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Figure 1: We investigated hygiene-related information on public touchscreens, first in an online survey and then with a prototype application. Our prototype, A) displays a panel showing hygiene-related information, and B) visualizes the exact points
where prior users have touched on the screen. We experimented with three visualizations of touches: representations of fingerprints (left), viruses (middle), and circles (right). The fingerprints were rated most favorably.

ABSTRACT

KEYWORDS

The COVID-19 pandemic created unprecedented questions for
touch-based public displays regarding hygiene, risks, and general
awareness. We study how people perceive and consider hygiene
on shared touchscreens, and how touchscreens could be improved
through hygiene-related functions. First, we report the results from
an online survey (n = 286). Second, we present a hygiene concept
for touchscreens that visualizes prior touches and provides information about the cleaning of the display and number of prior users.
Third, we report the feedback for our hygiene concept from 77
participants. We find that there is demand for improved awareness
of public displays’ hygiene status, especially among those with
stronger concerns about COVID-19. A particularly desired detail is
when the display has been cleaned. For visualizing prior touches,
fingerprints worked best. We present further considerations for
designing for hygiene on public displays.
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1

INTRODUCTION

Public interactive displays (PIDs) are numerous in urban areas.
They appear in many public and semi-public locations and serve
many functions, ranging from entertainment and information (e.g.,
map and store information at a shopping mall) to various services
(e.g., withdrawing cash, buying train tickets, ordering and paying at
fast-food restaurants). The overwhelming majority of public interactive displays work by touching them [7]. Touch is the prevailing
approach for good reason, as touch interaction is directly accessible, fast, easy, and familiar [6, 24, 27, 34]. Touch displays are also
generally more stable and less error-prone than installations using
more complex hardware [16, 35].
Much of prior research has focused on maximizing the usage of
public displays. This included studying how the space and location
affect the display’s visibility [3, 17, 18, 23, 48, 52], how passersby can
be attracted to and kept engaged with the display [10, 13, 15, 30, 37,
38, 47], and how social situations affect the interaction [3, 40, 49, 55].
However, the recent COVID-19 pandemic introduced entirely new
questions for public displays. Now, more than ever, we need to
consider the possible costs of heavy use of shared touchscreens.
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Touching surfaces that have been touched by others may transmit
bacteria [19] and carry the risk of infection [21].
To the best of our knowledge, questions regarding hygiene on
public touchscreens have not been sufficiently covered by existing
research in human-computer interaction (HCI). Touchscreens also
provide creative opportunities in this context since all touches can
be stored and then visualized back to potential future users, so
they can avoid crowded areas on the screen. Investigating such
visualizations is an important part of this work, since we currently
do not know how they would affects users.
Therefore, in this work, we seek to understand how people perceive public touch displays during and after the pandemic, and
whether there is value in providing users with hygiene-related information on public displays. Our aim is to enable potential users to
make a more informed choice about whether or not to interact with a
public touchscreen. Our main research questions are:
• RQ1: How do people perceive and consider hygiene on public displays, and how has COVID-19 affected them?
• RQ2: What kind of hygiene information do people want to
see on public touch displays before use?
• RQ3: How do people feel about seeing the touches of prior
users on touchscreens, and what is the most preferred design
for such visualizations?
To answer these questions, we first conducted an online survey (n
= 286), asking people about their perception and usage habits of various touchscreens in public spaces, and gathering initial responses
to seeing hygiene-related information on public displays. Next, we
created a public display prototype that visualizes the touches of past
users and displays other hygiene-related information (Figure 1).
We experimented with three visualizations of touches: fingerprints,
viruses, and circles. We deployed the prototype in three locations
for four weeks. We also distributed the prototype remotely as a
web link, so that we could offer a safe way to provide feedback,
especially for those who currently avoid leaving their homes. We
linked a feedback questionnaire to the display prototype with a
direct web link and a QR code. We collected 77 complete responses.
We learned that there is demand for increased awareness of
hygiene on public touchscreens, particularly among those who
reported strong concerns regarding COVID-19 in general. The most
critical piece of hygiene information, as reported by our participants
in both studies, was when the display was last cleaned / disinfected.
As such, we recommend display owners to consider implementing
mechanisms to display how much time has passed since the last
cleanup. Other hygiene measures were also desired, including how
many people have touched the display since the last cleanup, how
much time has passed since the previous user, and where exactly
on the screen other people have touched. Out of our three tested
touch visualizations, fingerprints were strongly preferred. Their
direct affordance to touch makes them immediately understandable,
while remaining neutral in nature. Circles were largely seen as
too abstract, making their function unclear. Viruses on the other
hand, were seen as an overkill, even as fear mongering. All in all,
these results suggest that even though there is generally demand
for increased hygiene information, touchscreens should remain
neutral about hygiene, thereby supporting the users’ autonomy in
deciding whether to touch the display.
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Through this work, we provide a detailed discussion on and
suggestions for how to handle hygiene on public touchscreens. We
offer direct actionables and describe how these functions can be
implemented. Furthermore, we identify directions for future work
in this area, including a long-term investigation of the impact of
hygiene information on the displays’ usage and users’ behavior.

2

BACKGROUND AND RELATED WORK

In this section, we discuss two topics that are important for this
work. First, we look at the possibilities for public display interaction
and discuss why touch interaction is the preferred method for many
situations — and hence, why we should address matters of hygiene
when using shared touchscreens. Second, we take a brief look at the
risks of touch interaction and what we know from existing research
about hygiene regarding public interactive displays.

2.1

Interaction with Public Displays

Besides touch interaction, many novel ways of interaction with
public displays have been proposed – also such that do not require
touching a shared screen. These methods include, among others,
mid-air gestures and bodied interaction [1, 4, 31, 33, 41, 56], gaze
interaction [26, 27, 34], speech interfaces [20], and using a personal device like a smartphone [9, 11, 14, 42], smartwatch [42], or
augmented reality device [42] to control the display.
Many of the proposed methods above are successful in their
own right and offer unique benefits. They also avoid the possible hygiene concerns for public displays, as they do not require
touching the display. However, there are clear reasons why touch
displays are overwhelmingly the most popular form of public interactive displays. Touch interaction is accessible, easy, and familiar
[6, 24, 27, 34], and touch displays also tend to be significantly more
stable and less error prone than many competing methods [35]. Furthermore, more unusual ways of interaction tend to be particularly
challenging in public spaces, as potential users may fear looking
foolish [10, 50], or they might have other concerns that prevent
them from using the display [43]. Consequently, touch interaction is
often the most preferred method in comparative studies [6, 27, 34].
There are also other methods for touchless interaction. Especially, QR codes allow for the extraction of information (e.g., a
website URL) by scanning codes using a smartphone [6]. Due to
the COVID-19 pandemic, we have seen QR codes emerge as a hygienic alternative in many daily situations, such as scanning a code
for a restaurant’s menu instead of using paper menus. However,
QR codes offer very limited interaction opportunities and they are
often not suitable for serendipitous or explorative interactions with
public displays, as users need to pull out their smartphone, open
the camera app, and scan the QR code [34].
In summary, despite a variety of other interaction methods, touch
interaction is critical to public interactive displays. Therefore, in
the wake of the COVID-19 pandemic, we must consider hygiene
on public displays and the possible risks of using them.

2.2

Touching Public Screens: Hygiene & Risks

To our knowledge, hygiene has only appeared as a side note in
some user studies on public displays [45]. Some participants have
mentioned hygiene either as a downside of touch interaction, or as

Pandemic Displays: Considering Hygiene on Public Touchscreens in the Post-Pandemic Era

an upside of touchless interaction [27, 29, 34]. However, investigations specifically targeting hygiene on public displays are missing.
In this work, we begin to address this critical gap. We look not only
into current and past perceptions of hygiene on public displays,
but also into possible solutions to improve hygiene and hygienerelated awareness. In this context, there are many opportunities as
we can track the screen’s touches and formulate potentially useful
information back to future users. This can include things like how
many different people have touched the screen and when, and also
where exactly on the screen prior users have touched.
We should note that this is not a medical paper on COVID-19.
Yet, we know from existing research that COVID-19 can spread via
touch [21]. The likelihood of contracting COVID-19 in this way is
relatively low compared to, e.g., airborne particles. However, we
take a strong stand here that when it comes to matters of health
and saving lives, even small improvements are considerable. Additionally, many aspects of our work are not specific to COVID-19,
but rather deal with providing information about hygiene for touch
displays more generally. Shared touchscreens can also contain bacteria [19]. Furthermore, other infectious diseases may appear in the
future that can be transmitted from shared surfaces more easily, and
our research will be valuable in such events. Finally, we imagine
that the COVID-19 pandemic may have changed the public attitudes
on hygiene for a long time or even permanently; people might now
be more aware of hygiene and where they touch while in public,
thereby changing the requirements for public touchscreens.
We also want to highlight that, aside from offering the benefit of
health and saved lives, we are also concerned with giving people a
more informed choice. By making passersby more aware of a public
display’s touch history, potential users can individually assess what
the risks are and whether they want to touch the display.

3
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also included questions about private touchscreen use (e.g., smartphones), to understand how perceptions of public touchscreens
situate in the bigger picture.
We used SoSci, a survey tool installed on our institution’s web
server. Hence, the collected data was not handled or stored by any
external parties. We distributed the survey via different channels,
including Prolific, mailing lists, and social media. We reimbursed
Prolific users through Prolific’s reimbursement system. Participants
who did not want to use Prolific, had the option to participate in a
raffle of three 30 EUR vouchers by providing their email address.

4.1

Our survey consisted of the following aspects:
Demographics We asked the participants to report their age,
gender, current country of residence, and occupation.
Frequency of use before/during the pandemic We asked how
frequently participants used various touchscreen devices in
public before the pandemic, and whether the frequency and
way of use had changed since the pandemic began. The list of
devices included personal smartphones (when used outside
or in public spaces with other people), ATMs, ticket vending machines, information touch displays (e.g., display for
food orders, informational maps), and entertainment touch
displays (e.g., quiz games on a display in a museum).
The frequency of use before the pandemic served as a baseline for each participant. For this, we used an 8-point scale.
This was because frequency of use can vary dramatically
between people as well as between devices, thus several options were needed to provide a sufficiently accurate anchor
point for each participant. For possible changes in frequency
during the pandemic, participants used a 5-point scale to determine the extent of the change (from "strongly decreased"
to "strongly increased").

RESEARCH APPROACH

To answer our research questions, we conducted two studies. Our
research was conducted in the spring and summer of 2021. This
situates roughly at the end of the so-called "third wave" and between the third and fourth wave of the COVID-19 pandemic. First,
we distributed an online survey (n = 286) to investigate how the
COVID-19 pandemic has affected the usage and perceptions of
touch displays in public. Additionally, we inquired about what
type of hygiene information people might want to see on shared
touchscreens. Second, we developed a hygiene concept for public
touchscreens, which implemented the hygiene functions that we
initially inquired about in the survey. We deployed the hygiene
concept in three locations, and distributed it remotely online. In
this way, we gathered feedback from 77 users. In the next section,
we will describe our online survey and its results. In the subsequent section, we will describe our public display prototype, its
deployment, and the results.

4

Hygiene measures with public and private touch displays
Participants responded to statements for both public touchscreens and private touchscreens on a 5-point Likert scale,
regarding the hygiene measures they might take before, during, and after use (e.g., washing hands, minimizing touches).
Hygiene information on public touchscreens Participants
responded to a set of statements on a 5-point Likert scale
about whether they saw a link between COVID-19 and public touchscreens, and what kinds of hygiene information
they would like to see on public touchscreens. Participants
were also provided with an open text field to type whatever
concerns or suggestions they had for public touchscreens.
Concerns regarding COVID-19 Finally, participants responded
to four statements on a 5-point Likert scale regarding how
concerned they were about COVID-19 generally. This way,
we could contrast potential concerns regarding touchscreens
to the participants’ overall concerns about COVID-19.

ONLINE SURVEY

We conducted an online survey to better understand how people
perceive and consider hygiene on public touchscreens, and how the
COVID-19 pandemic has potentially changed these considerations.
Even though our focus was on public, shared touchscreens, we

Survey Content and Questions

4.2

Results

In total, we received 286 responses. 200 came from Prolific, while
86 were recruited via mailings lists and social media.
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4.2.1 Demographics. Our respondents consisted of 154 men (53.8%),
126 women (44.1%), and three non-binary persons (1.0%); three persons did not disclose their gender. The subjects were between 18
and 68 years of age, with an average age of 26 years (SD=8.51).
Slightly over half of them were students (159, 55.6%), 111 (38.8%)
were professionals in various fields, and 16 (5.6%) were unemployed.
The respondents lived in various countries, the most popular being
Germany (65, 22.7%), United Kingdom (61, 21.3%), the United States
(42, 14.7%), South Africa (22, 7.7%), Australia (17, 5.9%), Portugal (13,
4.5%), and Poland (11, 3.8%). The remaining 55 respondents (19.2%)
came in small proportions from other countries.
4.2.2 Frequency of Touchscreen Interaction Before and During the
Pandemic. Subjects reported their frequency of use of different
displays in public before the COVID-19 pandemic, using an 8-point
scale from "never" to "several times a day". The subjects used their
smartphones several times a day (Md=8), ATMs and information
touch displays once a month (Md=3), and ticket vending machines
and entertainment touch displays less than once a month (Md=2).
Subsequently, the subjects were asked how their frequency of
use changed during the pandemic on a 5-point scale from "strongly
decreased" to "strongly increased". Generally, participants reported
using their smartphones and information touch displays just as
frequently (Md=3). The frequency of use for ATMs, ticket vending
machines, and entertainment displays decreased slightly (Md=2).
4.2.3 Hygiene Measures with Public and Private Touch Displays.
Participants answered the same statements for both private and
public touchscreens about potential hygiene measures they take
prior to, during, and after use. A Wilcoxon Signed-Rank test revealed statistically significant differences between public and private touchscreens in all statements.
The subjects reported paying more attention to the hygiene of
public touchscreens (Z=10.09, p=.00), even though both scored a
median of 4. Subjects were also more active in avoiding touching
public touchscreens (Md = 4) in contrast to private screens (Md = 2,
Z=11.53, p=.00).
The respondents also reported that they disinfect their hands
more often before (Md = 3, Z=8.25, p=.00) and after (Md = 4, Z=11.44,
p=.00) the use of public screens in contrast to private ones (Md = 2,
Md = 3). Similarly, subjects were more likely to wash their hands
before (Md = 3, Z=2.23, p=.03) and after (Md = 4, Z=9.60, p=.00)
using public screens compared to private screens (Md = 2, Md = 3).
Gloves were also used significantly more often when using public
touchscreens than private screens (Z=3.85, p=.00). However, both
scored a median of 1, suggesting that using gloves for hygiene
reasons was extremely rare. Finally, individuals were significantly
more likely to use unconventional techniques, such as pressing
buttons using their knuckles, when using public displays (Md = 3)
in opposition to private screens (Md = 2, Z=10.54, p=.00).
4.2.4 Hygiene Information on Public Touchscreens. Participants
rated statements regarding how much they would want to see specific types of hygiene information on public touchscreens (Figure
2). Participants also answered whether they believed that touching
public displays increases the risk of contracting COVID-19, and the
majority agreed (Md= 4).

Figure 2: Participants stated whether they would like to see
the four kinds of hygiene information on public screens.
Also, they stated whether they believed that touching public displays increases the risk of contracting COVID-19. The
statements were on a 5-point scale, where 1 = strongly disagree, 5 = strongly agree. The thick, black lines represent
the medians, and the boxes represent the inner quartiles.
The respondents were generally neutral towards three types of
hygiene information: where on the display the people before them
have touched (Md=3), how many people have touched the display
since the last cleaning (Md=3), and how much time has passed
since the last person touched the display (Md=3). However, it was
important to the participants to know how much time has passed
since the display was last cleaned (Md=4).
A Wilcoxon Signed-Rank test revealed that subjects significantly
preferred to see how much time has passed since the last cleaning,
as opposed to how much time has passed since another person last
touched the screen (Z=5.22, p=.00) or where the previous person
touched the screen (Z=5.55, p=.00). Furthermore, the indication of
how many people had touched the display before was significantly
more preferred than the indication of where on the screen touches
had been made (Z=5.34, p=.00) or how much time had passed since
the last touch (Z=4.12, p=.00).
Additionally, a Spearman’s correlation test showed a significant
positive correlation between the belief that touching a public touch
display increases the risk of contracting COVID-19, and all four hygiene functionalities: when the display was last cleaned (r(284)=.45,
p=.00), how many people have touched the display before them
(r(284)=.36, p=.00), where the person before them touched the display (r(284)=.37, p=.00), and how much time has passed since the
last touch (r(284)=.38, p=.00). Hence, the stronger the person’s belief that the risks of touching a public display, the more likely they
are to want hygiene information on public displays.
4.2.5 Concerns regarding COVID-19. The subjects also answered
statements regarding their concerns about the COVID-19 pandemic
in general. The majority of subjects were concerned about the
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Table 1: Correlation between concerns about COVID-19 and and the desire to see hygiene information on public touchscreens.
In the correlation matrix, A–D represent the concern statements, and 1–4 represent the hygiene statements.
COVID-19 Concern Statements

Hygiene Information Statements

A: I am concerned about the health risks that COVID-19 poses to
me if I were to contract it
B: I am concerned about the health risks that COVID-19 poses to
my close friends and family if they were to contract it
C: I actively monitor how the COVID-19 pandemic develops in
my area or country
D: I actively monitor how the COVID-19 pandemic develops globally

1: I would like to know where on the screen other people have
touched
2: I would like to know how many people have touched the screen
3: I would like to know how much time has passed since someone
else touched the screen
4: I would like to know how much time has passed since the screen
was last cleaned.

Correlation
1

2

3

4

A

Yes
r(284)=.23, p=.00

Yes
r(284)=.24, p=.00

Yes
r(284)=.20, p=.00

Yes
r(284)=.25, p=.00

B

Yes
r(284)=.13, p=.03

Yes
r(284)=.18, p=.00

Yes
r(284)=.12, p=.04

Yes
r(284)=.22, p=.00

C

No
p>.05

No
p>.05

Yes
r(284)=.16, p=.00

Yes
r(284)=.17, p=.00

D

Yes
r(284)=.13, p=.03

No
p>.05

Yes
r(284)=.13, p=.03

Yes
r(284)=.13, p=.03

health risks of COVID-19 if they were to contract it (Md=4). Also,
the respondents strongly agreed that they were concerned about
the health risks that COVID-19 poses to their friends and family
(Md=5). Lastly, the majority of subjects indicated that they actively
monitor how the COVID-19 pandemic develops both regionally
(Md=4) and globally (Md=4).
4.2.6 Correlation between COVID-19 Concerns and Demand for
Hygiene Information. Finally, we calculated a Spearman’s correlation to see if there was a link between COVID-19 concerns and the
demand for hygiene information on public touchscreens (Table 1).
There were four statements on both sides, resulting in 16 comparisons. Our analysis reveals a positive correlation in 13 of the 16
possible pairs, suggesting a very strong correlation overall.

4.3

Summary and Discussion

From the results, we can infer several interesting findings. First,
participants report no changes or only a slight decrease in interaction in public during the COVID-19 pandemic. According to their
self-assessment, they used their private smartphone in public just as
much as before, as they did information displays. The use of ATMs,
ticket machines, and entertainment displays decreased slightly. This
would suggest that some participants did seek alternative ways,
like online tickets, to avoid interaction with public technology. The
decrease in the use of entertainment touch displays might be better
explained by the COVID-19 regulations overall, as such displays
are often found in locations such as museums. These locations were
closed during much of the pandemic, or in cases they were open,
would often have shut down these kinds of displays.

Second, respondents reported stronger hygiene measures when
interacting with public displays than private displays. They also
reported paying more attention to hygiene on public displays, and
more frequently reported avoiding the use of public touchscreens.
This suggests that overall there is some level of awareness of hygiene on public touchscreens, and that people are willing to think
about their use. That said, it is notable that the majority of respondents were still relatively neutral about such measures, as almost
none of the inquired measures received very strong responses.
Third, with the exception of clean-up time, the respondents
were rather neutral when asked about displaying hygiene-related
information on public touchscreens. This is in line with the results
regarding perception and hygiene measures on public displays.
Nonetheless, clean-up time was a strongly desired function, which
is also easy to communicate on a display. In the next phase of
this work, we developed our hygiene concept to investigate these
different aspects further.
Finally, there was a very strong correlation between how concerned a respondent was about COVID-19 and how interested they
were in seeing hygiene information on public displays. Therefore,
there is a segment of users who strongly want to see hygiene information on shared screens.

5

HYGIENE CONCEPT FOR PUBLIC
TOUCHSCREENS

To gain deeper insight into what kind of hygiene-related information—
if any—should be displayed on public touchscreens, we developed a
general-purpose public display concept. The concept was designed
in such a way that it could be applied on any public touchscreen.
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Figure 3: An overview of the hygiene concept and the existing public display application on top of which it was implemented. The hygiene concept displays a panel on the
right side, providing hygiene information and explaining
the touch traces. Touching the display produces a trace on
the screen. For the current user, the traces are green, and for
past users, the traces are red.

We gathered feedback about our hygiene concept in two ways.
First, we deployed the prototype in three locations, in different
buildings of two universities. Second, we deployed an online version
that allowed users to experience the prototype remotely on their
own devices. Both versions were linked to a feedback questionnaire.
Participants who filled in the questionnaire could opt in for a raffle
of three 30 EUR vouchers.

5.1

Concept and Implementation

Our concept has two key components: touch visualization, and a
hygiene panel. We implemented the concept on top of an existing
touchscreen application (Figure 3).
Touch visualization First, our concept visualizes the exact
points where users have touched on the screen. We implemented three types of touch visualizations: fingerprints,
viruses, and circles. We decided on these three visualizations
in a brainstorming session, where our intent was to experiment with visualizations that highlight different aspects of
the interaction. The fingerprint brings focus to the touch
itself, whereas the virus brings focus to the possible risks. At
the same time, the circle is a more abstract representation.
The application randomly chooses one of the visualizations
on startup. The visualization changes automatically every
three hours.
The current user’s touches are visualized in green, and all
past users are shown in red. For our investigation, we implemented a simple mechanism where 30 seconds of inactivity
would change all the currently green touches to red and
increase the user counter; any new touches would be considered a new user. For a more accurate prediction of when
the user changes, motion tracking could be used [32].
Hygiene panel Second, the concept displays a panel that contains three types of hygiene information: when the display
was last cleaned, how many people have touched the display
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Figure 4: Our hygiene concept application deployed at one
of the three deployment locations.

since, and how much time has passed since the previous
user. Additionally, it explains the meaning of the touch visualization, and displays a link or a QR code for accessing
the feedback questionnaire. The QR code was used in the
public deployments, and the web link was used in the remote
version for faster access to the survey.
We implemented our concept on top of an existing application,
CommunityMirror [28, 44], using Angular. CommunityMirror is
an application for large touchscreens that displays information
in bubbles that hover across the screen. Users can click on the
bubbles to open up a more detailed view of their contents, such
as news articles. The bubbles can also be dragged to a different
location. Our focus with this work, though, was not interaction
with CommunityMirror, but rather the touch visualizations and
hygiene information. Our concept is functionally independent of
CommunityMirror, and it could be added to any public touchscreen
application. We also added a logging system that saves all interactions with the prototype, such as the coordinates of touches.

5.2

Public Deployments

We conducted a field study to gather early interaction data and
feedback for our hygiene concept. The COVID-19 pandemic made
this challenging since the locations where we could deploy our
prototype did not have much traffic due to nation-wide regulations.
As such, we treat these deployments as a pilot study, which is more
strongly supported by our online deployment, as reported later.
We deployed the prototype in three different locations. One was
deployed in a large lobby in a university building (Figure 4). Under
normal conditions, this location has considerable traffic, consisting
mostly of students but also staff and visitors to the university. The
second deployment location was in a lobby of another building
belonging to a different university. This location was generally
more quiet, but would still — under normal conditions — have a
steady flow of students and employees. The third deployment was
installed in a large kitchen/break room, where university employees
held breaks and had meetings.

Pandemic Displays: Considering Hygiene on Public Touchscreens in the Post-Pandemic Era
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In all locations, we attached an advertisement next to the display
that informed passersby of our research and that we are looking
for feedback on the hygiene concepts. We also provided a bottle of
disinfectant, which we encouraged people to use before and after
touching the display. Touching was not mandatory; people could
also just observe the display and provide feedback.
These deployments ran for around four weeks. We went to the locations around once a day at which point the displays were cleaned
and the application was reset, restarting the timers and clearing
the screen of any touches. For this prototype deployment, we did
not include other mechanisms for removing touches.

5.3

Online Deployment

Due to COVID-19, and our subsequent concerns that gathering
feedback through a public deployment would be difficult under
the current circumstances, we also published an online version of
our prototype. This allowed us to reach individuals who currently
avoid public locations, and who would not have under the current
circumstances participated in our study using a public touchscreen.
The online version enabled participants to experience the prototype using their own device, such as a tablet or laptop. We implemented a check that prevented the prototype from being accessed
on smartphones and other small-screen devices. This was because
our study was focused on communicating the design and functionalities of the hygiene concept and what it would look like if
encountered on a public display. Small screens would not have
worked well for this purpose. Also, smartphones are very private
devices and as such they are fundamentally different from public
displays, for which our prototype was intended.
In the online version, we changed the QR codes to a web link,
which participants could click directly to open the questionnaire. In
the questionnaire, we made it clear that our concept was intended
for public touchscreens that other people might use too, and not
for private devices. We advertised the deployment via mailing lists.

5.4

Results: Usage Statistics

In our public deployments, we had a total of 952 screen touches
from an estimated 60 users. This number of users is relatively low,
which was an unfortunate consequence of the COVID-19 pandemic,
as not many people frequented the deployment locations due to
nation-wide restrictions. Nonetheless, we provide a brief analysis
of the logged interactions, which might provide preliminary insight
into the impact of the different touch visualizations.

Figure 5: Participants stated on a 5-point scale whether they
would like to see four kinds of hygiene information on public screens. The thick, black lines represent the medians, and
the boxes represent the inner quartiles.
5.4.3 Average Distance of Touches from Prior Touches. For every
touch, we calculated the distance to the nearest touch trace from
another person, to see how strongly users would avoid touching
the traces. The fingerprints had an average distance of 209 pixels
to the nearest touch trace. The circles had an average distance of
359 pixels, while the viruses only had on average of 114 pixels.

5.5

Results: Feedback Questionnaire

We received 77 valid responses to our feedback questionnaire. Six
of them came from the public deployments, and 71 from the online
deployment. There were seven additional responses to the questionnaire, which we removed as they were submitted in the same time
frame and were filled unusually quickly. SoSci, our survey tool, gave
a high degradation value for these entries (200–300), suggesting
that they were of low quality. In the following subsections, we used
the Wilcoxon Signed-Rank test to compare statements.
The respondents’ average age was 27 (SD = 8.5), consisting of 39
males, 35 females, and three non-binary persons. 47 were students,
three were unemployed, and 27 were professionals in various fields.

5.4.1 Usage per Condition. Out of 60 users and 952 touches, 20
users (33.3%) interacted during the fingerprint condition, generating
487 touches (51.2%). In the circles condition, 34 users (56.7%) touched
the display a total of 368 times (38.7%). Six users (10%) touched the
display during the virus condition, for a total of 97 touches (10.2%).

5.5.1 Demand for hygiene information. Participants rated how important different hygiene-related information on touchscreens was
to them (Figure 5). Generally, hygiene information was seen as
important. Participants agreed that they would like to see where on
the screen other people have touched (Md = 4), how many people
have touched the screen since it was last cleaned (Md = 4), and how
much time has passed since the last person touched the screen (Md =
4). Lastly, participants strongly stated that they would like to know
how much time has passed since the screen was cleaned/disinfected
(Md = 5). Cleanup time was significantly more preferred than any
other information (p < 0.001).

5.4.2 Number of Overlapping Touches. We calculated the times
when users touched a spot where a prior user’s touch was visible.
For fingerprints, 73 of the touches (15.0%) overlapped with previous
touches. These came from seven users (35%). For circles, 30 of the
touches (8.2%) overlapped with previous touches, belonging to five
users (15.6%). In the virus condition, 30 touches (30.9%) overlapped
with previous touches, belonging to two users (33.3%).

5.5.2 Visualization feedback. Participants rated the three different
visualization symbols by answering three statements: whether the
symbols were easy to understand, whether they were appropriate
for visualizing touches on a screen, and whether the symbol would
prevent them from touching that spot on the screen (Figure 6).
The fingerprints were reportedly very easy to understand (Md
= 5). The viruses were also understandable (Md = 4), while the
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Figure 6: Participants rated the touch visualizations by responding to three statements: whether they are easy to understand,
whether they are appropriate for visualizing touches, and to what extent they would affect their choice to touch a point on a
screen. The statements were on a 5-point scale, where 1 = strongly disagree, 5 = strongly agree. The thick, black lines represent
the medians, and the boxes represent the inner quartiles.
circles were rated neutrally (Md = 3). Differences between all three
statements were statistically significant (p < 0.01). The fingerprints
were also appropriate for visualizing touches (Md = 4), whereas both
the viruses and circles were rated neutrally (Md = 3). Differences
between fingerprints and the other two were statistically significant
(p < 0.001), but there were no differences between the viruses and
circles. Finally, users estimated that both the fingerprints and the
viruses on a screen would prevent them from touching the same
spot (Md = 4). Similar to the other statements, circles were rated
neutrally (Md = 3). Differences between circles and the other two
were statistically significant (p < 0.001); there were no differences
between fingerprints and viruses.
Participants also provided further insight into their reasoning.
The fingerprints, unsurprisingly, were rated positively due to their
clear affordance to touch. Participants believed that their meaning
would be clear without instructions. A few participants believed
that the fingerprints might make them not want to touch the display
at all:
"The fingerprints give a good indication of which areas
are safer to touch, but at the same time they can also
act as a deterrent and make the user to avoid the touchscreen, even though the risk would potentially be higher
on a touchscreen without the prints."
"I would be more disgusted if I saw the fingerprints of
others. That can be positive because I then disinfect the
screen, but it can also lead to non-use if I don’t have
anything to clean it with."
As for the viruses, participants believed that they would more
clearly highlight the "danger" of touching a shared screen. However,
this was largely seen as a negative; that it might foster a fearful
environment, and imply the presence of diseases where there are
none. Some examples of these comments include:
"Just because someone used the screen before me doesn’t
mean that everyone is sick and spreading viruses."
"Viruses used on a display is fear mongering. It doesn’t
seem neutral."
"I think that it adds an unnecessary degree of panic
when we should be far more worried about things like
masks etc."

"They are exaggeratedly deterrent. They suggest that
any touch on this spot would transmit viruses and thus
possibly make you sick, although this is very unlikely.
Their appearance is distracting and intrusive."
The circles were seen as problematic due to their abstract and
non-specific nature. Some participants highlighted that this might
unintentionally encourage even more touches, as the circles might
be confused for other functions, or seen as an invite to touch them:
"Circles seem less daunting, but could be confusing and
act as a prompt to press something."
"It’s the ’press the big red button’ issue, at least for me.
I may mistake it for guidance on where to press."
"A bit more abstract and they could tempt younger
people to play around with [the display], to leave more
prints than normal."
5.5.3 General Points and Concerns. Participants made interesting
points and expressed concerns about touch visualizations not specific to a certain visual design. Some participants believed that such
a feature might in fact invite more interaction than before:
"I feel like initially, it may actually incentivise people
to touch the screen more, because they would want to
play around with such a new feature. ’Haha, look, my
finger is leaving a trail of dots. Let’s touch this some
more!’, that sort of thing. Though after a while it could
be helpful, once one has understood what they mean."
At the same time, some participants believed that it might make
people simply avoid the display altogether:
"Personally, I would rather not know where the display
was touched because I am more disgusted."
"I would not want to know how many people have
touched the screen to be honest. I like to stay ignorant
in some way."
Other highlighted challenges were that the touch traces might
focus on the most critical parts of the UI, and threaten privacy:
"Although it initially seems useful, I think that the major
problem is that the fingerprints will be concentrated on
the most used regions (eg a "next" or "pay" button) which
you can’t avoid. Additionally, there might be security
concerns for PIN entry etc."
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5.6

Summary and Discussion

Interestingly, all four of our tested hygiene functions were rated
more favorably than in the first online survey. All four functions
were rated positively (Md = 4–5). However, again, information
about when the display was last cleaned was the most critical piece
of information to respondents (Md = 5).
The fingerprints were clearly rated most favorably. They were
reportedly very easy to understand and an appropriate way to visualize touches. Respondents also believed the fingerprints to make
them avoid touching a location on a screen where a fingerprint is
visible. The virus symbol was also seen as somewhat effective based
on our rating, but was seen as notably less appropriate than the
fingerprint. In fact, viruses invoked the strongest reactions from
participants, who stated that displaying viruses on a public display
creates unnecessary fear. The circle, on the other hand, was rated
neutrally in all statements, being the least effective overall.
Our interaction logs from the public deployments showed that
the viruses attracted significantly fewer users than the fingerprints
and circles. This seems to be well in line with the feedback, as users
felt that displaying viruses on a screen was too much. A logical
result, then, is that passersby would avoid the screen completely if
virus symbols are present.
Our study also revealed some potential challenges for touch
traces. First, there is a risk that certain designs of touch traces could
unintentionally promote playful behavior, which is often observed
in public display interaction [2, 39, 49, 53]. This was highlighted by
a few participants, and also, our log data shows that a surprisingly
large number of touches overlapped with prior touches, particularly with the circle visualization (33.3%). We refrain from making
strong conclusions from our log data under these unusual conditions, but such effects of touch visualizations should be studied
further. Playful interaction is often seen as a positive phenomenon
because it tends to attract more users and foster the social aspects
of interaction [39, 40]. However, from a hygiene perspective, this
type of unintended or even "unnecessary" interaction may be risky.
Second, if not properly designed, touch traces could give away
information that users do not want to disclose to others. This is
particularly critical for screens with authentication mechanisms,
so that the user’s PINs, gestures, and passwords are not revealed
[25, 27, 54]. Additionally, users typically do not want to reveal what
content they were interested in [5, 6, 36] or what opinions they
voiced on opinion polls [8, 22, 51, 55].
Third, the touch traces might quickly populate the most critical
UI elements, like buttons. In this respect, the CommunityMirror
[28] application actually lent itself well to the concept, since it was
based on randomly placed information bubbles that moved across
the screen; it did not have statically placed UI elements. Later users
could therefore not infer from the touch traces what the previous
users had been doing.

6

DISCUSSION AND DESIGN IMPLICATIONS

In this section, we draw upon the results from both our online
survey and our hygiene concept deployment. We first summarize
our findings in regard to our three primary research questions. Afterwards, we formulate design implications for considering hygiene
on public touchscreens.
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RQ1: How do people perceive and consider hygiene on public displays, and how has COVID-19 affected them? Generally, participants
reported a moderate degree of awareness for hygiene on public
displays. Hygiene considerations and measures when using private
devices were very low, which served as a baseline for our investigation. Compared to private devices, participants reported that they
more often considered hygiene on public displays and occasionally
avoided their use. Other measures like disinfecting and washing
hands was also more common with public displays.
Participant reported a slight decrease in the use of some public
displays as a result of the pandemic. This suggests a modest shift
towards alternative methods, like buying online tickets instead of
using a ticket machine. Still, at least part of this decrease is likely a
result of the pandemic regulations, as people were likely to go out
less and some locations with public displays were at times closed.
RQ2: What kind of hygiene information do people want to see
on public touch displays before use? The clearly desired piece of
information was when the display has been cleaned. Our other
investigated measures (number of prior users, time since last user,
and visualization of touch spots) received a generally neutral response in our initial inquiry in the online survey. However, the
investigation of our hygiene concept, where these measures were
demonstrated in practice, yielded more positive results across the
board. Therefore, our research overall suggests that there is demand for improved hygiene measures on public touchscreen. This
demand was particularly strong among those who also had strong
concerns about COVID-19.
RQ3: How do people feel about seeing the touches of prior users
on touchscreens, and what is the most preferred design for such visualizations? Our investigation into the visualization of prior users’
touch points yielded interesting but mixed results. Out of the three
investigated visualizations (fingerprints, viruses, and circles), the
fingerprints were clearly the most preferred and received the most
positive feedback. However, the response to the visualizations was
not always positive, as some people thought they go too far and
some thought they were distracting.

6.1

Designing for Hygiene on Public
Touchscreens

6.1.1 Implement Cleanup Mechanisms. The most critical piece of
hygiene information to people is when the public touchscreen has
been cleaned. It is also a piece of information that requires very
little space on the screen, and should, therefore, not be distracting,
or seen as "fear mongering". As such, we recommend that designers and practitioners implement mechanisms on their displays to
communicate the cleanup time.
On the interface level, cleanup time can be a simple text box in
the corner, showing the time of the cleanup and how long ago it was.
Naturally, mechanism must be put in place so that the cleanup time
can be set. With modern authoring and management tools this can
be achieved easily, and can be controlled remotely. Alternatively,
the displays could have a hidden function to update the cleanup
time (e.g., long press in a remote corner), allowing for the cleaning
staff to update it on the spot.
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Also, cleanup mechanisms could be easily taken further. For
example, displays could alert the cleanup staff after a certain number
of touches or users, or after critical parts of the screen have been
covered by touches.
6.1.2 Inform Rather Than Warn: Use Subtle Fingerprints for Visualizing Touches. The fingerprints were clearly favored as a visualization for touches. They are easy to understand, and neutral in
their meaning. In contrast, the virus symbol reportedly had too
negative connotations, putting too much focus on possible dangers.
This suggests that hygiene measures should aim to be neutral – to
inform rather than warn.
However, some participants disliked the visualizations altogether,
stating that they would not want to know about prior touches.
Indeed, too much focus on hygiene may discourage some users and
make them avoid the display completely. This isn’t bad per se; after
all, the point of offering this information is to help users decide
whether to interact, and they are completely within their rights to
avoid the display. But it is also critical to not overdo it, so that we
do not distract users from the display’s true purpose, and that we
do not foster concerns that may not be there.
As such, it may be worth implementing touch traces in a more
subtle manner. For example, the traces could be transparent, thereby
blending into the screen. Another solution might be to only visualize areas with a lot of touches. A third possibility might be to not
display the current user’s touches until they have left the display.
After all, it is the other people’s traces that users should avoid, not
their own.
6.1.3 Consider an Adaptive Interface for Hygiene Improvement.
Some adaptive UI solutions for public displays already exist, for
example, to adapt to the user’s height [46], number of users [31],
or to provide more secure authentication [27]. In smartphone contexts, dynamically adaptive UIs have been developed to, e.g., make
users reach far-away UI elements during one-handed interaction
[12]. Similar principles could be applied on public touchscreens to
steer users away from areas that have been touched by others. This
could be as simple as moving buttons from one corner to another,
or switching from a vertical button layout to a horizontal layout.
Another useful approach is to design constantly moving UI elements. A good example of this is the CommunityMirror [28, 44]
that we deployed our hygiene concept on. The basic interactive elements, the information bubbles, repeatedly move across the screen
with a randomized starting position. Such designs lend themselves
well to hygiene improvement, as touches are spread more evenly
across the entire screen instead of focusing on fixed locations. These
solutions would also be easy to adjust so that instead of being completely random, the elements’ positioning and trajectories would
avoid the most touched areas.
Adaptive and/or randomized UIs have two key strengths. First,
for a more subtle hygiene solution, they can work in the background
and do not require any visualizations in and of themselves. At the
same time, they can be combined with touch traces, if desired.
Adaptive interfaces would also improve touch traces, as they would
prevent populating fixed locations quickly. Second, adaptive UIs
also protect the users’ privacy, as their interactions with the screen
are difficult to infer without fixed screen elements.
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6.2

Limitations and Future Work

A limitation in our work is that we did not investigate the long-term
impact of hygiene measures on public displays. Our focus was on
investigating the current impressions of users and their needs for
hygiene information, and on developing hygiene concepts for this
purpose. Therefore, the impact of hygiene information on public
display use and user behavior should be studied. The impact may
also vary based on the purpose of the display, its location and setting, and the amount of traffic in the area. This impact should be
studied in different settings and with longer deployments [32]. In
particular, the effect of touch visualizations should be studied further and more comprehensively, to generate more detailed designs
that work ideally for the purpose and to understand their impact
on the display’s use.
Another interesting direction for hygiene improvement might
be to detect unusual behavior on public touchscreens and study
possible interventions to encourage hygiene practices. Unusual
behavior might be, for example, playful behavior where playfulness
is not expected (e.g., long dragging motions across the screen when
the UI only contains clickable elements, drawing or writing on the
screen when the screen doesn’t support it), or prolonged interactions where brief interaction periods are expected. Examples of
possible interventions would be different types of reminders about
hygiene, or even pauses or changes in the system’s accepted input.
Finally, adaptive interfaces for hygiene improvement should be
studied in different settings to understand their impact on usage and
usability, and to developed new types of adaptations. For some applications, e.g., frequently used ticket machines and ATMs, changing
the position of UI elements might confuse users and require them to
search for particular features that they expect to be in familiar locations. There are many potential solutions to improving the usability
of adaptive interfaces, such as making the adaptations very subtle
or gradual, or adding animated sections where the elements appear
in their familiar positions and move quickly to another location,
supporting the user’s recognition of those elements.

7

CONCLUSION

In this work, we investigated how public touchscreens could be
improved with hygiene measures, so that potential users could stay
safe and be informed of the risks. Overall, our work suggests that
there is demand for improved hygiene measures, and this demand
is especially strong among those who have strong concerns of
COVID-19. In particular, people want to know how long it has
been since the display was last cleaned. We also experimented with
visualizing the touches of past users, so that new users could avoid
touching the same locations on the screen. A visualization using a
fingerprint symbol was received most positively, but there are still
some challenges related to such visualizations. Visualizing touches
with a virus symbol was received negatively by many, as it was
seen as unnecessary fear mongering. Therefore, it seems that while
people want increased awareness of hygiene, it should be done in
a rather neutral manner — to leave the choice to them, and not preemptively warn them of danger. Based on our results, we discussed
design implications for hygiene on public displays. We believe that
our work has potential to make public touchscreen interaction safer
and support hygiene awareness.

Pandemic Displays: Considering Hygiene on Public Touchscreens in the Post-Pandemic Era

ACKNOWLEDGMENTS
The presented work was funded by the German Research Foundation (DFG) under project no. 425869382 and by dtec.bw – Digitalization and Technology Research Center of the Bundeswehr [Voice
of Wisdom].

REFERENCES
[1] Christopher Ackad, Andrew Clayphan, Martin Tomitsch, and Judy Kay. 2015.
An In-the-Wild Study of Learning Mid-Air Gestures to Browse Hierarchical
Information at a Large Interactive Public Display. In Proceedings of the 2015 ACM
International Joint Conference on Pervasive and Ubiquitous Computing (Osaka,
Japan) (UbiComp ’15). Association for Computing Machinery, New York, NY,
USA, 1227–1238. https://doi.org/10.1145/2750858.2807532
[2] Christopher Ackad, Martin Tomitsch, and Judy Kay. 2016. Skeletons and Silhouettes: Comparing User Representations at a Gesture-Based Large Display. Association for Computing Machinery, New York, NY, USA, 2343–2347. https:
//doi.org/10.1145/2858036.2858427
[3] Imeh Akpan, Paul Marshall, Jon Bird, and Daniel Harrison. 2013. Exploring
the Effects of Space and Place on Engagement with an Interactive Installation.
Association for Computing Machinery, New York, NY, USA, 2213–2222. https:
//doi.org/10.1145/2470654.2481306
[4] Florian Alt, Sabrina Geiger, and Wolfgang Höhl. 2018. ShapelineGuide: Teaching
Mid-Air Gestures for Large Interactive Displays. In Proceedings of the 7th ACM
International Symposium on Pervasive Displays (Munich, Germany) (PerDis ’18).
Association for Computing Machinery, New York, NY, USA, Article 3, 8 pages.
https://doi.org/10.1145/3205873.3205887
[5] Florian Alt, Stefan Schneegaß, Albrecht Schmidt, Jörg Müller, and Nemanja
Memarovic. 2012. How to Evaluate Public Displays. In Proceedings of the 2012
International Symposium on Pervasive Displays (Porto, Portugal) (PerDis ’12).
Association for Computing Machinery, New York, NY, USA, Article 17, 6 pages.
https://doi.org/10.1145/2307798.2307815
[6] Florian Alt, Alireza Sahami Shirazi, Thomas Kubitza, and Albrecht Schmidt.
2013. Interaction Techniques for Creating and Exchanging Content with Public
Displays. Association for Computing Machinery, New York, NY, USA, 1709–1718.
https://doi.org/10.1145/2470654.2466226
[7] Carmelo Ardito, Paolo Buono, Maria Francesca Costabile, and Giuseppe Desolda.
2015. Interaction with Large Displays: A Survey. ACM Comput. Surv. 47, 3, Article
46 (Feb. 2015), 38 pages. https://doi.org/10.1145/2682623
[8] Matthias Baldauf, Stefan Suette, Peter Fröhlich, and Ulrich Lehner. 2014. Interactive Opinion Polls on Public Displays: Studying Privacy Requirements
in the Wild. In Proceedings of the 16th International Conference on HumanComputer Interaction with Mobile Devices & Services (Toronto, ON, Canada)
(MobileHCI ’14). Association for Computing Machinery, New York, NY, USA,
495–500. https://doi.org/10.1145/2628363.2634222
[9] Sebastian Boring, Marko Jurmu, and Andreas Butz. 2009. Scroll, Tilt or Move
It: Using Mobile Phones to Continuously Control Pointers on Large Public Displays. In Proceedings of the 21st Annual Conference of the Australian ComputerHuman Interaction Special Interest Group: Design: Open 24/7 (Melbourne, Australia)
(OZCHI ’09). Association for Computing Machinery, New York, NY, USA, 161–168.
https://doi.org/10.1145/1738826.1738853
[10] Harry Brignull and Yvonne Rogers. 2003. Enticing people to interact with large
public displays in public spaces.. In Interact, Vol. 3. 17–24.
[11] Gregor Broll, Eduard Vodicka, and Sebastian Boring. 2013. Exploring Multi-User
Interactions with Dynamic NFC-Displays. Pervasive Mob. Comput. 9, 2 (April
2013), 242–257. https://doi.org/10.1016/j.pmcj.2012.09.007
[12] Daniel Buschek, Maximilian Hackenschmied, and Florian Alt. 2017. Dynamic
UI Adaptations for One-Handed Use of Large Mobile Touchscreen Devices. In
Human-Computer Interaction – INTERACT 2017, Regina Bernhaupt, Girish Dalvi,
Anirudha Joshi, Devanuj K. Balkrishan, Jacki O’Neill, and Marco Winckler (Eds.).
Springer International Publishing, Cham, 184–201.
[13] Victor Cheung, Diane Watson, Jo Vermeulen, Mark Hancock, and Stacey Scott.
2014. Overcoming Interaction Barriers in Large Public Displays Using Personal
Devices. In Proceedings of the Ninth ACM International Conference on Interactive
Tabletops and Surfaces (Dresden, Germany) (ITS ’14). Association for Computing Machinery, New York, NY, USA, 375–380. https://doi.org/10.1145/2669485.
2669549
[14] Sarah Clinch. 2013. Smartphones and Pervasive Public Displays. IEEE Pervasive
Computing 12, 1 (2013), 92–95. https://doi.org/10.1109/MPRV.2013.16
[15] Peter Dalsgaard, Christian Dindler, and Kim Halskov. 2011. Understanding
the Dynamics of Engaging Interaction in Public Spaces. In Human-Computer
Interaction – INTERACT 2011, Pedro Campos, Nicholas Graham, Joaquim Jorge,
Nuno Nunes, Philippe Palanque, and Marco Winckler (Eds.). Springer Berlin
Heidelberg, Berlin, Heidelberg, 212–229.
[16] Peter Dalsgaard and Kim Halskov. 2010. Designing Urban Media FaçAdes: Cases
and Challenges. Association for Computing Machinery, New York, NY, USA,

CHI ’22, April 29-May 5, 2022, New Orleans, LA, USA

2277–2286. https://doi.org/10.1145/1753326.1753670
[17] Nick Dalton, Paul Marshall, and Ruth Dalton. 2013. Extending Architectural
Theories of Space Syntax to Understand the Effect of Environment on the Salience
of Situated Displays. In Proceedings of the 2nd ACM International Symposium
on Pervasive Displays (Mountain View, California) (PerDis ’13). Association for
Computing Machinery, New York, NY, USA, 73–78. https://doi.org/10.1145/
2491568.2491585
[18] Nicholas S. Dalton, Emily Collins, and Paul Marshall. 2015. Display Blindness?
Looking Again at the Visibility of Situated Displays Using Eye-Tracking. Association
for Computing Machinery, New York, NY, USA, 3889–3898. https://doi.org/10.
1145/2702123.2702150
[19] Charles P. Gerba, Adam L. Wuollet, Peter Raisanen, and Gerardo U. Lopez. 2016.
Bacterial contamination of computer touch screens. American Journal of Infection
Control 44, 3 (2016), 358–360. https://doi.org/10.1016/j.ajic.2015.10.013
[20] Jaakko Hakulinen, Tomi Heimonen, Markku Turunen, Tuuli Keskinen, and Toni
Miettinen. 2013. Gesture and speech-based public display for cultural event
exploration. In Proc. of the Tilburg Gesture Research Meeting.
[21] Abigail P. Harvey, Erica R. Fuhrmeister, Molly E. Cantrell, Ana K. Pitol, Jenna M.
Swarthout, Julie E. Powers, Maya L. Nadimpalli, Timothy R. Julian, and Amy J.
Pickering. 2021. Longitudinal Monitoring of SARS-CoV-2 RNA on HighTouch Surfaces in a Community Setting. Environmental Science & Technology Letters 8, 2 (2021), 168–175. https://doi.org/10.1021/acs.estlett.0c00875
arXiv:https://doi.org/10.1021/acs.estlett.0c00875
[22] Luke Hespanhol, Martin Tomitsch, Ian McArthur, Joel Fredericks, Ronald
Schroeter, and Marcus Foth. 2015. Vote as You Go: Blending Interfaces for
Community Engagement into the Urban Space. In Proceedings of the 7th International Conference on Communities and Technologies (Limerick, Ireland)
(C&T ’15). Association for Computing Machinery, New York, NY, USA, 29–37.
https://doi.org/10.1145/2768545.2768553
[23] Elaine M. Huang, Anna Koster, and Jan Borchers. 2008. Overcoming Assumptions
and Uncovering Practices: When Does the Public Really Look at Public Displays?.
In Pervasive Computing, Jadwiga Indulska, Donald J. Patterson, Tom Rodden, and
Max Ott (Eds.). Springer Berlin Heidelberg, Berlin, Heidelberg, 228–243.
[24] Giulio Jacucci, Ann Morrison, Gabriela T. Richard, Jari Kleimola, Peter Peltonen,
Lorenza Parisi, and Toni Laitinen. 2010. Worlds of Information: Designing for Engagement at a Public Multi-Touch Display. Association for Computing Machinery,
New York, NY, USA, 2267–2276. https://doi.org/10.1145/1753326.1753669
[25] Mohamed Khamis, Regina Hasholzner, Andreas Bulling, and Florian Alt. 2017.
GTmoPass: Two-Factor Authentication on Public Displays Using Gaze-Touch
Passwords and Personal Mobile Devices. In Proceedings of the 6th ACM International Symposium on Pervasive Displays (Lugano, Switzerland) (PerDis ’17).
Association for Computing Machinery, New York, NY, USA, Article 8, 9 pages.
https://doi.org/10.1145/3078810.3078815
[26] Mohamed Khamis, Axel Hoesl, Alexander Klimczak, Martin Reiss, Florian Alt, and
Andreas Bulling. 2017. EyeScout: Active Eye Tracking for Position and Movement
Independent Gaze Interaction with Large Public Displays. In Proceedings of the
30th Annual ACM Symposium on User Interface Software and Technology (Québec
City, QC, Canada) (UIST ’17). Association for Computing Machinery, New York,
NY, USA, 155–166. https://doi.org/10.1145/3126594.3126630
[27] Mohamed Khamis, Ludwig Trotter, Ville Mäkelä, Emanuel von Zezschwitz, Jens
Le, Andreas Bulling, and Florian Alt. 2018. CueAuth: Comparing Touch, Mid-Air
Gestures, and Gaze for Cue-Based Authentication on Situated Displays. Proc.
ACM Interact. Mob. Wearable Ubiquitous Technol. 2, 4, Article 174 (Dec. 2018),
22 pages. https://doi.org/10.1145/3287052
[28] Michael Koch. 2019. Towards a Logging Framework for Evaluation and Management of Information Radiators. In Mensch und Computer 2019 - Workshopband.
Gesellschaft für Informatik e.V., Bonn. https://doi.org/10.18420/muc2019-ws-566
[29] Christian Kray, Daniel Nesbitt, John Dawson, and Michael Rohs. 2010. UserDefined Gestures for Connecting Mobile Phones, Public Displays, and Tabletops.
In Proceedings of the 12th International Conference on Human Computer Interaction
with Mobile Devices and Services (Lisbon, Portugal) (MobileHCI ’10). Association
for Computing Machinery, New York, NY, USA, 239–248. https://doi.org/10.
1145/1851600.1851640
[30] Hannu Kukka, Heidi Oja, Vassilis Kostakos, Jorge Gonçalves, and Timo Ojala.
2013. What Makes You Click: Exploring Visual Signals to Entice Interaction on
Public Displays. Association for Computing Machinery, New York, NY, USA,
1699–1708. https://doi.org/10.1145/2470654.2466225
[31] Ville Mäkelä, Tomi Heimonen, Matti Luhtala, and Markku Turunen. 2014. Information Wall: Evaluation of a Gesture-Controlled Public Display. In Proceedings
of the 13th International Conference on Mobile and Ubiquitous Multimedia (Melbourne, Victoria, Australia) (MUM ’14). Association for Computing Machinery,
New York, NY, USA, 228–231. https://doi.org/10.1145/2677972.2677998
[32] Ville Mäkelä, Tomi Heimonen, and Markku Turunen. 2018. Semi-Automated,
Large-Scale Evaluation of Public Displays. International Journal of Human–Computer Interaction 34, 6 (2018), 491–505. https://doi.org/10.1080/10447318.
2017.1367905 arXiv:https://doi.org/10.1080/10447318.2017.1367905
[33] Ville Mäkelä, Jobin James, Tuuli Keskinen, Jaakko Hakulinen, and Markku Turunen. 2017. "It’s Natural to Grab and Pull": Retrieving Content from Large

CHI ’22, April 29-May 5, 2022, New Orleans, LA, USA

[34]

[35]

[36]

[37]

[38]
[39]

[40]

[41]

[42]

[43]

[44]
[45]

[46]

[47]

[48]

[49]

[50]

Displays Using Mid-Air Gestures. IEEE Pervasive Computing 16, 3 (2017), 70–77.
https://doi.org/10.1109/MPRV.2017.2940966
Ville Mäkelä, Mohamed Khamis, Lukas Mecke, Jobin James, Markku Turunen,
and Florian Alt. 2018. Pocket Transfers: Interaction Techniques for Transferring
Content from Situated Displays to Mobile Devices. In Proceedings of the 2018
CHI Conference on Human Factors in Computing Systems (Montreal QC, Canada)
(CHI ’18). Association for Computing Machinery, New York, NY, USA, 1–13.
https://doi.org/10.1145/3173574.3173709
Ville Mäkelä, Sumita Sharma, Jaakko Hakulinen, Tomi Heimonen, and Markku
Turunen. 2017. Challenges in Public Display Deployments: A Taxonomy of
External Factors. In Proceedings of the 2017 CHI Conference on Human Factors in
Computing Systems (Denver, Colorado, USA) (CHI ’17). Association for Computing
Machinery, New York, NY, USA, 3426–3475. https://doi.org/10.1145/3025453.
3025798
Nemanja Memarovic. 2015. Public Photos, Private Concerns: Uncovering Privacy
Concerns of User Generated Content Created Through Networked Public Displays. In Proceedings of the 4th International Symposium on Pervasive Displays
(Saarbruecken, Germany) (PerDis ’15). Association for Computing Machinery,
New York, NY, USA, 171–177. https://doi.org/10.1145/2757710.2757739
Daniel Michelis and Jörg Müller. 2011.
The Audience Funnel: Observations of Gesture Based Interaction With Multiple Large Displays
in a City Center.
International Journal of Human–Computer Interaction 27, 6 (2011), 562–579.
https://doi.org/10.1080/10447318.2011.555299
arXiv:https://doi.org/10.1080/10447318.2011.555299
Ann Morrison and Antti Salovaara. 2008. Sustaining engagement at a public
urban display. Situated large displays work. OzCHI (2008).
Jörg Müller, Gilles Bailly, Thor Bossuyt, and Niklas Hillgren. 2014. MirrorTouch:
Combining Touch and Mid-Air Gestures for Public Displays. In Proceedings of the
16th International Conference on Human-Computer Interaction with Mobile Devices
& Services (Toronto, ON, Canada) (MobileHCI ’14). Association for Computing Machinery, New York, NY, USA, 319–328. https://doi.org/10.1145/2628363.2628379
Jörg Müller, Dieter Eberle, and Konrad Tollmar. 2014. Communiplay: A Field
Study of a Public Display Mediaspace. In Proceedings of the SIGCHI Conference
on Human Factors in Computing Systems (Toronto, Ontario, Canada) (CHI ’14).
Association for Computing Machinery, New York, NY, USA, 1415–1424. https:
//doi.org/10.1145/2556288.2557001
Jörg Müller, Robert Walter, Gilles Bailly, Michael Nischt, and Florian Alt. 2012.
Looking Glass: A Field Study on Noticing Interactivity of a Shop Window. In
Proceedings of the SIGCHI Conference on Human Factors in Computing Systems
(Austin, Texas, USA) (CHI ’12). Association for Computing Machinery, New York,
NY, USA, 297–306. https://doi.org/10.1145/2207676.2207718
Pai Chet Ng, James She, Kang Eun Jeon, and Matthias Baldauf. 2017. When Smart
Devices Interact With Pervasive Screens: A Survey. ACM Trans. Multimedia
Comput. Commun. Appl. 13, 4, Article 55 (Aug. 2017), 23 pages. https://doi.org/
10.1145/3115933
Timo Ojala, Vassilis Kostakos, Hannu Kukka, Tommi Heikkinen, Tomas Linden,
Marko Jurmu, Simo Hosio, Fabio Kruger, and Daniele Zanni. 2012. Multipurpose
Interactive Public Displays in the Wild: Three Years Later. Computer 45, 5 (2012),
42–49. https://doi.org/10.1109/MC.2012.115
Florian Ott and Michael Koch. 2012. Social Software Beyond the Desktop —
Ambient Awareness and Ubiquitous Activity Streaming:. 54, 5 (2012), 243–252.
https://doi.org/doi:10.1524/itit.2012.0687
Florian Ott and Michael Koch. 2019. Exploring Interactive Information Radiators –
A Longitudinal Real-World Case Study. In Mensch und Computer 2019 - Workshopband. Gesellschaft für Informatik e.V., Bonn. https://doi.org/10.18420/muc2019ws-565
Callum Parker, Joel Fredericks, Martin Tomitsch, and Soojeong Yoo. 2017. Towards Adaptive Height-Aware Public Interactive Displays. In Adjunct Publication
of the 25th Conference on User Modeling, Adaptation and Personalization (Bratislava,
Slovakia) (UMAP ’17). Association for Computing Machinery, New York, NY,
USA, 257–260. https://doi.org/10.1145/3099023.3099060
Callum Parker and Martin Tomitsch. 2017. Bridging the Interaction Gulf: Understanding the Factors That Drive Public Interactive Display Usage. In Proceedings of
the 29th Australian Conference on Computer-Human Interaction (Brisbane, Queensland, Australia) (OZCHI ’17). Association for Computing Machinery, New York,
NY, USA, 482–486. https://doi.org/10.1145/3152771.3156162
Callum Parker, Martin Tomitsch, and Judy Kay. 2018. Does the Public Still Look
at Public Displays? A Field Observation of Public Displays in the Wild. Proc. ACM
Interact. Mob. Wearable Ubiquitous Technol. 2, 2, Article 73 (July 2018), 24 pages.
https://doi.org/10.1145/3214276
Peter Peltonen, Esko Kurvinen, Antti Salovaara, Giulio Jacucci, Tommi Ilmonen,
John Evans, Antti Oulasvirta, and Petri Saarikko. 2008. It’s Mine, Don’t Touch!
Interactions at a Large Multi-Touch Display in a City Centre. In Proceedings of
the SIGCHI Conference on Human Factors in Computing Systems (Florence, Italy)
(CHI ’08). Association for Computing Machinery, New York, NY, USA, 1285–1294.
https://doi.org/10.1145/1357054.1357255
Stuart Reeves, Steve Benford, Claire O’Malley, and Mike Fraser. 2005. Designing
the Spectator Experience. Association for Computing Machinery, New York, NY,

Mäkelä et al.

USA, 741–750. https://doi.org/10.1145/1054972.1055074
[51] Fabius Steinberger, Marcus Foth, and Florian Alt. 2014. Vote With Your Feet:
Local Community Polling on Urban Screens. In Proceedings of The International Symposium on Pervasive Displays (Copenhagen, Denmark) (PerDis ’14).
Association for Computing Machinery, New York, NY, USA, 44–49. https:
//doi.org/10.1145/2611009.2611015
[52] Maurice Ten Koppel, Gilles Bailly, Jörg Müller, and Robert Walter. 2012. Chained
Displays: Configurations of Public Displays Can Be Used to Influence Actor-,
Audience-, and Passer-by Behavior. In Proceedings of the SIGCHI Conference on
Human Factors in Computing Systems (Austin, Texas, USA) (CHI ’12). Association
for Computing Machinery, New York, NY, USA, 317–326. https://doi.org/10.
1145/2207676.2207720
[53] Martin Tomitsch, Christopher Ackad, Oliver Dawson, Luke Hespanhol, and Judy
Kay. 2014. Who Cares about the Content? An Analysis of Playful Behaviour
at a Public Display. In Proceedings of The International Symposium on Pervasive
Displays (Copenhagen, Denmark) (PerDis ’14). Association for Computing Machinery, New York, NY, USA, 160–165. https://doi.org/10.1145/2611009.2611016
[54] Ludwig Trotter, Sarah Prange, Mohamed Khamis, Nigel Davies, and Florian Alt.
2018. Design Considerations for Secure and Usable Authentication on Situated Displays. In Proceedings of the 17th International Conference on Mobile and
Ubiquitous Multimedia (Cairo, Egypt) (MUM 2018). Association for Computing Machinery, New York, NY, USA, 483–490. https://doi.org/10.1145/3282894.3289743
[55] Nina Valkanova, Robert Walter, Andrew Vande Moere, and Jörg Müller. 2014.
MyPosition: Sparking Civic Discourse by a Public Interactive Poll Visualization.
In Proceedings of the 17th ACM Conference on Computer Supported Cooperative
Work & Social Computing (Baltimore, Maryland, USA) (CSCW ’14). Association
for Computing Machinery, New York, NY, USA, 1323–1332. https://doi.org/10.
1145/2531602.2531639
[56] Soojeong Yoo, Callum Parker, Judy Kay, and Martin Tomitsch. 2015. To Dwell or
Not to Dwell: An Evaluation of Mid-Air Gestures for Large Information Displays.
In Proceedings of the Annual Meeting of the Australian Special Interest Group for
Computer Human Interaction (Parkville, VIC, Australia) (OzCHI ’15). Association
for Computing Machinery, New York, NY, USA, 187–191. https://doi.org/10.
1145/2838739.2838819

