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ABSTRACT

A replication attempts to confirm outcomes of earlier research,
which is critical in validating and generalizing scientific findings.
Yet, its prevalence and practices remain underexplored in Aug-
mented and Virtual Reality (AR/VR) research. To address this,
we present a scoping literature review of replication studies within
IEEE ISMAR and IEEE VR, spanning 15 years from 2010 to 2024.
Our analysis revealed that replication in AR/VR research is rare. Of
2167 total papers reviewed, less than 4% were identified as repli-
cation studies. Of these, conceptual replications were the predom-
inant type (57%). Most of those were studies in VR (67%) and
within-subject designs (66%). Complementing the literature survey
results, we conducted an online survey with 61 participants about
their experiences with replication studies and found that 39% of
them had conducted a replication study. However, limited resources
and external motivation hamper the execution of replication studies
among these AR/VR researchers. Combining the findings from our
literature review and online survey, we discuss the current state of
replication research and the factors contributing to its infrequency.
We provide recommendations to improve AR/VR research repli-
cation practices, focusing on research culture and reporting, and
discuss ongoing challenges.

Index Terms: Replication, Survey, Virtual Reality, Augmented
Reality, Extended Reality

1 INTRODUCTION

Empirical research largely falls into exploratory and confirmatory
studies. Exploratory studies examine potentially new concepts in a
research domain to develop new hypotheses. Confirmatory studies
aim to test hypotheses, and a subset of those studies intends to ver-
ify existing findings by replicating earlier research, which is essen-
tial to the scientific process. They ensure reliable and generalizable
results and explore alternative explanations [80].

In augmented reality (AR) and virtual reality (VR), systems are
complex and exhibit strong dependencies on hardware. Moreover,
over the past 15 years, AR and VR research has advanced signif-
icantly, driven by improvements in head-mounted displays, ren-
dering techniques, robust calibration methods, and artificial intel-
ligence. In this evolving landscape, confirming previous findings is
essential to ensure that new work builds on valid and generalized
findings. Despite the generally accepted significance of replica-
tion and the added challenges of the AR/VR domain, replication in
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AR/VR work appears to be underrepresented. This raises concerns
about the scientific robustness and empirical foundation of the field.

Therefore, in this paper, we have two aims: First, we aim to as-
sess the current state of replication research in AR/VR, investigat-
ing the number of replication studies published, the methods used in
this research, replication types, confirmation, the researchers who
conduct it, and other key findings. Second, we are interested in
our communities’ experiences and thoughts on replication studies.
We aim to understand perspectives on replication research, the rea-
sons behind replication studies, their perceived value, and the fac-
tors preventing them. Overall, our paper represents the first effort
to explore the status and scope of replication studies in the AR/VR
community, along with researchers’ perspectives and experiences.

To this end, we performed a scoping literature survey of 15 years
of publications from the IEEE International Symposium on Mixed
and Augmented Reality (IEEE ISMAR) and IEEE International
Conference on Virtual Reality and 3D User Interfaces (IEEE VR),
ranging from 2010 to 2024. In total, we considered 2167 publica-
tions for our survey. 4% (83 out of 2,167) are replication studies.
Furthermore, an online survey of 61 academics indicates a high per-
ceived value for replication research (5.54 on a scale from 1 to 7,
with 7 being very strong support). 39% of these academics reported
having conducted at least one replication study. The survey respon-
dents mentioned several primary obstacles to replication research,
including limited resources (funding, time, and data) and academic
challenges (perceived value, difficulties in publication, and insuffi-
cient encouragement). Our main contributions are:

1. A publicly available collection of replication studies in IEEE
ISMAR and VR from 2010 to 2024, informing and guiding
researchers when doing replications.

2. An analysis of all replications and insights from an online sur-
vey about perceived values and barriers.

3. Recommendations to promote replications by improving re-
search culture, reporting, and community efforts.

Without replication studies, trust in the findings of previous work
is limited and easily eroded. This work provides an in-depth ex-
amination of the research culture within IEEE ISMAR and VR,
aiming to enhance awareness and offer insights to inform future
studies. Our findings are valuable for institutions, journals, con-
ferences, and funding agencies to adjust their policies. They can
utilize our work to inform policy changes, encourage replication,
require open data, and establish specific programs and platforms
targeted at replication research. Through this work, we aim to
contribute to AR/VR research by promoting higher research trans-
parency, stronger validation of findings, and, ultimately, more reli-
able and efficient progress.

2 RELATED SURVEYS

Primary research fields closely connected to the AR/VR domain,
such as human-computer interaction (HCI), human factors, and
psychology, have already explored the state of replication studies.
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Human-computer Interaction (HCI): HCI has shown awareness of
replications through publications [44, 37], workshops [112], and
panels [113]. To our knowledge, only Hornbaek et al. [44] con-
ducted a replication survey in HCI. They analyzed publications
from 2008 to 2010 in the ACM Conference on Human Factors
in Computing Systems (CHI), ACM Transactions on Computer-
Human Interaction (TOCHI), Human-Computer Interaction (HCI),
and the International Journal of Human-Computer Studies (IJHCS).
Results indicated that 3% of the papers engaged in HCI-based
replication studies. Among these, approximately 50% successfully
replicated the original work. The survey did not categorize HCI pa-
pers by topics, so it remains unclear if there are any AR/VR papers
present in the HCI replication survey.

Human Factors: Within human factors research, Jones et al. [48] in-
vestigated replications by analyzing the 1991 issue of the Journal
of Human Factors. Their study involved examining eight articles as
parent articles, along with child articles that had cited these parent
articles from 1991 to September 2006. They identified the presence
of replication efforts, comprising 30 replication papers, within the
human factors field. Moreover, 63% of the replication studies were
performed by authors different from those of the original parent ar-
ticles. Similar to the HCI replication survey, Jones et al. [48] also
omitted to specify if any papers involved AR/VR-based replication.

Psychology: In 2012, Makel et al. [72] provided a psychology repli-
cation overview by analyzing the 100 psychology journals with the
highest 5-year impact factors since 1900. Analyzing 500 random
articles, they found that the rate of replications was 1%. They ob-
served successful replication in 90% of the cases where authorship
overlapped between the original and replication. The Reproducibil-
ity Project in the field of Psychology [19] is a notable publica-
tion that analyzed original versus replication studies focusing on
p values, effect sizes, replication team assessments, and effect size
meta-analysis. This project replicated 100 experimental and cor-
relational studies from three psychology journals using materials
from the original authors. Many replications showed weaker sup-
port for the initial findings: 97% of original studies were signifi-
cant (p < .05), while 36% of replications were significant. Repli-
cation success was mainly associated with the strength of the orig-
inal study’s evidence, like the initial p-value, rather than the re-
search team’s expertise in the field. However, Patil et al. [85] noted
that media often focus on the 36% replication success rate from
the Reproducibility Project: Psychology [19]. They claim that this
does not truly represent replication efforts and recommend using
95% prediction intervals instead of the traditional p < 0.05, which
ignores sampling variability. This highlights an ongoing discus-
sion in differing methodological recommendations on reporting the
statistics. Some methodologists suggested shifting from the null-
hypothesis significance testing (NHST) to the estimation of effect
sizes, confidence intervals, and meta-analysis, while reporting the
analysis of the study [21]. On the other hand, some methodologists
recommend using NHST together with effect sizes and confidence
intervals [59]. Within the CHI community, methodologists have
made multiple attempts to move away from NHST [2, 24]. Be-
sancon and Dragicevic [10] conducted a survey to determine the
impact of these efforts on CHI researchers and found none. Wagen-
makers et al. [108] proposed preregistering studies with their anal-
ysis plans to enhance research transparency, potentially improving
replication success rates in psychology. Moreover, to reduce the file
drawer problem (A bias toward publishing significant results), Si-
monsohn et al. [98] proposed p-curve values. Interestingly, Nosek
and Lakens [81] noted that psychology journal editors and review-
ers frequently dissuaded the publication of replication studies. To
promote replication publications in Psychology, they initiated the
first known journal issue in the Journal of Social Psychology titled
Registered Reports: A Method to Increase the Credibility of Pub-

lished Results. This special issue included 15 articles replicating
significant findings in social psychology. Yet, none of the psychol-
ogy replication publications specifically concentrated on AR/VR
research.

AR/VR: AR/VR researchers have conducted numerous user-study-
oriented surveys [101, 22]. However, to our knowledge, currently,
no work addresses the scope of replication in AR/VR. Still, AR/VR
researchers have begun emphasizing the importance of community
replication through special paper submission tracks, workshops,
and tutorials. The Workshop on Replication in Extended Reality
(WoRXR) was held four times at IEEE ISMAR from 2021 to 2024.
Twelve replication papers have been published in this workshop
altogether. Since 2018, several tutorials have been presented mul-
tiple times at IEEE VR and IEEE ISMAR. The ACM Symposium
on Virtual Reality Software and Technology (VRST) recently in-
troduced a "Reproduction Challenge" submission track in 2024 '.
Although the track supports both replication papers and replication
posters, only four posters were initially published, indicating a lack
of awareness about the significance of replication research in the
AR/VR community. The track reopened for submissions in 2025 2.
The Virtual Experience Research Accelerator (VERA) 3 project has
launched, which aims to provide tools to AR/VR researchers to im-
prove the quality of user-based research and replication. The full
impact of VERA has not been determined yet.

To our knowledge, currently, there are no surveys available that
address the scope of replication in the domains of AR/VR research.
Therefore, the frequency of replication over time, replication types,
topic confirmation, researchers, environment, design, display, and
community insights in the AR/VR research domain is still un-
known. Still, based on the overview of replication studies and com-
munity insights, actionable recommendations to foster replication
work are lacking, which limits trust in prior findings.

3 SURVEY METHODOLOGY

Following the PRISMA protocol [104], our scoping literature re-
view systematically explores the extent of replication in user-based
studies within IEEE ISMAR and VR. It aims to classify these and
identify the AR/VR topics, researchers, environment, design, par-
ticipants, and display of replication studies. The PRISMA checklist
is available in the supplementary material.

3.1 Identification

We identified replication studies by analyzing publications from
key venues, a method previously used in fields like HCI [44] and
psychology [77]. We focused on full papers published at IEEE IS-
MAR and IEEE VR, excluding pre-2018 IEEE 3DUI papers. Al-
though other platforms like ACM CHI and ACM VRST also pub-
lish AR/VR research, we selected IEEE VR and IEEE ISMAR as
the two premier venues (both ranked as A* in CORE 2023) that fo-
cus explicitly on AR/VR research and represent a central part of the
community. Future replication research should expand the analysis
to include more venues, including CHI, VRST, but also others such
as TOCHI, Frontiers, MIT Presence, and IJHCI.

Our analysis covered the last 15 years (2010-2024), aligning
with major technological advances in AR/VR (among others, hard-
ware, software, interaction techniques, calibration procedures, and
tracking algorithms). With this scope in mind, we manually down-
loaded all articles from the IEEE Digital Library (N = 2,167, cf.
Figure 1, step "Identification"). We did not use the search func-
tions of the IEEExplore. Instead, we manually accessed the con-

Thttps://vrst.hosting.acm.org/vrst2024/reproduction-challenge/, ac-
cessed 2025-06-16

Zhttps://vrst.acm.org/vrst2025/index.php/reproduction-challenge/,
accessed 2025-06-16

3https://sreal.ucf.edu/vera/ , accessed 2025-04-11
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Figure 1: PRISMA diagram.

ference and journal proceedings. All papers accessible online on
14.01.2025 are included in the review.

3.2 Screening: Checking Eligibility

After retrieving all 2.167 papers, we checked them for eligibility.
The following sections explain the two-step process in detail.

3.2.1 Step 1: Context

Following the eligible criteria for replications in HCI, by Hornbaek
et al. [44], we defined the following criteria for a paper to be consid-
ered eligible within the AR/VR domain before evaluating its repli-
cation potential.

I1) Inclusion of AR/VR Technology: The paper must use AR/VR
technologies. We excluded AR/VR papers that did not involve
hands-on experience using AR/VR technology, such as those
conducted in online surveys.

12) User-Based Experiment: A paper must feature a user study.
While system and model papers with purely technical eval-
uations constitute significant AR/VR research, we focus on
replication studies involving human subjects, as human inter-
action introduces significant variance and is a crucial factor
in understanding AR/VR experiences. These works benefit
greatly from validation through replication. Other disciplines
have also applied this approach [44, 77].

I3) Inclusion of Quantitative Data: The paper must report quan-
titative data and report on a statistical analysis. We excluded
purely qualitative studies as their interpretation is subjective
and, thus, harder to compare systematically.

Based on these criteria, which we considered combined in a first
step, we discarded 847 papers.

3.2.2 Step 2: Replication Studies

We then checked the remaining 1320 papers to see if they were
replication studies. Here, we applied an additional set of inclusion
criteria: For each paper, we verified whether

14) it cites the original paper it aims to replicate and
I5) it seeks to confirm, validate, expand, or generalize the original
study’s findings, as defined by Hornbaek et al. [44].

These criteria aim to establish a direct link between an original
piece of work and the current work. In addition, we verified that

16) it provides evidence of methodological consistency with pre-
vious work or

I7) includes deliberate variations designed to test the robustness
of results and

18) does not coincidentally produce similar findings without ex-
plicit intent to replicate and

19) is not an intra-experiment replication. If a study includes two
experiments where the second is described as replicating the
first with modifications, we do not classify it as a replication
in our survey. It lacks comparison with external experiments.
A similar approach was used by Hornbaek et al. [44] in HCL.

These criteria verify that all papers in our corpus are replication
studies and that authors do not mistakenly claim to replicate prior
work. We apply these criteria by first searching for keywords within
the paper’s abstract, introduction, experimental task, setup, design,
and discussion, and then manually checking these sections to agree
with the criteria I4-19. Generally, a replication paper is anticipated
to include the term Replication. However, researchers reported
that many replication studies do not contain this term [72, 77, 44].
Therefore, we also considered further search terms: ’reproduce’,
"follow-up study’, ’earlier experiment’, ’similar to’, *previous ex-
periment’, ‘reproduce results’, *inspired by’, *adapted from’. In this
step, considering all criteria, we excluded 1.237 papers. The final
corpus consists of 83 replication studies (cf. Figure 1, "Included").

3.3 Data Extraction

After identifying the replication studies, we categorize the replica-
tion papers using a replication typology. Based on our knowledge,
there are no universally accepted typologies for replication. In this
paper, we focus on Hendrick’s classification [42] as it is most fre-
quently referenced [35]:

« Strict Replication: This involves replicating the original study
with identical methods, procedures, measures, and context,
ensuring that both studies have the same independent and de-
pendent variables.

» Partial Replication: This involves replicating a study with
deliberate or minor modifications to the original to examine
other influencing factors.

* Conceptual Replication: This type uses a different tech-
nique or method to determine whether similar results can be
achieved using an alternative experimental approach.

In addition, we extracted other information from each paper, in-
cluding the environment (such as AR and VR), topic (e.g., percep-
tion, interaction, and others), details on the experimental design,
demographic information (such as the participants’ count, gender,
and age), the technical setup employed (e.g., display used), and
whether the same or different researchers replicated the original
study. There was no critical appraisal of the replications’ quality.

3.4 Survey Process

We divided the screening task among four authors. Each author
reviewed a subset of papers to check for eligibility. Before begin-
ning the review, each author exchanged at least one coded paper
with other authors to verify reliability. During regular meetings,
the authors discussed articles that warranted additional discussion.
We stored information in a shared spreadsheet. The spreadsheet is
attached as supplemental material, containing detailed information
on our survey.



Table 1: Replication papers split by venue and type from 2010-2024.

Venue Type ‘ Total Papers Eligible Replications
IEEE ISMAR  Journal (TVCG) 264 134 (51%) 9 (3%)
IEEE ISMAR  Conference 713 412 (58%) 23 (3%)
IEEE VR Journal (TVCG) 401 270 (67%) 14 3%)
IEEE VR Conference 789 504 (64%) 37 (5%)
Total | 2167 1320 (61%) 83 (4%)
Venue: le IEEEISMAR le/ IEEE VR
i - 200
8 124 4
o= =}
= )
@© + 104 E
=0 - 150
5= 5
» S 87 >
=2 @
o, =
% 5 6 -100 ©
o % o
o Q
g ¢ 3
t Re) 50 &
°F 2- =
L o
[ L
& o- 0

Figure 2: Replication papers per venue over time. The high per-
centages in 2010 are artefacts due to few publications. From 2016
onward, numbers have been slightly increasing.

4 OVERVIEW OF REPLICATION SURVEY

In this survey, we examined a collection of 2167 publications, in-
cluding journal and conference papers from the IEEE ISMAR and
IEEE VR conferences, spanning from 2010 to 2024. Of those,
83 (4%) are replication papers. In the following, we provide an
overview of these 83 papers, looking at frequency, replication type,
topics, whether the replication confirmed initial findings, whether it
is in the AR or VR domain, the study design, participants, and what
displays the paper used. When applicable, we report the replica-
tions’ details and compare the replications’ methodology with the
original work. Please refer to the supplemental material for a com-
prehensive list of replication papers, their assigned categories, and
the corresponding original papers.

4.1 Frequency of Replication Over Time

Table 1 summarizes the distribution of papers among outlets. In the
past 15 years, ISMAR conferences have published 32 replication
papers, which represent 3% of their total papers, while IEEE VR
has published 51 replication papers, representing 4% of their total
papers. Although IEEE VR has a higher number of replications, the
proportion relative to the overall number of papers remains similar.
Figure 2 shows the frequency of replication papers as a percent-
age of the total papers from 2010 to 2024. The number of replica-
tion papers relative to the total number of papers ranges from 0%
to 11% for ISMAR, 0% to 8% for IEEE VR, and 0% to 8% for
ISMAR and IEEE VR combined. We do not observe consistent
trends. However, there appears to be an increase in recent years.
An important observation is that, despite the annual increase in
the total number of papers for both conferences, the proportion of
replication papers relative to the total remains very low each year.
For example, in 2010, the total number of papers was 27, with the
replication papers comprising 11% for ISMAR, and for IEEE VR,
the replication papers made up 7%, with a total of 45 papers. By
2024, the total number of papers rose to 177 for ISMAR (more than
6 times that published in 2010), with replication articles still com-
prising only 5%, and for IEEE VR, the total number of papers in-
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Figure 3: Percentage of replication papers by publication type (Jour-
nal or Conference) over time. The high percentage in 2010 is due to
an overall low number of publications. From 2016 onward, numbers
are slightly increasing.

creased to 180 articles (4 times that published in 2010), replication
articles comprising only 4%.

Figure 3 illustrates the frequency of replication papers as a per-
centage of the overall papers from 2010 to 2024 in journal and con-
ference publications. Our analysis revealed nearly similar percent-
ages of replication papers: 3% of 665 journal papers versus 4%
of 1502 conference papers. No consistent patterns are evident in
the frequency of replication papers compared to the total number
of publications across journal and conference formats, although a
slight increase seems to have happened in recent years. Overall,
the number of replication papers is 4%, which is relatively low and
barely differs between venues (ISMAR and VR) and publication
types (journal vs. conference paper).

On average, the time between the publication of the original and
the replication study was 5.7 years (sd = 6.8). 80% of replications
were conducted within 10 years after the original study, and another
19% within 25 years. The longest gap between the original paper
and the replication was 45 years for one of the papers.

4.2 Replication Types

In our survey, out of 83 replication papers, 5 papers (6%) are cat-
egorized as strict replications, 31 papers (37%) are partial repli-
cations, and the majority, 47 papers (57%), are considered to be
conceptual replications (see Table 2).

An instance of strict replication is the study on locomotion in-
terfaces by Kelly et al. [50]. The primary authors repeated their
original research [51] where they examined the effects of different
teleportation interfaces on users’ capacity to navigate and orient in
VR within a laboratory setting. The objective was to determine
whether the original study’s outcomes remained consistent when
participants employed their personal VR devices in remote environ-
ments instead of controlled laboratory settings. They employed an
identical triangle completion task to evaluate spatial updating dur-
ing teleportation for participants at remote locations. They assessed
similar errors, including absolute distance error, angular error, axial
error, and response latency — independent variables remained con-
sistent. The replication paper also compared its findings with the
initial laboratory data utilizing comparable statistical methods.

An instance of partial replication is illustrated by the research
on AR display context switching and focal display switching car-
ried out by Arefin et al. [3]. They replicated research by Gabbard et
al. [28], which explored the effects of AR display context switching
and focal distance switching on human performance utilizing a text-
based visual search task with a Micro Vision Nomad AR display.
The replication study [3] pursued identical research objectives, em-
ploying the same experimental task and methodology but involv-



Table 2: All papers split by replication type.

Type ‘ Paper

Strict Kelly et al. [50], Venkatakrishnan et al. [105], Wang et al. [109],
(N=5) Ye et al. [115], Yinetal. [116]

Partial Arefin et al. [3], Batmaz et al. [4], Batmaz et al. [6], Batmaz et al.
(N=31) [6], Baumeister et al. [8], Casallas et al. [17], Cortes et al. [20],

Do et al. [23], Gagnon et al. [30], Gagnon et al. [29], Griindling
et al. [38], Hamada et al. [40], Jeong et al. [47], Jung et al. [49],
Laha et al. [57], Lee et al. [61], Li et al. [64], Li et al. [63], Liu
et al. [68], Mahmud et al. [71], Marquardt et al. [73], Marquardt
et al. [74], Otono et al. [84], Prytz et al. [90], Raikwar et al. [91],
Rietzler et al. [93], Todd et al. [102], Volmer et al. [107], Wolf et

al. [114]
Conceptual Ahmed et al. [1], Arefin et al. [3], Batmaz et al. [4], Batmaz et al.
(N=47) [6], Batmaz et al. [6], Benda et al. [9], Bhargava et al. [11], Blum

et al. [12], Bodenheimer et al. [13], Buck et al. [14], Casallas et
al. [17], Chiossi et al. [18], Cortes et al. [20], Do et al. [23], Eom
et al. [25], Faleel et al. [26], Fukushima et al. [27], Gagnon et al.
[30], Gagnon et al. [29], Gandy et al. [32], Gao et al. [33], Garrido
et al. [34], Gower et al. [36], Griindling et al. [38], Hamada et al.
[40], Hayashi et al. [41], Hoinville et al. [43], Ibrahim et al. [45],
Jarrell et al. [46], Jeong et al. [47], Jung et al. [49], Khan et al.
[52], Klose et al. [53], Kodama et al. [54], Krogmeier et al. [56],
Laha et al. [57], Lee et al. [61], Lenz et al. [62], Li et al. [64],
Li et al. [63], Lin et al. [65], Lin et al. [66], Liu et al. [68], Liu
et al. [67], Lougiakis et al. [69], MacQuarrie et al. [70], Mahmud
et al. [71], Marquardt et al. [73], Marquardt et al. [74], Moraes
et al. [75], Nilsson et al. [78], Ogawa et al. [83], Ogawa et al.
[82], Otono et al. [84], Peck et al. [86], Peer et al. [87], Perrin et
al. [88], Phillips et al. [89], Prytz et al. [90], Raikwar et al. [91],
Richard et al. [92], Rietzler et al. [93], Rosales et al. [94], Shen
et al. [96], Sigurdarson et al. [97], Souchet et al. [99], Todd et
al. [102], Torres et al. [103], Volmer et al. [107], Weidner et al.
[110], Wienrich et al. [111], Wolf et al. [114], You et al. [118], Yu
etal. [119], Yoon et al. [117], Zenner et al. [120]

Note: Due to space constraints, author names are only cited here.

ing additional experimental variables and a different AR display,
termed the AR Haploscope. Although the methodologies of the
original and replication studies are alike, the experimental displays
and some experimental variables differ; thus, based on replication
criteria and their properties, this constitutes a partial replication.
An example of conceptual replication is the study conducted by
Klose et al. [53], which investigates the impact of various text rep-
resentations in AR within dual-task scenarios. It replicates the re-
search initially performed by Rzayev et al. [95]. Both original and
replication address the same research question. The original ana-
lyzed three different styles of text representation in AR for condi-
tions that involve walking and sitting. Klose et al. [53] conducted
their replication with two alternative text representation styles (dis-
tinct from the original) in walking scenarios. Consequently, both
studies focus on the same research question but adopt divergent
methodologies and experimental frameworks and introduce novel
variables to explore the question from an alternative angle.

4.3 AR/VR Topic of Replication

We inductively classified all 83 replications and identified 8 topic
areas. Two steps were used to identify the topics: (1) An author
initially proposed the topic areas. (2) Through group discussions,
the authors finalized eight topic areas. The final topics are cogni-
tion and perception, locomotion, collaboration, interaction, inter-
face design, human factors, simulation and modelling, and avatars
(see Table 1 in Appendix A). Among the 8 topics, cognition and
perception have the highest number of replication papers, 24 (29%)
of the total replication papers. Collaboration has the lowest number
of replication papers, with 3 (4%) of the total replication papers.
An example of replication within the cognition and perception
domain (24 or 29% of the total replication papers) is the causal per-
ception study conducted by Wang et al. [109]. They replicated the

research conducted by Guski and Troje [39] to confirm the experi-
mental results by extending the experiment to the VR environment.

In the field of human factors (14 or 17% of the total replica-
tion papers), a replication study example is the work by Moraes et
al. [75]. The researchers explored the impact of auditory and audio-
visual distractions on task performance within a VR-based auditory
selective attention task, replicating the experimental methodology
previously developed by their research group (Moraes et al. [76]).

An instance of a replication study in the simulation and mod-
eling field (11 or 13% of the total replication papers) is the VR-
based simulation for visual analytics research executed by Laha et
al. [57]. In this study, researchers replicated their previous exper-
iment, which utilized a CAVE-based VR system for volume data
simulation [58]. In the replication study, the authors used a VR sys-
tem based on a head-mounted display (HMD) for the simulation to
examine the impact of immersion on visual analysis tasks.

An instance of a replication study within the interaction domain
(10 or 12% of the total replication papers) is the work by Casallas et
al. [17]. During their examination of interaction techniques to select
moving targets, Casallas et al. [17] replicated the methodologies
of their previous study [16], incorporating additional variables and
features to improve the model for the selection task.

In the domain of avatars (9 or 11% of the total replication pa-
pers), Yu et al. [119] utilized a conceptual replication method to
examine the variances in using a point cloud reconstruction-based
avatar versus a virtual character-based avatar for representing a col-
laborator. This study conceptually replicated the work by Gamelin
et al. [31], who initially contrasted point cloud representations ob-
tained from a single depth camera with avatars that were 3D recon-
structed without including facial or finger animations. The replica-
tion study incorporated real-time environment capture and live user
capture in a point cloud, as well as facial expressions and finger
tracking for avatar animation.

In the domain of locomotion (6 or 7% of the total replication
papers), an example is the investigation of redirected walking con-
ducted by Rietzler et al. [93]. During their study on curvature and
bending gains in redirected walking, this publication partially repli-
cated previous research by Langbehn et al. [60].

Within the field of interface design (6 or 7% of the total replica-
tion papers), Batmaz et al. [7] conducted a replication study that ex-
plores various grip styles. The researchers partially reproduced and
expanded on previous work by Batmaz et al. [5] to assess the impact
of different grip styles and examine how vergence-accommodation
conflict (VAC) affects user performance.

An illustration of replication for collaboration (3 or 4% of the to-
tal replication papers) can be found in the study by Prytz et al. [90],
where researchers explored the impacts of eye contact patterns in
a collaborative task utilizing AR, replicating the methodology out-
lined by Nilsson et al. [79].

4.4 Replication Confirmation

Nosek et al. [19] replicated 100 studies from leading psychology
journals. In the language of this paper, these could be considered
strict replications. Each replicated study resulted in a single hy-
pothesis test and a single p value. By definition, a successful study
met the criterion of p < .05, indicating statistical significance. A
central finding is that while 97% of the original studies had statis-
tically significant results, only 36% of the replications had statis-
tically significant results [19]. This low degree of reproducibility
was attributed to biases in the original papers, where results with
p < .05 were preferentially selected for analysis, reported in the
final paper, and subsequently published. In contrast, for the repli-
cations, all results were analyzed, reported, and published.
Inspired by this earlier work, we decided to perform a similar
analysis with the 5 strict replication papers. Among these repli-
cation papers [109, 115, 50, 116, 105], four reported a series of
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statistical evidence for both results.

hypothesis tests that generated p values that could be directly com-
pared between the replication paper and the original paper. The
fifth, Yin et al. [116], fitted a model where success was not assessed
with a hypothesis test.

Overall, between the four replication and original papers, we
found 24 hypothesis tests that examined the same dependent vari-
able against similar experimental conditions, and therefore could
generate p values that could be directly compared. Instead of the
p value category reported in these papers (typically levels such as
p < .01, p < .001, etc.), we used code from the supplementary ma-
terials provided by OSC [19] to directly calculate p from the given
hypothesis test (either an F test or a Chi-squared test). Fig. 4 shows
the results, with the original p values along the x axis and the repli-
cated p values along the y axis.

The value of p can be considered a measure of the strength of
the statistical evidence (OSC [19]), with lower values indicating
stronger evidence. The dashed line at 45° indicates equivalent sta-
tistical evidence for the replication and original result. Relative to
the original result, points below this line indicate increased statisti-
cal evidence for the replication, while points above this line indicate
weaker statistical evidence. Fig. 4 indicates that 5/24 = 21% of
the replications had stronger statistical evidence, 7/24 = 29% had
equivalent statistical evidence (including the 5 overlapping points
at the origin), and 12/24 = 50% had weaker statistical evidence,
including a non-significant replication for two results.

Similar to the results reported by OSC [19], considering the 12
points above the 45° line, there is weaker statistical evidence for the
replications. However, among the eight papers analyzed in Fig.4,
for both the original and replication papers, the only hypothesis
tests listed are those for which p < .05. The papers generally men-
tion non-significant tests but do not give the test statistics, making
it impossible to calculate the non-significant p values. Therefore,
similar to OSC [19], the reported statistics appear to have similar
selection biases among these papers.

4.5 Researchers of Replication Study

Of the 83 replication papers, 49 (59%) were replicating studies of
different authors (different group), while 34 (41%) replicated prior

studies of their group (see Table 3 in Appendix A). We considered a
replication paper from the same group if it had at least one common
author with the original paper. This means that studies by different
authors are slightly more often replicated.

4.6 Environment of Replication Study

We categorized the environment of the replication study into AR,
VR, and both environments. We found that 21 replication papers
(25% of the total replication papers) were done in AR, 58 replica-
tion papers (70% of the total replication papers) in VR, and 4 repli-
cation papers (6% of the total replication papers) used both AR
and VR (see Table 2 in Appendix A). When comparing whether
the replication used the same environment as in the original study,
we found that 47 replication papers (57% of the total replication
papers) used the same environment, and 36 (43% of the total repli-
cation papers) used a different environment.

4.7 Design of Replication Study

Regarding the study design, we found that a within-subjects design
was utilized in 55 replication studies (66%). Alternatively, 16 stud-
ies (19%) employed a between-subjects design, and 12 (14%) used
a mixed design (see Table 4 in Appendix A). The percentage values
closely resemble the trend found in non-replication AR usability
studies [22]. When comparing the experimental design of the repli-
cation studies with the original studies, 45 replication papers (54%)
maintained the same experimental design as the originals, while 38
replications (46%) opted for a different design.

4.8 Participants of Replication Study

42 replication studies (51% of all replication papers) included more
participants than the original, 9 replication papers (11%) had an
equal number of participants, and 26 replication studies (31%)
included fewer participants. The remaining papers did not give
enough details to compare participants. Additionally, the average
sample size of AR/VR replication studies is 39 (within-subject:
36, between-subject: 59, mixed design: 53), whereas the average
sample size of original studies is 35 (within-subject: 28, between-
subject: 53, mixed design: 26). Based on the survey on CHI 2014
proceedings [15], in the HCI community, the average sample size
of in-person experimental studies (non-replication) is 20 (within-
subject: 17, between-subject: 26, mixed design: 25). Therefore,
AR/VR replication studies typically consider a larger sample size
compared to (non-replication) HCI experimental studies.

Considering the gender of the participants in the replication re-
search, we observed that 74 articles included both male and female
subjects (Male: 52% and Female: 48%). In comparison, the orig-
inal studies had an average of 44% females and 56% males. In
general, AR/VR replication studies involved an almost equal num-
ber of male and female participants, which contrasts with the male-
dominated gender distribution (64% male, 36% female) in AR us-
ability studies [22]. Of all replication papers, 66 (80%) provided
data on the mean age of the participants. The weighted mean age
of participants in the replication studies was 25.61 years. This sug-
gests that most replication studies have focused on younger partic-
ipants rather than a more diverse age demographic, consistent with
the average age (30 years) in AR usability studies [22].

4.9 Display of Replication Study

The studies in our corpus used 29 different types of displays. The
HTC Vive Pro was the most popular one, utilized in 21 studies (25%
of all replication papers). The HTC Vive and Oculus Rift followed,
with 12 studies (15%) and 6 studies (7%), respectively. In the AR
domain, the HoloLens and its successor, the Microsoft HoloLens 2,
were each used in 4 studies (5% of all replication papers). Other no-
table displays included the Oculus Quest 2, used in 3 studies (4%).
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Figure 5: Demographics of the online survey participants, including
years of research experience (a) and current academic position (b).
"Other" includes 3 Master’s students and 1 person from the industry.

Immersive projective systems (3), custom displays (2), and smart-
phones (1). 12 replication papers (14%) used the same display as
the original studies.

5 ONLINE SURVEY

We complemented the literature survey with an online survey dis-
tributed among researchers in AR/VR. Through this, we gained ad-
ditional insights into the kinds of experiences AR/VR researchers
have had with replication studies and what encourages or discour-
ages them from conducting replication studies.

5.1 Method

Participants in the online survey were recruited through mailing
lists, social media, personal contacts, and attendees at the IEEE
ISMAR conference. The ethics board of the University of Stuttgart
approved the online survey. In the survey, participants were asked
if they had previously replicated a study, what motivated them, or
why they decided not to perform a replication study. The questions
asking for reasons and motivation provided a selection of answers
from which participants could choose, and the opportunity to pro-
vide additional reasons. In addition, they were asked if they had
replicated one of their studies or studies of other researchers and
whether they had access to artefacts from the prior study. Finally,
they were asked how valuable they thought replication studies were
and had the opportunity to provide additional comments.

5.2 Results

In this section, we present and discuss the insights gained from the
online survey. The sample size was small, especially for certain
experience levels, and participating researchers could be biased to-
wards being more considerate of replication studies (self-selection
bias). Therefore, these results should be interpreted with caution.

5.2.1 Demographics

61 participants completed the questionnaire. We obtained responses
from participants with varying experience levels, ranging from less
than two years to over 15 years. The distribution of the experience
levels can be seen in Figure 5a. Similarly, the survey included par-
ticipants with various academic positions, as shown in Figure 5b.

5.2.2 Why do people pursue replication research?

Overall, 39% (24) of the participants have conducted a replication
study before. We observed the tendency that more experienced re-
searchers are more likely to have conducted a replication study (0-2
years: 29%, 3-5 years: 29%, 6-10 years: 37%, 11-15 years: 80%,
more than 15 years: 56%) which seems reasonable, yet should be
taken with caution as our sample size is relatively small. 42% only
replicated their studies, 29% only studies from other researchers,
and 29% both kinds of studies. While only 33% of the participants
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Figure 6: (a) Reasons that motivated researchers in our online sur-
vey to conduct a replication study. (b) Reasons for not conducting a
replication study.

with replication experience and up to 5 years of experience repli-
cated their studies, 93% of participants with 6 or more years of
experience have already replicated their studies.

The most common reasons for conducting a replication study, as
mentioned by participants who had done replications, were to ver-
ify previous findings (63%) and to test generalizability in different
settings (63%). Six participants (25%) also mentioned that it was a
prerequisite for a larger project, and two participants (8%) did it for
teaching purposes. One participant (1%) each also mentioned they
wanted to compare it with their work and extend their experiment
with prior research (cf. Figure 6a)).

Some participants also commented on why replication studies
are important. They mentioned it is important because of fast-
changing hardware (P11) and because some concepts have only
been proposed but not properly evaluated (P13). P59 also mentions
that replications would show if findings from the past are still valid
and, therefore, should be cited, and P58 recommends doing repli-
cations before making major decisions based on prior study results.

5.2.3 Problems when pursuing replication research

When replicating studies, 64% of the participants mentioned having
access to artefacts in addition to the article. However, several par-
ticipants mentioned problems such as inconsistent information be-
tween published papers and corresponding dissertations (P57) and
missing pieces (P47). In addition, P56 mentioned that the page
limits make it impossible to add all the details of user studies. An-
other challenge identified by the participants was the non-random
sampling in both the original and the replicated study (P49), which
is intensified by publication bias, which prefers studies with high
statistical differences that can often not be replicated (P58).

5.2.4 What prevents people from doing replication?

Participants who have not conducted a replication study so far ex-
plained this by practical issues such as a lack of time (51%), lack
of funding (38%), and a lack of available data and other resources
(27%). However, they also mentioned a low perceived value of
replications (41%), that it is difficult to publish such studies (46%),
and that the community does not encourage it (43%). An overview
of these reasons is depicted in Figure 6b.

46% of participants who had not yet conducted a replication
study mentioned that they at least considered doing so. Again, this
seemed to be more common for more experienced researchers (0-2
years: 20%, 3-5 years: 42%, 6-10 years: 60%, 11-15 years: 100%,
more than 15 years: 75%). Reasons for discarding the idea of con-
ducting a replication study were similar to those mentioned before.

In the comment section, participants added that replication stud-
ies were often not valued, and, therefore, did not get published by
large venues (P57) and would also not win awards or funding (P14).
P2 mentioned "a culture of importance among reviewers" and that
publishing a replication requires justifying the study’s novelty be-



sides the replication (P50). P13 experienced that even utilizing
older methods might not be considered novel enough.

Several participants also expressed more fundamental arguments
against replication studies, such as the concern of ending up in a
rabbit hole of repeating the same studies (P34) and that most fun-
damental topics will be studied in different environments anyway,
and, therefore, their validity will increase with time. P25 is also
skeptical about the possibility of exact replications.

5.2.5 What is the perceived value of replications?

Participants rated their perceived value of replication studies at an
average of 5.54 (sd = 1.23) on a scale from 1 (not valuable) to 7 (ex-
tremely valuable). Some participants mentioned conditions under
which they find replication studies valuable, such as when compar-
ing a new method to an existing one (P56) and if there is a valu-
able new aspect to the study (P30). P47 states that replications are
important in fundamental AR/VR research, while context-specific
problems are not worth replicating. Finally, P23 mentions that there
should be a balance between replication and novelty.

5.2.6 Suggestions

In the open comment section, the participants also suggested guide-
lines such as providing more details in the paper or additional ma-
terials (P1), firmware and software, and recordings of the Unity
experiments. P60 mentioned that it is important to consider details
when replicating a study. To promote the publication of replication
studies, P16 suggests encouraging young researchers to do replica-
tions, and P58 suggests that journals could fund replication studies
as an incentive (they could also benefit from an increased impact
factor). Finally, P47 comments that replications are crucial in the
long run and “we quickly need to embrace and develop as a com-
munity, to allow for serious replications in the future.”

6 GENERAL DISCUSSION

Replication is critical to ensure findings remain robust and reliable
in a rapidly evolving technological landscape. Our scoping litera-
ture review and accompanying survey reveal that replication studies
in AR/VR are markedly scarce, with only 4% of all reviewed pub-
lications being replications, mirroring trends in related fields such
as HCI and psychology. Moreover, it suggests that the XR commu-
nity’s attitude towards replication studies aligns with those in fields
like HCI and psychology. Furthermore, this low prevalence un-
derscores an ongoing challenge to verify foundational results while
simultaneously pushing the boundaries of innovation.

Although replication studies in AR/VR are infrequent, the situa-
tion is complex and warrants careful analysis. Our analysis found
no clear trend in who performed the replications. Original research
teams often confirmed the stability of their findings, while indepen-
dent groups provided evidence of generalizability across different
settings and hardware. The majority of replications did not switch
environments (e.g., from AR to VR) and used the same study de-
sign. In addition, our survey identified only 8 AR/VR topics for
replication. However, by performing conceptual or partial replica-
tions, many expanded boundaries by changing the method or envi-
ronment. This likely aims to test prior findings under novel condi-
tions and increase perceived novelty over strict replications within
the same environment.While such conceptual replications are im-
portant, they lead to a lack of strict replications. The lack of those
(only 5 of 83) can be partially attributed to the rapid obsolescence
of AR/VR hardware and the methodological complexities inherent
to the systems. Our survey respondents also highlight publishabil-
ity and perceived value as additional major barriers. Thus, some
researchers try to go the middle way and perform partial or concep-
tual replications, strengthening prior findings while increasing the
chances of their paper not getting rejected due to lack of novelty.

The participants from our online survey support that and suggest
a community that values replication (5.54 on a scale from 1-7) but
is constrained by practical issues such as resource limitations (e.g.,
funding, equipment, time) and cultural biases (“not encouraged”),
favoring novel contributions over confirmatory work. However, the
sample of our survey participants might be biased towards a more
positive perception of replication studies. This tension between rec-
ognizing the importance of replication and the structural challenges
that inhibit it forms a key area for understanding the current state
of AR/VR research: Increasing the number of replications requires,
therefore, cultural and institutional solutions.

6.1 A Single Replication?

The AR/VR community faces the same challenge as other domains:
Very little research is replicated even once, let alone multiple times.
At least in our corpus, only one original work was replicated more
than once [100], and only three replications were replicated again.
[73, 41, 53]. However, given findings from other domains, such
as psychology [19], many apparent failed replications stem from
methodological shortcomings rather than false original findings.
For example, inflated effect sizes from selective reporting and data-
driven analyses can mislead replication studies. In addition, replica-
tions may be underpowered, and the true effect may not be detected.
Moreover, nonsignificant results in replications (and originals) may
merely reflect the limitations of the applied statistical methods (e.g.,
insufficient sample size or violated assumptions). Alternative ap-
proaches, including Bayesian analysis, equivalence testing, meta-
analysis, and multilevel modeling (account for the variance related
to individuals in within-subjects designs), offer a fuller view of ef-
fect distributions. As a consequence, relying on a single replica-
tion is inadequate: Multiple replications of the same work would
yield more reliable results. In addition, they could assess the influ-
ence of the samples’ diverse international backgrounds (e.g., par-
ticipants from South Korea compared to those from Finland) on
the results. Thus, the AR/VR community should increase the num-
ber of replications in general and try to replicate findings multiple
times. This requires that all stakeholders value, acknowledge, and
promote replications, which need a shift in mindset.

6.2 Why are replications infrequent in AR/VR?
We identified the following core challenges:

Rapid Development of AR/VR Technology: The rapidly evolving nature
of AR/VR technology presents significant hurdles for replication,
particularly due to the constant updates of hardware and software
platforms. Even when a replication study is attempted, it is often
executed with updated devices and firmware (which might impact
the 3D tracking or registration quality). As a result, researchers
are frequently skeptical about the possibility of performing strict
replications, which undermines efforts to confirm earlier findings.

Custom-made Display Availability: Examining the current custom-
made displays in the AR community, we find that most are only
available to particular labs. Those custom-made displays are
unique, and their findings are novel. Replicating those findings with
commonly available commercial AR displays is sometimes difficult
or even impossible.

Methodological Challenges: Methodological constraints, such as lim-
ited access to detailed artefacts from original studies, inconsistent
reporting practices, and the complexities of matching experimental
setups, further deter replication efforts. These challenges are exac-
erbated in AR/VR, where user interactions and system complexities
make precise replication inherently difficult.

Cultural Challenges: Culturally, the research community in AR/VR
does not provide strong incentives for replication studies. The
prevailing culture prioritizes novel contributions over confirmatory



work. As our survey indicates, replication studies are perceived to
have lower intrinsic value regarding career advancement, funding
opportunities, and publication potential. This combines publication
pressures that favor originality and novelty, leaving little room for
studies that "simply" re-examine previous findings.

6.3 Recommendations

We propose recommendations to foster a more replication-friendly
environment, thereby overcoming the challenges that hinder repli-
cation in AR/VR research. These recommendations address
changes in research culture, improvements in replication report-
ing, and the establishment of better practices for replication stud-
ies. Moreover, we do not suggest that most studies need to undergo
replication. However, the research community should maintain an
optimal balance between exploratory and replication studies in a
collective discovery effort.

6.3.1 Changes in Research Culture

One underlying challenge for replication work is the current fo-
cus on novelty by funders, publication venues, and during career
advancement. In addition to focusing on novel findings, funding
agencies, institutions, and publication venues must explicitly rec-
ognize and reward replication studies. Creating dedicated funding
calls, awards, and publication tracks will help to align academic in-
centives with the need for verification. In addition, adopting open
science practices, such as sharing data, software, and detailed ex-
perimental protocols, is key to making replication feasible. As seen
in other disciplines, transparency and accessibility of research ar-
tifacts are critical for enabling other researchers to replicate and
validate findings. Conferences and journals should encourage or
mandate that authors submit high-quality supplemental material,
enabling others to replicate the work. Training courses and work-
shops in empirical methods tailored for AR/VR research should be
offered at all career stages. Educating early-career researchers on
the importance and methodologies of replication can help instill a
culture that values verification alongside innovation. In addition,
they can be encouraged (or even required as part of a curriculum)
to engage in replication work as a learning tool, while mid to se-
nior career scholars can lead large-scale replication projects that
build on and extend prior research (e.g., by combining a replica-
tion study with a follow-up question in a dedicated study leading to
novel insights). Finally, academic evaluation criteria must embrace
the importance of replication and value these works as an equally
important part of an academic CV. By reducing the emphasis on
novelty alone, the community can begin to appreciate the value of
studies that confirm and generalize existing results.

6.3.2 Reporting of Replication

We recommend that the authors indicate when a study is a replica-
tion, specifying whether it is a strict, partial, or conceptual replica-
tion. This explicit labeling helps readers and reviewers understand
the study’s aims and context. To support the discoverability of repli-
cation studies, we recommend using the keyword section in papers,
integrating specific replication categories in the submission sys-
tems, and potentially having dedicated issues (journals) and confer-
ence sessions. Authors should also provide comprehensive details
of the original methods and highlight any deviations or adaptations
made in the replication study. This includes precise information on
hardware, software, experimental protocols, lab environment, and
participant demographics. Reliance on supplementary materials or
online repositories can alleviate space constraints.

6.3.3 Community Efforts

Replication studies, particularly in AR/VR, require significant re-
sources in time, funding, and technical expertise. Many research

groups may lack access to the necessary equipment or detailed arte-
facts from the original study, making it hard to replicate complex
experimental conditions. Addressing these constraints should in-
volve community-wide initiatives such as shared resource reposito-
ries or collaborative replication projects.

IEEE ISMAR and IEEE VR should develop and adopt protocols
to conduct and report replication studies. Guidelines that outline
best practices in experimental design, artefact sharing, and report-
ing can help ensure consistency and quality across studies.

With the rapid evolution of AR/VR hardware, establishing vir-
tual archives or repositories for older devices can aid in conducting
strict replications when needed. There is also a need for virtualiza-
tion and simulation of (legacy) hardware. Such tools could miti-
gate the challenges posed by technological obsolescence. This is a
promising avenue for future research.

7 LIMITATIONS AND FUTURE WORK

Although we conducted the survey considering a large number of
papers (2167 total papers) from 2010 to 2024 and gathered quali-
tative insights from researchers in AR/VR, our research has certain
limitations that guide future replication research.

Our survey is limited to full papers of the top two major confer-
ences (IEEE ISMAR and IEEE VR) in AR/VR research domains.
Furthermore, our considered journal papers are only part of the
conference-related IEEE TVCG Journal issues. We did not con-
sider other issues of the IEEE TVCG from 2010 to 2024. There-
fore, an extension of this survey could consider all issues from
the IEEE TVCG journal and publications from other venues (e.g.,
ACM VRST, Journal of Virtual Reality, Frontiers in Virtual Real-
ity) as well as posters and workshop papers. Moreover, our survey
was not pre-registered.

Our online survey provided the results based on the responses of
only 61 researchers, although we reached a wider range of people
in the AR/VR research community. In addition, our online survey
has a sampling bias (specifically, self-selection bias), as people who
care about replications are more likely to respond to the survey than
others. This could have influenced the results of the survey, espe-
cially regarding the reasons for not conducting replication studies.
Also, the number of participants who conducted a replication be-
fore and the perceived value of replication studies might be lower
in the overall research community. Future work should ensure a
more complete sampling of participants.

8 CONCLUSIONS

This study presents a comprehensive examination of the state of
replication research within the AR and VR domains, focusing on
publications from the IEEE ISMAR and IEEE VR conferences
over the past 15 years. Our findings reveal that replication stud-
ies constitute a mere 4% of the total publications, highlighting a
significant gap in the empirical foundation of AR/VR research. De-
spite the recognized importance of replication in validating findings
and ensuring scientific robustness, the AR/VR community has yet
to fully embrace this practice. Through our scoping literature re-
view and online survey of academics, we have identified several
key barriers to conducting replication studies, including limited re-
sources and cultural obstacles. These insights underscore the need
for institutional support, policy changes, and dedicated platforms
to foster a culture that values and encourages replication research.
Our work contributes a publicly available collection of replication
studies, qualitative insights into researchers’ perspectives, and rec-
ommendations to increase the frequency of replication in AR/VR.
By promoting higher research transparency and stronger valida-
tion of findings, we aim to enhance the reliability and efficiency
of progress in AR/VR research. This study serves as a call to action
for institutions, journals, conferences, and funding agencies to im-



plement policies that support and incentivize replication, ultimately
strengthening the scientific rigor of the field.
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