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Abstract

Purpose of Review To discuss the current state of reproducibility of research in human-robot interaction (HRI), challenges
specific to the field, and recommendations for how the community can support reproducibility.

Recent Findings As in related fields such as artificial intelligence, robotics, and psychology, improving research reproduc-
ibility is key to the maturation of the body of scientific knowledge in the field of HRI. The ACM/IEEE International Confer-
ence on Human-Robot Interaction introduced a theme on Reproducibility of HRI to their technical program in 2020 to solicit
papers presenting reproductions of prior research or artifacts supporting research reproducibility.

Summary This review provides an introduction to the topic of research reproducibility for HRI and describes the state of the
art in relation to the HRI 2020 Reproducibility theme. As a highly interdisciplinary field that involves work with technologi-
cal artifacts, there are unique challenges to reproducibility in HRI. Biases in research evaluation and practice contribute to
challenges in supporting reproducibility, and the training of researchers could be changed to encourage research reproduc-
tion. The authors propose a number of solutions for addressing these challenges that can serve as guidelines for the HRI
community and related fields.

Keywords Reproducibility - Human-robot interaction

Introduction

By reproducing, comparing, and evaluating the effective-
ness of solutions to technical or scientific problems, work
on reproducibility and benchmarking has played a signifi-
cant role for pushing the state of the art in several fields rel-
evant to human-robot interaction (HRI), including computer
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vision, machine learning, and artificial intelligence. This
topic is especially important to HRI, as it is also a field of
human-focused research that is at risk of a similar repro-
ducibility crisis as has been identified in fields such as
psychology.

Despite the increasing encouragement and pressure for
reproducibility in other fields, the robotics field in general
and the HRI field in particular have fallen behind in fol-
lowing this trend [1]. Lacking theoretical principles and
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Table 1 Key terminology and common purposes for reproducibility in HRI

Repeat

Re-run a study (exact same parameters as original; e.g., same research team, same location, same sample size) for the

purpose of validating or characterizing the reliability of measurements.

Replicate
pant pool).

Reproduce

Re-run a study with variation in a minor parameter (e.g., independent research team or same team but different partici-

Re-run a study with relatively major variation (e.g., modification of materials or participant pool that differs in general

social identity). May be further specified as direct or conceptual (as defined by [9]).

Direct reproduction

Aim to obtain the same results from an independently conducted study using procedures and methods as closely

matched to the original study as possible in order to evaluate the reliability of a previously observed finding.

Conceptual reproduction Aim to obtain the same results from an independently conducted study where procedures and methods are systemati-
cally varied in order to build upon prior evidence to understand under what conditions and for who a finding holds

true.
Artifact

Aim to introduce a novel contribution as an enabler to reproducibility, replicability, and/or re-creation of research.

Could be software, hardware, data sets, protocols, evaluation measures, etc.

practical resources to reproduce results has significant
implications for the science of HRI: (1) it is not possible
to build on existing body of research and extend the state
of the art, (2) it is not possible to objectively evaluate the
state of the art for the various themes or sub-fields of HRI,
and (3) these in turn negatively impact the societal take-
up and industrial exploitation of HRI research outcomes.
Some of these issues are discussed in more detail in [2]
for the robotics field at large.

In addition to the abovementioned challenges, issues
related to generalizability (across contexts, populations,
platforms, etc.) make reproducibility even more relevant
for furthering the science of HRI. We know, for instance
that, findings of existing literature may not necessarily
generalize to other populations [3]; perceptions of robot
designs and uses can vary significantly between stakehold-
ers (e.g., across cultural affiliations [4], between children
and young adults, [5, 6], and between young adults and
older adults [7]); and affinity for/aversion to a robot can
vary significantly across designs (e.g., uncanny valley phe-
nomenon [8]).

These motivations were the major drive for two of this
paper’s authors, Riek and Gunes, to create a new theme enti-
tled “Reproducibility of Human-Robot Interaction” for the
2020 ACM/IEEE International Conference on Human-Robot
Interaction (HRI 2020) in their roles as Program Chairs.
They invited the other authors to serve as Section Chair
(Strait) and Area Chairs (Rosenthal-von der Piitten, Craw-
ford, Broz). In these unprecedented times of COVID-19 and
lockdowns, when it is extremely challenging to undertake
face-to-face human-robot interaction studies at universities
and research institutes, the necessity of reproducibility and
the importance of artifacts for reproducibility have become
more relevant than ever. As the science of reproducibility
in HRI continues to evolve, it is helpful to define key termi-
nology which will be used throughout this article. Table 1
presents terms and their common purposes are illustrated
by Fig. 1.

@ Springer

This paper is organized as follows. In the “Reproduc-
ibility in HRI” section, we present what reproducibility in
the context of HRI entails, and how this was introduced
and brought to life as a theme at HRI 2020. The “Tech-
nical Challenges to Supporting HRI Reproducibility” sec-
tion focuses on the technical challenges to supporting HRI
reproducibility. The “Bias in HRI Research Evaluation and
Practice” section introduces the challenges related to bias
in HRI research evaluation and practice. The “Educating
and Training Reproducibility Researchers” section discusses
how to educate and train reproducibility researchers, while
the “Summary and Conclusion” section provides sugges-
tions for supporting reproducibility in HRI. The “Summary
and Conclusion” section concludes the paper.

Reproducibility in HRI

Compared to other fields, where reproducing code/software
or providing new datasets (created and obtained with Web
crawling) is the main goal, reproducibility in HRI needs to
take into account additional considerations along several
themes, which align to the conference organization itself:
(1) User Studies (data and analysis in lab and in-the-wild set-
tings); (2) Technical Advances (algorithms, interface tech-
nologies, and computational methods); (3) Design (of new
robot morphologies and appearances, behavior paradigms,
interaction techniques and scenarios, and interfaces sup-
porting interaction experiences or abilities for robots); and
(4) Theory and Methods (contributing to the understanding
and study of fundamental HRI principles underlying inter-
action paradigms, theoretical concepts, or new evaluation
methodologies).

In light of these, HRI 2020 described the Reproducibility
theme as targeting research that makes a contribution sup-
porting the science of HRI via reproducing, replicating or re-
creating prior HRI/HRI-relevant work, and artifacts for HRI
research, to help the community build a strong and reliable
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REPEAT

Re-run a study (exact same parameters
as original; e.g., same research team,
same location, same sample, etc.)

REPLICATE

participant pool)

Re-run a study with variation in a minor parameter (e.g.,
independent research team, or same team but different

Minor change: Minor change:
Different participant pool Independent research team

REPRODUCE

Re-run a study with relatively major variation (e.g., modification
of materials, or participant pool that differs in general social
identity)

Major change:
Major change: Participant pool differs in
Different material general social identity

Fig. 1 Illustration of the differences between repeat, replicate, and reproduce in the context of reproducibility in HRI

evidence base. As the theme was new, we provided addi-
tional descriptions and details in the call for papers (CFP)'
on how to reproduce HRI work depending on the type of
work undertaken (quantitative vs. qualitative). For reproduc-
ing prior quantitative HRI work, reproductions could span
quantitative work across the spectrum of HRI themes —
Studies, Technical, Methods, or Design (e.g., the original
findings were obtained through primarily quantitative meth-
odologies). Here are a few examples that were provided of
conceptual replications per theme area:

— Studies/Design Conceptual Reproduction Example:
If an author’s goal is to see whether behavior previ-
ously observed with robot R similarly manifests with
other robots, they might vary the platforms but employ
the same method. If they are also curious about how the
methods used in the original study affected the results,
they may vary the methods used in the original study;

— Technical Conceptual Reproduction Example: If an
author’s goal is to see if a teaming algorithm presented
in a prior paper yields the same results on experiments
conducted on other robot platforms, they would vary the
robot platform but employ the same method;

— Theory and Methods Conceptual Reproduction
Example: If an author’s goal is to see whether a theory or
method presented in prior work as being suitable for cul-
ture C also holds true in cultures C' and C?, they would

! http://humanrobotinteraction.org/2020/full-papers/

vary the cultural context but employ the same method
and/or robot.

In the CFP, we suggested that when authors are reproduc-
ing, replicating, or repeating quantitative work, they should
follow the guidelines developed by the US National Sci-
ence Foundation and Dept. of Education on how to design,
conduct, and report such studies [9]. We also encouraged
authors to report negative results of reproduction, which is a
key aspect of furthering the science of HRI (e.g., the under-
taken work fails to reproduce or replicate another study’s
findings).

Reproducibility within the context of qualitative or
design-focused HRI work seeks to explore an HRI paradigm
within a new culture or context, or re-create or implement
designs created by another. This work could be framed as
case studies, field reports, or updated design guidelines, and
authors were encouraged to clearly describe lessons learned
and best practices.

For artifact submissions, authors were encouraged to
include a detailed description of the artifact introduced, pro-
posed, or implemented, as well as information about how it
was novel and different from other existing artifacts, and a
link to an anonymized, live version of the artifact at time of
submission for review.

HRI 2020 Reproducibility Theme

The first Reproducibility theme at HRI 2020 showed promis-
ing variety in how the community is beginning to address

@ Springer


http://humanrobotinteraction.org/2020/full-papers/

284

Current Robotics Reports (2022) 3:281-292

these topics. The selected papers describe studies ranging
from conceptual reproduction to replication. These papers
also include qualitative analysis and design work to support
reproducibility, software re-use, the use of online studies in
research reproduction, and a range of artifacts supporting
reproduction (that were submitted as part of their scholarly
contribution).

Strait et al. [10] describe a conceptual reproduction of
a study on the Joint Simon effect (JSE), replicated at three
geographic locations with differing cultures. The paper also
describes the use of toolkits to design the experiment soft-
ware system to be deployed identically at multiple sites.
The authors found evidence that the JSE generalizes across
population and setting but did not find an amplifying effect
of perceived robot agency.

Sandygulova et al. [11] replicate a prior study that is a
conceptual reproduction of a robot-supported Learning by
Teaching paradigm, implemented by extending an existing
software system to support learning to write Kazakh. The
study demonstrated the success of the paradigm for this
learning task, and a gender effect was found in which style
of robot assistance was most effective.

Kubota et al. [12] presented JESSIE, a robot behavio-
ral specification system, which allows people with no prior
programming experience to write complex, dynamic control
software for robots using only paper cards and a camera. The
system was demonstrated on two different physical robot
embodiments and all supplemental materials are released
as open source to support reproducibility. JESSIE enabled
clinicians with no prior programming experience to author
cognitive therapy sessions for delivery by a robot.

Pereira et al. [5] replicate a prior study evaluating a joint
attention system using child participants rather than adults.
Additionally, they reproduce this prior work by adapting
it into an online study to test whether effects on perceived
social presence extend to observers of the system. They
found evidence that the joint attention system led to greater
perceived social presence by adult observers but did not
find that this result generalized to the child-robot interac-
tion context.

Li et al. [13] conduct a direct reproduction of a “ghost-
driver” experimental paradigm in Europe, comparing results
to those in other parts of the world. They also produce and
evaluate a conceptual reproduction of this paradigm as an
online study. They found that the hidden driver paradigm is
valid in Europe and confirm prior results relating responses
to self-driving cars to group size. But they also found the
level of belief in a car’s autonomy to be lower online than
in person.

It was also positive to see papers submitted to other
themes which included support for research reproduction.
Examples include video studies whose authors included
their experimental stimuli as supplemental materials to

@ Springer

their publications [14, 15]. Additionally, at least one paper’s
authors publicly released their full dataset and a software
specification of the neural network architecture used in their
publication [16].

While the HRI 2020 submissions were encouraging,
the track revealed some areas for improvement and a need
to increase community engagement with issues of repro-
ducibility. These included (1) terminology confusion; (2)
experimental design and evaluative challenges; (3) a lack
of submissions which reproduced design/qualitative work;
(4) a lack of repeatability studies; and (5) few systems
submissions.

Technical Challenges to Supporting HRI
Reproducibility

Many HRI researchers leverage robotics systems that involve
both hard and soft components. Hard components are often
constructed of rigid materials such as metal, wood, and
plastic. Furthermore, solid component designs can range
from off-the-shelf (i.e., commercial robots) to highly cus-
tom parts. On the other hand, soft components are usually
constructed with data and code. HRI researchers are often
tasked with configuring and integrating these hard and soft
components, which can lead to technical challenges. Key
common challenges related to system-related challenges
and software artifacts are discussed below in the “Systems-
Related Challenges” and “Software Artifacts” sections.

Systems-Related Challenges

HRI systems are often acquired through various approaches.
One method involves obtaining the hardware components
pre-assembled via a commercial vendor. With this approach,
the researcher is not required to construct or configure indi-
vidual rigid pieces. An additional option involves acquiring
a kit with several parts and instructions explaining the steps
to configure a robot. HRI researchers seeking to build highly
novel robotics systems may require custom solutions that
are not covered by commercially available hardware. These
approaches present unique challenges that are discussed fur-
ther in the following subsections.

Commercial Robots

Preassembled commercial robot platforms are commonly
mass-produced. As a result, these robots are ideal for direct
reproduction studies that require identical physical robot
designs. However, leveraging commercially available robots
may come with the trade-off of reduced flexibility due to the
frequent use of hard rigid plastic [17]. Consequently, com-
mercial robotic hardware solutions may present challenges if



Current Robotics Reports (2022) 3:281-292

285

a team wishes to change the robot’s physical design system-
atically. Furthermore, the cost associated with commercially
available robots could limit access to existing platforms.

Robot Kits

Unassembled robotic hardware requires users to connect
multiple physical components before using the robot. This
approach is common when one seeks to build a predesigned
or custom robot. Robotic kits are often used to facilitate
the process of shipping and assembling predesigned robots.
Similar to the commercial robot platforms mentioned pre-
viously, these kits are usually mass-produced which could
benefit direct reproduction research. The modular nature
of robotic kits may allow for easier customization in com-
parison to preassembled robotic platforms alternatives. As
a result, the kit approach may provide a positive example
of ways to support conceptual reproduction research. How-
ever, clear and user-friendly assembly instructions may be
required to ensure that all assembled robots are similar to
support direct reproduction studies.

Custom-Designed Robots

Preassembled commercial robot platforms and robotic kits
may be less effective when researchers seek to explore an
entirely custom robot design. While research featuring new
custom robot designs plays a crucial role in expanding
our knowledge, it could be challenging for a new team to
conduct direct reproductions of studies featuring complex
custom robot designs. Unlike the robotic kit approach, this
work is usually not accompanied by step-by-step assembly
instructions.

Software Artifacts

Software plays a critical role in assisting researchers in con-
ducting HRI science. Several software components exist that
provide access to underlying operating system and commu-
nication primitives. As a result, HRI developers may choose
from various development approaches. These development
strategies can range from creating custom software with
robot specific software development kits (i.e., NAOqi C++
SDK - http://doc.aldebaran.com/2-5/dev/cpp/)? to using
platform-specific development applications (Choregraphe
— http://doc.aldebaran.com/1-14/software/choregraphe/
choregraphe_overview.html)3. Additionally, developers

2 http://doc.aldebaran.com/2-5/dev/cpp/

3 http://doc.aldebaran.com/1-14/software/choregraphe/choregraphe_
overview.html

may leverage robotic middleware to create highly complex
robotic applications.

Practices around the use and (lack of) distribution of
research software remain a barrier to reproducibility of
research involving robots. Only 16 of the 800 papers pub-
lished in the 2017 Proceedings of the IEEE International
Conference on Robotics and Automation referenced source
code that was successfully built and run; just one of the 16
papers referenced source code that could be run off-the-shelf
(the other 15 required extensive, non-automateable work to
comprehend, supplement, and execute their code) [18e].

Source code and data designed for robotics research are
packaged in different formats. For example, vendors often
provide commercial robotics software for specific hardware
platforms. This software typically supports a limited set of
pre-defined functions that facilitate communication between
a device and the robot. Software development kits (SDKs),
on the other hand, usually allow researchers to extend a
robot’s capabilities beyond pre-defined robot behaviors.
When addressing more complex objectives, HRI research-
ers often leverage middleware systems that generally offer
higher levels of customization. The challenges and trade-offs
involved with each of these approaches are discussed in the
following subsections.

Commercial Solutions

Commercial robotics software solutions often enable end-
users to create robotics applications without requiring
specific knowledge of low-level components (i.e., device
drivers). A common approach is to provide graphical user
interface (GUI)-based development environments that assist
developers with managing robotics components (e.g., sen-
sors and actuators). The design of these commercial-based
solutions lead to robotics applications that may be easily
shared across users using the same version of the develop-
ment environment and robot. As a result, this approach may
offer promising support for direct reproductions. However,
there are several trade-offs that may lead to various limita-
tions. In particular, the cost associated with some commer-
cial robotics software solutions may present barriers. Fur-
thermore, commercial solutions often leverage proprietary
software which could make it difficult to implement novel
custom behaviors for conceptual reproductions.

SDKs

Robotics SDKs provide tools, documentation, and relevant
examples that aid developers in creating robotic applications.
These kits often support functions related to communication
and control via libraries written in multiple programming
languages. Contrary to the GUI-based approach, SDKs may
provide better support for application customization. SDKs
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can be especially useful in designing conceptual reproduc-
tions. This is particularly true when the application’s source
code is maintained and shared via a source code manage-
ment platform. Nevertheless, reproduction efforts may be
hindered if relevant source code is not shared or preserved.
It is common for simple applications to only require one
SDK. However, complex applications may include multiple
hardware components and SDKs. Developers often use mid-
dleware in place of individual SDKs to manage these more
complex applications.

Middleware

Robotics middleware provides frameworks that assist devel-
opers in managing complex robotic systems. These plat-
forms commonly abstract low-level functions and provide
tools to help with the integration of new hardware compo-
nents. Popular robotics middleware such as ROS [19] and
Player [20] has been leveraged by several researchers to
design robotics applications. This collaborative approach has
led to large ecosystems that can be beneficial for reproduc-
tion and replication efforts. However, missing configuration
details such as required datasets could impede reproducibil-
ity efforts. Lier et al. [21] recently developed the Cognitive
Interaction Toolkit (CITK) to address these issues. Recently,
researchers have also developed frameworks in response to
common challenges faced when designing multimodal inter-
active systems [22—-24]. Continued work on these types of
frameworks may facilitate HRI replication and reproduction
due to their focus on functions related to voice and gestures.
However, additional work is needed to understand the most
effective ways to leverage frameworks to promote and sup-
port reproducibility in HRI.

Bias in HRI Research Evaluation and Practice

Another challenge faced in supporting reproducibility for
HRI is bias. These biases are discussed across many fields
which intersect with HRI (e.g., Computer Science and
Engineering, the Social Sciences, Arts and Humanities),
see [25¢] for recent reviews. Here, we focus on two types
of bias: (1) HRI research evaluation bias and (2) social sys-
temic bias and its affect on HRI research practice.

HRI Research Evaluation Biases

HRI researchers undergo a range of evaluations of their work
including paper reviews, grant reviews, and job applications.
Across each of these, multiple research biases can be intro-
duced by evaluators. Part of the challenge is the multidisci-
plinarity of the field — it includes the technical and non-tech-
nical, the quantitative and the qualitative, the mechanistic

@ Springer

and artistic. Evaluators bring the evaluative lenses of their
respective fields to judge HRI work, which can, at times, be
problematic.

After over 15 years of the HRI conference, where many
of this article’s authors have served on the Program/Organ-
izing committee (PC/OC) in various roles, combined with
editorial service on relevant journals (e.g., THRI, SORO),
we have thus amalgamated a list of evaluative biases our
field continues to face.

Null Hypothesis Testing (NHT)/Normative Statistics Bias

HRI evaluators who come from the psychological and cogni-
tive sciences tend to expect HRI research to employ NHT
research methods (e.g., quantitative user studies). While for
some HRI research this perspective makes sense, it is often
problematic with regard to other types of contributions. For
example, much exploratory design work and theoretical
algorithmic work in HRI does not yet have a hypothesis to
test, yet may still provide a valuable contribution to the field.
Furthermore, many quantitative fields, ranging from statis-
tics to epidemiology, have encouraged alternate methodo-
logical designs, and suggest moving away from normative
statistics due to p-hacking and other serious methodological
concerns [26, 27].

However, many HRI researchers feel pressure to “add a
[NHT] user study,” which can often result in an attempt to
appease NHT-lensed evaluators that fall flat. Neither tech-
nically nor qualitatively trained researchers tend to have an
NHT perspective, so may struggle with fitting their work
into that box. Furthermore, few are trained in human experi-
mental design and normative statistical analyses.

At HRI 2015, the PC chairs first introduced the idea of
review tracks, which included separating “User Studies”
into qualitative and quantitative. They also separated out
the Design and Technical tracks. While these changes have
helped ease bias, 5 years later, we find HRI authors still face
pressure to apply NHT approaches across all tracks, which
can have deleterious effects on the review process.

Thus, NHT-bias is perhaps one of the more challenging
biases HRI reproducibility faces for several reasons. First,
authors may be attempting to reproduce/replicate problem-
atic work, which only serves to propagate the biased find-
ings. Second, the very concept of reproducibility is often
framed as reproductions of NHT/quantitative work, which
excludes re-creations (of HRI design work), or re-implemen-
tation/re-use of artifacts, etc.

Sample Size Bias
Another bias many HRI evaluators have is that work must

include at least n participants, where n is some particu-
lar number, else the research is considered unworthwhile.
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This too is very much NHT-research centric, and can fur-
ther exacerbate the aforementioned issues with regard to
reproducibility and field-inclusivity.

Novelty Bias

HRI evaluators from all perspectives tend to expect and
favor HRI submissions which present completely novel
ideas. This means two key types of HRI Science, namely,
reproducibility and systems-building, suffer despite being
essential to the Science of HRI. At HRI 2020, the PC
Chairs introduced the Reproducibility track particularly
to help address this issue, though systems papers, unfor-
tunately, still suffered.

Positive Results Bias

Just like evaluators in many other disciplines, HRI evalu-
ators tend to favor papers that report positive results, i.e.,
papers with results supporting a hypothesis, as well as
papers reporting novel studies. Thus, replication studies that
fail to reproduce prior significant results are especially at a
disadvantage regarding their evaluation as has been shown
in experimental studies in real conference peer-review pro-
cesses [28]. Regardless of the study being original or a rep-
lication, every research outcome that is based on rigorous
scientific work is worthy of publication and indeed should
be published. Not doing so is non-appreciative of the time
and resources invested and in turn may lead to wasting more
resources invested in a research idea that has been proven
not to show the assumed effect. It would be difficult to state
that one understands the field of research when a great part
of research conducted in this field is ignored, because the
non-positive results set out the limitations and boundaries
of that research field.

Physical Robot Bias

Many HRI evaluators tend to favor research which involves
“real robots,” e.g., physically embodied robots. HRI research
involving simulations, video-based studies, picture-based
studies, and thought experiments tends to be devalued in the
evaluative process. While this perspective presents several
social systemic biases (see 4.2), it also makes little sense
given the COVID-19 pandemic, where physical robot stud-
ies have become nearly impossible for most researchers to
conduct [29]. It is particularly important to consider this bias
with regard to HRI reproducibility — it can be difficult for
researchers to obtain non-standard robots, so they may be
forced to conduct their reproductions using alternate means.

Societal Systemic Biases and Their Affect
on Research Practice

A range of social systemic biases also affect the practice of
HRI science, and can also introduce biases when considering
HRI Reproducibility work. These are outlined briefly below.

Classism Bias

Underlying the aforementioned physical robot bias is a clas-
sist bias that research which does not conform to the stand-
ard of an in-person study with a physical robot is subpar.
Unfortunately this perspective serves a field gatekeeper,
where only well-funded HRI researchers, with access to
physical robots, programmers, and a participant pool whom
can be well-compensated, can produce HRI research at an
acceptable level of quality. This perspective prevents new
researchers from entering the field, particularly those from
less-resourced institutions. Given a new researcher’s foray
into HRI may likely be a form of reproducibility, this bias
can be problematic.

Racial, Ethnic, Cultural Sampling Biases

Many published studies in HRI suffer from sampling bias,
reporting convenience sampling from “WEIRD” (Western,
Educated, Industrialized, Rich, and Democratic) populations
[30]. This is problematic because it is difficult to infer if
conclusions drawn from many HRI studies hold for other
populations. While a challenge for the field overall, it pre-
sents an excellent angle of opportunity for HRI Reproduc-
ibility to address.

Robot Morphology Biases

Much prior work demonstrates that humanoid robots are
largely racialized as white or Asian, and are often hyper-
feminized or hyper-masculanized [31, 32]. This is problem-
atic because it reinforces systemic societal biases, which
impacts study results. Thus, when conducting reproducibil-
ity studies, it is important for HRI researchers to be cog-
nizant of this, and consider replacing racialized/feminized
robots in their study designs.

Educating and Training Reproducibility
Researchers

When we want to promote reproducibility work, we have to

reconsider how we set out our research endeavors and how
we train young researchers. We need to embrace “failure,”

@ Springer



288

Current Robotics Reports (2022) 3:281-292

acknowledge that reproducibility is important to and can be
performed in every discipline, and change how we value,
evaluate, and review research works.

Embrace “Failure”

Researchers fear the alleged “failure” of their experiment,
meaning they might not find their hypothesis supported with
a (statistically significant) effect. Indeed, this is not a fail-
ure; it is a noteworthy study result that should be presented
as such so that the community can learn from it (e.g., this
manipulation has no effect).

Why is it that students conducting an experiment or inter-
view for a Bachelor, Master, or Doctoral thesis are utterly
disappointed when their p — value is above .05 or their main
hypothesis is not supported? They experience it as failure,
(i) because their instructors frame it as such, (ii) because
university lectures mostly present studies with statistically
significant results, and (iii) because they read mostly papers
with statistically significant results when preparing their
theses. We need to train ourselves to be brave and proudly
present all of our scientific work no matter whether it has
produced a statistically significant effect or supported our
hypothesis. Regardless of the discipline, the method of
research, and the result: any research endeavor that has been
conducted with scientific rigor should be reported and con-
sequently it should be valued by the research community.

Acknowledgement of the Importance
of Reproducibility

Reproducibility is important to and can be done in every
research discipline. Although across disciplines reproduc-
tion can take on different forms, it is always possible. Not
only can an experimental study be reproduced, but we could
invite another group to perform a second conversation analy-
sis on the same data set, we can ask another philosopher to
solve the same ethical problem using the tools, or present the
same requirements for a new technology design to another
design scholar. However, the education and training needed
can vary across disciplines.

Quantitative Studies

Researchers in quantitative research fields, especially psy-
chology, are already aware of the need for reproduction.
Still, reproducibility is rather a side note in educational pro-
grams. It should be made a central part of methods classes
and could be fostered, for instance, by encouraging students
to replicate studies for their Bachelor’s or Master’s thesis.
Moreover, researchers have to invest into meta-analyses,
combine the results of multiple studies addressing the same
research question, and use statistical approaches to derive a

@ Springer

better estimate of the real (yet unknown) effect. Meta-anal-
yses are, however, only conceptually covered in advanced
statistical courses in specific study programs (e.g., psychol-
ogy). Hence, more training programs on how to actually set
out and conduct a meta-analysis are needed.

Qualitative Studies

Qualitative research can also be reproduced or replicated.
But some qualitative studies or research projects may follow
interpretive research methods where the study conditions
are impossible to recreate (such as ethnographic research
projects or participatory observations where the researcher
him/herself is part of the research project). But what can be
done is increase transparency, allowing others to evaluate
the validity and reliability of research outputs and poten-
tially reproduce the findings. Qualitative researchers need
to describe the method(s) used, the research setting, and
the sampling procedures, and should document interactions
with participants (for a guide, see [33]). Qualitative studies
should aim for systematizing their field’s research results,
for instance, with narrative reviews.

Pre-registration

In order to address publication bias towards significant find-
ings, journals have increasingly set out to offer the submis-
sion type of registered reports or offer incentives for sub-
mitted pre-registration studies with so-called open science
badges. While pre-registrations are usually performed via
open platforms such as OSF (Open Science Framework) that
create a time-stamped non-modifiable public record of the
study and analysis plan before the data is collected and lack
a review process, registered reports submitted to a journal
are subject to peer review.

Some of the advantages of pre-registration are that it
shifts attention from the results to the research questions and
the methods used to address this question, thereby reducing
publication bias. Pre-registration works against scientific
misconduct such as adding or deleting observations in order
to achieve some significant result or fishing for results by
creative use of statistical tests. By pre-registering their stud-
ies, researchers can signal that the research was not driven
by the desire to produce a significant result (c.f. https://blog.
oup.com/2014/09/pro-con-research-preregistration/).

However, pre-registration potentially comes at a cost.
How close must a researcher keep to the pre-registered
report and will deviations be “punished” with rejection?
What if a better measurement of the main study construct
has become available, or the intended participant pool turns
out to be unsuitable for the study? Wouldn’t it be better to
revise the study design? When researchers fear punishment,
they might perform sub-optimal research by choosing to
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faithfully stick to their registry for the sake of paper accept-
ance. Especially in the young field of HRI, predefined meas-
ures may be supplemented by analysis of other behaviors due
to interesting observations made while conducting the study.
Pre-registration should not hinder us to perform explora-
tory analyses that help gaining new insights or developing
theories for HRI. An optimal strategy would be to foster pre-
registrations without restricting the researchers’ creativity
(e.g., additional exploratory analyses) or expertise regarding
the optimal design (e.g., changes that actually improve the
study).

Pre-registration is on the move, and despite appearing
to be rather developed in psychology and the life sciences
but scarce in the fields of engineering and computer sci-
ence, there are recent efforts to introduce this notion to the
machine learning field as an alternative publication model
for research®. These efforts are encouraging; however, the
reality remains that according to the Open Science Center:
“Currently, 260 journals use the Registered Reports pub-
lishing format either as a regular submission option or as
part of a single special issue. Other journals offer some fea-
tures of the format.”. Relevant to the field of robotics, there
are only two of the 260 journals, namely Human Behavior
and Emerging Technologies and Human-Media Interaction
sections of Frontiers in Computer Science and Frontiers in
Psychology. HRI conferences and journals might consider
including pre-registration options into the portfolio of sub-
mission types.

Rethink and Restructure Guides for Authors,
Reviewers, and Editors

In an attempt to increase transparency and facilitate repro-
ducibility of the published work, a good share of journals
and conferences already encourage or even request authors
to go “open” and share methods and data-sets as well as
ask reviewers to judge whether the description of materials
and procedures are sufficient so that independent research
groups can replicate the research. However, when encourag-
ing the research community to replicate and reproduce, edi-
tors and reviewers have to reconsider the evaluation criteria
for research papers.

Besides the thoroughness of theoretical grounding and
methods, novelty and relevance to the field are core evalu-
ation criteria. For instance, Transactions in Human-Robot-
Interaction asks their reviewers to rate whether the manu-
script is interesting and inspiring intellectually and whether
its contribution is sufficiently distinct from existing work.

4 https://neurips.cc/Conferences/2020/Schedule?showEvent=16158
3 https://www.cos.io/our-services/registered-reports#journals

Table 2 Guidelines related to technical challenges

Suggested solutions

Importance

Issue/challenge

(1) Educate researchers (“Educating and Training Reproduc-

(1) In-person and physical robot studies not always possible

(1) Physical robot bias (‘“Physical Robot Bias™)

ibility Researchers”).
(1) Use modular robot units (“Robot Kits”). (2) Create custom-

(e.g., due to the COVID-19 pandemic).
(1) Difficult to modify. (2) Costs limit access to existing plat-

(2) Commercial robots being expensive and rigid (“Commer-

designed robots (“Custom-Designed Robots”).

forms. (3) Reinforces and amplifies biases (“Physical Robot

Bias, Classism Bias—Robot Morphology Biases”).

cial Robots”).

(1) Creates bias in terms of institutions/research groups which (1) Secure industry support for reproducibility. (2) Encourage

(3) Challenges with accessing (multiple/expensive/physical

simulations/online evaluations or evaluation on previously

creates bias in terms of research participation, recruitment,
data, findings and results (“Classism Bias—Robot Morphol-

ogy Biases”).

robots for experimentation (“Systems-Related Challenges”).

collected datasets. (3) Encourage comprehensive surveys. (4)

Encourage meta-analyses (‘“Quantitative Studies”).

(1) Impedes (students) quick entry to field. (2) Creates barriers (1) Create guidelines for ethical data collection and sharing. (2)

(4) Lack of shared HRI artifacts (datasets, code, tools) and

Create guidelines for artifact evaluation. (3) Encourage usable

of entry for incremental research. (3) Does not incentiv-
and modular code. (4) Create venues where artifacts are as

repositories for collecting and distributing such artifacts

(“Software Artifacts”).

ize “deeper” investigation of concepts/algorithms/data. (4)

Blocks synergistic impacts of the field. (5) Doesn’t encour-

age accountability.

valued as other research outputs. (5) Create HRI repositories

for artifacts.

@ Springer
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The HRI 2020 conference informed authors that review-
ers, amongst other criteria, pay attention to the originality
of the work. Other journals, such as the International Jour-
nal of Social Robotics, have no specific reviewer guidelines.
But since novelty, originality, and relevance are promoted
pervasively, we can assume that reviewers will have them
on the top of their minds when reviewing. Especially rep-
etitions and replications, but also reproductions, are often
judged as lacking novelty, originality, and/or relevance (as
often defined by the reviewer guidelines). They are, however,
highly relevant. A significant contribution is not always a
novel study. Replications and reproductions validate and,
in the case of the latter, also extend prior work, which is of
high importance to science.

Consequently, journal editors and PC chairs have to
reconsider the reviewing policies and guidelines to correctly
assess the merit of replications. The reproducibility track at
HRI 2020, with its own review guidelines, was an attempt to
address this issue, but it is not enough. Journal editors and
PC chairs should invest into setting up new or redefining
existing evaluation criteria. Most importantly, they have to
invest into educating and training their reviewers to acknowl-
edge and adhere to these new, more inclusive guidelines.

Summary and Conclusion

This article identifies numerous important issues that the lack
of focus on reproducibility creates in the field of HRI research.
It also highlights why these issues are critical to the success
of our research community and to furthering the science of
HRI. Whenever possible, it also attempts to offer a variety of
solutions, based both on the experiences of HRI researchers
and on best practices that may be adopted from related fields.
In order to present these suggestions in a concise manner that
allows the reader to quickly grasp the scope of these issues
and their interrelationships, Tables 2 and 3 summarize HRI
research practices, respectively, as guidelines.

This review serves as an introduction to and overview
of reproducibility in HRI, highlighting challenges that exist
for supporting reproducible research. The Reproducibility
theme at the HRI 2020 conference is discussed as an exam-
ple of the breadth of HRI research which is already address-
ing these challenges and foster opportunities to engage with
reproducibility in ways that are relevant to all aspects of
this highly interdisciplinary field. Challenges to the field of
HRI arise from its technical focus and from sources of bias
in research practices themselves. Changes to the way HRI
researchers are trained could lead to a research community
that values and practices reproduction. The authors propose
solutions to address these varied challenges, based on both
their experiences as HRI researchers and on best practices
from related fields.

Acknowledgements The authors would like to thank Dr. Francois
Michaud, Editor-in-Chief of Current Robotics Reports, for his review
of this paper. The authors would also like to thank Laura Platte for the
figure included in this paper.

Funding Hatice Gunes has received funding from EPSRC under grant
ref. EP/R030782/1 (as part of a research grant — payment made to the
Cambridge University). For the purpose of open access, the authors
has applied a Creative Commons Attribution (CC BY) licence to any
Author Accepted Manuscript version arising.

Declarations

Human and Animal Rights and Informed Consent This article does not
contain any studies with human or animal subjects performedby any
of the authors.

Conflict of Interest The authors declare no competing interests.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

Papers of particular interest, published recently, have
been highlighted as:
e Of importance

1. Sprunk C, Roewekaemper J, Parent G, Spinello L, Tipaldi GD, Burgard
W, et al. An experimental protocol for benchmarking robotic indoor
navigation. In: Hsiech MA, Khatib O, Kumar V, editors. Experi-
mental robotics. vol. 109 of Springer Tracts in Advanced Robotics.
Springer International Publishing; 2015. p. 487-504.

2. Bonsignorio F, del Pobil AP. Toward replicable and measurable
robotics research [from the guest editors]. IEEE Robot Autom
Mag. 2015;22(3):32-5.

3. Henrich J, Heine SJ, Norenzayan A. The weirdest people in the
world? Behav Brain Sci. 2010;33(2-3):61-83.

4. Lee HR, Sabanovi¢ S. Culturally variable preferences for robot
design and use in South Korea, Turkey, and the United States. In:
Proceedings of the 2014 ACM/IEEE International Conference
on Human-Robot Interaction. HRI *14. New York, NY, USA:
Association for Computing Machinery; 2014. p. 17-24. Avail-
able from: https://doi.org/10.1145/2559636.2559676.

5. Pereira A, Oertel C, Fermoselle L, Mendelson J, Gustafson J.
Effects of different interaction contexts when evaluating gaze
models in HRI. In: Proceedings of the 2020 ACM/IEEE Inter-
national Conference on Human-Robot Interaction. HRI *20. New
York, NY, USA: Association for Computing Machinery; 2020.
p- 131-139. Available from: https://doi.org/10.1145/3319502.
3374810.

@ Springer


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1145/2559636.2559676
https://doi.org/10.1145/3319502.3374810
https://doi.org/10.1145/3319502.3374810

292

Current Robotics Reports (2022) 3:281-292

10.

11.

12.

13.

15.

16.

17.

Strait M, Urry HL, Muentener P. Children’s responding to
humanlike agents reflects an uncanny valley. In: 2019 14th
ACM/IEEE International Conference on Human-Robot Inter-
action (HRI); 2019. p. 506-15.

Lee HR, Tan H, Sabanovié S. That robot is not for me: address-
ing stereotypes of aging in assistive robot design. In: 2016 25th
IEEE International Symposium on Robot and Human Interactive
Communication (RO-MAN); 2016. p. 312-7.

Strait M, Vujovic L, Floerke V, Scheutz M, Urry H. Too much
humanness for human-robot interaction: exposure to highly
humanlike robots elicits aversive responding in observers. In: Pro-
ceedings of the 33rd Annual ACM Conference on Human Factors
in Computing Systems. CHI *15. New York, NY, USA: Associa-
tion for Computing Machinery; 2015. p. 3593-3602. Available
from: https://doi.org/10.1145/2702123.2702415.

Institute of Education Sciences (IES), US Department of Education &
National Science Foundation (NSF). Companion guidelines on replica-
tion reproducibility in education research: a supplement to the common
guidelines for education research and development; 2018. https://www.
nstf.gov/pubs/2019/nst19022/nsf19022.pdf. Accessed 1 June 2022.
Strait M, Lier F, Bernotat J, Wachsmuth S, Eyssel F, Goldstone R,
et al. A three-site reproduction of the joint Simon effect with the
NAO robot. In: Proceedings of the 2020 ACM/IEEE International
Conference on Human-Robot Interaction. HRI *20. New York, NY,
USA: Association for Computing Machinery; 2020. p. 103-111.
Available from: https://doi.org/10.1145/3319502.3374783.
Sandygulova A, Johal W, Zhexenova Z, Tleubayev B, Zhanatkyzy
A, Turarova A, et al. CoWriting Kazakh: learning a new script
with a robot. In: Proceedings of the 2020 ACM/IEEE International
Conference on Human-Robot Interaction. HRI *20. New York, NY,
USA: Association for Computing Machinery; 2020. p. 113-120.
Available from: https://doi.org/10.1145/3319502.3374813.
Kubota A, Peterson EIC, Rajendren V, Kress-Gazit H, Riek LD.
JESSIE: synthesizing social robot behaviors for personalized neu-
rorehabilitation and beyond. In: Proceedings of the 2020 ACM/IEEE
International Conference on Human-Robot Interaction. HRI *20. New
York, NY, USA: Association for Computing Machinery; 2020. p.
121-130. Available from: https://doi.org/10.1145/3319502.3374836.
LiJ, Currano R, Sirkin D, Goedicke D, Tennent H, Levine A, et al.
On-road and online studies to investigate beliefs and behaviors of
Netherlands, US and Mexico pedestrians encountering hidden-driver
vehicles. In: Proceedings of the 2020 ACM/IEEE International
Conference on Human-Robot Interaction. HRI *20. New York, NY,
USA: Association for Computing Machinery; 2020. p. 141-149.
Available from: https://doi.org/10.1145/3319502.3374790.

Stange S, Kopp S. Effects of a social robot’s self-explanations on
how humans understand and evaluate its behavior. In: Proceed-
ings of the 2020 ACM/IEEE International Conference on Human-
Robot Interaction. HRI *20. New York, NY, USA: Association for
Computing Machinery; 2020. p. 619-627. Available from: https://
doi.org/10.1145/3319502.3374802.

Walker N, Weatherwax K, Allchin J, Takayama L, Cakmak M.
Human perceptions of a curious robot that performs off-task
actions. In: Proceedings of the 2020 ACM/IEEE International
Conference on Human-Robot Interaction. HRI *20. New York, NY,
USA: Association for Computing Machinery; 2020. p. 529-538.
Auvailable from: https://doi.org/10.1145/3319502.3374821.
Nanavati A, Doering M, Brs¢i¢ D, Kanda T. Autonomously learn-
ing one-to-many social interaction logic from human-human inter-
action data. In: Proceedings of the 2020 ACM/IEEE International
Conference on Human-Robot Interaction. HRI *20. New York, NY,
USA: Association for Computing Machinery; 2020. p. 419-427.
Available from: https://doi.org/10.1145/3319502.3374798.
Suguitan M, Hoffman G. Blossom: a handcrafted open-source
robot. ACM Transactions on Human-Robot Interaction (THRI).
2019;8(1):1-27.

@ Springer

18.e

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

Cervera E. Try to start it! The challenge of reusing code in robotics
research. IEEE Robotics and Automation Letters. 2019;4(1):49-56.
This article analyzes source code provided with publications at
a large recent robotics conference (ICRA 2017) and highlights
numerous practical obstacles to research software reuse.
Quigley M, Gerkey B, Conley K, Faust J, Foote T, Leibs J, Berger
E, Wheeler R, Ng A. ROS: an open-source robot operating system.
In: Workshop on Open Source Software (Collocated with ICRA
2009), Kobe, Japan, May 2009.

Gerkey B, Vaughan RT, Howard A. The player/stage project: tools
for multi-robot and distributed sensor systems. In: Proceedings
of the 11th international conference on advanced robotics. vol. 1;
2003. p. 317-23.

Lier F, Hanheide M, Natale L, Schulz S, Weisz J, Wachsmuth S,
et al. Towards automated system and experiment reproduction in
robotics. In: 2016 IEEE/RSJ International Conference on Intel-
ligent Robots and Systems (IROS). IEEE; 2016. p. 3298-305.
Wagner J, Lingenfelser F, Baur T, Damian I, Kistler F, André E.
The Social Signal Interpretation (SSI) framework: multimodal sig-
nal processing and recognition in real-time. In: Proceedings of the
21st ACM international conference on Multimedia; 2013. p. 831-4.
Skantze G, Al Moubayed S. IrisTK: a statechart-based toolkit for
multi-party face-to-face interaction. In: Proceedings of the 14th
ACM international conference on Multimodal interaction; 2012.
p. 69-76.

Bohus D, Andrist S, Jalobeanu M. Rapid development of multi-
modal interactive systems: a demonstration of platform for situ-
ated intelligence. In: Proceedings of the 19th ACM International
Conference on Multimodal Interaction; 2017. p. 493-4.
Cockburn A, Dragicevic P, Besancon L, Gutwin C. Threats of a
replication crisis in empirical computer science. Commun ACM.
2020 Jul;63(8):70-79. This article reviews the use of statistical
significance in the discipline of computer science and discusses
practices which make the field vulnerable to replication crisis.
Available from: https://doi.org/10.1145/3360311.

Gelman A, Loken E. The statistical crisis in science: data-
dependent analysis-a “garden of forking paths’’-explains why
many statistically significant comparisons don’t hold up. Am Sci.
2014;102(6):460-6.

Baxter P, Kennedy J, Senft E, Lemaignan S, Belpaeme T. From
characterising three years of HRI to methodology and reporting
recommendations. In: 2016 11th ACM/IEEE International Confer-
ence on Human-Robot Interaction (HRI). IEEE; 2016. p. 391-8.
Elson M, Huff M, Utz S. Metascience on peer review: testing the
effects of a study’s originality and statistical significance in a field
experiment. Adv Methods Pract Psychol Sci. 2020;3(1):53-65.
Feil-Seifer D, Haring KS, Rossi S, Wagner AR, Williams T. Where
to next? The impact of COVID-19 on human-robot interaction
research. J] Hum-Robot Interact. 2020 Jun;10(1). Available from:
https://doi.org/10.1145/3405450.

Nielsen M, Haun D, Kirtner J, Legare CH. The persistent sampling
bias in developmental psychology: a call to action. J Exp Child
Psychol. 2017;162:31-8.

Strait M, Ramos AS, Contreras V, Garcia N, Robots racialized in
the likeness of marginalized social identities are subject to greater
dehumanization than those racialized as white. In, . 27th IEEE
International Symposium on Robot and Human Interactive Com-
munication (RO-MAN). IEEE. 2018;2018:452-7.

Riek LD, Howard D. A code of ethics for the human-robot interac-
tion profession. In: Proc. We Robot, Apr. 2014, pp. 1-10.
Aguinis H, Solarino AM. Transparency and replicability in qualita-
tive research: the case of interviews with elite informants. Strateg
Manag J. 2019;40(8):1291-315. Available from: https://onlinelibr
ary.wiley.com/doi/abs/10.1002/smj.3015.


https://doi.org/10.1145/2702123.2702415
https://www.nsf.gov/pubs/2019/nsf19022/nsf19022.pdf
https://www.nsf.gov/pubs/2019/nsf19022/nsf19022.pdf
https://doi.org/10.1145/3319502.3374783
https://doi.org/10.1145/3319502.3374813
https://doi.org/10.1145/3319502.3374836
https://doi.org/10.1145/3319502.3374790
https://doi.org/10.1145/3319502.3374802
https://doi.org/10.1145/3319502.3374802
https://doi.org/10.1145/3319502.3374821
https://doi.org/10.1145/3319502.3374798
https://doi.org/10.1145/3360311
https://doi.org/10.1145/3405450
https://onlinelibrary.wiley.com/doi/abs/10.1002/smj.3015
https://onlinelibrary.wiley.com/doi/abs/10.1002/smj.3015

	Reproducibility in Human-Robot Interaction: Furthering the Science of HRI
	Abstract
	Purpose of Review 
	Recent Findings 
	Summary 

	Introduction
	Reproducibility in HRI
	HRI 2020 Reproducibility Theme

	Technical Challenges to Supporting HRI Reproducibility
	Systems-Related Challenges
	Commercial Robots
	Robot Kits
	Custom-Designed Robots

	Software Artifacts
	Commercial Solutions
	SDKs
	Middleware


	Bias in HRI Research Evaluation and Practice
	HRI Research Evaluation Biases
	Null Hypothesis Testing (NHT)Normative Statistics Bias
	Sample Size Bias
	Novelty Bias
	Positive Results Bias
	Physical Robot Bias

	Societal Systemic Biases and Their Affect on Research Practice
	Classism Bias
	Racial, Ethnic, Cultural Sampling Biases
	Robot Morphology Biases


	Educating and Training Reproducibility Researchers
	Embrace “Failure”
	Acknowledgement of the Importance of Reproducibility
	Quantitative Studies
	Qualitative Studies

	Pre-registration
	Rethink and Restructure Guides for Authors, Reviewers, and Editors

	Summary and Conclusion
	Acknowledgements 
	References


