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Peter Kedron,?

The number of reproduction and replication studies undertaken across the sciences continues to rise, but
such studies have not yet become commonplace in geography. Existing attempts to reproduce geographic
research suggest that many studies cannot be fully reproduced, or are simply missing components needed to
attempt a reproduction. Despite this suggestive evidence, a systematic assessment of geographers’ perceptions
of reproducibility and use of reproducible research practices remains absent from the literature, as does an
identification of the factors that keep geographers from conducting reproduction studies. We address each of
these needs by surveying active geographic researchers selected using probability sampling techniques from a
rigorously constructed sampling frame. We identify a clear division in perceptions of reproducibility among
geographic subfields. We also find varying levels of familiarity with reproducible research practices and a
perceived lack of incentives to attempt and publish reproduction studies. Despite many barriers to
reproducibility and divisions between subfields, we also find common foundations for examining and
expanding reproducibility in the field. These include interest in publishing transparent and reproducible
methods, and in reproducing other researchers’ studies for a variety of motivations including learning,
assessing the internal validity of a study, or extending prior work. Key Words: epistemology, geographic research
methods, open science, reproducibility, researcher survey.

eproducible research publicly discloses the evi-

dence used to support claims made in prior

work, facilitates the independent verification of
those claims, and enables the extension of that work
by the broader research community (Schmidt 2009;
Nosek, Spies, and Motyl 2012; Earp and Trafimow
2015). Following the National Academies of Science,
Engineering, and Medicine (NASEM 2019), repro-
ducibility refers to the ability to independently re-
create the results of a study using the same materials,
procedures, and conditions of analysis. Although
reproducibility is not a guarantee of scientific or prac-
tical usefulness, it does provide a strong basis for the
collective evaluation of ideas. Nonetheless, systematic
reviews of published research papers reveal a lack
reproducibility (Collberg et al. 2014; Igbal et al.
2016); furthermore, attempts to reproduce published
research papers frequently fail (Chang and Li 2015;
Raghupathi, Raghupathi, and Ren 2022). Previous

studies consistently link the irreproducibility of
research to inadequate recordkeeping, opaque report-
ing, the inaccessibility of research components, and a
lack of incentives to share research details or to
attempt reproduction studies (Ranstam et al. 2000;
Anderson, Martinson, and De Vries 2007; NASEM
2019). Surveys of researchers find that few researchers
are attempting to independently reproduce the work
of others (Baker 2016; Boulbes et al. 2018). At the
same time, a sizable portion of survey respondents
report knowing of instances in which researchers
engaged in questionable or biased research practices
tied to the publication of irreproducible results
(Fanelli 2009; Fraser et al. 2018).

Despite these concerns, the available literature cur-
rently provides insufficient evidence to conclusively
evaluate the reproducibility of research generally, or
disciplinary research specifically. This knowledge gap
exists in part because few reproduction studies have
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been published in many fields of research, which lim-
its the quantity of empirical evidence available to
make judgments about reproducibility. Any judgments
made based on the currently available set of reproduc-
tion studies are likely to be limited in scope because
existing reproductions typically focus on re-creating
the results of a small number of studies selected based
on topical interest or researcher familiarity (Open
Science Collaboration 2015; Camerer et al. 2016;
Camerer et al. 2018). Another approach to assessing
the reproducibility of a field is to draw samples of
research papers and check the availability and com-
pleteness of the research components required for a
reproduction. Assessments of this type have narrowly
sampled from conference paper series, specific jour-
nals, or disciplinary repositories (Stodden et al. 2016;
Byrne 2017; Gundersen and Kjensmo 2018; Stodden,
Krafczyk, and Bhaskar 2018). Similarly, surveys of
researchers asking participants about their use of
reproducible research practices have commonly sam-
pled authors from specific journals, members of profes-
sional associations, or conference attendees (Baker
2016; NASEM 2019). Surveys have also commonly
failed to systematically report the methodological
details (e.g., response rate) needed to assess and
address potential bias in survey response. Furthermore,
reproduction attempts, assessments, and surveys have
all typically focused on evaluating the computational
components of studies, such as data and code avail-
ability, rather than all aspects of research design and
execution. In combination, the small number of repro-
duction studies, reliance on convenience samples of
publications and survey participants, and a tendency
to focus on computation constrains the scope and gen-
eralizability of reproducibility evaluations.
Reproducibility surveys and reproduction attempts
in the geographic literature face these same chal-
lenges. The few available reproducibility surveys in
geography have relied on convenience samples
drawn from specialist conferences and have only
focused on computationally intensive forms of geo-
graphic research (Ostermann and Granell 2017;
Nust et al. 2018; Konkol, Kray, and Pfeiffer 2019;
Balz and Rocca 2020). The small number of pub-
lished attempts to reproduce geographic research
have similarly focused on the computational repro-
ducibility of conference papers (Nust et al. 2018;
Ostermann et al. 2021; Nust et al. 2023) or on spe-
cific topics such as COVID-19 (Paez 2021; Kedron,
Bardin, et al. 2022; Holler et al. 2023; Kedron,

Bardin, et al. 2023). More recent reproduction
attempts by Kedron, Bardin, et al. (2023) show that
the factors hindering the re-creation of results and
the evaluation of claims likely extend beyond com-
putation into the conceptualization and design of
geographic research.

Geographers continue to debate the role of repro-
duction studies in the discipline (Brunsdon 2016;
Singleton, Spielman, and Brunsdon 2016; Goodchild
et al. 2021; Kedron et al. 2021; Sui and Kedron 2021;
Wainwright 2021; Kedron and Holler 2022), examine
the reproducibility of individual studies (Ostermann
et al. 2021; Nust et al. 2023), and build the infrastruc-
ture needed to support reproducible research (Nust
and Hinz 2019; Yin et al. 2019; Wilson et al. 2021;
Kedron, Bardin, et al. 2022). We have yet to systemat-
ically assess the use of reproducible research practices
across the discipline’s diverse research traditions, or
identify the factors that have hindered geographers
from adopting reproducible research practices and
conducting reproduction studies. Without a system-
atic assessment of these issues, it is unclear which
actions geographers should take if they wish to
improve the reproducibility of work in the discipline.

To address this gap in our collective knowledge,
we surveyed geographic researchers about their
understanding of reproducibility, perception of repro-
ducibility in their subfields, familiarity and use of
reproducible research practices, and barriers to repro-
ducibility. To support generalization, we designed a
sampling frame to capture researchers from across
disciplinary subfields and methodological approaches,
and draw survey participants from that frame using a
probability sampling scheme. In the remainder of
this article, we first present the design of our survey,
sampling strategy, and analytical approach. We then
present our results, focusing on researcher percep-
tions and use of reproducible research practices, and
then analyzing researcher experiences of attempts to
reproduce prior work. Finally, we discuss the implica-
tions of our survey results and limitations of our
work and conclude by proposing where geography
might go from here and how the discipline can con-
tribute to reproducibility across the sciences.

Data and Methods

Complete documentation of the procedures, survey
instrument, and other materials used in this study are
available through the Survey of Reproducibility in



Reproducible Research in Geography 371

Geographic Research project (Kedron, Holler, et al.
2023; see—https://osf.io/5yeq8/) hosted by the Open
Science Framework (OSF). The OSF project connects
to a GitHub repository that hosts the anonymized data
set and code used to create all results and supplemental
materials along with a complete history of their devel-
opment. All of the results presented in this article can
be independently reproduced using the materials in
that repository. The repository links to an interactive
visualization of the survey results, which allows users
to examine additional cross-tabulations and statistical
summaries of the survey data. We encourage interested
readers to critically evaluate and build on these materi-
als. Before the start of data collection, we registered a
preanalysis plan for the survey with OSF Registries
(Kedron, Holler, and Bardin 2022; see—https://osf.io/
6zjcp). The survey was conducted under the approval
and supervision of the Arizona State Institutional
Review Board (STUDY00014232).

Sampling Frame

Our target population of interest is researchers
who have recently published in the field of geogra-
phy. We followed a four-step procedure to create a
sampling frame for our survey that captures this
diverse population of researchers and the approaches
they use when studying geography.

First, beginning at the publication level, we iden-
tified journals indexed as either geography or physi-
cal geography by the Web of Science’s Journal
Citation Reports (Clarivate 2023) that also had a
five-year impact factor greater than 1.5. From those
journals, we created a database of all articles pub-
lished between 2017 and 2021.

Second, we used the Arizona State University
institutional subscription to Scopus (2023) to extract
journal information (e.g., subject area), article infor-
mation (e.g., citation counts), and author informa-
tion (e.g., corresponding status) for each publication.
Because our intention was to capture individuals
actively publishing new geographic research, we
retained publications indexed by Scopus as docu-
ment type = “Article” and removed all other publi-
cation types (e.g., editorials) from our article
database. We also removed articles with missing
authorship information.

Third, we created a list of researchers and their
published articles, focusing on corresponding authors
for two reasons. First, corresponding authorship is

one indicator of the level of involvement an individ-
ual had in a given work. Although imperfect, it was
the best available indicator in the Scopus database
as across journals there is no commonly adopted pol-
icy for declarations of author work (e.g., CRediT
Statements). Second, Scopus maintains e-mail con-
tact information for all corresponding authors, which
gave us a means of contacting researchers in our
sampling frame. Scopus also maintains a unique
identifier for each author (author-id) across time,
which allowed us to identify authors across
publications.

Fourth, we determined uniqueness by grouping
researchers by their author-id, and we determined
the most recent contact information by selecting
records associated with the most recent year of pub-
lication. For 383 researchers who had two or more
distinct e-mail addresses in the latest year of publica-
tion, we removed noninstitutional personal e-mail
addresses and then selected one of the remaining
institutional e-mail addresses.

Applying these criteria yielded a sampling frame
of 29,828 researchers. On average, these authors
published 2.7 articles in geography journals meeting
our criteria between 2017 and 2021. Roughly one
third (33.0 percent) were most recently a corre-
sponding author for an article published in a general
geography journal. A similar proportion (32.0 per-
cent) were most recently a corresponding author for
an article published in an earth sciences journal, and
smaller proportions published in the social sciences
and cultural geography (20.0 percent and 16.0 per-
cent, respectively).

Survey Instrument

The survey first established eligibility based on
age and geographic research activity in the past five
years and asked researchers to report their primary
subfield and methodology. We asked each partici-
pant to assess their familiarity with the term repro-
ducibility and to provide their own definition. We
then provided a definition based on NASEM (2019)
to establish a common understanding of reproduc-
ibility for the remainder of the survey. Specifically,
we defined reproducibility as, “whether research
results can be re-created by an independent
researcher using the same materials, procedures, and
conditions of analysis that were used in the original
study.” Remaining questions assessed familiarity and
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use of reproducible research practices (twenty-two
questions), perceptions of the reproducibility of geo-
graphic research (two questions), and beliefs about
reproducibility with regard to its significance (seven-
teen questions) and barriers (thirteen questions). For
researchers who reported attempting reproductions,
we asked them to elaborate on their motivations and
outcomes (nine questions).

We developed the survey questions following a
review of prior reproducibility surveys (e.g., Fanelli
2009; Baker 2016; Konkol, Kray, and Pfeiffer 2019)
and our own reading of recurring issues in the repro-
ducibility literature. We pilot tested the survey
instrument with nineteen graduate students and
geography faculty with differing levels of experience,
disciplinary subfields, and methodological back-
ground. After pilot testing, we removed these indi-
viduals from our sampling frame to ensure they
would not be included in our final sample.

Data Collection

We used a digital form of the tailored design
method (Dillman, Smyth, and Christian 2014) to sur-
vey geographic researchers between 17 May and 10
June 2022. A simple random sample of 2,000 research-
ers was drawn without replacement from our sampling
frame, and those researchers were invited via e-mail
to participate in the online survey. Researchers
received their initial invitation on 17 May 2022.
Two reminder e-mails were sent to researchers who
had not yet completed the survey on 26 May and 31
May 2022.

The online survey was administered through
Qualtrics. Participation in the survey was entirely vol-
untary. Each researcher that opted to participate in
the survey was provided with consent documentation
approved by institutional review board and linked to
the Internet survey instrument. Participants were also
given the option to provide an e-mail address for eligi-
bility for one of three prizes of US$90, selected ran-
domly after the data collection period. Participating
researchers had the option to exit and reenter the sur-
vey and were also able to review and change their
answers using a back button as they progressed
through the survey. At the end of the data collection
period, responses were checked for completeness and

coded using the reporting standards of the American
Association for Public Opinion Research (AAPOR

2023). Responses were downloaded from Qualtrics,
anonymized, and stored in a public, deidentified data-
base in the research compendium.

Analytical Approach

We conducted two statistical analyses of the sur-
vey responses. First, we analyzed researcher perspec-
tives on reproducibility following three themes: (1)
how geographic researchers define reproducibility,
(2) familiarity and experience with reproducible
research practices, and (3) perceived barriers to
reproducibility. Second, we analyzed researchers’
experiences reproducing prior studies including their
motivations and experience of successes and barriers.
For both analyses, we produced and analyzed descrip-
tive statistical summaries of participant responses to
Likert scale questions designed to assess those
themes and experiences. We also coded qualitative
text responses to selected themes and created quanti-
tative summaries of these themes for each partici-
pant. To examine variation among our participants,
we cross-tabulated all statistical summaries by
disciplinary subfield and methodological approach
and compared response frequencies across these
subgroups.

Analyzing Researcher Perspectives on
Reproducibility

For our first set of analyses, we examined the full
set of survey responses. In addition to the examina-
tion of statistical summaries of individual Likert
scale questions, we created four aggregate measures
that summarize participant perceptions and experien-
ces with our four main themes. Complete details
about our coding scheme, procedure, and derived
data are available in a version-controlled digital
compendium that accompanies this publication. The
computational code that creates statistical summaries
of these variables is similarly available, which makes
our entire analysis completely reproducible.

Defining Reproducibility. We coded partici-
pants’ qualitative definitions of “reproducibility” (1)
to assess the similarity between each of the provided
definitions and the definition adopted by NASEM
(2019), and (2) to determine what participants iden-
tified as the motivation for making work reproduc-
ible. First, we measured the similarity of each
provided definition to the definition adopted by
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NASEM (2019). NASEM defines reproducible
research as having four characteristics—same data,
same procedure, same results, and same conditions.
To make this comparison, the authors independently
coded each respondent definition for the presence or
absence of each of the four characteristics. These
assessments were then compiled in a single spread-
sheet, which was used to identify disagreements in
the independent coding. Disagreements in the
assignment of codes were resolved through discussion
among the three authors. We created an aggregate
measure of definition similarity for the final coded
response for each participant by counting the pres-
ence of each NASEM definition characteristic,
resulting in a measure with the domain [0, 4].
Definitions that received a score of zero did not
share any characteristics with the definition provided
by NASEM, whereas those that received a score of
four included all of the characteristics identified by
NASEM.

Second, we also coded each definition to one of
four motivations for ensuring the reproducibility of a
study: (1) to facilitate the assessment of prior work,
(2) to assess experimental research, (3) to improve
transparency and facilitate further extension of work,
and (4) to improve the transparency and consistency
of data collection. We derived this coding from com-
mon themes in the responses and our own reading of
the reproducibility literature. As earlier, each defini-
tion was independently coded by each author before
code assignments across authors were compared with
disagreements resolved through discussion.

Familiarity and Experience. We measured par-
ticipant familiarity and experience with five repro-
ducibility-enhancing research practices: (1) the
adoption of open source software, (2) the use of
research notebooks, (3) data sharing, (4) code and
procedure sharing, and (5) research plan preregistra-
tion. We assessed familiarity by asking participants
to identify whether they were “not at all,” “very
little,” “somewhat,” or “to a great extent” familiar
with each of the five practices. Participants who
identified as being familiar “somewhat” or “to a great
extent” with a practice were coded as familiar with
that practice. For each participant, we then created
an aggregate measure of familiarity with reproducibil-
ity-enhancing research practices by counting the
number of practices with which they were familiar.
This procedure resulted in a familiarity measure with
domain [0, 5], where zero indicates a lack of

familiarity with any of the practices assessed and five
indicates familiarity with all of the practices
assessed.

We followed a similar procedure to construct an
aggregate measure of participant experience using
reproducibility-enhancing research practices. We
assessed researcher experience with each practice by
asking participants to identify whether they “never,”
“rarely,” “some of the time,” “most of the time,” or
“always” wused that practice in their research.
Participants who reported using a practice most of
the time or always were coded as having experience
with that practice. To create an aggregate measure
of experience for each participant, we then counted
the number of practices they regularly used. This
procedure created an experience score with domain
[0, 5], where zero indicates a lack of experience with
any of the practices assessed and five indicates expe-
rience with all of the practices assessed.

Barriers. Finally, we constructed a measure of
participant perceptions of the barriers that hinder
reproducibility. We asked participants to identify
how frequently they believe twelve different factors
contributed to a lack of reproducibility in their sub-
field. Participants were asked whether they believed
each practice “never,” “rarely,” “occasionally,” or
“frequently” contributed to a lack of reproducibility.
Participants who responded that a factor occasionally
or frequently hindered the reproducibility of research
were coded as identifying that factor as a barrier.
From those responses, we created an aggregate mea-
sure of perceived barriers for each participant by
counting the number of factors they identified as
barriers. This procedure resulted in a measure of bar-
riers with domain [0, 12], where zero indicates a par-
ticipant identified no barriers to reproducibility.

” o«

Analyzing Researcher Reproduction Attempts

For our second set of analyses, we examined only
the responses of researchers who reported attempting
a reproduction in the past two years to understand
what motivated reproduction attempts, how success-
ful those attempts were, and what factors hindered
success.

Motivations. To assess what motivated research-
ers to attempt reproductions, two of the authors
independently coded qualitative text responses to
the question, “What made you decide to attempt the
reproduction(s)?” Each response was categorized as
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one of four types of motivation, which we derived
from recurring themes in participants’ responses and
from our review of the reproducibility literature. The
four motivation types were to (1) verify or check
published research, (2) learn from published research
for extension or teaching, (3) internally check their
own research to verify their work or increase the
transparency of their work, and (4) replicate a study
with new data. After each response was coded inde-
pendently by the two authors, we identified disagree-
ments in motivation assignments across authors.
Disagreements were resolved through a discussion
that was moderated by the third author. After a
review of the coded responses, we chose to use the
first and second motivations as a filter to narrow our
sample to participants who attempted reproductions
that matched the definition of reproducibility in pre-
sented by NASEM. We chose to remove participants
reporting that they attempted to reproduce their
own work because it is unlikely these respondents
would encounter the same barriers as researchers
attempting to reproduce the work of others, and
because a core component of epistemological func-
tion of reproducibility is that it acts as an indepen-
dent check of prior claims. We chose to remove
participants who reported replicating a study because
the collection of new data changes the purpose and
experience of re-creating a study.

Success and Barriers. After narrowing our sam-
ple to participants attempting independent reproduc-
tions of the work of others, we analyzed participant
responses to a set of questions related to the experi-
ence making those attempts. To analyze participant
success, we created statistical summaries for a series
of questions that asked researchers to identify
whether they were able to partially or completely re-
create some or all results of the target study. We
similarly analyzed barriers to the reproduction of

results by creating statistical summaries of partici-
pants’ ability to access key study artifacts (e.g., data,
procedural information, and code).

Results

A total of n=218 of the authors we contacted
completed the online survey with information suffi-
cient for analysis. The contact rate for the survey
was 13.9 percent and the cooperation rate was 78.7
percent, yielding an overall response rate of 10.9
percent. The refusal rate was 2.9 percent.! Another
forty authors started the survey but did not complete
enough of the survey to be included in the analysis.

Respondents were predominantly male (65.1 per-
cent) and between the ages of thirty-five and fifty-five
(62.4 percent). The majority of respondents were aca-
demics, and they were balanced across career levels
from graduate students to full professors with no one
career level comprising more than 30 percent of the
sample. Respondents identified with each of the four
major disciplinary subfields—physical geography (29.8
percent), geographic methods and GlScience (28.0
percent), nature and society (10.1 percent), and
human geography (30.7 percent)—and three major
methodological approaches—quantitative (42.2 per-
cent), mixed methods (39.0 percent), and qualitative
(18.3 percent).

Table 1 summarizes how researchers define repro-
ducibility, their familiarity with reproducible
research practices and experience using them, and
the factors they see as barriers to reproducibility in
geography. Table 1 presents the mean and standard
deviation of the summary measures we created for
each of these four themes. Each row in the table
captures one of those four themes. The columns of
the table separate the statistical summaries associated
with those themes by subfield and methodological

Table 1. Descriptive summary of researcher perceptions and experiences with reproducibility

Subfield Approach
Measure PH MT NS HU QN MX QL Overall n  Missing
Definition  1.73 (1.11) 2.00 (1.09) 1.86 (1.06) 1.84 (1.14) 1091 (1.13) 1.82 (1.04) 1.69 (1.26) 1.83 (1.12) 181 37
Familiarity 3.71 (0.98) 3.97 (0.86) 2.82 (1.76) 2.36 (1.36) 3.75 (0.98) 3.46 (1.22) 1.75(1.30) 3.26 (1.36) 218 0
Experience 2.06 (1.18) 1.85 (1.38) 1.18 (0.96) 0.60 (0.80) 1.63 (1.32) 1.69 (1.24) 0.48 (0.68) 1.44 (1.28) 218 0
Barriers 8.31 (3.00) 9.31(2.79) 7.44 (3.20) 7.32 (3.57) 8.78 (2.80) 8.58 (2.96) 5.97 (3.83) 8.20(3.24) 182 36

Note. Each data cell contains the mean and the standard deviation in parentheses of aggregate measures of researcher definitions, familiarity, experience,
and barriers. The domain of each measure is: Definition [0, 4]; Familiarity [0, 5]; Experience [0, 5]; Barriers [0; 12]. PH=physical geography;
MT = GlIScience and methods; NS = nature and society; HU =human geography; QN = quantitative; MX = mixed methods; QL = qualitative.
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approach. For example, the first entry in the overall
column of the table indicates that respondents on
average included 1.83 of the four components of the
NASEM definition in their own definitions of repro-
ducibility, with a standard deviation of 1.12 compo-
nents. Moving down to the familiarity and
experience rows of the same column, these entries
indicate that respondents were on average familiar
with 3.26 of the five reproducible research practices
we survey but indicated having experience using
only 1.44 of those same practices. The barriers entry
from the same column indicates that respondents
identified an average of 8.20 of the 12 factors we
surveyed as hindering reproducibility in the disci-
pline. In contrast, the entry summarizing qualitative
researchers’ perceptions of barriers to reproducibility
indicates that these researchers identified an average
of 5.97 of 12 barriers to reproducibility.

In aggregate, the data reveal consistent trends in
definition, familiarity, experience, and barriers of
reproducibility between the subdisciplines and
methodological approaches. Respondents who self-
identified as specializing in physical geography and
geographic methods consistently reported greater
familiarity with reproducibility than those working
in nature and society and human geography.
Similarly, respondents who identified as primarily
using quantitative and mixed-methods approaches
consistently report greater familiarity of reproduc-
ibility than those using qualitative methods. The
following subsections present detailed results for
each of these topics, highlighting the principal
sources of difference between subfields and method-
ological approaches.

Researcher Perspectives on Reproducibility

Reproducibility is on the minds of geographic
researchers. Nearly all researchers reported being at
least somewhat familiar with the term reproducibility
(89.0 percent), with half reporting being very famil-
iar with the term (53.6 percent). More pointedly,
the majority of survey respondents reported thinking
about the reproducibility of their own research (80.7
percent), discussing reproducibility with a colleague
(70.6 percent), and questioning the reproducibility
of published work (57.3 percent) in the past two
years. More than half of the researchers we surveyed
(52.8 percent) also reported considering reproduc-
ibility while peer reviewing a grant proposal or

publication during the same time frame. Researchers,
however, estimated that only 50.6 percent of the
results published in the discipline were reproducible,
albeit with a large standard deviation of 24.7 percent
that suggests a great deal of uncertainty about the
true value. Few respondents reported attempting to
reproduce the work of other researchers (14.7 per-
cent) with fewer still attempting to publish those
reproduction studies (6.8 percent).

In total, 58.0 percent of respondents agreed with
the statement, “Reproducibility is incompatible
with the epistemologies within my subfield,” 28.0
percent disagreed with the statement, and 13.0 per-
cent indicated that they did not know. About half
of the respondents specializing in human geography
(49.3 percent) and nature and society (50.0 per-
cent) indicated that reproducibility was incompati-
ble with the epistemologies of their subfields.
Respondents  conducting  primarily  qualitative
research were similarly skeptical of the epistemolog-
ical role of reproducibility in their subfield.
Seventy-five percent of qualitative researchers indi-
cated that reproducibility was epistemologically
incompatible with their subfield.

Definitions and Importance of Reproducibility. A
total of 181 (83.0 percent) of our survey respondents
provided an interpretable definition of reproducibility.
Geographic researchers provided definitions of repro-
ducibility that explicitly included an average of 1.83
of the four characteristics from the NASEM defini-
tion. The availability and use of the same research
procedures (80.7 percent) and results (74.0 percent)
were the characteristics of reproducibility most fre-
quently identified by researchers. Less than half of
respondents explicitly included use of the same data
(38.1 percent) or the need to work in the same con-
text (17.7 percent) in their definitions. The pattern
of similarity to the NASEM definition and each of
its components was consistent across subfields and
methodological approaches, with a slightly greater
emphasis on data and procedural availability among
quantitative and geographic methods and GIScience
researchers. The lower inclusion of data and context
in definitions might be explained by researchers con-
ceptualizing reproducibility as the formal NASEM
definition of replicability, which emphasizes the test-
ing of similar questions and procedures in new con-
texts with new data. For example, one respondent
defined reproducibility as “the extent to which the
research design can be replicated in different
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geographical contexts.” We observed this alternative
definition of reproducibility in 20.4 percent of
respondents’ definitions.

Researchers’ definitions of reproducibility were
primarily connected to two epistemic functions. Just
over half of respondents (52.5 percent) defined
reproducibility as a means of assessing prior work for
errors or inconsistencies through comparison of origi-
nal results to results from an attempted reproduction.
These comparisons ranged from rigid bitwise quanti-
tative interpretations, as in the “ability to regenerate
exactly the results published based on the data and
code provided by the authors,” to more flexible
interpretations in which “other researchers could use
the same or similar methodology without great diffi-
culty and, given similar data, arrive at comparable
results.” Responses also included definitions with a
focus on experimental science, as in “an ability to
produce consistent results when an experiment is
repeated.”

Nearly all other researchers (40.9 percent) tied
reproducibility to the need for transparency in
research so that others could independently
expand on prior studies. For example, a quantita-
tive geographer stated, “The methods should pro-
vide sufficient information to be able to reproduce
the results. In quantitative science this should, at
minimum, provide all the equations and algo-
rithms used for any calculation. In the interest of
increasing transparency in science, the practice of
sharing the code should be encouraged.” For
others, open science did not necessarily need to
result in identical results, reflected in this
definition:

As a qualitative researcher doing in-depth case study
research, my studies cannot be perfectly reproduced.
But reproducibility sits in the openness about methods
and data collection practices, as well as critical
reflection about strengths and weaknesses of my
research. When we write about those things in the
methods section in our papers and theses, their
reproducibility is increased.

The remainder of responses (6.6 percent) emphasized
repeatable or reliable data observation over all other
dimensions of reproducibility. For example,

As a historical geographer, working with qualitative
research methods, I understand reproducibility more in
terms of sources than of methods. I see reproducible
research as being that which makes clear the origin
and location of its data.

A physical geographer similarly emphasized data
observations: “Datajobservations of some variable
can be recovered repeatedly by different observers/
methods.”

Responses to related Likert questions from the full
survey sample (n=218) support the results from the
subsample of 181 qualitative definitions analyzed
previously. A majority of researchers identified
reproducibility as important for validating (75.2 per-
cent) and establishing the credibility (72.5 percent)
of research. Respondents also saw reproducing stud-
ies as important to reducing the presence of persis-
tent errors in the discipline (77.5 percent) and to
increasing trust in research findings (78.5 percent).
In parallel with the need for openness and transpar-
ency in science, most respondents agreed with the
importance of reproducibility for research efficiency
(63.3 percent), communication with academics (68.8
percent) and practitioners (64.7 percent), and train-
ing students (75.7 percent).

Despite wide recognition of reproducibility as epi-
stemically important, respondents were cautious
about drawing conclusions from a single study or
reproduction attempt. Only half of the respondents
(50.9 percent) agreed that when researchers do not
share their data they have less trust in a study. A
smaller percentage (41.7 percent) agreed that inabil-
ity to reproduce a result detracts from the validity of
a study, and an even smaller minority agreed that
such inability implies that the result is false (26.2
percent).

Qualitative researchers identified reproducibility
as playing a much smaller epistemic role compared
to the discipline as a whole. A small percentage of
qualitative researchers agreed that reproducibility is
important for validating research (25.0 percent) or
establishing its credibility (20.0 percent). Qualitative
researchers similarly placed less emphasis on repro-
ducibility as a means of increasing the accessibility
and extensibility of research. Few qualitative
researchers had less trust in a study when researchers
did not share their data (27.5 percent) or saw repro-
ducibility as important for sharing research with aca-
demics (27.5 percent).

The data from our sample of researchers show
that there is broad recognition of reproducibility
and its importance in geography with three cav-
eats—conflation of reproducibility and replicability,
different perspectives from researchers using qualita-
tive methods, and caution about judging the
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trustworthiness or wvalidity of published research
based on success or failure of an attempt to repro-
duce a study. In this context, are individual
researchers aware of the research practices needed
to enhance reproducibility, and have these practices
already been adopted for use in research?

Familiarity and Experience with Reproducible
Research Practices. Geographic researchers were
familiar with an average of 3.26 different reproduc-
ible research practices, but only reported experience
using an average of 1.44 of these practices in their
own work. Table 2 presents researcher familiarity
and use of five different reproducible research practi-
ces. More than half of all researchers reported famil-
iarity with data sharing (86.7 percent), open source
software (85.3 percent), field and lab notebooks
(67.0 percent), and code sharing (59.2 percent). A
far smaller number of researchers reported using
these “familiar” practices regularly in their own
work, however. Less than half of the researchers sur-
veyed reported sharing their data (44.5 percent),
using open source software (38.1 percent), using field
or lab notebooks to record their work (40.0 percent),
or sharing their code (18.8 percent) most or all of
the time. Only a small subset of researchers reported
familiarity with the preregistration of research
designs and protocols (27.5 percent) or regular use
of this practice (2.7 percent).

Researcher familiarity and use of reproducible
research practices varied by disciplinary subfield and
methodological approach. Researchers who identified
as physical geographers or methodologists and
GlScientists reported being familiar with one to two
more reproducible research practices than human
geographers and those focused on nature and society.
Researcher practices similarly diverged by subfield,
but no subset of researchers reported using on aver-
age more than two of these practices regularly in
their work. Quantitative and mixed-methods
researchers reported familiarity with and use of an
average of two more reproducible research practices
when compared to qualitative researchers.

Differences in researcher familiarity and use of
specific reproducible research practices across sub-
fields and approaches was greatest for practices more
typical of quantitative workflows. When compared
to qualitative researchers, quantitative and mixed-
methods researchers reported greater familiarity with
all reproducible research practices. For example, just
12.5 percent of qualitative researchers reported
familiarity with code sharing, whereas 81.5 percent
of quantitative and 57.7 percent of mixed-methods
researchers reported familiarity with the same prac-
tice. Even among quantitative and mixed-methods
researchers, familiarity with reproducible research
practices did not translate into regular use of those

Table 2. Researcher familiarity with and use of reproducible research practices

Subfield Approach

Barrier PH MT NS HU ON MX QL Overall Missing
Open source software

Familiarity with 90.8% 100.0% 72.7% 71.7% 96.7% 89.5% 52.5% 85.3% 0

Use of 47.4% 59.0% 31.8% 13.4% 47.8% 41.1% 10.0% 36.1% 0
Lab and field notebooks

Familiarity with 90.8% 78.0% 63.7% 35.8% 75.0% 71.8% 40.0% 67.0% 0

Use of 63.0% 44.2% 40.9% 14.9% 40.2% 39.4% 20.0% 40.0% 2
Sharing and archiving data

Familiarity with 95.4% 95.4% 72.7% 71.7% 93.5% 92.9% 57.5% 86.7% 0

Use of 63.0% 44.2% 40.9% 20.9% 51.1% 51.8% 13.0% 44.5% 0
Sharing of code/scripts

Familiarity with 64.6% 83.6% 45.4% 38.8% 81.5% 57.1% 12.5% 59.2% 0

Use of 20.0% 32.8% 4.5% 10.5% 22.8% 21.1% 5.0% 18.8% 1
Research preregistration

Familiarity with 29.2% 27.2% 29.2% 17.9% 28.3% 34.2% 12.5% 27.5% 0

Use of 4.6% 4.9% 0.0% 0.0% 1.1% 5.9% 0.0% 2.7% 0
N 65 61 22 67 92 85 40 218 0

Note. Cells report the percentage of respondents reporting being “somewhat” or “very” familiar with a reproducible research practice or using those
practices “most of the time” or “always.” PH = physical geography; MT = GIScience and methods; NS = nature and society; HU = human geography;

QN = quantitative; MX = mixed methods; QL = qualitative.
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practices. Just over half of quantitative and mixed-
methods researchers reported regularly sharing their
data. Less than a quarter of these same researchers
reported regularly sharing their code. These rates
were lower for qualitative geographers, of which only
a small subset reported using open source software or
field notes or sharing data and code most of the
time or always.

Perceived Barriers to Reproducible
Research. Aligning with the differences we
observed between researcher familiarity with repro-
ducibility-enhancing  research ~ practices  and
researcher use of those same practices, respondents
to our survey identified an average of 8.20 factors
contributing to a lack of reproducible research.
Geographic researchers working in different subfields
and with different methodological approaches each
identified a similar number of barriers to reproduc-
ibility, as shown in Table 3. Qualitative geographers
might be the one group that deviates from this con-
sistent pattern. These researchers identified fewer
barriers to reproducibility on average, but with a
greater variance that left us unable to distinguish
this group from any other. To examine differences in
the specific factors that researchers believe hinder
reproducibility in the discipline, we divided the
twelve factors into three groups—those related to
the research environment, the availability of
research artifacts, and study-specific characteristics.

Geographic researchers identified the incentive
structure of the researcher environment as an impor-
tant barrier to reproducibility. A majority of geo-
graphic researchers identified both the pressure to
publish original research (71.5 percent) and insuffi-
cient oversight of the research process (71.1 percent)
as barriers. A minority of qualitative researchers
identified both factors as barriers, but a majority of
researchers in all other approaches and subfields
identified both factors as barriers to reproducibility.
Physical, methods-focused, and quantitative research-
ers identified these factors as barriers in higher num-
bers. A minority of geographic researchers (28.4
percent) believe that the fabrication of data, the
manipulation of research results, and similar forms of
fraud are a cause of irreproducibility in the disci-
pline. This percentage is consistent with concerning
results from large surveys and meta-analyses of
research on scientific fraud across other scientific
disciplines (Fanelli 2009; Baker 2016).

Researchers identified the unavailability of
research artifacts (e.g., data) as a second barrier to
reproducibility, but the importance placed on differ-
ent artifacts varied by subfield and methodological
approach. A higher percentage of physical and meth-
ods-focused researchers identified all five of the arti-
facts we investigated as common barriers to
reproducibility as compared to human and nature—
society researchers. The largest differences between

Table 3. Barriers to reproducibility

Subfield Approach
Barrier PH MT NS HU QN MX QL Overall Missing
Research environment
Pressure to publish 83.1% 75.0% 54.5% 61.2% 71.3% 75.3% 47.5% 71.5% 11
Insufficient oversight 81.6% 82.0% 63.6% 56.7% 82.6% 74.2% 40.0% 71.1% 13
Fraud 32.3% 39.3% 9.1% 22.4% 29.4% 31.8% 20.0% 28.4% 13
Artifact availability
Insufficient metadata 76.9% 78.7% 59.1% 62.6% 79.4% 72.9% 45.0% 80.2% 15
Unavailable data 89.3% 78.6% 59.1% 65.7% 87.0% 81.2% 42.5% 75.2% 15
Unavailable protocol/code 77.0% 86.9% 50.0% 59.7% 87.0% 70.6% 37.5% 71.1% 14
Published incomplete results 73.8% 78.7% 63.7% 56.7% 78.2% 72.9% 37.2% 68.4% 14
Use restricted data/software 56.9% 82.0% 40.9% 44.8% 70.7% 56.5% 32.5% 57.8% 19
Study characteristics
Geographic variation 80.0% 72.2% 81.8% 61.2% 79.4% 74.1% 40.0% 71.5% 16
Researcher positionality 50.8% 70.5% 72.8% 70.2% 56.5% 65.9% 80.0% 64.2% 19
Chance 66.2% 65.6% 68.2% 55.2% 67.4% 64.4% 52.5% 62.3% 19
Different computation 53.8% 68.9% 31.8% 38.8% 63.1% 56.5% 25.0% 50.9% 18
N 65 61 22 67 92 85 40 218 0

Note. Cells report the percentage of respondents reporting each factor occasionally or frequently contributed to a lack of reproducibility in geographic
research. PH = physical geography; MT = GIScience and methods; NS =nature and society; HU = human geography; QN = quantitative; MX = mixed

methods; QL = qualitative.
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these groups existed in researchers’ beliefs about how
often the availability of research protocols and code
and the use of restricted data or software affected
reproducibility. A similar gap existed between quali-
tative researchers and mixed-methods or quantitative
researchers with regard to identifying code availabil-
ity or the use of restricted data or software as con-
tributing to irreproducibility.

A majority of researchers identified the complexity
and variability of a system (71.5 percent), researcher
positionality (64.2 percent), and chance (62.3 per-
cent) as study-specific factors limiting the reproduc-
ibility of geographic research. Minor variations in the
emphasis placed on these factors exist across subfields
and approaches. A higher percentage of nature—soci-
ety and physical researchers emphasized the important
role that spatial variation and complexity of geo-
graphic processes can play when attempting to repro-
duce geographic research, but this factor was also
recognized by researchers across subfields and
approaches. A smaller percentage of physical geogra-
phers placed emphasis on the impact researcher posi-
tionality could have on reproducibility when
compared to all other subfields. Positionality acknowl-
edges that knowledge is embedded in power relations
and that researchers’ social and cultural positions
affect their relations with research subjects and mate-
rials, thus necessitating declaration of that researcher
position to evaluate findings (Pratt 2009; Qin 2016;
Holmes 2020). Researchers declare and reflect on
their positions to assess how their own identity and
history might influence aspects of the research pro-
cess, such as data collection and interpretation.
Qualitative researchers were the group most likely to
identify positionality as a barrier to reproducibility
(80.0 percent). Differences between the computa-
tional environment (computer hardware and soft-
ware) used to conduct an original study and a
reproduction attempt were generally not seen as a
factor contributing to a lack of reproducibility in the
discipline. Of all subgroups, only a majority of meth-
ods-focused and quantitative researchers were con-
cerned with computational environments, reflecting
research practices used in their areas of research.

Attempted Reproductions

A total of 102 of the researchers who responded to
our survey (46.8 percent) reported attempting a repro-
duction study during the past two years. Twenty-three

of those researchers, however, were reproducing their
own research results, and another thirteen were repli-
cating prior studies in new locations. In the end, only
thirty-two (14.7 percent) of all respondents reported
attempting to reproduce a study originally conducted
by another researcher during the past two years.

This subset of thirty-two participants formed the
basis for our analysis of researcher practices and
experiences when attempting reproductions of the
work of others. Reproduction attempts were predom-
inantly made by geographic researchers who self-
identified with the physical geography (43.8 percent)
or geographic methods and GIS (37.5 percent) sub-
fields. Respondents attempting reproductions were
also focused on quantitative (68.8 percent) and
mixed-methods (41.2 percent) approaches. Only
eight of the researchers who attempted reproductions
reported submitting any of their findings for
publication.

Most of the thirty-two researchers who attempted
to reproduce a prior study reported at least some suc-
cess in accessing data and procedures and in repro-
ducing the prior study results. The majority of
researchers (87.5 percent) were able to access some
of the data used in the original study, but few
researchers (12.5 percent) reported access to all of
the original data. Researchers also reported the abil-
ity to access at least some information about the
study procedures (68.8 percent) and computational
environment (59.4 percent), but limited ability to
access all procedural (9.4 percent) and computa-
tional environment information (12.5 percent).

Reproduction attempts might produce results for
comparison to some or all of the results in a prior
study. A reproduction could be identical by finding
the exact same results, or could be partial by finding
slightly different results that still support the same
conclusions. Nearly all researchers reported at least
partially reproducing some results (81.3 percent), but
only seven (21.9 percent) reported being able to at
least partially reproduce all results. Only three
researchers (9.4 percent) were able to identically
reproduce all results.

The reproduction attempt rate and success rates
we observed are similar to analogous rates reported
in other studies of the reproducibility of geographic
research. For example, the Konkol, Kray, and Pfeiffer
(2019) survey of participants from the European
Geosciences Union General Assembly found that 7
percent of respondents reported often or always
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attempting to reproduce the results of other studies.
The authors also found rates of reproduction success
similar to those identified in our survey. Specifically,
the authors found 24 percent of the survey respond-
ents reported being able to often or always reproduce
results and 38 percent reported being able to some-
times reproduce results. Five years of reproducibility
reviews of AGILE and GlIScience conference papers
conducted by Nust et al. (2023) and Ostermann
et al. (2021) consistently identified low levels of
research  artifact  availability,  implying  low
reproducibility.

Access to prior study data and procedural infor-
mation appears to affect the ability to reproduce
prior study results. When researchers had access to
some of the data from the original study, they
reported being able to at least partially reproduce all
results in six of twenty-four instances. That success
rate rose to three of four when researchers reported
access to all data. Procedural information and code
appears to matter as much as data. When researchers
had access to some of the procedural information
from the original study, they reported being able to
at least partially reproduce all results in six of nine-
teen instances. That success rate rose to three of
three when researchers reported access to all proce-
dural information and all code.

The small number of reproduction study attempts
reported in the survey results makes it difficult to
draw broad conclusions. The results are internally
consistent, however, and intuitively support the
importance of available data and procedures for the
reproducibility of geographic research.

Discussion

Our survey results indicate that geographic
researchers are aware of reproducibility and repro-
ducible research practices but have yet to incorpo-
rate many of those practices into their own work.
We found that few researchers attempt to indepen-
dently reproduce the work of others, or to publish
the reproduction attempts they do undertake. In
alignment with the broader reproducibility literature,
geographic researchers identify the lack of methodo-
logical transparency and the unavailability of data
and procedural information as key barriers to repro-
ducibility in the discipline. These findings align with
a small survey of conference participants conducted
by Nust et al. (2018), which found that geographic

researchers understood the importance of reproduc-
ibility but identified data restrictions and a lack of
time as key barriers to making their own work more
reproducible. Our results also suggest the need to
change the culture of research, publication, and pro-
motion within the discipline. This new culture
would recognize and reward both original research
that is reproducible and attempts to conduct and
publish reproduction studies. On the whole, some
awareness of reproducible research practices and the
infrastructure to attempt reproductions and publish
reproducible work exist within the discipline, but
geographers have yet to make either a regular part of
disciplinary practice.

Our findings also suggest that geographic
researchers do not share a single definition of
reproducibility. Although researchers share beliefs
about the epistemological functions of independent
reproductions, they provide definitions that contain
different requirements for similarity across studies in
terms of data, procedures, results, and context.
Moreover, a subset of researchers define reproduc-
ibility as what NASEM (2019) defined as replica-
bility—the ability to obtain consistent results across
studies designed to answer the same question, each
of which has obtained its own data. The inter-
changeable use of reproducibility and replicability,
or the outright reversal of definitions we observed
in our sample, has also been documented across the
sciences (Plesser 2017; Barba 2018). Given that
geography has no established standard use of either
term and that many geographic researchers are also
trained in other disciplines, it is likely that
researchers at least partially inform their definition
of reproducibility using concepts prominent in their
cognate fields.

The variation in terminology we observed is
important for at least two reasons. First, variation in
geographic researchers’ understanding of reproducibil-
ity reflects the discipline’s diverse traditions and ways
of knowing. Acknowledging this diversity as a
strength of the discipline, productive discussions
about reproducibility should consider how reproduc-
ible research practice fits into different traditions and
what common understanding exists across traditions.
Second, if researchers lock into a protracted debate
about terminology, the community might hinder a
more productive discussion about the epistemological
role independent reproductions and open science
practices can or should play in the discipline.
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Our findings point to potentially productive path-
ways for such a discussion. For example, qualitative
geographers are the subset of respondents that most
frequently diverged from respondents using other
approaches and working in other subfields. This sub-
set of respondents had much less familiarity and use
of reproducible research practices and more fre-
quently disagreed that reproducibility was compatible
with their epistemological approach. These differ-
ences might also explain their lower rates of report-
ing barriers to reproducibility. Our qualitative
respondents, however, did consistently value particu-
lar epistemic functions of reproducibility at higher
rates than their disagreement with reproducibility on
epistemological grounds suggests. This contradiction
suggests that qualitative methodologists and repro-
ducibility researchers have yet to meaningfully
engage despite sharing some common values. One
commonly held value that could serve as a platform
for such an engagement is the shared belief in the
importance of transparency and precise communica-
tion in research.

Qualitative researchers might also have much to
contribute to the reproducibility literature owing to
their unique perspective and approach to research.
For example, qualitative researchers are more con-
cerned than any other group that research position-
ality is a barrier to reproducibility, but other groups
also recognize the impact researcher position and
experience can have on research. Perhaps one way
forward is to initiate a conversation that highlights
how reproducibility is not an absolute standard or
determinant of research quality, but instead a means
of clarifying for others what was done in a study and
why conclusions were drawn as they were. Even if a
researcher believes positionality influences data col-
lection and interpretation, using reproducible
research practices to control all variables of research
design except researcher position might help convey
that position and its impact on study results. In
other words, reproducibility could open up possibili-
ties for new research questions about researcher posi-
tionality and its implications for the evaluation of
qualitative and quantitative results. To our knowl-
edge, there is little explicit discussion in the repro-
ducibility  literature = about  how  researcher
positionality can or should be recorded and con-
veyed to other researchers. Such work could also
move the conversation about reproducibility away
from a current focus on the exact re-creation of

numerical results, and back to the practice’s deeper
function—independently assessing the claims of prior
research.

Finally, although our results most directly inform
quantitative and computational forms of research,
we see a number of ways in which the practices
examined in our survey can be used to improve the
reproducibility of qualitative research in geography.
Work in other disciplines can provide a foundation
for these improvements. For example, Aguinis and
Solarino (2019) developed twelve transparency crite-
ria qualitative researchers studying management can
use to catalog and share their data, methods, and
overall approach. Roberts, Dowell, and Nie (2019)
similarly introduced a methodology to guide repro-
ducible codebook development for thematic analysis.
The challenge will be adapting these approaches to
geographic analysis. Take the case of using video
and audio recordings to capture and share qualitative
data. Combining Roberts, Dowell, and Nie’s (2019)
codebook methodology with version tracking soft-
ware, a researcher could create a well-documented
and detailed record of the interview coding process.
When provided with the original recordings, that
iterative record could be used to understand, re-cre-
ate, and assess the final coding. When used to exam-
ine geographic phenomena, however, this approach
might raise questions about the preservation of par-
ticipant anonymity. For example, such recordings
might require the redaction of not only participant
information, but references made in conversations to
particular places and times that could identify partic-
ipants. These redactions both change the amount of
information contained in the data, which could
make it less useful to a study, and create the addi-
tional need to track redaction procedures.
Reproducibility might help communicate the rigor of
social science research practices and critical social
science might help mediate competing values of
reproducibility and protection of research subjects.
This work remains limited and challenging, however,
requiring creative solutions and improvements to
public open science infrastructure.

Limitations

To our knowledge, our work is the first systematic
attempt to survey a diverse set of geographic research-
ers about reproducibility. To draw a reliable and gen-
eralizable understanding of this issue, we developed a
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robust sampling frame representative of the diversity
of active geographic researchers. Ideally, we would
stratify this set of potential respondents into meaning-
ful subgroups based on their knowledge of reproduc-
ibility, and then randomly draw participants from
these subgroups. If our resulting sample was imbal-
anced, we would then use a poststratification proce-
dure to balance the response.

We could not follow this approach for two reasons.
First, meaningful stratification and poststratification
require knowledge of what predicts differences in
response. Given the currently limited understanding
of reproducibility within geography, prior to our study
we could only speculate about the researcher charac-
teristics predictive of different levels of familiarity and
experience with reproducible research (e.g., subfield,
methodological approach, or career position). We did
not have the knowledge needed to identify reliable
predictors. In this respect, our survey lays an initial
foundation for examining reproducibility in subse-
quent studies by providing the first discipline-wide
measurement of predictive researcher characteristics.
Second, meaningful stratification and poststratification
require a population-wide census of key predictors of
reproducibility. We are not aware of any census of
geographic researchers that contains these data, and
we believe that conducting such a census would be
difficult given the diversity of the field and the fuzzy
boundaries between the discipline’s subfields. Given
the limitations to stratifying or balancing a survey on
reproducibility in geography, our study should be
viewed as an exploratory analysis with random sam-
pling and a transparent, reproducible methodology for
sample frame construction.

Absent stratification, we have taken steps to reduce
several forms of potential bias in our survey. We have
worked to eliminate exclusion bias by including in our
sampling frame all researchers publishing as corre-
sponding authors in a wide range of geography jour-
nals over a five-year period. Although we cannot
eliminate the possibility of self-selection bias from our
survey, we attempted to quantify potential self-selec-
tion by calculating and comparing the completion
rates across subfields and approaches. Completion rates
for all subfields were between 84.0 percent and 87.0
percent, except slightly higher rates for geographic
methods and GIS researchers (96.8 percent).
Completion rates were 84.2 percent for mixed meth-
ods, 87.0 percent for qualitative methods, and 91.1
percent for quantitative methods. These values suggest

that self-selection was not a significant issue. Finally,
we attempted to mitigate the potential for question-
naire bias, which could be caused by partially basing
our survey instrument on prior studies that overrepre-
sent perspectives from the computational and experi-
mental sciences. To address this concern, we
incorporated into our survey questions from a parallel
review of the reproducibility literature available within
geography and a review of critiques of positivist sci-
ence made by social scientists and human geographers.
We also included space for text-based qualitative
responses in each survey theme, and pilot tested our
instrument with a diverse set of geographers.

In light of our finding that participants often pro-
vided definitions of reproducibility that only partially
matched the NASEM-based definition used in our
survey, we cannot be certain which definition
respondents had in mind when answering survey
questions. We attempted to preemptively address
this concern by repeatedly providing the NASEM-
based definition during the survey. Although we
cannot directly assess which definition each partici-
pant used when responding to our questions, we
have attempted to indirectly measure this issue and
its potential effect on aggregate participant response.
Specifically, we examined whether participants who
provided reproducibility definitions that shared one
or two characteristics with the NASEM definition
answered survey questions differently than those that
provided definitions that shared three or four charac-
teristics. We found little difference in the responses
of researchers in these two groups. For example, 83.8
percent of participants who provided definitions
highly similar to the NASEM definition identified
unavailable data as a barrier to reproduction,
whereas 92.9 percent of participants with low simi-
larity identified this same factor as a barrier.
Participants in the two groups also provided similar
estimates of the percentage of reproducible results
published in the discipline—39.4 percent for the
low-similarity group compared to 40.3 percent for
the high-similarity group. These levels of similarity
were observed across all survey questions. As a final
robustness check, we conducted a similar analysis by
splitting our sample based on our identification of
participant definitions that closely aligned with the
NASEM definition of replication. We again found
little difference in survey responses between these
groups. These checks led us to conclude either that
participants used our provided definition when
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answering questions or that differences between our
provided definition and those of participants were
unlikely to have affected their response to our spe-
cific set of survey questions.

Conclusion

In this study, we have provided the first system-
atic survey of the use of reproducible research practi-
ces across geography’s diverse research traditions.
Our results make clear that geographic researchers
are aware of reproducible research practices but lack
direct experience using those practices. Academic
incentive systems and the inaccessibility of key com-
ponents of prior research hinder reproducibility, and
a small percentage of researchers are attempting to
independently reproduce past work.

Arising from the survey results, we see an opportu-
nity for geographers to contribute to the interdisciplin-
ary challenges and debates surrounding reproducibility.
There has been a tendency to reduce reproducibility to
a matter of sharing computational artifacts (e.g., data
and code), and to codify artifact sharing as the nar-
rowed goal of reproducibility through requirements for
publishing, funding, or badging. Although these practi-
ces might allow independent researchers to more easily
reproduce and evaluate some aspects of prior studies,
they lose sight of the underlying epistemological func-
tions of reproduction studies. Our results demonstrate
that geographic researchers have a more varied under-
standing of reproducibility. Although the discipline
does not agree on the importance of sharing of artifacts
for computational reproducibility, there is alignment on
the clear, precise, and open communication of research
and the use of reproduction studies to evaluate or
extend the claims of prior work. This shared under-
standing provides common ground for a discipline-wide
debate about the role reproductions can or might play
within different epistemologies and subfields, or in the
presence of spatial heterogeneity and unique place-
based characteristics.

Our work also creates a foundation for the further
empirical investigation of reproducibility within geogra-
phy and its many disciplinary traditions, and more
broadly across the sciences. We have made all the
materials used in the development and execution of
this research openly available so that others can cri-
tique and extend our work. We urge other researchers
to reanalyze our data, replicate our study, improve our
sampling frame and survey instrument, and

progressively create a deeper understanding of questions
we only begin to address in this work. One immediate
path would be to use our materials to survey geo-
graphic researchers about replicability, as our results
show that some researchers appear to see a clearer role
for replications over exact reproductions in their sub-
fields, whereas others conflate reproducibility and repli-
cability. Disentangling these concepts and connecting
them with the epistemological debates presented here
is particularly salient in the context of convergence
research addressing the most urgent challenges facing
humanity, including climate change, global inequality
and poverty, global health, and political conflict.
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Note

1. All outcome rates are reported using AAPOR
(2023) standards. The outcome rates used were
response rate 2, cooperation rate 2, refusal rate 1,
and contact rate 1.
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