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Figure 1. We explore whether field studies on public displays can be conducted in virtual reality. In two user studies we compare user behavior between
a real public space (left) and a virtual public space (middle). For one study, we developed a gesture-controlled display for both environments (right).

ABSTRACT

Field studies on public displays can be difficult, expensive, and
time-consuming. We investigate the feasibility of using virtual
reality (VR) as a test-bed to evaluate deployments of public
displays. Specifically, we investigate whether results from vir-
tual field studies, conducted in a virtual public space, would
match the results from a corresponding real-world setting. We
report on two empirical user studies where we compared au-
dience behavior around a virtual public display in the virtual
world to audience behavior around a real public display. We
found that virtual field studies can be a powerful research tool,
as in both studies we observed largely similar behavior be-
tween the settings. We discuss the opportunities, challenges,
and limitations of using virtual reality to conduct field studies,
and provide lessons learned from our work that can help re-
searchers decide whether to employ VR in their research and
what factors to account for if doing so.
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INTRODUCTION

Public displays have received considerable attention from the
research community in the past years and are being increas-
ingly deployed in public spaces [21]. While there is today
a general understanding of the many challenges that evolve
around public displays, much of the gained knowledge in our
research community is still difficult to generalize as data in
field studies are usually gathered in one specific setting. As a
result, audiences are widely different (ranging from children,
via adults to older adults), displays are encountered in different
situations (for example, a waiting situation at a bus stop vs.
people being in a hurry in a busy street), are frequented by
different audiences at different day times, and the audience
may be affected by many other things that happen nearby (a
street festival, a construction site, vehicles parked in front of
the display, etc.). While all these situations yield interesting
insights, it is often desirable to have more control to be able to
investigate the influence of different contexts in more detail.

At the same time, public display deployments pose consid-
erable effort to researchers [29, 54, 72]: researchers face the
challenge of finding suitable locations for their deployment
[24,32], as a result of which deployments are often opportunis-
tic [11,26]; hardware needs to be maintained and software run
in a stable manner [43]; and data collection is time-consuming
as researchers need to be present in the display vicinity for
observations and subsequent interviews [8,43].

A new challenge arises for researchers as a result of new
privacy protection regulations, such as the European GDPR [5].
These regulations require informed consent to be obtained
from people prior to data being collected about them. This
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introduces new legal and ethical considerations [75], which
in turn may significantly complicate study processes in public
spaces and may make it difficult to obtain relevant permissions.

In this paper, we investigate Virtual Reality (VR) as a research
paradigm for conducting public display studies. VR allows for
a high degree of control over the environment, i.e., researchers
can easily manipulate the physical layout of a space, the num-
ber of people in the vicinity, and physical properties of the
display (size, orientation, resolution), etc. This led us to be-
lieve that traditional approaches to public display research can
be complemented by an investigation in VR.

The particular focus of our work is on understanding the
strengths and weaknesses of this approach: for which types
of common research questions [9] is the approach viable and
for which is it not? How ecologically valid is the data? How
is the experience of users different in real and virtual environ-
ments? We believe this understanding to be valuable for the
HCI community in general and for the public display commu-
nity in particular, since it enables an entirely new approach to
research, the understanding of which is a crucial initial step.

In this work, we first provide an in-depth introduction to the
concept, specifically discussing the potential of VR for dif-
ferent types of research question related to public displays.
Then, we present two comparative studies, designed to shed
light on different aspects of this new research paradigm. In
both studies, we achieve this by investigating the participants’
behavior under similar conditions in a real-world public space
and a virtual public space. The first study (N=40) is focused on
investigating audience behavior. In particular, we investigate
whether the well-known honeypot effect [16,49] can be recre-
ated in VR and whether similar behavior can be observed. The
second study (N=16) investigates display effectiveness [9], for
example, if and how users notice, approach, and interact with
a display in a waiting situation.

The results of our early investigation suggest that virtual field
studies can be a powerful research tool, as the results can
transition over to the real world. In Study 1, we confirmed that
the honeypot effect can occur in VR. In Study 2, we observed
that users noticed, approached, and interacted with a virtual
public display in a largely similar manner as they did in the
real world. A notable difference was found in that users are
more motivated to explore virtual environments, and may be
more likely to interact with a public display in VR.

Based on our work, we provide three lessons learned regarding
virtual field studies, aimed at helping researchers and prac-
titioners to 1) decide whether or not to employ VR in their
studies, 2) design study tasks that stimulate natural behavior
in virtual reality, and 3) interpret results from VR studies.

CONTRIBUTION STATEMENT

The contribution of our work is threefold: (1) We introduce the
concept of employing VR as a research paradigm for public
display studies. (2) We present two studies, comparing an
investigation in the real world to the same investigation in VR,
to understand both strengths and pitfalls. (3) We distill lessons
learned to help public display researchers design, conduct and
interpret results from further studies in VR.

RELATED WORK

Our work draws from previous work on 1) evaluation of public
displays, 2) audience behavior around displays, and 3) the use
of VR as a study platform.

Evaluation of Public Displays

Different study paradigms exist to evaluate public displays. A
summary is provided by Alt et al. [9]. The majority of public
display research employs lab studies [14,40,51, 58] and field
studies [28, 52, 64-66, 73, 76, 82]. Generally, the paradigm
is chosen based on the research question. Lab studies are
suitable for conducting evaluations in controlled environments.
Examples include evaluation of novel interaction mechanisms
[1,53] or studying user behavior when presented with certain
content [6,37]. Lab studies allow controlled collection of data
but suffer from low ecological validity. On the other hand,
field studies are conducted in public spaces and offer more
ecologically valid results. Unlike lab studies, field studies are
suitable for studying natural behavior [2,3,26,49].

For example, Dalton et al. [20] studied if passersby notice
displays by equipping participants with eye trackers and asking
them to walk through a building with multiple public displays.
The downside of field studies is that they are costly [21,23,34,
52,59], time consuming [9], hard to anticipate (e.g., behavior
of passersby) [26], and subject to a plethora of external factors
that may negatively impact the display and the validity of
the collected results [54]. Field studies often require medium
to long-term deployments, hence requiring robust hardware
and software that can operate without attendance for several
weeks or months. Multiple works reported on challenges of
(long-term) deployments [33,43, 54, 72].

In this work, we study the use of VR as a test bed to evaluate
public displays. Like lab studies, VR studies can be controlled,
which allows for accurate collection of data and prevents many
pitfalls of real-world public deployments. At the same time,
VR studies bring some of the benefits of field studies in terms
of scale of the studies, and the ability to study natural behavior.
Unlike lab and field studies, VR allows easy manipulation
of the setup as well as the behavior of passersby. This work
aims to understand how well outcomes from VR studies match
those collected in real world deployments.

Audience Behavior around Public Displays

The behavior of users and bystanders around public displays
has been studied extensively. Most notably, researchers ex-
plored how 1) social aspects, 2) environmental variables, and
3) the displayed content impact on audience behavior.

One of the most studied social behavior around public displays
is the honeypot effect [15,16,26,41,49,83], which occurs when
users engaging with the display implicitly attract the attention
of others in the vicinity of the display [16]. Another example
is the staging effect; some might refrain from interacting with
a display due to social embarrassment [18], while others might
interact only to be seen by peers [19]. Audience behavior is
also influenced by environmental factors, such as the arrange-
ment of the space. For example, Gentile et al. [26] studied a
setup where a public display was surrounded by seats. They
found that users position themselves farther away from the



display when said seats are occupied. Dalton et al. [20] found VIRTUAL PUBLIC DISPLAY STUDIES

that the user's awareness of the display is in uenced by the Much work exists on the evaluation of aspects that relate to
architecture of the building in which it is deployed. The way public displays and user behavior around them. For an in-depth
displays are con gured and placed in uence how users po- introduction to methodology, we refer to Alt et al. [9] and
sition themselves before interacting with them [59, 74], and Davies et al. [21]. We contribute to the public display research
could even entice users to communicate even if they do notmethodology by investigating how (a) virtual reality compares
know each other [60, 79]. Muller et al. [49] found placing to existing research paradigms, such as lab studies and eld
displays near certain elements impact attention to the displaystudies and (b) for which type of the research questions is VR
To combatdisplay blindnes§42], previous work manipulated  a suitable complement or even replacement.

the display's content to attract attention to the display. Mul- Alt et al. 191 distinauish h i n audience b
tiple works used mirrored user representations to attract the etal. [9] dis InguIsh research questions on audience be-
havior, user experience, user acceptance, user performance,

passerby's attention [49,81]. Others used ashing objects [36], ', . . 2
subtle gaze direction techniques [71], and moving physical diSPlay effectiveness, privacy, and social impact. In the follow-
objects [35] to attract attention to the d,isplay. ing, we provide a brief discussion on the potential strengths

and weaknesses of VR regarding these questions. This re ec-
Out of all the aforementioned aspects that impact audience betion ultimately informed the design and focus of our work.
havior, the honeypot effect is by far the most studied one. This
motivated us to investigate if the effect occurs in virtual reality
as well. Thus, in Study 1, we studied the user's response to
virtual avatars surrounding displays in a virtual environment.

Audience Behavior.Much work in recent years has focused

on the behavior of people in the vicinity of interactive displays,
discovering that phenomena such as the honeypot effect [16],
the staging effect [19] or the butt brush effect [78] exist also
for public displays, but also nding new effects, such as the
VR as a Study Platform landing effect [49]. Most of this work was conducted in public
Prior work has investigated the use of VR as a platform to spaces where people behaved naturally. This raises the ques-
acquire results, knowledge, or skills that transfer to the real tion how to support such natural behavior in Virtual Reality. A
world either partially or completely. particular challenge here is to not make it obvious to people

Some prior research has aimed to compare how users behavihat the public display is the object under investigation. At the

in VR as opposed to comparable real-world scenarios. Mous-Sa@me time, other factors play a role, including other people in

said et al. [45] used VR to understand crowd behavior during the Space, other objects striving for the attention of users, and
a high-stress evacuation scenario. Their results show similarth€ ability to move freely.

crowd behavior in high-risk situations in VR compared to real User Experience.User experience is often assessed as a side
situations. Schrom-Feiertag et al. [68, 69] studied how immer- question in public display research. In particular, researchers
sive virtual environments can be leveraged to evaluate public often ask that participants Il in standardized questionnaires
infrastructures using a mobile eye tracking system. They found such as AttrakDiff [31] or UEQ [67] after people have expe-
that participants in real and virtual train stations exhibit similar rienced a particu|ar aspect related to pub||c disp|ays_ On one
way nding behavior in terms of decision making and atten- hand, this might require thinking about how lling such ques-
tion. Deb et al. [22] used VR to simulate a pedestrian crossing.tionnaires can be embedded in VR in a suitable manner [70].
Their collected objective measures, such as walking speedat the same time, a challenge might be that perceiving public
were similar to real-world norms. Agethen etal. [4] conducted di5p|ays in VR m|ght in itself have an in uence on the experi-
similar research where they studied how immersion in a virtual ence. Here it is important to think about phrasing questions in
environment affects human locomotion. A comparison with g way such that a clear distinction between the VR experience
the real world concluded that VR can be used as an evaluationand the display experience becomes possible.

tool for analyzing human locomotion.
User AcceptanceTo understand whether users would accept

Virtual reality has also been studied for education purposesa certain technology related to public displays, researchers
[27,57]. For example, Gorecky et al. [27] found thatimproving  often conduct focus groups. We believe virtual reality to be a

performance of factory workers during VR training results in - powerful tool here, since a more realistic presentation can be
better performance in similar real-world tasks. Other uses achieved compared to a lab setting.

for VR have been the evaluation of the intrusiveness of an _ )

advertising app using a virtual supermarket [34], and the use User Performance When it comes to measuring performance,

of virtual assistance to evaluate pervasive applications [12]. Prior work has usually favored studies in the lab over studies in
the eld, due to the ability to better control confounding factors

These studies bring forth the potential of using VR as a re-[7,10]. Here, we expect one of the major strengths of VR,
search platform. Most importantly, prior work shows that users sjnce it allows for ne-grained control over the environment,
can adopt similar behaviors in VR as they do in the real world sych as number of people, their trajectories, their behavior,
in a variety of scenarios, which in turn suggests that employ- etc. while still providing a more realistic experience compared
ing VR to evaluate real-world deployments could be feasible. to a lab setting (e.g., simulating crowded areas). Also, VR can
However, to date, the use of VR to evaluate public displays allow quick and low-effort testing of many different conditions
has not been explored. This underlines the importance of un{e.g., different display sizes, orientations, different degree of

derstanding how transferable ndings from VR studies are to crowdedness) and hence obtain more generalizable results.
real-world deployments of public displays.






	Introduction
	Contribution Statement
	Related Work
	Evaluation of Public Displays
	Audience Behavior around Public Displays
	VR as a Study Platform

	Virtual Public Display Studies
	Research Approach

	Study 1: The Honeypot Effect in VR
	Study Design
	Apparatus
	Task
	Procedure
	Results
	Attention Towards the Public Display
	Comprehension of Display Content
	Assessment of Audience Effects
	Discussion and Summary


	Study 2: Behavior around a VR Public Display
	Study Design and Task
	Apparatus
	Public Display Application
	Tablet Application
	Real-World and VR setups

	Recruiting
	Procedure
	Results
	Attention towards and Interactions with the Display
	Similarities and Differences between the Environments


	Discussion
	User Behavior in Virtual and Real Public Spaces
	Virtual Field Studies - A New Research Approach
	Lessons Learned
	Lesson 1: When to Consider Virtual Field Studies
	Lesson 2: Provide Context for VR Users
	Lesson 3: Be Wary of Gaze and Movement Data

	Future Work

	Conclusion
	Acknowledgments
	References 

