ACM definitions of the 3R, especially for Repeatability, which
received the highest agreement level (89.1%). However, the results
also reveal concerns and disagreements. Some participants felt
that the definitions lack clarity, are too narrowly focused on
quantitative research, or are not easily applicable to qualitative
studies and human-centric research. Others pointed to confusion
caused by overlapping terms, and a few even suggested that
the definitions of Reproducibility and Replicability should be
swapped. These perceptions align with ongoing debates across
scientific fields, reflecting inconsistencies and a lack of consensus
on how 3R concepts are understood and applied. Therefore, while
general agreement exists, it remains a clear need to revisit and
refine the definitions to ensure that they are inclusive, precise,
and relevant across different research paradigms within SE.

4.2 Replication Crisis (RQ2)

Just under a decade ago, Baker [5] observed that 90% of researchers
in various fields” believe that there is a Replication Crisis. In our
survey, 74.3% of the respondents acknowledged the existence of
such a crisis in Software Engineering, while 21.8% were unsure and
4.0% disagreed. Although our rate is slightly lower than that re-
ported by Baker, it closely aligns with more recent findings in other
research domains, such as Biomedicine (published in 2024) [14]
and Sports and Exercise Science (published in 2023) [24]. A Mur-
phy et al. [24] reported that 78.1% of Sports and Exercise Science
researchers believed there was a Replication Crisis in their field,
while Cobey et al. [14] found that 72% of biomedical researchers
agreed that such a crisis existed in Biomedicine. These findings
indicate that the perception of a Replication Crisis in Software En-
gineering is in line with other disciplines and sets the stage for

7Such as Chemistry, Physics and Engineering, Earth and Environment, Biology, and
Medicine.
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a deeper examination of the specific challenges researchers face
when attempting to Repeat, Reproduce, or Replicate prior studies.

This similarity in recent figures prompts a reflection: Why are
the numbers today consistently lower than the original findings of
Baker [5]? It is possible that strong evidence of the Replication Cri-
sis over the years has become less prominent over the past decade,
perhaps due to improvements in scientific practices. Or perhaps the
scientific community has become desensitized to the issue through
constant exposure, leading to a gradual normalization, and con-
sequently broader acceptance of replication-related problems as
an inherent part of research culture. The following section further
explores the specific factors that contribute to this perceived crisis
and those that may help mitigate it.

Takeaway 4: Most SE researchers perceive a Replication Cri-
sis in their field, a figure consistent with recent findings in
other scientific domains. Although slightly lower than earlier
estimates in the literature, this trend suggests either gradual
improvements in research practices or a growing normalization
of replication challenges as part of the scientific process.

RQ2: In the researchers’ opinion, is there a Replication
Crisis in Software Engineering?

In the researchers’ opinion, there is indeed a Replication Crisis
in SE. A significant proportion of participants (74.3%) acknowl-
edged its existence, a perception that is consistent with recent
findings in other fields such as Biomedicine [14] and Sports and
Exercise Science [24]. Although slightly lower than the original
rate reported by Baker [5] in various disciplines, this alignment
with more current studies suggests that the issue remains salient.
These results support the notion that concerns about the repro-
ducibility of scientific research are not unique to SE but reflect a
broader, ongoing challenge across research domains.

4.3 Replication Crisis Factors (RQ2.1)

To better understand the roots of the Replication Crisis in Soft-
ware Engineering, we investigated the factors that researchers be-
lieve contribute to it. This analysis combines the perceptions of
researchers with the practices they adopt (or neglect) to support
them. The findings presented below provide a multifaceted view
of both the obstacles and the efforts made to strengthen research
Reproducibility, Repeatability, and Replicability.

3R As a Significant Challenge

Most of the participants (85.1%) agree? that Repeatability, Repro-
ducibility, and Replicability (3R) in scientific research is a significant
problem in the SE research community. When asked why (see Ta-
ble 1) they pointed to several contributing factors: the unavailability
or inadequacy of necessary resources (R2), issues inherent to the
field of SE (R3), challenges related to the research culture and aca-
demic system that discourage replication efforts (R4), and the lack
of clear, accepted, and practical guidelines for conducting and re-
porting reproducible studies (R5). Furthermore, several respondents
reported experiences with unsuccessful attempts to reproduce or
replicate studies (R6) or expressed personal reflections, either sup-
porting or questioning the relevance of the 3R in research (R1).
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These factors make replication and reproducibility more challeng-
ing to achieve consistently, hindering the feasibility of reproducing
or replicating studies and thereby reinforcing the perception of a
Replication Crisis.

Table 1: Reasons for considering the 3R a significant problem.

ID Category Examples Total (52)

R1 Individual Perceptions  e.g., positions of support, skepticism, or neutrality. 20 (38.5%)
and Value Judgments

R2 Lack of Technical or  e.g., unavailability or inadequacy of necessary resources, 14 (26.9%)
Material Support such as artifacts, data, statistical rigor, or detailed method-

ological descriptions.

R3 Domain-Specific e.g., variability in study contexts, human factors, evolving 12 (23.1%)
Constraints in SE technologies, and experimental complexity.

R4 Structural and Process-  e.g., lack of incentives, pressure to publish novel results, 7 (13.5%)
Related Issues and the undervaluation or underuse of replication studies.

R5 Absence of Guidelines  e.g., ambiguity around what constitutes acceptable repli- 4 ( 7.7%)
or Standardization cation efforts and package quality.

R6 Practical Experience  e.g., direct experience in attempting to reproduce or repli- 3 ( 5.8%)

with 3R Failures cate studies, often with unsuccessful outcomes.

Takeaway 5: The vast majority of participants recognize 3R
as a major issue in Software Engineering, citing insufficient
resources, systemic barriers, and the absence of clear guidelines
as key contributors. They also pointed to entrenched academic
and research culture, such as the “publish or perish” mindset,
limited openness to negative results, and lack of prioritization
for replication, as critical obstacles. These factors undermine
replication efforts and reinforce the perception of a persistent
Replication Crisis in the field.

Practices to Ensure the 3R

We asked participants if they or their research group have adopted
any practices to ensure Repeatability, Reproducibility, and Replica-
bility, including descriptions of these practices and when they were
introduced. A total of 80.2% of them reported adopting practices to
support the 3R principles. This contrasts sharply with the situation
in biomedical research, where only 16% of the participants reported
established procedures to improve reproducibility [14].

In the last 6 years | NN 32.7%
In the last 3 years _ 23.8%
No established practices _ 19.8%
In the last 10 years or more _ 13.9%

Since | started with my research group - 7.9%
Since the last year .2%
0 10 20 30 40

Percentage

Figure 3: Time of adoption of practices to ensure 3R.

As shown in Figure 3, 32.7% of the participants stated that these
practices had been adopted within the past six years, suggesting
growing maturity and awareness about 3R-related practices. A
smaller share (2.0%) reported adopting such practices within the
past year, while 13.9% indicated that they had adopted them ten
years or more ago. Furthermore, 7.9% reported that these practices
have been in place since they joined their research group. Almost
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20% of the respondents said that they do not follow established
practices to support the 3R, indicating that there is still room for
broader adoption within the community.

As presented in Table 2, most of the respondents (94.7%) men-
tioned practices centered on ensuring that other researchers can
access and reuse the data, tools, materials and procedures involved
in their studies (P1). Other reported practices include clearly doc-
umenting experimental procedures, setups and threats to validity
(P2); validating findings through internal checks or third party ver-
ification (P3); applying structured methods and well-established
research practices (P4); aligning with Open Science initiatives, ar-
tifact evaluation processes and replication incentives (P5); and ac-
knowledging situational or institutional constraints that can hinder
replication efforts (P6). Sharing data, tools, and/or replication pack-
ages was the most cited category, cited by 72.0% of the participants.
These practices demonstrate the maturity level of researchers, as
well as a growing awareness and commitment within the com-
munity to improving the transparency, reliability, and cumulative
value of research in Software Engineering.

Table 2: Practices to ensure the 3R.

ID Category Examples Total (75)

P

=

Sharing and Avail-  e.g., shares data, tools, and/or replication packages, uses 71 (94.7%)
ability Docker containers or similar technologies, uses version con-
trol, and pre-registers hypotheses and analysis plans.

P2 Documentation
and Transparency

e.g., provides detailed documentation and reflects on threats 31 (41.3%)
to validity.

P3 Validation and Ver-  e.g., submits research for internal/external peer review, re- 22 (29.3%)
ification peats experiments to confirm results, ensures independent
or external validation, and conducts pre-testing or controlled
testing.
P4 Methodological e.g., employs own framework / technique / method / process 13 (17.3%)

Rigor and adopts well-established scientific standards and practices.

P5 Community and e.g. submits artifacts for evaluation, adheres to Open Science 11 (14.7%)
Cultural Practices practices, and acts to promote a replication culture in the
research community.

P

x

Structural and  e.g., places individual responsibility on applicability of 3R 1 ( 1.3%)
Contextual Limits practices.

Takeaway 6: Most of the researchers reported adopting prac-
tices to support 3R, particularly sharing data and tools. These
practices have become more widespread in the last six years,
reflecting increased maturity and awareness. However, a non-
negligible number of participants still lack formalized 3R prac-
tices, indicating room for improvement in community-wide
adoption.

Frequent Contributors to 3R Failures

We asked participants to indicate their opinion on the frequency
with which some factors contribute to the failure to Reproduce,
Replicate, and Repeat results (Figure 4). The lack or insufficiency of
protocols, computer code, or information from the original study
(F6) was identified as a factor that always or very often contributes
to failure in reproducing results for 75.2% of the participants.

The box plot in Figure 4 illustrates how participants rated the
frequency of each factor. The most critical factors, those with higher
median ratings and more responses clustered at the upper end of
the scale, were the lack of availability of protocols or code (F6), raw
data not available from the original study (F2), and mistakes or lack
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of expertise in conducting 3R processes (F4). Selective reporting of
results (F1), pressure to publish (F3), and human factors (F5) also
ranked high among perceived contributors. In particular, selective
reporting and publication pressure were also identified in Baker [5],
Cobey et al. [14], and Murphy et al. [24] as factors that frequently
contribute to irreproducible research, reinforcing their perceived
relevance across disciplines. In contrast, fraud (F10), which refers
to fabricated or falsified results, was considered the least frequent
contributor, with lower median scores and greater response dis-
persion, similar to the findings of Cobey et al. [14], Baker [5], and
Murphy et al. [24]. Other factors perceived as less frequent included
insufficient peer review of research (F7), insufficient oversight or
mentoring by the principal investigator (F9), and methods requiring
technical expertise that are difficult for others to reproduce (F8).

Selective reporting (F1) I

Raw data unavailable (F2) N}
Pressure to publish (F3) e N
Mistakes/inadequate expertise (F4) @ I}

Human factors (F5) I
Code/protocols unavailable (F6) ° —
Weak peer review (F7) T

Technical expertise needed (F8) T
Lack of oversight/mentoring (F9) e T
Fraud (F10) ~————{HN N ————
Never Rarely Sometimes ~ Very Often  Always

Frequency of Contribution

Figure 4: Frequency at which factors contribute to the failure
to Reproduce, Replicate, and Repeat results.

These challenges reflect structural and procedural shortcomings
in the conduct, reporting, and sharing of research. Fraud (F10) is
perceived as the least influential contributor to 3R failures, which
may indicate a relatively good level of trust among Software Engi-
neering researchers and suggest that, while scientific misconduct is
not dismissed, technical and systemic issues are regarded as more
pervasive and pressing threats to replicability in the field. These
findings suggest that failures in 3R are rarely due to a single fac-
tor but stem from a combination of cultural, technical, procedural,
and other issues. Addressing these challenges requires not only
better tools and standards, but also a shift in research culture to-
ward greater transparency, collaboration, and value for replicable
science.

To expand the list of factors contributing to irreproducible results,
we asked participants to identify additional important contributors
beyond those presented in Figure 4. Participants reported (Table 3)
that irreproducibility can arise from how studies are designed, con-
ducted, and analyzed (C2); from cultural aspectsg, lack of incentives,
and systemic pressures (C3); from deficiencies in how research is
communicated and documented (C4); and from barriers related to
data, software, or legal and ethical constraints (C5).

The contributor most frequently cited (reported by 73.9% of
the participants) was technical and infrastructure challenges (C1).
8Where cultural refers to prevailing norms and values within the academic community,

such as the emphasis on novelty over reproducibility, limited incentives for replication,
and reluctance to publish negative results.
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These include outdated or deprecated tools used in original studies;
undocumented or highly specific software dependencies and envi-
ronments; incomplete, non-functional, or unavailable replication
packages; and studies that are overly complex or fragile to replicate.
Similarly, many of the issues raised by our participants (particularly
those in categories C1 through C4) were also identified in other
scientific domains, such as Biomedicine [14], indicating that these
reproducibility challenges may be widespread across disciplines.

Table 3: Contributors to irreproducible results.

ID Category Total (46)

C

Examples

Technical and In-  e.g, technological obsolescence, dependency and environment 34 (73.9%)

frastructure Chal-  issues, issues related to research artifacts, complexity of ex-

lenges perimental setup, data variability and noise, frameworks and
standardization issues, and advanced technologies.

C

N

Methodological e.g., insufficient statistical rigor, ambiguous or imprecise defi- 19 (41.3%)
and Statistical  nitions, sampling limitations, limited generalizability / context-
Issues dependence, human subject unpredictability, and lack of trans-

parency in decision-making.

C

w

Cultural and Insti-
tutional Factors

e.g., cultural factors, lack of incentive for replication, publica- 13 (28.3%)
tion bias and selective reporting, pressure to publish, gaps in
scientific training and culture, and competitive environment.

C4 Documentation
and Communica-
tion Gaps

e.g., poor documentation or missing details, lack of standard- 11 (23.9%)
s/guidelines, misinterpretation of findings, and weak repro-
ducibility of original findings.

C

i

Access and Avail-
ability Constraints

e.g., data unavailability or format issues, lack of access to 8 (17.4%)
required tools or hardware, and legal, ethical, or IP restrictions.

Participants also noted issues such as uncontrolled variation in
datasets, lack of standardized procedures or frameworks, and chal-
lenges related to the use of cutting-edge technologies. A first step
toward mitigating these problems may be raising awareness of the
importance of research artifacts and ensuring that they are properly
documented, structured, preserved, maintained, and made available
over time. Furthermore, the inherent complexity of certain subfields
and the rapid evolution of technologies introduce additional repro-
ducibility barriers that must be acknowledged and addressed. These
findings highlight the need for improved artifact availability, better
documentation, and more robust tools to support replicability in
the face of evolving research practices and technologies.

Takeaway 7: Researchers identified the lack of protocols, raw
data, and technical expertise as the most frequent causes of
failures in 3R. Although misconduct like fraud was rarely cited
and considered less impactful, structural and procedural is-
sues (especially technical and infrastructure-related challenges)
were considered the main threats to conducting reproducible
research.

Challenges Faced When Attempting to Replicate Studies

A total of 86.1% of the respondents reported encountering barriers
when trying to reproduce or replicate studies in SE. Most of these
barriers (89.6%) are associated with the availability and accessibility
of research artifacts (B1), including difficulties in obtaining, access-
ing or using essential elements such as code and tools (36.4%), data
(40.3%), and other supporting artifacts (13.0%).

Table 4 shows that transparency issues related to documentation
and research methods (B2) were mentioned by more than half of the
participants (61.0%), which includes insufficient documentation of
the experimental design, procedures, or artifacts (22.1%); vague or
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ambiguous descriptions of the study design (15.6%); lack of clearly
defined step-by-step replication instructions (14.3%); and inconsis-
tencies in how methods and procedures were reported (9.1%).

Table 4: Barriers and challenges faced when trying to Repro-
duce or Replicate studies.

ID Category Examples Total (77)

B1 Research Artifacts
Availability — and

Accessibility

e.g., lack of access to all the artifacts or partial sharing of 69 (89.6%)
the artifacts, lack of access to data, and unavailable or non-
functional Code, Tools, or Scripts.

B2 Documentation e.g., lack of detailed documentation or protocol, incomplete 47 (61.0%)
and Methodologi-  or inconsistent research methods or experiment instructions,
cal Transparency insufficient detail in original study, and difficulty understand-
ing the method or research steps.

B3 Environmental e.g., difficulty reproducing the original environment, depen- 30 (39.0%)
and  Contextual dency on specific tools, versions or libraries, technical com-
Constraints plexity (difficulty setting up tools/environments), and infras-

tructure limitations (hardware, costs, use of cutting-edge or
unstable technologies, etc.).
B4 Contextual and e.g., contextual uncertainty / uncontrolled variables, repli- 14 (18.2%)

Theoretical Limita-  cation irrelevance in qualitative studies, participant sample
tions limitations, and lack of adequately explored methods.

B5 Communication e.g., lack of response from original authors, and human and 8 (10.4%)
and Community  organizational factors.
Support

By

=N

General Replica-  e.g., unability to replicate. 1( 1.3%)

tion Barriers

Other reported challenges include technical barriers in repro-
ducing the original experimental environment, such as configuring
tools, managing dependencies, or maintaining compatibility with
original settings (B3); issues resulting from the complexity and
variability of empirical studies, particularly those involving qualita-
tive methods or human participants, where replication may not be
practical or intended (B4); and a lack of responsiveness or support
from original authors or the broader research community, which
hinders clarification and replication efforts (B5). One respondent
also mentioned a general inability to replicate, without identifying
specific causes (B6).

These findings highlight the main barriers and challenges faced
by Software Engineering researchers when trying to reproduce
or replicate studies. Understanding these challenges is crucial for
developing strategies that mitigate them, emphasizing the impor-
tance of robust practices in artifact sharing, comprehensive docu-
mentation, and active community engagement to promote greater
transparency and replicability in future research.

Takeaway 8: Most of the respondents experienced barriers
when trying to Reproduce or Replicate studies, with the un-
availability of code, data, and documentation cited as the main
obstacles. Technical environment issues, methodological com-
plexity, and lack of support from original authors were also
noted, highlighting the importance of transparency, proper doc-
umentation, and community response.

Perceived Effectiveness of Initiatives to Foster 3R

We asked participants to indicate how likely the following factors
are to improve the Repeatability, Reproducibility, and Replicability
of the research. The analysis reveals that participants generally be-
lieve that various initiatives can positively influence the Repeatabil-
ity, Reproducibility, and Replicability of research in SE. As shown in
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Figure 5, the option Adopting practices to increase Repeatability, Re-
producibility, and Replicability in their own research (14) received the
most favorable evaluation, with the majority of responses concen-
trated at the highest levels of agreement (84.2% of the participants
chose the options Very likely and Likely), and a minimal number of
participants expressed skepticism. This suggests that researchers
recognize the impact of their own practices on 3R quality.

Professional incentives
for reproducing (11)

More time to teach and su—
pervise new researchers (12)

1

Financial incentive for
adopting 3R practices (13)

|

Adopting practices to
increase the 3R (14)

L

Not at all likely Not very likely Likely
Likelihood to foster 3R

Very likely

Figure 5: Factors that improve the 3R.

Professional incentives (e.g., funding or publications) to formally
reproduce the work of other researchers (I11) and Financial incentive
(e.g., funding or credit toward tenure) to adopt practices that improve
Repeatability, Reproducibility, and Replicability (I3) also received
high agreement, although the responses for financial incentives
(I3) exhibited slightly greater variability. This indicates that while
external motivations are perceived as beneficial, their effectiveness
may depend on additional contextual or institutional factors.

The item More time to teach, and better guidance/supervision, of
students, postdocs, and other interns for Repeatability, Reproducibil-
ity and Replicability of research (12) had the lowest median and
showed the most dispersed distribution among the four statements.
Although many participants agreed with its potential, others were
less convinced, possibly reflecting differing views on the role of
mentorship and educational capacity in influencing 3R outcomes.

Overall, the results indicate a clear perception that both indi-
vidual and systemic efforts, particularly those related to adopting
good practices and providing structural incentives, can make a
meaningful contribution to strengthening the 3R culture in SE.

Takeaway 9: Participants viewed individual and institutional
initiatives as key to fostering 3R practices. Adopting good prac-
tices personally was considered the most effective action, fol-
lowed by professional and financial incentives. Mentorship and
supervision received mixed opinions, suggesting differing views
on their role in promoting reproducible research.

Identified Factors for Enhancing Research Repeatability, Re-
producibility, and Replicability

We asked participants to list any other important factors they felt
we may have missed and that they believed would improve the
Repeatability, Reproducibility, and Replicability of the research.
The participants provided several valuable suggestions, which were
grouped into seven thematic categories, presented in Table 5. Most
of the responses concentrated on three main categories: Recog-
nition and Publication Support (E1), Policies and Incentives (E2),
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and Tools, Guidelines, and Infrastructure (E3), each representing
approximately one third of the responses.

Table 5: Factors for enhancing research 3R.

ID Category Examples Total (39)

E

Recognition and  e.g., support for replication publications, recognition of nega- 13 (33.3%)
Publication  Sup- tive results, recognition of efforts, and there are already initia-
port tives.

E

)

Policies and Incen-  e.g., mandatory 3R requirements from editors and funding 11 (28.2%)
tives bodies, financial and institutional policy change, and incen-
tives for researchers and reviewers.

E

w

Tools, Guidelines, e.g., use of tools and infrastructures (e.g., Docker), availability 10 (25.6%)
and Infrastructure  of detailed guidelines and checklists, platform or protocol
standardization, and standard practices.

E

kS

Cultural and Com-  e.g., cultural change, community and venue building for repli- 7 (17.9%)
munity Change cation, and ethical and professional responsibility.

E

«

Review and Evalu-  e.g., peer review improvements, reviewer training and guid- 6 (15.4%)
ation Practices ance, improved evaluation criteria for 3R practices, and artifact
review.

e.g., research validation mechanisms (e.g., preregistration), 5 (12.8%)
contextual variation and methods, and flexibility of require-
ments for replications.

E6 Research Design
and Methodology

E

)

Training and Edu-  e.g., training and education at all levels and integration of 3R~ 3 ( 7.7%)
cation in research curricula.

A total of 33.3% of participants emphasized the importance of
increasing visibility, value and publication opportunities for repli-
cation/reproduction studies and negative results (E1). This category
includes the recognition of researchers who adopt reproducibil-
ity practices and the acknowledgment of existing initiatives that
already contribute to this goal. The second category mentioned
most often involves institutional and editorial policies, as well as
incentive structures, both financial and professional, that promote
and reward reproducible research practices (E2). These suggestions
include mandatory requirements, funding strategies, and recogni-
tion systems aligned with 3R principles. The third key area focuses
on the availability and adoption of practical resources that support
reproducibility (E3), such as technical tools (e.g., Docker), standard-
ized platforms and protocols, and comprehensive guidelines and
checklists to assist researchers in consistently applying 3R practices.

In addition, some participants highlighted the need for broader
cultural and community changes (E4), calling for a research culture
that values quality over quantity in publication, embraces replica-
tions, and fosters dedicated communities and venues for 3R research.
Others pointed to the importance of improving peer review and
evaluation criteria (E5), including better assessment of replication
packages, structured reviewer training, and artifact evaluations to
ensure rigorous and fair evaluation of 3R aspects. In this category,
one important point raised by respondent [P25] concerns the need
for professionalization of the peer review, considering that “Re-
viewers are currently unpaid and researchers around the world
take on this overload of work willingly but without much time to
evaluate certain attributes of research quality, such as Repeatability,
Reproducibility, and Replicability of research” It is important to
reflect on the “publish or perish” system currently used in the SE
research community and consider cultural change.

A further set of responses advocated for foundational improve-
ments in how studies are designed and reported (E6), suggesting
the adoption of preregistration, contextual considerations in repli-
cations, and greater clarity and flexibility in defining replication.
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Finally, participants emphasized the importance of education and
training (E7), advocating for the integration of 3R practices into
academic curricula at all levels to prepare future researchers to
conduct and evaluate reproducible studies.

These findings suggest that meaningful progress necessitates not
only effective tools and policies, but also cultural transformation,
community involvement, and long-term investment in education.

Takeaway 10: Participants emphasized the need for publica-
tion support, policy changes, and practical tools to enhance
3R. They also called for changes in research culture, improved
peer review, clearer definitions and protocols, and educational
efforts. These insights suggest that enhancing 3R requires a
combination of structural, educational, and cultural changes in
how research is conducted in Software Engineering.

RQ2.1: What are the contributing and mitigating factors
of the Replication Crisis in Software Engineering?
Researchers pointed to a web of interrelated causes behind the
Replication Crisis in Software Engineering. This crisis stems
from a combination of technical, cultural, and systemic issues.
Key contributing factors include the lack of access to essential
research artifacts (e.g., code, data, protocols), research culture
pressures (like the emphasis on publication quantity), inadequate
documentation and guidelines, and insufficient expertise for con-
ducting replications. Fraud was perceived as a minor contributor,
suggesting that the problem lies more in research practices than
in misconduct.

Despite this, 80.2% of the participants reported adopting 3R
practices, such as sharing replication packages, documenting
procedures, and aligning with Open Science. These indicate in-
creasing awareness and commitment within the community.

The participants also proposed strategies to improve 3R. The
most cited were recognition and publication support for repli-
cation efforts, incentive and policy changes, and better tools,
infrastructure, and guidelines. Others included calls for cultural
change, peer review improvements, preregistration and better
study design, and education and training on 3R practices.

Overall, the findings reveal that addressing the replication
crisis in Software Engineering requires more than isolated ef-
forts. It requires a systemic approach that combines technical,
cultural, institutional, and educational strategies to build a more
reproducible and trustworthy research environment.

5 Conclusions

Our study provides empirical insights into how Software Engi-
neering researchers perceive the Replication Crisis and the 3R
(Repeatability, Reproducibility, and Replicability) concepts. While
partially aligned with the previous findings of Baker [5], our results
reveal challenges specific to Software Engineering. A significant
proportion (74.3%) of participants recognized a Replication Crisis in
Software Engineering. Participants largely agreed with the ACM’s
standardized 3R definitions, particularly that of Repeatability. How-
ever, concerns arose about their clarity, relevance to qualitative
research, and overlaps between terms. This highlights the need for
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more inclusive, precise, and context-sensitive definitions tailored
to SE’s methodological diversity.

Software Engineering researchers echoed broader concerns in-
cluding lack of data, protocols, and pressure to publish, but also
cited unique challenges such as outdated tools, dependencies, and
the absence of standardized replication guidelines. Previous studies
highlight Open Science’s importance, but Software Engineering
researchers emphasize the need for cultural shifts, peer review
reforms, and greater recognition of replication studies.

Based on their experiences, participants identified contributions
to the crisis and proposed a variety of solutions, from stronger
publication and policy incentives to cultural changes that reward
replication work. The suggestions also emphasized the need for
improved peer review, better infrastructure, and training in Repro-
ducibility practices. Addressing the Replication Crisis in Software
Engineering will require a multifaceted approach that combines
individual responsibility, technical improvements, cultural trans-
formation, and systemic support.

Proposed Directions. Future work must be conducted to ade-
quately map the factors that differentiate and characterize Repli-
cability, Reproducibility, and Repeatability, such as number of at-
tempts, type of research (qualitative versus quantitative), what
needs to be changed or kept to do each 3R, considering the original
study and the peculiarities of the research to be rerun. To improve
the clarity and applicability of current 3R definitions, future work
could focus on qualitative research to refine and extend the terminol-
ogy to better accommodate different research paradigms. To address
the widespread challenges associated with 3R in Software Engi-
neering, future efforts should aim at developing clearer guidelines,
standardized protocols, and practical tools to support 3R research.
This includes promoting the use of shared repositories, templates,
and containerization to reduce technical barriers, and providing
training and mentorship opportunities to enhance technical exper-
tise. Institutional incentives (e.g., funding and recognition) should
be aligned with 3R-friendly practices. To drive broader adoption,
community-wide initiatives should also target policy and cultural
research changes, improved artifact review processes, and educa-
tion on reproducibility concepts, especially at the graduate level.

5.1 Threats to Validity

Internal. The questionnaire was validated by experienced researchers
within our group as well as by external researchers.

To ensure that only the intended researchers responded, we
sent the survey link directly to the email addresses extracted from
their publications. Although we could not verify identities due to
anonymity (to provide a secure environment in which participants
could express their opinions), we did not observe duplicate or sus-
picious responses indicative of misuse or automation. Nonetheless,
we acknowledge this as a potential TTV of our study.

Construct. Conducting an online survey introduces a potential
threat, as it may be more difficult for participants to ask questions
or seek clarification on the procedure. However, we mitigated this
by providing an email address through which participants could
contact us with any questions regarding the study. This threat adds
some uncertainty to the results, but it is inherent of any survey, not
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only those conducted online. To further reduce this risk, the ques-
tionnaire was previously validated by experienced SE researchers.

We provided clear definitions of key terms such as Replication
Crisis, Repeatability, Reproducibility, and Replicability to minimize
variations in interpretation. Furthermore, the questionnaire was
validated by experienced SE researchers to ensure that it accurately
captured the participants’ perceptions. However, presenting ACM-
endorsed definitions beforehand may have inadvertently influenced
some participants to align their responses with those definitions,
rather than expressing their personal understanding or experiences.

Another threat to our study concerns the search strategy adopted
to identify primary studies. We used the search string proposed
by Bezerra et al. [10], which does not explicitly include the terms
Reproducibility and Repeatability, originally present in the search
string from Silva et al. [31]. We acknowledge that omitting these
terms may have limited the scope of our review by excluding poten-
tially relevant studies and thereby affecting the representativeness
of the identified corpus. This limitation might have prevented us
from reaching researchers whose work also focuses on replication
but was not captured by our search strategy. To address this is-
sue, future work will involve refining the search string to include
missing terms and rerunning the search. These newly identified
studies will be analyzed and compared with current results to assess
potential differences and enrich our findings.

External. Although understanding the broader SE community’s
perspective is valuable, our study focused exclusively on authors
involved in replication studies. Therefore, the findings cannot be
generalized to the entire SE community, and broader generalization
is left for future work. Two main factors may limit external validity:
respondents’ geographic concentration and the relatively low re-
sponse rate (~9.5%). Nearly half of the participants are from Europe,
which limits the diversity of perspectives. The low response rate
also introduces potential non-response bias. One possible explana-
tion is time-related, as some invitations may not have reached their
intended recipients due to outdated email addresses or retirements.

ARTIFACT AVAILABILITY

Although the authors’ emails were publicly available in their papers,
we will not make the list of collected email addresses available to
prevent its use for non-academic purposes.

Some researchers provided responses that could allow their re-
identification, such as mentioning their own studies as examples of
reading material. As we are committed to ensuring the participants’
anonymity, we opted not to consult the cited studies. The responses
following this pattern were thoroughly anonymized before the data
were made public available. This decision reaffirms our commitment
to the privacy and security of participant data in accordance with
established legal principles.

Our scripts, data, and results are publicly and permanently archived
at Zenodo: https://doi.org/10.5281/zenodo.17064310
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