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Figure 1: We present the Cookie Counter, a tangible privacy and security interface for persistent cookie management (center)
to investigate the differences between digital and tangible interfaces in the context of real-world security behaviors and
decision-making. Our design was informed by design recommendations from prior work and iterative user input (left shows
the initial prototype). We then evaluated its impact on users’ perceptions, usage patterns, and self-reported cookie choices in

the wild, comparing it with a purely digital interface (right).

ABSTRACT

Tangible Privacy and Security Interfaces (TaPSIs) transform abstract
cybersecurity decisions and behaviors into physical forms to sup-
port cognition. However, prior research has rarely evaluated TaPSIs
in the wild. Our work addresses this gap by focusing on browser
cookies as an example of everyday yet abstract security topics.
Cookies can put users’ privacy and security at risk by enabling user
profiling and being vulnerable to cyberattacks. We developed the
Cookie Counter, a tangible cookie management prototype, and com-
pared it to a purely digital browser extension in a two-week field
study (N=16). While both versions were rated similarly in usability
and user experience, participants in the tangible condition valued
immediate visibility and ease of operation, but criticized its porta-
bility and the space it occupied. Our work contributes empirical
field evidence to TaPSI research and illustrates trade-offs between
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constant physical peripheral visibility and seamless integration into
existing digital workflows.
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1 INTRODUCTION

Cybersecurity is often difficult for users to grasp, since security
and privacy threats and protection mechanisms operate in abstract
digital systems and cannot be directly perceived or assessed through
human senses.

The research area of Tangible Privacy and Security Interfaces
(TaPSI) addresses this challenge [12]. Its core idea is to make cyber-
security risks and protection mechanisms more understandable by
embedding them in users’ physical environments. To this end, TaPSI
research explores tangible privacy and security control and aware-
ness mechanisms that enable physical manipulation and perception.
Hence, TaPSIs can be understood as a step back from digitization,
aiming to materialize security-relevant decisions and behaviors
through a physical presence that supports cognitive processes such
as understanding, reflection, and decision-making [2, 12, 29]. In
other words, they aim at leveraging embodied cognition [41] for
privacy and security challenges [29].

However, studies of TaPSIs in realistic, everyday use contexts
(i.e., in the wild) remain scarce. Therefore, it remains largely un-
clear to what extent reported benefits and challenges of TaPSIs
hold true in realistic usage environments, as privacy and security
behaviors measured in laboratory settings might strongly differ
from behaviors observed in the wild [13, 35]. In addition, direct
comparisons between digital and tangible solutions are rare [12, 42].
Such comparisons are important to disentangle effects stemming
from the physicality of an interface from those caused by its under-
lying functionalities, which can often be similarly implemented in
a purely digital manner. Our work addresses these gaps by investi-
gating a TaPSI in an in-the-wild context and comparing it with a
functionally equivalent digital alternative.

As a concrete, everyday example of abstract decisions users face,
we focus on browser cookies. While browsing online, cookies en-
able features such as personalized website content and reduced
authentication effort. Most websites nowadays display cookie ban-
ners: pop-ups that cover parts of the content and inform users about
cookie usage. However, increasing knowledge about cookies does
not necessarily translate into changes in cookie choices [21, 36].
These choices are particularly consequential for persistent cookies
(i.e., cookies that are not automatically deleted once the website
is closed), as they enable the creation of extensive user profiles
and are vulnerable to several types of attacks [18, 21]. Internet
users are thus very frequently confronted with the abstract topic
of browser cookies, but often lack adequate means for managing
already-granted cookies. This makes cookies a suitable everyday
use case for investigating whether TaPSIs can support users’ privacy
and security behaviors.

We investigated this by first developing a tangible cookie man-
agement interface, the Cookie Counter. We grounded the design of
the Cookie Counter in recommendations from related work and ap-
plied an iterative development approach guided by end-user input.
Cookie Counter provides persistent, real-time information to users
by showing the current number of browser cookies at a glance. It
also enables direct deletion of browser cookies through a simple
button press. We then conducted an in-the-wild study with 16 par-
ticipants who used either the Cookie Counter or a purely digital,
functionally identical alternative (i.e., a Chrome browser extension)
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for two weeks. We found that both interfaces were perceived simi-
larly in terms of usability and user experience. Descriptive trends
suggest slightly stronger effects of the Cookie Counter on partici-
pants’ cookie behavior, choices, and privacy concerns. Moreover,
directly and calmly displaying the cookie count in real time appears
to be the most impactful design feature of our TaPSL

Contribution Statement. We contribute to the understanding of
how TaPSIs affect users’ security behaviors, concerns, and choices
by (1) developing Cookie Counter, a TaPSI for persistent cookie man-
agement grounded in design recommendations from related work
and end-user input, and (2) conducting a user study investigating
its effects in the wild in comparison with a digital alternative with
the same functionalities.

2 BACKGROUND & RELATED WORK

2.1 Tangible Privacy and Security Interfaces

Delgado Rodriguez et al. [12] define “Tangible Privacy and Secu-
rity Interfaces (TaPSI) as ‘tangibles’ — which means they exist in
the physical world and can be manipulated or perceived by touch
and potentially other senses — that help users manage, protect, and
understand information privacy and/or security”

Mehta et al. [29] describe tangible privacy interfaces as ideally
being direct, ready-to-hand, and contextual. The authors argue that
such interfaces are direct, if they enable timely and intuitive (tangi-
ble) interactions through metaphors. They should be ready-to-hand
by supporting ad hoc interactions through wearable and ambient
form factors. This means that well-designed tangible privacy in-
terfaces support periphery-to-center attention transitions, being
always ready to use but grabbing the user’s attention only when
necessary. Finally, TaPSIs should be contextual by being adaptable
to different usage contexts (e.g., by providing modular hardware or
configurable software).

TaPSIs may also apply “physically-intuitive privacy and secu-
rity” [16] features. This term describes the usage of physicalization
to provide unambiguous feedback about the state of a potentially
privacy-invasive sensor (e.g., a covered camera cannot record the
user) [2, 16]. This design approach stems primarily from research
on the Internet of Things (IoT). It suggests developing sensors, such
as microphones or cameras, that enable physical manipulation and
perceptible assurance of the sensors’ state (i.e., on or off) [14-16].

Since this strong emphasis on current risks resulting from the
proximity of sensing devices does not align well with our focus on
persistent browser cookies, we have not made physically-intuitive
privacy and security design principles a priority in our work. In-
stead, we based our design considerations for the Cookie Counter
mostly but not exclusively on Mehta et al. [29]’s Privacy Care
framework in combination with findings from the TaPSI literature
survey [12] and additional insights from related works [9, 10, 42].

2.1.1  In-The-Wild Evaluations of TaPSI. Research has shown grow-
ing interest in TaPSIs over the last few years, with solutions that
address a wide range of privacy and security challenges [12]. How-
ever, most research evaluating user perceptions of TaPSIs is limited
in ecological validity, as only a few works have evaluated functional
TaPSI prototypes in the wild. Examples of existing in-the-wild eval-
uations of TaPSIs include the trial of Posit, an interactive tangible
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calendar that enables users to control the disclosure level of sched-
ule dates by changing them based on their placement on a tray [20],
a study on the Peekaboo Cam, a camera designed to enable observa-
tional field research in subjects’ homes while maintaining the sub-
jects’ comfort and privacy, and the development and evaluation of
PowerCut and Obfuscator, two tangible approaches to enabling users
to control their privacy when using a smart speaker [7]. The work
that most closely relates to this paper is “DataCrumb”, a physical
artifact that uses ambient feedback (i.e., light, sound, and a screen)
to encourage reflection about web tracking. The cookie-shaped
prototype indicates the number of and the domains of tracking
requests that are being detected and blocked [34].

These works describe unique benefits and drawbacks of TaPSI.
However, to better understand their impact in practice, it is crucial
to compare TaPSIs directly with digital solutions, because many
of the proposed benefits of TaPSIs, such as improved awareness,
control, and intuitiveness [12], are inherently relative to existing
digital solutions.

2.1.2  In-The-Wild Comparison Studies. Only very few works have
deployed comparisons of functional TaPSIs against digital alterna-
tives in the wild [12]. In particular, some researchers compared the
usability and user perception of commercial tangible and digital
two-factor authentication methods in the wild [1, 23, 32, 40].

To the best of our knowledge, only Windl et al’s work on the
SaferHome privacy dashboards for smart homes describes an in-
the-wild evaluation of a newly developed TaPSI and a digital alter-
native [42]. However, the focus of this paper is on floorplan-based
privacy dashboards, and therefore, the authors draw few compara-
tive conclusions.

2.2 Browser Cookies

Browser cookies are small text files that websites may store on users’
devices to enable functionalities (functional cookies) or to, for exam-
ple, create user profiles (non-functional cookies) [21]. While some
cookies are generally necessary to provide functionality or enhance
the user experience, especially persistent cookies (i.e., cookies that
persist after a session is closed) can be used to profile users, derive
sensitive information, or serve targeted advertisements. Cookies
may also grant third parties access to sensitive data or be exploited
by malicious attackers, for example, to hijack user sessions and
gain unauthorized access to accounts [18, 37]. Our work focuses
on browser cookies as a concrete, everyday example of abstract
security topics that users repeatedly face.

2.2.1 Legislation & Cookie Banners. Although cookies pose signif-
icant privacy and security risks, their storage is generally invisible
to users, which is why laws such as the General Data Protection
Regulation (GDPR) in Europe and the California Consumer Privacy
Act (CCPA) require providers to ensure informed consent or provide
opt-out options. Website providers that want to use non-essential
cookies (e.g., tracking cookies) must obtain users’ informed consent,
typically through a cookie banner. Cookie banners are pop-ups that
inform users that the website they are visiting uses cookies and
usually offer them multiple buttons to confirm their cookie choice.
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2.2.2 Users’ Cookie Awareness & Choices. Under the GDPR, con-
sent for non-essential cookies must be freely given, which in prac-
tice requires that users should be able to refuse cookies as easily
as they can accept them. However, many designs fail to provide a
clear option to decline cookies or apply deceptive patterns, making
such options more difficult to find [19, 21, 22].

However, Strycharz et al. [36] showed that increasing users’
knowledge might also not affect their cookie decisions as expected.
The authors conducted an online experiment with 294 participants
to assess the impact of technical and legal knowledge about online
data collection on participants’ self-reported privacy-related percep-
tions of browser cookies. Receiving technical and legal knowledge
interventions did not increase participants’ motivation to reject
tracking cookies. The authors conclude that, from the factors they
investigated, only privacy concerns and preferences for personal-
ized ads and recommendations mattered [36]. Consequently, many
tracking cookies get accepted. With our work, we make those cook-
ies more visible for users and support deletion.

2.3 Summary and Research Gap

To the best of our knowledge, no direct in-the-wild evaluations
of user behavior and its effects on security choices that consider
both purpose-designed TaPSIs and functionally equivalent digital
alternatives have been conducted yet. Our work addresses this gap
by investigating in the wild whether and how a TaPSI designed
according to considerations derived from related work affects users’
perceptions, behaviors, and choices regarding persistent browser
cookies, compared to a purely digital solution. To render this ques-
tion graspable, we focus on persistent browser cookie management
as the use case. Therefore, we designed, implemented, and evalu-
ated a TaPSI for this specific use case. Research on browser cookies
and cookie banners shows that users are repeatedly confronted
with cookie-related decisions, yet increased knowledge alone does
not necessarily translate into changed behavior [21, 36]. We thus
assume that users will continue to grant cookies (beyond what may
be necessary) and take the approach of supporting them in man-
aging cookies instead. To this end, we propose the Cookie Counter
as a tangible interface that displays the number of granted cookies
and supports quick deletion.

3 RESEARCH APPROACH
With our work, we aim to answer the following research questions:

RQ1 - Cookie Awareness & Choices How does exposure to
a TaPSI, compared to a similar digital persistent cookie man-
agement tool, impact participants’ online privacy concerns
and self-reported cookie choices?

RQ2 - Usage Behavior How does participants’ behavior in
the wild while using a TaPSI compare to their behavior when
using a similar purely digital tool?

RQ3 - User Experience How does the user experience and
usability of a purposefully designed TaPSI for persistent
cookie management compare to a purely digital tool with
the same functionalities?

To instantiate a meaningful TaPSI that can answer these ques-
tions, our work employs design considerations from prior work
(see Section 4.1). In particular, we explore TaPSIs’ ability to provide
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(1) persistent security-relevant information, (2) direct and intuitive
control via physical manipulation, (3) a calm integration into the
user’s everyday environment, (4) contextual adaptability, as well as
(5) a metaphoric physical form.

3.1 Process Overview

Our research process consisted of four steps as shown in Figure 2.
We first derived design considerations for a TaPSI for cookie man-
agement from design recommendations presented in related work.
We then implemented a first version of the corresponding TaPSI
and conducted a short formative lab trial with six participants to
collect early feedback on the underlying concept and concrete de-
sign. Based on these insights, we then implemented the final Cookie
Counter and a digital alternative. Both prototypes provide the same
functionalities to users, but differ in user interaction and directness.
We then measured and compared participants’ perceptions, security
behaviors, and choices in the wild while being exposed to one of
the prototypes.

3.2 Ethical Considerations

For our lab trial, we did not seek formal IRB approval, as low-risk
lab studies such as this are exempt in our institution. For our in-the-
wild study, which could have a larger impact on participants due to
the prolonged collection of data related to participants’ browsing
behavior, we received formal IRB approval. For both studies, we ad-
hered to our institution’s ethical guidelines and best practices. Con-
sequently, before consenting to participate, participants received a
detailed explanation of the data collection and the study’s purpose.
They were also informed about the procedures and locations for
data storage, in particular that usage data (i.e., categories of visited
websites, cookie counts, and timestamps of user interactions) would
be stored on a Firebase real-time database. All other information
was processed only locally to protect our participants’ privacy. In
addition, participants were informed about the voluntary nature of
participation and the option to withdraw at any time.

3.3 Limitations

We collected self-reported data in both studies, which may be
prone to social desirability bias. Moreover, we recruited partici-
pants through university channels. We recruited those living in
Munich, Germany and its suburbs for one of the conditions of our
in-the-wild study, due to logistical constraints. Due to issues with
the survey tool, we were unable to record participants’ reported
gender correctly in our final study. In addition, our sample sizes
were rather small, as is common in exploratory HCI studies [6],
particularly in in-the-wild studies, where recruiting participants
willing to reliably incorporate a research prototype into their daily
routines can be challenging. For example, Windl et al. used a similar
sample size of 16 participants in their in-the-wild study [42]. Nev-
ertheless, our sample size limits the generalizability of our findings,
and some between-group effects may have gone undetected. Par-
ticipants from the in-the-wild study also started with high cookie
awareness and internet user privacy concerns, which may have
resulted in ceiling effects. Finally, the study took two weeks and
can, thus, not capture longer-term exposure effects.
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4 DEVELOPING THE COOKIE COUNTER

4.1 Design Considerations

We derived the following design considerations for our persis-
tent cookie management TaPSI on the Privacy Care Framework
by Mehta et al. [29] and supplemented it with additional insights
from the TaPSI design space [12] and further design frameworks
for TaPSIs by Delgado Rodriguez et al. [9] and Wind] et al. [42]:

Realtime Information: To foster directness [29], the TaPSI
should provide realtime information that users can grasp at
a glance at all times without having to first interact with
it [12]. We implemented this by continuously visualizing the
current number of stored cookies. Showing the number of
stored cookies at all times is an easy-to-grasp reminder that
cookies persist.

Direct and Intuitive Control: The TaPSI should enable quick
and intuitive user responses to the provided information [12,
29]. We implement this by deleting persistent cookies with
a single button press. This process ignores cookies from
currently open websites to avoid data loss or the need for
re-authentication.

Ambient TaPSI in Meaningful Environment: To ensure that
the TaPSI is always ready-to-hand to perform ad hoc interac-
tions [29], it should be placed in a meaningful environment
(i.e., where it will be needed most) [10, 42], which is near
the device that runs the web browser. Moreover, it should
support periphery-to-center attention transitions to reduce
users’ mental load. We implemented this by applying two
levels of information granularity, with the tangible calmly
and steadily providing only the most important information
at a glance. Users can access more fine-grained control and
information features through a browser extension.

Contextual Adaptability: Contextual adaptability in TaPSIs
can be achieved through modularization of hardware and cus-
tomizable software features [29]. We implemented software-
based customization, enabling users to set a custom cookie
limit and create an allowlist of websites exempt from cookie
deletion. In the initial version, we provided the delete button
as an additional device that could be disconnect. In contrast,
the second version of our Cookie Counter instead enabled
hardware modularization through an additional decorative
bust that could be removed.

Metaphoric Appearance: Metaphors can increase the intu-
itiveness of interactions and interest in or engagement with
a TaPSI [11, 12, 28, 29]. We therefore opted for a playful de-
sign that integrates a character, as suggested by [30] and [9],
with a well-known connection to “cookies”, the Cookie Mon-
ster muppet from Sesame Street! — a metaphor used in prior
works [8, 38, 39].

Usage Data Logging: In order to answer our research ques-
tion on usage behaviors, we incorporated data logging.

Uhttps://sesameworkshop.org/our-work/shows/sesame-street/, last accessed April 20,
2026

%In the spirit of diversity, equity, and inclusion, we have replaced a charged term used
in our original user interface with an alternative in these screenshots.
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Direct Realtime Information
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Contextual Adaptability
Metaphoric Appearance
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Final Cookie Counter

In-The-Wild Study

Usage & Perception; Cookie
’ Concerns, Awareness & Choices

Cookie Digital
Smaller, neutral color & playful Counter Alternative
character optional (n=9) (n=7)

Figure 2: Our research process consisted of four subsequently conducted steps. We first derived design considerations from
related work and used them to design the first version of our Cookie Counter. We then collected user input through a short
formative lab trial that informed the final design of the Cookie Counter. We finally conducted an exploratory user study in the
wild with 16 participants who used either the Cookie Counter or a purely digital alternative.

“ted CBReY O as &

Allowlist

Info! Connected

(a) Overview Tab

CBReY O as &

a

Cookies

adobe.com 8

accounts google.com 5

(b) Allowlist Tab?

Figure 3: We developed a Chrome extension to enable cookie
management functionalities and provide an interface for
customization. Its graphical user interface pops up when a
user clicks on the extension’s icon in the browser’s menu
bar. Note that this Figure shows the browser extension of
the Cookie Counter. The digital alternative looks slightly
different (see Figure 1).

4.2 Initial Version

The Cookie Counter accesses cookie management functionalities
through a browser extension. We used Node.js as a runtime envi-
ronment, and TypeScript and React for the graphical user interface.
A service worker handles all communication between the browser
extension and the tangible interface.

Figure 3 shows the graphical interface of the browser extension,
which consists of two tabs: the overview tab and the allowlist tab.
The overview tab shows the number of cookies, the icon for mod-
ifying the cookie limit, and a notification about the status of the
connection with the tangible interface. When the cookie limit is
reached, the extension will automatically delete all persistent cook-
ies. In the allowlist tab, users can view and configure their allowlist
of domains from which cookies should not be deleted. This enables
them to add domains they trust or frequently use, and for which
they do not want to re-authenticate every time they open them. To
enable quantitative behavior analysis, we logged the following user
interaction data in a Firebase Realtime Database:

Setup Events: Extension installed/ restarted; connection to
the tangible interface established/ interrupted (usually when
Chrome starts/ closes).

Browsing Behavior: New website opened and its URL.

Cookie Counter Usage: Allowlist entry added/ deleted and
number of entries; cookie limit changed and new value;
cookie deletion event and number of cookies before deletion.

The initial tangible interface contained an ESP32 microcontroller
and a 4-inch TFT-LCD display with a 480 x 320 pixel resolution (see
left side of Figure 1). The built-in Wi-Fi enabled wireless communi-
cation with the extension. The casing of Cookie Counter consisted
of a free 3D model® of the Cookie Monster, which we modified to
accommodate all components. A large red button, housed in an
external enclosure, triggers cookie deletion.

4.3 Formative Lab Trial

To refine our initial design, we conducted a formative lab trial with
six subjects that we recruited directly from our personal networks.
They were not compensated for their participation in this short
trial (15-20 minutes).

3Cookie Monster Model by Cerberus333,https://www.thingiverse.com/thing:455544,
last accessed on January 15, 2026
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Procedure. For our trial, we used a desk setup with a PC running
Google Chrome and the browser extension installed, a screen, key-
board, mouse, and the initial version of the Cookie Counter. For
each participant, the browser was reset, all cookies were deleted,
and the automatic cookie limit was set to 1000.

Participants first provided their demographics, browsing behav-
ior, and cookie deletion behavior in an online survey. They sub-
sequently received a short introduction about browser cookies,
the Cookie Counter and its functionalities. Participants then had
ten minutes to use the Google Chrome browser as they usually
would and interact with the Cookie Counter. Finally, a second sur-
vey inquired about their opinions regarding our underlying concept,
the ease of use of the prototype, its design, as well as wishes and
thoughts for improvements through free-text answers.

Findings. We had four female and two male participants who
were 27-28 years old. All used Google Chrome regularly and re-
ported using web browsers 2.5 to 12 hours daily and never (N = 3)
or rarely (N = 2) deleted cookies before. Details in Appendix A.

Participants thoroughly tested the device and sometimes pressed
the button several times because the count did not drop to 0. This
led to an average of 7.17 deletions during the trial.

All participants liked the idea of the Cookie Counter. Two partic-
ipants highlighted that they felt that our prototype increased their
awareness of browser cookies: “The display is great, especially the
fact that you can see in real time how many cookies there are (there
are an astonishing number)” (T6).

All participants found the usage very easy, and three specifically
noted the ease of pressing a button to delete the cookies. Two
participants also highlighted that they liked the Cookie Monster
design. Nevertheless, three participants criticized the initial version
as much too large, and one disliked its blue color. One participant
also mentioned that the Cookie Monster design is too childish, and
another one would prefer a design without the monster.

Summary. Participants were able to successfully use the initial
version of our Cookie Counter and appreciated the underlying idea
of having a tangible device that shows the number of cookies and
allows them to be deleted with a simple button press. However, they
disliked the size and color of the initial version. The playful Cookie
Monster design was specifically mentioned as a positive feature by
some participants and as a negative feature by one participant.

4.4 Final Cookie Counter

Based on the lab trial, we adapted the tangible interface design
and the browser extension’s data logging to minimize the risk of
collecting sensitive data during the subsequent field study.

Figure 1 shows both versions of the tangible interface side-by-
side to enable size comparisons and the final version in more detail
in the middle. The final Cookie Counter is a white cuboid with a
display to monitor the number of cookies and a button to delete the
cookies. Optionally, the user can place a small bust of the Cookie
Monster from Sesame Street on top of the box for decoration. A
much smaller red push button is now directly integrated into the
case. To enable the smaller design, we also replaced the ESP32 board
we used with a smaller ESP8266-based microcontroller.
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To protect our field study participants’ privacy, we modified
the data logging to log only the types of visited websites, rather
than their URLs. To implement this, we locally mapped visited
domains to the categories listed in Appendix B. We developed the
mapping based on the first 1000 domains of the research-oriented
top websites ranking list Tranco [25]%, as well as frequently visited
domains from a previous 10- 14-day-long field study conducted at
our university in 2024 with 10 participants. A test with the websites
visited by participants during our lab trial achieved a coverage of
60.82% using this mapping. All remaining visited domains would
be assigned to “Other”.

5 IN-THE-WILD STUDY

We conducted a between-groups field study. Participants who reg-
istered were randomly assigned to either the Cookie Counter condi-
tion or the digital alternative condition.

5.1 Study Apparatus

5.1.1 Digital Alternative. The Chrome extension developed for the
Cookie Counter builds the foundation of the purely digital compar-
ison baseline. To enable all user interactions the Cookie Counter
integrates, we added a button to delete cookies to the extension
and removed the connection notification (see Figure 1, right).

5.1.2  Online Surveys. We developed two SoSci Surveys and hosted
them on university servers:

Start Survey The start survey contained questions about par-
ticipants’ demographics and affinity for technology (Affinity
for Technology Interaction (ATI) [17] scale). In addition, we
inquired about their browsing (i.e., most used browser, fre-
quency and duration of internet use, browser extensions,
and private browsing functionalities) and cookie deletion
habits (i.e., how often and how they delete their cookies).

Final Survey The final survey focused on participants’ expe-
riences with the Cookie Counter. For this, we applied the
System Usability Scale (SUS) [5], the short version of the
User Experience Questionnaire (UEQ-S) [24], some Likert
items regarding their opinions and thoughts on using the
Cookie Counter and the effects it had on them after using it
(e.g., whether it motivated them to learn more about cookies
or whether the number of cookies was as they expected), as
well as some open-ended questions for comments or sugges-
tions regarding functionality or design.

In addition, we repeated items in both the start and final survey
to identify changes in participants’ self-reported behaviors and
perceptions due to their exposure to the Cookie Counter or the digi-
tal alternative. We used 5-point Likert scales asking whether they
had heard of browser cookies before, whether they believed that
a browser cookie captures data about them, and whether they be-
lieved that a browser cookie could be used by the website provider
or a third party to collect data about them. We also asked which op-
tions they usually choose on cookie banners (i.e., accept all cookies,
configure selection, or reject all cookies) and applied the Internet
Users’ Information Privacy Concerns scale (IUIPC-10) [26].

“The Tranco list is available at https://tranco-list.eu/list/ZW95G. It was generated on
June 7, 2025, to include domains seen in Germany, where the study was conducted.
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5.2 Procedure

We recruited our participants using institutional social media chan-
nels and mailing lists. To participate in the study, participants were
required to confirm that they use Google Chrome regularly and in
a stable environment (i.e., the same WiFi network). They also had
to confirm that they would do so throughout the study.

After signing up for the user study, participants in the digital
alternative group received instructions on installing the browser
extension. Participants in the Cookie Counter condition were asked
to schedule on-site appointments to collect the device before taking
it home for the duration of the study. They subsequently received a
brief explanation of how the Cookie Counter works and installation
instructions they were asked to perform immediately.

We instructed all participants to complete the start questionnaire
before using the prototype or digital alternative in any way they
wished for two weeks. After this period, they received an email
containing a link to the final questionnaire and instructions on how
to uninstall the extension. Participants were compensated with 12€
for their efforts. We piloted our user study with two volunteers to
review the whole process and identify possible problems. Based
on the pilot testers’ feedback, we slightly adjusted our surveys to
make instructions clearer.

5.3 Collected Data & Analysis

We gathered both quantitative and qualitative data. In particular,
we measured participants’ use of both prototypes using data logs
and self-reported data (i.e., Likert scales and free-text responses).
We collected participants’ perceptions of the prototypes’ usability
and user experience using standard scales and author-generated
items (again: Likert scales and free-text responses). To explore the
effects of both prototypes on participants’ cookie-related behaviors,
we administered pre- and post-study tests as described above.

We analyzed all quantitative measures descriptively and report
on these findings in the following. A sensitivity analysis approximat-
ing the between-group comparison with an independent-samples
t-test indicated that, assuming a = .05 and power = .80, our sample
would allow us to detect only very large between-group differences
(Cohen’sd > 1.52). We therefore performed inferential tests to iden-
tify such differences where possible, but refrain from discussing
non-significant findings in the text, as their absence of statistical
significance should not be interpreted as evidence of no effect. In
particular, we used Mann-Whitney U tests [27] with exact p-values,
given our sample sizes and irregular (i.e., non-normal) distributions
of answers [31], which we assessed through Q-Q plots.

The qualitative data we collected consisted solely of participants’
short free-text responses, most of which were less than one sentence.
Hence, we did not apply a full thematic analysis, since we primar-
ily captured qualitative insights to supplement our quantitative
findings with contextual details in order to facilitate a better inter-
pretation. Instead, we iteratively refined our mutual observations
loosely inspired by Braun and Clark [4]. For this, one researcher or-
ganized participants’ answers by similarity and derived underlying
trends. A second researcher subsequently reviewed the resulting
observations for completeness relative to the original dataset.
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6 RESULTS
6.1 Participants

We recruited 18 participants for our user study — 9 for each group.
However, two participants from the digital alternative group unin-
stalled the extension after one day, reporting slowed-down home-
page loading times, and their data were thus excluded from our
analysis. The remaining 16 participants were on average 35.75 years
old (range: 21 -66). Both groups had similar mean ages, 34.78 years
for the Cookie Counter group (n = 9) and 37.00 years for the digital
alternative group (n = 7, see Appendix C for more details). Most
participants in both groups were highly educated, with university
degrees (cookieCounter = 5 NDigital = 3) or A-level-equivalent
qualifications (ncookieCounter = 3> NDigital = 3)- Their mean ATI
score was 2.58 (SD = 0.56) for the Cookie Counter group and 3.62
(SD = 0.83) for the digital alternative group.

Browsing & Cookie Deletion Habits. Participants in both groups
indicated a comparable overall internet usage with 6.33 hours
(Cookie Counter group, SD = 5.12) and 6.00 hours daily (digital
alternative group, SD = 3.60). Both groups also used the internet
mostly for private activities — 4.94 hours on average in the Cookie
Counter group and 3.57 hours/day in the digital group. Overall,
Google Chrome was the most commonly used browser (n = 8).
In the Cookie Counter group, Mozilla Firefox was most common
(n = 4), followed by Google Chrome (n = 3). In the digital alterna-
tive group, most participants used Google Chrome (n = 5). Overall,
participants from the Cookie Counter group reported more frequent
cookie deletion than those from the digital alternative group. Seven
participants of the Cookie Counter group stated that they do not
delete cookies at all, and the remaining two participants delete their
cookies rarely. In the digital alternative group, only one participant
did not delete their cookies, three participants indicated deleting
their cookies rarely, and the remaining participants deleted their
cookies monthly (n = 1) and several times a day (n = 2).

6.2 Pre- & Post-Tests: Awareness, Concerns &
Choices

6.2.1 Cookie Awareness Items. Participants in both groups were
already aware of browser cookies before our user study. For in-
stance, participants in both groups agreed that they had heard of
browser cookies before, believed that cookies capture data about
them, and believed that cookies can be used by the website provider
or third parties for this purpose (medians = 5, see Figure 4). This
high starting point makes it difficult to assess the potential increase
in participants’ awareness. Correspondingly, most median values
remained at “agree” in the post-tests. The only observable differ-
ence was a slight decrease in agreement among participants in the
digital alternative group when asked whether cookies can be used
by third parties to capture data about users (mediangigital pre = 5,

mediandiyital,post =4).

6.2.2 Cookie Banner Choices. Table 1a provides an overview of our
participants’ self-reported cookie banner-related behavior. Most
participants in the Cookie Counter group reported usually choosing
the “Accept all cookies” (n = 5) option on cookie banners, with
fewer selecting “Reject all cookies” (n = 4) before using the Cookie
Counter. After using the Cookie Counter, the number of participants
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Figure 4: Participants’ answers to whether they have heard of browser cookies, whether they believe cookies capture data about

them, and whether cookies can be used by the website provider or third parties to collect information about them.

Table 1: Comparison of pre- and post-study cookie banner
choices and IUIPC scores.

motivated to learn

learned from prototype | NNEENNNNN disagree
counter much higher | || I NERNENE partly disagree
Cookie Counter Digital Alternative W neutral
Pre Post Change | Pre Post Change often forgot to use it -- I partly agree
Accept all cookies | 5 3 -2 1 1 0 0123456 78 9 [l agree
Select cookies 0 1 +1 2 1 -1 .
Reject all cookies 4 5 +1 4 5 +1 (a) Cookie Counter Group

(a) Counts of self-reported cookie banner choices

motivated to learn

learned from prototype

| ree ot Change | pre ot Change counter much higher (151 NN I I
control 607 626  +0.2 | 643 6238  -0.19 often forgot to use it I
awareness 6.15  6.15 0.00 6.38 6.24 -0.14 01 2 3 4 5 6 7
collection 481 461 019 | 643 593  -0.50
overall INIPC | 568 567  +0.01 | 641 613  -0.28 (b) Digital Alternative Group

(b) Participants’ IUIPC score.

choosing “Reject all cookies” increased by one (n = 5). Similarly,
before the study began, the most frequent choice in the digital
alternative group was “Reject all cookies” (n = 4), followed by
“Select cookies” (n = 2) and “Accept all cookies” (n = 1). After
using the extension, the number of participants choosing “Reject
all cookies” increased by one (n = 5).

6.2.3 Internet Users’ Information Privacy Concerns (IUIPC-10). Par-
ticipants in the digital alternative group showed higher IUIPC scores
compared to participants in the Cookie Counter group before start-
ing the user study. The pre- and post-study IUIPC scores of the
Cookie Counter groups remained almost stable. In particular, we
observed only slight increases and decreases of |change| <= 0.20
in the control and collection scores. The pre- and post-study scores
of the digital alternative group, however, all showed a decrease in
privacy concerns. In particular, the control and awareness scores
showed small changes (|change| <= 0.19), but the collection score
for this group decreased more strongly (change = —0.5).

6.3 User Experience & Usability

6.3.1 System Usability Scale (SUS) & Short User Experience Ques-
tionnaire (UEQ-S). Participants rated the system usability (SUS) of
both prototypes similarly (Cookie Counter: mean = 74.17, digital al-
ternative: mean = 77.14), which indicates that both prototypes have
a “good” usability [3]. The user experience (UEQ-S) of the Cookie

Figure 5: We asked participants to rate the impact both pro-
totypes had on their knowledge and awareness of browser
cookies, and if they forgot to use them.

would be annoying [ ] disagree
. partly disagree
would recommend it [ | [
like to use it everyday Il = partly agree
0123456 7 89 HEEagree

(a) Cookie Counter Group

would be annoying -
would recommend it [N
[ |

0o 1 2 3 4 5 6 7

like to use it everyday
(b) Digital Alternative Group

Figure 6: We asked participants to rate how they felt about
potentially using the prototypes in their daily lives.

Counter was overall rated “above average” (mean = 1.03) [33]. Its
pragmatic quality was rated with a score of mean = 1.53 and the he-
donic quality with mean = 0.53 on a range from -3 to +3. The digital
alternative received slightly higher overall UEQ-S scores, which nev-
ertheless still fall into the “above average” category (mean = 1.20)
as indicated by [33]. Its pragmatic quality ratings had a mean score
of mean = 1.79, and its hedonic quality was rated mean = 0.61.
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6.3.2 Additional Opinions. The final questionnaire included addi-
tional Likert-scale items about the prototypes’ effects on partici-
pants’ knowledge and cookie awareness, as well as their possible
adaptation. Participants were neutral about being motivated to learn
more about cookies or “Internet security” in the Cookie Counter
condition (median = 3), while they partly agreed in the digital
alternative condition (median = 4). They also partly agreed that
they had learned something from both prototypes (median = 4) and
agreed that the number of cookies displayed on the Cookie Counter
was much higher than expected (median = 5) and were neutral for
the digital alternative (median = 3).

Moreover, participants were neutral towards the Cookie Counter
being annoying in everyday life (median = 3) and disagreed in the
digital alternative (median = 1). Participants were neutral towards
recommending both the Cookie Counter condition and the digital
alternative condition to other people (median = 3) and towards still
wanting to use any prototype in everyday life (median = 3). Finally,
participants were neutral towards having often forgotten to use the
Cookie Counter (median = 3) and slightly disagreed in the digital
alternative (median = 2).

Mann-Whitney U tests showed that the Cookie Counter was
perceived as significantly more annoying in everyday life (U = 51.0,
p = 0.042). Moreover, the agreement to feeling the the number
of cookies displayed was much higher than expected was also
significantly larger for the Cookie Counter (U = 51.5, p = 0.042).
The effect sizes as indicated by the rank-biserial correlation for
both these comparisons were r,;, = .62.

6.4 Qualitative Feedback

6.4.1 Liked and Disliked Features. Participants of the Cookie Counter
liked its ease of use (n = 2) and enjoyed the real-time feedback
(n = 2). They also mentioned that the Cookie Counter raised aware-
ness of the number of cookies used by certain websites (n = 2). Two
participants were surprised by the large number of cookies (n = 2)
and one enjoyed being able to delete cookies easily (n = 1). They
criticized the Cookie Counter for taking up space (n = 2), being too
large (n = 1), and not portable (n = 1). One participant disliked the
automatic cookie deletion at the limit.

Participants found the digital alternative easy to use (n = 2) and
liked that it enabled them to delete cookies easily (n = 2). Partici-
pants also enjoyed that it provides real-time feedback (n = 1) and
that it “raises awareness on how many sites are collecting information
about” (P19) them (n = 1). One participant also mentioned that they
liked the option to set a cookie limit. However, participants also
mentioned that loading websites in their browser took longer due
to the extension (n = 2). One participant criticized that they had
to revise the current number of cookies manually, as they could
not see the number of cookies while using the browser, nor the
limit warning. Another participant found the user interface design
outdated and suggested relabeling the “delete cookies” button to
“delete all cookies”.

6.4.2 Allowlist Feature. Most participants in the Cookie Counter
group did not use the allowlist function, explaining that they did
not feel the need to do so (n = 8). The only participant who reported
actively using the allowlist explained that they mostly used it to

MUM °26, December 01-04, 2026, Glasgow, United Kingdom

observe the domains in the drop-down menu, which was imple-
mented so the user could select the domains they wanted to include
on the allowlist and avoid being logged out. Most participants in
the digital alternative felt they did not need the allowlist (n = 3) or
did not understand its functionality (n = 2). One participant used it
to avoid repeated logins on frequently visited websites.

6.4.3 Reasons for Deleting Cookies. Most users in both groups
stated that they deleted cookies after reaching a certain number
(ncookie Counter = 5 NDigitalAlternative = 3). They also mentioned
deleting cookies just to try the feature out (ncookie Counter = 1
NDigital Alternative =)- TWo participants in the Cookie Counter group
felt that they did not need to delete cookies (n = 2). Two participants
in the digital group deleted cookies after visiting certain websites
(n = 2) and one wished to delete cookies from specific sites only.

6.4.4 Improvements of the Prototypes. When asked how the proto-
types could be improved, participants of the Cookie Counter group
mostly suggested fixing connectivity issues (n = 4). One participant
wished to have a Cookie Counter for mobile devices. Another sug-
gestion was to integrate the cookie count into the browser menu
bar, so it’s always visible.

One participant from the digital alternative groups suggested
implementing an audio signal when the limit is reached. Another
participant wished for a solution to prevent data collection rather
than just showing the number of cookies.

6.5 Logged Data

6.5.1 Browsing Behavior. Participants in the Cookie Counter group
browsed the web for mean = 8.44 days, and participants in the
digital alternative group for mean = 11.29 of the 14 study days.
Correspondingly, participants in the Cookie Counter group also
visited fewer websites overall (mean = 837.11) than participants
in the digital alternative group (mean = 957.14). Nevertheless,
when accounting for different active days, the average number
of visited websites per active day was similar between groups

(meancookie Counter = 83-18, meanpigital Alternative = 81.39), indi-
cating comparable browsing behaviors.

6.5.2  Prototype Usage. While the average number of cookie dele-
tions varied across groups, this was largely due to outliers (see
Table 2). The median values of cookie deletions indicate compa-
rable daily cookie deletions in both groups (mediancookie Counter =
0.36, mediang;girq = 0.5). Participants of the digital alternative
groups mostly triggered cookie deletions with higher counter val-
ues (median = 468.85, mean = 505.27, std = 427.49) compared
to participants of the Cookie Counter group (median = 206.80,
mean = 293.12, std = 257.82).

Most participants in both groups did not change the cookie limit
from its default value (1000). Only two participants in the Cookie
Counter group adapted the limit (one participant twice), and one
participant in the digital alternative group did so. Changes to the
allowlist were recorded from three participants in each group, with
most varying between 2 and 5 changes. However, one participant
in the Cookie Counter group made 18 changes to the allowlist, and
another participant from the digital alternative group applied 406
changes to the allowlist. However, that participant did not specify
why they used the function in the questionnaire.
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Table 2: Datalogs indicating participants’ daily usage of both prototypes during the user study (i.e., per active day).

Cookie Counter

‘ Cookie Deletion ~ Limit Changed  Allowlist Changed ‘ Cookie Deletion ~ Limit Changed  Allowlist Changed

mean 0.57 0.05 0.73
std 0.75 0.10 1.98
median 0.36 0.00 0.00

Digital Alternative
3.58 0.02 4.95
5.85 0.04 12.74
0.50 0.00 0.00

7 DISCUSSION

We discuss our findings in the context of related work, along with
our observations regarding the different design features and oppor-
tunities for future research.

7.1 RQ1: Impact on Concerns, Awareness and
Choices

Participants in both our study groups started with high cookie
awareness ratings and internet user privacy concerns scores. This
may have resulted in ceiling effects and thus potentially limited
measurable increases. We believe that the high initial awareness
about browser cookies of our participants is likely rooted in the
omnipresence of cookie banners.

We were, therefore, only able to observe small changes. In par-
ticular, participants’ cookie banner choices of both groups shifted
slightly toward more cautious choices. Moreover, while partici-
pants’ IUIPC scores for the Cookie Counter groups remained overall
mostly stable, we observed a slight decrease for the digital alterna-
tive group. This points at an interesting observation. We expected
both prototypes to increase participants’ awareness and concerns
and to encourage more privacy-preserving choices. However, we
observed contrary trends in some dimensions. In particular, par-
ticipants’ IUIPC scores in the collection dimension decreased, and
responses to the statement about third parties using cookies to col-
lect data shifted toward more (partly) disagree responses post-study
in both groups. We believe that this observation might be rooted in
participants’ perceived increase in knowledge about cookies, which
both groups reported in the final questionnaire. Related work has re-
ported a similar effect, showing that legal and technical knowledge
about cookies can reduce corresponding threat perceptions [36].

7.2 RQ2: Usage Behavior

The following observations should be treated as exploratory, given
the variability of the behavioral data and the sample size. We did
not observe large changes in usage behavior between groups. The
logged daily cookie deletion frequencies of both groups showed
high variability, but median daily deletions were similar between
groups. Neither group used the software-based customization fea-
tures much (i.e., allowlist and cookie limit). Correspondingly, par-
ticipants’ qualitative feedback indicated that the allowlist was often
perceived as unnecessary or unclear. These exploratory findings
indicate that the preference for purely digital solutions observed in
the majority of the overall population in related lab studies [10, 11]
does not necessarily translate into actual changes in usage behavior.

The most notable difference in participants’ usage patterns be-
tween groups was that participants in the digital alternative group
tended to delete cookies at higher cookie-count values (higher me-
dian and mean). This observation is consistent with participants

from the Cookie Counter group being significantly more surprised
about the high number of cookies and is probably rooted in the
fact that the Cookie Counter provided the cookie count at a glance,
while participants of the digital group had to open the extension’s
graphical interface to see the counter.

7.3 RQ3: User Perceptions

Both prototypes were perceived as having good usability and achieved
above-average user experience ratings, with the digital alternative
achieving slightly higher SUS and UEQ-S scores. This is consis-
tent with the findings from Windl et al. [42]. Qualitative feedback
suggests both versions were valued for ease of use and real-time
feedback and control features. The Cookie Counter was criticized for
occupying physical space and limited portability, which are typical
challenges of TaPSI [12]. The digital alternative was criticized for
performance slowdowns and reduced visibility during browsing
(requiring the extension to be open to check values). Correspond-
ingly, our findings also indicated that using the Cookie Counter in
everyday life would be significantly more annoying compared to
the digital alternative. The digital alternative was criticized for its
reduced directness. The perception of both prototypes was also
negatively impacted by technical issues (i.e., connection loss and
slowdown of website loading).

7.4 Observations on our Design Features

While our study design does not permit isolating participants’ per-
ceptions of individual design features, it nevertheless enables us to
discuss several interesting observations.

The real-time information our tangible interface provided directly
and persistently to participants was noticed and appreciated. This
suggests that the frequently discussed information communication
benefits of TaPSI [2, 12, 29, 42] also hold true in the wild. However,
we were not able to confirm the assumed benefit of TaPSIs to pro-
vide direct and intuitive control [2, 12, 29], as participants in both
conditions made only limited use of the cookie deletion functional-
ity. Further in-the-wild research is needed to assess whether this
observation also applies to other TaPSIs addressing privacy or secu-
rity issues beyond the deletion of persistent cookies. Similarly, most
participants did not use the available customization features and
reported not needing them. Nevertheless, we argue that providing
such options remains valuable, as individual preferences may differ.
This is reflected in the fact that, while the allowlist feature was used
by only a few participants overall, it was used extensively by those
who did engage with it. Regarding the metaphoric appearance of our
TaPSI, the comparison study yielded few insights, as no participants
commented on it. However, two participants in the formative lab
trial explicitly stated that they liked the Cookie Monster design of
the initial prototype.
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7.5 Opportunities for Future Research

Our design focused on the accumulation of persistent cookies and
the ability to delete them, thereby emphasizing their potential risks
over their functional benefits. However, decisions about cookies
inherently involve a tradeoff between utility (e.g., maintaining login
states) and privacy. The Cookie Counter may have shaped partic-
ipants’ awareness toward the presence and amount of persistent
cookies, without equally representing the benefits associated with
cookies. Hence, future research could center this trade-off more
clearly and, thus, support users better in making an informed choice
when it comes to the management of persistent browser cookies.

Participants felt little need for customization features, which
may stem from the privacy and security issue addressed by our
TaPSI (i.e., persistent cookie management) or from the fact that we
implemented customization mostly at the software level to ensure
that both prototypes provide the same functionalities. Hence, we
believe that an opportunity for future research is to explore more
tangible, hardware-based customization and personalization features.

We also opted for a very primitive user interaction design, as
our Cookie Counter was primarily developed to enable exploration
of our research questions. This opens up the possibility for more
sophisticated interactions in future research, such as physically
communicating the current cookie count (e.g., through movement)
or enabling multiple control actions by the user (e.g., deleting all
persistent cookies vs. only cookies from certain domains).

We would also like to invite future researchers to replicate and
compare our results with in the wild evaluations that measure the
effects of TaPSIs addressing other security and privacy challenges on
security behaviors, concerns, and choices.

8 CONCLUSION

We investigated the potential of Tangible Privacy and Security In-
terfaces (TaPSI) to support users’ awareness and security-related
behaviors in-the-wild. Using browser cookies as a frequently en-
countered topic, we designed and implemented a tangible cookie
management interface grounded in design recommendations from
prior research. We compared this tangible solution to a functionally
equivalent digital alternative in a two-week in-the-wild study.

Our findings suggest that both the tangible interface and the
digital alternative were perceived similarly in terms of usability
and user experience, leading to only small changes in participants’
reported awareness, privacy concerns, and cookie-related choices.
However, the persistent and real-time physical display of the cookie
count was positively noticed by participants and perceived as more
surprising than the corresponding information provided by the
digital alternative. At the same time, the tangible interface was seen
as potentially more annoying in daily life.

Our work contributes empirical insights from one of the first in-
the-wild comparisons of a purposefully designed TaPSI and a digital
baseline. It thus refines existing assumptions about the unique
benefits and challenges of tangible privacy and security interfaces
by investigating them in an ecologically valid setting.
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A LAB TRIAL: DEMOGRAPHICS AND USAGE
LOGS
Age Gender Job Field Daily Daily Cookie
Browser Private Deletions
Usage Browsing
T1 28 m Civil Engi- 7h 2h 9
neering
T2 28 f Human Re- 12h 3h 6
sources
T3 28 f Law 8h 1h 1
T4 27 m Research 12h 1h 11
T5 28 f Education 2.5h 2h
T6 28 f Law En- 8h 2h 9
forcement
Average 8.25 1.83 7.17

Table 3: Demographics and Cookie Counter usage logs per
participant of our lab trial.
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e Finance & Legal D CATEGORIES OF WEBSITES VISITED
e Health & Wellbeing DURING THE IN THE WILD-STUDY
e Travel, Dining & Booking
° vernment & E ion
Gove A ent & Educatio . Cookie Counter Digital Alternative
e Technical/Infrastructure & Utilities Website Category Visits Website Category Visits
e Local/Browser Other 3632 Other 1867
e Other Search & Portals 1316 Entertainment & Streaming 1478
Shopping & E-Commerce 728 Search & Portals 1061
Travel, Dining & Booking 509 Local & Browser 659
C ADDITIONAL DEMOGRAPHICS OF Local & Browser 301 Shopping & E-Commerce 493
IN-THE-WILD STUDY PARTICIPANTS Entertainment & Streaming 268 Social Media & Communica- 307
tion
Government & Education 241 News & Information 222
Group Mean SD Min - Max News & Information 164 Productivity & Professional 203
- Productivity & Professional 157 Government & Education 117
Cookie Counter 34.78  16.99 21-58 . : . L .
Digital Alternative  37.00 1879 21-66 fi(;cr:al Media & Communica- 125 Travel, Dining & Booking 93
All 3575  17.22 21-66 Finance & Legal 40 Finance & Legal 82
T 3 Health & Wellbeing 26 Health & Wellbeing 3
(a) Participants Age Technical/Infrastructure & 2
Utilities
Table 5: Logged visits per website category.
Field of Work Cookie Counter ~ Digital ‘ All
Technology, IT & Engineering 2 2 4
Art, media & culture 2 0 2
Trade, service & gastronomy 1 1 2
Administration, Law & Finance 0 1 1 E SUPPLEMEN TARY MATERIAL
;rs:e“c“‘m’ construction & logistics 2 ; 43; Please note that you can find additional visual representations of

our prototypes and the content of the German version of our study

(b) Participants’ Field of Work questionnaire in the supplementary materials.

Table 4: These tables provide an overview of the age and field
of work of the 16 participants in our in the wild study.
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