Pipelines Bent, Pipelines Broken: Interdisciplinary Self-Reflection on the
Impact of COVID-19 on Current and Future Research (Position Paper)

Priscilla Balestrucci*
Applied Cognitive

Katrin Angerbauer’
Visualization Research

Psychology Center (VISUS)
Ulm University, Germany University of Stuttgart,
Germany

Lewis L. Chuang

Human-Centered Ubiquitous

Daniel Weiskopf
Visualization Research

Computing Center (VISUS)
LMU Munich, Germany University of Stuttgart,
Germany

ABSTRACT

Among the many changes brought about by the COVID-19 pan-
demic, one of the most pressing for scientific research concerns user
testing. For the researchers who conduct studies with human partic-
ipants, the requirements for social distancing have created a need
for reflecting on methodologies that previously seemed relatively
straightforward. It has become clear from the emerging literature
on the topic and from first-hand experiences of researchers that the
restrictions due to the pandemic affect every aspect of the research
pipeline. The current paper offers an initial reflection on user-based
research, drawing on the authors’ own experiences and on the results
of a survey that was conducted among researchers in different dis-
ciplines, primarily psychology, human-computer interaction (HCI),
and visualization communities. While this sampling of researchers
is by no means comprehensive, the multi-disciplinary approach and
the consideration of different aspects of the research pipeline allow
us to examine current and future challenges for user-based research.
Through an exploration of these issues, this paper also invites oth-
ers in the VIS—as well as in the wider—research community, to
reflect on and discuss the ways in which the current crisis might
also present new and previously unexplored opportunities.

Index Terms: Human-centered computing— Visualization—
Visualization design and evaluation methods

1 INTRODUCTION

The outbreak of the COVID-19 pandemic has had a profound im-
pact on every aspect of society. Research centers and academic
institutions were not exempt from the disruption brought about by
the crisis, and scientists in all fields and disciplines have had to
restructure their entire work pipeline almost overnight in order to
adapt to this unprecedented situation [37].

Empirical evidence on the impact and long-term effects remains
necessarily fragmented and still incomplete, as the situation con-
tinues to develop in unpredictable ways. It has nonetheless be-
come apparent that the pandemic will have long-lasting implica-
tions for research practices as well as for the life and career of
researchers [39,51].

Due to the predominantly social character of restrictions imple-
mented globally to combat COVID-19, many issues have emerged
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for conducting scientific research, ranging from general problems
concerning social interaction to more specific complications related
to the nature of experimental research. For example, recent surveys
have addressed the issues associated with the closure of research
facilities and the subsequent need to work off-site, primarily at home.
This radical shift in working habits has given rise to various prob-
lems, from mounting psychological stress on researchers to more
systematic issues related to managing childcare and gender equal-
ity [2,37]. Due to restricted access to typical facilities, not only have
researchers had to interrupt current projects, but the planning and
implementation of future research have become more difficult, as
such projects would need to consider elements such as social distanc-
ing, hygiene, and other concerns. These requirements will have an
evident impact not only on methodological aspects of future studies,
but the consequences of these changes will likely be reflected in the
ways in which research studies will be funded and published in the
future [13].

Lastly, normal practices in the communication and dissemina-
tion of scientific research have been heavily reconfigured. The vast
majority of scientific conferences have been either postponed or
outright canceled, or else they have been moved online [1]. Since
these events not only allow for the communication of research but
also facilitate interaction within the community, this change will
likely affect the way in which researchers can maintain and develop
connections with other members in their field. From an analysis of
the emerging literature on the effects of the pandemic, it is clear
that aspects of the entire pipeline of the research workflow, both in
the short and in the long term, have been affected by the current
crisis (Figure 1). What is not immediately apparent from the existing
literature, however, is the wider cumulative effect of the crisis, and
the ways in which such issues should be addressed on broader struc-
tural level. In other words, these various social and methodological
aspects must be considered together as an aggregate when discussing
possible future scenarios for the research communities.

While the pandemic has had a demonstrable impact on every
field of research, there have also been consequences that are specific
to human-based research. More than in any other fields, method-
ological and social aspects are intrinsically related in studies that
rely on human participation. As a consequence, it has become even
more important to consider the whole research pipeline in order to
determine how the pandemic will affect the work done by these
research communities. The need to interact directly with partici-
pants, both online and in person, poses unique challenges, which
are shared by researchers across all such research disciplines. The
complex situation of user-based studies thus requires particular con-
sideration on methodologies and common practices that previously
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Figure 1: The research pipeline.

seemed relatively straightforward. While all aspects of the research
pipeline must clearly be reconsidered in light of the current situation,
especially when dealing with user studies, in this paper we argue
that it is also possible—and necessary—to reevaluate the disruption
of research activities as an occasion to explore and develop new
opportunities for the field.

The main contribution of this paper is a reflection on the current
and ever-evolving situation of user-based research following the
outbreak of the COVID-19 pandemic. Toward that goal, and to
provide support to the presented position, we conducted a prelim-
inary survey with 29 participants, collecting potential issues, use
cases, and strategies for user-oriented research. We use these results,
together with our own experiences in an interdisciplinary team of
visualization, HCI, and perception researchers, to reflect on which
aspects of the research pipeline are affected by the changes, both in
the short and long term. In so doing, we hope to provide comments
and ideas on the ways in which these changes can represent chal-
lenges but also opportunities for both the wider research community,
and visualization researchers.

2 BACKGROUND AND RELATED WORK

We first review work related to user-oriented methodologies, and
assess the impact of COVID-19 on research and evaluation pipelines
in the different research communities. We then assess pipelines
and evaluation methods commonly used in visualization, and assess
them in terms of their vulnerability to the impact of COVID-19.

2.1 Related Work

Direct human participation is essential not only for research in the
VIS community but also in several other fields, such as experimen-
tal psychology, behavioral neuroscience, and human-computer and
human-robot interaction [14,40]. While the more general challenges
faced by researchers also exist in these fields, the specific require-
ments for conducting human-based research might differ based on
the unique characteristics and challenges in a research field.

With the shutting down of research facilities, many researchers
have shifted the focus of their work to make use of online or remote
resources for their studies [42]. In some cases, the shift to in-person
to online or remote studies has been made possible either through
the adaptation of the experimental questions or through the use of
customized tools [29]. In many cases, however, it has proven to
be impossible to make this shift either due to the lack of available
technology or to the nature of the originally envisioned study [14].

Of specific interest here is the working paper by the HCI re-
searchers Schmidt and Alt [43]. They offer a set of evaluation
approaches that might offer an alternative to lab studies in HCIL.
Ideas such as “Using Existing Data Sets”, “Engage With Users
Through Remote Communication”, and “Appropriate Your Research
Question And Method To Users Who Are At Home And Where You
Have Not Direct Access” are likely also interesting for visualization
researchers.

At the time of writing this article, some research facilities are
reopening and adopting different guidelines depending on location
and the decisions of individual institutions. As it is in some cases
possible to run user studies again, it is clear that the safety of the
participants remains the priority. Given the nature of this partic-
ular context, recommencing user studies raises not only practical

challenges but also ethical concerns [53].

2.2 Research Pipelines and Evaluation Methods in Visu-
alization

Visualization research follows several different pipelines, which
do not fit into a one-size-fits-all box. These different ways of do-
ing research can be seen in the five typical categories for papers:
technique, evaluation, system, application/design study, and the-
ory [35]. Some specific pipeline models to guide visualization re-
search in these categories do exist, such as the nine-stage model for
design studies [45] and the processes for evaluating visualizations
by Carpendale [10]. Since visualization represents an intrinsically
interdisciplinary domain, work in the field is also strongly shaped by
research pipelines from other areas, such as HCI [27] and perceptual
psychology [15,52].

Doing research is inherently coupled to how contributions are
evaluated. This topic has been the core focus of the BELIV com-
munity for the last 14 years, and many papers have been published
on the topic by now. The systematic literature analyses by Lam
et al. [26] and Isenberg et al. [21] group evaluation practices into
seven or eight scenarios, respectively. The evaluation scenarios of
‘algorithmic performance analysis’ and ‘qualitative results inspec-
tion’ should not be substantially affected by COVID-19 as they do
not involve humans in the evaluation process. All other scenarios,
however, are intrinsically tied to some form of user testing and might
thus be strongly affected by the pandemic. Replacing methods by
other methods, however, is also not a trivial task, as the choice of
evaluation methods usually is dictated by the research question and
contribution type targeted [32,36].

Here, our emphasis is on the empirical research methods in visu-
alization that involve user testing. These methods are specifically
vulnerable to a lockdown situation. In particular, controlled lab
studies seem to fall into this category, such as perceptual studies or
studies of visualization and interaction techniques. Other research
pipelines might be less affected. Design studies with qualitative pair
analytics [3] and case studies [48] could potentially be shifted to
online interviews and collaborations without substantial hurdles. Ob-
servational studies at the actual workplaces of users [21,26] might
be extremely difficult though. Online studies, such as on Mechanical
Turk [18] may be hardly affected, and could even be a good surro-
gate for planned lab studies. While a study in an online setting is
less controlled than a laboratory one, the validity of results could be
reinforced by a larger number of users, which would otherwise be
impossible to recruit on a university campus. Heer and Bostock [18]
offer recommendations for such crowdsourcing studies and make
the case for a more reproducible setup.

Controlled experiments in visualization follow the typical steps
that are also common in other areas such as HCI and applied psychol-
ogy: study design and implementation, data analysis, and reporting
the results [10]. This basic pipeline is enriched with steps such
as acquiring ethics approval, pre-registration of the study, properly
accounting for General Data Protection Regulation (GDPR) aspects,
and making the data publicly available—steps that have also been
discussed at past BELIV workshops [11,17,25].

While typical visualization studies are conducted with a com-
puter screen and mouse and keyboard, more sophisticated hardware
setups are also becoming more common in empirical visualization



research. Studying collaboration of multiple users on an interactive
tabletop [20] might, for instance, be hardly possible under COVID-
19 distancing rules. Similarly, evaluation setups using eye track-
ers [7,50] might get completely removed from the equation due to
hygiene requirements. Work that seeks to simulate eye movements
without the need of special hardware, such as BubbleView [23] and
Fauxvea [16] might become more relevant. These approaches aim
to blur the screen with the exception of a small circular area, which
the user can shift to reveal the screen content or where the authors
aim to predict saliency maps of user attention.

3 SURVEY

In this section, we now present the online survey we conducted
with 29 researchers. After describing the survey layout, we will
present the results. The discussion of the results will follow in the
subsequent section.

3.1 Methods

To gather an impression on research experiences, we conducted a
short survey on the status of user studies and, in particular, how they
were being affected by COVID-19. A full version of the survey is
available in the supplementary material.

First, we asked researchers which of the following four scenarios
better described the state of their ongoing study:

* Case 1: A remote or online study was planned prior to the
lockdown.

e Case 2: An in-person study was originally planned, but was
switched to an online study.

* Case 3: An in-person study was planned, but it was not
switched to online / remote (i.e., it was paused the or con-
tinued as planned.).

e Case 4: A study was planned to tackle issues related specifi-
cally to COVID-19.

We then asked for more detailed information on the reported
study in order to better understand which aspects along the research
pipeline were affected by the outbreak of the COVID-19 pandemic.
Some questions were common for all cases and concerned the cur-
rent state of the study under discussion. Other questions instead
related to the specific context, i.e. the type of case that was being
reported. For questions concerning the state of a study, i.e., the
‘stage’ of the pipeline at the time of the survey, participants were
asked to answer by selecting one of multiple choices. For questions
that were more specific to the case under consideration, participants
were asked to answer more open-ended questions or to select one or
more choices from a given list.

The survey was created using Google Forms and circulated via
social media and through the network of the authors during April to
June 2020. All participants responded via the online form, although
they were given the choice of leaving their personal information
in case they wanted to be contacted for further clarifications. No
personal data were collected unless explicitly agreed upon by partic-
ipants.

3.2 Results

We collected 35 reports of study cases from 29 peer researchers
mostly in the fields of psychology and computer science (namely,
HCI and visualization researchers), see Figure 2. Of the 35 cases
reported (Figure 3a), 6 had been planned as online or remote studies
regardless of the pandemic (17%), whereas 10 studies were con-
verted due to the change in the situation (29%). Several studies (16
out of 35, 46%) that had been planned as in-person studies were not
converted to online or remote studies. Lastly, 3 studies (~9% of our
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Figure 2: Respondents to the survey.

sample) reported tackling COVID-19-related issues. For studies that
were not moved online, their situation had various outcomes (Figure
3b).

Figure 4a reports the heterogeneity of the current state of the
studies conducted online or in remote form. For studies that were
originally designed to be run in person, there were several changes
that needed to be implemented, regardless of whether they were
continued in person or moved online (Figure 4b).

While the governmental response to COVID-19 has been hetero-
geneous from country to country, most knowledge workers switched
to home-office setups. This is also the case for the respondents of our
study. While many people are now returning to work in the office
across the globe, our survey was mostly concerned with studies run
at the very beginning of the pandemic when this was not yet the
case.

In the next section, we will interpret these results, connect them
with our own experiences, and further discuss the qualitative feed-
back we got from the survey.

4 DiIsScuUsSION

In this section, we interpret and discuss the results of our survey,
enriched with our own experiences and opinions. This part is mostly
meant as an initial position statement and not a fully-fledged and
evaluated research contribution. Also, we do not restrict ourselves
to aspects that are strictly specific to visualization research, but
also include aspects that might have an impact on a much broader
scale. Our goal is to start a discussion and possibly inspire others on
potential issues, solutions, and even opportunities. While our focus
lies primarily on user-oriented research, many of the concepts under
discussion can also be applied to other fields.

To this end, we organize our discussion along a typical pipeline
for empirical research in visualization, consisting of the following
steps:

* Conceiving research and research environment
* Study design

* Data collection

* Communication of results

4.1 Conceiving Research and Research Environment

The conceptual basis for research is the first step toward a successful
research project and builds the most relevant framework for it. The
discussion of the impact of COVID-19 on user studies often ignores
this aspect. However, we found some indications in our survey that
this stage of research is also affected.

In this sense, COVID-19 has a potential impact on research di-
rections, or at least, on the details of a research question. Research
ideas might need to be modified in order to continue user testing
despite the lockdown of research facilities. This is especially critical
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Figure 3: Case studies in the survey.

in cases where a study had already passed the design phase, and was
undergoing data collection when the lockdown measures were taken.
In the most extreme case, some research concepts were no longer
feasible, to the point that ongoing studies had to be put on hold or
even be halted indefinitely. For example, one respondent noted: “We
cannot easily move this study online as it requires special equipment
that cannot be replicated online.”

At the same time, completely new research questions might be
triggered by the pandemic, as can be noticed by the fact that some
of the participants to our survey reported planning or collecting data
on user studies tackling COVID-19-related issues. Several visualiza-
tion researchers have already worked on visualization systems for
coronavirus-related data. Yet, we also see the opportunity for less
immediate influences on research agendas.

Aspects of the research framework that we believe require fur-
ther consideration are the funding situation, the legal and regulatory
environment, and the collaborative nature of research work. Legal
systems, policies, and regulations vary between countries, which
necessitates reflections for international collaborations and joint re-
search projects. For example, data privacy regulations and protection
as well as ethics approvals differ widely between different regions of
the world. These issues might become even more pronounced when
studies are moved online. Some of the issues might also become
extremely hard to address due to a lack of law expertise. Another
concern for joint collaborative work relates to travel restrictions,
since project meetings might no longer be feasible.

The above issues play an important role for running projects, but
they could also impact the planning of, and application for, research
grants. For example, there might be a trend toward more local or
less collaborative projects, which would have a negative long-term
effect on the research community.

4.2 Study Design

Re-designing user studies. The design of many user studies
has become unsuitable for data collection during the COVID-19
crisis. Researchers reported that they were either forced to decide
whether to run their study unchanged, develop an elaborate hygiene
plan to decrease the risk of infection, change the study design to
minimize risks, or stop the study altogether. Our survey revealed that
the majority of studies (25 of 35; 72%) needed to be fully or partly
redesigned. Some respondents (10 of 35; 29%) were able to move
their studies online by changing the experimental design. Changes
required for moving online included simplifying the instructions,
changing target samples, and presenting fewer experimental trials.
This move to online studies was typically accompanied by concerns
regarding the level of stimulus control and technical affordances.

In-person studies. Studies that continued despite the crisis
were required to employ strict hygiene protocols, which grossly
modified the study design. This change did not necessarily work
out smoothly. One respondent, for example, reported losing the
possibility of interacting with a population that was undergoing a
longitudinal study: “[We might] discard the study because it is on
development and the kids might have grown out of the interesting age
by the time we can restart.” Another described a need to limit the
number of sessions in a psychophysics experiment. This constraint
led to a delay in data collection and ultimately forced the respondent
to submit the study to another conference.

Study designs necessarily in conflict with social distance require-
ments or hygiene protocols were most heavily affected by the crisis.
These were primarily multi-user studies in which participants needed
to be physically present, such as studies relying on perception or
using head/body-mounted equipment. For example, one respondent
noted: “The biggest uncertainty derives from collecting kinematics
and EMG [electromyography]. How can you place electrodes on the
participant body with social distancing?” Most of these studies have
been either fully canceled or postponed until the lockdown measures
are removed or changed. One study was halted prematurely due
to the crisis, however the researchers analyzed the data they had
already acquired. It is noteworthy that research communities are
currently developing new data collection protocols with an emphasis
on hygienic practices (e.g. [49]), which arguably ought to have been
considered even before COVID-19.

From in-person to online studies. Prior literature suggests
that it is possible to move a study to a remote context by provid-
ing subjects with hardware. Mottelson and Hornbaek [34] could
demonstrate that valid behavioral data can be obtained when using
distributed remote testing in a VR-context. They showed that using
a cardboard VR setup, user behavior for pointing, 3D tracing, and
body ownership illusions was comparable to studies using a HTC
VIVE inside the laboratory. As an additional advantage, such remote
studies could target a large and diverse sample of users. Thus, mov-
ing from in-lab to out-lab studies may even beneficial for the validity
of the conclusions drawn from the data. However, this scenario
is only possible if the study design allows for mobile equipment.
Stationary, highly calibrated, and expensive experimental setups,
such as an eye-tracker, cannot make use of this approach.

It has to be noted that, in order to move a study online, experimen-
tal design, setup, and infrastructure had to be changed, which may
also lead to less control over the experiment. One respondent noted:
“Less control about data presentation and collection devices and en-
vironmental circumstances during testing (time of day, distractions,
)7

Lastly, we recognize that moving a study outside the lab and onto
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Figure 4: Current state of studies.

a large variety of screens, remote working set-ups bring a new set
of challenges. User attention and perception might be affected by
outside conditions, making it more difficult to measure the effect
studied in the experiment. This is the reason why a careful planning
and consideration of the possible confounds must be addressed
during the design phase of the study. The negative effects resulting
from moving a study outside of a laboratory setting can—at least
in part—be compensated by employing a larger set of participants.
While this can ultimately result in much higher costs of the study, it
can also lead to more ecologically valid results [18].

4.3 Data Collection

In-person studies. For respondents who described continuing
an in-person study, major changes to the setup were required, specif-
ically concerning the implementation of a hygiene protocol. One
respondent wrote, for instance, “I’ll have to limit the number of ses-
sions per day, maybe to one or two, and disinfect all the equipment
used, apart from including safety equipment for the examiners.” For
laboratory experiments put on hold during the lock down, in general
the research timeline was negatively affected. One researcher in our
survey even spoke of an indefinite interruption for an experiment
due to a change in professional position: “I had 4 more participants
to collect, which I couldn’t because of the lockdown. I think I will
never collect them as I am transitioning to a different position.”

Online studies. For crowd-sourced setups, there appears to be
no noticeable difference so far in terms of the subject pool available.
Demographic data showing who used the platform prior to the pan-
demic compares favorably with data from today [30,33]. Yet, we
could also reasonably assume that the participant pool could change
in the long term, with participants becoming less diverse [31]. As
highlighted in an article by the New York Times [44], it is unclear
whether people who are unable to pay the bills are able to keep an
internet connection or be willing to participate in research. Although
most studies on Amazon’s Mechanical Turk are paid, the average
worker prefers steadier sources of income than research participa-
tion, such as image annotation or data collection tasks [30]. Based
on the available information, it is still unclear what impact the pan-
demic will have on online user studies in the long term. For example,
while several works addressed the issue of gender disparities in the
working conditions following the pandemic [2,37], to our knowl-
edge there are no studies that focus on the change in participation of

women in online studies.

Participant recruitment. Based on reports in the survey, par-
ticipant recruitment was also heavily affected by the pandemic. For
in-person studies, recruitment became either incredibly difficult or
outright impossible. The situation further changed the participant
sample. One respondent commented, “We have originally planned
to study performance of healthy sighted controls, to be compared
with that of visually impaired participants. We are now running
the study on healthy participants only, since we have lost access to
patients.” For remote and online studies, one respondent actually
reported the opposite effect, describing a benefit from the lockdown
situation:  “We had planned a small expert study involving our
colleagues and university network before releasing the main one on
Amazon Mechanical Turk. We expected 10 participants, and got 55
responses instead. As a result, we decided a crowd-sourcing study
was unnecessary, and the current results would be higher quality.”
The participant further speculated that people involved had more
available time to participate in studies online, at the beginning of the
pandemic where many other job responsibilities were paused.

4.4 Communication of Results

A central aspect of the scientific pipeline is the communication of
new scientific findings and its discussion with other peers in the field
for the development and the advancement of novel theories.

Scientific publishing during COVID-19. Communication is
done in several ways: classically, we publish our results in peer-
reviewed journals, books, or proceedings. Trivially, problems in
gathering new empirical findings will result in a slow down of the
communication pipeline, which initially might be compensated for
by clearing the backlog of data waiting in every researcher’s draw-
ers to be published. Paradoxically, however, due to the pressure to
publish which most researchers feel to advance their careers, the
lockdown during the COVID-19 pandemic might not necessarily
lead to a slowing down in the flow of publications, but the limited
access to laboratory facilities may well lead to papers of inferior
scientific quality [6]. Studies involving specialized equipment, such
as VR/AR headsets, might be difficult to distribute to large numbers
of people. However, short-term sessions with many users might
be replaced with more longitudinal studies with fewer users. This
pressure to produce results not only concerns scientific publications



but may equally affect thesis projects of bachelor or master students
who need to conclude their studies. As discussed earlier in this paper,
there are many reasons for which data collection during the lock-
down of the COVID-19 pandemic may be harmed, compromised, or
even stopped. Regardless, researchers may well be tempted to try
and publish this data, knowing (and not concealing) that its quality
might be compromised.

As a journal editor, one of our authors has witnessed reviewers
that were tempted to adapt their scientific criteria when they learned
about the difficulties with acquiring compromised empirical data.
Also, the VIS and other communities have offered guidelines asking
reviewers to be more forgiving and open-minded of user testing con-
tributions. On the one hand, ethically this is a very laudable move.
On the other hand, shifting such criteria might lead to a range of pub-
lications which, under other circumstances, might not get published,
and which obviously could represent a problem for the scientific
process. How big a problem this might be can only be evaluated in
the future. The hope is that the processes for ensuring quality, which
have been established at journals and in other dissemination chan-
nels and which have been critically discussed by responsible editors,
remain robust enough to withstand such understandable leniency.

Meetings and conferences. The fact that most publications
nowadays are not written by a single author but are co-authored by
several collaborators, has likely not affected the publication process
significantly, as most of the communication between authors was
virtual even well before the COVID-19 pandemic. However, another
crucial aspect of disseminating scientific findings has undergone
a dramatic metamorphosis in the recent days, namely the commu-
nication of research at conferences. Due to the lockdown and the
restrictions in traveling world-wide, many conferences have had to
be canceled, significantly postponed, or they changed into virtual
meetings. Even though many conference organizers have attempted
to enable forms of interaction in a virtual format, the scientific expe-
rience and particularly the networking between researchers has been
severely diminished. The fear is that these restrictions in networking
opportunities will particularly impact young and emerging scientist
who are currently still building up their network.

On a positive note, the COVID-19 pandemic will clearly help in
adapting the focus of dissemination through the use of new digital
tools, as well as the availability of more virtual colloquia and online
talks. This strengthening of the open science movement will not
only benefit scientists but also the general public.

5 OPPORTUNITIES

As a response to the crisis brought about by the COVID-19 pan-
demic, the research communities had to restructure their research
pipeline, in particular to overcome limitations imposed by the neces-
sity of social distancing. Here, we claim that, despite this disruption
of the research environment, scientists can actually leverage these
seemingly restricted contexts in order to explore and develop new
scientific opportunities.

Overcoming shortcomings of traditional pipelines. First, we
suspect that being forced to adopt new methodologies may perma-
nently alter the ways in which research will be carried out. For
example, studies might have been previously administered in person
simply because some laboratories had more experience with conduct-
ing studies with a given protocol. Resistance to changing procedures
is especially high when effect sizes are known to be small. Now that
some experiments are forced to be moved online, researchers might
find that access to larger and more representative samples online can
be achieved without a necessary increase in effort. More importantly,
they might also find that doing so does not necessarily interfere with
the effect of interest. Some unviable research practices may be
abandoned altogether, such as filling out pen-and-paper question-
naires while an experimenter is present or relying on convenience
samples composed only of lab members. Some researchers might

also innovate by embedding research within consumer technology.
For example, Saffo et al. [41] showed that HCI-research can be con-
ducted within established gaming applications. We are certain that
common research practices have been innovated and economized,
affecting the way we conduct user-studies in the long term.

Increasing quality through formalization. Second, the quality
of research could increase as a result of the formalization required
for large-scale and online deployment of research. For example,
online-studies can only be implemented if implicit laboratory pro-
cedures, such as the verbal instruction of participants, are explicitly
formalized. Studies involving synchronous interactions between
experimenter and participants must now also be redesigned to allow
for possible replications without the ad-hoc expert input of the exper-
imenter. Such formalization, when possible, would allow for more
scalable and quantitative implementations of empirical research,
improving the project in terms of objectivity.

Increasing statistical power. Third, findings may be more ro-
bust in the future. Online experiments motivates a move from small
convenience samples to larger samples [9]. This increase is likely
to improve robustness of the statistical procedures because of more
appropriate statistical power. We also believe that the process of
carefully redesigning studies, while also weighing resources, statis-
tical power, and ethical considerations, has permanently broadened
and improved research methods [12].

Increasing generalizability. ~Fourth, results may be more gener-
alizable due to increased diversity in test setting, presentation media,
and population [24]. Remote asynchronous testing could provide
more varied test settings, for instance, the user could have more
workload due to a child crying in the background, and render robust
results that may generalize to more contexts. Users may have to
interact with experiments using diverse consumer devices. Presenta-
tion parameters, such as stimulus onset timing, must then be treated
as a stochastic rather than a deterministic variable.

A shift to online testing also serves the long-lasting aim of diver-
sifying research populations. Moving from a convenience sample
to a randomized national-level sample produces more inclusive and
diverse samples, e.g. by including the elderly, non-academics, or
physically disabled people who could not visit a laboratory, which
allows for a better generalizability across populations [34]. While
such scalability offers exciting new opportunities, it must be noted
that its full potential can only be realized through careful attention
to issues concerning accessibility for participants. Researchers must
take into consideration the respondents’ capacity to use technology
autonomously and address potential impairments or disabilities that
would hinder full participation in the study.

A large portion of existing empirical visualization research has
focused on the goal to generalize across user characteristics, i.e., a
method should work similarly well for many different users. With
a constraint access to users for testing, however, researchers might
also increasingly think about opportunities to generalize findings
across other factors such as data characteristics. Testing visualization
methods on larger sets of data can help to make them more robust
for broader usage of a method [46]. In other words, a method should
work similarly well for many different datasets as well.

Of course, it is important to keep in mind that generalizability
is not the only goal of visualization evaluation. In fact, there has
been a long tradition in VIS and at BELIV to underline the value
of qualitative research methods for visualization research [10, 38].
Those qualitative methods often seek to authentically understand
specific and contextualized situations in which visualizations are
used and, thus, generalizability, control, and reproducibility are not
the concern of these studies. Approaches such as semi-structured
interviews should carry over more easily to remote setups through
teleconferencing and other techniques. This gives an opportunity to



the VIS community to recall the strengths and importance of these
approaches.

Strengthening the community. Conversely to social distance
requirements, which have halted physical scientific conferences and
travel for scientific exchange, it may also be argued that research
communities have made a significant step to moving closer together
in the crisis. Online conferences have allowed for relatively un-
restrained interaction among scientists. Political, economic, and
physical barriers can also be avoided through the use of online con-
ferences, which have often been opened to free participation. We
suspect that the popularity of online conferences will last far beyond
the time of crisis [1]. Due to the problem of recruiting participants
for user studies, the crisis has also added pressure to form alliances
among researchers to share research data and expertise, as well as
test at multiple sites, in order to create more innovative research
designs. Borders in scientific exchange and collaboration have thus
been torn down. In a similar vein, the workplace of scientists has
moved from a local to a remote setting. Scientific careers are typi-
cally built upon moving between different scientific groups and thus
different places of work. While permanent remote-working is often
accepted in online business or web development, academia has man-
dated local collaboration thus far. We believe that working models
such as a remote postdoctoral phase will become more common now
that better acceptance and better infrastructure has made long-term
remote working possible [8].

This example already highlights that people may be impacted in
different ways with regards to their career levels. The career progress
of senior researchers can be largely unaffected by social distance
requirements and the associated, as unfinished projects could be
written-up, questions could be rephrased, and contracts extended.
However, early career researchers may have not yet collected data, or
they are in need of local support and may require access to facilities
in order to run their studies. The community should therefore keep
in mind that early career researchers are more vulnerable to the
effects of the COVID-19 crisis.

The situation concerning education and the necessary restructur-
ing of university programs deserves further consideration. Due to the
shifting of many of the university activities online, many younger
researchers and students, in particular in the early stage of their
careers, are reconsidering their timelines and possibly delaying their
studies. This shift in the demographics of incoming researchers in
virtually all scientific fields will most likely lead to larger structural
changes in the research community itself.

Opportunities for the VIS community. Concerning the visual-
ization pipeline specifically, moving studies toward crowd-sourced
setups can be an opportunity with wide repercussions. While lab
studies offer controlled setups and ensure that users complete the
experiment with meaningful answers, the participant availability
often leads to new visualization techniques only being tested on few
toy datasets. If the findings generalize well across user bases, it is
questionable whether they generalize well across datasets [19,46].

We also see an opportunity to develop active learning or labeling
pipelines developed in the machine learning community [47]. The
visualization community traditionally focused on improving the
labeling process for humans [4, 5,22, 28]. Perhaps it is time to
take our own medicine and aid visualization evaluation by having
algorithms learn which stimuli have to be evaluated by humans and
which can be evaluated by machines.

A crowd-sourced setup aligned with active labeling systems can
enable testing datasets found in the wild and can help evaluating
designs on more realistic datasets, and with more diverse users,
ultimately leading to more robust results [18].

6 CONCLUSIONS

COVID-19 had a huge effect on user-centered testing in particular
and entire research pipelines more generally. In this work, we tried to

take a first step to understanding challenges, potential solutions, and
even opportunities from a visualization point of view. The pandemic
might have far-reaching implications and, as a community, might
encourage us to re-think and change our existing norms and value
systems. Of course, these questions are far beyond a single paper.
We see our work as a starting point for such discussions and hope
that others will find some motivation and inspiration in the topics
we raised.
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