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Figure 1: The figure presents a common scenario of how smear infection risk is increased through public touch display
interaction due to subsequent users touching the screen. We explore adapting user interface layouts between users to help
avoid touching the same parts of the screen.

ABSTRACT
Public touch displays, such as ticket machines and self-checkouts,
have become ubiquitous but pose increased risks of smear infections
due to frequent physical interactions. To address this, we explore
dynamically adapting the layout of user interfaces between inter-
actions, spatially distributing touchpoints to reduce infection risk.
Guided by expert interviews, we developed a self-checkout proto-
type with adaptive layouts and evaluated it in a within-subjects,
mixed-methods lab study (N=26). Our evaluation compared Vertical
and Horizontal GUI Layout Rearrangements against a non-adaptive
baseline and assessed the impact of visualizing previous users’
touch traces. Although baseline conditions performed better re-
garding usability and task completion times, qualitative feedback
highlighted the perceived benefits of adaptive layouts, especially

Permission to make digital or hard copies of part or all of this work for personal or
classroom use is granted without fee provided that copies are not made or distributed
for profit or commercial advantage and that copies bear this notice and the full citation
on the first page. Copyrights for third-party components of this work must be honored.
For all other uses, contact the owner/author(s).
MuC ’25, August 31-September 03, 2025, Chemnitz, Germany
© 2025 Copyright held by the owner/author(s).
ACM ISBN 979-8-4007-1582-2/25/08.
https://doi.org/10.1145/3743049.3743083

related to hygiene and privacy. This work contributes to public
display design by exploring intelligent interface adaptations and
examining the trade-off between ease of use through consistency
and enhanced hygienic safety via touch distribution.
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1 INTRODUCTION
Touch interaction with public displays poses significant health risks
due to smear infections [16, 28, 41, 66]. Consider someone ahead
in line sneezing into their hands, then touching the screen you
intend to use, as shown in Figure 1. Public hygiene awareness in-
tensified since COVID-19, causing more avoidance of shared touch
surfaces [21]. Reports from popular media sources have further
amplified public concern; for example, fecal contamination was
detected on all touchscreen kiosks at six McDonald’s locations in
the UK, highlighting tangible public health risks [1]. Nevertheless,
public touch displays remain ubiquitous due to their intuitive na-
ture, high precision, cost-effectiveness, and durability compared to
alternative interaction modalities [29, 48]. This enduring popularity
underscores the critical design challenge of reducing infection risks
without sacrificing the benefits of touch-based interfaces.

Prior research on hygiene at public touch displays has mainly
emphasized hardware-based solutions—for example, self-sanitizing
surfaces [54]., or introduced alternative non-touch interactionmeth-
ods (e.g., mid-air gestures, remote control interfaces) [11, 29, 46].
However, despite the potential hygiene benefits of these alterna-
tives, touch interaction continues to be preferred by users due
to its familiarity, precision, and ease of use [29]. Moreover, al-
ternative physical interactions, such as using elbows instead of
hands, may unintentionally introduce accessibility barriers, par-
ticularly for elderly or mobility-impaired users [11]. In contrast,
software-based approaches, such as visually indicating previous
users’ touch traces, represent promising yet underexplored avenues
for enhancing hygiene awareness and modifying user interaction
behavior [36]. Consequently, further investigation into adaptive,
software-driven methods is necessary to effectively balance us-
ability, accessibility, and hygiene considerations for public touch
displays.

In this paper, we use the term adaptive displays to refer to
public touch interfaces that provide opportune, relevant content
and personalization by filtering information based on contextual
parameters, such as location and time [45]. Similarly, following
Wang and Li [67], adaptive user interfaces automatically adjust
their presentation mode and content based on these parameters
and user behavior, aiming to enhance efficiency, user satisfaction,
and overall experience.

We addressed the existing gap in adaptive public touch display
designs aimed at reducing smear infection risks by specifically ex-
ploring strategies to rearrange the graphical user interface (GUI)
between users. Dynamically rearranging GUI layouts between in-
teractions could inherently conflict with well-established usability
heuristics. Specifically, this approach may violate heuristic no. 4
defined by Nielsen [47], namely to Maintain Interface Consistency
and Adhere to Standards. Hence, our work explores adaptive GUIs
and visualization strategies to inform users of prior interactions. By
building on previous software-based approaches and visualization
concepts [36], we aim to balance trade-offs between hygiene, usabil-
ity, and consistency. To this end, we pose two research questions:

RQ1 How can we reduce (the perceived) touch overlaps on shared
displays through digital interface adaptations?

RQ2 How do the interface adaptations impact the perceived us-
ability?

We began our investigation by conceptualizing three distinct
adaptive strategies through collaborative brainstorming among
the authors: the Raindrop strategy, the Rule-based strategy, and
the Priority-based strategy (see Figure 2). These strategies were
subsequently evaluated through expert interviews (N=4), which
identified the Rule-based strategy as the most promising due to
its balance between effectiveness, usability, and practicality. We
implemented this strategy within a simplified grocery ordering pro-
totype to facilitate empirical evaluation. A within-subjects, mixed-
methods laboratory study (N=26) was then conducted to assess user
performance and perceptions across three layout conditions (Base-
line, Rearranged Horizontally, Rearranged Vertically), each tested
with and without visualization of prior users’ touch traces. Our
evaluation measured quantitative outcomes (usability ratings and
task completion times) and collected qualitative insights through
open-ended questionnaires and brief semi-structured interviews
following interaction.

Our findings highlight the promise of the Rule-based strategy,
particularly when combined with visualized touch traces, for en-
hancing users’ awareness and facilitating hygienic interaction be-
haviors with public touch displays. Participants reported adapting
their interactions in response to both rearranged layouts and vi-
sualized touch traces, recognizing potential benefits for hygiene
and privacy (e.g., reduced risk of shoulder surfing). However, these
advantages were accompanied by notable trade-offs. Task comple-
tion times were significantly longer, and perceived usability ratings
decreased in conditions employing adaptive layouts or visualized
touch traces. Users commonly cited distraction and active avoidance
of highlighted touch areas as the primary reasons for diminished
usability perceptions. Thus, our results illustrate a tension: while
adaptive interfaces and visualization of touch traces effectively en-
courage hygienic behaviors, they introduce usability compromises
that must be carefully considered and managed in public interface
design.
Contribution Statement. Our work makes three primary con-
tributions: (1) We introduce three software-based GUI adaptation
strategies (Raindrop strategy, Rule-based strategy, Priority-based
strategy) specifically designed to spatially distribute user interac-
tions on public touch displays, thus addressing hygienic concerns.
(2) We present empirical findings from a controlled, within-subjects
laboratory study (N=26), detailing the effectiveness, limitations, and
user perceptions of the Rule-based strategy in combination with vi-
sualized touch traces, highlighting the practical trade-offs between
hygiene and usability. (3)We articulate the broader implications and
design opportunities of adaptive GUI strategies, emphasizing their
potential to enhance privacy and safety in public interactions, and
providing methodological insights for balancing usability heuristics
with adaptive interface designs.

2 RELATEDWORK
To contextualize our research, we introduce existing research re-
lated to pathogens in public touch display interaction, hygienic
public displays, and usability heuristics for graphical user inter-
faces (GUI).
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2.1 Pathogens on Public Touch Displays
The COVID-19 pandemic has spurred research on touchless in-
teraction alternatives in Human-Computer Interaction [14, 22, 31,
43, 55, 68]. However, even post-pandemic, the ubiquity of public
touch displays poses a credible risk for fomite-mediated disease
transmission, remaining a continuous challenge [13]. Similarly,
Gerba et al. [23] conducted a study on public touch displays as
reservoirs of opportunistic pathogens, revealing that grocery store
touch screens commonly carry enteric bacteria and higher levels
of general bacteria. We suspect a similar situation for other public
touch displays. Di Battista [13] quantified this risk, estimating that
about 3 in 100 users could contract an infection from public touch
displays. This underscores the potential of public touch displays
as infection transmission centers, highlighting opportunities for
research into hygienic interactions. Using computer simulations
and Quantitative Microbial Risk Assessment, Di Battista [13] also
examined whether public touch displays could transmit enough
pathogens to cause infection. Contrary to the expectation that
more touches increase infection risk, they discovered that while
pathogens accumulate, a corresponding amount is removed from
the system. Furthermore, the high concentration of pathogens on
seldom-cleaned public touch displays is exacerbated by fixed user
interface elements like OK or Pay Now buttons, leading to repeated
touching of small areas. Altogether, the aforementioned examples
emphasize the need to explore pathogen mitigation on public touch
displays, particularly considering their ubiquitousness.

2.2 Hygienic Public Display Interaction
Previous research has proposed various tools to address the spread
of germs and promote more hygienic interactions, such as gesture-
based interaction [31, 68], hand disinfection interventions [32], san-
itizing wearables [54], speech interaction [24] or near-field smart-
phone interaction with public displays [51]. However, most meth-
ods differ from our approach to adapting user interface element
placement in layouts. One approach is a programmable, sensor-
equipped wearable sanitizer by Pataranutaporn et al. [54], which
disinfects objects up to 80 cm away. However, its impact on user
reception and hygiene effectiveness has not been studied. Huang
et al. [29] suggested another approach: a non-hand-based interac-
tion for traditionally hand-based setups. Their work compares two
mid-air haptic feedback systems (gesture and haptics) in a web-
and Augmented Reality-based virtual airport kiosk for germ spread
reduction. Both systems showed comparable accuracy near 100%
but mid-air alternatives had higher target selection, while the touch-
based system provided a better user experience. This highlights
touch interaction as the preferred modality by users in Huang et al.
[29]’s findings while optimizing for hygiene.

Alternative approaches to increase hygiene on public displays
include elbow interaction or touch trace visualizations. Carter et al.
[11] redesigned an interactive installation, shifting from hand-based
to elbow-based content access to promote COVID safety. Positive
feedback from Swansea residents suggested the prototype’s suit-
ability for such conditions. Mäkelä et al. [36] conducted a user
study with a public display that visualized previous touch locations
via fingerprints and provided hygiene data such as time since last

cleaning, last user, and total users. They observed increased de-
mand for hygiene information, effectively communicated through
fingerprints, which underscores the relevance of our research on
improving hygiene in public touchscreens. Another study by Hirsch
et al. [26] explored a handrail that indicates previous users’ touches
until it undergoes self-cleaning. Their findings show users’ willing-
ness to change their touching behavior with appropriate indications
and suggest that hygienic solutions enhance user comfort.

Visualizations have been explored further to increase hygienic
interaction. Ganal et al. [21] created spatial visualizations of con-
taminated surfaces in a virtual reality simulation of a student office
to demonstrate pathogen spread. They investigated participant be-
havior with and without visualizations. Similar to [32]’s work, the
results indicated that visualization may enhance hygiene aware-
ness, promoting more hygiene-oriented behaviors, which further
motivates our work, as we share a similar expectation for the touch
trace visualizations we employ. For an animated virtual bonsai re-
flecting proper or improper hand-cleaning behavior through its
animation, Stirapongsasuti et al. [64] found that it significantly
increased sanitizer usage.

Therefore, our development of three software-driven Rearrange-
ment strategies was therefore directly informed by findings that
users change their touch behavior when shown appropriate hygiene
cues [26, 36]. In addition to Stirapongsasuti et al. [64]’s nudging
concept, Mäkelä et al. [36]’s suggestion to steer users away from fre-
quently touched screen areas—originally from adaptive smartphone
UI research on reachability [36]—strongly influenced our approach
to spatially distributing touchpoints for improved hygiene.

2.3 Strategies and Approaches to Adaptive
Displays

Adaptive public touch displays are mainly explored for customiza-
tion and personalization purposes depending on the semantic user
input and context [12, 34, 42].

In our work, we want to adapt a public touch display’s user in-
terface based on previous users’ touch points such that users touch
different spots for the same elements to foster hygienic interactions.

Recent research on adaptive user interfaces identified contex-
tual parameters that can tailor information to specific situations
and environments, supporting multiple users simultaneously and
developing general adaptation models that allow users to configure
their own profiles. Parker et al. [53] examine methods for deter-
mining user height in a selfie-taking machine study. Their findings
indicate that users would benefit from information about the pur-
pose of their first touch. Wang and Li [67] propose an adaptive
user interface for extra-large touch displays, positioning menu ele-
ments based on user dimensions. Their study shows vertical menus
strain shorter users’ necks and taller users’ trunks, while horizontal
menus strain taller users’ arms. The adaptive user interface accom-
modates users from 1.45m to 1.85m, reducing neck, trunk, and arm
discomfort. Buschek and Alt [10] proposed ProbUI, a mobile touch
GUI framework that utilizes probabilistic modeling to generalize
target representations into gesture sets, increasing the usability
and detection of gesture recognition. In our study, we consider
findings from these prior works in our prototype and in defining
the Rearrangement strategies.
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2.4 Public User Interface Design Considerations
To design and evaluate usable public touch displays, we consider
heuristics for user interfaces designed for public [4, 18], and shared
multi-user displays [49] to create our snack and beverage vending
machine prototype. One relevant guideline is by Franceschi et al.
[18], who adapted Nielsen’s Ten Usability Heuristics [47] for Large
Tabletop Displays, including, e.g., the need to keep Consistency and
Standards (H4). Both authors stress that consistency aligns words,
actions, and situations and reflects in user interface consistency
throughout the interaction flow. Furthermore, the usability heuris-
tics from Somervell et al. [62] emphasize, among other aspects, that
changing the interface too often hampers users from learning the
layout, which goes against our Rearrangement attempt.

Other considerations in public display design concern their at-
tractiveness to engage [30, 58] and understandability, also linked
to the information visualization [39, 50]. However, most work con-
cerns mostly large public displays, whereas our focus is on smaller
ones, such as check-out displays in supermarkets or fast food restau-
rants. Nonetheless, we consider learnings by Hosio et al. [27] and
Mäkelä et al. [35] about the messiness of real-world impacts on
usability as well as visual guidance in the interface design as rele-
vant for our context. To be more specific, the real-world application
context matters [27] and can trigger unexpected and unintended
real-world impacts on public display interaction [35]. Furthermore,
information visualization guidelines and principles recommend
screen navigation guidance [50] or emphasizing touch traces to
highlight an interface’s affordance [56]. These prior works guided
our process and prototype development and are the basis for dis-
cussing our results below.

3 REARRANGEMENT STRATEGIES AND
EXPERT INTERVIEWS

To systematically explore software-drivenGUI rearrangement strate-
gies, we conducted an iterative process involving brainstorming
sessions, resulting in three strategies: Rule-based, Raindrop, and
Priority-based Rearrangement. Each strategy aimed at minimizing
touch overlap on public touch displays by dynamically reposition-
ing user interface elements based on prior interactions. These strate-
gies were subsequently evaluated through expert interviews, identi-
fying the Rule-based Rearrangement as the most promising solution,
given its balance between usability, practicality, and effectiveness.

3.1 Strategies
We developed three GUI rearrangement strategies in two struc-
tured, 60-minute brainstorming sessions. All authors collaboratively
generated ideas, performed sketches, and engaged with relevant
literature to ground and refine the strategies.

Rule-based Rearrangement. This strategy organizes UI elements
into groups (e.g., logos, navigation buttons, or menu tabs) to help
users recognize elements despite layout changes. Instead of re-
locating single elements independently, it rearranges entire ele-
ment groups by swapping or resizing them. Similar adjustments are
widely employed in responsive web design (see Figure 2), where
headers dynamically become footers or sidebars. . Additionally,
internal arrangements within these groups, such as button ordering

or alignment, can be adapted to further enhance spatial distribution.
The Rule-based strategy leverages the Atomic Design Methodology
by Frost [20], systematically combining fundamental user inter-
face components (“Atoms”) into larger, more complex structures
("Molecules" and "Organisms"), enabling flexible yet consistent in-
terface adaptations.

Raindrop Rearrangement. The Raindrop strategy dynamically
adjusts the user interface layout in direct response to each user’s
interaction. When a user taps the screen, the system immediately
calculates the approximate oval-shaped contact area created by the
user’s fingertip. It then automatically relocates surrounding user
interface elements outward, ensuring their nearest edges remain
beyond a predefined shifting factor. This buffer helps avoid repeated
touches in the same spot, distributing interaction more evenly and
reducing overlap.

Priority-based Rearrangement. Inspired by Niiro et al. [48]’s grid-
based user interface approach, the Priority-based strategy orga-
nizes the interface into a structured grid, similar to design systems
like Google’s Material Design or Bootstrap [40, 63]. Each grid cell
and user interface element is assigned a distinct priority level, re-
flecting their importance and interaction frequency. High-priority
cells typically align with key user interaction patterns, such as the
commonly utilized F-pattern for reading and interacting with dis-
plays [6]. Upon each user interaction, user interface elements are
dynamically repositioned using an algorithm similar to insertion
sort: touched elements are relocated either to the next available
higher-priority cell or swapped with lower-priority elements to
maintain spatial distribution. To optimize long-term interactions,
once all 𝑛 cells have been interacted with, the interface resets by
rearranging elements according to descending priority, refreshing
the spatial distribution for subsequent interactions.

3.2 Expert Interviews
We conducted four expert interviews to discuss strategies for pre-
venting overlap in touch interactions on public touch display user
interfaces and to evaluate the strengths and weaknesses of our
proposed strategies, focusing on usability and alignment with con-
ventional heuristics.

3.2.1 Participants Recruitment and Approach. Participants were
identified through a targeted online search for experts with relevant
academic or industrial expertise in Human-computer Interaction
(HCI), specifically public display interaction, hygienic interface de-
sign, and adaptive user interfaces. Out of 21 contacted via email,
four agreed to participate. These experts had extensive HCI ex-
perience—ranging from 8.5 to 20 years (mean = 13.1)—and each
held a PhD. Interviews lasted approximately 30–40 minutes and
were conducted remotely via video call, supported by an online
collaborative whiteboard.

After collecting brief demographic data, we introduced a usage
scenario (see Figure 1): A person uses a public touchscreen at a
crowded station and observes another user blow their nose and touch
the same screen without cleaning their hands. We then presented
two interactive ticket machine screens as stimuli: a start screen
with logo, language selection, and common tickets, and a station
selection screen with scrollable list and keyboard input.
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Figure 2: Two Rearrangement strategies from the brainstorming sessions: Raindrop and Rule-based Rearrangement.

We first asked experts to propose their own strategies for reduc-
ing touch overlap on the provided UI, focusing on navigational but-
tons and keyboards, and to reflect on potential usability trade-offs.
In a separate step, we introduced our three developed rearrange-
ment strategies—Raindrop, Rule-based, and Priority-based—for de-
tailed feedback. This structure enabled focused discussions on each
strategy’s usability, limitations, and alignment with established
heuristics..1

3.2.2 Interview Results. Overall, experts found that the three Re-
arrangement strategies—the Raindrop strategy, the Rule-based strat-
egy, and the Priority-based strategy—offer different trade-offs in
usability and implementation.

The Raindrop strategy allows flexible movement, minimizing
touch overlap by spreading elements efficiently. Expert 2 hypothe-
sized it “would perform better, [and] the best” in throughput, but
others cautioned it can cause confusing rearrangements, with signif-
icant whitespace after multiple shifts. This randomness makes the
interface appear “quite random quite quickly,” making it “harder for
the user to recognize the elements and to find the right element be-
cause the logic of the order gets lost” (Expert 2). Expert 3 described
it as “ein bisschen unerkenntlich” (somewhat unrecognizable), and
Expert 4 found it potentially “confusing,” disrupting usability by
breaking element relationships.

The Rule-based strategy balances overlap minimization with
usability preservation by maintaining the recognizability of the
interface layout. Experts noted it offers “a logic that you as a user
understand” and makes the interface “still clearer to people [...] and
how to use it” (Expert 2), calling it a “clever strategy” that “makes
greater sense” by maintaining “consistency of the general layout”
(Expert 1). This is achieved by shifting “logische Einheiten” (logical
units) or “prinzipielle Bereiche” (principal areas) as groups (Experts
1, 2, 3). While considered a “pragmatic solution” suitable for quick
implementation (Expert 3), experts cautioned against “moving the
positioning from horizontal to vertical” or “completely changing
and arranging by certain rules” (Expert 4), recommending to “shift,

1We provide the collaborative whiteboard setup walked through during the interviews
in the supplementary files.

not shuffle” and maintain “logische Ablauf” (logical flow) (Experts
2, 3).

The Priority-based strategy emphasizes “keeping the relation-
ships between elements and their hierarchy” (Expert 1). One ex-
pert saw it as the “best approach in terms of usability” (Expert
2), while using a tree data structure, presenting a “formales Opti-
mierungsproblem” (formal optimization problem) with academic
potential (Expert 3). However, its complexity raises doubts about
whether “the trade-off with complexity is really worth it compared
to the Rule-based strategy” (Expert 2), as experts noted difficulty
understanding “how it works” without examples (Expert 2), and
warned that complex rearrangements may “confuse” users who
must “search the right place” on public screens (Expert 4).

Overall, experts suggested focusing on the Rule-based strategy
as a “pragmatische Lösung” (pragmatic solution), implementable
“von heute auf morgen” (overnight) (Expert 3). Although Raindrop
“would perform better” in throughput, Rule-based offers a better
“trade-off” by maintaining clarity and usability (Expert 2). Experts
prioritized “shifting, not shuffling” elements and warned against
“completely changing and arranging by certain rules” or altering
layout orientation, as this would “break interface design guide-
lines” and “might confuse” users (Experts 2, 4). They emphasized
maintaining “consistency” and the “general look and feel of the
screen” in multi-user and single-session scenarios (Experts 1, 3).
To ensure usability and accessibility, they recommended adher-
ing to design principles, including “Nielsen’s heuristics” [47], and
ensuring variants are “gleich zugänglich” (equally accessible), par-
ticularly regarding element size (Expert 3). Overlap considerations
should include wholly and partially overlapping touches.

3.3 Setup and Prototype Design Decisions
Following the experts’ recommendations, we implemented Rule-
based Rearrangement in a snack and drink machine prototype
(Figure 3). We used an Acer T232HL (23-inch, 16:9) touch display as
a device as its size and interaction resemble common public inter-
faces. The Baseline layout, inspired by McDonald’s kiosks, includes
key workflow screens: Welcome, Product Category, Product Item,
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Figure 3: All conditions experienced by each participant, With Traces and Without Traces as well as Baseline, Horizontal and
Vertical layouts.

Product Amount (adding to cart), Order Review, Payment, and Con-
firmation. The user interface further follows usability heuristics
emphasizing minimalist design, limited color usage, high contrast,
clear buttons, and meaningful icons [2, 44, 47, 52]. We enhanced
accessibility by differentiating user interface elements by shape and
size instead of color and tested the prototype for color blindness
using SimDaltonism [17].

To simulate Rule-based Rearrangement, we created two alterna-
tive layouts by shifting primary touch areas horizontally (RH) and
vertically (RV) relative to the baseline, see Figure 4. The prototype
is adaptable, with predefined layouts and Rearrangement occurring
before runtime for study comparability.

We followed Mäkelä et al. [36] and visualized touch traces using
artificial black-colored fingerprint images at 10% opacity, allowing
overlaps to darken while keeping content visible. To prevent exces-
sive overlap for users with larger fingers, we chose the maximum
recorded dimensions (25.8mm width, 17.1mm height) from Mc-
Murchie et al. [38]’s dataset. Selecting an average or smaller size
could have led to more unintended overlaps for users with larger
fingers, which we aimed to avoid while maintaining hygiene.

The prototype was built with HTML, CSS, JavaScript, and Reac-
tJS, following the Model-View-Controller design pattern. ReactJS
was chosen for its reuse with static pages and potential for native
app bundling, which could be beneficial for follow-up studies. We
ran the system of the prototype via Node.js on a local machine
to ensure seamless interaction during the study. Design iterations
were based on authoring team feedback, and the prototype was
tested in a pilot study (n=2) with university lab staff, using the same
procedure as the primary study (see 4). Formal testing was not a
primary concern, as we designed the prototype for a controlled lab
study with regulated user input.

4 USER STUDY
Building on the expert-validated rule-based rearrangement strat-
egy, we tested two layout variants (’Rearranged Vertically’ and
’Rearranged Horizontally’) alongside a baseline. Each layout was
combined with two trace design conditions — indicating whether
prior touches on the screen were visually shown (’With Traces’) or
hidden (’Without Traces’) — in a within-subjects study, resulting
in six experimental conditions experienced by each participant.

The study received ethics approval from the first author’s Ethics
Institution Board.

4.1 Participants & Recruitment
We recruited participants through an announcement on the Na-
tional Research Network and distributed it via university-related
mailing lists and channels. Eligible participants had to be at least
18 years old, proficient in English, and familiar with public displays
like fast-food kiosks or ticketing machines. The study included
26 participants, 14 self-identified as men, 10 as women, 1 as non-
binary/genderqueer, and 1 as diverse. The participants’ ages ranged
from 19 to 32 years, with a median age of 25 years. Regarding
education, 15 participants had a higher education entrance quali-
fication, 9 held a bachelor’s degree, and 2 a master’s degree. Most
participants (21) were university students, while 2 were trainees
and 2 worked full-time. One participant provided a free-text job
title, which remained unclear. Four participants were left-handed,
which approximately aligns with the 10–15% prevalence in the gen-
eral population [37]. Participants frequently interacted with public
displays: 2 used them daily, 14 at least once a week, 9 at least once
a month, and 1 less than once a month. All participants had prior
experience with touch-based public display interaction.

4.2 Variables
The study included two independent variables:
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Figure 4: Comparison of select screens showcasing Rule-based Rearrangement as applied in the prototype

(1) Layout with three levels: Baseline (B), Rearranged Horizon-
tally (RH), and Rearranged Vertically (RV).

(2) Traces with two levels: ’With Traces’ (TR) and ’Without
Traces’ (noTR).

We measured two dependent variables:

(1) Task Completion Time, the time participants took to complete
each task. We recorded each touchpoint with a timestamp
and stored the data in a JSON file, organized by participant,
task, and factor combination, starting from the first tap on the
start screen to the final ’Pay’ tap. Participants were informed
that an interaction round starts by tapping the first screen
and that the last tap in a session was tapping on ’Pay’ on the
checkout screen.

(2) Perceived Usability Score, reflecting participants’ evaluations
of the user interface on a 7-point Likert scale for usefulness,
ease of use, enjoyment, and behavioral intention using online
questionnaires.

4.3 Questionnaires & Interview Questions
We collected qualitative and quantitative data about demographics
and user experience in pre-study, interim, and after-study question-
naires. On a separate laptop, questionnaires were provided via soSci,
a university-licensed survey tool. We provide all questionnaires in
the attachment for further details (see section 9).

Pre-Study Questionnaire: Collected demographic data, includ-
ing age, gender identity, education level, occupation, handedness,
and frequency of public display usage. It also assessed hygiene
awareness and safety perception (e.g., "When interacting with pub-
lic displays, I think about the possible hygiene risks associated with
shared surfaces").

Interim Questionnaire: Included the hedonic TAM [65] measure-
ments for usability with a 7-point Likert scale, which extends the
Technology Acceptance Model (TAM) for hedonic information sys-
tems.

Post-Study Questionnaire: Examined participants’ preferences
regarding adaptive public display layouts and touch traces, as well
as their perceived effects on hygiene, privacy, and usability (e.g.,
"I think rearranging layouts increases the display’s hygiene."). It in-
cluded open-ended questions on trust, benefits, and drawbacks of
adaptive interface conditions.

Interview Questions: Investigated participants’ preferred user
interface and their reasoning, including any experienced issues.
Additionally, participants were asked whether they trusted adaptive
displays more, as well as their perceived benefits and drawbacks of
adjusting interfaces (e.g., "What benefits, if any, do you personally
see in these kinds of adjusting interfaces for public displays?").
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4.4 Tasks
Participants experienced 4 pre-defined tasks to complete in each
condition:

Task 1 Set the language to English. Select the category Soft
drinks and choose one Citrus Lemonade. Complete the pur-
chase.

Task 2 Select the category Soft drinks and choose two Citrus
Lemonades and one Cola. Complete the purchase.

Task 3 Set the language to English. Select the category Soft
drinks and choose two Colas, one Mate Tea, and one Orange
Lemonade. Complete the purchase.

Task 4 Select the category Soft drinks and choose two Citrus
Lemonades and one Cola. Go to the shopping cart and change
the order to one Citrus Lemonade and two Colas. Complete
the purchase.

4.5 Procedure
The study was conducted in a controlled laboratory setting at the
first author’s research institute and comprised three phases: pre-
study, main phase, and post-study. During the pre-study phase,
participants were briefed on the study goals, procedures, data pri-
vacy, and their rights, after which all provided informed consent.
Participants then completed a pre-study questionnaire capturing
demographic information, hygiene awareness, and perceptions of
safety related to public display interactions. Following this, each
participant performed a practice interaction round using the Base-
line layout to become familiarized with the snack and beverage
ordering prototype.

In the main phase, participants engaged with the snack and drink
ordering interface presented on a large, touch-enabled display. Each
participant completed all six experimental conditions (the three
layouts combined with two trace designs), performing the four
predefined shopping tasks in each, resulting in 24 interaction rounds
per participant. The order of conditions was fully randomized, while
task complexity followed a consistent sequence, progressing from
simpler to more complex.

In the post-study phase, participants completed a final ques-
tionnaire designed to capture their experiences and preferences.
Additionally, each participant engaged in a short semi-structured
verbal interview to gather qualitative insights into their percep-
tions of usability, hygiene, and privacy concerning the interface
variations. The entire procedure lasted approximately 30 minutes
per participant.

4.6 Data Analysis
We used inferential statistics to calculate the significant differences
for the task completion time and the Perceived Usability Score in R
following van der Heijden [65]’ work, which included the Likert-
scale ratings for usefulness, ease of use, enjoyment, and behavioral
intention.

Further, we analyzed qualitative data from interview transcripts
and open-ended questionnaire responses by applying a deductive
thematic analysis according to [7, 8], sorting the data into four
themes pre-defined by the authors related to touch traces and lay-
out rearrangements and their effects on Reaction to Touch Traces,
Usability Layout Rearrangements, Hygiene, and Privacy.

Our data gathering, processing, and storing adhere to EU-GDPR
guidelines, including data anonymization by labeling files with
alphanumeric IDs. Audio recordings were deleted after evaluation.

5 RESULTS
We evaluated the quantitative data with descriptive and inferential
statistics and the qualitative data by transcribing the interview
material verbatim applying a deductive thematic analysis [8].

5.1 Quantitative Results
We used inferential statistics to identify potential significant dif-
ferences between the conditions, testing the data for their normal
distribution with the Shapiro-Wilk test first. The Perceived Usabil-
ity Score data violated the normal distribution conditions (Shapiro-
Wilk, 𝑝 = .007). Thus, we applied an Aligned Ranks Transforma-
tion (ART) ANOVA. A Tukey HSD test with Cohen’s 𝑑 for effect
size helped us identify differences between factor combinations.
Task completion time followed a normal distribution (Shapiro-Wilk,
𝑝 < .001), so we applied a two-way ANOVA and used Tukey HSD
post hoc tests for significant differences.

5.1.1 Hygiene and Privacy Perception. Table 1 presents the distri-
bution of participants’ hygiene awareness and safety perceptions
during the interaction. The responses were measured on a 7-point
Likert scale (1 = strongly disagree, 7 = strongly agree). The results
show that participants felt rather comfortable with touch interac-
tion despite the potential smear infection risk (𝑚 = 5.0, 𝑆𝐷 = 1.7)
and were moderately aware of the hygiene risks (𝑚 = 4.4, 𝑆𝐷 = 1.9).
Regarding privacy perception, participants were moderately con-
cerned about others observing their input,𝑚 = 4.6, 𝑆𝐷 = 1.8, while
still feeling comfortable with the interaction besides potentially
being observed by others (𝑚 = 5.2, 𝑆𝐷 = 1.4).

5.1.2 Average Task Completion Time. The two-way ANOVA (see
Table 2) revealed a significant effect for layout 𝐹 (2, 618) = 4.29,
𝑝 = .01 and traces (𝐹 (1, 618) = 14.12, < 0.001) on task completion
time. Tukey’s post hoc revealed that participants completed tasks
faster without touch traces and in the Baseline layout condition
(see Table 3).

5.1.3 Perceived Usability Score. We could observe significant dif-
ferences between layouts (𝐹 (2, 150) = 14.01, < .001) and traces
conditions (𝐹 (1, 150) = 12.65, < .001), see Table 4. The different
layout and traces combinations resulted in non-significant differ-
ences. Yet, Tukey’s post hoc comparison identified significant dif-
ferences between Baseline Without Traces and Horizontal With
Traces (𝐹 (2, 150) = 1.04, < .001), Vertical With Traces and Base-
line Without Traces (< .001), and Baseline Without and Horizontal
Without Traces conditions (< .001). See Table 5 for further details.

5.2 Qualitative Results
Two researchers conducted a deductive thematic analysis following
Braun and Clarke [7]’s work of pre-defining themes and analyzing
the qualitative data with the six steps as presented in [8] to first
define themes, then familiarize with the data and create initial
codes, construct and revisit themes based on codes, sort codes
to pre-defined themes and iterate on the themes and report the
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Table 1: Demographic responses to hygiene risk awareness, comfort despite hygiene risks, concern about observing input, and
comfort despite observation.

Response Hygiene risks aware-
ness

Comfortable with Hy-
giene risks

Concern about being
observed

Comfortable being ob-
served

1 (Strongly Disagree) 4 (15.4%) 2 (7.7%) – –
2 (Disagree) 2 (7.7%) – 5 (19.2%) 2 (7.7%)
3 (Somewhat Disagree) 2 (7.7%) 3 (11.5%) 5 (19.2%) 2 (7.7%)
4 (Neutral) – 5 (19.2%) 2 (7.7%) 3 (11.5%)
5 (Somewhat Agree) 9 (34.6%) 2 (7.7%) 3 (11.5%) 5 (19.2%)
6 (Agree) 7 (26.9%) 10 (38.5%) 6 (23.0%) 10 (38.5%)
7 (Strongly Agree) 2 (7.7%) 4 (15.4%) 5 (19.2%) 4 (15.4%)

Mean 4.4 5.0 4.6 5.2
SD 1.9 1.7 1.8 1.4

Table 2: ANOVA Task Completion Time: We show the sum
of squares (𝑆𝑆) and the mean of squares (𝑀).

Cases 𝑆𝑆 df 𝑀 F p

Layout 693.91 2 346.96 4.29 0.01
Traces 1141.89 1 1141.89 14.19 < .001
Layout*Traces 163.92 2 81.96 1.01 0.36
Residuals 49984.17 618 80.88

findings. Both researchers pre-defined themes and conducted steps
four to six together. One researcher conducted steps two and three
of familiarizing with the data and creating initial codes.

Here, we elaborate on the findings related to the four themes
Reaction to Touch Traces, Usability Layout Rearrangements,
Hygiene, and Privacy.

5.2.1 Reaction to Touch Traces. Participants either associated visi-
ble touch traces with poor hygiene, which led to a change in behav-
ior, or did not perceive them as real. For example, P1 "I felt weirdly
disgusted despite being aware that the fingerprints are just a graphic
element on the screen. I felt a little tense in my body and nervous
once I saw the display with the fingerprints, especially when I had to
press a button that had no space without a print, so I had to touch a
fingerprint". However, some participants found the distraction neg-
ligible unless it directly obstructed their interaction. Touch traces
made it also harder for participants to focus, "[Touch traces] are
distracting, and it is harder to extract the information" (P24). This
may also have been due to the meaning of the traces being unclear
initially for some participants, as P19 noted: "At first I couldn’t tell
if these were fingerprints from others or my own". Similarly, some
found the traces too artificial to associate them with real smudges.

Participants also adapted their interaction behavior because of
the traces, trying to avoid areas with visible fingerprints; "I tried to
touch on the fields where there were no touch traces." (P12). Some users
reported to have switched to using their knuckles to avoid leaving
fingerprints. Touch traces also led tomore cautious interactions, e.g.,
P25 said, "Seeing previous traces made me slightly cautious, and I tried
to touch the display at different points". Also, participants learned
to use the traces’ indication by interacting with different areas on
the screen; "After a while, I appreciated the information, as then I

could press the buttons in corners that were less frequently pressed"
(P18). These findings show the potential of visualized touch traces
to trigger alternative interaction behavior that may contribute to
decreasing infection risk.

Some participants were particularly concerned about finger-
prints accumulating on frequently used action buttons. P23 high-
lighted this issue: "But still, the fingerprints —especially the ones on
the Add and Confirm buttons— can be a real obstacle for my next
visit, though I know that buying elsewhere won’t promise a cleaner
state". A common theme was the desire for control over touch traces.
Many suggested making traces "optional" or limiting them to cer-
tain screens. One participant said, "If it’s optional, it seems to be a
good feature" (P8). A few participants would accept touch traces if
they were temporary or optional. Others proposed an alternative vi-
sualization, suggesting that rather than highlighting contaminated
areas, the system could indicate safer places to touch: "It would be
nice to see where not to touch the display." (P16).

5.2.2 Usability Layout Rearrangements. Participants found the Base-
line layout easy and intuitive, whereas rearranged layouts could be
challenging, "It’s a higher effort to learn it again every time" (P15)
or "I need to relearn that, it slows me down" (P1). In addition, touch
traces increased interaction time, with one user saying, "It took
longer because I was avoiding touched spots".

Other participants adapted easier to new interface positions,
learning to increase the interaction speed. For example, when en-
countering layouts with the placement of important buttons leaning
to the left, right-handed participants often reacted by dragging their
"whole right arm to the other side" (P12). Additionally, right-handed
individuals preferred layouts with action buttons on the right side.
One participant described this inconvenience as a clash with design
conventions they have known from other displays: "The Cart button
on the upper left was very annoying because I am used to finding it in
the lower right corner. It felt complicated to use this display; I didn’t
really like it" (P16).

In terms of rearranging layouts in general, participants found
they were not necessarily bad as long as they were quickly un-
derstandable and the task completion process remained clear; one
stating: "The usage was very intuitive. The change of language was
always visible, which was helpful. It was very easy to change the
items I had ordered" (P9). Even when button placements were less
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Table 3: Tukey’s Post-hoc on Average Task Completion Time for Layout, Traces and Layout * Traces Conditions.

Mean Difference SE df t p𝑡𝑢𝑘𝑒𝑦
Baseline Horizontal −2.327 0.882 618 −2.639 0.023

Vertical −2.135 0.882 618 −2.421 0.042
Horizontal Vertical 0.192 0.882 618 0.218 0.974

With Traces Without Traces 2.706 0.720 618 3.757 < .001

Baseline With Traces Horizontal With Traces −1.220 1.247 618 −0.978 0.925
Vertical With Traces −1.068 1.247 618 −0.857 0.956

Baseline Without Traces 4.154 1.247 618 3.331 0.012
Horizontal Without Traces 0.721 1.247 618 0.578 0.992

Vertical Without Traces 0.953 1.247 618 0.764 0.973
Horizontal With Traces Vertical With Traces 0.152 1.247 618 0.122 1.000

Baseline Without Traces 5.374 1.247 618 4.309 < .001
Horizontal Without Traces 1.941 1.247 618 1.556 0.628

Vertical Without Traces 2.173 1.247 618 1.743 0.504
Vertical With Traces Baseline Without Traces 5.223 1.247 618 4.188 < .001

Horizontal Without Traces 1.789 1.247 618 1.434 0.706
Vertical Without Traces 2.022 1.247 618 1.621 0.585

Baseline Without Traces Horizontal Without Traces −3.434 1.247 618 −2.753 0.067
Vertical Without Traces −3.201 1.247 618 −2.567 0.107

Horizontal Without Traces Vertical Without Traces 0.233 1.247 618 0.187 1.000

Table 4: ART ANOVA - Perceived Usability

Cases Sum of Squares df Mean Square F p 𝜔2

Layout 8.83 2 4.42 14.1 < .001 0.14
Traces 3.96 1 3.96 12.65 < .001 0.06
Layout * traces 0.65 2 0.33 1.04 0.36 3.98 × 10−4
Residuals 46.99 150 0.31

comfortable, some participants were willing to adapt if the interac-
tion process remained straightforward and brief. As one participant
mentioned: "While there were some preferable button placements, the
interaction with the display was short and uncomplicated. Therefore,
I didn’t mind searching for a certain button and raising my arm a
little bit more than necessary in order to finish the transaction" (P18).

5.2.3 Hygiene. Participants saw rearranging layouts as beneficial
for hygiene, (e.g., P19 states: "[Rearranging layouts help] Not hav-
ing to touch in same places as other users"). However, they also
questioned "[...] how much unhygienic touches the rearrangement is
capable of preventing" (P18) and the traces design, as they associated
them with dirt and germs. In short, some users believed rearranged
layouts could help reduce contamination, but the practical impact
remained uncertain. Touch traces were seen as both helpful and
undesirable, depending on the user. Some participants felt usability
was prioritized, stating that “The hygiene aspect favors a rearranged
layout, but for the sake of usability, a static one is better” (P24). In con-
trast, others argued: “But for hygiene, it may be a viable trade-off "
(P25).

In addition, some participants emphasized personal hygiene,
saying: “This is my first time realizing that I value hygiene more
than design. Like, I know the design is opposite to my habits, but still

better” (P23). Others questioned the necessity of tackling germs on
public displays, with one participant stating: “Also, it is very normal
to interact with surfaces that a lot of people have touched before. [...]
Not all bacteria is bad bacteria, and also it is good for our immune
system to get in touch with those dirty surfaces. We need contact to
create antibodies and to strengthen it. I think trying to save oneself
from ’dirt’ from other people can be a step in the wrong direction”
(P2).

5.2.4 Privacy. Participants expressed concern about the privacy
implications of touch traces, "I would not want my trace being public
for the next person to see" (P13), or "Subsequent users could recon-
struct what I clicked" (P5). In comparison, the rearrangement strat-
egy could enhance privacy, making it harder for onlookers to track
inputs ("Rearranging layouts could provide much higher privacy, es-
pecially against social engineering attacks", P11). However, others
contested whether rearranging layouts could truly address privacy
concerns. One participant noted, "I think that if somebody really
wants to look over my shoulder, there’s no real way to protect against
that in the public displays (P17). Some participants also expressed
discomfort with the lingering presence of others’ interactions, stat-
ing, "I also might not want to know what the person before did on the
interface" (P13).
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Table 5: Tukey’s Post Hoc: Layout, Traces and Layout * Traces on Perceived Usability

Mean Difference SE df t Cohen’s d p𝑡𝑢𝑘𝑒𝑦
Baseline Horizontal 0.58 0.11 150 5.28 1.04 < .001
Baseline Vertical 0.24 0.11 150 2.18 0.43 0.08
Horizontal Vertical −034 0.11 150 −3.11 −0.61 0.01

With Traces Without Traces −0.32 0.1 150 −3.56 −0.57 < .001

Baseline With Traces Horizontal With Traces 0.42 0.16 150 2.72 0.76 0.08
Vertical With races 0.14 0.16 150 0.93 0.26 0.94

Baseline Without Traces −0.49 0.16 150 −3.14 −0.87 0.03
Horizontal Without Traces 0.25 0.16 150 1.61 0.45 0.59

Vertical Without Traces −0.15 0.16 150 −0.98 −0.27 0.92
Horizontal With Traces Vertical With Traces −0.28 0.16 150 −1.8 −0.5 0.47

Baseline Without Traces −0.91 0.16 150 −5.86 −1.63 < .001
Horizontal Without Traces −0.17 0.16 150 −1.12 −0.31 0.88

Vertical Without Traces −0.58 0.16 150 −3.71 −1.03 0.01
Vertical With Traces Baseline Without Traces −0.63 0.16 150 −4.07 −1.13 < .001

Horizontal Without Traces 0.11 0.16 150 0.68 0.19 0.98
Vertical Without Traces −0.3 0.16 150 −1.91 −0.53 0.40

Baseline Without Traces Horizontal Without Traces 0.74 0.16 150 4.75 1.32 < .001
Vertical Without Traces 0.34 0.16 150 2.16 0.6 0.26

Horizontal Without Traces Vertical Without traces −0.4 0.16 150 −2.59 0.72 0.11

6 DISCUSSION
Our research tackles reducing smear infection risks on public touch
displays by investigating GUI rearrangement strategies and visual-
ized touch traces. In response to RQ1, we introduced and evaluated
multiple software-based adaptation strategies to reduce (perceived)
touch overlap on shared interfaces. Addressing RQ2, we conducted
an in-depth laboratory study examining one strategy — the Rule-
based Rearrangement — in combination with touch trace visualiza-
tions, assessing their impacts on perceived usability. Our findings
reveal that user acceptance and perceived benefits of these inter-
face adaptations depend on the quality of visual design, perceived
hygiene improvements, and usability trade-offs. In the following
sections, we critically discuss our results concerning established
usability heuristics, highlighting both the potential and limitations
inherent in visualized touch traces and dynamic layout rearrange-
ments for public interfaces.

6.1 Usability of Altering Public Displays
Our quantitative and qualitative results agree on higher usability
scores and faster completion times for the Baseline layout, Without
Traces (RQ2). We included a practice round to avoid task confusion
(buying groceries or drinks), familiarizing participants with this
layout. Yet, the participants reported a learning effect when adapt-
ing to the other display conditions and understanding the meaning
behind the touch traces. Our approach intentionally challenged us-
ability heuristics like Maintain Interface Consistency and Adhere to
Standards [47], which reflected in the usability scores but supported
distributing touched areas. Furthermore, we also anticipate that the
interface rearrangement would happen between interface usages
in real-life contexts instead of experiencing all conditions shortly
after each other, as in our study. This open point will require future

exploration of how well users remember frequently used public
displays, such as self-checkouts, and to what extent users would
notice the rearrangement.

The inherent trade-off between the hygiene risks associated with
public touch displays [1, 16, 23, 28, 41, 66] and the recognized ben-
efits of touch-based interaction [33, 48] presents a challenge for
interface design. Determining when to prioritize hygiene over us-
ability—or vice versa—remains complex and context-dependent. In
public contexts, we argue that there are clear advantages to pri-
oritizing hygienic considerations without compromising usability.
Conversely, in more private or controlled settings where touch sur-
faces are shared by fewer users, prioritizing usability over rigorous
hygienic measures may be more acceptable. We see advantages in
further exploring intelligent adaptive strategies that carefully bal-
ance hygienic improvements with usability, rather than sacrificing
one for the other.

An alternative strategy to ours might involve targeted adapta-
tions based on user characteristics, such as handedness. Previous
research has demonstrated that accounting for handedness can
significantly enhance user comfort and interaction efficiency [69],
while simultaneously distributing interaction across the interface.
Although assessing handedness would require an additional interac-
tion step, this approach could prove beneficial, especially in public
touch display contexts. Currently, the adaptation of touch interfaces
based on handedness is relatively unexplored compared to research
on mobile phone usage [57, 69] or gesture-based interactions [19].
Given our participants’ strong preferences for using their dominant
hand, even when primary interface elements appeared inconve-
niently located, exploring handedness-driven strategies presents a
promising direction for future research to reduce smear infection
risks and enhance usability.
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6.2 Hygienic Touch Traces for a More Informed
User Behavior

Contrary to prior work [36, 56], our results showed that visualized
touch traces were rather perceived as disturbing, and participants
mainly preferred the Without Traces condition. Yet, we also saw a
similar willingness to adapt the interaction behavior as a reaction to
the traces visualizations as in Hirsch et al. [26], which contributes to
reducing touch overlaps on public displays (RQ1). Furthermore, we
assume that participants’ slower task completion time in conditions
With Traces compared to those Without Traces derives from facing
an additional cognitive load as users must interpret and respond to
the additional trace visualizations. However, participants reported
a learning effect, suggesting they could adapt faster over time. This
indicates that users might get sufficiently familiar with quickly
adapting their interaction while benefiting from the additional on-
screen information over time and use. Yet, the effort and the decision
to integrate touch trace visualization should be made depending
on the context and purpose.

In addition, participants critically commented on the trace design,
which we based on prior work’s findings [36]. However, our results
suggest that a different visual design, such as using more abstract
visualization cues, might elicit less discomfort. Ongoing research
in information visualization explains that schematic, more realistic
visualizations can be better in learning contexts, but confirms that
simpler, abstract shapes are easier to grasp [60, 61]. Thus, future
work should test the impact of different touch trace visualizations
on public touch display task completion time and understandability
to optimize usability.

Lastly, some participants viewed touch traces as helpful guides
to identify cleaner areas, highlighting the usability trade-off: some
participants valued the hygienic benefits of the adaptations, while
others found the changes disruptive. Offering control, such as mak-
ing touch trace visibility and layout rearrangement optional, may
better balance hygiene and usability. Some participants speculated
that layout rearrangements might pose usability challenges for
certain groups, such as older adults or users relying on pattern
recognition, pointing out an important avenue for future research.
Investigating whether an opt-in model improves user acceptance
and usability could help accommodate individual preferences. Fu-
ture studies should investigate how this optionality affects user ac-
ceptance, satisfaction, and experience, providing valuable insights
to enhance public touch displays.

6.3 Rearranging Display to Increase Security
While our study did not assess the security implications of the ex-
plored approaches, adaptive screen layouts could potentially reduce
the risk of ’shoulder surfing’ attacks, as discussed by Schneegass
et al. [59]. However, visualizing touch traces could increase such
risks, particularly in sensitive contexts like entering a personal
identification number or other private information, as highlighted
in prior research on usable security [3, 9, 15]. Alternating the lay-
out may also exacerbate shoulder surfing, as recalling input from
memory is more challenging than recognition [5, 25], which an
adaptive screen would require. Future research could investigate
how adaptive layouts affect security, particularly in high-stakes
contexts, such as entering sensitive information like PINs.

6.4 Limitations and Future Work
Our study was conducted under controlled lab conditions, limiting
its real-world applicability. We tested with a specific interface for
snacks and drinks, which may not generalize to other websites
or interfaces. Our results focus on perceived rather than actual
touch overlap reductions. Future work should refine the setup and
include quantitative measurements in real-world settings. Also, our
setup was further limited by the display choice. Tablet or other
screen sizes could impact the results, such as, for example, the
likability of displayed touch traces as presented in Mäkelä et al.
[36]. At the same time, our diverging results provide grounds for
further discussion and research potential. Moreover, our sample
consisted primarily of young adults (19 to 32 years, median = 25),
with most participants being university students from computer
science-related fields. All participants had prior experience with
touch-based public displays. These factors limit the generalizability
to older adults and individuals less familiar with interactive displays.
Future research should address these biases to improve applicability
and test with a broader demographic.

7 CONCLUSION
Our study examined software-based adaptations to reduce smear in-
fection risks on public touch displays through GUI rearrangements
and visualized touch traces. We assessed the Rule-based strategy
and its potential to reduce perceived touch overlap while balancing
usability, privacy, and hygiene in a three-times-two within-subject
lab study (N=26). Our findings suggest that software-based adapta-
tions can reduce touch overlap but introduce usability trade-offs.
Though reducing overlap, they increase distraction, highlighting
the hygiene-usability balance challenge. This underscores the need
for designs that allow for user control, address diverse hygiene
perceptions, and potentially further consider privacy concerns, en-
suring that these features are implemented in ways that optimize
both functionality and user experience. In sum, our work highlights
the complex balance between the need for enhanced hygiene on
public touch displays and core principles of usability and user expe-
rience. While digital adaptations promise to reduce touch overlap,
their effective implementation depends on prioritizing user agency
through customizable options. Moving forward, the field should
adopt comprehensive research approaches that integrate real-world
evaluations, consider the diverse needs and preferences of all user
groups, and deepen our understanding of how users perceive and
interact with these technologies to unlock the full potential of safer,
more user-friendly public touch displays.



Designing Safer Touch Displays MuC ’25, August 31-September 03, 2025, Chemnitz, Germany

REFERENCES
[1] 2018. Tests find traces of faeces on popular restaurant touchscreens - LondonMet-

ropolitan University — londonmet.ac.uk. https://www.londonmet.ac.uk/news/
articles/tests-find-traces-of-faeces-on-popular-restaurant-touchscreens/. [Ac-
cessed 26-08-2024].

[2] M. Abd Ellfattah. 2014. Web Design for Color Blind Persons. International Design
Journal 4, 4 (2014), 37–46. https://doi.org/10.21608/idj.2014.109774

[3] Yasmeen Abdrabou, Mohamed Khamis, Rana Mohamed Eisa, Sherif Ismail, and
Amrl Elmougy. 2019. Just gaze and wave: exploring the use of gaze and gestures
for shoulder-surfing resilient authentication. In Proceedings of the 11th ACM
Symposium on Eye Tracking Research & Applications (Denver, Colorado) (ETRA
’19). Association for Computing Machinery, New York, NY, USA, Article 29,
10 pages. https://doi.org/10.1145/3314111.3319837

[4] 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

[5] John Anderson and Gordon Bower. 1972. Recognition and Retrieval Processes in
Free Recall. Psychological Review 79 (03 1972), 97–123. https://doi.org/10.1037/
h0033773

[6] Petra Bacso and Diego Quintanilha Miranda Pereira. 2014. Web design and
usability Issues: how people read webpages. (2014).

[7] Virginia Braun and Victoria Clarke. 2006. Using thematic analysis in psychology.
Qualitative Research in Psychology 3, 2 (2006), 77–101. https://doi.org/10.1191/
1478088706qp063oa

[8] Virginia Braun, Victoria Clarke, Nikki Hayfield, and Gareth Terry. 2019. Thematic
Analysis BT - Handbook of Research Methods in Health Social Sciences. (2019),
843–860. https://doi.org/10.1007/978-981-10-5251-4_103

[9] Frederik Brudy, David Ledo, Saul Greenberg, and Andreas Butz. 2014. Is Anyone
Looking? Mitigating Shoulder Surfing on Public Displays through Awareness and
Protection. In Proceedings of The International Symposium on Pervasive Displays
(Copenhagen, Denmark) (PerDis ’14). Association for Computing Machinery,
New York, NY, USA, 1–6. https://doi.org/10.1145/2611009.2611028

[10] Daniel Buschek and Florian Alt. 2017. ProbUI: Generalising Touch Target Rep-
resentations to Enable Declarative Gesture Definition for Probabilistic GUIs. 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, 4640–4653. https://doi.org/10.1145/3025453.3025502

[11] Anna Rose Lucy Carter, Gavin Bailey, Jennifer Pearson, Matt Jones, Simon Robin-
son, Dani Kalarikalayil Raju, SpencerWinter, and Jonathan Lloyd Hicks. 2022. De-
signing and Embedding a Tangible Public Interface in the COVID Era. In Extended
Abstracts of the 2022 CHI Conference on Human Factors in Computing Systems
(New Orleans, LA, USA) (CHI EA ’22). Association for Computing Machinery,
New York, NY, USA, Article 26, 7 pages. https://doi.org/10.1145/3491101.3503556

[12] Antoine Clarinval, Bruno Dumas, and Benoît Duhoux. 2019. Supporting citizen
participation with adaptive public displays: a process model proposal. In Adjunct
Proceedings of the 31st Conference on l’Interaction Homme-Machine (Grenoble,
France) (IHM ’19 Adjunct). Association for Computing Machinery, New York, NY,
USA, Article 10, 11 pages. https://doi.org/10.1145/3366551.3370349

[13] Andrew Di Battista. 2022. A quantitative microbial risk assessment for touch-
screen user interfaces using an asymmetric transfer gradient transmission mode.
PLOS ONE 17 (03 2022), e0265565. https://doi.org/10.1371/journal.pone.0265565

[14] Piercarlo Dondi and Marco Porta. 2023. Gaze-Based Human–Computer Interac-
tion for Museums and Exhibitions: Technologies, Applications and Future Per-
spectives. Electronics 12, 14 (2023). https://doi.org/10.3390/electronics12143064

[15] Habiba Farzand, Kinshuk Bhardwaj, Karola Marky, and Mohamed Khamis. 2021.
The Interplay between Personal Relationships & Shoulder Surfing Mitigation.
In Proceedings of Mensch Und Computer 2021 (Ingolstadt, Germany) (MuC ’21).
Association for Computing Machinery, New York, NY, USA, 338–343. https:
//doi.org/10.1145/3473856.3474006

[16] Noah Fierer, Micah Hamady, Christian Lauber, and Rob Knight. 2008. Fierer N,
Hamady M, Lauber CL, Knight R.. The influence of sex, handedness, and washing
on the diversity of hand surface bacteria. Proc Nat Acad Sci USA 105: 17994-17999.
Proceedings of the National Academy of Sciences of the United States of America
105 (11 2008), 17994–9. https://doi.org/10.1073/pnas.0807920105

[17] Michel Fortin. 2025. Sim Daltonism. https://michelf.ca/projects/sim-daltonism/
Last accessed: February 10, 2025.

[18] Vinícius Franceschi, Lisandra Fontoura, and Marcos Silva. 2020. Usability
Heuristics for Tabletop Systems Design. 555–562. https://doi.org/10.5220/
0009389805550562

[19] Adina Friedman and Francesco Cafaro. 2024. Designing Gestures for Data Explo-
ration with Public Displays via Identification Studies. Information 15, 6 (2024).
https://doi.org/10.3390/info15060292

[20] Brad Frost. 2016. Atomic design. Brad Frost Pittsburgh.
[21] Elisabeth Ganal, Max Heimbrock, Philipp Schaper, and Birgit Lugrin. 2022. Don’t

Touch This! - Investigating the Potential of Visualizing Touched Surfaces on

Consideration of Behavior Change. In Persuasive Technology: 17th International
Conference, PERSUASIVE 2022, Virtual Event, March 29–31, 2022, Proceedings (Doha,
Qatar). Springer-Verlag, Berlin, Heidelberg, 75–88. https://doi.org/10.1007/978-
3-030-98438-0_6

[22] Vito Gentile, Salvatore Sorce, Alessio Malizia, Dario Pirrello, and Antonio Gen-
tile. 2016. Touchless Interfaces For Public Displays: Can We Deliver Interface
Designers From Introducing Artificial Push Button Gestures?. In Proceedings of
the International Working Conference on Advanced Visual Interfaces (Bari, Italy)
(AVI ’16). Association for Computing Machinery, New York, NY, USA, 40–43.
https://doi.org/10.1145/2909132.2909282

[23] 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

[24] Lukas Grasse, Sylvain J. Boutros, and Matthew S. Tata. 2021. Speech Interaction
to Control a Hands-Free Delivery Robot for High-Risk Health Care Scenarios.
Frontiers in Robotics and AI 8 (2021). https://doi.org/10.3389/frobt.2021.612750

[25] Austin Z. Henley, Scott D. Fleming, and Maria V. Luong. 2017. Toward Principles
for the Design of Navigation Affordances in Code Editors: An Empirical Investi-
gation. In Proceedings of the 2017 CHI Conference on Human Factors in Computing
Systems (Denver, Colorado, USA) (CHI ’17). Association for Computing Machin-
ery, New York, NY, USA, 5690–5702. https://doi.org/10.1145/3025453.3025645

[26] Linda Hirsch, Yanhong Li, Hendrik Geiger, and Andreas Butz. 2021. Safe-to-Touch:
Tracking Touched Areas in Public Transport. In Human-Computer Interaction
– INTERACT 2021: 18th IFIP TC 13 International Conference, Bari, Italy, August
30 – September 3, 2021, Proceedings, Part V (Bari, Italy). Springer-Verlag, Berlin,
Heidelberg, 486–489. https://doi.org/10.1007/978-3-030-85607-6_63

[27] Simo Hosio, Jorge Goncalves, Hannu Kukka, Alan Chamberlain, and Alessio
Malizia. 2014. What’s in it for me: Exploring the Real-World Value Proposition of
Pervasive Displays. In Proceedings of The International Symposium on Pervasive
Displays (Copenhagen, Denmark) (PerDis ’14). Association for Computing Ma-
chinery, New York, NY, USA, 174–179. https://doi.org/10.1145/2611009.2611012

[28] Shaoyan Huang, Sakthi P B Ranganathan, and Isaac Parsons. 2020. To touch
or not to touch? Comparing Touch, mid-air gesture, mid-air haptics for public
display in post COVID-19 society. In SIGGRAPH Asia 2020 Posters (Virtual Event,
Republic of Korea) (SA ’20). Association for Computing Machinery, New York,
NY, USA, Article 5, 2 pages. https://doi.org/10.1145/3415264.3425438

[29] Shaoyan Huang, Sakthi P B Ranganathan, and Isaac Parsons. 2020. To touch
or not to touch? Comparing Touch, mid-air gesture, mid-air haptics for public
display in post COVID-19 society. In SIGGRAPH Asia 2020 Posters (Virtual Event,
Republic of Korea) (SA ’20). Association for Computing Machinery, New York,
NY, USA, Article 5, 2 pages. https://doi.org/10.1145/3415264.3425438

[30] 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. In Proceedings of the SIGCHI Con-
ference on Human Factors in Computing Systems (Atlanta, Georgia, USA) (CHI
’10). Association for Computing Machinery, New York, NY, USA, 2267–2276.
https://doi.org/10.1145/1753326.1753669

[31] Soyoung Jung, Daeun Lee, Soyon You, Frank Biocca, and Hannah Kum-Biocca and.
2022. The Role of the Self-Presence for Interactive Large Digital Displays: Gesture
Interactivity and Mirrored-Self Image for Advertising Content. International
Journal of Human–Computer Interaction 38, 16 (2022), 1576–1588. https://doi.
org/10.1080/10447318.2021.2009668

[32] Jonas Keppel, Marvin Strauss, Sarah Faltaous, Jonathan Liebers, Roman Heger,
Uwe Gruenefeld, and Stefan Schneegass. 2023. Don’t Forget to Disinfect: Un-
derstanding Technology-Supported Hand Disinfection Stations. Proc. ACM
Hum.-Comput. Interact. 7, MHCI, Article 204 (Sept. 2023), 18 pages. https:
//doi.org/10.1145/3604251

[33] Philipp Kranz, Dennis Kristhofen, Fabian Schirmer, Chad G. Rose, Jan Schmitt,
and Tobias Kaupp. 2025. Gesture vs. Touch Control for Unforeseen Situations
of Human-Robot Collaborative Assembly. In Proceedings of the 2025 ACM/IEEE
International Conference on Human-Robot Interaction (Melbourne, Australia) (HRI
’25). IEEE Press, 1433–1437.

[34] Diana Lemme, Romina Kühn, Alexandra Funke, and Thomas Schlegel. 2014.
A feasibility study of context-adaptive visualizations in public transport in-
formation systems. In Proceedings of the 13th International Conference on Mo-
bile and Ubiquitous Multimedia (Melbourne, Victoria, Australia) (MUM ’14). As-
sociation for Computing Machinery, New York, NY, USA, 262–263. https:
//doi.org/10.1145/2677972.2678013

[35] 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

[36] Ville Mäkelä, Jonas Winter, Jasmin Schwab, Michael Koch, and Florian Alt. 2022.
Pandemic Displays: Considering Hygiene on Public Touchscreens in the Post-
Pandemic Era. In Proceedings of the 2022 CHI Conference on Human Factors in
Computing Systems (New Orleans, LA, USA) (CHI ’22). Association for Computing

https://www.londonmet.ac.uk/news/articles/tests-find-traces-of-faeces-on-popular-restaurant-touchscreens/
https://www.londonmet.ac.uk/news/articles/tests-find-traces-of-faeces-on-popular-restaurant-touchscreens/
https://doi.org/10.21608/idj.2014.109774
https://doi.org/10.1145/3314111.3319837
https://doi.org/10.1145/2307798.2307815
https://doi.org/10.1037/h0033773
https://doi.org/10.1037/h0033773
https://doi.org/10.1191/1478088706qp063oa
https://doi.org/10.1191/1478088706qp063oa
https://doi.org/10.1007/978-981-10-5251-4_103
https://doi.org/10.1145/2611009.2611028
https://doi.org/10.1145/3025453.3025502
https://doi.org/10.1145/3491101.3503556
https://doi.org/10.1145/3366551.3370349
https://doi.org/10.1371/journal.pone.0265565
https://doi.org/10.3390/electronics12143064
https://doi.org/10.1145/3473856.3474006
https://doi.org/10.1145/3473856.3474006
https://doi.org/10.1073/pnas.0807920105
https://michelf.ca/projects/sim-daltonism/
https://doi.org/10.5220/0009389805550562
https://doi.org/10.5220/0009389805550562
https://doi.org/10.3390/info15060292
https://doi.org/10.1007/978-3-030-98438-0_6
https://doi.org/10.1007/978-3-030-98438-0_6
https://doi.org/10.1145/2909132.2909282
https://doi.org/10.1016/j.ajic.2015.10.013
https://doi.org/10.3389/frobt.2021.612750
https://doi.org/10.1145/3025453.3025645
https://doi.org/10.1007/978-3-030-85607-6_63
https://doi.org/10.1145/2611009.2611012
https://doi.org/10.1145/3415264.3425438
https://doi.org/10.1145/3415264.3425438
https://doi.org/10.1145/1753326.1753669
https://doi.org/10.1080/10447318.2021.2009668
https://doi.org/10.1080/10447318.2021.2009668
https://doi.org/10.1145/3604251
https://doi.org/10.1145/3604251
https://doi.org/10.1145/2677972.2678013
https://doi.org/10.1145/2677972.2678013
https://doi.org/10.1145/3025453.3025798
https://doi.org/10.1145/3025453.3025798


MuC ’25, August 31-September 03, 2025, Chemnitz, Germany Suesslin et al.

Machinery, New York, NY, USA, Article 284, 12 pages. https://doi.org/10.1145/
3491102.3501937

[37] Yusra Masud, M Asir Ajmal, et al. 2012. Left-handed people in a right-handed
world: A phenomenological study. Pakistan Journal of Social and Clinical Psy-
chology 10, 1 (2012), 49–60.

[38] Beth McMurchie, George Torrens, and Paul Kelly. 2019. Height, weight and
fingerprint measurements collected from 200 participants. (1 2019). https:
//doi.org/10.17028/rd.lboro.7539206.v1

[39] Eleonora Mencarini, Leonardo Giusti, and Massimo Zancanaro. 2012. An investi-
gation on acceptance and rejection of public displays in a knowledge company.
In Proceedings of the 2012 International Symposium on Pervasive Displays (Porto,
Portugal) (PerDis ’12). Association for Computing Machinery, New York, NY,
USA, Article 16, 6 pages. https://doi.org/10.1145/2307798.2307814

[40] Kyle Mew. 2015. Learning Material Design. Packt Publishing Ltd.
[41] Harold Michels, W. Moran, and J. Michel. 2008. Antimicrobial properties of

copper alloy surfaces. Advanced Materials & Processes 166 (11 2008), 57–58.
[42] Mateusz Mikusz, Peter Shaw, Nigel Davies, Petteri Nurmi, Sarah Clinch, Ludwig

Trotter, Ivan Elhart, Marc Langheinrich, and Adrian Friday. 2021. A Longitudinal
Study of Pervasive Display Personalisation. ACM Trans. Comput.-Hum. Interact.
28, 1, Article 2 (Jan. 2021), 45 pages. https://doi.org/10.1145/3418352

[43] Majid Modaberi. 2024. The Role of Gesture-Based Interaction in Improving User
Satisfaction for Touchless Interfaces. International Journal of Advanced Human
Computer Interaction 2, 2 (Aug. 2024), 20–32. https://www.ijahci.com/index.php/
ijahci/article/view/17

[44] Federico Monaco. 2022. Color blind accessibility manifesto. Commun. ACM 65, 8
(July 2022), 7. https://doi.org/10.1145/3543881

[45] Ana Hilda Morales-Aranda and Oscar Mayora-Ibarra. 2007. A Context Sensitive
Public Display for Adaptive Multi-User Information Visualization. In Proceedings
of the Third International Conference on Autonomic and Autonomous Systems (ICAS
’07). IEEE Computer Society, USA, 63. https://doi.org/10.1109/CONIELECOMP.
2007.40

[46] 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

[47] Jakob Nielsen. 1994. Enhancing the explanatory power of usability heuristics. In
Proceedings of the SIGCHI Conference on Human Factors in Computing Systems
(Boston, Massachusetts, USA) (CHI ’94). Association for Computing Machinery,
New York, NY, USA, 152–158. https://doi.org/10.1145/191666.191729

[48] Yusuke Niiro, Marcelo Kallmann, and Ahmed Sabbir Arif. 2019. An experimental
comparison of touch and pen gestures on a vertical display. In Proceedings of the
8th ACM International Symposium on Pervasive Displays (Palermo, Italy) (PerDis
’19). Association for Computing Machinery, New York, NY, USA, Article 18,
6 pages. https://doi.org/10.1145/3321335.3324936

[49] Andrea Nutsi. 2015. Usability Guidelines for Co-Located Multi-User Interaction
onWall Displays. In Proceedings of the 2015 International Conference on Interactive
Tabletops & Surfaces (Madeira, Portugal) (ITS ’15). Association for Computing Ma-
chinery, New York, NY, USA, 433–438. https://doi.org/10.1145/2817721.2820983

[50] Dietmar Offenhuber and Susanne Seitinger. 2014. Over the rainbow: informa-
tion design for low-resolution urban displays. In Proceedings of the 2nd Media
Architecture Biennale Conference: World Cities (Aarhus, Denmark) (MAB ’14).
Association for Computing Machinery, New York, NY, USA, 40–47. https:
//doi.org/10.1145/2682884.2682886

[51] Morin Ostkamp, Sven Heitmann, and Christian Kray. 2015. Short-range optical
interaction between smartphones and public displays. In Proceedings of the 4th
International Symposium on Pervasive Displays (Saarbruecken, Germany) (PerDis
’15). Association for Computing Machinery, New York, NY, USA, 39–46. https:
//doi.org/10.1145/2757710.2757716

[52] Ruyther Parente Da Costa, Edna Dias Canedo, Rafael Timóteo De Sousa, Robson
De Oliveira Albuquerque, and Luis Javier García Villalba. 2019. Set of Usability
Heuristics for Quality Assessment of Mobile Applications on Smartphones. IEEE
Access 7 (2019), 116145–116161. https://doi.org/10.1109/ACCESS.2019.2910778

[53] Callum Parker, Joel Fredericks, Martin Tomitsch, and Soojeong Yoo. 2017. To-
wards Adaptive Height-Aware Public Interactive Displays. In Adjunct Publication
of the 25th Conference on UserModeling, Adaptation and Personalization (Bratislava,
Slovakia) (UMAP ’17). Association for Computing Machinery, New York, NY,
USA, 257–260. https://doi.org/10.1145/3099023.3099060

[54] Pat Pataranutaporn, Ali Shtarbanov, Glenn Fernandes, Jingwen Li, Parinya Pun-
pongsanon, Joe Paradiso, and Pattie Maes. 2020. Wearable Sanitizer: Design
and Implementation of an Open-source, On-body Sanitizer. In SIGGRAPH Asia
2020 Emerging Technologies (Virtual Event, Republic of Korea) (SA ’20). As-
sociation for Computing Machinery, New York, NY, USA, Article 1, 2 pages.
https://doi.org/10.1145/3415255.3422897

[55] Jennifer Pearson, Gavin Bailey, Simon Robinson, Matt Jones, Tom Owen, Chi
Zhang, Thomas Reitmaier, Cameron Steer, Anna Carter, Deepak Ranjan Sa-
hoo, and Dani Kalarikalayil Raju. 2022. Can’t Touch This: Rethinking Public
Technology in a COVID-19 Era. In Proceedings of the 2022 CHI Conference on

Human Factors in Computing Systems (New Orleans, LA, USA) (CHI ’22). Asso-
ciation for Computing Machinery, New York, NY, USA, Article 401, 14 pages.
https://doi.org/10.1145/3491102.3501980

[56] Bernice Rogowitz, Laura Perovich, Yuke Li, Bjorn Kierulf, and Dietmar Offen-
huber. 2021. Touching Art – A Method for Visualizing Tactile Experience. In
This manuscript was presented at alt.VIS, a workshop co-located with IEEE VIS 2021
(held virtually).

[57] Kerem Rızvanoğlu and Sinan Aşçı. 2014. Left vs. Right-Handed UX: A Compar-
ative User Study on a Mobile Application with Left and Right-Handed Users.
https://doi.org/10.1007/978-3-319-07626-3_16

[58] Hasibullah Sahibzada, Eva Hornecker, Florian Echtler, and Patrick Tobias Fischer.
2017. Designing Interactive Advertisements for Public Displays. 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, 1518–1529. https://doi.org/10.1145/3025453.3025531

[59] Stefan Schneegass, Alia Saad, Roman Heger, Sarah Delgado Rodriguez, Romina
Poguntke, and Florian Alt. 2022. An Investigation of Shoulder Surfing Attacks on
Touch-Based Unlock Events. Proc. ACM Hum.-Comput. Interact. 6, MHCI, Article
207 (Sept. 2022), 14 pages. https://doi.org/10.1145/3546742

[60] Alexander Skulmowski. 2024. Are realistic details important for learning with
visualizations or can depth cues provide sufficient guidance? Cognitive Processing
25 (03 2024). https://doi.org/10.1007/s10339-024-01183-3

[61] Alexander Skulmowski and Günter Daniel Rey. 2021. Realism as a retrieval
cue: Evidence for concreteness-specific effects of realistic, schematic, and verbal
components of visualizations on learning and testing. Human Behavior and
Emerging Technologies 3, 2 (2021), 283–295. https://doi.org/10.1002/hbe2.209
arXiv:https://onlinelibrary.wiley.com/doi/pdf/10.1002/hbe2.209

[62] Jacob P Somervell, Shahtab Wahid, and D Scott McCrickard. 2003. Usability
Heuristics for Large Screen Information Exhibits.. In INTERACT. 904–907.

[63] Jake Spurlock. 2013. Bootstrap: responsive web development. " O’Reilly Media,
Inc.".

[64] Sopicha Stirapongsasuti, Kundjanasith Thonglek, ShinyaMisaki, Yugo Nakamura,
and Keiichi Yasumoto. 2021. INSHA: Intelligent Nudging System for Hand
Hygiene Awareness. In Proceedings of the 21st ACM International Conference
on Intelligent Virtual Agents (Virtual Event, Japan) (IVA ’21). Association for
Computing Machinery, New York, NY, USA, 183–190. https://doi.org/10.1145/
3472306.3478355

[65] Hans van der Heijden. 2004. User Acceptance of Hedonic Information Systems.
MIS Quarterly 28, 4 (2004), 695–704. http://www.jstor.org/stable/25148660

[66] Daniela Vargas-Robles, Carolina Gonzalez-Cedillo, ApolinarMHernandez, Luis D
Alcaraz, and Mariana Peimbert. 2020. Passenger-surface microbiome interactions
in the subway of Mexico City. PloS one 15, 8 (2020), e0237272. https://doi.org/10.
1371/journal.pone.0237272

[67] Junfeng Wang and Jialin Li. 2024. Human body features recognition based
adaptive user interface for extra-large touch screens. Displays 85 (2024), 102838.
https://doi.org/10.1016/j.displa.2024.102838

[68] Zhe Zeng, Sai Liu, Hao Cheng, Hailong Liu, Yang Li, Yu Feng, and Felix Siebert.
2023. GaVe: A webcam-based gaze vending interface using one-point calibration.
Journal of Eye Movement Research 16, 1 (Jan. 2023). https://doi.org/10.16910/
jemr.16.1.2

[69] Tamara Zieher and Kathrin Probst. 2024. Usability Optimization for Mobile
Menu Design: An Empirical Study of Hand Grips and User Preferences. Proc.
ACM Hum.-Comput. Interact. 8, MHCI, Article 263 (Sept. 2024), 19 pages. https:
//doi.org/10.1145/3676508

https://doi.org/10.1145/3491102.3501937
https://doi.org/10.1145/3491102.3501937
https://doi.org/10.17028/rd.lboro.7539206.v1
https://doi.org/10.17028/rd.lboro.7539206.v1
https://doi.org/10.1145/2307798.2307814
https://doi.org/10.1145/3418352
https://www.ijahci.com/index.php/ijahci/article/view/17
https://www.ijahci.com/index.php/ijahci/article/view/17
https://doi.org/10.1145/3543881
https://doi.org/10.1109/CONIELECOMP.2007.40
https://doi.org/10.1109/CONIELECOMP.2007.40
https://doi.org/10.1145/3115933
https://doi.org/10.1145/3115933
https://doi.org/10.1145/191666.191729
https://doi.org/10.1145/3321335.3324936
https://doi.org/10.1145/2817721.2820983
https://doi.org/10.1145/2682884.2682886
https://doi.org/10.1145/2682884.2682886
https://doi.org/10.1145/2757710.2757716
https://doi.org/10.1145/2757710.2757716
https://doi.org/10.1109/ACCESS.2019.2910778
https://doi.org/10.1145/3099023.3099060
https://doi.org/10.1145/3415255.3422897
https://doi.org/10.1145/3491102.3501980
https://doi.org/10.1007/978-3-319-07626-3_16
https://doi.org/10.1145/3025453.3025531
https://doi.org/10.1145/3546742
https://doi.org/10.1007/s10339-024-01183-3
https://doi.org/10.1002/hbe2.209
https://arxiv.org/abs/https://onlinelibrary.wiley.com/doi/pdf/10.1002/hbe2.209
https://doi.org/10.1145/3472306.3478355
https://doi.org/10.1145/3472306.3478355
http://www.jstor.org/stable/25148660
https://doi.org/10.1371/journal.pone.0237272
https://doi.org/10.1371/journal.pone.0237272
https://doi.org/10.1016/j.displa.2024.102838
https://doi.org/10.16910/jemr.16.1.2
https://doi.org/10.16910/jemr.16.1.2
https://doi.org/10.1145/3676508
https://doi.org/10.1145/3676508


Designing Safer Touch Displays MuC ’25, August 31-September 03, 2025, Chemnitz, Germany

8 APPENDIX
9 PRE-STUDY QUESTIONNAIRE
9.1 Demographic

(1) What gender do you most identify with?
(2) When were you born?
(3) What is your highest educational degree?
(4) What is your current main occupation?
(5) How often do you use public displays (e.g., self-checkout in

the supermarket, fast food counter, ticket machines)? (daily,
at least once a week, at least once a month, less than once a
month, never)

9.2 Hygiene Awareness and Safety Perception
(1) When interacting with public displays, I think about the

possible hygiene risks associated with touching surfaces
that are shared with other people.

(2) In general, I feel comfortable using public touch displays
despite the possible hygiene risks.

(3) When interactingwith public displays, I think of other people
around me potentially observing my input on the screen.

(4) In general, I feel comfortable using public touch displays
despite the possibility of others observing my interaction.

10 INTERIM QUESTIONNAIRE
10.1 UX / Usability via Hedonic TAM
Each question was rated using a 7-point Likert scale (strongly disagree
to strongly agree) unless noted otherwise.

10.1.1 Perceived usefulness.

(1) By using the touch display. . . I can decide more quickly and
more easily what I want to buy than in the past.

(2) I can better decide what I want to buy than in the past.
(3) I am better informed about the purchases with this display.
(4) I can decide more quickly and more easily whether I want

to buy a particular product or not.

10.1.2 Perceived ease of use.

(1) The interaction with the display is clear and understandable.
(2) The interaction with the display does not require a lot of

mental effort.
(3) I find the display easy to use.
(4) I find the display easy to get to do what I want it to do.

10.1.3 Perceived enjoyment. Each question was rated using a 7-point
semantic differential scale.

(1) Enjoyable–disgusting
(2) Exciting–dull
(3) Pleasant–unpleasant
(4) Interesting–boring

10.1.4 Behavioral intention.

(1) I would reuse the display.
(2) I predict that I would reuse it in the short term.

10.2 Qualitative Statements
(1) Any comments about your latest interaction experience?

11 FINAL QUESTIONNAIRE
11.1 Scaling questions

(1) I would prefer to interact with non-adapting public displays
compared to an adjusting one.

(2) I would prefer to have public displays adjust themselves
compared to non-adapting ones.

(3) I think that adjusting the interface between users increases
the display’s hygiene.

(4) I think that adjusting the interface between users increases
the users’ privacy.

(5) I think that adjusting public displays between uses has a
negative effect on their usability.

(6) I would like to see more public displays adjust themselves
between users.
Please explain why:

(7) I would prefer to interact with adapting public displays that
highlight previous users’ traces.
Please explain why:

(8) Layout adjustments to public displays between uses do not
bother me.
Please explain why:

(9) Layout adjustment to public displays between uses would
make me more comfortable while interacting with them.
Please explain why:

11.2 Qualitative Feedback / Open questions
(1) Please describe if/how the traces from previous users influ-

enced your behavior.

(2) Please describe your perceived feeling of comfort to interact
with the display when seeing previous users’ traces.
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