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Abstract

When user interfaces are embedded in physical systems and cannot be accessed through
conventional screen sharing, remote usability testing becomes challenging. This is increasingly
relevant as products are developed for global markets, where remote evaluation is often necessary
despite limited user interface access. This study investigates how alternative testing methods can
be used and how they influence usability evaluation outcomes.

Four methods were compared in a controlled 2x2 study, varying in physical co-presence (on-site vs.
remote) and interaction execution (direct think-aloud vs. proxy interaction), using a door control
panel as a test case (n = 20). Participants completed scenario-based tasks, either through direct
interaction or by instructing a moderator, while qua]itative and quantitative data were collected,
complemented by moderator reflections.

The results show that while task performance and perceived usability were similar across methods,
clear differences emerged in interaction and identified usability problems. Direct interaction
primarily revealed functional and physical issues, whereas proxy interaction highlighted problems
related to interpretation and system 10gic, generating richer verbal data but increasing cognitive

load.

The moderator played a central role, particularly in proxy and remote settings, where interaction
became distributed between participant and moderator. This shifted the moderator from observer
to active interpreter and executor, making usability issues partly dependent on how interaction
was communicated. The findings show that methods enabling remote testing are not neutral
substitutes for in-person testing, but reshape both interaction and outcomes.

This suggests that usability testing approaches should not be selected merely to enable access, but
designed with an understanding of how they shape the insights produced.

Keywords: Usability Testing, Remote Usability Testing, Proxy Interaction, Think-Aloud Method,
Moderator Role




Sammanfattning

For anvindargrinssnitt som ir inbyggda i fysiska system och inte kan nis genom traditionell
skirmdelning blir anviindbarhetstestning pd distans utmanande. Detta blir alle mer relevant i take
med att produkter utvecklas f6r globala marknader, diir utviirdering pa distans ofta ir nédvindig
trots begrinsad dckomst till anvindargrinssnittet. Denna studie underssker hur alternativa
testmetoder kan anviindas och hur de paverkar resultaten av anviindbarhetsutvirderingar.

Fyra metoder jimfordes i en kontrollerad 2x2-studie, dir fysisk nirvaro (pi plats respektive pi
distans) och hur interaktionen genomférdes (direke think-aloud respektive proxyinteraktion)
varierades, med en dérrkontrollpanel som testfall (n = 20). Deltagarna genomforde scenariobaserade
uppgifter, antingen genom direkt interaktion eller genom att instruera en moderator, medan
kvalitativ och kvantitativ data samlades in, kompletterad med moderatorreflekcioner.

Resultaten visar att dven om deltagarnas uppgiftsutférande och upplevda anvindbarhet var
likartade mellan metoderna, frameridde tydliga skillnader i interaktion och identifierade
anvindbarhetsproblem. Direkt interaktion synliggjorde frimst funktionella och fysiska problem,
medan proxyinteraktion lyfte fram problem kopplade till tolkning och systemlogik, och genererade
rikare verbal data men Skade den kognitiva belastningen.

Moderatorn spelade en central roll, sirskilt i proxy- och distansbaserade uppligg, dir interaktionen
blev distribuerad mellan deltagare och moderator. Detta innebar att moderatorn gick frin
observator till aktiv tolkare och utforare, vilket gjorde att identifierade anvﬁndbarhetsprob]em
delvis blev beroende av hur interaktionen kommunicerades. Resultaten visar att metoder som
mojliggor distanstestning inte ir neutrala ersiteningar for tester pid plats, utan formar bide
interaktion och resultat.

Detta indikerar att val av testmetod inte enbart bér goras for act méjliggora dckomst, utan bor
utformas med en forstdelse for hur de paverkar vilka insikter som genereras.

Nyckelord: Anvindbarhetstestning, Anvindbarhetstestning pa distans, Proxyinteraktion, Think-
aloud-metod, Moderatorns roll
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1. Introduction

This chapter introduces the study and outlines its overall structure, beginning with the background and
context of the project. It then defines the purpose of the study and presents the research questions that guide
the investigation. Furthermore, the chapter situates the study within existing research on usability testing
methods, outlines key limitations, and provides an overview of the thesis structure.

1.1 Background

Remote usability testing typical]y relies on direct user interaction. But what happens when the
participant cannot interact with the product at all?

This challenge emerged during usability testing of a prototype under development at ASSA ABLOY,
a global company specializing in access solutions such as automatic doors, locking systems, and
entrance automation [I]. The product in focus was a control panel for sliding doors, also referred
to as a door mode selector, used to configure operating modes and display system feedback such as
CITOT Messages.

Unlike conventional digital user interfaces, the prototype was implemented directly in the physical
device, meaning that the user interface could not be accessed or shared through standard screen-
sharing solutions. At the same time, the product was intended for international markets, making
usability testing beyond the local context necessary. This created a methodological challenge
where remote usability testing became difficult or even impossible to conduct using traditional
approaches.

While this constraint stems from how the near-final prototype is embedded in the device, it also
reflects the nature of similar systems, which are often physically integrated and difficult to isolate
from their hardware environment.

The user interface consists of a 50x50 mm touch screen with limited memory capacity and is
intended to be installed directly adjacent to the door as part of a larger door system (see Figure .
Although the prototype was tested as a standalone unit in a laboratory setting, the final product is
designed for everyday use, enabling users such as retail staff to control door behavior in real-world
environments.

As direct interaction and screen sharing were unavailable, alternative, non-standardized testing
configurations were required to enable remote usability testing in this context. However, since
such approaches are not well established, their reliability remains uncertain, raising the question of
whether they can produce results comparable to traditional usability testing while still supporting
meaningful user experiences.

9



1.2 PURPOSE
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Figure 1.1: Sliding door system with an integrated control panel for
configuring operating modes and displaying system feedback (e.g., error
messages), illustrating how the final product will appear in its real-world
setting. (Pictures from ASSA ABLOY).

1.2 Purpose

Based on this methodological challenge, the aim of this thesis is to investigate alternative approaches
to remote usability testing for products that do not allow conventional screen sharing, and to
evaluate how these approaches influence usability evaluation outcomes.

To address this, four usability testing methods are compared, varying along two dimensions:
physical co-presence (remote vs. in-person) and interaction execution (direct vs. proxy interaction).
In this study, proxy interaction refers to a form of interaction in which the participant does not
engage with the system directly, but instead provides instructions while the moderator performs
actions on their behalf. The moderator is understood as the person facilitating the usability test,
responsible for guiding the session and, in proxy interaction methods, executing these actions.

10



1.3 PROBLEM DESCRIPTION

This distinction also gives rise to different forms of verbalisation, enabling comparison between
traditional think-aloud protocols and situations where participants articulate instructions racher
than actions. Through this comparative approach, the study examines how different configurations
affect reliability, interaction behaviour, user experience, and the role of the moderator.

Beyond the methodological comparison, the study aims to support usability testing in industrial
contexts involving physical and embedded systems, where user interfaces are tightly coupled to
hardware and cannot be easi]y accessed remote]y. By identifying how different testing approaches
perform under these constraints, the study provides guidance on how to design and conduct
usability tests when direct interaction with the user interface is not feasible.

The control panel serves as a controlled test object, enabling systematic comparison between the
methods. While the primary focus is methodological, the study also provides formative insights
into the usability of the product in its current development stage.

1.3 Problem Description

Alternative approaches to remote usability testing, such as proxy interaction and mediated setups,
introduce fundamentally different forms of interaction compared to traditional usability testing.
Rather than interacting directly with the user interface, participants may rely on a moderator to
execute actions, resulting in a redistribution of control between participant and moderator.

These changes introduce several methodological uncertainties. When interaction is no longer direct,
it becomes unclear how users interpret and communicate their understanding of the system, and
how this shapes both interaction behaviour and perceived experience. Similarly, when interaction is
mediated or distributed, the identification of usability problems may depend on how instructions
are communicated and interpreted, rather than solely on the user interface itself.

Furthermore, these approaches shift the role of the moderator from observer to active participant.
This raises questions about influence, consistency, and control, as the moderator’s actions and
interpretations may shape both the interaction process and the resulting findings.

At the same time, the need for remote testing remains, particularly for products intended for
international markets. While such approaches enable access to a broader participant base, they
also introduce practical challenges related to communication, technical setup, and reduced access
to contextual and nonverbal cues, which may affect the quality and interpretation of the data
collected.

The problem addressed in this thesis is therefore methodological: to what extent alternative
usability testing methods, particularly those involving proxy interaction and varying degrees
of co-presence, can produce reliable and valid usability insights while maintaining meaningful
interaction and perceived user experience, and preserving a consistent and controlled role for the
moderator.

11



1.4 RESEARCH QUESTIONS

1.4 Research Questions

To examine this, the study compares usability testing methods varying in co-presence and
interaction execution, focusing on the following key aspects: reliability, interaction processes
and user experience, and the role of the moderator.

RQ1. To what extent do different usability testing methods, varying in co-presence and interaction
execution, produce comparable results in terms of reliability?

RQ2. How does proxy interaction affect users’ interaction behavior, verbalization patterns, and
perceived experience Compared to direct interaction?

RQ3. How does the role and influence of the moderator differ across the tested usability methods?

1.4.1  Concise Analytical Clarification of Each Research Question

RQ1 - Reliability of Testing Methods

RQ1 focuses on methodological reliability. The analysis examines differences in identified usability
problems, task performance, and participant feedback across methods that vary in co-presence and
interaction execution. Particular attention is given to how differences in verbalisation, specifically
the shift from think-aloud to instruction-based communication, influence the identification and
interpretation of usability problems. The central concern is the extent to which alternative testing
approaches, particularly those involving proxy interaction and remote elements, can provide
findings comparable to traditional in-person usability testing.

RQ?2 — Proxy Interaction, User Behaviour, & User Experience

RQ2 examines how the redistribution of interaction affects users’ interaction behaviour and overall
experience. The analysis considers differences between direct interaction and proxy interaction in
terms of communication patterns, coordination of interaction, and participants’ perceived sense
of control and usability. Particular attention is given to how verbalisation shifts from action-
based think-aloud to instruction-based communication, and how this reshapes both observable
interaction behaviour and the participants’ subjective experience of the interaction.

RQ3 - Moderator Role Across Methods

RQ3 investigates how the moderator’s responsibilities and influence vary across the different test
methods. The analysis focuses on communication patterns, interpretation of instructions, pacing,
and the moderator’s role as an active part of the interaction system, particularly in mediating user
instructions in proxy-based interaction.

12



1.5 RELATED WORK

142 Theoretical Framing of the Research Questions

The research questions are examined through three complementary theoretical perspectives:
Distributed Cognition, Situated Cognition, and Embodied Interaction. These perspectives are
used as analytica] lenses to understand how interaction, communication, and interpretation are
shaped across the different testing methods.

In proxy interaction, cognitive processes are distributed across the participant, the moderator, and
the user interface, forming a shared cognitive system [2,B]. From this perspective, Distributed
Cognition supports the analysis of how mediated interaction may affect users’ understanding,
decision-making, and identification of usability problems.

From a Situated Cognition perspective, cognition is inseparable from context [4,5]. In this study,
differences in co-presence and moderator involvement shape how participants interpret tasks,
feedback, and instructions, and are therefore relevant for understanding variations in reliabilicy
and user experience across methods.

From an embodiment perspective, interaction is shaped by users’ physical engagement with the
user interface [6]. In proxy interaction, this direct engagement is removed, which may affect users’
sense of control and understanding. At the same time, the moderator’s physical presence, including
gestures and timing, becomes more influential in shaping the interaction.

143  Clarification of "Usability” & "User Experience”

In this thesis, usability primarily refers to outcomes related to the usability evaluation, such as task
success, identified usability problems, perceived usability, and reliability across testing methods.
In contrast, user experience refers to how participants experience and engage with the interaction
during the test situation.

The term user experience is occasionally used in a broader sense to describe how different testing
methods shape the overall interaction process. This includes both participants’ subjective
experiences, such as confidence, effort, control, and naturalness, and observable interaction
behaviours, such as verbalization patterns, pacing, hesitation, coordination, and moderator reliance.

However, analytical distinctions are made throughout the thesis between interaction behaviour,
referring to observable interaction processes, and perceived experience, referring to participants’
subjective perceptions of the interaction.

1.5 Related Work

This thesis builds on established research in usability evaluation, particularly within think-aloud
methodology and remote usability testing. The think-aloud method has long been applied to caprure
users’ cognitive processes during interaction with a system. By encouraging participants to verbalize
their thoughts while performing tasks, researchers gain insight into reasoning, misunderstandings,
and decision-making processes [7]. Think-aloud testing is widely used in usability evaluation,

13



1.5 RELATED WORK

particularly in formative design phases, and is often considered an accessible method for identifying
usability problems that may not be evident through performance metrics alone [8].

With increasing globalization and distributed product development, remote usability testing has
become more common. Several studies have compared remote and in-person usability testing
methods, often focusing on differences in problem identification and, in some cases, aspects such as
efficiency and participant recruitment [9) [10) IT]. These scudies are typically based on synchronous
setups that aim to rep]icate traditional 1ab0rat0ry—based think-aloud testing, re]ying on video and
audio communication combined with remote desktop sharing to allow evaluators to observe the
user interface in real time while participants interact with it directly [T1].

Such remote synchronous methods have been shown to produce results comparable to in-person
usability testing under these conditions [11]. However, these findings rely on the assumption that
evaluators have direct visual access to the user interface. This highlights an important limitation
in existing research: many remote usability testing approaches assume that screen sharing or
equivalent technologies are available. Less attention has been given to situations where such access
is not possible, and where interaction must instead be mediated or redistributed.

Research on remote usability testing methods without screen sharing remains limited. In such
situations, alternative approaches are required. Previous work has explored assisted or modified
think-aloud methods in which participants verbalize instructions while a facilitator performs
actions on their behalf [12]. These approaches demonstrate how interaction can be redistributed
between participant and facilitator, and suggest that such mediation may influence users’ sense of
control, coordination of actions, and underlying cognitive processes.

While previous work has explored assisted or modified think-aloud approaches, it has primarily
focused on feasibility and adaptation for specific contexts rather than on systematically comparing
different interaction structures [12]. In contrast, this study takes inspiration from these approaches
but examines proxy interaction as a core methodological condition, where participants consistently
instruct a moderator who performs all actions.

This addresses a gap in understanding how mediated interaction affects usability evaluation when
direct interaction is not possible, as well as how the moderator’s role varies across different test
conditions.

To address this, four usabi]ity testing methods are systematica]ly Compared: in-person moderated
usability testing with concurrent think-aloud (On-site think-aloud), in-person assisted think-aloud
with proxy interaction (On-site proxy), remote assisted think-aloud with proxy interaction (Remote
proxy), and remote moderated usability testing with concurrent think-aloud (Remote think-aloud),
as presented in Table [L1] below. This comparison provides insights into how methodological
differences affect re]iabi]ity, user experience, and moderator involvement.

14



1.6 LIMITATIONS

lable 1.1: The mechods and their differences. Horizoncal: physical co-
poy
presence, vertical: interaction execution.

On-Site Remote

Direct Method 1 Method 4
(Think-Aloud) | (On-site think-aloud) | (Remote think-aloud)

Proxy Method 2 Method 3

(On-site proxy) (Remote proxy)

1.6 Limitations

Several methodological, practical, and analytical limitations were present during the planning and
execution of this study, which may influence the interpretation and generalizability of the findings.

1.6.1 Methodological Limitations

The primary focus of this thesis is the comparison of usability testing methods rather than the
evaluation of the final product. Consequently, the control panel serves as a controlled test object
to enable systematic comparison between methods. Some aspects of the test procedure were
therefore intentionally designed to highlight differences between testing methods, which may have
influenced how usability issues were revealed across conditions.

In addition, the tested prototype did not include all planned features of the final product. As a
result, some interactions could not be evaluated, potentially limiting the range of usability problems

identified.

1.6.2  Practical & Contextual Limitations

The study relied on a simulator to emulate door behaviors such as operating modes and error
messages, since the control panel was not connected to an actual door. While this setup was
consistent across all test methods and ensured comparability, it may not fully reflect real-world
usage conditions. The absence of real system feedback (e.g., visual or auditory responses from the
door) could have influenced participants’ perception of realism and overall interaction experience.

1.6.3 Participant»Related Limitations

Participants were recruited internally from the company’s sales organization due to organizational
constraints. As a result, participants possessed greater product f‘ami]iarity and domain know]edge

15



1.7 RELEVANCE FOR SUSTAINABLE DEVELOPMENT

than the intended end-user group (e.g., retail staff). This prior knowledge may have reduced the
likelihood of encountering usability problems that less experienced users might face or biases.

However, since the study focuses on comparing testing methods, internal participants were
considered acceptable for the methodological purpose.

1.64 Analytical Limitations

As the study compares different usability testing methods, the observed differences in identified
usability problems and user behaviour are shaped not only by the methods themselves, but also
by how interaction unfolds within each setup. Factors such as how participants communicate,
how instructions are interpreted, and how the moderator enacts interaction are integra] to each
method and therefore part of what is being examined.

Rather than isolating individual variables, the study captures how these factors jointly influence
the outcome of each testing configuration. The results should therefore be interpreted as reflecting
how the methods function in practice, rather than as precise measurements of overall usability
effectiveness. While this may limit direct generalization to other contexts, it Strengthens the study’s
ability to reveal method-specific characteristics and interaction patterns.

1.6.5 Single-Moderator Considerations

As the study examines how the moderator adapts across methods and shapes the partici-
pant—moderator interaction, all sessions were conducted by a single moderator. The findings
therefore reflect a specific moderation approach and should be understood within this context. At
the same time, using a single moderator ensured consistency across methods, allowing differences in
interaction to be more direct]y attributed to method conditions rather than variation in moderation
style.

1.7 Relevance for Sustainable Development

This project relates to sustainable deve]opment througb its exploration of alternative usability
testing methods that may reduce the need for physical co-presence. In particular, remote testing
has the potential to lower environmental impact by reducing travel and associated resource use,
which relates to global sustainability goals such as Climate Action (Goal 13) and Responsible
Consumption and Production (Goal 12) [13].

From a social sustainability perspective, remote methods may also enable broader participation by
allowing users from different geographical contexts to take part in usability evaluations. This can
support more inclusive design processes, relating to Reduced Inequalities (Goal 10) [13].

At the same time, the project considers potential trade-offs associated with these methods,
particularly in how interaction, communication, and user experience may be affected when testing
is conducted remotely or through mediated interaction.

16



1.8 ETHICAL CONSIDERATIONS

1.8 Ethical Considerations

Ethical considerations were taken into account throughout the planning of the study, particularly in
relation to participant integrity, informed consent, and data handling. Participants were informed
about the purpose of the study and their right to withdraw at any time.

The study also involves methodological ethical considerations. In proxy-based interaction, the
moderator performs actions on behalf of the participant, which introduces a risk of influencing
both the interaction and the outcomes.

In remote testing contexts, reduced visibility of participants affects how comfort, understanding,
and engagement can be assessed during the session. This was addressed in the study design,
particularly in how the moderator supports communication and participant well-being.

1.9 Outline of the Thesis

The thesis is structured around three main phases: designing the test plan, conducting the user
tests, and analyzing the collected data.

The first phase is presented in Chapter 2. Theory & Literature Study, and Chapter 3. Test Design. It
begins with a review of relevant literature on usability testing methods and remote testing. Insights
from the literature informed the design of the test plan, ensuring that the selected methods and
data collection approaches were aligned with the research questions.

The second phase consisted of conducting the user tests according to the defined test plan. During
this phase, all test sessions were documented, and qualitative and quantitative data were collected.

The third phase focuses on the analysis of the collected data and is presented in Chapter 4. Data
Collection & Analysis. In this phase, the data were systematically analyzed in relation to the
rescarch questions, enabling a comparison of the different testing methods. The outcomes of this
analysis are presented in Chapter 5. Results.

Parts of the analysis were conducted alongside the data collection in the second phase for practical
reasons, such as managing participant scheduling and coordinating test logistics. However, no
adjustments were made to the test setup, and all sessions followed the same predefined procedure
to ensure comparability between the test methods.

Chapter 6. Discussion interprets the findings in relation to the research questions and previous
work, and reflects on methodological implications and limitations. Chapter 7. Takeaways for
Practitioners summarizes practical implications of the findings and provides recommendations
for usability testing in contexts involving remote or proxy-based interaction. Finally, the thesis is
concluded in Chapter 8. Conclusion, which summarizes the main fmdings and contributions of

the study.
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2. Theory & Literature study

This chapter presents the theoretical and methodological foundations of the study. It introduces key
perspectives from cognitive science and human—computer interaction that are used to understand how
interaction, cognition, and communication take place in usability testing. In addition, it reviews
methodological approaches related to usability evaluation, including think-aloud methods, comparison
of test methods, and remote testing.

2.1 Theoretical Background

This section presents the theoretical perspectives that inform the analysis of the study. The
frameworks are used to understand how cognition and interaction unfold in usability testing
sitcuations where interaction with the user interface is shared between participants and moderators.
Together, these perspectives provide a lens for examining how thinking, action, and communication
are shaped by social, material, and bodi]y factors.

2.1.1  Distributed Cognition

Distributed cognition describes cognition as something that happens across a system, involving
both people and the tools or artefacts in their environment, rather than only inside a single
individual [3/2]. In this view, cognitive processes are shaped by the relationships between different
clements in the system, not by where those elements are physically located. This perspective
emphasizes how external representations and interactions with artefacts can actively support and
shape cognitive processes [14].

In this study, distributed cognition is used to understand usability testing situations where the
physical interaction with the user interface is shared between more than one person. The participant
makes decisions and gives instructions, while the moderator performs the actions on the user
interface. From this perspective, decision-making, instruction, and execution can be seen as parts
of the same cognitive process, even though they are carried out by different peop]e. This aligns with
prior work showing that cognitive processes can be distributed across individuals and coordinated
through interaction 2] 3].

The concepts of intersubjectivity and presence provide additional perspectives on how shared
understanding is created in such sicuations [15,[16]. Intersubjectivity refers to how people develop
”

a shared understanding through interaction, while presence describes the feeling of “being there
in a mediated environment. These concepts support the idea that coordinated thinking and
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2.1 THEORETICAL BACKGROUND

understanding can still occur even when interaction is distributed across participants and mediated
through technology.

2.12  Situated Cognition

Situated cognition is a perspective in cognitive science that emphasizes that thinking and learning
always take place within a specific context [4, [5]. Rather than viewing cognition as something that
happens only inside an individual, this perspective highlights how understanding develops through
interaction with other people, tools, and the surrounding environment. Knowledge is therefore
seen as something that is constructed through participation in social and practical activities, rather
than something abstract and independent of context [3].

From this perspective, understanding and decision-making are closely tied to the situation in
which they occur. Factors such as social interaction, available tools, and the physical and social
setting influence how people interpret information and act. This means that the same task may be
understood and performed differently depending on the context in which it takes place.

In the context of‘usability testing, this perspective is particularly relevant. The testing environment,
the presence of a moderator, and the form of interaction all shape how participants chink,
communicate, and perform tasks. Changes in co-presence or interaction setup may therefore
influence not only user behaviour, but also how usability problems are revealed and interpreted.

2.13 Embodied Interaction/Embodiment

Embodied interaction highlights how cognition and interaction with technology are shaped by
the human body and its engagement with the physical environment [6]. Rather than viewing
understanding as purely mental, this perspective emphasizes the role of physical actions, bodily
presence, and direct interaction in how users make sense of a system [6]. It is closely related
to distributed and situated perspectives, which similarly stress that cognition emerges through
interaction between individuals, artefacts, and their surrounding context.

From this perspective, interaction with a system is closely connected to how users move, touch,
and physically engage with user interfaces. The body plays a central role in how people perceive,
learn, and make sense of a system, as external actions and interactions with artefacts can support
cognitive processes by making them more visible, tangible, and easier to coordinate [14].

In the context of this study, embodiment is particularly relevant in sitcuations where users do not
interact direct]y with the user interface but instead instruct a moderator to perform the actions.
The absence of direct physical engagement may influence users’ sense of control, involvement, and
overall experience. At the same time, the moderator’s bodily presence, including gestures, posture,
timing, and spatial positioning, can shape how participants communicate and behave during the
test. From an embodiment perspective, this highlights how both physical action and presence
contribute to how interaction is experienced and interpreted.
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2.2 Methodological Background

This section presents methodological concepts and approaches that inform the design of the
study. The literature is used to describe how usability testing can be conducted, how different
test methods can be compared, and how user data can be collected and interpreted. In addition,
the section introduces the concept of proxy interaction, which is central to this thesis, as well as
considerations related to remote usability testing. Together, these perspectives provide a foundation
for understanding the methodological choices made in the study.

22.1  Usability Testing & Usability Problems

Usability testing is a widely used method for identifying problems that users encounter when
interacting with a system [17,[18]. During a usability test, participants perform representative tasks
while researchers observe their actions, comments, and difhiculties. The goal is to reveal issues that
may affect task performance, understanding, or overall user experience.

A usability prob]em can be understood as a situation in which the user strugg]es to achieve a
goal, makes errors, or expresses confusion or dissatisfaction when interacting with the system.
According to Nielsen and Landauer, identifying a usability problem depends on two conditions:
the user must experience the problem, and the evaluator must recognize that the problem has
occurred [19]. This highlights that usability problems are not only about user performance, but also
about the interpretation and observation made by the evaluacor. This issue is further supported
by research on the evaluator effect, which shows that different evaluators may identify different
usability problems even when observing the same session [20].

In comparative usability studies, the identification of usability problems is often used as a key
measure when evaluating different test methods [T} 21]. However, the number and type of problems
found may also be influenced by factors such as the test setup, the interaction format, and the role
of the moderator. Therefore, usability problems should be interpreted not only as properties of
the user interface, but also as outcomes shaped by the testing method itself.

222 Comparing Test Methods

Previous research has explored how different usability testing methods can be compared in a
systematic way. One common approach is to evaluate methods based on measurable outcomes, such
as the number of usability problems identified and the time required for analysis [22]. For example,
Bruun et al. [21] Compared several testing conditions using a traditional in-person usabi]ity test as
the baseline, and evaluated other methods in relation to this reference method.

Another comparative study by Van den Haak et al. [23] examined differences between usability
testing methods using think-aloud protocols and constructive interaction. Similar comparisons of
usability testing approaches have also been explored in other studies of remote usability testing

(10,
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Their comparison focused on several key aspects:

« the number and types of usability problems detected,
« the relevance of the identified usability problems,

« task performance, and

« participants’ experiences during the test.

These criteria provide a useful foundation for comparing usability testing methods, as they capture
both objective outcomes, such as problem detection and task performance, and subjective aspects,
such as participant experience. At the same time, previous research has shown that such measures
may be influenced by the testing method itself; including factors such as interaction format and
evaluator interpretation [20]. In the context of this thesis, similar dimensions are considered when
comparing the different test methods.

2.23 Think-Aloud Methods

The think-aloud method originates from cognitive psychology and belongs to a group of techniques
known as verbal report methods [7]. In usability testing, this method is used to capture users’
thoughts while they interact with a system, which makes it useful for understanding their reasoning,
expectations, and difficulties during task performance 22} 24].

In general, the method consists of two main stages: firse, collecting think-aloud protocols in a
systematic way, and second, zma]yzing these protocols to understand the cognitive processes that
occur while a person solves a problem [7]. The protocols are gathered by asking participants to
perform tasks while continuously verbalizing what they think, see, and intend to do.

Two common variants of the think-aloud method are concurrent and retrospective verbalization. In
concurrent think-aloud, participants express their thoughts during the interaction. In retrospective
think-aloud, participants instead reflect on their thoughts after completing the task [7]. Concurrent
verbalization is often preferred in usability testing because it provides more immediate insight
into the user’s decision-making process, although it may also influence task performance [24].

The classic concurrent think-aloud approach is based on the framework proposed by Ericsson
and Simon [7]. This framework emphasizes the importance of maintaining natural behavior while
collecting verbal data. To ensure reliable results, researchers typically use neutral instruction
scripts, provide short practice sessions to help participants get used to thinking aloud, and give
simple reminders such as “keep talking” if participants become silent. Apart from these prompts,
interaction between the evaluator and the participant should be kept to a minimum to avoid
influencing the user’s behavior [24].

Research has also examined how participants’ verbalizations can be categorized. For example, Van
den Haak et al. [25] developed classification labels for different types of communicative acts during
usability testing. These categories help structure and interpret think-aloud data by distinguishing
between types of comments, such as problem identification, reasoning, or expressions of uncertainty

(see Figure .
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TABLE I

CLASSIFICATION LABELS FOR THE COMMUNICATIVE ACTS AND EXAMPLES OF CONSTRUCTIVE INTERACTION

Communicative Act Description Examples from Cl Sessions

performing an action (e.g. reading a task, . .

1 Action navigating on the site, clicking on links, writing The actor enters a search term in the appropriate

box on the web site [Team 5, Task 2]
down the answer to a task)
- L . Lo There was something there..., in [[the link] “help,”

2 Description describing how a particular action is performed Il give it a try..[Team 1, Task 4]
suggesting an action, to be taken in order to _

3 Suggestion complete a task successfully (not in response to a You ?OL,’,Id maybe try NOT like “language NOT

: X English” [Team 5, Task 2]

previously formulated problem: cf. 8)

4 | Evaluation evaluating the test object, an action or the We seem to be doing okay... [Team 3, Task 5]
outcome thereof

5 Prediction predicting what the outcome of a particular action I'm sure we’ll be able to select results afterwards
will be [Team 4, Task 4]
agreeing with an action or communicative act )

6 Agreement performed by the other Team member Yeah, | suppose that’s true... [Team 2, Task 4]

. disagreeing with an action or communicative act ’

7 Disagreement performed by the other Team member No, we did do that... [Team 4, Task 4]

8 Problem formulation ve(bal:zung a problem with the test object and/or | don't know what OR means [Team 5, Task 2]
action performed

9 Solution suggesting a solution, in response to a problem Well, OR means “of” [Dutch translation] of course
that has been formulated [Team 5, Task 2}
asking an informative wh-question (what, where,

10 | Question etc.), i.e. one that expects an informative response | So how many results do we have then? [Team 2,
(but does not constitute a problem with the test Task 1]
object and/or action performed)

11 | Answer Prowdmg an mform alive response to an I'd say sixteen [Team 2, Task 1]
informative question

’ . I know people who study there [the university
12 | Other comment :,Elﬁg:g a comment that is not related to the task which developed the online library catalogue that
the teams were testing] [Team 5, Task 5]

Figure 2.1: Table describing different alternatives of communicative acts

[25].

224  Proxy Interaction

In this study, proxy interaction refers to situations where the participant does not directly interact
with the user interface, but instead instructs another person (here, the test moderator) to perform
the actions on their behalf. This concept is related to previous work on proxy users and mediated
interaction, but is used here specifically to describe instruction-based interaction during usability
testing.

Traditional think-aloud testing has sometimes been criticized for creating an artificial testing
situation, where participants may feel uncomfortable verbalizing their thoughts while acting alone.
Pair-based approaches, in contrast, introduce a more conversational and collaborative serring
24]. In such contexts, speaking and reasoning aloud may feel more natural, as communication
becomes part of a shared activity. This characteristic supports the use of proxy interaction, since
the participant both instructs and reflects on their actions in cooperation with the moderator.
This aligns with research showing that cognitive processes can be distributed across individuals
and supported through interaction [3].

However, involving a facilitator in the interaction also introduces potential risks. As noted by
Krahmer and Ummelen, the presence of an expert or facilitator may unintentionally influence the
test results, even if verbal guidance is kept to a minimum [26]. The moderator’s prior knowledge
of the system may affect how instructions are interpreted and executed, which in turn may shape
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the participant’s experience and the observed usability issues. This can be related to the evaluator
effect, where different interpretations and actions may lead to variations in identified usability

problems [20].

In this thesis, proxy interaction is interpreted through the perspectives of distributed and situated
cognition. Interaction is understood as a shared cognitive system involving the participant, the
moderator, and technological artefacts [3] 2], while the specific testing context, such as mediated
communication and remote observation, shapes how participants understand tasks and make

decisions [4} 5].

225 Remote Testing

Remote usability testing refers to evaluation situations in which evaluators and users are separated
in space and/or time [27]. Two common forms of remote testing are synchronous methods, where
the evaluator and participant interact in real time, and asynchronous methods, where feedback is
provided at a later time.

Asynchronous remote testing often involves techniques such as diary studies, forum feedback, or
written reports submitted after the interaction [21). Previous studies suggest that these methods can
be time-efficient for evaluators, both in terms of conducting the test and analyzing the collected
data [21]. However, they may require more time and effort from participants and provide less
control over how the test is carried out. This can make recruitment more difficult and increase the
risk that participants discontinue the test if they encounter too many obstacles [11].

Synchronous remote testing has most commonly been studied in the context of web user interfaces,
where screen sharing allows evaluators to observe user interactions directly [11]. In such setups, the
test situation resembles a traditional laboratory-based think-aloud test, with the main difference
being the physical separation between evaluator and participant. Research highlights several
advantages: it can be more cost-efficient and allows for a more diverse participant sample, since
users can participate from different locations [11} 21]. Some studies have also found that remote
synchronous tests can identify a similar number of usability problems as in-person tests, and in
some cases even more [11].

At the same time, remote testing introduces several challenges. Building rapport and trust with
participants may be more difficult at a distance, and technical issues can disrupt the session and
affect data qua]ity [11]. In addition, evaluators may miss important nonverbal and paraverba] cues,
such as body language, tone of voice, or subtle reactions, which can lead to misinterpretation of
user behavior.

Remote testing can make it possible to include participants from different geographical contexts,
which has been identified as an advantage in previous studies [T} 21]. However, the lack of physical
co-presence may make it more difficult to detect misunderstandings or discomfort during the test.

Previous research also suggests that remote usability testing can be effective under certain
conditions, particularly when evaluators are familiar with the system and the testing procedure
[11]. Such prior knowledge can help moderators manage the limitations of remote interaction. In
the context of this thesis, earlier in-person usability tests of the same product had already been
conducted, which supported the feasibility of performing remote test methods in this study.

23



2.3 LINKING THEORY TO THE RESEARCH QUESTIONS

2.3 Linking Theory to the Research Questions

The theoretical perspectives and methodological literature presented in this chapter did not only
inform the analysis, but also shaped the design of the study. The methodological literature provided
a foundation for how usability testing is typically conducted and evaluated, particularly in relation
to think-aloud protocols, remote testing practices, and assumptions about direct interaction with
the user interface. This served as a reference point when designing and adapting the different
testing methods.

At the same time, the theoretical perspectives guided how the study approached interaction and
what types of data were considered relevant to collect. Rather than being tied to individual
research questions, Distributed Cognition, Situated Cognition, and Embodied Interaction
offered Complementary lenses for Framing the study and identifying what aspects of interaction,

communication, and context to focus on during data collection.

Together, these perspectives informed both the design of the methods and the analytical focus of the
study. Distributed Cognition was particularly relevant for structuring and examining proxy-based
interaction, where actions and decisions are shared between participant and moderator. Situated
Cognition guided attention towards how context, such as co-presence and testing environment,
shapes interpretation and behaviour. Embodied Interaction informed the importance of physical
engagement and how the presence or absence of direct interaction influences user experience.

In this way, the literature did not only support the interpretation of results, but also influenced
how the study was set up and what data was made visible through the chosen methods.
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3. Test Design

This chapter presents the design of the usability tests conducted in this study. It describes the different testing
configurations used for comparison and outlines how they were structured and implemented. In this thesis,
the term test method refers to the diﬂérent usability testing conﬁgumtions used fbr comparison.

3.1 Research Approach & Methods

The study addresses the research questions by conducting and comparing four usability testing
methods. The methods vary along two key dimensions: (1) physical co-presence (on-site vs. remote)
and (2) interaction execution (direct interaction vs. proxy interaction), forming a 2x2 comparison
design, as illustrated in Table The horizontal axis represents co-presence, while the vertical
axis represents how interaction is performed.

Table 3.1: The methods and their differences. Horizontal: physical co-
presence, vertical: interaction execution.

On-Site Remote

Direct Method 1 Method 4
(Think-Aloud) | (On-site think-aloud) | (Remote think-aloud)

Proxy Method 2 Method 3

(On-site proxy) (Remote proxy)

The four test methods used in the study were:

1. In-person moderated usabi]ity testing with concurrent think-aloud (On-site think-aloud)

2. In-person assisted think-aloud with proxy interaction (On-site proxy)

3. Remote assisted think-aloud with proxy interaction (Remote proxy)

4. Remote moderated usability testing with concurrent think-aloud (Remote think-aloud)
Methods 1 and 4 involve direct interaction, where participants interact with the user interface

themselves while verbalizing their thoughts. In contrast, Methods 2 and 3 involve proxy interaction,
where participants instruct the moderator to perform actions on their behalf.
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Similarly, Methods 1 and 2 are conducted on-site, with both participant and moderator physically
co-located (see Figure , while Methods 3 and 4 are conducted remotely, with interaction
mediated through video communication (see Figure . Both remote methods are synchronous,
meaning that the moderator and participant interact in real time despite being physically separated.

H TESTPERSON MODERATOR H H TESTPERSON MODERATOR H

Method 1: Method 2:
On-site think-aloud. On-site proxy.

Figure 3.1: Overview of on-site test setups for Method 1 and Method 2.
Mlustrations created by ChatGPT.

H il H

TESTPERSON MODERATOR

TESTPERSON MODERATOR

Method 3: Method 4:
Remote proxy. Remote think-aloud.

Figure 3.2: Overview of remote test setups for Method 3 and Method 4.
[lustrations created by ChatGPT.

The order of the test methods corresponds to the order in which they were conducted and was
determined by logistical considerations rather than experimental progression.

Method 1 represents a traditional usability testing setup and serves as the baseline for comparison
with the other methods. Apart from the differences in co-presence and interaction execution, all
other aspects of the usability tests were kept consistent across methods, including the introduction,
task set, and debriefing procedure.
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Each method was conducted with five participants, resulting in a total of twenty participants,
excluding pilot sessions. This sample size is consistent with previous research suggesting that a
small number of participants can identify a large proportion of usability problems, a principle

widely adopted in usability practice [19] 28].

3.2 User Profile & Participants

A target user proﬁle was defined prior to the study, representing a retail sales associate responsible
for opening and closing a store and managing daily interactions with the door control panel. The
scenarios and tasks used in the usability tests were designed to reflect this work context and typical
responsibilities associated with the role.

Due to organizational constraints, participants were recruited internally from different sales
organizations within the company rather than from the intended end-user group. This decision was
made as a request by management, as additional usability tests with actual end users were planned
after the completion of this study. During the sessions, participants were therefore asked to act
according to the defined persona and follow the provided scenarios, even though their professional
backgrounds and prior product knowledge might differ from those of the intended users. This
may introduce bias, as differences between the participant sample and the target user group can
affect the validity and interpretation of usability findings [17,29]. All participants upon signing
up had confirmed that they had not interacted with the product prior to test session.

The study aimed to include five participants per test method, resulting in a total of 20 participants.
However, due to a technical malfunction in Method 2, where audio was not recorded for one
session, this participant’s data was excluded from the observational analysis and only included in

the debriefing analysis.

Participants were recruited from Sweden, Denmark, the Netherlands, and Switzerland, with
cach country assigned to a specific test method. Alchough cultural and language differences may
influence user behavior and communication, participants shared a similar professional background
within the company, supporting comparability between groups. All sessions were conducted in
English to ensure consistency, although clarifications in Swedish could be provided when necessary.

An overview of participants across the four test methods is presented in Table
Table 3.2: Overview of participants across the four test methods. *One

participant in Method 2 was excluded from observational analysis due to
missing audio data.

Method Participants Countries Age span
Method 1 5 Sweden 25-58
Method 2 5% Sweden / Denmark  24-35
Method 3 5 The Netherlands 40-51
Method 4 5 Switzerland 40-60
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The participant group consisted of 19 men and 1 woman, reflecting the available participant pool.
Additional female participants were initially recruited but could not participate due to illness and
10gistical constraints.

3.3 Test Setup & Equipment

The test setup consisted of a control panel mounted on a flexible prototype placed on a table,
allowing participants to interact with the panel in a stable position during the usability tests (sce

Figure3.3).

= = Camera

— = = = Control Panel

—  Simulator

-

Figure 3.3: The equipment used across all test methods.

The test sessions followed a Wizard-of-Oz approach, where system responses were manually
controlled through a simulator rather than generated by a fully implemented system [30]. The
simulator had similar screen hardware as the control panel but was mounted on a smaller box to
distinguish it from the main user interface. Participants were not informed about the simulator’s
specific functions, enabling controlled and consistent system behavior while preserving nacural
interaction.

The simulator was placed adjacent to the control panel to allow efficient triggering of system
responses and error states. Both devices were connected via cable and powered through a standard
electrical outlet.

A camera was positioned behind the control panel to capture both screen content and interaction
input. The video and audio feed were streamed and recorded through a Microsoft Teams meeting,
enabling remote observation and subsequent analysis. However, only hand and screen interactions
were recorded, meaning that facial expressions and body language were not captured.

The same equipment was used across all test methods, but the physical setup and communication
conditions varied depending on the testing configuration. In on-site methods (Methods 1 and
2), sessions were conducted in private meeting rooms in Sweden and Denmark (see Figure
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In these settings, participant and moderator were physically co-located and could see each other
throughout the session, allowing for full access to verbal and nonverbal communication.

€ )
H TESTPERSON MODERATOR H

Method 1 Method 2

Figure 3.4: Method 1 (On-site think-aloud) and Method 2 (On-site proxy).

In the remote proxy method (Method 3), the moderator remained in Sweden with the full test
setup, while participants joined remotely from their homes or offices (see Figure [3.5). Due to
technical constraints in Microsoft Teams, it was not possible to display multiple camera feeds
simuitaneous]y. As a result, the camera focused on the control panei during task execution, meaning
that participants could not see the moderator while performing tasks. Participants were given the
option to keep their own camera on or off since the task-execution of the session was recorded and
prior to the test they had only been informed of recording their hands and not face; four chose to
keep it on, while one turned it off. Cameras were typically switched during the introduction and
debriefing, allowing moments of face-to-face interaction.

U

TESTPERSON MODERATOR

Figure 3.5: Method 3: Remote proxy.

In the remote think-aloud method (Method 4), the setup was distributed, with the moderator
located in Sweden and the test equipment placed in Switzerland (see Figure . Similar technical
limitations appiied, preventing simultaneous Visibility of both participant and the setup during
task execution. As a result, the moderator could not see the participants face during the task
performance, while the participant could see the moderator. While switching cameras was
encouraged between phases of the session, its use varied due to practical constraints.

Across both remote methods, the inability to maintain continuous visual contact reduced access
to nonverbal cues such as facial expressions, gaze, and body language. Although moments of
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visual contact were present during introductions and debriefings, the visibility conditions differed
substantially from the on-site methods, where full co-presence was maintained throughout.

TESTPERSON MODERATOR

Figure 3.6: Method 4: Remote think-aloud.

Overall, the setup was designed to maintain consistency in equipment and procedure while
accommodating the practical constraints of remote and distributed usability testing. However,
differences in visual access between participant and moderator represent an important variation
between the test methods.

3.4 Pilot Study

Prior to the main study, pilot tests were conducted for each testing method to ensure that the
equipment functioned properly, that the tasks were clearly understood, and that the sessions fit
within the intended time frame, as recommended in usability testing practice [17].

Feedback from pilot participants indicated that the introduction was too long and felt somewhat
unnatural. Participants suggested adopting a more conversational approach to make the sessions feel
less scripted. Additionally, the pilot revealed that it was cognitively demanding for the moderator
to simultaneously manage proxy interaction, read instructions, and guide the session.

As a result, the test script was revised to create a more seamless and manageable flow. A more
conversational introduction was introduced, allowing participants to engage more actively by
responding to questions. Additionally, specific sections were added to the seript for the moderator
to note time stamps and indicate whether tasks were successfully completed. These additions
supported the moderator in keeping track of the session in real time and made it easier to resume the
script after temporarily acting as a proxy, ensuring a smoother transition back to task facilitation.

The pilot study identified several technical issues related to the testing equipment, which were
traced to a hardware problem with the control panel. Replacing the unit with another control
panel using the same configuration resolved these issues.

The pilot study also revealed system feedback issues that could not be addressed within the available
time. As a result, one task was removed and replaced with two modified tasks.
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No data from the pilot sessions was included in the final analysis, as the primary purpose of the
pilot study was to refine the testing procedure. The pilot helped identify key procedural and
technical issues, ensuring that the main study could be conducted with fewer disruptions and a
more reliable setup.

3.5 Test Procedure

Each test session followed a structured three-phase process consisting of:

1. Preparation
2. Execution of the usability test with the participant

3. Post-session reflection by the moderator

This structure ensured consistency across sessions while capturing both participant behavior and
moderator insights.

Each session lasted approximately 1.5-2 hours, of which about one hour was dedicated to the
usability test itself. Additional time was allocated before and after cach session for preparation
and reflection.

All sessions were conducted in English to ensure consistency across participants and test methods.
However, the moderator’s reflections were documented in Swedish (the moderator’s native
language) to allow for more detailed and nuanced notes. Clarifications in Swedish could be
provided when necessary without altering the procedure.

A mixed-method approach was used to collect both qualitative and quantitative data, supporting
methodological triangulation [18]. Data were collected through the usability test, participant
debriefing, and moderator reflection.

3.5.1 Phase 1: Preparation

Approximately 30 minutes were allocated before each session for preparation. This included setting
up the equipment, ensuring that the control panel and simulator were configured according to
predefined settings, and connecting all devices to power outlets and the recording system.

Some preparations differed slightly between test methods. For the remote think-aloud method
(Method 4), the setup was carried out in collaboration with a test assistant located in Switzerland.
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3.5.2 Phase 2: Usability Test Execution

3.5.2.1 Introduction

The session began with a structured introduction lasting approximately 10 minutes. The moderator
welcomed the participant, assisted with camera setup if needed, and explained the purpose, format,
and expectations of the test.

Particular emphasis was placed on explaining how to perform the think-aloud method. In the proxy
interaction conditions (Methods 2 and 3), participants were also instructed on how to provide
clear and actionable instructions to the moderator, who executed the interactions on their behalf.

For the remote think-aloud method (Method 4), the initial welcoming and technical setup were
primarily handled by a test assistant located in Switzerland. The assistant supported participants
in connecting to the Microsoft Teams meeting and ensured that the equipment was properly
configured. The assistant then left the meeting room, after which the moderator proceeded with
the introduction.

3.5.2.2 Task Performance

The task phase lasted approximately 35 minutes. Participants were first presented with a scenario
based on the defined persona, describing a shift supervisor preparing a store for opening. This
provided contextual grounding for the tasks.

As an initial step, participants were asked to describe what they could interpret from the control
panel’s initial screen. This served both as a warm-up for the think-aloud method and as a first
impression of the user interface.

In total, eleven tasks were included, each reflecting typical responsibilities associated with the use
of the control panel (see Table . Detailed descriptions of all tasks and scenarios are provided in
Appendix A. Task 2.5 was labeled as such following revisions based on pilot study feedback; as the
task numbering had already been implemented in the simulator, the existing numbering could not

]OC altered.

Depending on the test method, tasks were completed either through direct interaction or through
proxy interaction, where the moderator executed actions based on participant instructions.

Each task had a predefined goal. If a participant did not reach the goal, a hint was provided. If the
participant still did not succeed, the correct solution was revealed either immediately or during
the debriefing, depending on what best preserved the flow of the test.

After selected tasks, reflective questions were asked to capture participants’ reasoning, perceptions,
and understanding. This created a semi-structured approach in which tasks were fixed, while
reflective questions enabled deeper insight into participants’ reasoning, interaction behaviour, and
pereeived experience.
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Table 3.3: Overview of usability test tasks and their success criteria (SCC).

# Task SCC
1 Enter system + change mode to auto  Mode set to auto
(no PIN)
2 Change time-out (Admin code re- Time-out set to 20 seconds
quircd)
2.5 Turn off winter mode Winter mode turned off
3 Close the door (no PIN) Mode set to locked
4 Open door with authenticated trigger Triggcr used intcntionally

5 Enable user PIN PIN created with four digits

6 Change mode to auto (PIN) — open
(no PIN)

Mode changed to auto and then open

7 Enter wrong PIN repeatedly User notices PIN does not work

8 Navigate through issues Error messages located
9 Find contact information User identifies QR code
10 Understand issues Stating most severe issue

3.5.23 Participant Debriefing

Following the task phase, a participant debriefing was conducted, lasting approximately 15 minutes.
The debriefing consisted of six questions, including the System Usability Scale (SUS) and additional
statements rated on a similar scale. The use of SUS enabled comparison with previous usability
tests of the same product.

The debriefing combined open-ended and scaled questions, and all responses were documented by
the participant. The full set of questions is provided in Appendix B.

After the debriefing, the moderator thanked the participant and wrapped up the test session. The
participant then left the meeting or testing environment.

3.5.3 Phase 3: Moderator Reflection

After each session, the moderator conducted a structured debriefing lasting approximately
30 minutes. This phase focused on capturing reflections on the test execution, including
communication quality, technical challenges, and interaction dynamics. The full set of questions is

provided in Appendix C.

The reflections were documented using a predefined debriefing form aligned with the research
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3.6 TEST MODERATOR ROLE

questions and theoretical framework of the study. In addition, a diary was maintained to capture
more detailed observations, including notable events, interpretations, and reflections on participant
behavior and interaction patterns.

Together, the structured form and diary provided a comprehensive account of the moderator’s
perspective, complementing the participant data and supporting a richer analysis of the test

sessions.

3.6 Test Moderator Role

The test moderator played a central role in planning, executing, and documenting all test sessions,
as well as in the subsequent data analysis. Before each session, the moderator ensured that the
equipment was functioning correctly and configured according to the predefined conditions,
cither independently or in collaboration with a colleague in Switzerland. During the sessions, the
moderator focused on creating a comfortable atmosphere for the participant while ensuring that
the procedure followed the planned protocol. After the sessions, the moderator was responsible
for organizing and analysing the collected data.

The moderator’s practical responsibilities varied slightly between test methods. In the in-person
tests, this included preparing the camera setup, managing recordings, and providing debriefing
materials. In the remote tests, additional tasks involved managing the meeting setup, guiding
participants in adjusting the camera when needed, and distributing digital debriefing forms. Across
all methods, the moderator instructed participants to think aloud and, in the proxy interaction
methods, also exp]ained how to provide instructions for interaction. The moderator observed
participant behavior and verbalizations, and documented task completion and notable comments
using a structured protocol.

From a theoretical perspective, the moderator can be seen as part of the testing situation rather than
aneutral observer. According to situated cognition, the moderator’s presence and actions influence
how participants communicate, how the session progresses, and how tasks are understood.

In proxy interaction, this becomes even more important, as the moderator carries out the
participant’s instructions and becomes part of the interaction. From an embodiment perspective,
small cues such as timing and physical presence may also affect how participants behave and
communicate, even when verbal guidance is limited.

At the same time, it was important that the moderator followed the predefined test procedure
consistently, particularly during the introduction, task instructions, and debriefing. This ensured
that any differences between sessions were primarily due to the test methods rather than variations
in how the sessions were conducted.

However, the moderator could not remain entirely neutral, as the role required adapting to the
specific conditions of each method and responding to participants’ needs. The moderator therefore
balanced procedural consistency with situational adaptation, ensuring comparable test conditions
while maintaining clear communication and mutual understanding during the sessions.

34



4. Data Collection & Analysis

This chapter presents the data collection and analysis process used in the study. It outlines the different
data sources, including observations, participant feedback, and notes gathered during the usability testing
sessions. Furthermore, it describes the analytical framework that guided the study and the procedures applied
to systematically organize, interpret, and compare findings across the four usability testing methods.

The chapter also details how the collected data were processed and structured to enable identification of
patterns, recurring issues, and method-specific insights. Through this process, a set of overarching themes
emerged, which form the foundation for the results presented in the following chapter.

4.1 Data Collection

Data were collected from multiple sources to capture both observable behavior and subjective
experiences. These included:

notes taken during and immediately after each test session,

video and audio recordings of interactions with the control panel,
* participant responses from the debrieﬁng questionnaire,

« the moderator’s responses from the debriefing form, as well as entries from a reflective diary.

Together, these sources enabled analysis from both the participant’s and the moderator’s
3 ) Yy p P
perspectives. Table provides an overview of the collected data and how they were categorized

in the analysis.

The dataset consisted of both qualitative and quantitative data. The qualitative data included
participants’ verbalizations during think-aloud sessions, instructions given during proxy interaction,
comments expressed during the test, and open-ended responses from the debriefing. These data
were used to identify usability problems, misunderstandings, emotional reactions, and patterns in
how participants approached tasks.

The quantitative data consisted of performance-related and preference-related measures. Perfor-
mance measures included the number of tasks completed without assistance, and the number
of identified usability issues. Preference measures included scaled responses from the debriefing
questions.
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4.2 ANALYTICAL APPROACH

Table 4.1: Overview of collected qualitative and quantitative data used in
the analysis.

Data Type Category Description

Qualitative Data  Preference-Oriented  Emotional responses; subjective opinions
Data shared during the test; comments from
debriefing questions

Qualitative Data ~ Performance- Observations of task execution; identi-
Oriented Data fied usability issues; think-aloud comments
and/or instructions reflecting actions or
thought processes related to task perfor-
mance

Quantitative Data  Preference-Oriented  Scaled responses from debriefing questions

Metrics
Quantitative Data  Performance- Number of tasks completed without assis-
Oriented Metrics tance; number of usability issues identified

4.2 Analytical Approach

The analysis in this study was guided by the theoretical perspectives presented earlier, which were
used as conceptual lenses rather than strict analytical models. Distributed Cognition, Situated
Cognition, and Embodied Interaction informed the interpretation of observed phenomena across
the different test methods, particularly in relation to proxy interaction. These perspectives
supported the analysis of how cognitive work was distributed between participant and moderator,
how the testing context influenced interaction behaviour, and how perceived experience was shaped
by mediated interaction.

The collected data were analyzed using complementary approaches. The qualitative data were
primarily analyzed using thematic analysis combined with affinity diagramming, enabling the
identification ofrecurring patterns across participants, tasks, and test methods. The quantitative
data were analyzed descriptively to support comparisons between methods.

The analysis was conducted in two stages. First, each test method was analyzed individually to
identify method-specific patterns. Second, a cross-method comparison was performed as the
primary focus of the study, enabling a systematic evaluation of similarities and differences between
methods.

The analytical approach was closely aligned with the research questions. Specific metrics and
indicators were selected to address each research question. For example, Research Question 2,
concerning proxy interaction, interaction behaviour, and perceived experience, was examined
through indicators such as differences between instruction-based interaction and direct think-
aloud interaction, and indications of how participants interpreted and communicated their
understanding of the system during the session.
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4.3 ANALYSIS PROCEDURES

In addition to the methodological comparison, an overall impression of the product was compiled
as a natural outcome of the analysis. This product-focused evaluation was considered a secondary
outcome.

4.3 Analysis Procedures

This section describes the step-by-step procedures used to analyze the collected data. The analysis
was structured differentiy for qualitative and quantitative data, as well as for participant and
moderator inputs.

The qualitative analysis focused on identifying usability problems and patterns in participant
behavior, while the quantitative analysis supported comparisons between methods through
perfbrmance and preférence measures. In addition, participant and moderator debriefings were
analyzed separately to capture both user perspectives and reflections on the test execution.

43.1  Qualitative Analysis — Usability Problems

The qualitative data formed the primary basis for the analysis and were examined using a
combination of thematic analysis and affinity diagramming [31], enabling the identification of
recurring themes across participants, tasks, and test methods.

The thematic analysis was initially conducted for Method 1 (On-site think-aloud), following
established guidelines for identifying patterns within qualitative data [31]. This analysis resulced
in a structured analytical framework, which was subsequently applied to Methods 2—4 to support
systematic comparison across all test methods.

This approach introduced a potential risk of bias, as analyzing the methods in a fixed sequence
may have influenced the identification of usability problems. To mitigate this risk, additional
data sources, including task success measures and debriefing responses, were used to support and
complement the findings.

In total, 19 video and audio recordings were transcribed and reviewed to identify usability issues,
notable comments, and patterns in participant behavior. The recordings ranged from 19 to 42
minutes and focused on the task performance phase of the test sessions.

For Method 1, which involved a more thorough analysis, each test recording required approximately
six hours for transcript editing, annotation, review, and documentation of comments in a stcructured
spreadsheet. Methods 2—4 followed a more time-efficient approach, requiring approximately three
to four hours per test, depending on the session and the richness of participant comments. Among
these, Method 3 (remote proxy) required slightly more time due to a higher volume of reflective
comments from participants, whereas Method 4 (remote think-aloud) was generally at the lower
end in terms of time required.

The remote methods (3 and 4) also required less time for transcription, as the audio recordings
Captured two input sources, reducing the need for manual clarification during the transcription
process.
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4.3 ANALYSIS PROCEDURES

4311 Method 1 (On-Site Think-Aloud)

The analysis began with reviewing and editing the transcriptions generated from the recordings.
This step required careful attention and also functioned as an initial familiarization with the data.

Once all sessions had been transcribed, the transcripts were printed and annotated while revisiting
the video recordings. During this phase, user behavior was documented directly in the transcripts
to capture actions and patterns that were not explicitly verbalized. All relevant observations were
noted, including aspects related to the product, moderator interventions, and participant behavior.
See Figure for an illustration of this process, showing annotated transcript excerpts where user
actions, verbalizations, and observed behaviors are documented and color-coded to support the
analysis.
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Figure 4.1: Excerpts from the thematic analysis of Method 1 (On-site think-
aloud), showing how user actions and comments were documented in the
transcripts. Green indicates positive experiences, red indicates negative
ones, while yellow and blue represent comments and observations with
a more neutral tone at this stage. “UP” marks potential usability issues
where users showed signs of difficulty.

After completing this process for all five tests, the transcripts were reviewed and transferred into
an Excel spreadsheet. This resulted in 194 individual comments, each described in detail and linked
to the corresponding task(s) and participant. The comments were grouped based on product
functionality and aspects of the test context, such as moderator behavior or technical issues. This
resulted in 23 distinct groups.
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4.3 ANALYSIS PROCEDURES

Based on the initial set of comments, approximately 130 merged comments were generated
and transferred to Miro as individual post-its. Each post-it represented a summary of related
observations, including a brief’ description and an indication of’ frequency, and was organized
according to the 23 groups. Through this process, broader patterns were identified and subsequently
clustered into themes.

In total, 27 themes were generated. Of these, four related to the testing procedure and the
moderator’s role7 while the remaining 23 concerned the product itself (see Table . These themes
later served as the foundation for the analysis of Methods 2-4.

Table 4.2: Overview of themes generated from Method 1 (on-site think-

aloud).
General PIN/Login

« Users click on icons that are not buttons « Difficulty creating a user PIN, leading to
« Feedback behavior creates confusion issues in usage

about possible actions + Unclear when the user is logged in and how
« Poor affordance to log in
« Confusing door modes and when to use + Unclear when a PIN is required

them « Unclear what happcns after “Too many

Inconsistent design

Mental model — authentication trigger
Mental model — reset

Mental model - terminology

Mental model — winter mode

Natural path for exploring error codes
Unclear icons and terminology

Lack of error prevention

Clear significrs, feedback, and visual cues
Recommendations

Intuitive settings

Difficult to press buttons

Clear icons and terminology

wrong attempts”
Unclear what “User PIN” means
Unclear which PIN should be used for what

purposc

Methodological Observations
Behavior patterns and think-aloud
Lack of communication
Results may be influenced by the test design
Influence of the test leader

The post-its were color-coded based on the nature of the findings: negative (red), positive (green),
mixed (orange), or neutral (blue). This supported further refinement and interpretation of the
themes.

Based on the 23 product-related themes, the post-its were regrouped into specific usability problems.
See Figure for an overview of the grouped problerns in Miro.
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4.3 ANALYSIS PROCEDURES

Produktanalys

Method 1

Testanalys

Figure 4.2: Overview of the Miro board with regrouped post-its for

Method 1 (on-site think-aloud). Each post-it represents a comment or

observation, including information about the number of participants,

associated task, and frequency of occurrence. The post-its were color-

coded based on the nature of the findings: negative (red), positive (green),

mixed (orange), or neutral (blue).

The usabi]ity prob]ems were documented in a structured tab]e, where each issue was assigned a

severity rating and a brief motivation based on predefined criteria (see Table . The ratings were
informed by established usability evaluation principles [32]. The color-coding from the previous

step supported this assessment by providing an overview of the relative impact of each issue.

The complete list of usability problems are presented in Appendix D, while a summary is presented

in Chapter 5. Results.

Table 4.3: Severity rating scale for usability problems.

Level Severity

Description

User cannot complete the task; blocks main flow; no reasonable

4 Critical
workaround
3 Mai Task completed with difficulty; causes confusion; requires extra
ajor
] steps or guesswork
, Annoying but manageable; affects efficiency; easy to work
2 Minor
around
1 Cosmetic No impact on task completion; minor visual or textual issues
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4.3 ANALYSIS PROCEDURES

4312 Methods 2-4

For Methods 2-4, the previously identified 27 themes (see Table served as the analytical

foundation, reducing both time consumption and repetitive work.

The methods were analyzed separately and in sequence. Once the identification of usability
problems and the assignment of severity had been completed for one method, the process proceeded
to the next. The same procedure was applied consistently across all methods, beginning with
transcription and followed by the subsequent analysis steps.

For each method, the initial transcription primarﬂy served to familiarize the researcher with the
data. The video recordings were then analyzed, and observations were documented directly in a
spreadsheet structured around the 27 predefined themes. In contrast to Method 1, where all relevant
observations were recorded, this stage focused specifically on the predefined themes, enabling a
more efficient and targeted analysis.

Within the spreadsheet, comments were documented for each participant, specifying relevant
actions or verbal expressions associated with each theme, as well as the corresponding task.

After completing the analysis for each participant in a method, the data were transferred to Miro.
The post-its were color-coded based on participants and then broken down into smaller comments,
which were grouped into specific usability problems, following the same approach as in Method 1.

However, the color-coding strategy differed between the methods. In this case, post-its were
assigned colors based on participants, whereas in Method 1 they were color-coded according to
severity. This structural difference reflects how the methods were organized: Method 1 was less
tied to predefined themes initially, and color-coding by severity helped highlight where the most

critical issues occurred.

In contrast, Methods 2-4 were structured around specific themes from the outset. To avoid
re-examining each round to track occurrences, comments were instead organized by topics within
cach theme, and frequency was determined by counting the number of post-its. See Figure 4.3|for
overview of Method 3. (Overview of Method 2 and 4 are included in the Appendix E: Figures
and [E.2).

The identified usability problems were compared against the existing list. If a problem had already
been identified, additional observations were incorporated into the corresponding entry, along
with the brief motivation next to the severity score. If the problem was new, it was added as a
separate entry. In this way, the list ofusability prob]ems was iteratively expanded throughout the
analysis of each method.

Severity ratings were assigned based on the data from cach individual method. As a result, a
single usability problem could receive different severity ratings across methods (e.g., critical in one
method and minor in another), depending on the observed data (see Results for the number of
usability problems identified per method).
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Produktanalys

Testanalys

G enver

i
]

Figure 4.3: Overview of the Miro board with regrouped post-its for
Method 3 (remote proxy). Each post-it represents a comment or
observation from a specific participant and task. The post-its are color-
coded based on participant identity.

432 Qualitative Analysis — Moderator Debriefing

The moderator debriefing responses were anaiyzed using a structured approach inspired ]:)y thematic

analysis and established practices in UX research [31, 33].

In total, the moderator debriefing responses comprised approximately 35 pages of full-text data.
In addition, the reflective diary consisted of 29 pages. The diary primarily functioned as a
complementary source, supporting the debriefing responses and helping to address potential

gaps.

The responses were reviewed question by question, and answers from participants within the same
group were synthesized into group-level descriptions. This process aimed to capture recurring
patterns and overall impressions within each group, resulting in approximately 25 pages of
condensed descriptive summaries.

The group-level summaries were subsequently compared across groups to identify similarities and
differences in user experiences and perceptions. Each group was treated as a separate case, and the
comparison can therefore be understood as a form of cross-case analysis [29].

These steps was supported by generative Al to increase efiiciency in organizing and condensing the
data. All Al-assisted outputs were reviewed and verified to ensure consistency with the original
material.
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Step 1: Within-method analysis

The analysis began by reviewing the responses question by question within each method (eight
questions in total). For each question, the answers from all five participants within the method
were read and compared. Some questions were only answered in certain methods, depending on
the test configuration and whether the question was applicable.

Based on this, concise summaries were developed to capture recurring patterns and common
perspectives. This procedure was repeated for all questions within each method. The same process
was then app]ied across all methods, resu]ting in a set of detailed summaries for each method.

Step 2: Cross-method comparison

Once all methods had been analyzed individua]]y7 the summaries were reviewed again and Compared
across methods. For each question, similarities and differences between methods were identified.
Key themes were extracted and organized into a table, and higher-level summaries were formulated
for each method.

The analysis resulted in six overarching themes:

Instructional strategies across methods

« How proxy interaction affects rhythm, cognition, and behavior

+ Misunderstandings and coordination problems across methods

« Situations in which participants adapted more to the moderator than to the system
« Moderator influence on participant behavior and problem-solving

« Perceived moderator and environmental influence across groups

Step 3: Theme refinement

In this step, the identified themes were iteratively refined to achieve a more abstract and comparable
level of description (see Appendix E Table— for first iterations). The focus was on narrowing
down patterns and expressing them as concise, descriptive subthemes that could be systematically
compared across methods. Table presents the finalized set of subthemes.

Step 4: Structuring Results

Finally, cables were created with the subthemes, providing concise descriptions of how each method
related to the respective subtheme. These tables were iterative]y refined to c]arify the core definition
of each subtheme across methods, enabling a structured comparison that highlights similarities
and differences. The resulting tables are presented in Chapter 5. Results.
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Table 4.4: Overview of identified themes and corresponding subthemes
from the analysis.

Theme Subthemes
Verbal labels

Spatial references

Interaction characteristics S
it omtmg/gestures

Instruction richness

Rhythm and pace
Participant Experience and Cognitive load
Cognitive Processing Articulation Challenges

Emotional/behavioral effects

Adaption style
Moderator-oriented Social alignment
adaptation Triggers for adaptation

Impact on exploration
Dependence on moderator

Main challenge
Coordination/spatial challenges
Role dynamics

Coordination, Primary source of influence

Misunderstanding, and Environmental impact

Context Role of moderator
Observed effect

Triggers for influence
) Type of influence
Moderator influence YP o
Participant response

Impact on problem-solving

433  Quantitative Analysis

Quantitative data, including task performance measures and response ratings, were analyzed and
presented using tables and figures to support comparisons between the four test methods. Both
participant responses and moderator assessments were compiled at the method level and presented

side by side.

The System Usability Scale (SUS) consists of 10 items rated on a five-point Likert scale ranging
from “strongly disagree” to “strongly agree” and is used to assess perceived usability [34]. This scale
was retained to ensure comparability with prior research.

The scoring procedure was conducted in three steps. First, each of the ten item responses (rated
1-5) was converted to a contribution score. The SUS items alternate between positively and
negatively worded statements. For positively worded items (1, 3, 5, 7, 9), the contribution was
calculated as (response — 1), whereas for negatively worded items (2, 4, 6, 8, 10), it was calculated
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as (5 — response). This transformation ensures that higher values consistently indicate better
usability across all items.

Second, the contribution scores for all ten items were summed, resulting in a total score ranging
from 0 to 40. Finally, the summed score was multiplied by 2.5 to obtain the overall SUS score,
which ranges from 0 to 100 [34]. The final SUS score for each method was calculated by averaging
the scores across participants.

Additional usability questions from the participant debriefings were analyzed using a similar
scoring procedure to ensure consistency. Items were adjusted based on whether they were positively
or negatively worded, following the same principle as for the SUS. The adjusted scores were then
summed, resulting in a total score ranging from 0 to 16. To enable comparison with the SUS, this
score was transformed to a 0-100 scale by multiplying by 6.25.
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5. Results

This chapter presents the results from the four usability testing methods. The results are structured around
key aspects relevant to the research questions: usability problems, task performance, interaction patterns,
user experience, and the role of the moderator.

51 Summary of Method Differences

Figure revisits the test environments introduced in Chapter 3 (Figures and 3.2). The figure
serves as a reminder for the results section, highlighting whether the participant or the moderator
has access to the setup, as well as who is responsible for interacting with it.

( ) ¢ )
H TESTPERSON MODERATOR H U TESTPERSON MODERATOR H

M1: On-site M2: On-site
think-aloud proxy

TESTPERSON MODERATOR

TESTPERSON MODERATOR

M3: Remote M4: Remote
proxy think-aloud

Figure 5.1: Overview of Method conditions. [lustrations created by
ChatGPT.
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5.2 USABILITY PROBLEMS & SEVERITY

Tableprovides an overview of the key characteristics of the four test methods, including physical
co-presence, interaction type, participant age range, and location.

Table 5.1: Summary of key characteristics of the four test methods. *Two
of the tests were conducted in Sweden, Three in Denmark.

Method Presence Interaction Ages Location

M1 On-site Direct 25-58 Sweden

M2 On-site Proxy 24-35 Sweden/Denmark™
M3 Remote Proxy 40-51  The Netherlands
M4 Remote Direct 40-60 Switzerland

5.2 Usability Problems & Severity

Table [5.2| presents the number of usability problems identified for each method. In total, 52
usability problems were identified across the four methods.

Table 5.2: Overview of usability problems identified per test method. In
total, 52 distinct usability problems were identified. The “Identified by all
methods” column represents problems detected by all four methods (i.e.,
the overlap). The “Unique problems” row represents problems identified
exclusively by a single method; the final column (13) indicates the total
number of such problems.

Identified by

M- M2 M3 M4 all methods

Number of problems identified 35 30 34 35 16
Percentage of problems identified (%) 67 58 63 67 31
Unique problems 2 3 1 7 13

The identified usability problems were assigned severity ratings based on the criteria presented in
Tab]e In some cases, the same usability problem was assigned different severity levels depending
on the method. The distribution of usability problems across severity levels is presented in Table

63

The column “Max severity count” represents the number of usability problems categorized according
to their highest observed SEvVerity across methods. For example, if a prob]em received severity
ratings of 3, 3, 4, and 1 across the four methods, it is classified as severity 4 in this column.

A complete list of identified usability problems and their corresponding severity ratings for each
method is provided in Appendix D.

While several issues were observed across multiple methods, each method also revealed distinct

types of usability problems.
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Table 5.3: Overview of the severities of usability problems identified per
test method. "Max severity count” indicates the number of problems
categorized by their highest observed severity across all methods.

M1 M2 M3 M4  Max severicy count

Critical problems 10 2 2 5 12
Major problems 9 10 12 10 18
Minor problems 11 10 18 12 14
Cosmetic problems 5 8 2 8 8

Method 1 (on-site think-aloud) identified a broad range of usability problems, including several
critical issues. In particular, problems related to PIN-related interactions and login state were
prominent. Participants frequently struggled with creating and using PIN codes, and additional
issues were observed in interactions involving login and system state. This method also revealed
problems related to system feedback and users’ understanding of system status.

In Method 2 (on-site proxy), usability problems related to terminology and interpretation of
user interface elements were prominent. Participants showed uncertainty in understanding icons,
button functionality, and system concepts.

Similarly, Method 3 (remote proxy) revealed problems related to terminology and user interface
interpretation. Compared to Method 2, fewer immediate usability breakdowns were observed, but
confusion regarding symbols, labels, and system behavior remained evident.

Method 4 (remote think-aloud) revealed usability problems related to touch interaction, including
difficulties in pressing buttons and issues with touch sensitivity. While some of these problems
were also observed in Method 1, they were largely absent in the proxy-based methods. In addition,
Method 4 identified issues related to feedback and system responsiveness.

Across methods, certain usability problems were consistently observed, particularly those related to
PIN handling, system feedback, and mismatches between users’ expectations and system behavior.
However, the severity of these problems varied depending on the method. The methods also differed
in the types of problems identified: direct interaction methods (Methods 1 and 4) more frequently
revealed interaction-related issues, while proxy-based methods (Methods 2 and 3) highlighted

issues related to terminology and interpretation.

The on-site methods more frequently revealed issues related to exploratory interaction and direct
manipulation, while the proxy-based methods more often highlighted problems emerging through
more structured and instruction-based interaction.

5.3 Task Performance

Tablepresents task performance and time-related matter across the four methods. The task
success rate ranges from 76% (M1) to 82% (M2).
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Time-related measures vary more between methods. The average test time ranges from 42 minutes
(M2) to 58 minutes (M3), and the average task execution time ranges from 25 minutes (M1) to 35
minutes (M3).

Table 5.4: Comparison of task performance across the four test methods,
including task success rate, number of completed tasks, and time-related
measures (11 tasks in total).

M1 M2 M3 M4

Task success rate (%) 76 82 80 78
Tasks completed 84 9 88 86
Average test time (minutes) 43 42 58 56

Average task execution time (minutes) 25 26 35 30

Task success rate per task

1,2

1
0,8
0,6
0,4
) I | I
0 I
1 2 2.5 3 4 5 6 7 8 9 10

Task number

Task success rate

EM1 mM2 mM3 M4

Figure 5.2: Task success rate among each task. 1 indicates 100%.

Figurepresents task success rates across all methods for each task (see Tablefor list of Tasks,
intially presented in Test Design). A task was assigned a value of 1 if completed successfully and 0
if unsuccessful.

Several tasks (e.g., Tasks 1, 2.5, and 9) show consistently high success rates across all methods. With
Task 2.5 being the only task where all participants succeeded.

Greater variation between methods is observed for Tasks 4, 5, and 10. Task 4 shows consistently

low success rates across all methods.

The lowest success rate is observed for M2 on Task 4, and M1 on Task 5, while higher success rates
for Task 5 are observed for M3 and M4.
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5.4 PERCEIVED USABILITY & EXPERIENCE

Table 5.5: Overview of usability test tasks and their success criteria (SCC).

Task

SCC

Enter system + change mode to auto

(no PIN)

Mode set to auto

Change time-out (Admin code re-
quircd)

Time-out set to 20 seconds

25

Turn off winter mode

Winter mode turned off

Close the door (no PIN)

Mode set to locked

Opcn door with authenticated trigger

Triggcr used intcntionally

Enable user PIN

PIN created with four digits

Change mode to auto (PIN) — open
(no PIN)

Mode changed to auto and then open

Enter wrong PIN repeatedly

User notices PIN does not work

Navigate through issues

Error messages 10C21t(’,d

9

Find contact information

User identifies QR code

10

Understand issues

Stating most severe issue

5.4 Perceived Usability & Experience

This section presents participants’ subjective experiences across the four methods, based on SUS
scores and additional debriefing questions related to confidence, clarity, and navigation.

Table presents perceived usability across the four methods. Mean SUS scores ranged from 74.5
(M3) to 78.5 (M4). The lowest individual score was 57.5 and the highest 92.5, both observed in
Method 3. Mean ratings for the additional questions ranged from 73.75 (M2) to 86.25 (M1).

Table 5.6: Comparison of perceived usability across the four test methods,

including mean SUS scores, score ranges, and aggregated results from

additional participant perception questions (see Figure .

M1 M2 M3 M4
SUS score (mean) 77 76 745 785
Lowest SUS score 65 65 57.5 70
Highest SUS score 90 85 925 90

Additional questions (mean)  86.25 7375 7625 8125
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5.5 INTERACTION CHARACTERISTICS

Figure presents variation between methods across additional questions. For the positively
worded items, M1 shows the highest ratings, particularly for confidence, while M2-M4 are slightly

lower and relatively similar.

For the negatively worded items, M2 shows the highest ratings, followed by M3, whereas M1 and
M4 show lower values. The lowest rating of the two is observed for M4 on the statement regarding
confusing symbols.

Average answers to debriefing questions

It was easy to identify | felt confident that I could  The symbols andicons It was hard to understand

which elements were use the system without were confusing. where to go next.
clickable. accidentally causing any
problems.

EM1 mM2 mM3 mM4

Figure 5.3: Average responses to debriefing questions across the methods,
highlighting participants’ perceptions of ciarity, confidence, and naviga-
tion. Scores range from 1 (“strongly disagree”) to 5 (“strongly agree”).

5.5 Interaction Characteristics

This section presents observed interaction patterns across the four methods, focusing on
how participants expressed actions, maintained control, and engaged with the user interface.
Participants expressed actions either through concurrent think-aloud verbalizations or instruction-
based communication, resulting in differences in communication style, level of detail, and
interaction flow across methods.

Tabie summarizes how participants expressed their actions across the methods. The qualitative
ratings (very low-high) reflect the relative frequency and richness of observed behaviors, including
verbal labeling, spatial referencing, and gesture use (see Appendix E Tablefor detailed analysis).

Proxy-based methods (M2, M3) show higher levels across all categories than direct interaction
methods. The highest levels are observed in the remote proxy condition (M3), except for gesture
use, which is most prominent in the on-site proxy condition (M2). The lowest levels are found in
the remote think-aloud condition (M4), followed by the on-site think-aloud (M1).
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5.6 MODERATOR-ORIENTED ADAPTATION

Table 5.7: Comparison of instructional strategies across methods. Ratings

(very low-high) reflect relative frequency and richness of behaviors

observed across sessions.

M1 M2 M3 M4
Verbal labels Low Medium High Very low
Spatial references Low Medium High Low
Pointing / gestures  Low  High ~ Medium Low
Instruction richness - Medium High -

Table prcscnts a condensed overview of recurring interaction patterns in proxy methods (see

Appendix E Table for detailed analysis).

Table 5.8: Comparison of how proxy interaction affects rhythm, cognition,

and behavior. Descriptions summarize recurring interaction patterns

observed across sessions.

M2 (On-site proxy)

M3 (Remote proxy)

Rhythm and pace

Slower, disrupted flow

Slower, more hesitant and
deliberate

Cognitive load

Increased (wording effort)

Increased (reflective
processing)

Articulation challenges

Frequent dif‘iicu]ty describing

actions

Moderate difficulty; some
adaptation

Emotional / behavioral
effects

Reduced confidence; cautious
behavior

Increased caution; occasional
hesitation

Overall pattern

Disrupted spontaneity

Reflective, slowed interaction

Both methods are associated with slower interaction compared to direct interaction. M2 shows a

more disrupted interaction flow, while M3 is characterized by a more hesitant and deliberate pace.

In both methods, more cautious behavior is observed, with reduced confidence and increased

hesitation reported during interaction.

5.6 Moderator-Oriented Adaptation

This section presents patterns in moderator behavior and how participant—moderator interaction
varied across methods. Table shows differences in how participant behavior related to the
moderator in each method (see Appendix E Table for detailed analysis).

Building on this, Table presents a quantified interpretation of these patterns. The ratings (very
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5.6 MODERATOR-ORIENTED ADAPTATION

low—very high) reflect the relative extent of adaptation, dependence, and impact on exploration
observed across methods.

Table 5.9: Summary of how participant behavior relates to the moderator
across methods. Descriptions summarize recurring patterns of social
alignment, dependence, and changes in agency observed across sessions.

M1 M2 M3 M4
Adaptation Adjusting pace Waits for cues Polite Adjusts to clarity
style instructions
Social Seeks validation  Leans back and Holds back and ~ Struggles to align
alignment disengages wait for prompts
Triggers for Unclear Unclear Unclear who Misunderstood
adaptation expectations permission to leads goals

explore
Exploration Slightly reduced  Strongly reduced  Hesitant Structured by
moderator

Overall pattern  Performance- Depends on cues  Cue-dependent Participant—

oriented and permission and socially moderator mis-

hesitant understandings

Table 5.10: Degree of participant adaptation to the moderator across
methods. Ratings (very low-very high) reflect the relative extent of
adaptation, dependence, and impact on exploration observed across
sessions.

M1 M2 M3 M4
Adaptation to moderator ~ Medium  Very high High Medium
Social alignment Medium High High Medium
Impact on exploration Low Very high  Medium High

Dependence on moderator Low Very high High Medium

Taken together, Tables and show differences in how participants adapted their behavior in

relation to the moderator across mechods.

Across methods, clear differences are observed in how participants relied on the moderator and how
this affected exploration. M2 stands out with the highest levels of dependence, where participants
consistently waited for confirmation and showed reduced independent exploration. In contrast,

M1 shows lower dependence, with participants maintaining greater control while still seeking
validation.

Compared to M2, M3 shows a more hesitant and polite interaction style. Although social alignment
remains high in both methods, M3 is characterized by lower levels of dependence and a less
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5.7 COORDINATION, MISUNDERSTANDINGS, & CONTEXT

pronounced impact on exploration, with participants more often waiting for prompts rather than
actively secking confirmation.

M4 differs from both M1 and the proxy-based methods by showing a pattern driven by
misunderstandings of task goals. Participants adapted to clarity and pacing and relied on moderator
guidance in these situations, while also struggling to establish shared understanding.

Overall, M2 represents the strongest shift toward moderacor-dependent interaction, while M1
reflects more independent behavior. M3 and M4 fall in between, but differ in that M3 is

characterized by hesitation, whereas M4 is shaped by misunderstandings and alignment difficulties.

5.7 Coordination, Misunderstandings, & Context

This section presents coordination patterns and misunderstandings observed in proxy interaction,
focusing on how tasks were interpreted and performed. Table shows differences in coordination
challenges between M2 and M3, (see Appendix E Table for detailed analysis).

Table 5.11: Summary of coordination challenges in proxy interaction.

M2 (On-site proxy) M3 (Remote proxy)

Main challenge Inconsistent instruction Spatial and role ambiguity
Clarity

Coordination / Unclear instructions and No shared spatial reference

spatial challenges  spatial confusion

Role dynamics Participant reaches for Moderator steps in to guide
control
Overall Interaction-driven issues Structurally driven issues

Coordination challenges are observed in both proxy methods, including shared disruptions related
to system timing and feedback (e.g., system timeouts), as well as difficulties in conveying directional
gestures such as swiping (e.g., ambiguity in what constitutes left and right).

In M2, misunderstandings are primarily linked to variation in instruction clarity, with participants
showing inconsistencies in how actions are described. Role distribution is generally clear but
occurs in an unfamiliar interaction setting, sometimes leading participants to attempt to take over
interaction.

In contrast, M3 is characterized by spatia] ambiguity and role uncertainty. Participants lack a shared
reference frame and show uncertainty regarding who is responsible for acting and instructing,
resulting in unclear shifts between participant-led and moderator-led actions.

Table shows differences in the primary sources of influence and corresponding observed
participant responses across methods, based on moderator reports and observed interaction

patterns (see Appendix E Table for detailed analysis).
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Table 5.12: Comparison oprrimary sources of influence, moderator roles,

and corresponding participant responses across methods.

M1 M2 M3 M4
Primary source Secks Subtle Environmental Communication
of influence confirmation interpersonal limitations (lack  barriers (audio,
from moderator  cues (pacing, of feedback) language)
hesitation)
Environmental Prototype Scnsitivity to Missing system Technical
impact constraints moderator cues feedback constraints
Role of Clarifications Indirect Prompts Increased
moderator become leading influence interpreted as intervention and
through social hints support
signals
Observed effect  Confusion and Reduced Interpreting Increased
repeated exploration moderator intent  cognitive effort,
clarification and increased hesitation, and
reliance stress
Overall pattern Confirmation- Social cue-driven  Environment- Communication-
driven interaction driven driven
interaction interaction interaction

Across methods, participant behavior is shaped by different sources of influence, with clear
differences in how these are expressed.

In M1 and M2, influence is tied to the interaction itself. In M1, this appears as participants secking
confirmation from the moderator, resulting in confusion and repeated clarification. In contrast,
M2 is shaped by subtle interpersonal cues, where tone and pacing influence behavior, leading to
reduced exploration and sensitivity to the moderator.

In M3 and M4, influence is instead linked to contextual constraints. In M3, environmental
limitations, particularly the absence of system feedback, lead participants to interpret prompts as
hints, resulting in interpreting moderator intent and increased reliance. In M4, communication
barriers such as audio quality and language are associated with increased cognitive effore, hesitation,
and reliance on moderator support.

Overall, the methods differ in whether participant behavior is primarily shaped by interaction
dynamics (M1-M2) or by environmental and communication constraints (M3-M4).

Figure [5.4| presents moderator ratings of test setup and structural conditions across methods.
Ratings for having the time to prepare are high across all methods, as well as ratings for equipment
functioning which are consistently high across all methods, with slightly lower values observed for

M4.
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N W A O

-

0

Test Setup & Structural Conditions

I'had enough time to prepare It was easy for the test The test participant seemed  The test equipment worked as it
everything in advance. participant to get started. comfortable with the structure should.
of the test.

EM1 mM2 mM3 mM4

Figure 5.4: Average response for the test moderator debriefing form
regarding the test setup and structural conditions. Scores range from 1
(“scrongly disagree”) to 5 (“scrongly agree”).

Differences are observed in how easily participants were able to get started, with higher ratings for
M3 and lower ratings for M4. Participant comfort with the test structure is rated highest in M1
and M3, and lower in M2 and M4.

Figure 5.5 presents moderator ratings of environmental conditions across methods. Ratings for a
calm and distraction-free environment are high across all methods, with M4 showing the highest

value.

Clarity of audio is rated highest for M1 and M3, and slightly lower for M2 and M4. And visibility

of participant interaction (applicable to M1 and M4) is rated slightly higher in M1 than in M4.

As the item regarding the effect of the test environment is negatively worded, higher values

indicate a greater perceived negative impact. Ratings are generally lower, with slightly higher

values observed for M3. Some level of negative impact is reported across all methods.

o B N W b~ O

Environmental Conditions

The test environment feltcalm | clearly heard what the test | had good visibility of what the There were moments when | felt
and free from distractions. participant said. test participant was doing onthe  that the test environment
screen (1and 4). negatively affected the

participant’s performance.

EM1 mM2 mM3 mM4

Figure 5.5: Average response for the test moderator debriefing form
regarding environmental conditions. Scores range from 1 (“strongly
disagree”) to 5 (“strongly agree”). The third question was only applicable
for method 1 and 4.
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5.8 Moderator Influence

Moderator influence was observed across all methods, with differences in how it was expressed
and how participants responded.

Table presents how moderator influence is expressed across methods, based on qualitative
analysis of moderators’ free-text self-assessments, (see Appendix E Table for detailed analysis).

Table 5.13: Comparison of how moderator influence shapes participant
behavior and problem-solving across methods.

M1 M2 M3 M4
Triggers for System confusion Need for Uncertainty Unclear
influence confirmation expectations
Type of Subtle cues (tone, Clarifications and ~ Guides through Waits for
influence reactions) timing questions moderator input
Participant  Self-correction Caution and Adjusted Reliance on
response hesitation reasoning moderator for

help

Impact on Mild unintended  Reduced Reduced Moderator-led
problem- guidance confidence independence actions

solving

Moderator influence varies across methods in both expression and impact. M1 shows the lowest
level of influence, characterized by subtle cues and participant self-correction, with limited impact
on problem-solving. In contrast, M2 shows more explicit influence, where instruction timing and
clarification shape participant behavior, resulting in increased hesitation and reduced confidence.

Compared to M2, M3 shows a shift toward influence through guided reasoning. Participants adjust
their thinking and often wait when tasks are unclear, corresponding to reduced independence in
problem-solving, although to a lesser extent than in M2.

M4 stands out with the strongest moderator influence. Participants re]y on moderator input to
proceed, and problem-solving is frequently moderator-led, particularly in situations involving
unclear expectations.

Figure complcmcnts these findings by presenting moderators’ quantitative self-assessments
across the same mechods.

The perceived role of the moderator’s presence in participants’ thinking-aloud is strongest in M2
and weakest in M4, with M1 and M3 showing similar intermediate levels.

For perceived neutrality, M4 shows the highest rating, while M1 and M2 report similar levels, and
M3 shows a lower value. The frequency of unintentional cues is reported as lowest for M2 and M4

and higher for M1 and M3, with M3 showing the highest value.

b
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Moderator Performance

5
4
3
2
1 .
0
To what extent do | believe my How well did | manage to How often did | give
presence influenced the  maintain my neutrality as a test unintentional cues (verbal or
participant’s way of thinking moderator? non-verbal)?
aloud?

EM1 mM2 mM3 mM4

Figure 5.6: Average response for the test moderator debrieﬁng form
regarding influence, neutrality, and unintentional cues. Scores range from
1 (“Not at all”) to 5 (“To a great extent”).

5.9 Participant Connection

This section presents moderator-reported assessments of social interaction and participant
connection across methods, with observed differences related to communication flow and social
alignment.

Figures andpresent moderator assessments of participant connection and test experience
across methods.

Social Interaction & Participant Connection

6
5
4
3
2
0

| felt that the It was easy for the | felt a good This particular test | could easily | often had to

welcomingwent testparticipantto connection with the was very understand what repeat myself.

well. get started. test participant. energy-consuming the test participant
to carry out. meant.

EM1 mM2 mM3 mM4

Figure 5.7: Average response for the test moderator debriefing form
regarding social interaction and participant connection. Scores range
from 1 (“strongly disagree”) to 5 (“strongly agree”).
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Ratings related to social interaction and participant connection vary across methods. M3 shows
consistently high ratings across items related to welcoming, ease of getting started, and perceived
connection, indicating strong reported interaction quality.

Compared to M3, M2 shows slightly lower but still high ratings, particularly for welcoming and
understanding the participant.

M1 shows similar ratings to M2 for welcoming and ease of getting started, but slightly lower for
connection and communication clarity.

M4 differs from the other methods, with lower ratings for ease of getting started and perceived
connection. Communication-related challenges are more pronounced, with higher ratings for
repetition.

For the negatively worded item regarding energy consumption, higher values indicate greater

perceived effort. M4 shows the highest rating, while M1-M3 show lower values.

Test Experience & Perceived Challenges

It felt like the test was meaningful. A lot went wrong during this test.

o B N W b~ 0 O

mEM1 mM2 mM3 mM4

Figure 5.8: Average response for the test moderator debriefing form
regarding test experience and perceived challenges. Scores range from 1
(“strongly disagree”) to 5 (“scrongly agree”).

In terms of overall test experience (Figure[5.8), the test is rated as meaningful across all methods,
with lower values observed for M4.

For the negatively worded item regarding issues during the test, ratings are moderate across
methods. Slightly higher values are observed for M4, while M3 shows the lowest rating.

510 Debriefing & Post-Task Behavior

Participants completed a debriefing form after the tasks. In on-site settings, the form was provided
on the moderator’s computer, while in remote settings, participants received a link and completed
it during the session. In M3 and M4, participants occasionally asked whether the form could be
completed at a later time.
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Across methods, participants were generally focused and engaged. Engagement was consistent in
M2 and M3, either through quiet completion (M2) or verbal reflection (M3). In M1, engagement
varied more, with some distraction and need for clarification. In M4, engagement was quieter, with
participant activity less visible to the moderator.

After submitting the debriefing form, participants engaged in casual conversation, marking a
transition out of the test session. This phase was more relaxed, with participants appearing calmer
and less focused on performance. In sessions that ran longer, less time naturally remained for casual
conversation.

In the on-site methods (M1 and M2), some participants used this time to explore the control
panel, while others engaged in small talk. In M3, conversations were more polite and oriented
toward getting to know each other. In M4, the interaction typically ended quickly with minimal
conversation.

These observations were considered separate from the test session but reflect patterns of exploration
and social interaction.

511 Summary of Key Results

To summarize, the key results are presented based on the main differences observed across methods.

Table provides an overview of the methods.

Table 5.14: The methods and their differences. Horizontal: physical

co-presence, vertical: interaction execution.

On-Site Remote

Direct Method 1 Method 4
(Think-Aloud) | (On-site think-aloud) | (Remote think-aloud)

Proxy Method 2 Method 3

(On-site proxy) (Remote proxy)

Usability Findings

Direct interaction methods (M1, M4) primarily revealed interaction-related issues, including touch
interaction and system feedback. In contrast, proxy-based methods (M2, M3) more often identified
problems related to terminology and interpretation of user interface elements. Some issues, such
as PIN handling and system feedback, were observed across all methods, although their severity

varied.
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Task Performance

Task success rates were high across methods for straightforward tasks (e.g., entering the system
(Task 1), turning off winter mode (Task 2.5), and finding contact information (Task 9)), with all
participants Completing Task 2.5 successfuﬂy. In contrast, tasks requiring more Complex interaction
or system understanding showed greater variation between methods. Opening the door using an
authenticated trigger (Task 4) showed consistently low success rates, with none completing it in
M2, while creating a user PIN (Task 5) showed lower success rates in M1 and higher in M3 and
M4. Overall, no method consistently outperformed the others, and performance differences were
primari]y task—dependent.

Perceived Usability

Perceived usabi]ity ratings were re]ative]y similar across methods, with s]ightly higher SUS scores
in M4 and lower in M3, with M3 also showing a wider range of scores. In contrast, M1 showed
the highest ratings across the additional questions, particularly for confidence, while M2 and M3
showed higher values for negatively worded items, indicating more perceived difhiculty.

Instructional & Communicative Strategies

Proxy-based methods (M2, M3) showed higher levels of verbal labels, spatial references, and
instruction richness compared to direct interaction methods, with the highest levels observed in
M3. In contrast, M2 relied more on gestures, reflecting co-located interaction, while M1 and M4
showed lower levels across these measures, with M4 showing the lowest use overall.

Interaction Patterns & Behaviour

Proxy methods (M2, M3) were associated with slower and more cautious interaction, reduced
interaction confidence, and greater reliance on the moderator. M2 showed the highest level of
dependence, with frequent confirmation-secking, while M3 was characterized by hesitation and a
more deliberate pace. In contrast, M1 showed more independent interaction, while M4 was marked
by misunderstandings and difficulty establishing shared understanding.

Coordination & Communication in Proxy Methods

Both proxy methods showed coordination cha]]enges, inc]uding difficulties with spatia] commu-
nication (e.g., left/right) and disruptions related to system feedback. M2 was characterized by
inconsistencies in instruction clarity, while M3 showed ambiguity in roles and lack of a shared
reference frame, resulting in unclear shifts in interaction control.
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Sources of Influence

Participant behavior was shaped by different dominant factors across methods. M1 was charac-
terized by confirmation-secking behavior, M2 by sensitivity to social cues, M3 by environmental
constraints, and M4 by communication barriers. Overall, M1I-M2 were primarﬂy interaction-driven,
while M3-M4 were shaped by contextual constraints.

Moderator Influence

Moderator influence varied across methods and affected both interaction and outcomes. Influence
was lowest in M1, where participants retained control but frequently sought confirmation, and
highest in M4, where interaction was often moderator-led. M2 showed explicit influence through
timing and clarification, while M3 reflected guided reasoning, resulting in more hesitant but
structured interaction.

Experience & Engagement

Participant connection varied across methods. M3 showed the highest ratings for interaction quality
and connection, while M4 showed lower ratings, including higher effort and more communication-
related challenges. Engagement during debriefing was consistent in M2 and M3, more variable in
M1, and quieter in M4.
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6. Discussion

This chapter discusses the findings of the study in relation to the research questions, previous work,
and theoretical perspectives. Particular attention is given to how different usability testing methods
inﬂuenced reliability, interaction patterns, perceived experience, and the role of the moderator. In addition,
methodological choices, limitations, and implications of the findings are considered in order to provide context
for how the results should be interpreted.

6.1 Process & Methods

Several methodological choices influenced how the results were produced and should be interpreted.
While the study was designed to enable systematic comparison across testing setups, the execution
introduced trade-offs and constraints that shaped both data collection and analysis. The following
sections reflect on these aspects, focusing on how they may have influenced the findings.

6.1.1 Preparations

The preparation phase of the study required substantial time and effort, particularly in relation
to participant recruitment and 10gistical coordination. Conducting several test methods with a
relatively large participant sample introduced a level of complexity beyond typical small-scale
usability studies.

Although participants were recruited internally, the process depended on coordination across
organizational roles and locations, highlighting how recruitment is shaped by availabilicy and
organizational structures.

This reflects how usability testing in practice often requires more planning and coordination than
initially anticipated. At the same time, the chosen approach made it possible to include a broader
participant sample across different countries, which was particularly relevant given the study’s
focus on remote testing and international app]icability.

In addition, the preparation phase revealed important methodological trade-offs. While efforts
were made to standardize the setup across test methods, differences in physical location, technical
configuration, and participant context introduced variability that could not be fully controlled.

Whether remote usability testing reduces time was not assessed in this study. The Complexity of
coordinating multiple setups made it difficult to isolate preparation time, so the analysis focused
on session duration.
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6.1.2  Participants

The study ultimately included 20 participants, of whom 19 were men and 1 was a woman, resulting in
a heavily male-dominated sample. While participants were recruited from a niche group requested
by the company, the gender distribution within these groups was not speciﬁed. Participation was
voluntary and mediated through managers, meaning that the final sample composition was not

fully controlled by the author.

Since participants from different countries were assigned to different test methods, contextual
factors such as cultural differenees, work environments, and communication sty]es may have
influenced che results.

Although all participants had English as a second language, noticeable differences were observed
between locations. This was particularly evident in Method 4, where the participants had lower
confidence and proficiency in English compared to other groups. As a result, communication
became more chanenging, especiaﬂy in the remote serting.

In addition, the age distribution varied across methods. M1 included a wider range (25-58), M2
consisted of younger participants (24-35), while M3 and M4 included older participants (40-51 and
40-60, respectively). This variation may have influenced how participants interpreted symbols and
system functions, as well as their comfort with language and technology, alchough all participants
had professional experience Working with technology.

6.1.3  Order Effects & Data Analysis

The methods were run one after the other due to practical constraints, rather than being randomized.
This likely introduced some order effects, as the moderator became more familiar with the
procedure, equipment, and product over time. As a result, later sessions may have benefited
from improved pacing and smoother handling of the setup, which could have influenced the
consistency between methods.

The analysis also followed a sequential structure, where Method 1 was analyzed in depth first and
subsequent methods were interpreted in relation to emerging patterns. This facilitated comparison
across methods but also shaped the analytical lens through which later data were interpreted.

As a result, the identification of patterns, such as differences in interaction, verbalisation, and
moderator influence, was not entirely independent across methods, but developed iteratively
over time. This reflects the evaluator effect, where findings are influenced by the researcher’s
perspective and analytical framing [20]. Rather than being identified in isolation, some patterns
were reinforced through repeated observation across methods.

Generative Al was used primari]y toan alyze moderator debrieﬁngs, as the volume and Comp]exity of
the data exceeded expectations. While the structured format supported comparison across research
questions, many findings were interrelated, making manual analysis difficult. Al was therefore
introduced to improve efficiency, using an iterative process where outputs were continuously
reviewed and validated against the original data to mitigate misinterpretation and data mixing
across methods, which was a recurring challenge.
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In contrast, the thematic analysis of usability problems was conducted manually without Al
assistance, allowing for clearer traceability between observations and findings, but requiring
significantly more time. Hence the decision to adopt a more efficiency-driven approach for the

analysis of Methods 2—4.

Despite differences in analytical approach, recurring patterns were observed consistently across
methods, supporting the overall credibility of the findings while also highlighting different aspects
of the interaction. Thematic ana]ysis offered more systematic and traceable insights, whereas the
moderator-focused analysis, shaped by time constraints and supported by Al was more efficiency-
driven. This also reflects an initial underestimation of the moderator’s role, which emerged as a
central factor in the study.

6.14 Single~Moderator Limitation

During the data analysis process, it became increasingly evident that the moderator influenced
both the test procedure and its outcomes. While it was still possible to identify patterns across
the different methods, these patterns should be understood in relation to the fact chat all sessions
were conducted by the same moderator.

Although the relatively large number of participants contributed to a broad range of data and
insights, all interactions were shaped by the same moderator guiding the sessions. This introduces
a limitation when interpreting the results, as the observed patterns may partly reflect moderator-
specific effects rather than solely differences between methods.

Including multiple moderators could have strengthened the generalizability of the findings by
reducing the influence of individual moderation styles. However, such an approach would require
a larger study with a different scope and was therefore beyond the aims of the present work.

6.2 Results

This section discusses the findings from the study, focusing on key aspects such as task performance
and perceived usability, identified usability problems, interaction patterns and verbalisation, and
the role of the moderator across testing conditions.

6.2.1 Task Performance, Perceived Usability & Experience

At first glance, the results suggest that the choice of method does not matter that much. Participants
were generally able to eomplete the tasks, and perceived usability scores were similar across methods.
However, this similarity starts to break down when looking at how the interaction actually unfolded.

What stands out is not whether participants succeeded, but how they got there. In some methods,
tasks were completed through quick trial-and-error, while in others, participants spent more time
reasoning, interpreting, and trying to understanding the system before acting,.
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Time also reflects this shift. Remote and proxy-based sessions took longer, not necessarily because
tasks were more difficult, but because participants had to exp]ain, interpret, or wait rather than act
directly. In this sense, the interaction becomes less about doing and more about thinking through
the system.

This makes the results somewhat misleading if taken at face value. Similar task success rates and
SUS scores suggest comparable usability, but they mask important differences in how effortful,
intuitive, or natural the interaction actua]]y was. This reflects a known limitation in usability
evaluation, where outcome-based measures may overlook important aspects of user experience
and interaction processes [22]. What appears as equivalent performance may therefore represent
fundamentally different ways of interacting with and interpreting the system. Evaluating usability
based only on outcomes therefore risks overlooking how the interaction is actually experienced in
practice.

6.2.2  Usability Problems

Differences in how interaction unfolds also affect which usabi]ity problems become visible. Direct
methods (M1, M4) primarily revealed interaction-related issues, such as touch sensitivity and system
feedback, whereas proxy methods (M2, M3) more often exposed problems related to terminology
and interpretation. This also influenced perceived severity across methods. These findings support
prior research showing that usability problems are shaped not only by the user interface, but also
by the testing method and interaction conditions (11} 21].

A key difference is the absence of physical interaction in proxy methods. From an embodied
interaction perspective, physical engagement is central to how users perceive and understand a
system [6]. In the direct methods, participants compared the control panel to familiar devices such
as smartphones and reacted to its touch response. When input was not registered, they repeated
actions, ]eading to persistent frustration that shaped their underst:mding of the system. These
issues were largely absent in proxy methods, where no physical interaction occurred.

Instead, focus shifted toward visible user interface elements. Without direct interaction,
participants attended more to labels, icons, and system logic, resulting in a more analytical reading
of the user interface. However, this does not necessarily reflect real-world use. From a sicuated
cognition perspective, this illustrates how the testing context shapes user interpretation and
engagement [4] 5. Interaction became more clue-driven, with participants reasoning through the
user interface and often scanning the entire screen before acting. This more deliberate approach
sometimes led them to engage with non-interactive elements, such as pressing icons not intended
as buttons.

In contrast, participants in the direct methods acted more instinctively, exploring through action
rather than reflection. They pressed buttons without fully reading the user interface, allowing
understanding to emerge through use. As a result, perceptions of what was clickable developed
more spontancously.

Some issues, such as PIN handling and system feedback, appeared across all methods, indicating
core design problems. However, they manifested differently. In proxy methods, the slower pace
made details like PIN length more noticeable. In direct methods, these were often missed, affecting
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subsequent tasks. Participants eventually resolved login through trial and error, often forming
incorrect assumptions about system logic and the purpose of the PIN. In remote methods, where
interaction was less exploratory, participants instead struggled to understand the system despite
having the correct PIN.

The method influences not only which problems are found, but how they are discovered. Direct
interaction exposes breakdowns as they occur, while proxy interaction enables reflection and
interpretation. This can be understood through distributed cognition, where interaction is
distributed across participant, moderator, and artefacts, shaping how problems are identified and
articulated [3) 2]. Together, the methods support two distinct modes of engagement: direct
interaction foregrounds physical usability and immediate feedback, while proxy interaction
highlights reflective interpretation of labels, icons, and system structure.

The relatively low overlap between methods further suggests that no single approach caprures the
full range of usability issues; rather, they complement each other by revealing different aspects of
the user experience.

5 Users: The Optimal Sample Size
for Qualitative Usability Studies

100%

75%

Usability
Problems ,,,
Found

25%
NN/g

3 6 9 12 15
Number of Test Users

Figure 6.1: Usability problems found based on number of test users
according to Nielsen Norman Group 28].

This pattern is also reflected in the cumulative number of identified problems. In total, 52 usability
problems were identified across 19 participants. Method 1 identified 35 (67%) with 5 participants.
After Method 2, this increased to 41 (79%) with 9 participants, and after Method 3 to 45 (87%)
with 14 participants.

Compared to Figure the curve would suggest that close to 100% ofproblems should be identified
by this point. However, only 87% were identified, corresponding roughly to the number of problems
identified by six users according to the curve

This indicates that problem discovery was not solely a function of total sample size. Instead, differ-
ent methods contributed distinct and complementary insights, resulting in a more comprehensive
understanding of the evaluated product.
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6.2.3 Think-Aloud vs Instruction-Based Interaction

A central question in this study was whether proxy-based interaction provides richer insight into
participants’ understanding of a system than traditional think-aloud. At first glance, it appears to

0 sO: In the proxy conditions articipants continuous escribed intended actions
d the proxy conditions (M2, M3), participant t ly described ded actions,
leading to more structured and explicit verbalizations.

As shown in Table this was reflected in higher levels of verbal labeling, spatial references,
and overall instruction richness, particularly in M3 (remote proxy). Participants frequently used

" W

phrases such as “press the button on the right,” “go to the top menu,” or “select the lock icon,”
making their interpretation of the user interface more visible than in the think-aloud conditions.
Rather than merely reacting to the user interface, they articulated what they believed the system
afforded. This aligns with research on communicative acts in usability testing, which suggests that

instruction-based interaction promotes more explicit articulation of reasoning and intent [25].

This contrasts with the traditional think-aloud approach described by Ericsson and Simon [7],
where verbalizations are intended to accompany action without interfering with it. In practice,
much of the reasoning in M1, and especially M4, remained implicit. Participants often acted before
speaking or produced fragmented utterances, leaving interpretation to the researcher rather than
making their reasoning fully explicit.

In the proxy methods, verbalization became the interaction itself. Participants had to explain
actions in advance, requiring them to structure their understanding. In this sense, they were not
only expressing their thoughts but actively shaping them to make them communicable.

However, this richer verbal access came at a cost. As shown in Table participants in M2 often
strugg]ed to describe actions precise]y, ]eading to pauses, reformulations, and vague instructions.
In M3, they adapted over time and produced more complete instructions, but the interaction
became slower and more hesitant. This suggests that participants were not only solving the task
but also managing the effort of translating their understanding into language. From a think-aloud
perspective, this reflects how verbalization can impose additional cognitive load and influence
task performance [7,24].

This raises the question of whether richer verbal data is always beneficial. While the need
to formulate instructions sometimes prompted deeper reflection, making misunderstandings
or incorrect assumptions casier to identify, it also introduced new challenges. Ambiguous
instructions, such as unclear spatial references or vague descriptions, occasionally led to
moderator misinterpretations, agecting task execution. In this sense, the method not only reveals
understanding, but can also shape and occasionally distort it.

In contrast, think-aloud methods offered less explicit but more natural insight into participants’
interaction behaviour. Verbalizations were typically brief reactions or immediate interpretations,
requiring greater researcher interpretation but more Closely reﬂecting natural interaction with the
system.

Taken together, proxy interaction yields richer verbal data, but this insight is constructed through
the interaction itself. The added cognitive load and slower pace are part of how this data is
produced, while misunderstandings and coordination challenges show that more verbalization
does not necessarily lead to clearer insight.
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Seen in this light, the choice between think-aloud and instruction-based approaches is less
about data richness than about the kind of understanding sought. Proxy methods make users’
interpretations explicit at the cost of natural interaction, while think-aloud preserves more realistic
behavior but requires the researcher to infer users’ reasoning. Neither approach is inherently better,
but they reveal different aspects of interaction, reasoning, and perceived experience.

6.2.4 Remote vs On-Site: Control & Connection

On-site and remote methods differed in how connection and control were intertwined. In
on-site settings, the moderator could directly shape both the environment and the interaction:
welcoming the participant, guiding the setup, and observing subtle behaviors helped establish
shared understanding early in the session. From a situated cognition perspective, this reflects how
cognition and interaction are shaped by physical and social context [4]5]. This appeared to reduce
hesitation and enabled more independent engagement.

Remote methods differed in how control was distributed and when it came into play. In Method
4 (remote think-aloud), the loss of control was most evident during setup, where an assistant
prepared the environment and welcomed the participant before the session began. Although the
assistant left once the connection was established, this initial handover meant the moderator lacked
full control over how the test was introduced and configured.

As a result, the moderator entered at a later stage, adapting to pre-established conditions and
1imiting ear]y influence. From a distributed cognition perspective, parts of the system were a]ready
in place before the moderator became fully involved, shaping subsequent coordination [3}2]. The
moderator thus shifted from guiding to reacting, for example when participants moved the control
panel, misunderstood instructions, or deviated from the task flow. In some cases, the simulator
itself became a source of confusion when placed out of sight, requiring small interruptions.

Reduced visibility in M4 also made it harder to judge when to intervene. Without access to body
language or subtle cues, the moderator had less basis for interpreting participant uncertainty,
sometimes leading to delayed guidance or increased participant reliance. This aligns with research
on remote usability testing, where the absence of nonverbal cues complicates interpretation and

timely support [T1].

In contrast, Method 3 (remote proxy) was less affected by setup but introduced limitations during
interaction. The moderator remained directly involved, yet the lack of shared physical context
made instructions such as “press left” or “go there” ambiguous. Rather than being lost, control had
to be continuously negotiated, as meaning and intent were not always aligned. This reflects how
proxy-based interaction becomes a shared, distributed activity, requiring ongoing coordination of
understanding [3].

These differences also shaped participants’ relation to the moderator. In on-site methods, they
appeared more independent, with a clearer separation of roles. In remote settings, this boundary
weakened: M3 often became more collaborative, reflected in higher connection ratings, whereas
M4 felt more distant and efforcful, with greater reliance on verbal clarification. From a situated
perspective, this suggests that connection is shaped by how interaction is structured and supported
within the testing context.
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Taken together, remote testing not only reduces control over setup but also reshapes how connection
is established and maintained. As control decreases, interaction becomes more dependent on
communication and coordination, shaping participant comfort and session flow. In this sense,
connection is not only a social factor but also tied to the moderator’s ability to manage and stabilize
the testing situation.

6.2.5 The Moderator’s Role in Balancing Support & Neutrality

Across all methods, a central tension concerned the moderator’s role in balancing two responsibili-
ties: ensuring session progress and participant comfort while maintaining neutrality. This reflects
a well-known challenge in usability testing, where moderators are expected to support the session
while minimizing their influence on participant behavior [7, 24].

In practice, this balance proved difficult. Participants frequently showed signs of uncertainty,
hesitation, or stress, requiring the moderator to decide whether to intervene or remain passive.
While intervention could reduce frustration and help participants progress, it also risked influencing
their behavior and the study outcomes.

This tension was particularly visible in the proxy methods (M2, M3), where the moderator was
directly involved in executing actions. Here, the role became dual: both facilitator and the
participant’s “hands.” When instructions were unclear, such as “press left” or “go there,” the
moderator had to interpret intent. From a distributed cognition perspective, interaction was thus
shared between participant and moderator, with decision—mal{ing and execution fbrming a joint
system [3,2]. This meant that the moderator’s judgments directly shaped the interaction: clarifying
too much could lead participants, while too little could cause confusion or stall progress.

In M2, this often led participants to wait for confirmation before acting, suggesting that the
moderator’s presence influenced not only actions but also confidence. In M3, responsibility shifted
slightly, with participants expressing themselves more cautiously and the moderator guiding
through subtle cues rather than explicit clarification. In both cases, the moderator remained
central to maintaining progress, though at the cost of reduced participant independence.

In contrast, M1 placed greater emphasis on moderator neutrality, in line with traditional think-
aloud principles [7]. The moderator intervened less, allowing more independent exploration, but
this also left participants stuck or uncertain for longer periods. In M4, communication barriers
and reduced visibility made it harder to judge when to intervene, leading to delayed support or
increased participant reliance.

These differences show that the moderator’s role is shaped by the method rather than fixed. In
more controlled serrings, neutrality can be maintained more strictly, whereas proxy and remote
contexts often require a more active role to sustain the interaction. This raises a key question: when
does intervention support a fair and meaningful test, and when does it begin to shape the results?

Rather than a clear boundary, the findings point to a continuous negotiation, where the moderator
constantly adjusts between stepping in and holding back to reduce participant stress, maintain
progress, and preserve test integrity. In this sense, neutrality is not a fixed state but something
actively managed throughout the interaction.
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The moderator thus not only facilitates the test but also shapes both the participant experience
and the outcomes. The challenge is not to eliminate this influence, but to understand and manage
it.

6.3 Theoretical Interpretation

The results both align with and challenge the theoretical perspectives presented in the theory
chapter. Rather than fitting neatly into each framework, the findings reveal tensions between
what the theories suggest and how interaction unfolded in practice. Across methods, usability
testing does not merely capture interaction but actively shapes how cognition, communication,
and experience emerge.

b

From a Distributed Cognition perspective, the proxy conditions functioned as distributed systems
where decision-making, instruction, and execution were shared between participant and moderator
[2}3]. While this supported task completion, it also introduced coordination as part of the cognitive
work, reflected in increased task time, hesitation, and misunderstandings. At the same time,
participants often sought direct control, suggesting that distributed interaction may be cognitively
viable but not aiways intuitive]y accepted.

From a Situated Cognition perspective, the results confirm that interaction is shaped by context,
with remote and on-site settings affecting communication, coordination, and perceived connection
[4, 5] B5]. However, the findings also suggest that interaction structure plays a key role: remote
proxy interaction could SUpport strong connection (sometimes even stronger than on-site proxy)
despite lack ofico—presence, indicating that connection depends not Oniy on piiysicai context but
on how interaction is organized and coordinated.

From an embodied interaction perspective, differences in control, confidence, and engagement can
be linked to the absence of direct physical interaction in the proxy methods. Participants showed
lower confidence, increased hesitation, and attempts to regain control, highlighting the importance
of bodily engagement with artefacts [6]14]. At the same time, embodiment did not disappear but
shifted form, as interaction was mediated through the moderator’s gestures, timing, and presence.
This suggests that embodied aspects can be shared and redistributed across individuals, partially
compensating for the lack of direct control. However, this compensation remained incomplete, as
participants still expressed a need for direct interaction, particularly in tasks requiring precision
or immediate feedback.

The three perspectives highlight different aspects of how the methods function. In proxy interaction,
action is shared between participant and moderator, which enables task completion but requires
continuous coordination. In remote settings, the lack of shared context makes interaction
more dependent on communication and alignment. In direct interaction, participants act more
intuitively, but their reasoning becomes less explicit. Rather than contradicting the theories, these
findings show that each perspective captures only part of the interaction, while the methods
themselves shape how it unfolds in practice.
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6.4 Relation to Research Questions

Looking across the findings, the three research questions are closely connected. Rather than
pointing to clear-cut answers, the results highlight a number of trade-offs between methods,
particularly in terms of what is captured and how the interaction unfolds.

6.4.1 RQI - Reliability of Testing Methods

To what extent do different usability testing methods, varying in co-presence and interaction execution,
produce comparable results in terms of reliability?

At first glance, the methods seem fairly comparable. Participants were generally able to complete
the tasks, and the overall usability scores did not differ that much. In that sense, it would be casy
to conclude that the choice of method does not matter too much.

However, looking more closely, this picture becomes more nuanced. While the outcomes were
similar, the paths leading to them were quite different. The methods revealed different types of
usability problems, and the same issues were sometimes experienced and interpreted in different
ways. Direct interaction tended to expose more immediate, physical interaction issues, while proxy
methods brought out problems related to interpretation and understanding of the user interface.

This makes reliability a bit more complicated than just comparing results. It is not only about
whether participants succeed, but about what kinds of‘prob]ems become visible and how they
emerge. From that perspective, the methods are not fully interchangeable. Instead, they seem to
complement each other, each highlighting different aspects of usability.

6.42 RQ2 - Proxy Interaction, User Behaviour, & User Experience

How does proxy interaction affect users’ interaction behavior, verbalization patterns, and perceived experience
compared to direct interaction?

Proxy interaction clearly changed how participants engaged with the system. Even though task
success remained relatively stable, the experience of getting there was quite different.

One of the most noticeable differences was how participants expressed themselves. In the proxy
methods, they had to describe what should be done, which led to more structured and explicit
verbalizations. This made participants’ reasoning and interpretation of the system more visible,
since they had to explain not just what they did, but what they thought was possible.

At the same time, this also made the interaction slower and more effortful. Participants had to
translate their intentions into words, which often led to pauses, hesitation, and reformulation. The
interaction process became less about direct action and more about reasoning, coordination, and
explanation.

What becomes clear across the results is that proxy interaction does not just change how users
interact, it changes what interaction is. When action is replaced by instruction, the whole experience
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shifts. It is not necessarily worse in terms of outcomes, but it appears different: slower, more
effortful, and less direct. Users still appeared able to form an understanding of the system, but
through explanation rather than exploration, which affected both confidence and interaction flow.

In contrast, direct interaction felt more immediate and intuitive. Participants explored the user
interface more freely, and their understanding seemed to develop through action rather than
explanation. This made the interaction feel more natural, but also meant that parts of their
reasoning remained imp]icit.

So while proxy interaction does provide richer verbal insight, it also changes how the interaction
is experienced and carried out during the test. It does not only reveal how users think and interact
with the system, but also shapes how these processes unfold during the test.

643 RQ3 - Moderator Role Across Methods

How does the role and influence of the moderator differ across the tested usabilicy methods?

The role of the moderator turned out to be more central than expected, especially in the proxy and
remote methods.

In theory, the moderator is supposed to stay neutral, but in practice this was not always possible.
Across all methods, situations came up where participants hesitated, got stuck, or seemed unsure.
In those moments, the moderator had to decide whether to step in or hold back. Helping could
keep the session moving, but also risk inf]uencing the outcome.

This tension became especially clear in the proxy methods, where the moderator was directly
involved in executing actions. In these cases, the moderator was not just observing, but actively
shaping the interaction. Interpreting unclear instructions or deciding how to act introduced an
additional layer where the moderator’s decisions direet]y affected how tasks were carried out.

At the same time, this makes it difficult to treat the moderator as neutral. As soon as interaction is
mediated, the moderator becomes part of how thinking, acting, and understanding unfold. What
stood out was not only that the moderator influenced the interaction, but how differently chat
influence played out depending on the setting. In some situations, it created structure and support;
in others, it introduced uncertainty or subtle steering.

In the remote methods, the situation was slightly different but just as challenging. Limited visibility
and communication made it harder to judge what participants needed, which sometimes led to
delayed support or increased dependence on the moderator.

Overall, the moderator’s role was not fixed, but constantly adjusted depending on the situation.
Rather than being a neutral observer, the moderator became part of the interaction itself,
influencing both how the session unfolded and what resules were produced.

Taken together, these findings suggest that methodological differences are not only shaped by
technical setup or interaction format, but also by how the moderator participates in and influences
the interaction process.
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6.4.4 Overall Reflection

Across the results, there is also a clear tension. More integrated interaction, as in proxy settings,
can create stronger alignment and even a sense of collaboration. At the same time, that same
integration increases the moderator’s influence, making it harder to separate user behavior from the
testing setup itself. Less interaction, as in remote think-aloud, reduces this influence but instead

leads to a more fragmented and less engaging interaction.

Taken together, this suggests that usability testing is less about observing a user interacting with
a system, and more about observing a situation where user, moderator, and method are tightly
intertwined. Proxy interaction makes this especially visible, but it is present across all methods.

This raises a broader question: if interaction changes this much depending on how it is mediated,
to what extent are we actually evaluating the system, and to what extent are we evaluating the
conditions under which it is used?

6.5 Relevance for Sustainable Development

The results point to remote usability testing as a potentially more sustainable alternative to
craditional in-person testing, particularly from an environmental and resource-related perspective.
By reducing the need for travel, these methods can lower both emissions and logistica] Costs.

From a social sustainability perspective, remote testing also opens up for broader participation
across geographical contexts, which can support more inclusive design processes, especially for
products targeting international user groups. These aspects were part of the motivation for
including remote methods in the study.

At the same time, the findings show that these methods are not neutral substitutes. Remote and
proxy-based setups changed how interaction unfolded, affecting communication, coordination,
and the role of the moderator. While overall outcomes such as task success remained relatively
stable, the experience of interaction and the types of insights generated differed across methods.

This points to a clear trade-off. More sustainable testing approaches can increase accessibility and
reduce environmental impact, but they also influence what is observed and how it is interpreted.
In that sense, choosing a more sustainable method is not only a practical decision, but also a
methodological one, where different approaches highlight different aspects of usability.

6.6 Ethical Considerations

Ethical considerations such as informed consent, participant integrity, and data handling were
central throughout the study, but the resules also highlight how these aspects were shaped by the
chosen methods. This became particularly visible in the remote conditions, where reduced visibility
made it harder to assess participants’ comfort and understanding, increasing the moderator’s
responsibility during the session.
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The use of proxy interaction introduced additional ethical challenges in practice. Since the
moderator performs actions on behalf of the participant, there is an inherent risk of influencing
both the interaction and the outcomes. The findings suggest that this influence is not only
methodological, but also affects how participants experience and engage with the interaction, for
example through reduced confidence or increased dependence on the moderator.

This raises a broader ethical implication. If the method shapes how participants act and what
becomes visible in the data, it also influences which aspects of usabi]ity and interaction are
ultimately evaluated. Ethical responsibility in usability testing therefore extends beyond participant
protection to include transparency about how methodological choices influence results.

Remote testing also introduces challenges related to participant authenticity. Compared to on-site
testing, it is more difficult to verify that the interaction reflects independent user behavior, for
example if\participants receive external assistance. While this was not a central focus of the study,
it highlights an additional consideration when interpreting results from remote sessions.

Finally, the significant gender imbalance among participants limits the inclusivity of the findings
and highlights the importance of diversity as an ethical aspect of research design.

6.7 Further research

The findings point to several directions for future research. To begin with, future studies should
include more diverse and representative participant samples, particularly in terms of gender, to
improve the generalizability of findings.

One direction concerns further investigation of the moderator’s role. The findings indicate that
the moderator may influence both the interaction and the resulting data. Future research could
therefore explore this influence in more detail, for example by examining how different ways of
guiding sessions affect participant behavior and the identification of usability problems. This could
include studies with mu]tip]e moderators, as well as closer ana]ysis of how and when moderators
intervene across different testing contexes.

Second, proxy-based interaction warrants further exploration, including how moderator influence
can be minimized, how these methods perform across different user groups and task types, and how
they function in more realistic settings using fully implemented products rather than prototypes.
The use of Wizard-of-Oz techniques in remote proxy settings could also be explored, as they may
enable flexible simulation of system behavior without requiring a fully implemented solution.

An additional direction concerns the potential use of proxy interaction for training purposes.
Comments during the tests suggest that instruction-based interaction may support initial
understanding of a system, raising questions about its effectiveness as a learning approach.
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7. Takeaways for Practitioners

Based on this study, there is no single best usability testing method for all situations. Different
methods are useful for different goals, and the choice of method directly affects the insights you
gain. The key is therefore to choose the method based on what you want to learn. From the findings
and discussion, several practical recommendations can be drawn.

If the goal is to understand why users struggle, proxy interaction can be valuable. Since the
moderator performs the interaction at the participant’s request, users often explain their intentions
and reasoning more C]early. This can be especia]]y useful when eva]uating complex flows or unclear
user behavior.

If the goal is to observe how users naturally behave or evaluate physical interaction, direct
interaction is more suitable. Letting users interact independently makes it casier to identify
issues related to intuitiveness, navigation, and real-world use.

Remote testing can broaden participation, but it requires careful test design. Direct remote testing
requires clear structure and instructions so participants can proceed independently. Proxy-based
testing can be easier to manage remotely since the moderator can more easily move the session
forward, while also placing fewer demands on participants. This can simplify both recruitment
and organization, and may be particularly useful when users need more support or when the goal is
to better understand user reasoning rather than observe natural interaction. However, the method
must match the purpose of the evaluation, otherwise, there is a risk of generating misleading
insights.

Another important takeaway is that the moderator always influences the session. The key challenge
is therefore not to remove that influence, but to manage it conscious]y.

Finally, participants in the remote proxy setup also experienced the session as a way to become
familiar with the product. This suggests that proxy interaction may have value not only for
evaluation, but also for onboarding and training purposes.
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8. Conclusion

This study shows that usability testing methods do not simply reveal usability, but actively shape it.
While overall outcomes such as task success and perceived usability were relatively similar across
methods, important differences emerged in how interaction unfolded, how users reasoned, and
what kinds of usability problems became visible.

Direct interaction primarily revealed functional and physical issues, such as touch sensitivity and
system feedback, whereas proxy-based interaction highlighted problems related to terminology,
user interface interpretation, and system logic. Although 67% of usability problems were identified
in the first method, additional issues continued to emerge across subsequent methods, indicating
that each method revealed different aspects of‘usabiiity and contributed Compiementary insights.

Proxy interaction generated more explicit and structured verbalizations, making users’ under-
standing of the system more visible. At the same time, it increased cognitive load, slowed down
interaction, and introduced risks of misinterpretation between participant and moderator. In
contrast, think-aloud methods supported more natural and direct interaction, but left more of the
reasoning implicit and required greater interpretation in the anaiysis.

The role of the moderator proved central across all methods. In proxy-based setups, the moderator
became an active part of the interaction, directly influencing how tasks were carried out. In
remote settings, reduced visibility and control made it more difficult to assess participant needs
and establish a shared understanding, particularly in remote think-aloud, while this was less
pronounced in the remote proxy condition where interaction was structured through instruction.

Taken together, these findings show that usability testing methods are not interchangeable. Rather
than producing the same type of results, they generate different insights, shape interaction in
distinct ways, and influence the relationship between participant and moderator. Usability findings
cannot therefore be separated from the method used to produce them, as each method highlights
certain aspects while making others less visible.

This has important implications for practice. Choosing a method is not only about how to conduct
a test, but about what kind of knowledge can be generated. Each method comes with trade-offs
that shape both user behavior and the resulting data, and these should be considered as part of the
study design rather than as limitations identified afterwards.

Finally, the findings highlight that the moderator cannot be treated as a neutral observer. Instead,
moderation involves a continuous balancing between supporting participants and maintaining
reliable resules. Rather than striving for complete neutrality, the moderator’s influence should be
acknowiedged as an integra] part of how usabi]ity testing unfolds, rather than something that can
be fully controlled or eliminated. Taken together, this challenges the idea of usability testing as a
neutral evaluation of a system.
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A. Script for the Usability Tests, incl. Tasks

See following pages.
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Usability Test Spring 2026 — Script

Checklist (control panel) before the test:

Time-out: 30 sec
Brightness: 30% (Adjusted based on camera picture)
User PIN: disabled
Winter mode: activated
Simulator: press END SHIFT:
e Mode: Locked
e Clearissues

O O O O O

Checklist (setup) before the test:

o Connect the camera to the computer — Change the setting in the computer to
rotate the camera 180 degrees.
Start Teams meeting
Choose the HUE camera for the Teams meeting — perhaps unable the mirror
setting

o Choose the correct microphone for the Teams meeting

Test person:

Test group:




Klockslag:

I’d like to start by saying thank you for taking the time to help us today.
My name is Frida, and I’m doing my master’s thesis with the sliding door team here at
Assa Abloy. Can you tell me a little bit what you’re doing at Assa Abloy?

A big part of my work is to run user studies like this one, so I’'m very glad we could
organize this session today.

Before we begin, | want to clarify the purpose of the test:

We are testing the desigh — not you.

If something feels unclear, complicated, or unexpected, that’s exactly what we want to
know. There are no right or wrong answers, and all feedback is valuable.

Have you participated in a usability test before?

The whole session for this test will take about an hour, including this introduction, the
tasks, and a few questions at the end. If something unrelated comes to mind, that’s fine
— I’ll make a note and we can come back to it later.

For usability reasons, we will record audio and video of your hands only. Your face or
other identifying features will not be recorded. You have already consented to this in the
form, but | want to double-check that you’re still comfortable with it.

If you need a break or want to stop at any time, just let me know — no explanation
needed.

Do you have any questions so far?

Let me briefly show you what we’ll be working with:
In front of us is a control panel that operates sliding doors, similar to those used at
building entrances. Do you know what these control panels normally do?

If no: they simply control how the door behaves — for example open, closed, or
automatic. The panel also includes a few additional functions, which you’ll get to
explore during the test.

This one will be instead of the older door mode selectors, like key-turn versions or
physical button panels, and will be part of the next generation of sliding doors currently
under development.

And next to it is a simulator which is just meant for this test, and we’ll only use it when a
task specifically tells us to.

Does everything feel clear so far?

When we start, I’ll read one task at a time. After each one, just do what you think the
task is asking for, and let me know when you feel that you’re done.



Method 1 & 4:

During the test, I’d like you to think aloud. Are you familiar with this technique?

Itis to say what you’re thinking and why you’re doing what you’re doing. For example:
“I’m choosing this light bulb icon because it looks like a clue,” or “I’m not sure what to do
here, so I’ll try the menu.”

And feel free to share any impressions along the way, such as if something looks strange
orwell designed, if anything is confusing, or if the system behaves differently than
expected. There are no right or wrong thoughts — this just helps us understand your
reasoning.

Do you have any questions before we begin?

Then | will start the recording.

Method 2 & 3 (proxy):

During the test,  want you to tell me where to press on the control panel.
You will guide the interaction, and I’ll be the one who actually presses the buttons.

If | misunderstand your instructions, just correct me — that’s completely fine.
I’d also like you to think aloud. Are you familiar with this technique?

It means saying what you think and why you take certain actions. For example: “I’'m
choosing this light bulb icon because it looks like a clue,” or “I’m not sure what to do, so
I’ll try the menu.” You can also mention anything that seems strange, well designed,
confusing, or unexpected. There are no right or wrong thoughts — it just helps us
understand your reasoning.

Do you have any questions before we begin?

Then | will start the recording.

START THE RECORDING

I will now read a short background story. It gives a bit of context for why you’re using the
control panel. You don’t need to remember the details—it’s just to help you get a feel for
the situation.



“You are working as a shift supervisor in a clothing store located on a busy street. You
care a lot about customer service, and it’s important to you that the store feels
welcoming and that customers have a pleasant experience.

Your shifts are usually hectic — you assist customers, handle deliveries, and are often
the main person responsible in the store. When problems appear, you want to deal with
them as smoothly as possible so you can stay focused on the customers.

Today is a typical spring morning, with brighter and warmer days. You arrive at the store
before opening. You unlock the door, step inside, turn off the alarm, and lock the door
again while you prepare the store for the day.

You keep your phone close, since delivery staff or colleagues may need to reach you at
any time during your shift.”

Before we start with the tasks: What can you understand from the initial screen, without
interacting with it? Tell me what information you can understand or what you think the
screen allows you to do.

I will now begin to read short tasks for you, one at a time. When | have finished reading
the task, | want you to solve the task while thinking aloud. Let me know when you feel
like you are done with the task.

Klockslag:

Tasks:
Task 1:

“You are preparing the store for opening and customers will soon arrive. To
ensure a smooth start to the day, adjust the door settings so that it opens when

customers pass through and closes afterward.”



Task 2:

“You have noticed that the control panel stays active for longer than you would
like before returning to the initial screen. Adjust the control panel so it remains
logged in for 20 seconds.”

Give out Admin PIN

Task 2.5:

“While standing by the entrance door you notice the spring air has arrived, and
that means winter mode is no longer required. You therefore turn off the winter

mode”,

Task 3:

“The beginning of your shift has been busy, and it’s now time for your lunch
break. Since you’ll be working alone for the next few hours, the routine is to close
the door for a 30-minute lunch in the staff room. Please make the necessary
changes so the door stays closed during your break.”

Task 4:

“During your lunch break, a delivery driver arrives with a trolley of clothes for
tomorrow’s sale. You need to open the door once to let him in while keeping the
door in locked mode. Show how to perform a one-time door opening without

changing the mode.”

Follow-up question: What would you expect to happen after pressing this button?

Task 5:

“The store has introduced a new rule: only shift supervisors are allowed to
handle the entrance door. Because of this, a user PIN must now be added to the
control panel. Please show how you would create a user PIN, using any number

combination of your choice.”



Task 6:

“Your lunch break has ended, so you switch the door mode back to ‘Auto’.
Right after doing so, you change your mind since the weather has warmed up,
and instead set the door to the mode that keeps the door leaves continuously

open.”

Two actions must’ve been made!
| have a few follow-up questions I’d like you to reflect on:

1. When do you need to enter a PIN code?

2. What do you have to do in order to stay logged in? What do you have to do if you
don’t want to stay logged in anymore?

3. What PIN code can you enter to make the changes you need?

If ‘Open’ not found: Unfortunately, you selected the incorrect mode. | want to you to
see if you can find a mode called ‘Open’.

Task 7:

“A colleague calls and asks you to test her old user PIN now that the PIN setting
is enabled. She wants you to try the combination ‘1996’ and not give up. Switch
to another mode to see if the PIN works and then switch back again.”

Task 8:

“A few hours later, a colleague joins your shift. While you’re unpacking the earlier
delivery in the storage room, she comes in and says the door is acting strangely
and needs your help. In the simulator, press ‘Help colleague’to begin.”

If logged in: “Before starting the next task, please go back to the initial screen.”

Task 9:

“You would like to understand if there’s anything you can do to resolve this issue.
Since you don’t want to troubleshoot on your own, you decide to contact a
service technician for guidance. Begin by looking for their contact information so

you can call them.”



Task 10: Open — Or other

“You successfully called a service technician, who instructed you to start looking
into the matter by pressing ‘Troubleshoot’ on the simulator.”

“After doing so, they tell you to change the door mode to ‘Locked’ and then to

‘Auto’ and asks ifthe error remains. Please try as suggested and report back.”

“Your shift has come to an end, and the next shift supervisor arrives and thanks you for
being such a helpful colleague throughout the day.”

Stop the recording.

Klockslag:

Thank you —you’ve now completed all the tasks in the session and | have stopped the
recording.

You can now switch back the camera if you would like.

Before we finish, I’d like you to answer a few final questions. You’ll find them in the
questionnaire, and you can fill it in yourself. If you have any questions at any point, feel
free to ask.

*Dubbelkolla att debriefingen ar inskickad*

Then | just want to say thank you so much! | really appreciate that you took the time to
participate, complete all the tasks, and answer all my questions. It’s been great running
this test with you!

If you have any questions later, feel free to message me on Teams or email. | may also
reach out with a follow-up question — Is that okay with you?

Thank you!

Klockslag:




B. Debriefing Questions - Participant

See following pages.
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2. Please fill in the option that suits the most for each statement. (System Usability Scale)

*

Strongly disagree Disagree Not sure Agree Strongly

| think that |

would like to
use this system O O O O C

frequently.

| found the

t
Z}:ngrg;ssarily O O O O C

complex.

| thought the

system was O O O O C

easy to use.

| think that |
would need the
support of a

technical O O O O C

person to be
able to use this
system.

| found the
various

functions in this O O O O C

system were
well integrated.

| thought there
was too much
inconsistency in O O O O C

this system.

| would imagine
that most

people would

learn toV:sZ this O O O O C
system very

quickly.

| found the
system very
cumbersome to O O O O C

use.

| felt very

confident using O O O O C

the system.

| needed to
learn a lot of

things before |

could get going O O O O C
with this

system.



3. Please rate the following additional usability statements specific to this product. *

Strongly disagree Disagree Not sure Agree Strongly

It was easy to
identify which
elements were O O O O C

clickable.

The symbols

and icons were O O O O C

confusing.

It was hard to
nderstand
\l/Jvhere to go O O O O C

next.

| felt confident
that | could use
the system

without O O O O C

accidentally
causing any
problems.

4. Is there anything in the design that you particularly liked? If so, please describe why.

5. Is there anything that felt unclear, confusing, or in need of improvement? Please
explain.

6. If you had to teach someone else how to use this system, what would you tell them
first? *

7. Based on your experience with customers and similar products, did the system behave
in a way you would expect? Please explain. *



8. Is there anything else you'd like to add?

This content is neither created nor endorsed by Microsoft. The data you submit will be sent to the form owner.
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C. Debriefing Questions - Moderator

See following pages.
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Distributed cognition

Fokus: kognition distribuerad mellan personer, artefakter, miljder och system. Kommunikation, koordinering och
informationsflode.

3. Likert-fragor *

Stammer inte Stammer

alls knappt Neutral Stammer delvis  Stammer helt

RQ1: Jag horde

tydligt vad O O O O O

testpersonen sa

RQ1: Jag kunde
enkelt forsta

vad O O O O O

testpersonen
menade

RQ1: Testutrust

ningen
fungerade som O O O O O

den skulle.

RQ1: Mycket

gick fel under O O O O O

detta test.

RQ1: Jag

behévde ofta O O O O O

upprepa mig

RQ1: Jag hade
bra sikt Gver
vad

testpersonen O O O O O

gjorde pa
skarmen (1 och
4)

4. RQ2: Uppstod missforstand eller koordinationsproblem nér deltagaren instruerade
mig? *

5. RQ2: Anvéande deltagaren ord, pekningar, metaforer eller spatiala referenser nar de
instruerade mig? *

Anvande den de nér den tankte hogt?



6. RQ2: Uppstod situationer dér deltagaren forsokte ta ver skarmen spontant, dven om
uppgiften var att instruera mig? Nar? *

(2 och 3)



Situated Cognition

Fokus: hur handlingar paverkas av den specifika situationen, miljon och den sociala kontexten.

7. Likert-fragor *

Stammer inte alls ~ Stammer knappt Neutral Stammer delvis Stamme

RQ3: Jag hann

forbereda allt i O O O O C

god tid.

RQ3: Jag

upplevde att
valkomnandet O O O O C

fungerade bra.

RQ1, RQ3: Det
var enkelt for

testpersonen O O O O C

att komma
igang.

RQ3: Testperson
n verkad
‘?ryg\;lsrmede O O O O C

testets upplagg.

RQ3: Jag kande

bra kontakt
med O O O O C

testpersonen

RQ1,
RQ3: Testmiljon

kandes lugn O O O O C

och utan
storningar.

RQ1: Det fanns
tillféllen da jag
kande att

testmiljon
paverkade O O O O C
deltagarens

prestation
negativt.

RQ1, RQ2: Det
kandes som att
testet var O O O O C

givande

RQ3: Det tog
mycket energi
att utfora just O O O O C

detta test.

8. RQ1, RQ3: Var det ndgot i miljon, mitt kroppssprak eller séttet jag gav instruktioner
som jag tror formade hur deltagaren utférde uppgifterna?



9. RQ1: Hur upplevde jag deltagarens narvaro medan hen fyllde i sitt debriefingformular
(t.ex. fokus, engagemang, tystnader, osakerhet, distraktioner)? *



Embodiment

Fokus: kroppslighet, motorik, fysisk narvaro, gestik, sensoriska villkor, interaktion via proxy.

10. Skalor (1-5) *
1 = Inte alls, 5 = | mycket hog grad

RQ3: I vilken
grad tror jag att
min narvaro

paverkade

deltagarens satt O O O O C
att resonera
hogt
(think-aloud)?

RQ3: Hur val
lyckades jag

halla fast vid O O O O C

min neutralitet
som testledare?

RQ2, RQ3: Hur
ofta gav jag

oavsiktliga

ledtradar O O O O C
(verbalt eller
icke-verbalt)?

11. RQ1, RQ3: Beskriv ett tillfalle dar jag tror att min narvaro paverkade deltagarens
beteende eller problemldsning. *

12. RQ2, RQ3: I vilka situationer verkade deltagaren anpassa sig mer till mig an till
systemet? *

13. RQ2: Hur paverkades deltagarens rytm och fléde nar de behdvde "dversatta” sina
motoriska handlingar till verbala instruktioner? *

(2 och 3)
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D. Usability Problems with Severity Scores

See following pages for complete list of usability problems.

Severity score was based on fb”owing guidelines:

Kritisk/Critical (Severity 4) Anvindaren kan inte slutféra sin uppgift.

« Blockerar huvudflodet
+ Leder ofta till avbrote eller felaktiga beslut

+ Inga rimliga workarounds
Allvarlig/Major (Severity 3) Anvindaren kan slutféra uppgiften, men med stor svirighet.

« Skapar forvirring eller leder dill fel
« Kriver gissning, extra steg eller instruktioner

« Paverkar minga anvindare
Mindre/Minor (Severity 2) Problemet ir irriterande men hanterbart.
« Paverkar effekrivitet eller anvindarupplevelse
« Lict act ta sig runt
« Drabbar inte alla
Kosmetisk/Cosmetic (Severity 1) Piverkar inte anvindbarheten i ndgon stdrre utstriickning,

« Visuella eller spriik]iga brister

« Ingen piverkan pi uppgiftens genomférande

99



Usability Problems and Severity Score

Tema

UpP

Kommentar

M1

M2

M3

M4

Auth.trig.

"Authenticated
Trigger" saknar lamplig
feedback.

1/4-T.ex. Pop-up eller
animation: Dérrar som
6ppnas, hanglaset lases upp.
4 - 2st tror det ar fel knapp, 2st
verkar sakra anda. 3 - Knappen
blir grén nar man trycker pa
den. Den ger en pop.up.

Auth.trig.

Authenticated trigger
ar svar att hitta.

1/2 - Anvéandare letar bland
modes. 2 - Foreslar storre ikon
eller att den har funktion pa
illustrationen av dérrarna
(visas genom symbol bredvid).
Eller annan design pa pilarna.
3 - Keyimpulse, Last man
button, handen: borde visa en
nyckel. 4 - Utseendet av
knappen ser ut som en meny-
kanpp.

Inloggad

Anvéndare saknar
tydlig feedback kring
om de ar inloggade
eller inte.

1-Dorrldgena har inget
hanglas sé som i settings. 2 -
Tror man ar utloggad nar man
byter till Locked. 3 - Noterar
inte hanglasen i settings.
Glommer snabbt vad som
krévs.

Reset

"Reset" fungerar inte
och saknar feedback.

3 - Anvandare trycker pa
knappen flera génget trots att
ignet hander. Tror att knappen
fungerar men att annat gor att
den inte funkar. Borde ge en
pop-up om "Reset lyckades
eller failed".

Inloggad

Saknar tydlighet om
hur man loggar in och
ut, samt
nar/Konceptet
inloggad ar abstrakt.

1/2/3/4 - Anvandare garin till
Settings. 4 - Uttrycket matchar
inte anvandarnas forvantan.

PIN

Otydligt vad "User PIN"
innebar.

2/4-Tror admin pin har
andrats vid skapande av User
pin. Tror man kan skapa flera.
3 - Verkar tror att man har
andrat koden och tror man kan
sld in user PIN i settings. 4 -
Tror att user pin och att
pinskarmen dyker upp ér olika
funktioner.

PIN

Otydligt hur manga
siffror "User PIN" ska
vara.

1-Knappsatsen visas touch-
event. 3/4-Tror initiellt 6
siffror, men ser att det bara
registreras 4. 4- En
misslyckas, men | R skapar
han med 4 siffror.

Classic think-aloud

Proxy on site

2 - Skapar fovirring,
men drabbar inte

alla.

Remote proxy

2 - Skapar fovirring,
men drabbar inte
alla.

2 - Ledertill
forvirring.

2 - Leder till forvirring.

2 - Anvéandare kan
l6sa uppgiften.

Remote think-aloud

2 - Samtliga trycker
dar men ar forvirrade
pga ingen feedback.

2 - Anvandare kan
6sa uppgiften.




Usability Problems and Severity Score

"Disable User PIN" har
har ingen error

8 |PIN prevention.
1- Avsaknad av hanglaset pa
"Enable User PIN". Otydligt om
User PIN har sparats eller
avbrutits nar man gar tillbaka.
(nar man skapar). 3 - Far inget
meddelande om vad som har
hant. Skriver in vald User PIN
istallet for Admin PIN. Oséker
ndr pinkoden har sparats. 4 -
Saknar instruktioner  |4/5 Skriver in vald User PIN
och feedbacki istallet for Admin PIN. En
processen av att skapa [behover ledtrad pga han
9 |PIN en user PIN. forstar inte varfor det inte gar.
2 - Testpersonerna anmarker
inte pd det. 4 - En sager att
Bekriftelseknappen | |touch sensitiviten ar délig och
pinskarmen ar svar att |inte lika effektivsom en
10 |Touch trycka pa. smartphone.
1 - 4-6 siffor kan registreras. 2 -
Otydligt vilken kod Testar forst user PIN, men
som behovs for byter tilladmin om den inte
pinskarmen for att funkar. Tror User PIN bara
11 [PIN andra modes. funkar for vissa mdoes.
Om det ar nagot fel pa
Det finns ingen kontrolpanelen och
mdjlighet att reseta meddelanden férvinner och
systemet om detinte |kommer snabbt, hur resetar
12 |Reset visas nagon felkod. vi?
Ointuitivt nar 3-4 - Anvandare testar for att
pinskdrmen dyker upp |se om de lyckades spara sin
13 |PIN ochinte. User PIN.
1-Pganamn och hanglas i
ikon, Anvandare tror att One-
Way Locked och Auto Locked
Otydligt vad One-Way |stanger dorren. 3 - Tror Auto
Locked och Auto Locked stanger dérren. 4 - Tror
14 [Modes Locked gor. det ar "always locked".
Mental modell om User PIN. 1 -
Ordet "Enable" &r inte helt
sjalvklart fér "Enable User
PIN". 3/ 4 - Otydligt vad
"disable user pin" innebar och
férmedlar. Valjer Change
admin PIN istallet for att skapa
User PIN. 4 - De forstarinte
Otydliga namn och skillnaden av admin pin och
funktioner i User user pin. Svara att komma ihag
15 |PIN settings-menyn. under testets gang.

2 - Anvandare loste
uppgiften anda.

1 - Upptacks endast
en gangav
testledare.

2 - Drabbar inte
alla, och latt att sig

runt (med admin).

2 - Forvirrar
anvandare men de
flesta kan l6sa det.

2 - Drabbar inte alla,
och latt att sig runt
(med admin).

2 - Skapar mindre
forvirring, drabbar fa.




Usability Problems and Severity Score

Winter Winter mode har fel
16 |mode pop-up meddelande.
1-Trycker p4 modes-ikonerna
for att expandera tillen meny.
3 - Hander ofta, och de verkar
tro att dorren bade 6ppnas
och stéangs, och att nagot
speciellt sker nar man trycker
Foérvantar sig pa knapparna. 4 - Verkar
ytterligare funktion av |trycka dar for att dtergd
modesikonernal dorrléget eller 6ppna dérren
17 |Modes hemskdrmen. via.
"Change Admin PIN"
Change |fungerarinte och
18 |Admin pin |saknar feedback. 3 - Den ger dock touchevent.
2 - De har olika idéer om vad
knappen ska gora. 3 - Valjer
istallet for "Open mode". 4 -
Tror att knappen ska leda till
en meny pga knappens
Authenticated Trigger |utseende (refererar till
trycks pa i fel smartphones dér pilarna
19 |Auth.trig. |sammanhang. indikerar meny).
3-3 st beskrivervad
meddelanden gor och
refererar inte till farg/form.
Otydligt vilket Tror att varningstriangeln
errormeddelande som |innebér att systemet "gor
20 |Error ar mest akut. checkar".
Anvéandare missar att man kan
scrolla. 2 - Tycker att signifier
ar ett méaste, t.ex. pilar. 3 -
Hittar slider pga den bla baren.
Scrollfunktionen Saknar dock tydliga signifiers.
Modes/ [saknar tydlig 4 - en behover ledtrad, de
21 [scroll affordance. andra 4 hittar latt.
2 -tror inte man kan 6ppna
med auth.trig. i Locked. Tror
inloggning samt pinkodsniva
ar kopplat till just det Locked.
3 - Oséker p4 om man behover
lasa med nycklar manuellt,
eller om laget ar stangd.
Verkar tro att Locked géller
kontrollpanelen och inte
Otydligt vad man kan |dorrlaget. Vad star pd skarmen
Locked ochinte kan gora i nar man laser upp dérren
22 |mode dorrlaget Locked. manuellt med nycklar?
Tror att bara vissa
specifika dorrlagen
23 |PIN kraver pinkod.

1- Paverkar knappt
anvéndare.




Usability Problems and Severity Score

Anvéndare har olika
tankar om vad som ska

3 - Eftersom knappen finns pa
varje meddelande s tror

1- Drabbar en, och

ske nar man trycker pa |anvandare att knappen galler
24 |Reset "Reset". specifikt for det meddelandet.
3- Anvandare tror att det bara
Oklart nér pinférsoken |&r 2ggr pga att han gick till
25 |PIN nollstalls. l3sskarmen efter en gang.
Inkonsekvent
skapande av User PIN
som en konsekvens av
att det ar otydligt nar
26 |PIN man ar inloggad.
Mental modell 6ver
vad dorrlagen har for
funktion stimmer inte
overens med hur det
27 |Modes ar.
4 -Tillsammans med otydlig
Otydligt om pinkod ar |pinforfarande s& saknar
aktiverat och hur den |anvindare bekraftelse pd om
stédngs av (som fdljd av |pinkodsfunktionen &r av eller
28 |PIN terminologi) pa.
Raderaknappen |
pinskdrmen &r svar att
29 |Touch trycka pa.
Authenticated Trigger
30 [Auth.trig. [haringen pinskdrm.
Flera anvandare slar in 20 nar
Otydligt och de ska &ndra timeout. Flera
inkonsekvent rubrik  |anvdndare vet inte vilken kod
31 [PIN for pinskdarmen som ska skrivas in.
1- Trycker pa hanglaset pa
Locked mode i hemskérmen
for att lsa upp dorren. 2 -
Forsoker dppna dorren genom
att halla inne ndgonstans pa
Forvantar sig funktion |dorrbilden, samt trycka pa
av bildernal varningssymbolen pa
32 [Modes hemskarmen. dorrarna.
Kan bli viktigt att se 6ver |
Errormeddelanden har |framtiden. 3 - Laser
33 |[Error otydliga beskrivningar. |noggrannt.
2/3/4-anvandare trycker pa
den nér de kanner sig osakra i
Ikonen for manual ar  [tillfallen da de ska 6ppna
34 [Modes inte helt tydlig (open). [dorren (open, auth.trig.)
1/2/3 - Framforallt hanglaset |
Anvandare trycker pa |"Locked". 2/3 - snoflingan. 4 -
symboler i lasskdrmen [Hanglaset 2 ggr, samt
som inte leder errorsymbolen och snéflingan
35 |Lasskarm [nagonstans. en gang.

1- Paverkar inte

dtgardar det.

uppgiften.




Usability Problems and Severity Score

Forvantar sig hardare
sakerhet nar man slar

2 - pga mental modell fran
iPhones. 3 - Férvantar sig att
Admin maste atgarda det,
men kommer inget sddant
meddelande. 4 - om admin-
koden inte fungerar da ska
ingenting fungera. Dvs, blir du
utldst med adminkoden s
borde du inte kunna logga in

1- Skapar ett
forsiktigare

1 - Skapar mindre

36 |PIN in fel pinkod. med user PIN. beteende. forvirring, drabbar fa.
Saknar info kring
installningar/Otydligt
hur man far hjalp med |3 - Inte helt séker pa vad som
37 [Info kontrollpanelen. finns | infoknappen.
Oklart om "tycka pa
skarmen" ocksa haller [Som f6ljd av otydlighet kring
38 |Inloggad [pinkoden inloggad. om man ar inloggad eller ej.
3-Tarenstund innan de garin
pé knappen, felsoker forst. 4 - 1-Taribland en
Ej intuitivt att gd in p& |3/5 haringa problem. 2/5 gar stund men hittar dit
39 |Error "More info". hela vagen | ndsta uppgift. tillslut.
Settings stammer inte |3 - Reduced width ar p& 100%
Settings/T |med funktioner pa nar winter mode ar p&. Ar 1 - Mindre funktionell
40 |erminologi |hemskdrmen. ordet "Reduced" korrekt har? forvirring.
Siffrorna | pinskdrmen
41 |Touch ar svara att trycka pa.
Oklart hur lange en
pinkod ar aktiv efter at |4 - Anvandare tror att timeout
42 |PIN man slagitin den. styr hur lange den ar aktiv.
Saknar information om
vilket dorrldge som
aktiveras nér man
43 |Modes skriver in pinkod.
Modes-knapparna ar
44 |Touch svara att trycka pa.
Snoflingan | 1-Tydligt nar de hor |1-Tydligt narde hér[ 1 - Vissa kopplar
Winter lasskarmen &r inte helt|4 - Anvandare forstar direkt funktionen "Winter | funktionen "Winter direkt med dess
45 |mode tydlig. innebérd och funktion. mode". mode". funktion.
3 - Snoéflingan | 1dsskarm och
hemskarm ar inte samma
(foredrar lasskarm). Gron ser
utsom en blomma. 4 -
Winter mode knappen [Anvandare tycker att det &r 1- En ndmner att 1-Inkonsekvent
Winter har inte helt tydlig tydligt att gron ar pa och gré ar gront inte associeras design: skapar
46 |mode utseende (hemskarm). |av (trots fel pop-up). med vinter och snd. forvirring.
Anvandarna referar 1 - Skapar forvirring
inkonsekventvad som kring terminologi,
Mental ar "main screen" och |4 - Enkallar ldsskarmen for ochvisar attdet inte 1 - Spraklig mental
47 |model menu. "main display". ar helt intuitivt. modell.
Finns ingen tillgang till
Informatio |info om dorrldgen i 2 -Villhainfo om hur man 1-Endastensom 1- Paverkar inte
48 |n/hjalp kontrollpanelen. Oppnar dorren. namnt. uppgiften.
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4-En anvandare tror att

Otydligt vad errorsymbolen | ldsskarmen
errorsymbolen | betyder att kontrollpanelen 1 - Drabbar fa, forstar
49 |Error lasskarmen indikerar [inte funkar. sen.
Inget sitt att na gamla 1- Paverkar inte
50 |[Error errormeddelanden. uppgiften.
1- Drabbar endast
Ovintat beteende nar |2 - Férvantas att man gar en. Latt att ga runt
51 [Settings [man sparariSettings. [tillbaka automatiskt. det.
1-"Nice to have",
Saknar 2 - Forvéntar sig att settings- kommer mest fran
dorrlagesspecifika alternativ andras beroende pa forvirringar skapat
52 |Settings [installningar. vilket dorrlage man ari. av annat.




E. Data Analysis — Supporting Figures & Tables
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Figure E.1: Overview of the Miro board with regrouped post-its for
Method 2. One test failed to record audio and was not indcluded for
this step, however, a few comments (blue notes) could be extracted from

the diary.
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Remote think aloud

T

Testanalys

Figure E.2: Overview of the Miro board with regrouped post-its for
Method 4.

Table E.1: Comparison of instructional strategies across methods (RQ2).

Dimension M1 M2 M3 M4
Use of verbal | Literal icon Frequent icon Frequent icon Very limited
labels naming; minimal naming with naming with verbal 1abe]1ing
elaboration varying precision richer visual
descriptors
Use of spatial | Rare; mostly Common; Common; more Sparse;
references simple corner- and precise spatial occasional basic
statements position-based cues (“second positional cues
(“here”) cues from the left”)
Use of point- | Minimal Pointing used Pointing Very rare
ing/gestures pointing despite proxy observed even in | gestures
format remote view
Overall Low; simple Medium; High; labels + Very low; sparse
instruction literal consistent mix of | spatial cues + communication
richness descriptions labels + spatial occasional overall
cues metaphors
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Table E.2: Comparison of how proxy interaction affects thythm, cognition,

and behavior (RQ2).

Dimension

M2

M3

Effect on rhythm and

pace

Verbalization slowed
participants down, creating
pauses and disruptions in
natural flow

Interaction became slower and
more deliberate, with
increased hesitation when
phrasing actions

Cognitive load

Increased effort in word
choice; precision demanded
more mental resources

b

Participants became reflective
Focusing more cognitive]y on
cach step than in direct
interaction

Challenges in

articulation

Difficulty describing icons or
locations; trial-and-error in
wording and occasional
apologies

Some struggled briefly with
terminology; others adapted
but still paused to find correct
phrasing

Emotional or behavioral
effects

Caution replaced spontaneity;
reduced confidence during
uncertain descriptions

More careful and considered
actions; flow disrupted by
uncertainty or technical issues

Overall emphasis

Verbalization disrupted
spontaneity and induced a
more cautious, deliberate

rhythm

Verbalization introduced a
reflective, slower pace with
moments of hesitation or
friction
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Table E.3: Comparison of sicuations in which participants adapted more

to the moderator than to the system (RQ2/RQ3).

Dimension M1 M2 M3 M4
Forms of Adjusting pace, | Waiting for cues, | Softened Adjusting pace
adaptation to | repeating steps, permission, or instructions, and
moderator orienting device | confirmation polite phrasing, | communication
for moderator before acting deferring based on
visibility exploration moderator
clarity and speed
Indicators of | Seeking Leaning back or | Holding back “Performing”
social validation; giving physical when unsure; thinking aloud
alignment framing actions | space to relying on for the
for the emphasize moderator’s moderator’s sake
moderator rather | moderator’s role | questions to
than system proceed
Situations Confusion about | Uncertainty Unclear role Misunderstanding
triggering purpose, desire about allowed boundaries or of task goals;
adaptation to “do things exploration; moderator- unclear or fast
right” for moderator managed system | instructions
moderator disruptions steps
Impact on Some reduced Lowered Hesitation and Reliance on
exp]oration independence; exp]oration; reduced agency moderator for
and agency others ignored strong in unclear structure, slower
system logic moderator-directed guidance pace, increased
behavior situations hesitancy
Overall Performance Dependence on | Social hesitation | Social alignment
emphasis orientation moderator’s cues | and cue-driven shaped by clarity,
toward and permission reasoning interruptions,
moderator and role
expectations
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Table E.4: Comparison of misunderstandings and coordination problems

across methods (RQ?2).

Dimension M1 M2 M3 M4
Type of problems | — Subtle coordination | Subtle -
issues caused by misunderstandings
inconsistent related to vague
instruction clarity spatial descriptions
and role ambiguity
Unique - Spatial confusion Problems caused by | -
characteristics despite being distance, mismatched
co-located; system direction cues, and
timeouts created unclear boundaries
additional on when the
disruptions moderator should act
independently
Level of - Low—Medium Low—Medium -
misunderstanding
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Table E.5: Comparison Of\ perceived moderator zmd environmenta]

influence across groups (RQ1/RQ3).

Dimension M1 M2 M3 M4
Primary Instruction Subtle Environmental Communication
source of ambiguity and interpersonal limitations, barriers
influence challenges cues such as tone, | especially including
maintaining pacing, and missing door ]anguage, audio
moderator hesitation feedback issues, and
neutrality moderator
fatigue
Role of Strong influence | Moderate Moderator Moderator
moderator due to repeated | influence prompts adaprtations
behaviour clarifications through small interpreted as (slower speech,
that became social signals hints due to extra help)
leading interpreted by unclear system increased
participants feedback participant
dependence
Impact of Artificial setup Uncertainty Lack of system Technical issues
environment and unclear task | heightened when | feedback forced | and unclear
phrasing shaped | moderator reliance on audio
participant appeared unsure | moderator contributed to
decisions timing and hesitation and
prompts stress
Participant Confusion and Reduced Focus shifted Increased stress,
response need for task exploration from system hesitation, and
patterns repetition; when sensing understanding to | reliance due to
reliance on moderator interpreting communication
moderator uncertainty moderator intent | difficulties
guidance
Overall C]arity of tasks Interpersona] Environmental Communication
emphasis and neutrality subtleties constraints challenges
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Table E.6: Comparison of moderator influence on participant behavior

and problem-solving (RQ1/RQ3).

Dimension M1 M2 M3 M4

Type of Encouragement, | Instruction Leading Clarifications

moderator clarifications, precision and questions, and motivational

influence tone; occasional timing shaping pacing, and cues interpreted
unintended carefulness and rephrasing as guidance
guidance caution steering

reasoning

Participant Some Participants Participants Participants

sensitivity to | participants became cautious | adjusted relied on

moderator corrected or hesitant due reasoning to moderator for
themselves after | to moderator align with reassurance and
noticing the timing moderator cues direction
moderator

Role of task or | Confusion Clarification Unclear task Uncertainty

instruction created moments | questions like framing led about moderator

clarity where moderator | “here?” acted as participants to involvement
influence subtle prompts wait for created
increased direction hesitation

Impact on Moderator Moderator speed | Moderator Participants

problem-solving reactions shaped | alcered pacing reduced followed

participant participant opportunities for | moderator cues
actions more discovery and independent rather than
than intended confidence reasoning system behavior
Overall Tone and Timing, Leading Dependence on
emphasis reactions precision, and guidance and moderator
influencing interpersonal framing effects availability and
behavior cues c]arity
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