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Figure 1: Evolution of publication counts in several visualization venues,'*15 including their proportion of papers with GRS certification
(for a normalized version with percentages see Figure 8). We can see that only few papers so far have received a GRS, in all venues.

ABSTRACT

I analyze the evolution of papers certified by the Graphics Repli-
cability Stamp Initiative (GRSI) to be reproducible, with a specific
focus on the subset of publications that address visualization-related
topics. With this analysis I show that, while the number of papers
is increasing overall and within the visualization field, we still have
to improve quite a bit to escape the replication crisis. I base my
analysis on the data published by the GRSI as well as publication
data for the different venues in visualization and lists of journal pa-
pers that have been presented at visualization-focused conferences.
I also analyze the differences between the involved journals as well
as the percentage of reproducible papers in the different presenta-
tion venues. Furthermore, I look at the authors of the publications
and, in particular, their affiliation countries to see where most repro-
ducible papers come from. Finally, I discuss potential reasons for
the low reproducibility numbers and suggest possible ways to over-
come these obstacles. This paper is reproducible itself, with source
code and data available from github.com/tobiasisenberg/
Visualization-Reproducibility as well as a free paper copy
and all supplemental materials at osf.io/mvnbj.

Keywords: Research replicability, research reproducibility, re-
search repeatability, FAIR research data, open science, open research,
open practices, Graphics Replicability Stamp Initiative (GRSI), vi-
sualization.

1 INTRODUCTION

“A scientific result is not truly established until it is independently
confirmed” [2]—yet in the past this mantra has not really been the
guiding principle for work within visualization. BELIV as a venue
has looked at this question specifically in its 2018 edition [15,22,27,
29], and found that there is still much to be improved in our field.
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Two years later in 2020, Fekete and Freire [10] observed that “there
are few visualization articles with a [graphics replicability] stamp
(6 for TVCG, 4 for CGF), and most of these are about computer
graphics.” They referred to the badges (which, in this paper, I
call graphics replicability! stamps, GRS) awarded by the Graphics
Replicability Stamp Initiative (GRSI; replicabilitystamp.org)
to published journal? papers within the larger computer graphics
research field for ensuring that some of the presented work can
indeed be replicated by independent others. As the GRSI started
from within the computer graphics community and had only started
to award papers in 2017, only few authors—in particular within
the visualization community—up to 2020 really had the time to
take advantage of this independent verification process, so the low
numbers at the time are no surprise. So now, in 2024, with a lot of
past and ongoing discussion within our field on how we can make
work more reproducible, I think it is time to take another look and
check again, to see if the status quo has improved since then.

Below I describe my work to collect the respective data, from the
GRSI website, from the various digital libraries, from conference
venues, and from other sources. Based on this data I then set out
to analyze not only the GRSI-awarded work overall but also what
part of it covers visualization work, how the various publication and
presentation venues differ from each other, and how reproducibility
is fostered in the different home countries of the researchers.

For full disclosure I note that I am independent® of the GRS,
but that I am personally interested in fostering reproducibility and
replicability in the field. My collaborators and I did apfly for and
received several stamps from the GRSI for our work™ (and also

ISee the discussion of terminology in Section 2.

2The GRSI started with only certain journals as eligible publication plat-
forms, but in 2024 also added SIGGRAPH and SIGGRAPH Asia conference-
only papers as possible venues for papers to receive a GRS. In this paper I
still often use “journal” to refer to the publication venues awarded by the
GRSI, in particular since within visualization it is still true as of today. But
notice that in the future other non-journal venues may be added.

3But my wife currently serves as a reviewer for the GRSL

4tobias.isenberg.cc/reproducibility
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encouraged others to do so)—and I thus also personally contributed
to the numbers I report below, in the sense of trying to increase them.

2 TERMINOLOGY AND SCOPE

Unfortunately, the terminology with respect to being able to check
the correctness of scientific results is far from clear [23], in particular
in the GRSI case. Originally, reproducibility was defined to mean
that one runs author-provided programs or tools to re-create the same
results (e.g., images) using the author-provided input data [5], while
replicability refers to “writing and then running new software based
on the description of a computational model or method provided in
the original publication, and obtaining results that are similar enough
to be considered equivalent” [26]. The ACM, however, initially used
the exact opposite definition of the terminology: reproducibility
to mean “different team, different experimental setup” and replica-
bility to mean “different team, same experimental setup” [2,23],>
adding the notion of repeatability for a re-creation of the same ex-
perimental setup by the original team (also see the discussion of the
terminology in the experimental sciences by Plesser [23]). Luckily,
as of August 24, 2020, the ACM aligned their definitions with the
original ones, i.e., using reproducibility to mean “different team,
same experimental setup” and replicability “different team, different
experimental setup.”® As the Graphics Replicability Stamp Initiative
was established in 2016, it likely followed the original definitions of
the ACM and thus, despite using the term replicability, its focus is to
verify independently (i. e., “different team”) that the author-provided
code and data makes it possible to re-create the same results as the
authors presented in the paper (i.e., “same experimental setup”).
In this paper, however, to avoid further confusion I follow ACM’s
updated notion as I discuss the independent verification of the au-
thor’s code by the GRSI with (usually) the authors’ data, using the
reproducibility terminology—even in the title of this paper.

3 RELATED WORK

‘What motivates this discussion of reproducibility is the realization
that way we traditionally conduct and report scientific research is
subject to a replication crisis [6,22]—work, once published, is rarely
questioned or re-checked. Kosara [21] made this point for the field
of visualization by describing it as “an empire built on sand,” giving
many examples of where established canon should be questioned and
re-examined. Yet in our field’s review process such replications often
are considered to be of too low novelty to be publishable [24], such
that it requires extensions of pure replications for making the cut as
Quadri and Rosen [24] and even the VIS 2024 overall paper chairs’
recommend. Kindlmann® at the VIS panel “Is There Science in
Visualization?” already in 2006 argued the same point, and pointed
to code availability for published papers as a pre-requisite.

In the past, this code availability that makes reproducibility and
replicability possible has not been a core focus of authors. For the
computer graphics field, Bonneel et al. [3] analyzed the reproducibil-
ity” of results published in ToG-level papers from SIGGRAPH 2014,
2016, and 2018, not only manually checking for available code but
also rating its ease of reproduction.!? While they found an overall
increase of papers with code from & 30% in 2014 to >50% in 2018,
at the time of publication only 5 papers had a GRSI-certified repro-
ducibility, yet 4 of these with a top reproducibility rating. For the
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acm.org/publications/policies/artifact-review-badging
acm.org/publications/policies/artifact-review-and
-badging-current

7ieeevis.org/year/2024/blog/vis-2024-0PC-blog
-replication

8people.cs.uchicago.edu/"glk/talks/pdf/Kindlmann
-ScienceInVisualization-VIS-2006-talk.pdf

9 Also here, different from the paper, I use ACM’s updated terminology.

19The project’s database has since been extended to also include SIG-
GRAPH 2019-2021 as well as SIGGRAPH Asia 2015, at least partially.

visualization field, Haroz [15] analyzed IEEE VIS 2017 papers'!
and, among other things, checked for the availability of source code
that was used for data collection, the availability of the raw collected
data, and the availability of materials or source code needed to re-
produce the data analysis, with overall low results. Some notable
exceptions with good reproducibility were highlighted by Kosara
and Haroz [22] in the same year. Looking at GRSI-certifications in
2020, Fekete and Freire [10] only found few visualization papers
with a GRS and call for more reproducibility and replicability in the
field, in particular within the GRSI. Overall, however, few if any re-
liable numbers on how much visualization paper authors emphasize
on reproducibility exist at this point—which is what I add with my
analysis of GRSI-awarded papers in this work.

But even with the few numbers on the support of reproducibility
in our field that have been published so far we already know that we
need to do better. Several groups of authors have discussed ways to
improve the situation for various visualization subfields [4, 8,27,29]
or how to include the subject into our taught curricula [28]. More
generally, Reina [25] recommends and shows how to embed all in-
formation needed to reproduce a visual result (image) into the image
itself. Another way that does not require source code is to provide
executable demonstrators [3, 17], which avoid, in particular, the
compilation issues of code [3]. Other than the replicability of spe-
cific approaches, Garkov et al. [12] argue that also the curation and
long-term management of dedicated research datasets and artifacts
can also be a means to facilitate research repeatability because, for
instance, both ensure that new approaches can easily be compared
to older results. Fekete and Freire [10] discuss possibilities to en-
sure reproducibility specifically tailored to the different contribution
types we have in the visualization field, while Franke et al. [11] offer
a typology of reproducibility aspects that allows paper authors to
decide on reproducibility and replicability aspects based on their
specific situation. There also used to be the EuroRV? workshop!? as
dedicated venue to discuss the topic, yet its last incarnation happened
as TrustVis five years ago in 2019 and not again since then.

I want to emphasize that there are many aspects of the larger open
science movement (e. g., [18]) that are important in this context.
While work that focuses on empirical studies, for example, may
require a certain type of shared material [22] (e. g., pre-registrations
or registered reports), in this paper I am looking generally at the
issue of to what degree reproducibility of some sort of source code
aspects (be it code to produce visual results or code to reproduce the
statistical analysis of experimental data from a user experiment) is
actually done in our field using the GRSI as the only certification
authority available to our community at the moment.

4 DATA ACQUISITION

To do so, I started by getting the data about reproducible papers from
the listing on replicabilitystamp.org, which—as of Sep. 12,
2024—Ilists 360 papers in total. Using Python code with the Beauti-
fulSoup library, I extracted each paper’s title, its authors, the journal,
the DO, and the active and archived repository locations. I then san-
itized the downloaded data by, in particular, correcting author names
as much as possible (needed due to typos, missing special characters,
first name last name order, name changes from marriages, and other
errors), resulting in the identification of 1283 unique authors. For
each paper I then queried the digital libraries (i. e., IEEE Xplore,
Elsevier, ACM, or Crossref) to obtain publication data (publication
year, volume, number, pages, etc.) and I manually added the authors’
respective country of affiliation based on what authors reported on
the published papers (often effective at the time of submission or
publication; if multiple countries were named I added them all).
Next, I classified each paper as being a visualization paper or not.
Because a manual or keyword-based classification is inherently bi-

1 ater extended to IEEE VIS 2018-2019: oavis.org.
12diglib7.eg.org/handle/10.2312/980
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Figure 2: Overall development of papers with GRS, by publication
venues (and their article publication years). For a bar chart version
see Figure 14 in Appendix C.

ased, I attempted to use the paper authors’ own classification as much
as possible. I thus used data about whether a paper was presented in a
clearly visualization-focused venue, i. e., proper (journal-level) IEEE
VIS/EuroVis/PacificVis papers,'3 journal papers presented at IEEE
VIS/EuroVis/PacificVis, etc.,'* or if the papers were published in a
journal special issue focused on visualization topics (e. g., special-
issue versions of VCBM, EuroVA, Mol VA, EnvirVis in Elsevier’s
C&G).15 If this failed, I also checked the titles of the remaining
papers for a number of visualization-related keywords (10x; see the
list of keywords in Appendix A). Finally, I also manually classified a
small number of papers based on an inspection (9x; see Appendix B
for the rationales). As noted, these last two ways of classification
are arguably biased, but it affected a relatively low number of papers
(19 out of 105 papers classified as visualization papers in total, or
18.1%). This process resulted in 29.2% of all GRSI-awarded papers
being classified as discussing visualization topics (105 out of 360),
with 365 authors out of 1283 being classified as visualization authors
(i.e., >50% of their papers being classified as visualization papers).

5 A visuAL GRSI DATA ANALYSIS

I begin by looking at the temporal development of GRSI-awarded
papers overall.'® Figure 2 shows that the first stamps were awarded
for papers published in 2016, with the major contributors being the
ACM Transactions on Graphics (ToG) and the IEEE Transactions
on Visualization and Computer Graphics (TVCG), followed by
Elsevier’s Computers & Graphics (C&G) and Wiley’s Computer

13The conference data comes from the VisPubData dataset [16] (for IEEE
VIS), from the Eurographics digital library (for EuroVis; including both
regular papers and STAR papers), or was extracted from the conference
webpage (for PacificVis).

141 extracted this data largely from the respective conference webpages
or programs. The data of regular papers and presentations at IEEE VIS is
updated up to the conference’s 2024 edition courtesy of Ross Maciejewski,
Lane Harrison, and the VIS Papers Chairs, but the IEEE VIS 2024 data is
preliminary at this point and there may be some changes as the final program
for IEEE VIS 2024 is being finished (i. e., for the 2024 values in Figure 1, in
Figure 8, and in Figure 13).

151 extracted this data from the special issue classifications in Elsevier’s
digital library and from special issue overview articles in C&G. Please note
that the 2023 and 2024 values of these types of publications are not yet final
(i. e., the values for the bars in Figure 1, in Figure 8, and in Figure 13 are too
low or do not exist yet), as they are still being assembled.

16Unlike the statistics on the GRSI website (replicabilitystamp.org/
statistics.html), I look at the temporal evolution of the publication data,
not when a paper was awarded the GRS.
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Figure 3: GRS papers by publication venue and their respective
proportion classified as visualization papers. For a normalized version
of the plot see Figure 15 in Appendix C.
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Figure 4: Overall proportion of GRS papers classified as visualization
papers by article publication years. For a normalized version of the
plot see Figure 17 in Appendix C.

Graphics Forum (CGF). Figure 3 shows that TVCG and ToG are at
about the same level, with C&G and CGF having lower numbers, the
remaining journals and the recently added SIGGRAPH conference
papers do not (yet) play a big role. While it is normal that more
recent years have lower numbers that those volumes a bit older
(see also the total paper trend in Figure 4), what’s interesting about
Figure 2 is the distinct drop in numbers for TVCG in 2023 and
the following rise in 2024. The likely reason is that in 2023, for
some reason, the promise by TVCG!/ to assign a GRSI-awarded
paper to the next available issue of the journal somehow did not
get upheld, and only after a friendly reminder to TVCG did several
“in press” articles get fully published in early 2024. As such the
2023 and 2024 numbers for TVCG are likely to be outliers—a view
that is supported by the more or less constant or even continuously
growing submission and acceptance numbers for TVCG articles as
it is evident in the online stamp award time statistics of the GRSL'®

Looking next at the development of visualization contributions
among all GRSI-awarded papers, in Figure 4 we can see that in the
first four years only few if any papers were classified as covering

This benefit is promised by TVCG in their paper acceptance messages.
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visualization topics—Ilikely an effect from the GRSI originating
from the computer graphics field. TVCG as the prime journal of the
visualization field only joined the GRSI in 2018, and in Figure 5 we
see that TVCG is by far the dominating source of GRSI-awarded
visualization papers. This figure also shows the split between author-
classified (i. e., classified by presentation venue) and keyword- or
manually classified papers separately for each journal, with 88.9%
(80 out of 90) of GRSI-awarded TVCG papers on visualization
topics actually being presented by their authors at visualization
conferences. The percentages at the other venues are much lower,
with 33.3% (2 out of 6) for CGF, 50.0% (4 out of 8) for C&G, and
0.0% (0 out of 1) for ToG (albeit at much lower total visualization
papers in these three journals). For more detail, Figure 6 shows the
same data as Figure 5, but with the development over the years. What
is interesting to observe here is that almost all visualization TVCG
papers are actually presented at conferences by their authors, except
of those published in 2022—for which I really cannot envision a
meaningful reason, other than it being a fluke due to the small-
number statistics that this analysis admittedly is.

This small-number character is even more apparent if we drill
deeper into the different venues where each of the visualization pa-
pers was presented. Figure 7 shows the evolution of GRSI-awarded
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Figure 7: Different types of classification of papers as visualization
work, by article publication year (i. e., not by paper presentation year).
For a stacked bar chart version of the plot and its normalized version
see Figure 20 and Figure 21 in Appendix C, respectively.

visualization papers by their publication years, split up into the dif-
ferent conferences at which they were accepted (24 at [EEE VIS, 2 at
EuroVis, and 2 at PacificVis), the conferences where the papers were
presented as journal papers (53 at IEEE VIS, 2 at EuroVis, and 1 at
PacificVis), special-issue journal papers (2 in C&G special issue on
VCBM, 0 in a C&G special issue on EuroVA, EnvirVis, or MolVA),
or the 19 keyword- or manually classified papers. Figure 1 shows
the same data, but focuses only on the conferences and the papers
presented in their programs (regular and journal presentations) and
also shows the papers by the year in which they were presented.
Please note that in this figure (and in the normalized version in Fig-
ure 8) the IEEE VIS journal presentation counts include the IEEE
Computer Graphics and Applications (CG&A) papers presented at
the conference. This magazine, however, is not (yet?) included
within the scope of venues for which a GRS is awarded, so that
currently even in an ideal case the IEEE VIS journal papers could
not achieve a 100% GRS rate (and also the presented rate is thus
lower than it actually is for only presented TVCG papers).

Nonetheless, while we see in Figures 1 and 8 that the overall
number of GRSI-awarded papers within visualization venues is still
low, it is increasing. In particular for journal papers presented at
IEEE VIS we see a substantial number of papers with a GRS—53
papers in total so far—, leading to percentages of ~ 10% to up to
~ 20%-30% in recent years. For instance, among the TVCG papers
to be presented at IEEE VIS 2024, 21.5% are already certified at
this point, 13.3% for the TVCG papers that were presented at VIS
in 2023, 13.4% for 2022, and 34% for 2021. This is great news,
and the fact that the percentage of GRSI-awarded papers among the
TVCG journal papers is much higher than the percentage among
pure IEEE VIS papers (4.3% on average in the period 2021-2024)
is also not surprising: pure IEEE VIS papers are guaranteed publi-
cation in (typically) the first TVCG issue of the year following the
conference (i. e., =~ 6 months after paper acceptance and ~ 3 months
after presentation), while non-conference TVCG papers normally
have to wait 1-2 years for full publication (i. e., being assigned a
volume, an issue, and page numbers) if it were not for TVCG’s offer
to fast-track GRSI-awarded papers to full publication.!”

The data cleaning and visualization classification now also allows
us to look at the contributions to the GRSI by author. Figure 9
shows the overall number of authors for a given number of GRSI
awards—on the left for all authors who received a GRS, on the right
only for people I classify as visualization authors by the fact that
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Figure 10: Histogram of the percentage of visualization papers per
author (logarithmically plotted; left: all authors, right: only authors with
> 2 papers): a fairly bimodal distribution.

they, in my analysis, published >50% visualization papers. We see
the clear signs of a power-law distribution, which is to be expected
for datasets like this one. With our data, however, we can also ask
to what degree the different communities between visualization and
computer graphics intermix (I assume that papers not about visual-
ization topics can be classified as being about computer graphics
and related topics). Figure 10 thus shows a histogram of number
of authors with a given percentage of visualization papers (based
purely on the GRSI data). The left histogram in Figure 10 shows
this analysis for all authors, but naturally this plot is biased by the
many authors with a single paper only in the data (as we saw in
Figure 9)—these can by definition only contribute to either group
exclusively. On the right of Figure 10 I show, therefore, only those
authors with >2 papers in the dataset. Still, we can see that we
have a rather bimodal distribution between visualization authors
and computer graphics authors, with only few authors publishing
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Figure 11: Proportional country contribution to GRS awards (counting
all paper authors). Top: overall; bottom: visualization papers. These
plots are thresholded to 2.5% per-country contribution (for clarity), for
full versions see Figure 23 and Figure 25 in Appendix C, respectively.

(GRSI-awarded) papers in both fields.

Finally, we can investigate the countries in which the GRSI-
awarded authors are active. I base this analysis on the author af-
filiation country or countries at publication time (as they reported
it on the paper), as I described in Section 4, and for the purpose
of the analysis I assign each paper the same weight of 1. I then
distribute this weight evenly to each author of the paper, so an au-
thor of a paper with N co-authors gets weight !/n, which is then
assigned to the respective country of affiliation of the author. If an
author has M affiliations in different countries, then I only award
each of these countries a weight of /¥ .M from the author. This way
each paper counts equally, regardless of number of authors and their
affiliations, and we get the proportional representation I show in
Figure 11. The top pie chart in the figure shows the countries for all
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Figure 12: Country contribution of paper last authors to GRS awards.
Top: overall; bottom: visualization papers. These plots are thresh-
olded to 2.5% per-country contribution (for clarity), for full versions
see Figure 24 and Figure 26 in Appendix C, respectively.

GRSI-awarded authors, the bottom one shows the version for only
visualization-themed papers. We can see that four countries play
the major role in both cases. For all papers with GRS, the United
States has the largest proportion with 21.1%, followed by China
with 15.3%, France with 15.1%, and Germany with 11.6%. For
visualization-themed papers with GRS, the United States also has
the largest proportion with 25.2%, followed by France with 19.7%,
Germany with 18.1%, and China with 11.5%. I also asked myself if
this distribution would change drastically if we would only consider
the last and thus likely the senior author of each paper, for which
I show the analysis in Figure 12.'8 As we can see, the situation is
similar to what we saw before. For all papers with GRS, the United
States again has the largest proportion with 21.8%, followed by
France with 15.7%, China with 13.8%, and Germany with 12.1%.
For visualization-themed papers with GRS, the United States also
still has the largest proportion with 25.2%, followed by France with
21.4%, Germany with 18.1%, and China with 11.0%.

In visualization we thus see that the mentioned four countries
are responsible for ~ 34 of all the reproducible research. Of course,
we would need to compare this number to the overall contributions
of the different countries to the field, such as looking at all papers
presented at IEEE VIS as the primary publication venue, to know
if these numbers differ from the general situation. Unfortunately I
do not have the data to check it, and augmenting the VisPubData
dataset [16] with countries of affiliations would be a substantial
amount of work—beyond the scope of this paper. My expectation,
however, is that these numbers would differ. For example, the top
three contributors to the GRSI from the visualization community
(ranked 1%, 2“d, and 7th overall), are from France at the moment,
at least partially explaining the high ranking of the country in the
analysis above. So at the moment and due to the low number of
reproducible papers overall (when compared to the overall number
of scientific publications in both visualization specifically and the
larger computer graphics field in general) some countries may be
over- or underrepresented, simply due to the initiative or lack of
initiative of specific paper authors in the respective fields.

18Behind this analysis is the assumption that the last/senior author is more
likely to be the instigator of a GRSI application.

6 DISCUSSION

So how are we doing, then? Visualization papers currently only
represent 29.2% of all papers with a GRS, somewhere between a
quarter and a third. And out of the 485 full papers at IEEE VIS
conferences 2021-2024, only 21 (or 4.3%) have received a stamp
as of today,'® and 48 out of the 242 TVCG journal presentations at
IEEE VIS (or 19.8%) in the same time frame.?” After all, there is a
difference between, on the one hand, some code being available as
open source for a paper (which we do see often in today’s papers)
that, with little or (usually much) more effort [3] can be made to
run and, on the other hand, the actual certification of a sufficiently
documented and runnable code—the latter being ensured by a GRSI
certification. Research in psychology [7], for instance, found that
“just” awarding badges to papers for the fact that data and/or code is
available is not sufficient to guarantee an exact reproducibility of the
reported results—which, in contrast, the certification by initiatives
such as the GRSI does guarantee (at least for those visuals of the pa-
per that are being checked). Also within visualization we thus need
more certification of reproducibility because only this certification
forces authors to check that there shared code actually runs out of
the box and has a sufficient level of documentation. The 29.2%, the
19.8%, and especially the 4.3% are too low—we can and we should
do better than that. Several calls for more reproducibility exist in our
field as I have reviewed in Section 3 (e. g., [10, 15,21])—yet why
are the numbers of papers at our main venues that have received a
GRS still that low then? Speculating about possible reasons for this
situation, a few reasons could explain the low numbers.

First, there may be an issue with (too) few people knowing
about the GRSI. In this case we would need more publicity for this
service. Yes, the EICs of the affected journals repeatedly mention
the initiative in their messages to the reader (e.g., [9, 19]), but
maybe these messages are not as well read by the community? Also,
while the GRSI is mentioned in the acceptance letter at least of
some journals (such as TVCG) and conferences (such as IEEE VIS),
maybe we could more clearly announce this initiative and its benefits
for our community in the opening sessions of our conferences, so
that more people hear about and are aware of it? On the bright side,
however, as of today, 7 of the 124 regular papers (5.6%) that are
accepted to the (at the time of writing this paper still upcoming) 2024
VIS conference are already GRSI-certified—already more than the
5 papers (3.8%) of the 2023 conference listed to date. So at least
some authors in our community are well aware of the GRSI and are
eager to get their work certified, even before the conference.

Second, and despite this very positive observation just now, there
may still be an issue with few people willing to encourage the
students to go the extra mile or the lack of tangible incentives—
after all, documentation of code still can require quite a bit of ad-
ditional work, even if in many cases the GRSI application is rather
lightweight. Yet being awarded a GRS currently often still boils
down to “eternal fame and glory” [17]. One could argue (and some
have [15]) that a way to success is to make reproducibility a require-
ment for publication, but I am not sure how realistic such a move
would be (at least in the short run), and we would need to deal with
cases where code cannot be shared or where other reasons arguably
prevent us from checking reproducibility. For instance, exceptions
are possible even in models that require shared materials [15] or
the checking could be assigned to a trusted third party [1]. Yet a
better approach may be to begin with more strongly incentivizing
reproducibility such as through reproducibility awards at our confer-
ences and in our journals—beyond a GRSI certification. Computers
& Graphics already has a corresponding award, the “Computers
and Graphics Best (Replicable) Paper Award” [20] (e. g., [13, 14]))—
perhaps TVCG and CGF could introduce something similar as well?

191n total, 24 IEEE VIS full papers have received a GRS to date.
201n total, 53 TVCG papers presented at VIS have received a GRS.



Maybe also other incentives could work, such as incentives at the
level of the authors’ local institutions that should award GRS-like
achievements or provide other forms of credit for such efforts.

Third, there may be an issue with visualization being under-
represented in the possible venues. As we saw in Figure 3, the
vast majority of GRSI-awarded visualization papers are published
in TVCG. The other journals and conferences that are eligible for
a GRS have little to no visualization-themed content. One way to
address this issue would be to encourage the authors of visualiza-
tion papers in those other venues to apply for the stamp, another is
to add more core visualization venues to the list of venues to the
GRSL. For instance, journals like Sage’s Information Visualization,?!
Springer’s Journal of Visualization,?* IEEE’s Computer Graphics
and Applications,? Elsevier’s Visual Informatics,** and The Journal
of Visualization and Interaction® could be added to the list. Also,
similar to the GRSI recently having embraced SIGGRAPH’s and
SIGGRAPH Asia’s conference-only papers, it could add at least
some of the many significant smaller conferences and workshops of
our field such as PacificVis (non-TVCG papers), ChinaVis, LDAYV,
VizSec, TopoInVis, VCBM (non-C&G papers), IVAPP, plus many
others, and last but not least also BELIV. If such an expansion of
topics into the visualization research field is something that is not
desired by the GRSI because it wants to focus on computer graph-
ics venues (as indicated by its name), then maybe the visualization
community could consider to start an own initiative that could col-
laborate with the GRSI—such that papers in already covered venues
such as TVCG, C&G, and CGF could apply to either group and, if
certified, could be cross-listed in both initiatives.?%-2

Finally, there is the potential issue that some work is inherently
difficult to reproduce, such as research projects that require special
dedicated hardware setups to run (e. g., VR or AR headsets, large
wall setups, etc.) that the GRSI is not prepared to test for. I have
encountered this very problem myself in the past, and there is no
easy solution. Yet often it is possible to circumvent the issue by
applying for a GRS for some other aspect of the work, such as the
reproduction of the statistical analysis of a user experiment. But
maybe the GRSI could consider asking its reviewers to state if they
have access to some standard special hardware devices such as
certain VR or AR headsets, and then to assign such applications to
those reviewers who have access to the mentioned setups.

What is interesting to observe is that some authors who have
explicitly advocated for reproducibility via the GRSI in the past so
far at least have not received a GRS for their papers. I reached out
to some of them to ask about the reasons for this lack of papers
with GRS. In their responses some noted that they do not publish
in the visualization field anymore but in other computer science
fields with their own (and partially much longer-standing) forms
of reproducibility initiatives, so a GRSI certification simply does
not apply. Others said that, for some work, they were not the pri-
mary supervisor, which relates to the issue of encouragement and
incentives I discussed above—a GRSI application usually does not
happen without a primary supervisor strongly encouraging the re-
sponsible student to apply for the stamp. Yet other work primarily
consisted of user experiments, which would call for an actual repli-
cability verification which is currently beyond the capability of the
GRSI—even if a full study protocol and the associated materials

2ljournals.sagepub.com/home/ivi

221ink. springer.com/journal/12650

23compu‘cer .org/csdl/magazine/cg

2gciencedirect. com/journal/visual-informatics

% journalovi.org

26Maybe a collaboration with initiatives in related fields as RepliCHI in
HCI [30-32] would also be an option—even if RepliCHI (like the EuroRV3
workshop) no longer seems to be running.

27 An alternative to be considered could be the Papers with Code initiative
in machine learning at paperswithcode. com.

were provided. What this means is that more papers are actually
reproducible or replicable than are certified by the GRSI—which
would only be discovered by an initiative as the Code Replicability
in Computer Graphics (CRCG)?® project [3], which actively and
without an application from the authors checks the code resources
provided for published papers.

As for the reproducibility verification of the statistical analysis
of existing study results, which the GRSI does check, the authors I
contacted feel strongly that the stamp awarded by the GRSI would
be misleading, as they claim to certify replicability but in fact they
certify reproducibility—as 1 had discussed in Section 2. They also
feel that the verification suggests a validity that may not exist because
authors could also manipulate their data. Here I personally disagree:
To some degree we need to trust authors to report the true data. I also
feel that a verification of the reproducibility of a statistical analysis
of the results of an experiment not only enables others to check the
numbers or conduct a similar analysis in the future, it also forces the
authors of a paper to script, verify, and document the whole analysis
code for their very own benefit: By starting with a reproducible
analysis setup they become able to quickly sort out problems and
re-run the whole analysis with little effort.

The authors also mentioned that commercialization intents and
proprietary code?® may prevent a certification, as do the problems
of the already mentioned lack of incentives for paper authors. Finally,
they pointed at the previously discussed publicity issue—observing
that, as of 2024, neither the IEEE VIS call for papers nor the cor-
responding page on open practices®? currently mention the GRSI,
something that easily could be fixed.

So, ultimately, while we have already achieved quite a bit of
progress compared to a few years ago, there is still work ahead
of us. We need to work toward reducing the obstacles of making
work reproducible and, if possible, even replicable, we need to
reduce the confusion associated with the many terms being used, we
need to increase the awareness of authors of initiatives such as the
GRSI, we need to increase the incentives for people to provide the
corresponding resources, and we need to discuss if we can extend
the scope of venues that are covered by initiatives such as the GRSI.

Of course, any change that addresses the replication crisis in the
form of more reproducibility or replicability verification also has
implications for the GRSI as the initiative that checks it. More ap-
plications mean more work, and thus we would need more reviewers
to support the initiative by volunteering their time. So we all need
to be willing to accept this additional reviewing duty, on top of the
existing reviewing crisis in (not only) our field. Finally I note that,
maybe, the GRSI could consider renaming itself to Graphics Repro-
ducibility Stamp Initiative to address the terminology confusion that
I had mentioned before in Section 2.

7 REPRODUCIBLE PAPER WRITING

A paper about research reproducibility would not be authentic with-
out being reproducible itself. I thus ensured that this is the case, not
only for the data analysis I describe and the plots I produce, but also
for the whole paper itself. I provide all materials, the script and the
sources for the paper itself, as well as all external data that I used
for my analysis. I normally pull the actually analyzed GRSI data
dynamically from the web, and in this case minor manual updates
(the country data) are needed for potentially newly added papers to
the GRSI website. By default, however, the script runs based on the
data status at publication time, but with a small reconfiguration of
the script updated data can be used as well. The analysis itself is
fully scripted (in a Python script), and produces all images shown

28replicability.graphics

291 can confirm this issue of proprietary code from my own experience,
in which case only executable demos are a possibility [17]—which are not
accepted by the GRSI as reproducibility artifacts.

30jeeevis.org/year/2024/info/open-practices/open-practices
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in the paper (and more). Some of the numeric analysis results are
also collected by the script and then written into IATEX macros in
dedicated files, which are then pulled into the I&TEX paper. So any
future IATEX compilation then uses the updated data, partially also
with the pgf package which facilitates in-document calculations—
even with the previously mentioned script-generated macros as input
data. This process, b.t.w., not only facilitates the reproducibility of
the work but also makes the paper writing itself much easier—any
change in, correction of, or update of the analysis only needs to
be done in or via the analysis script. The paper itself then auto-
matically updates on the next compilation—seemingly by magic—,
which means this approach is essentially an equivalent of a Jupyter
Notebook for IATEX document authoring.

To thus be able to reproduce my work, I encourage the reader to
get the project from the linked repository (details below), and then
to first run the script to do the data analysis and to produce the plots,
before compiling the IATEX sources to reproduce the paper. If the
script was instructed to get new data from the web (in this case the
country information for the newly added papers would need to be
manually added as documented in the readme .md), the paper can
be updated to the most recent data without any problems. Naturally,
there is a limit to this reproduction process—after a while (likely
months to 1-2 years) more authors will have been awarded a GRS
and the situation, as I describe it, will have changed, hopefully for
the better, and then the discussion in the paper itself will no longer
be correct. Moreover, the structure of the website that I query or the
used APIs of the digital libraries may also be different then, which
could break the processing in the Python script I wrote.

DATA SOURCES

The data I used in this paper comes from the VisPubData dataset [16]
as well as from downloads/extracts from the IEEE Xplore, ACM,
Elsevier ScienceDirect, Wiley, Eurographics, and Crossref digital
libraries; the GRS data comes from replicabilitystamp.org;
the data is (and resulting plots are) current as of Sep. 12, 2024. 1
also note that the results of the analysis I described in this paper,
specifically the fact that a given (IEEE VIS) paper has received a
GRS, have already been added to the most recent 2023 edition of
the VisPubData dataset [16] and will continue to be updated there.

SUPPLEMENTAL MATERIAL POINTERS

The repository to reproduce the presented results as well as this
paper (as discussed in Section 7) can be found at github.com/
tobiasisenberg/Visualization-Reproducibility. A copy
of the paper itself including its appendix as well as the figures from
the paper can be found at osf.io/mvnbj.

FIGURE CREDITS AND COPYRIGHT

I as the author of this paper state that all figures in this paper are my
own as well as are and remain under my own personal copyright,
with the permission to be used here. I also make them available
under the Creative Commons Attribution 4.0 International (€ ®
CC BY 4.0) license and share them at osf.io/mvnbj.
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A KEYWORDS IN VISUALIZATION CLASSIFICATION

If the following keywords were present in the paper title and the
paper had not been presented at a visualization conference, then I
still classified the paper as talking about visualization topics:

visualization
visualisation
visualizing
visualising

visual AND analytics
visual AND analysis
visual representation
data exploration
visual exploration
graph drawing
parallel coordinates
scatterplot
choropleth
cartogram

star glyph

glyph design

e line graph

o streamgraph

* focus+context

* t-sne

* high-dimensional data

This keyword-based classification found the following 10 papers
(out of the 105 visualization papers in my analysis; i. €., 9.5%) that
I had not previously identified as having been presented by their
authors at a clearly visualization-themed conference:

¢ doi: 10.1016/j.cag.2024.104058

e doi: 10.1109/tvcg.2024.3418653

 doi: 10.1109/tvcg.2023.3237768

* doi: 10.1109/tvcg.2023.3345532

e doi: 10.1016/j.cag.2022.10.008

e doi: 10.1111/cgf. 14487

e doi: 10.1111/cgf. 14615

e doi: 10.1109/tvcg.2022.3151227

e doi: 10.1109/tvcg.2022.3155564

e doi: 10.1109/tvcg.2021.3122388

B REASONS FOR MANUAL VISUALIZATION CLASSIFICATION

The presentation-based or keyword-based classification did not find
some papers which I still consider to be visualization papers. Here
are these 9 papers (out of the 105 visualization papers; i. e., 8.6%)
and the respective reasons I classified them as talking about visual-
ization topics:
e doi: 10.1109/tvcg.2022.3214821: visualization used as author
keyword
e doi: 10.1109/tvcg.2021.3101418: visualization used as author
keyword
e doi: 10.1109/tvcg.2021.3067820: visualization in the paper
abstract
e doi: 10.1016/j.cag.2024.01.001: visualization in the paper
abstract
e doi: 10.1109/tvcg.2020.2966702: is on flattening of 3D sur-
faces from data
e doi: 10.1016/j.cag.2023.06.023: talks about molecular channel
datasets
e doi: 10.1145/3528223.3530102: talks about simulation and
visualization of stellar atmospheres
e doi: 10.1111/cgf.14784: talks about topology, graphs, and
scalar fields
e doi: 10.1111/cgf.13910: talks about point clouds and topology

This list shows that I essentially classified only five papers manually,
the other four (the top four in the list) use the visualization term in
either the author keywords or the paper abstract (but which I cannot
reliably get from the online publication meta data, so had to partially
manually add this to the data and thus made a manual classification).

C ADDITIONAL PLOTS

Below in Figure 13-26 I include several additional views that show
the data discussed in the main paper in different ways, such as
normalized versions or graphs with more details than in the main
paper. In the respective figure captions I explain the details for each
figure and also link to the corresponding figures in the main paper.

FIGURE CREDITS

I as the author of this paper state that all figures in this appendix are
my own as well as are and remain under my own personal copyright,
with the permission to be used here. I also make them available
under the Creative Commons Attribution 4.0 International (€@
CC BY 4.0) license and share them at osf.io/mvnbj.
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Figure 13: Line graph version of Figure 1 (but without the stacking aspect of Figure 1, so here | show one line for only the GRSI-awarded papers of
the venue plus one line for all papers of a venue): Papers that can clearly be classified as visualization work (visualization conferences and special
issues in journals) by presentation year (i. e., based on the conference years, in which the papers were presented) and their subset with GRS.1415
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Figure 14: Bar chart version of Figure 2: Overall development of papers with GRS, by publication venues (and their article publication years).
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Figure 15: Normalized version of Figure 3: GRS papers by publication venue and their respective proportion classified as visualization papers.
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Figure 16: Proportion of GRS papers classified as visualization papers per publication venue. Left: sorted by visualization status, right: sorted by
publication venue. This is essentially the same data as in Figure 3, only shown as a pie chart to better portray the percentages.
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Figure 18: Normalized version of Figure 5: Sources of visualization papers overall, split between classification by visualization presentation venue
and keyword/manual classification.
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Figure 19: Normalized version of Figure 6: Sources of visualization papers overall, split between classification by visualization presentation venue
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Figure 20: Stacked bar chart version of Figure 7: Different types of classification of papers as visualization work, by article publication year (i. e.,
not by paper presentation year).
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Figure 21: Normalized version of Figure 20: Different types of classification of papers as visualization work, by article publication year (i. e., not by
paper presentation year).

1,000 160
8007 140
800
120
700+
100
@ 600~ 4
] ]
s s
g 500 % 80
= .
© )
* 400 *
60 -
300+
40
200+
100 201
0 - T T T T _I T T T T 0 - T . T T T T
Qlo” '\6':, - f},“':l - 2,0]:] - 6'A°‘:[ FD°|:| ok 50]:] %b‘”:[( jol:| -~ ’\'%OIZI S Qg”“ A QDOIQ Qolo’g '\6':, - TLQI; - 2,0]:, - 6'A°‘:' FD°|:| ok 50]:] ,'6°’:‘( j°|:| = \'%OIZI - 9""‘ A Q'@lc
o o o o o 5 o = o o o o o 5 o -
P QNI (@17 1317 o M1T (6817 h 1T @@ T o ® 909‘““ P QNI (@17 1317 o M1T (6817 h 1T @@ T o ® 909‘““
percentage range of visualization papers per author percentage range of visualization papers per author (2 2 papers)

Figure 22: Same data as in Figure 10 but linearly plotted: Histogram of the percentage of visualization papers per author (left: all authors, right:
only authors with > 2 papers).
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Figure 23: Proportional (left) and absolute (right) country contribution to GRS awards, looking at all paper authors. The latter counts each paper
with a co-author from a country for that country (each paper being counted once per country at most), while the former pro-rates the contributions
among all co-authors of a papers and also potentially among their individual shared co-affiliations as described in Section 5. The left image is a
more detailed version of Figure 11(top).
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Figure 24: Proportional (left) and absolute (right) country contribution to GRS awards, looking only at last paper authors. The latter counts each
paper with a co-author from a country for that country (each paper being counted once per country at most), while the former pro-rates the
contributions among all co-authors of a papers and also potentially among their individual shared co-affiliations as described in Section 5. The left
image is a more detailed version of Figure 12(top).
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Figure 25: Proportional (left) and absolute (right) country contribution to GRS awards, only for visualization papers but looking at all paper authors.
The latter counts each paper with a co-author from a country for that country (each paper being counted once per country at most), while the
former pro-rates the contributions among all co-authors of a papers and also potentially among their individual shared co-affiliations as described
in Section 5. The left image is a more detailed version of Figure 11(bottom).
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Figure 26: Proportional (left) and absolute (right) country contribution to GRS awards, only for visualization papers and only looking at last paper
authors. The latter counts each paper with a co-author from a country for that country (each paper being counted once per country at most),
while the former pro-rates the contributions among all co-authors of a papers and also potentially among their individual shared co-affiliations as
described in Section 5. The left image is a more detailed version of Figure 12(bottom).
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