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Abstract in German

Hintergrund: Depression zahlt zu den haufigsten psychiatrischen Erkrankungen weltweit und
ist mit erheblichen Einschrankungen der Lebensqualitat sowie einer hohen Belastung flr
Gesundheitssysteme verbunden. Neben etablierten Therapieformen gewinnen digitale
Interventionen wie kognitives Training mit sozial assistierenden Robotern (SARs) zunehmend
an Bedeutung.

Ziel: Ziel dieser Dissertation war es, die Effekte eines kognitiven Trainings mit dem SAR
.Pepper® im Vergleich zu einem Tablet-basierten Training auf depressive Symptome,
Aufmerksamkeit und Leistung, Akzeptanz und Benutzerfreundlichkeit sowie Motivation bei
stationar behandelten Patient*innen mit Depression zu untersuchen. Zusatzlich wurden
geschlechts- und altersbezogene Unterschiede analysiert.

Methode: Es wurde eine randomisierte kontrollierte Pilotstudie mit 32 stationdren
Patient*innen mit Depression durchgeflhrt. Die Teilnehmenden absolvierten zwei
Trainingseinheiten entweder mit dem SAR ,Pepper® mit motivierendem Feedback oder mit
einem Tablet ohne Feedback. Die Erhebung erfolgte mittels validierter und selbsterstellter
Fragebdgen.

Ergebnisse: Beide Gruppen zeigten nach dem Trainingszeitraum eine Reduktion depressiver
Symptome ohne signifikante Unterschiede. Auch fir Aufmerksamkeit und Leistung ergaben
sich keine gruppenspezifischen Effekte. Die SAR-Gruppe erzielte jedoch signifikant hdhere
Bewertungen in den Skalen ,Benutzerfreundlichkeit* und ,wahrgenommenen Einfachheit”.
Geschlechtsspezifische Unterschiede zeigten sich unabhangig von der Interventionsform
insbesondere in der Selbstwahrnehmung von Aufmerksamkeit und Leistung sowie in
motivationalen Dimensionen. Qualitative Rickmeldungen bestatigten die hohe Akzeptanz und
die als unterstitzend erlebte soziale Interaktion mit dem Roboter.

Schlussfolgerung: Die Ergebnisse belegen die Machbarkeit und hohe Benutzerfreundlichkeit
von SAR-gestltztem kognitivem Training im akuten psychiatrischen Setting. Flir Aussagen zu

klinischen Effekten sind langere Interventionszeitraume und grofliere Stichproben erforderlich.
Schlisselworter: Sozial assistierende Roboter (SAR), Depression, Technologieakzeptanz,

Benutzerfreundlichkeit, Kognitives Training, Aufmerksamkeit und Leistung, Motivation,

Psychiatrie, Klinisches Setting, Geschlechterunterschiede, Altersunterschiede
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Abstract in English

Background: Depression is one of the most prevalent psychiatric disorders worldwide and is
associated with substantial impairments in quality of life as well as a high burden on health care
systems. In addition to established treatment approaches, digital interventions such as
cognitive training supported by socially assistive robots (SARs) are gaining increasing
relevance

Aim: The aim of this doctoral dissertation was to investigate the effects of cognitive training
delivered by the socially assistive robot “Pepper’” compared to tablet-based training on
depressive symptoms, attention and performance, acceptance and usability, and motivation in
psychiatric inpatients with depression. In addition, sex- and age-related differences were
examined.

Methods: A randomized controlled pilot study was conducted with 32 psychiatric inpatients
diagnosed with depression. Participants completed two training sessions either with the SAR
“Pepper” providing motivational feedback or with a tablet without feedback. Outcomes were
assessed using validated and self-developed questionnaires.

Results: Both groups showed a reduction in depressive symptoms following the training
period, with no significant group differences. No group-specific effects were observed for
attention and performance. However, the SAR group reported significantly higher scores in
“usability” and “perceived ease of use” scales. Sex-specific differences emerged irrespective
of the intervention, particularly in self-reported attention and performance as well as in
motivational dimensions. Qualitative feedback confirmed high acceptance and the socially
supportive interaction experienced with the robot.

Conclusion: The findings demonstrate the feasibility and high usability of SAR-supported
cognitive training in acute psychiatric inpatient settings. To draw conclusions regarding clinical

effects, longer intervention periods and larger sample sizes are required.
Keywords: Socially assistive robots (SAR), depression, technology acceptance, usability,

cognitive training, attention and performance, motivation, psychiatry, clinical setting, sex

differences, age differences
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1. Introduction

1.1 Background

Depression is a mental health disorder that significantly impacts individuals, families, and
healthcare systems worldwide (1). According to the World Health Organization (WHO),
depression affects more than 280 million people globally, making it a leading cause of disability
and a major contributor to the global burden of disease (1). In Austria, approximately 9.8% of
the population experience depressive episodes annually, with women (11.5%) being more
affected than men (7.9%) (2). The COVID-19 pandemic has further exacerbated the prevalence
of depression, particularly among vulnerable groups, such as individuals with chronic ilinesses
(3,4).

Depression, as defined by the International Statistical Classification of Diseases and Related
Health Problems Version 10 (ICD-10), is characterized by pervasive changes in mood, such as
diminished interest or pleasure, reduced energy, fatigue, and recurrent thoughts of death or
suicide. Cognitive, emotional, and physical impairments often accompany these symptoms,
significantly affecting daily functioning (5). Beyond its clinical symptoms, depression adversely
affects quality of life and psychosocial functioning, commonly contributing to social withdrawal
and lower productivity. Summarized, it is a severe multifactorial disorder influenced by genetic,
environmental, and psychological factors (6).

Treatment typically involves a combination of pharmacological interventions, such as
antidepressants, and psychotherapeutic approaches, psychotherapy, cognitive-behavioral
therapy (CBT), social support, and lifestyle modifications (6—8). However, a central challenge
in managing depression is overcoming the lack of motivation that often hinders therapy
adherence and lifestyle modifications. This can exacerbate depressive symptoms, perpetuating
a cycle of cognitive and emotional decline (9).

Cognitive training has emerged as a promising approach to address depression challenges
such as low attention and memory function often associated with neglect of essential daily
activities, including self-care, family responsibilities, and professional obligations. There are
different types of cognitive trainings, but in total they comprise structured exercises aimed at
improving cognitive and emotional regulation (10).

Most cognitive training programs are designed to improve memory, attention, emotional
perception, and executive function, which are often impaired in individuals with depression (10—

13). These interventions aim to target neurocognitive deficits that contribute to the persistence



of depressive symptoms and functional impairment. By enhancing cognitive capacities, such
programs can help individuals better manage daily tasks, improve emotional resilience, and
reduce relapse rates (14,15). Moreover, integrating cognitive training with standard treatments
may offer synergistic benefits, leading to more comprehensive and sustained recovery
outcomes (9,16—20). Research has shown that cognitive training, particularly in computer-
based formats, can significantly reduce depressive symptoms and improve motivation (10,21—
23).

Modern cognitive training programs like “Lumosity”, “CogniFit”, “Peak”, and “Cogmed” (24)
incorporate adaptive features and real-time feedback, which enhance user engagement and
effectiveness by tailoring tasks to the individual's performance level (25). These dynamic
adjustments help maintain an optimal challenge, preventing frustration or boredom, and
promote sustained motivation throughout the training process. Additionally, the integration of
gamified elements and interactive interfaces further supports adherence and facilitates the
transfer of cognitive improvements to everyday functioning (26).

While cognitive training has proven effective in addressing depressive symptoms and
improving cognitive resilience, the integration of advanced digital technologies holds significant
promise to further revolutionize mental health care (10,21-23). The ongoing digitalization of
healthcare has opened new pathways for delivering personalized, scalable, and engaging
interventions that can be tailored to individual patient needs. Among these innovations,
technologies such as socially assistive robots (SARs) are playing a pivotal role by providing
interactive and empathetic support, which enhances the therapeutic experience (26). These
technological advancements not only improve the delivery of therapeutic interventions but also
help overcome critical challenges related to accessibility, adherence, and sustained patient
engagement, particularly in underserved or remote populations (27).

The following chapter delves deeper into the broader context of digitalization, examining how
emerging technologies, particularly SARs, are fundamentally transforming therapeutic and
rehabilitative practices (28). It will provide a comprehensive overview of the unique features of
SARs, emphasizing their capacity to deliver personalized, multisensory experiences that adapt
to individual patient needs and preferences. Furthermore, the chapter will explore the growing
integration of SARs within traditional psychiatric treatment frameworks, highlighting their
potential to enhance patient engagement, emotional support, and treatment adherence (29,30).
By investigating both technological advancements and clinical applications, this section aims

to elucidate the evolving role of SARs in mental health care and rehabilitation.



1.2 Digitalization

Digital technologies such as robots, virtual reality, and extended reality are becoming
increasingly omnipresent in our modern world, fundamentally transforming various aspects of
daily life, work, and social interaction. Their pervasive integration is reshaping how individuals
communicate, learn, and access services, thereby influencing societal norms and behaviors on
a broad scale. This rapid technological advancement presents a dual-edged scenario, offering
significant opportunities for innovation and improvement in numerous fields, including
healthcare, while simultaneously introducing new risks and ethical considerations that require
careful evaluation and management (26).

Within the healthcare system, the potential applications of these digital technologies are vast,
ranging from enhanced diagnostic tools and personalized treatment plans to immersive
rehabilitation programs and remote patient monitoring (31). However, the adoption of such
innovations must be approached with a critical and comprehensive perspective, ensuring that
technological benefits are maximized without compromising patient safety, privacy, or equity of
access. Active, in-depth discussions involving healthcare professionals, policymakers,
technologists, and patients are essential to navigate the complexities associated with
integrating these tools into clinical practice effectively and ethically (32).

Moreover, the evolving landscape of digital health demands ongoing research and evaluation
to understand the long-term impacts of these technologies on patient outcomes and healthcare
delivery models. This includes assessing not only clinical effectiveness but also factors such
as user engagement, accessibility for diverse populations, and the potential to reduce
disparities in healthcare access. By fostering a balanced dialogue that weighs both the
promising advantages and inherent challenges, stakeholders can collaboratively shape a future
where digital technologies contribute meaningfully and responsibly to improved health and well-
being (26).

1.2.1 Social Assistive Robots (SAR)

Socially assistive robotics, an emerging and rapidly evolving field of technology, rigorously
examines both the psychological underpinnings and the technical architectures required for
meaningful human-robot interaction (HRI) (33—35). Unlike industrial, SARs are intentionally
designed to provide social, emotional, and practical functional support, positioning them as
uniquely valuable assets, particularly within healthcare and specialized caregiving

environments.



The development of SARs is rooted in understanding social cues, emotional intelligence
simulation, and trust-building mechanisms (33-35).

Their applications have demonstrated particularly promising results in the domain of elderly
care. Here, SARs move beyond simple task automation to actively foster social interaction,
thereby mitigating the pervasive issue of chronic loneliness among older adults. They achieve
this by engaging users in structured activities, providing conversational prompts, or simply
offering a consistent, non-judgmental presence. Furthermore, SARs assist in activities of daily
living (ADLs) through gentle reminders for medication adherence, monitoring vital signs, or
guiding users through simple physical exercises (36). The technical challenge here lies in
ensuring the robot’s responses are contextually appropriate and personalized, moving beyond
scripted interactions to achieve genuine perceived social value.

To achieve robust social acceptance, SARs must possess advanced social communication
skills (37). This encompasses more than just verbal fluency; it requires nuanced abilities such
as recognizing and responding to subtle human emotional cues (e.g., detecting frustration
through vocal tone or facial expressions), and employing context-aware dialogue (38,39).
Furthermore, SARs must consistently exhibit trustworthiness. This is often built through
predictable, reliable performance and transparency regarding their capabilities and limitations.
For instance, a SAR designed to remind an elderly user about medication must execute this
task flawlessly every time to maintain that trust (40). Equally critical is maintaining non-invasive
behavior. This relates to respecting personal space boundaries, a concept that varies culturally
but is vital for comfort. If a SAR encroaches too closely during a task, acceptance plummets,
regardless of its utility (41).

Physical size of SARs plays a critical role in their acceptance by users (42). Smaller, less
imposing designs, often resembling familiar objects or having soft, non-threatening aesthetics,
generally facilitate easier integration into domestic or clinical settings compared to large,
anthropomorphic machines. While initial interactions with SARs may feel unfamiliar or even
awkward — a phenomenon sometimes termed the "uncanny valley" effect (43) — studies show
that users quickly develop natural communication patterns and trust in these robots, leading to
increased acceptance (44).

SARs have been effectively utilized to enhance the quality of life (QoL) and independence of
various populations. For example, they serve as cognitive aids and companions for individuals
with dementia (45). In this context, SARs like memory aids can reduce anxiety associated with
memory loss by providing timely prompts for daily activities or offering comforting, repetitive

interaction that mitigates feelings of isolation. More recently, advanced SARs are being



deployed to assist in rehabilitation following stroke, offering repetitive, encouraging exercise
guidance that human therapists might not be available to provide continuously (46). This
consistent, tireless support directly contributes to measurable gains in patient independence.
Unlike virtual interventions limited strictly to screens, a SAR is physically present in the room,
providing a genuinely multisensory interaction experience. SARs can engage users through
multiple modalities, including auditory feedback (like spoken encouragement or calming
sounds), salient visual cues (such as gestures or displaying relevant information on a screen
integrated into the robot), and tactile interaction (such as a gentle pat or holding a user's hand,
as demonstrated in some eldercare prototypes). This versatility significantly enhances its
suitability for a broad range of therapeutic and educational settings, accommodating users with
varying physical abilities or cognitive loads (26).

Furthermore, the capacity of a SAR to socially engage with individuals allows it to present highly
personalized interventions, such as structured skills training (e.g., practicing social cues for
individuals with Autism Spectrum Disorder) or continuous health tracking (e.g., monitoring
medication adherence or activity levels). This is similar to mobile apps but delivered in a far
more interactive, tangible, and engaging format that leverages social presence (29,47). The
social capabilities of a SAR can be specifically tailored and enhanced through sophisticated Al
algorithms to support individuals in achieving complex mental and behavioral health goals,
such as reducing social isolation or improving emotional regulation skills (48,49). A key
differentiator is the SAR's ability to build personalized affective relationships with its users by
for example remembering past conversations or displaying consistent empathetic responses
and thereby supporting them more effectively in pursuing their treatment objectives. By doing
so, a SAR actively contributes to the establishment of an emotionally supportive environment,
which can play a critical, measurable role in improving patient adherence and clinical outcomes
(30).

In an era where healthcare resources are increasingly scarce and access remains uneven,
SARs hold significant potential to complement traditional psychiatric treatments. These robots
offer an innovative, scalable approach to addressing critical gaps in mental health care by
providing consistent, immediate supplementary support to both patients needing ongoing
monitoring and overburdened healthcare providers (50). For example, a SAR can handle
routine check-ins or deliver standardized CBT exercises, freeing up human therapists for
complex clinical work. By integrating advanced sensing technology with thoughtful human-
centered design principles a SAR exemplifies how robotics can positively impact patient

experiences and improve overall care delivery efficiency. As SARs continue to evolve with



improved natural language processing and emotional recognition capabilities, their inherent
ability to adapt dynamically to users’ evolving needs and preferences ensures their growing

relevance and integration into routine therapeutic and rehabilitative contexts (26).

1.3 Theoretical Concept of Acceptance

This chapter explores the theoretical underpinnings of acceptance, its specific relevance to
SARs and tablets in clinical contexts, and its application within the framework of the Technology
Acceptance Model (TAM).

Acceptance is a crucial concept in understanding the adoption and use of new technologies
across various domains, particularly in healthcare. The term "acceptance" refers to the
willingness of individuals to engage with and utilize a technology, reflecting their perceptions of
its utility, ease of use, and overall value (51). In healthcare, the acceptance of innovative tools
is paramount, as it directly impacts the effectiveness of interventions, adherence to treatments,

and patient outcomes.

Acceptance in this thesis means when ...
(1) there is a positive attitude towards the innovation.
(2) there is a behavioral intention to use the innovation.

(3) the innovation is used. (52)

Of course, many different factors play a role here, for example, the characteristics of the
innovation and the potential benefit for the user are very important. The greater the benefit for
the users and the more open-minded and educated the users are, the higher the acceptance
is. The way in which the innovation is offered, i.e., the earlier the users are informed and
involved, and the more opportunities the users have for co-determination, the higher the

acceptance is (52).

The Technology Acceptance Model, which is the key concept of this study, is described in more
detail.



1.3.1 Technology Acceptance Model
The Technology Acceptance Model (TAM) is a foundational and highly influential

multidimensional construct within information systems research, designed to capture the
complex interplay of cognitive, emotional, and behavioral aspects influencing an individual's
decision to adopt new technology. Developed in 1986 by Fred Davis, the TAM quickly
established itself as a cornerstone of technology acceptance research (51,53). This model's
genesis lies in the earlier "Theory of Reasoned Action (TRA)" formulated by Fishbein and Ajzen
in 1975 (54). The TRA posits that an individual's behavior is primarily determined by their
behavioral intention, which is, in turn, shaped by their attitudes toward the behavior and
subjective norms (54,55).

Davis adapted the TRA to the specific context of information technology adoption, streamlining
the framework to focus on two primary determinants that directly influence a user's intention to
use a system, thereby predicting actual usage behavior: “Perceived Usefulness (PU)” and
“Perceived Ease of Use (PUE)” (Davis, 1986).

“Perceived Usefulness (PU)” is operationally defined as the degree to which an individual
believes that using a particular system would enhance or improve their job performance or task
accomplishment (51). For instance, if an employee believes that a new system will allow them
to process customer orders 30% faster this constitutes high Perceived Usefulness. A high
degree of PU creates a strong positive motivation, directly leading to a higher intention to use
the technology, as users see a clear instrumental benefit.

“Perceived Ease of Use (PUE)”, conversely, refers to the extent to which a person anticipates
that the effort required to use the technology will be minimal or manageable (51). This factor
addresses the cognitive load and user experience. For example, an interface with intuitive
navigation and clear labeling contributes significantly to high PUE. Crucially, PUE influences
PU; if a system is perceived as too difficult to learn or operate (low PUE), users are less likely
to believe it can actually improve their performance (low PU), even if the underlying capabilities
exist. Therefore, PUE acts as an antecedent to PU, as well as having a direct influence on the
intention to use the technology. Together, these two factors form the core predictive power of

the original TAM framework (51). The TAM is shown in Figure 1.



Perceived
Usefulness (PU) l
: Attitude Toward Behavioral Intention
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Figure 1: Technology Acceptance Model (TAM) by Davis (1989) created by Alfred Haeussl
1.3.2 Acceptance in Healthcare Context

In healthcare, the acceptance of technology is influenced by a confluence of unique
considerations, which extend beyond mere usability. These factors critically include the
inherent “patient vulnerability” (where reliance on technology can carry significant risks if errors
occur), “ethical implications” surrounding autonomy, consent, and algorithmic bias, and the
profound potential for technological interventions to “disrupt traditional care paradigms” (26).
For instance, the introduction of Al-driven diagnostic tools necessitates careful navigation of
accountability when interpretations differ from human judgment.

Crucially, studies consistently demonstrate that technologies exhibiting high acceptance rates
are significantly more likely to be integrated successfully into complex clinical workflows and,
consequently, result in positive patient outcomes (56—60). High acceptance, often measured
through metrics like Technology Acceptance Model (TAM) or System Usability Scale (SUS)
scores or adoption frequency, directly correlates with sustained benefit realization. Conversely,
low acceptance leads to underutilization or outright abandonment of potentially transformative
technology, regardless of its established clinical efficacy or cost-saving potential (61).

The healthcare sector presents distinct, layered challenges to technology acceptance. “Patient
reluctance” often stems from several interconnected issues, including anxiety related to
interacting with unfamiliar digital interfaces (technophobia), a genuine lack of technical
proficiency, particularly among older demographics, low technology-related self-efficacy, and
cognitive overload when digital systems are perceived as complex or unintuitive. These factors
are frequently reinforced by negative past experiences with digital health technologies, fears of
losing control over personal health decisions, and social influences such as skeptical attitudes
within family or peer networks. In addition, deeply rooted concerns about privacy and the
security of highly sensitive protected health information remain a major barrier to acceptance
(26). For example, patients may hesitate to use a patient portal if they fear unauthorized access

to their medical records.



Similarly, healthcare providers such as physicians, nurses, and allied health professionals may
actively resist adopting new digital tools if they perceive them as time-consuming, cognitively
demanding, or adding unnecessary “clicks” to already burdened workflows. Resistance is
further amplified when technologies are experienced as complex to master, misaligned with
established patient care goals, or when prior negative encounters with poorly designed systems
have reduced trust and confidence in new solutions (62). Concerns about loss of professional
autonomy and social influences within clinical teams can additionally shape attitudes toward
adoption (62). Overcoming these multifaceted barriers therefore requires a nuanced, evidence-
based understanding of the psychological, operational, and systemic factors that drive
technology acceptance across diverse user groups, necessitating tailored strategies that
address the distinct needs and priorities of patients, clinicians, and healthcare administrators

alike.

1.3.3 Socially assistive Robots and Acceptance

SARs represent a novel and rapidly evolving category of technology meticulously designed to
provide crucial social and emotional support while simultaneously assisting users in achieving
specific, measurable goals, such as structured cognitive training modules or personalized
physical rehabilitation protocols. Prominent examples of operational SARs, such as SoftBank
Robotics' "Pepper" or the therapeutic robot "PARQO" (a robotic seal used extensively in
dementia care), effectively combine interactive communication features, deliberately
anthropomorphic or zoomorphic design elements, and sophisticated artificial intelligence
algorithms (often incorporating natural language processing (NLP) and machine learning) to
create deeply engaging and highly personalized user experiences (28).

Crucially, the successful integration and acceptance of SARs are shaped by a unique
constellation of factors that are distinct from those influencing the adoption of traditional, non-
interactive technologies like standard tablets or desktop computers (26). The anthropomorphic
qualities inherent in SAR design play a profoundly significant role in shaping user perceptions
and willingness to interact. Research has demonstrated that the inclusion of human-like
features, such as expressive eyes, facial mimicry, or recognizable body language, can
substantially increase user trust, foster empathy, and deepen engagement, ultimately leading
to demonstrably higher acceptance rates, especially among vulnerable populations like the
elderly (50,63).

However, these very human-like features introduce a significant design paradox. They can also

provoke feelings of unease, skepticism, or even aversion. This effect occurs when robots



appear almost, but not entirely natural, triggering negative emotional responses in human
observers (64).

In sensitive clinical settings, the acceptance and usability of SARs are particularly relevant
given their immense potential to enhance therapeutic outcomes beyond what traditional
methods alone can achieve. Empirical studies have provided compelling evidence that SARs
can effectively augment cognitive training programs by providing consistent, non-judgmental
practice partners; improve social interaction skills, particularly for individuals on the autism
spectrum; and significantly reduce reported feelings of loneliness and the associated social
stigma often accompanying mental health challenges. For example, studies involving SARs in
elder care have documented measurable improvements in mood states following consistent
interaction sessions (65,66). However, their adoption is often limited by factors such as high
costs, technical reliability, and the need for specialized training among healthcare providers
(26).

1.3.4 Acceptance of Tablets in Healthcare

Unlike SARs, tablets are well-established technologies with widespread acceptance and
proven integration within diverse healthcare settings. Their portability, characterized by
lightweight designs and long battery life suitable for bedside or home use, combined with highly
intuitive, user-friendly interfaces, make them exceptionally valuable tools for delivering a wide
array of clinical interventions, including digital therapeutics and cognitive training programs. For
instance, tablets are routinely used for administering standardized cognitive assessments,
digitally, or for delivering structured physical therapy exercises via video instruction (61).
Tablets are often perceived as significantly less intimidating and more familiar than novel
technologies like SARs, which directly contributes to higher acceptance rates among both
elderly patients and busy clinical providers (62). This acceptance is rooted in technological
familiarity; nearly all users have prior personal or professional experience with smartphones or
similar touchscreen devices, effectively minimizing the initial learning curve and boosting
confidence in the device's utility for health management (61). The widespread commercial
availability and standardization of operating systems (like iOS or Android) further enhance this
acceptance, as IT departments are already equipped to manage and secure these platforms.
The familiarity of tablets, stemming from their pervasive presence in daily life, plays a crucial
role in bridging the gap between consumer technology and clinical application (26,67).
However, despite these substantial advantages in accessibility and ease of use, tablets

possess limitations when compared to immersive technologies. Specifically, standard tablets
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often lack the advanced interactive, spatial computing, and high-fidelity motivational features
characteristic of SARs. The absence of deep immersion and advanced feedback mechanisms
may limit the tablet's sustained effectiveness in certain demanding applications, particularly
those requiring high levels of engagement or behavioral modification over extended durations,

such as adherence monitoring in long-term rehabilitation or complex therapy (26).

1.3.5 Comparative Acceptance of SAR and Tablets

The comparison between SARs and traditional tablets reveals crucial, nuanced factors driving
user acceptance in various domains, especially healthcare. While SARs offer capabilities in
immersion, engagement, and dynamic interaction tablets retain a significant advantage rooted
in established user familiarity and inherent simplicity of operation (61,62).

The TAM provides a framework for dissecting these acceptance variances, as PU and PEU
are predictably heterogeneous across these technology types. Conversely, SARs often suffer
from a lower PEU score due to the steeper learning curve associated with new interaction
paradigms (e.g., gesture control, spatial calibration) and the novelty of the immersive
experience itself. In contrast, tablets, being ubiquitous, benefit from near-zero PEU barriers for
most users (62).

Moreover, the strategic role of intrinsic and extrinsic motivational elements within the user
experience cannot be overstated. SARs often integrate highly effective motivational scaffolding,
such as personalized, context-aware feedback. Studies suggest that such rich, personalized
feedback mechanisms significantly boost the perceived value and sustained engagement with
SARs, particularly within therapeutic or educational contexts where adherence and sustained
motivation are paramount for successful outcomes (26,65,68). This difference in motivational
scaffolding directly impacts long-term adoption rates. Therefore, understanding these intricate
dynamics is essential for the strategic optimization of the design, deployment, and ultimate

clinical efficacy of both SAR and tablet-based solutions in diverse healthcare settings.

1.4 Research gap

The adoption of SARs in healthcare represents a rapidly expanding field of research and
practice, driven by the need for innovative tools to enhance patient care and address workforce
shortages (26). While SARs have demonstrated significant potential in various applications,
including cognitive training, physical rehabilitation, and emotional support, there are only a few
studies conducted in clinical psychiatric settings. The use of SARs in adult psychiatric settings

has been investigated far less extensively than in other areas of care; however, emerging
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evidence suggests promising approaches. In a scoping review, Kling et al. (69) identified
studies addressing various psychiatric and neurodevelopmental conditions, including
schizophrenia, autism spectrum disorder, and intellectual disabilities. In these studies, SARs
were employed to reduce specific symptom dimensions, such as negative symptoms in
schizophrenia, to promote social skills, for example through simulated job interviews for
individuals with ASD, and to enhance engagement and participation among people with
intellectual disabilities.

Complementing these findings, an umbrella review by Nichol et al. (70) reported consistent
evidence across the lifespan for beneficial effects of SARs on loneliness, social interaction,
mood, and positive effect. Notably, in group-based settings, robots appeared to facilitate
interpersonal interaction rather than replace it, underscoring their potential role as supportive
tools within psychosocial interventions.

In contrast, the evidence regarding the reduction of specific psychiatric symptoms, such as
depression, anxiety, or agitation, remains heterogeneous. While meta-analyses in older adult
populations did not demonstrate a significant overall effect on depressive symptoms or
agitation, individual primary studies reported positive trends in these domains (70). In children,
however, a consistent reduction in anxiety symptoms associated with the use of socially
assistive robots was observed, suggesting potential age- and development-related differences

in intervention effectiveness (70).

SARs have been studied in geriatric care, with evidence indicating their effectiveness in
fostering patient engagement, improving treatment adherence, and enhancing outcomes such
as reducing loneliness and promoting social interaction. These findings highlight their potential
to provide meaningful emotional and psychological support (71-76).

In rehabilitation settings, SARs have been employed to motivate patients during physical
therapy, often outperforming traditional methods by sustaining engagement and improving task
performance (77).

Studies in caregiving contexts demonstrate that SARs often outperform traditional
interventions, such as tablet-based training, in engaging users and improving outcomes (78).
A systematic review by Chen et al. (27) highlighted the potential of SARs in reducing depression
among older adults. In several studies included in the review, interventions with SARs like
"Paro" significantly reduced depressive symptoms, loneliness, and improved quality of life.
Qualitative interviews revealed that participants anthropomorphized the robots, forming

personal connections that enhanced their psychological well-being (79).
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Another study employing the social animal robot "PIO" found significant improvements in
cognitive function, depressive symptoms, and loneliness among older adults participating in a
cognition-based intervention program (80). The findings underscore the unique ability of SARs
to combine cognitive training with emotional and social support, addressing the multifaceted
challenges of depression. A systematic review by Duradoni et al. (81) identified three
psychological domains — social skills, mood, and well-being — that benefit from SAR-based
interventions. For instance, the humanoid robot "Ryan" demonstrated potential in delivering
cognitive-behavioral therapy, improving depressive symptoms in individuals with mild to
moderate depression (82). These studies highlight the versatility of SARs in addressing both
cognitive and emotional dimensions of mental health.

In pediatric care, SARs have been used to support children with autism spectrum disorders
(ASD), where they have shown promise in improving social communication skills and reducing
anxiety during medical procedures (83). These applications highlight the versatility of SARs in
addressing diverse healthcare needs across populations and settings. However, the
generalizability of these findings to psychiatric care, particularly for adult populations, remains
unclear due to fundamental differences in the nature of psychiatric disorders and the unique
challenges faced by this demographic (84—86).

Research on SARs in psychiatric settings is relatively limited compared to other healthcare
domains. Existing studies have primarily focused on pediatric populations, such as children
with ASD or attention deficit hyperactivity disorder (ADHD), where SARs have been shown to
provide valuable therapeutic benefits (83,87-90). For example, robots like NAO and Kaspar
have been used to facilitate structured interventions aimed at improving emotional regulation
and social skills in children, often with positive outcomes (83). However, the use of SARs in
adult psychiatric care has received far less attention, despite the growing prevalence of mental
health disorders among adults worldwide (91).

The lack of research on socially assistive robots in adult psychiatric settings is particularly
concerning given the distinct needs and characteristics of this population. Adults with
psychiatric disorders, such as depression, schizophrenia, and anxiety disorders, often face
complex challenges, including cognitive impairments, social withdrawal, and emotional
dysregulation, which can substantially interfere with daily functioning, treatment adherence,
and sustained engagement with digital or technology-based interventions (92,93). These
impairments may limit patients’ ability to interact consistently with technology-driven
interventions, follow structured therapeutic programs, or maintain motivation over time,

underscoring the importance of tailored and supportive technological solutions in psychiatric
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care. SARs have the potential to address these issues by providing personalized cognitive
training, fostering social interaction, and delivering motivational support. However, the
effectiveness of SARs in achieving these goals within adult psychiatric populations remains
largely unexplored.

One of the key gaps in literature is the lack of differentiation between the effects of SARs on
children and adults. While studies have shown that SARs can positively impact children with
psychiatric disorders, it is not appropriate to generalize these findings to adults. Children and
adults differ fundamentally in their cognitive, emotional, and social development, which
influences how they perceive and interact with SARs (94). For instance, children may view
SARs as playful companions and respond positively to their anthropomorphic features,
whereas adults may require more sophisticated interactions and functionalities to perceive
SARs as credible and useful tools (26,95).

Furthermore, the developmental stages of children and adults influence their respective
therapeutic needs and outcomes. Children are more likely to benefit from interventions
targeting developmental milestones, such as social communication and emotional regulation,
whereas adults may require interventions that address established cognitive deficits and
functional impairments (28,96). The lack of studies examining these differences limits the ability
to tailor SAR interventions to the specific needs of adult psychiatric populations.

Another critical research gap pertains to gender and sex differences in the acceptance and
effectiveness of SARs in psychiatric care. While some studies have explored gender and sex
differences in technology acceptance more broadly, little is known about how these differences
manifest in the context of SARs (53). Gender may influence perceptions of SARs, with women
potentially valuing their relational and interactive features more highly, while men may prioritize
their functional and task-oriented aspects (97). Understanding these dynamics is essential for
designing SAR interventions that are tailored to the preferences and needs of different user
groups.

Gender differences may also affect the outcomes of SAR-based interventions. For example,
previous research has suggested that women are more likely to engage with and benefit from
motivational feedback, which is a key feature of SARs (98). Investigating these gender- and
sex-specific effects in adult psychiatric populations could provide valuable insights into how

SARs can be optimized to enhance their effectiveness and accessibility.
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1.5 Research aims, research questions and hypotheses

This chapter describes the research aim on the one hand and the specific research question

on the other.

The primary aim of this pilot study is to evaluate the effects of cognitive training sessions
conducted with the SAR “Pepper” on

1) depressive symptoms,

2) attention and performance,

3) acceptance and usability, and

4) motivation,
compared to cognitive training sessions conducted with a tablet, in participants with depression
during acute psychiatric inpatient treatment, and whether the effects differ by sex and age.
An additional aim is to explore the participants’ experience of cognitive training with the SAR

"Pepper".

The following research questions can be derived from this:

e What are the effects of cognitive training sessions delivered via the socially assistive
robot “Pepper” compared to those delivered via a tablet on depressive symptoms,
attention and performance, acceptance and usability, and motivation in adults with
depression during acute psychiatric inpatient treatment and how do sex and age
differences influence these effects?

¢ How do participants in the intervention group experience cognitive training with the SAR

"Pepper"?
Based on the study objectives, the following null hypotheses were formulated:

HO0-1 — Depressive symptoms:

There is no significant difference in change in depressive symptoms from pre- to post-
intervention between participants receiving cognitive training with the SAR “Pepper” and those
receiving tablet-based cognitive training; furthermore, effect on depressive symptoms does not

differ by sex or age.
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HO0-2 — Attention and performance:

There is no significant difference in change in attention and performance from pre- to post-
intervention between participants receiving cognitive training with the SAR “Pepper” and those
receiving tablet-based cognitive training; furthermore, effect on attention and performance does

not differ by sex or age.

HO0-3 — Acceptance and usability:
There is no significant difference in acceptance and usability outcomes between participants
receiving cognitive training with the SAR “Pepper” and those receiving tablet-based cognitive

training; furthermore, effect on acceptance and usability does not differ by sex or age.

HO0-4 — Motivation:
There is no significant difference in motivation outcomes between participants receiving
cognitive training with the SAR “Pepper” and those receiving tablet-based cognitive training;

furthermore, effect on motivation does not differ by sex or age.
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2. Methods and Material

This chapter outlines the methods and materials used in this study to provide a comprehensive

overview of the methodological framework and resources used in this research.

2.1 Study design, setting and sample

This pilot study employed a randomized controlled parallel two-arm design (RCT) conducted in
accordance with the CONSORT 2025 Statement (99) to ensure methodological rigor and
transparent reporting. The trial was implemented between June and October 2024 at the
Clinical Division of Psychiatry and Psychotherapeutic Medicine, Medical University of Graz,
Austria. The study sample comprised 32 inpatients diagnosed with depression by their treating
clinicians based on ICD-10 criteria. The severity of depressive symptomatology was
additionally assessed using the Montgomery-Asberg Depression Rating Scale (MADRS) by a
trained investigator (100,101) and by the patients themselves, using the the Beck Depression
Inventory—Revised (BDI-II) (102).

2.2 Recruitment and informed consent of the participants

The recruitment of inpatients was conducted by a member of the study team, who provided a
detailed explanation of the study's objectives, procedures, and potential benefits and risks.
Participants were given enough time to ask questions and consider their participation before
providing written informed consent. Once the informed consent form was signed, each
participant was assigned a unique identification code to ensure anonymity and facilitate the
pseudonymization of data.

Following the assignment of the participant code, an appointment for the first cognitive training
session was scheduled. This process ensured a smooth transition into the study while allowing
participants to prepare for their initial session. The systematic recruitment and onboarding
procedures aimed to foster trust, ensure compliance with ethical standards, and maintain

consistency in participant engagement.
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2.3 Inclusion & exclusion criteria
Table 1 provides a list of all the inclusion and exclusion criteria for the RCT.

Table 1: Inclusion and exclusion criteria

Inclusion criteria Exclusion criteria

Adult women and men (18-60 years) Patient refuses to participate

Medical diagnosis of depression (ICD-10) Diagnosed severe personality disorder
Speak and understand German Psychotic symptoms

Can give consent Brain organic diseases and dementia

Have no physical limitations that preclude the use

of a robot Clearly substance-induced clinical picture

Reduced intelligence (1Q < 70)
Secured hospital unit

ICD-10 = International Statistical Classification of Diseases and Related Health Problems Version 10; IQ = Intelligence quotient
2.4 Sample size calculation

The sample size estimation was based on a repeated-measures AN(C)OVA design with two
measurement points (n? = 0.3, power = .90, a = .05), resulting in a target sample of N = 32
participants (103). This design was selected because the broader “AMIGA” (FFG grant No.
F0999892829; (104)) project comprised several pre—post assessments. As a pilot study, the
“AMIGA” project aimed to provide preliminary insights into depression symptoms, attention and
performance, usability and acceptance and motivation of SAR-supported cognitive training in
individuals with depression. The sample size calculation was performed using G*Power
software (version 3.1.9.6) (105,106).

2.5 Randomization and Blinding

Upon obtaining informed consent from the participants, group allocation was conducted using
the online randomization tool “StudyRandomizer.com” (107). This approach ensured an
unbiased assignment of participants to either to SAR “Pepper’ group with motivational
feedback (= intervention group) or the tablet group without motivational feedback (= control
group). The randomization process was carefully stratified to achieve balance between the
groups with respect to (a) sex, (b) severity of depression measured with the MADRS score at

admission, and (c) age (< 30 years vs. = 31 years).

Age was incorporated as a stratification variable during randomization to control for potential

confounding effects. The decision to categorize age into two groups, rather than using multiple
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strata, was primarily driven by sample size and statistical power considerations. Given the
limited number of participants, using more fine-grained age categories would have resulted in
very small subgroup sizes, thus reducing the reliability and interpretability of subgroup
comparisons. Dichotomization, therefore, represented a pragmatic approach to maintain
analytical feasibility while still allowing for the exploration of age-related effects (108). The
threshold of 30 years was selected based on theoretical and empirical considerations related
to cognitive development and technology familiarity. Research indicates that patterns of digital
technology use, familiarity, and attitudes often differ between younger adults and individuals in
later adulthood, with younger cohorts typically demonstrating higher digital affinity and
adaptability to novel technologies. The 30-year cutoff is employed in psychosocial and
technology-related research as a pragmatic demarcation between early adulthood and later
adult life stages (109-111).

These factors were selected to minimize potential confounding variables and ensure the
comparability of baseline characteristics across the groups.

Despite the rigorous randomization process, blinding was not feasible in this study due to the
inherent visibility of the intervention methods. Participants and researchers could easily

distinguish between the socially assistive robot and the tablet-based intervention.

2.6 Study course

This section describes the exact procedure that the patients went through. To ensure that the
study procedure was be carried out in quiet and peace, it was carried out in a specially
designated room (“RobolLab”) under the supervision of a trained project member.

Participants were randomly assigned to one of two groups: (1) the intervention or (2) the control
group. The study spanned a period of five consecutive days, during which participants took part
in two cognitive training sessions using the "MMA-App" (Multimodal Activation-App). This
structured approach aimed to evaluate the effectiveness of the intervention in comparison to
the control condition.

The study commenced with participants completing baseline questionnaires (to) through the
LimeSurvey platform (107), which provided an efficient and standardized method for data
collection. Following the completion of the baseline assessment, participants engaged in their
first cognitive training session. This session not only familiarized participants with the MMA-

App and robot “Pepper” but also established the foundation for subsequent cognitive exercises.
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At the end of the first session, participants scheduled their second session, ensuring adherence
to the study timeline and minimizing potential attrition.

The second session mirrored the structure of the first. Participants underwent another round of
cognitive training, reinforcing the skills and exercises introduced earlier. Upon completing the
training, participants were prompted to fill out the post-intervention questionnaires (t1), again
facilitated through LimeSurvey (107). This final data collection marked the conclusion of their
participation in the study.

Each complete session required, on average, between 45 and 60 minutes, offering a balance
between cognitive engagement and administrative tasks. Of this time, approximately 10 to 20
minutes were dedicated to the cognitive training component, while the remaining time was used
for completing questionnaires and arranging subsequent sessions. The course of the study and

the adapted patient flow diagram (99) is shown in Figure 3.

2.6.1 Intervention group

In the intervention group, participants engaged with integrated “MMA-App” on the tablet of SAR
“Pepper”. This combination allowed for an interactive and supportive cognitive training
experience. The training consisted of three structured tasks designed to challenge and improve
cognitive functions. Upon completion of each task, SAR “Pepper’ provided motivational
feedback to reinforce the participants' efforts and encourage continued engagement with the
training.

The robot’s feedback was tailored to create a positive and supportive environment, fostering a
sense of accomplishment and motivating participants to persevere through training. This
interactive component was intended to enhance the effectiveness of cognitive training by
addressing not only cognitive but also emotional and motivational aspects of the intervention.
By integrating technological functionality with human-like interaction, SAR “Pepper” aimed to

create a novel and engaging therapeutic experience for participants (see Figure 2).
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Figure 2: Participant interacts with the tablet-supported MMA application on the SAR “Pepper” and completes the
cognitive task (jigsaw) (The participant provided written informed consent for this photograph to be taken and for its
publication; Credits: Sandra Draxler — JOANNEUM RESEARCH DIGITAL)

2.6.2 Control group

Participants in the control group underwent the same cognitive training exercises as those in
the intervention group; however, the training was delivered exclusively through the "MMA-App"
on an Android tablet. The use of the app alone ensured that the cognitive tasks remained
identical across both groups, allowing for a direct comparison of outcomes based solely on the
mode of delivery.

Unlike the intervention group, the control group did not receive motivational feedback during
the training sessions. The absence of interactive support, such as that provided by SAR
“Pepper”, served as a key distinction between the groups. This differentiation allowed the study
to isolate and assess the potential added value of SAR Pepper's motivational interaction in

enhancing engagement and training outcomes.
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Aside from the delivery method and the presence of motivational feedback, all other procedures
were consistent between the two groups, including the cognitive tasks, session structure, and
data collection protocols. This uniformity ensured that any observed differences in outcomes

could be attributed to the mode of delivery rather than other procedural variations.
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Figure 3: Study course and adapted patient flow diagram by Hopewell et al. (99) created by Alfred Haeussl.
Reproduced from Haeussl et al. (112) with permission of publisher (Frontiers in Psychiatry — Digital Mental Health).
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2.7 Pseudonymization of the data

To ensure data confidentiality, a unique participant code was assigned to each participant,
serving as the sole identifier for all study-related data. These codes were used to encrypt the
data, safeguarding participant anonymity throughout the study. Access to the list linking
participant codes to personal identifiers was strictly limited to study team members and stored
in a password-protected document to prevent unauthorized access.

All data files were labeled exclusively with participant codes, further reinforcing privacy. The
encrypted database was securely stored on a password-protected server, with access
restricted to authorized study team members only. These measures adhered to strict data
protection standards, ensuring compliance with ethical guidelines and regulatory requirements

for handling sensitive information in clinical research.

2.8 Material

2.8.1 SAR “Pepper”

" SAR “Pepper’, a humanoid robot developed by SoftBank
Robotics, stands 120 cm tall and weighs 28 kg (see Figure 4).
| Its design enables sophisticated interactions through
| movements of its arms, hands, and head, creating a dynamic
and engaging presence. SAR “Pepper’ is equipped with
advanced capabilities to analyze and respond to human
emotions, using cues such as body posture, speech patterns,
facial expressions, and vocal tone. These features enable
SAR “Pepper” to provide a highly interactive and responsive
experience. With integrated microphones, SAR “Pepper” can
identify and orient itself toward the speaker, fostering a natural

and intuitive form of communication (113-115).

~ SAR “Pepper” is specifically designed to enhance human-
- ANNEy robot interaction in therapeutic, rehabilitative, and educational

Medical University of Graz

contexts. Its engaging and friendly demeanor is aimed at

increasing motivation and improving the overall quality of life for users (113—115). Research

underscores the potential of SARs like “Pepper”’ to provide meaningful support in various

domains, from promoting adherence in therapy to facilitating learning processes (28). SAR
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“Pepper’s” unique combination of advanced technological features and human-centered design

makes it a valuable tool in environments requiring social interaction and support (28).

2.8.2 “MMA-App” and Cognitive Training

The “MMA” (multimodal activation) application developed Joanneum Research — Digital
(116,117), comprises a tablet-based front end and a back end hosted on a central server. Both
components were built using the Microsoft “.NET Framework”. The front end was developed
with Xamarin, a cross-platform framework by Microsoft that supports mobile application
development in “.NET”. The application was specifically designed for Android devices and
optimized for tablet displays. To support user management and data exchange, an application
programming interface (API) was implemented, enabling authentication, version updates, and
the transmission of exercise results. A structured query language (SQL) database was created
to store user information and collected results. Additionally, a content management system
(CMS) was integrated to facilitate the creation and thematic categorization of various exercise
types into cohesive content units (75,118).

The “MMA-App” features a serious game that has been specifically developed and tested for
people with dementia (116,117). This multimodal training tool combines cognitive and physical
exercises in an engaging and playful format. The activities are highly customizable to suit
individual needs, including adjustments to content, difficulty level (based on cognitive abilities),
sequence, and duration. The training sessions in this study only consist of cognitive tasks, such
as quizzes, puzzles, memory matching games, or arithmetic problems. “MMA-App” is designed
for flexible use, allowing it to be applied both at home and in institutional settings (see Figure
5).

The cognitive training sessions were structured into three distinct exercise blocks, each
containing six tasks, resulting in a total of 18 tasks per session. To maintain engagement and
progressively challenge participants, the difficulty level increased after the completion of each
block. The first block began at difficulty level 2 out of 4, the second block advanced to level 3
out of 4, and the final block reached the highest difficulty level, 4 out of 4. This adaptive design
aimed to promote gradual skill development and ensure participants remained motivated
throughout the training.

Each session featured a selection of three cognitive tasks, carefully chosen from different
cognitive domains to provide comprehensive training experience. During the first session,
participants completed tasks focusing on memory and problem-solving skills: finding picture

pairs (memory domain), solving arithmetic problems (working memory domain), and filling in
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missing words in a text (semantic memory domain). These tasks were designed to stimulate
various cognitive processes while maintaining a manageable workload for participants.

In the second session, the cognitive tasks shifted to include additional domains, reflecting a
broader range of cognitive abilities. Participants solved arithmetic problems (working memory
domain), completed puzzles (visuospatial memory domain), and organized a sequence of
events in the correct chronological order (seriality and long-term memory domains). This varied
task design not only targeted multiple cognitive functions but also minimized repetition, keeping
the training sessions engaging and dynamic (see Table 2).

By combining structured progression, adaptive difficulty levels, and diverse cognitive tasks, the
training program was designed to provide a balanced and effective approach to cognitive skill

enhancement across different domains.

Table 2: Overview of Training Activities by Difficulty Level and Session

Difficulty level

Training session 1

Training session 2

Picture Pairs
Picture Pairs
Mathematics Quiz

Mathematics Quiz
Mathematics Quiz
Jigsaw Puzzle

Level 2 . . .
Mathematics Quiz Jigsaw Puzzle
Cloze Text Sequence
Cloze Text Sequence
Picture Pairs Mathematics Quiz
Picture Pairs Mathematics Quiz
Mathematics Quiz Jigsaw Puzzle
Level 3 ) ) .
Mathematics Quiz Jigsaw Puzzle
Cloze Text Sequence
Cloze Text Sequence
Picture Pairs Mathematics Quiz
Picture Pairs Mathematics Quiz
Mathematics Quiz Jigsaw Puzzle
Level 4 Mathematics Quiz Jigsaw Puzzle

Relaxation
Cloze Text
Cloze Text

Relaxation
Sequence
Sequence
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Flgure 5: Screenshots of the MMA-App (Picture Pairs & Jigsaw). Photo Credits: Lucas Paletta (Joanneum Research
- Digital)

2.8.3 Questionnaires

In the following section, all questionnaires used in this study are described in detail. Both

standardized and non-standardized (self-created) questionnaires were utilized.

2.8.3.1 Standardized questionnaires

Below, all standardized questionnaires are described.

2.8.3.1.1 Montgomery—Asberg Depression Rating Scale (MADRS)

The MADRS is a clinician-administered scale designed to assess the severity of depressive

symptoms in individuals diagnosed with depression (100,101). Developed in 1979 by Stuart
Montgomery and Marie Asberg, the MADRS was specifically created to provide a sensitive tool
for evaluating changes in depressive symptoms, particularly in response to treatment
(100,101). It is widely used in both clinical settings and research studies due to its reliability,
sensitivity, and focus on core depressive symptoms (100,101). The MADRS consists of 10
items, each representing a symptom commonly associated with depression, such as sadness,
inner tension, reduced sleep, reduced appetite, concentration difficulties, lassitude, inability to
feel, pessimistic thoughts, and suicidal thoughts. Each item is rated on a 7-point scale, ranging
from 0 (no symptom) to 6 (severe symptom). The total score is calculated by summing the
ratings for all items, yielding a possible range of 0 to 60 (100,101). Higher scores indicate
greater severity of depressive symptoms, with thresholds often interpreted as follows:

e (0 to 6 =no depression

e 7 1to 19 = mild depression

o 20 to 34 = moderate depression

e 35 to 60 = severe depression.
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One of the key advantages of the MADRS is its focus on the emotional and cognitive aspects
of depression, rather than somatic symptoms, making it particularly useful for detecting
treatment-related changes. This is especially important in pharmacological trials and other
therapeutic interventions where the primary aim is to evaluate symptom reduction over time
(100,101). The scale’s sensitivity to change is one of its most valued attributes, making it a

preferred tool for monitoring treatment outcomes. MADRS has demonstrated strong

psychometric properties. It exhibits high reliability, with consistent results across different

raters, and good validity, as it correlates well with other depression rating scales, such as the

Hamilton Depression Rating Scale (HAM-D) (100,101). Furthermore, the MADRS is relatively
quick and easy to administer, typically taking 15 to 20 minutes, which contributes to its
widespread use in clinical and research settings. Despite its strengths, the MADRS has
limitations. As a clinician-administered scale, it requires trained personnel to ensure accurate
and consistent ratings. Additionally, while the MADRS is effective in measuring the severity of
depressive symptoms, it does not provide a comprehensive assessment of all facets of

depression, such as functional impairment or comorbid conditions (100,101).

2.8.3.1.2 Beck Depression Inventory Revision (BDI-II)

The BDI-Il is a widely used self-report questionnaire designed to assess the severity of
depressive symptoms in individuals aged 13 years and older. Developed by Aaron T. Beck, a
pioneer in cognitive therapy, the BDI-Il is an updated version of the original Beck Depression
Inventory (BDI), which was first introduced in 1961 (102). The BDI-Il was revised in 1996 to
align with modern diagnostic criteria for major depressive disorders, as outlined in the DSM-IV
(Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition) (102). This revision
included updates to item content, such as the addition of items addressing worthlessness, loss
of energy, and irritability, as well as a change in the time frame for symptom evaluation to the
past two weeks instead of the current moment (102). These changes were made to enhance
the tool's relevance and alignment with clinical standards. The BDI-II consists of 21 items, each
corresponding to a specific symptom of depression, such as sadness, loss of pleasure, sleep
disturbances, and appetite changes. Respondents rate the severity of each symptom on a 4-
point Likert scale, ranging from 0 (absence of the symptom) to 3 (severe symptom) (102). The
total score is calculated by summing the ratings across all items, with possible scores ranging
from 0 to 63. The total score provides an indication of the severity of depressive symptoms,
with established thresholds as follows (102).
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¢ 0 to 8 points = no sign of depression

e 9to 13 points = minimal depression

e 14 to 19 points = mild depression

e 20 to 28 points = moderate depression

e 29 to 63 points = severe depression
It is important to note that BDI-Il is not intended to provide a clinical diagnosis but rather to
measure symptom severity and track changes over time. BDI-Il is widely applied in clinical
practice, research, and educational settings (102).
The tool has strong psychometric properties contribute to its popularity. It demonstrates high
reliability, with internal consistency (Cronbach's alpha) typically exceeding 0.90, and good
validity, as it correlates well with other measures of depression and psychological distress
(102).

2.8.3.1.3 Inventory of Depression and Anxiety Symptoms — German Version (IDAS-II)

The IDAS-II is a comprehensive self-report measure designed to assess a wide range of
symptoms related to depression and anxiety (119). The IDAS-II comprises 98 items, which are
grouped into 18 specific subscales. These subscales measure distinct aspects of depression
and anxiety, including core depressive symptoms (e.g., Dysphoria, Suicidality), anxiety-related
symptoms (e.g., Panic, Social Anxiety), and additional associated factors, such as appetite
changes, insomnia, and irritability. Respondents rate the severity of each symptom on a 5-point
Likert scale ranging from 1 (not at all) to 5 (extremely), based on their experiences over the
past two weeks (119). One of the key strengths of the IDAS-II is its ability to differentiate
between symptoms of depression and anxiety, which often co-occur and can be difficult to
distinguish using broader measures (119).

A “Depression” Scale can also be constructed, combining all items from the “Dysphoria” scale

LTS ” o« LTS

with two selected items from the scales “Suicidality”, “Fatigue”, “Insomnia”, “Appetite Loss”, and
“Well-being”. This specific combination was designed to ensure alignment with established
depression questionnaires, such as the BDI-Il. The General Depression Scale includes the
following items: 1, 2, 5, 6, 8, 9, 11, 13, 21, 26, 27, 30, 31, 39, 47, 50, 51, 56, 60, 63 (119).

The IDAS scale is also available in German (Wester et al., 2021). The IDAS-II demonstrates
strong psychometric properties, making it a reliable and valid tool for assessing symptoms of

depression and anxiety. In terms of reliability, the IDAS-II exhibits high internal consistency

across its scales, with w values exceeding 0.80 for all scales, except for the “Euphoria” (w

28



=.75) and “Compulsion” (w = .73) subscales, which still reflect acceptable levels of reliability

(119,120). Regarding validity, the IDAS-Il shows robust evidence for convergent and
discriminant validity. It correlates strongly with other established measures of depression and
anxiety, demonstrating its ability to accurately capture symptoms related to these constructs
(convergent validity). At the same time, the IDAS-II effectively differentiates between related
but distinct symptom dimensions, highlighting its capacity to provide nuanced assessments that
distinguish depression from anxiety symptoms (discriminant validity) (119,120).

Despite its strengths, the IDAS-II has limitations. The length of the questionnaire may pose a
challenge in settings where time is constrained, and the self-report nature of the instrument
may introduce biases related to self-awareness or social desirability. Additionally, while the
IDAS-II provides a detailed assessment of symptom severity, it does not evaluate functional
impairments or broader psychosocial factors that may contribute to emotional distress
(119,120).

2.8.3.1.4 Attention and Performance Self-Assessment (APSA)

The APSA is a self-report questionnaire designed to evaluate and analyze everyday memory

and concentration abilities in individuals with various subclinical or clinically significant

underlying conditions. The APSA consists of 21 items and provides results in the form of an

overall score (APS-20) and two subscale scores: “Difficulties Prospective Memory

Performance” (AP-F1) and “Difficulties in Maintaining Focused Attention” (AP-F2). Each

subscale is derived from nine specific items, making the APSA a comprehensive tool for
assessing cognitive and attentional functions in everyday contexts (121).

The APSA exhibits strong reliability. Internal consistency, as measured by Cronbach’s alpha,
is greater than .89 across all scales, indicating excellent internal consistency. Additionally, test-
retest reliability, measured through intraclass correlations (ICC), shows high stability over time,
with an ICC of .90 for the overall scale, .91 for AP-F1, and .87 for AP-F2. These metrics highlight
the robustness and consistency of the APSA in repeated measurements (121). The validity of
the APSA is supported by findings on both convergent and discriminant validity. The APSA
overall score correlates as expected with related constructs, such as the subscales of the
Hospital Anxiety and Depression Scale (HADS): Anxiety (r = .63) and Depression (r = .54)
(121).

The APSA is particularly useful for identifying deficits in memory and attention performance,

especially in populations with neurological or psychological conditions that may impact
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everyday functioning. Its two subscales allow for a more nuanced understanding of cognitive
challenges: AP-F1 focuses on prospective memory, the ability to remember to perform tasks in
the future, while AP-F2 assesses sustained attention, highlighting difficulties in maintaining

focus over time (121).

2.8.3.1.5 Technology Acceptance Model Questionnaire (TAM)

The TAM is a widely used framework for understanding and predicting the adoption and usage
of technology. TAM is designed to evaluate how individuals perceive and interact with a given

technological system, focusing on factors that influence their willingness to use it (51). The

TAM questionnaire is composed of 14 items, divided into three key constructs: “Perceived

Usefulness” (PU),” Perceived Ease of Use” (PEU), and “Intention to Use” (ITU). These

constructs form the foundation of the model, enabling researchers to assess the likelihood of
technology acceptance (51). Specifically, TAM includes six items to measure PU, which reflects
the degree to which a person believes that using a particular system will enhance their
performance or productivity. Similarly, six items evaluate PEU, defined as the extent to which
an individual perceives the system as being easy to learn and use. The final construct, ITU, is
assessed using two items, capturing an individual’s likelihood of adopting the technology in the
future (51).

To ensure relevance across various contexts, the TAM questionnaire allows for customization
(51). For instance, in its original design, questions related to PU often referred to improvements
in job performance, with phrases such as "in my job." However, this study omitted such job-
related phrases, as they were not applicable to the research context. Similarly, the manual
specifies replacing generic terms like "[this product]" with the name of the specific technology
under evaluation. In this case, the term was adapted to reflect the SAR “Pepper” (51). This
flexibility in wording helps tailor the TAM to specific systems and environments while
maintaining its validity and reliability (51). The TAM framework has been extensively validated
and is widely recognized for its predictive power and flexibility in assessing diverse
technologies. By measuring PU, PEU, and ITU, Technology Acceptance Model provides
actionable insights into factors that influence user acceptance, making it a valuable tool for
understanding and improving the adoption of new technologies in various fields, including

healthcare, education, and workplace innovation (51).
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2.8.3.1.6 System Usability Scale (SUS)

The SUS is a widely used questionnaire designed to evaluate the usability of technology.

Created by Brooke in 1995, the SUS is recognized for its simplicity, flexibility, and technology-
independent design, making it applicable across various domains and systems. Its short length
and ease of administration contribute to its popularity as a usability assessment tool. The SUS
consists of ten items, each rated on a 5-point Likert scale ranging from 0 (don’t agree at all) to
4 (agree completely) (122—-125).

The SUS provides a single composite score ranging from 0 to 100, reflecting the overall
usability of a system. To calculate the score, contributions for odd-numbered items (1, 3, 5, 7,
9) are determined by subtracting 1 from the selected scale position, while contributions for
even-numbered items (2, 4, 6, 8, 10) are calculated as 5 minus the scale position. These
values, each ranging from 0 to 4, are summed and multiplied by 2.5 to yield the final SUS score.
This standardized process ensures a concise and interpretable measure of usability (122,123).
The SUS score ranges from 0 to 100, with 68 or higher considered indicative of good usability
(122). The SUS is available in 19 languages, including German, further enhancing its
accessibility and applicability in international contexts (122,126). Despite its brevity and
straightforward design, the SUS has demonstrated strong psychometric properties. The
literature describes it as a valid scale with a high capacity to differentiate between usability
levels when compared to other commercially available questionnaires (127). Its validity has

been rated as high, further supporting its use in both research and practice (127).

2.8.3.1.7 Technology Usage Inventory (TUI)

TUI is a comprehensive questionnaire designed to assess various dimensions of individuals'
interactions with and attitudes toward technology. It consists of 30 items, distributed across
eight primary scales: “Curiosity” (CUR), “Anxiety” (ANX), “Interest” (INT), “User-Friendliness”
(UF), “Immersion” (IMM), “Usefulness” (USE), “Skepticism” (SKE), and “Accessibility” (ACC).
In addition, the questionnaire includes the "Intention to Use” (ITU) scale, which measures an
individual's willingness to adopt the technology (128).

Each scale is rated on a 7-point Likert scale, ranging from 1 (strongly disagree) to 7 (strongly
agree), except for the “Intention to Use” (ITU) scale, which uses a visual analog scale.

Respondents indicate their level of agreement by placing a mark on a horizontal line, providing

a flexible and intuitive response format. A value of 0 to 100 can be achieved for each question.

Most scales consist of four items, except for “User-Friendliness” and “Accessibility”, and
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“Intention to Use”, which contain only three items each. The flexibility of the TUI allows for

tailoring questions to the specific technology being evaluated. For instance, the generic term

"this technology" can be replaced with the name of the technology under study (e.g., "the
socially assisting robot Pepper") to enhance clarity and relevance (128). The “Immersion”

scale, designed to measure the user's sense of being absorbed or engaged with a virtual or
augmented reality system, can be omitted if the evaluated technology does not fall into this
category. This adaptability ensures that the TUI remains applicable across diverse
technological domains, making it a versatile tool for technology acceptance research (128).

The reliability of the TUIl is rated as good, with internal consistency values ranging from a = .70
for the "Skepticism” scale to a = .89 for the Interest scale, based on a sample of 178 participants

(128). These findings underscore the robustness of the TUI in capturing users' attitudes and
perceptions toward technology (128).

Technology Usage Inventory is a reliable and flexible instrument for assessing user attitudes,
emotions, and intentions regarding a wide range of technologies. Its multidimensional structure
and adaptability make it a valuable tool for researchers and practitioners seeking to understand

factors influencing technology acceptance and usage.

2.8.3.1.8 Questionnaire on Current Motivation (QCM)

The QCM, originally referred to as the “Fragebogen zur aktuellen Motivation”, is a self-report

instrument designed to assess an individual’s current motivation in learning and performance
situations. The QCM evaluates motivational states in real-time contexts, making it a valuable
tool for understanding dynamics in educational and task-based environments. It consists of 18
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items distributed across four scales: “Fear of Failure”, “Interest”, “Probability of Success”, and
“Challenge”. The development of the QCM was originally rooted in studies focused on learning
with computers, providing a foundation for its application in technologically supported learning
scenarios (129).

The reliability of the QCM is supported by internal consistency values (Cronbach’s alpha)
ranging from .66 to .90, depending on the scale. These figures indicate acceptable to excellent
reliability, ensuring the consistency of the measurements (129). Regarding validity, the QCM
demonstrates strong factorial validity, with a four-factor structure explaining 58.4% of the
variance (129). This structure aligns with the theoretical framework of the questionnaire.
Additionally, the QCM shows evidence of predictive validity, as reported by Rheinberg et al.

(129). These authors found that current motivation, as measured by the QCM, correlates with
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subsequent learning behaviors and performance outcomes. For instance, the factors
“Challenge” and “Interest” were identified as predictors of performance, although their

influence depends on the specific learning task and the number of practice attempts (129).
QCM is widely used in research and practice to assess motivation in educational settings,
particularly when evaluating the effects of different learning environments, tasks, or

interventions on motivation.

2.8.3.2 Non-standardized questionnaire

For socio-demographic and medical data, the following parameters were collected:
e Participant code
e Gender
o Age
e Marital status
e Number of children
e Highest education completed

e Main psychiatric diagnosis and other medical condition

Information about the participants' citizenship, the city where they were born, and whether they
live in an urban or rural area was collected. To answer the questions, participants selected
predefined response options. A number had to be entered to answer the question “age” and
“number of children” and a number and letter combination had to be entered to answer,

“individual code”.

Additionally, the “Questionnaire on Achievement Motivation” comprised three items, each
evaluated using a 7-point Likert scale. These items were designed to measure three distinct

constructs related to the participants' experiences with the “BRAINMEE training”: “pride”,

“shame”, and “confidence”. Each item was analyzed independently, as the questionnaire does

not allow for the calculation of a cumulative score.

The above-mentioned questions, apart from achievement motivation, were collected only once
at time point to.
Achievement motivation was collected at both time points, to and ti. The exact questions are

presented in the appendix (see Table 15, and Table 16).
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At the end of the post-intervention questionnaire (t,), participants were given the opportunity to
provide additional feedback through open-ended text fields. They were invited to share their
wishes, needs, suggestions for improvement, as well as positive and negative experiences

related to the intervention (see Table 17).

2.9 Statistical analysis

This subsection describes the statistical analyses of both the quantitative and qualitative data.

2.9.1 Quantitative analysis

Demographic characteristics of the sample were examined using descriptive statistics,
including the calculation of means (M) and standard deviations (SD), to provide a
comprehensive overview of the participants' baseline attributes. Changes in depression (only
the Inventory of Depression and Anxiety Symptoms — German Version), attention and
performance and motivation accessed across two measurement points (o = baseline and t1 =
post-intervention) were analyzed using repeated-measures t-tests, allowing for the assessment
of within-subject differences over time.

Acceptance and usability scales were evaluated exclusively at the second measurement point
(t1). To examine group, sex and age differences in questionnaire outcomes, different statistical
approaches were applied based on the structure of the respective instruments. For
questionnaires consisting of a single overall scale (i.e., the System Usability Scale (SUS) and
the overall score of the Technology Usage Inventory (TUI)), a one-way analysis of covariance
(ANCOVA) was conducted. For instruments comprising multiple subscales (i.e., the
Technology Acceptance Model (TAM) and the subscales of the TUI), a multivariate analysis of
covariance (MANCOVA) was performed. The assumptions for ANCOVAs and MANCOVAs
were checked and met.

To control for potential baseline differences between group, sex and age, ANCOVAs and
MANCOVAs were adjusted for baseline depression severity, as measured by BDI-II t, and
MADRS t, scores. Adjusted effect sizes (partial n?) and 95% confidence intervals (Cls) are
reported. To reduce the risk of Type | error due to multiple testing, Bonferroni corrections were
applied to all ANCOVA and MANCOVA analyses.

Partial eta squared (n?,) was reported to quantify effect sizes, with values of .01, .06, and .14

representing small, medium, and large effects, respectively (130). Statistical significance was
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set at p < .05 (two-tailed) for all analyses. The data was securely downloaded from LimeSurvey
(131) and transferred to a locally stored SPSS database at the Medical University of Graz. All
statistical analyses were conducted using IBM SPSS Statistics Version 30 (132), ensuring
robust and precise computations. This methodological approach facilitated a detailed and

reliable evaluation of the study's primary and secondary outcomes.

2.9.2 Qualitative Analysis

At the end of the post-questionnaire (t1), several open-ended questions were integrated into
the LimeSurvey (131) survey, giving participants the opportunity to provide written feedback
voluntarily. A qualitative descriptive method was employed to directly describe and
comprehensively summarize the subject of interest in the participants’ native language, strictly
adhering to the data (133,134). All written responses were copied into a separate Word
document and analyzed using qualitative content analysis (135,136) using the software
MAXQDA 24 (137). This method allows for a systematic and transparent interpretation of
written responses by identifying recurring themes and categories. The analysis followed an
inductive approach, in which categories were developed directly from the participants’
responses without predefined assumptions. All statements were read several times to ensure
familiarity with the data, then coded and grouped into thematic categories. To enhance
reliability, the coding process was conducted independently by two researchers, and any
discrepancies were discussed until consensus was reached. Representative quotations were

selected to illustrate the main themes identified in the analysis.

2.10Ethical consideration & ethics approval

The study posed no significant ethical concerns, as all procedures were carefully designed to
prioritize participant safety and well-being. Eligibility was open to all inpatients receiving
treatment for depression, ensuring inclusivity within the clinical population. While the sessions
required active participation and could potentially lead to fatigue, participants retained the right
to terminate the session at any point without any consequences. Additionally, a member of the
study team was always present during sessions to address any technical issues and provide
immediate assistance if needed.

The study received a positive ethics vote from the Ethics Committee of the Medical University
of Graz (EK 35-450 ex 22/23), ensuring that all protocols met the highest ethical standards.

The study strictly adhered to the principles outlined in the Declaration of Helsinki, emphasizing
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the importance of voluntary participation, informed consent, and the protection of participant
rights and data. Only participants who signed a written informed consent form were included,

reinforcing the commitment to ethical integrity throughout the research process.

2.11Funding

This study was partly funded by project AMIGA under grant No. FO999892829 of the Austrian
FFG femtech programme co-financed by the Austrian Federal Ministry for Climate Action,

Environment, Energy, Mobility, Innovation and Technology (BMK).
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3. Results

This chapter provides a detailed examination of the results from the conducted pilot study. First,
the basic characteristics of the study participants are described. Subsequently, the main results
are analyzed and presented, focusing on comparisons between the intervention and control

group, as well as sex and age differences.

3.1 Sample characteristics

This section provides a detailed overview of the study participants' baseline characteristics.
Initially, the sociodemographic characteristics, offering insight into their educational
background, occupation, and marital status, and the distribution of participants between the
intervention and control group are described. This is followed by an analysis of the average
age and depression scores at admission within these groups, broken down by sex and age

strata.

3.1.1 Sociodemographic characteristics

The sociodemographic characteristics of the total sample size of 32 participants are presented
in Table 3. Most participants (90.6%, n = 29) originated from Austria, with smaller contingents
from Germany (6.3%, n = 2) and Romania (3.1%, n = 1).

Regarding education, the most common qualification was General/Middle School with A-levels,
reported by 28.1% (n = 9) of participants. Apprenticeship without a master craftsman’s
examination was the second most frequent, accounting for 21.9% (n = 7). Lower frequencies
were reported for other education levels, such as University/Universities of Applied Sciences
(9.4%, n = 3) and College (6.3%, n = 2).

Concerning current occupation, most participants were employed (56.3%, n = 18). Other
categories, including unemployment (18.8%, n = 6) or working as a worker (9.4%, n = 3), were
less common.

Marital status displayed a relatively even distribution between single individuals (28.1%, n = 9)
and those in a relationship living in the same household (28.1%, n = 9). Fewer participants
reported other statuses, such as divorced (18.8%, n = 6) and married, living together (15.6%,

n = 5). No participants reported being widowed or working as farmers.
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Table 3: Sociodemographic Characteristics of Participants, including Country of Origin, Education Level,

Occupation, and Marital Status.

Frequency Percent
Country of origin
Austria 29 90.6
Germany 2 6.3
Rumania 1 3.1
Highest completed education
Compulsory School 3 9.4
Apprenticeship without master craftsman’s examination 7 21.9
Apprenticeship with master craftsman’s examination 1 3.1
Polytechnical School 2 6.3
General / Middle School without A-levels 3 9.4
General / Middle school with A-levels 9 28.1
College 2 6.3
Courses (e.g., universities, universities of applied sciences) 1 3.1
University or universities of applied sciences 3 94
Other 1 3.1
Current occupation
Retiree 1 3.1
In Household Working 1 3.1
Civil Servant 1 3.1
Worker 3 94
Employee 18 56.3
Farmer 0 0.0
Self-employed 2 6.3
Not employed 6 18.8
Marital status
Single 9 28.1
In a relationship, living in the same household 9 28.1
In a relationship, not living in the same household 2 6.3
Married, living together 5 15.6
Married, living apart 1 3.1
Divorced 6 18.8
Widowed 0 0.0
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3.1.2 Distribution of participants

The sample exhibited balanced distribution across all variables. Sixteen participants were
allocated to the SAR group with motivational feedback and sixteen to the tablet group without
motivational feedback, ensuring an equal number in each study arm. Within both groups, the
proportion of women and men was identical, with eight participants of each sex per condition.
A similar pattern held for age: half of the total sample was thirty years or younger, and the other
half was thirty-one years or older, again with an equal distribution of eight participants per age
category in each intervention arm. Overall, the study design achieved complete balance across
group, sex, and age strata, effectively minimizing the likelihood of confounding effects related
to these baseline characteristics (see Table 4).

Table 4: Distribution of Participants by Group (SAR Group with Motivational Feedback vs. Tablet Group without
Motivational Feedback), Sex (Female vs. Male) and Age (< 30 Years vs. 2 31 Years).

Female Male Overall
SAR® 8 8 16
Tablet? 8 8 16
< 30 Years 8 8 16
> 31 Years 8 8 16
Overall 16 16 32

2 = with motivational feedback. ® = without motivational feedback. vs. = versus.
3.1.3 Participants age by group and sex
The mean age of the 32 participants was 38.12 years (SD = 14.03). Analysis by group showed

minimal age variation: the SAR group with motivational group averaged 37.69 years (SD =
14.59), and the tablet group without motivational feedback averaged 38.56 years (SD = 13.91).
Sex analysis revealed a mean age of 37.88 years (SD = 14.90) for females and a slightly higher
mean age of 38.88 years (SD = 13.48) for males. These findings indicate no significant
differences in age distribution between groups or sex (see Table 5).

Table 5: Descriptive statistics of participant age by Group (SAR Group with Motivational Feedback vs. Tablet Group
without Motivational Feedback), and Sex (Female vs. Male).

Age n Mean SD

SAR? 16 37.69 14.59
Tablet? 16 38.56 13.91
Female 16 37.88 14.90
Male 16 38.88 13.48
Overall 32 38.12 14.03

a = with motivational feedback. ® = without motivational feedback. vs. = versus
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3.1.4 Depression scores at admission

The MADRS scores, exclusively measured at admission used as a stratification variable for
randomization, (see Table 6) were compared between group (SAR group with motivational
feedback vs. tablet group without motivational feedback), between sex (female vs. male), and

age (= 30 years vs. = 31 years).
No statistically significant group, sex or age differences were observed in MADRS scores at
admission.

Table 6: MADRS Scores at Admission by Group (SAR Group with Motivational Feedback vs. Tablet Group without
Motivational Feedback), Sex (Female vs. Male) and Age (< 30 Years vs. 2 31 Years).

-S| 95% CI
MADRS at Admission n M SD F  df Iwo-sided °
P Lower Upper
SAR? 16 32.06 4374
2.013 30 104 -,626 6.376
Tablett 16 29.19 5.282
Female 16 30.25 4.313
2.895 30 678 -4.401 2.901
Male 16 31.00 5.704
< 30 years 16 31.06 5.221
.082 30 .621 -2.772 4522
= 31 years 16 30.19 4.875

Note: t-test. 2 = with motivational feedback. ® = without motivational feedback.

Cl = Confidence Interval. df = Degrees of freedom. F = F-statistics. M = Mean. MADRS = Montgomery-Asberg Depression Rating
Scale. n = Sample size of a specific group within the total sample size. p = p-value for t-test significance. SAR = Socially Assistive
Robot. SD = Standard deviation. vs. = versus.

Table 7 presents the results of the BDI-Il scores, measured at admission comparing the SAR
group with motivational feedback and tablet group without motivational feedback, female and

male participants as well as participants < 30 years and participants = 31 years.

Participants in the SAR group with motivational feedback reported significantly higher BDI-II
scores (M = 28.25, SD = 9.61) compared to those in the tablet group without motivational
feedback (M =22.63, SD =6.51), indicating greater depressive symptom severity at study entry
in the SAR group, p =.036, 95% CI [0.49, 13.26].

All remaining comparisons across sex and age categories showed no statistically significant

differences.
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Table 7: BDI-Il Scores at Admission by Group (SAR Group with Motivational Feedback vs. Tablet Group without
Motivational Feedback), Sex (Female vs. Male) and Age (< 30 Years vs. 2 31 Years).

. 95% CI
BDI-I n M SD F df. Two-sided p
Lower Upper
SAR? at to 16 28.25 9.61
210 30 .036* 494 13.256
Tablet® at to 16 2263 6.51
Female at to 16 26.00 10.02
450 30 482 -4.444 9.194
Male at to 16 23.63 10.74
<30 years at to 16 2219 9.908
335 30 114 -11.842 1.351
= 31 years at to 16 27.44 8.278
Note: t-test. 2 = with motivational feedback. = without motivational feedback.
BDI-ll = Beck Depression Inventory — revised version Cl = Confidence Interval. df = Degrees of freedom. F = F-statistics. M =

Mean. n = Sample size of a specific group within the total sample size. p = p-value for t-test significance. SAR = Socially Assistive
Robot. SD = Standard deviation. t, = Time of Measurement 1. vs. = versus.
*

p<.05

3.2 Main results

3.21 HO-1 — Depressive symptoms

This chapter presents the results of the individual depression scales, analyzed by intervention
and control groups, by sex as well as age differences. The findings are outlined for the

depression subscale of the Inventory of Depressive Symptomatology (IDAS-II).

3.2.1.1 IDAS-Il — Subscale Depression

Table 8 presents the scores for the Depression Subscale of the Inventory of Depression and

Anxiety Symptoms-Il (IDAS-II), measured at baseline (to) and post-intervention (t1), comparing
results by group (SAR group with motivational feedback vs. tablet group without motivational

feedback), sex (female vs. male), and age (< 30 years vs. = 31 years).

There were no statistically significant differences in IDAS-II depression scores across groups,

sex, or age at either baseline or post-intervention (all p > .05).

3.2.2 HO-2 - Attention and Performance

This section examines attention and performance outcomes using the Attention and
Performance Self-Assessment (APSA). The analysis compares scores across groups (SAR
group with motivational feedback vs. tablet group without motivational feedback), sex (female

vs. male) and age (< 30 years vs. = 31 years) at baseline (to) and post-intervention (t1). Results
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are reported for overall APSA scores (APS-20) and its two subdimensions: AP-F1 (prospective

memory performance) and AP-F2 (maintaining focused attention) (see Table 9 and Figure 10)

At baseline (f), female participants reported significantly higher APS-20 scores (M = 67.56, SD
=10.27) compared to male participants (M =50.63, SD =12.11), p <.001, 95% CI [8.83, 25.05].
At post-intervention (t1), female participants continued to score significantly higher on the APS-
20 (M = 63.56, SD = 15.14) than male participants (M = 54.06, SD = 9.60), p = .043, 95% CI
[0.34, 18.66].

Female participants showed significantly higher AP-F1 scores at baseline (to) (M = 29.25, SD
= 5.96) compared to male participants (M = 20.94, SD = 5.72), p < .001, 95% CI [4.09, 12.53].

At baseline (to), female participants demonstrated significantly higher AP-F2 scores (M = 31.31,
SD = 5.12) compared to male participants (M = 24.06, SD = 5.85), p < .001, 95% CI [3.28,
11.22]. At post-intervention (t1), female participants continued to show significantly higher AP-
F2 scores (M =29.94, SD = 7.12) than male participants (M =24.75, SD = 4.75), p = .022, 95%
Cl [0.82, 9.56].

All remaining comparisons, including all group and age-related analyses at baseline and post-

intervention, showed no statistically significant differences.

3.2.3 HO-3 — Acceptance and Usability

This section explores acceptance and usability outcomes using three key instruments: the
Technology Acceptance Model (TAM) Questionnaire, the System Usability Scale (SUS), and
the Technology Usage Inventory (TUI). The analysis examines participant perceptions of the
system's acceptance and usability across these measures, comparing results by intervention
group and gender and sex to provide a comprehensive evaluation of user experience and
technology acceptance. These three questionnaires were administered exclusively after the
intervention (t1). Consequently, depending on whether the respective instrument comprised a
single or multiple subscales, either ANCOVAs or MANCOVAs were conducted. The differences
between the SAR group with motivational feedback and the tablet group without motivational
feedback, as well as sex-related differences (female vs. male), are reported in Haussl et al.
(112) The present section focuses exclusively on age-related differences, comparing

participants aged < 30 years with those aged = 31 years.
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3.2.3.1 Technology Acceptance Model (TAM) Questionnaire

The TAM questionnaire subscales were analyzed to assess age-related differences (< 30 years
vs. = 31 years) in Perceived Usefulness (PU), Perceived Ease of Use (PEU), and Intention to
Use (ITU). (see Table 10).

No statistically significant age-related differences were observed across any of the TAM
subscales. All p-values remained above the Bonferroni-adjusted significance threshold (all p >
.05).

3.2.3.2 System Usability Scale (SUS)

The ANCOVA of the SUS (see Table 11) revealed no statistically significant age-related

differences.

3.2.3.3 Technology Usage Inventory (TUI)

Analyses of the Technology Usage Inventory (TUI) subscales revealed several statistically

significant group, sex and age differences (see Table 12).

Participants aged 30 years or younger showed significantly higher overall technology usage
(TUI OVE) scores (M = 106.06, SD = 13.76) than those aged 31 years and older (M = 95.06,
SD = 14.18), p = .018, 95% CI [99.742, 114.511]. Younger participants also reported
significantly higher interest (TUI INT) scores (M = 20.56, SD = 4.24) compared to older
participants (M = 14.75, SD = 4.62), p < .001, 95% CI [3.328, 10.000]. Participants aged 30
years or younger additionally demonstrated significantly higher user-friendliness (TUI UF)
scores (M =17.12, SD = 3.09) compared to individuals aged 31 and higher (M = 15.06, SD =
3.95), p =.026, 95% CI [0.378, 5.530]. Finally, younger participants scored significantly higher
on curiosity (TUI CUR) (M = 19.88, SD = 5.08) compared to older participants (M = 14.62, SD
=5.17), p = .005, 95% CI [1.966, 9.879].

All remaining TUI subscales showed no statistically significant differences across group, sex,

or age comparisons.

3.2.4 HO-4 — Motivation

This section examines motivation using two instruments: the standardized Questionnaire on

Current Motivation (QCM) and the non-standardized Questionnaire on Achievement Motivation
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(QAM). The results are analyzed and presented with respect to groups (SAR group with
motivational feedback vs. tablet group without motivational feedback), sex (female vs. male)

and age (=< 30 years vs. 2 31 years).

3.2.4.1 Questionnaire on Current Motivation (QCM)
Figure 11 and Table 13 present the scores of the four subscales Fear of Failure (FoF),
Challenge (CHAL), Probability of Success (PoS), and Interest (INT) of the Questionnaire on

Current Motivation (QCM) at baseline (t) and post-intervention (t1), comparing groups (SAR

group with motivational feedback vs. tablet group without motivational feedback), sex (female

vs. male) and age (= 30 years vs. = 31 years).

At baseline (to), participants aged 31 years and older reported significantly higher QCM FoF (M
= 3.88, SD = 1.48) compared to participants aged 30 years or younger (M = 2.65, SD = 1.17),
p =.014, 95% CI [-2.204, -0.270].

At post-intervention (t1), participants in the tablet group without motivational feedback
demonstrated significantly higher QCM CHAL scores (M = 5.23, SD = 0.86) compared to those
in the SAR group with motivational feedback (M = 4.42, SD = 1.18), p = .034, 95% CI [-1.561,
-0.063].

Participants aged 31 years and older showed significantly higher baseline (to) QCM CHAL (M
4.96, SD = 1.11) than younger participants aged 30 years or below (M =4.09, SD =1.21), p
.042, 95% CI [-1.714, -0.035].

All other QCM subscales showed no statistically significant differences with respect to group,

SeX, or age.

3.2.4.2 Questionnaire on Achievement Motivation (QAM)

The following section analyzes the results for the three subscales Pride (PRI), Shame (SHA),
and Confidence (CON) of the Questionnaire on Achievement Motivation (QAM) comparing
scores by group (robot vs. tablet) and gender and sex (female vs. male) at baseline (to) and

post-intervention (t1) (see Table 14 and Figure 12).
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At post-intervention (t1), participants in the tablet group reported significantly higher pride
scores (M =5.88, SD = 1.02) compared to participants in the SAR group (M =4.63, SD = 1.74),
indicating stronger achievement-related pride in the tablet condition, p =.019, 95% CI [-2.284,
-0.216].

Female participants reported significantly higher shame scores at post-intervention (t) (M =
5.19, SD = 2.13) compared to male participants (M = 3.44, SD = 2.06), suggesting greater self-
evaluative negative affect among women, p =.025, 95% CI [0.233, 3.267].

All other subscales of group, sex and age comparisons yielded no statistically significant

differences.

3.2.5 Results of the qualitative Data

In this chapter, the results of the qualitatively analyzed responses provided by the participants

are presented.

3.2.5.1 General characteristics

At the end of the post-questionnaire (t1), several open-ended questions were integrated into
the LimeSurvey (131) survey, giving participants the opportunity to provide written feedback
voluntarily. Therefore, not all participants submitted responses. In total, qualitative data from
ten out of 16 participants in the SAR “Pepper” group (five women and five men) were included

in the analysis. The mean age of these ten participants was 40 years.

3.2.5.2 General impressions and emotional reaction

Overall, participants perceived SAR “Pepper” as friendly, approachable, and non-threatening.
The robot’s anthropomorphic appearance and size were often described as “pleasantly human-
like but not intimidating.” Curiosity and mild excitement predominated during the first encounter,
while a few participants initially reported unease or uncertainty about interacting with a robot.

Over time, these feelings diminished as participants engaged with the system.

“At first | didn’t know how to react. But then it felt almost natural talking to
him.” (P04)
“He looks kind of funny, but that makes him sympathetic.” (P10)
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Emotional responses ranged from fascination to nervousness, with female participants tending
to report more positive initial impressions. Participants generally appreciated Pepper’s neutral

design, noting that the robot was not perceived as distinctly male or female.
“It doesn'’t feel like a man or a woman, more like a neutral helper.” (P07)

3.2.5.3 Voice and verbal communication

SAR “Pepper’s” voice generated ambivalent reactions. While several participants found the
tone warm and encouraging, others described it as too artificial or high-pitched, limiting
emotional authenticity. The lack of voice variability was perceived as monotonous, reducing the
sense of personal connection. Participants expressed a clear wish for selectable voice profiles

differing in tone, speed, and gender.

“The voice was too robotic! It didn’t sound real or comforting.” (P0O1)
“If I could choose between different voices, | would probably engage more.”
(P06)

3.2.5.4 Movements and gestures

Participants frequently commented on the robot’s physical expression. Although smooth hand
gestures and nodding were viewed positively, sudden or repetitive arm movements were
sometimes experienced as unsettling. Some participants even interpreted trembling hand

motions as a sign of “nervousness” or “malfunction.”

“When the arms move so quickly, | get a bit anxious.” (P03)

“He waves too much! Once would be enough.” (P09)

Nevertheless, subtle gestures accompanying motivational statements were considered
beneficial for attention and engagement, as long as timing and context matched the spoken

content.

3.2.5.5 Perceived Role and Usability

Despite the novelty of the humanoid interface, most participants interacted primarily with the

tablet, mounted on SAR “Pepper’s” chest, rather than the robot itself. SAR “Pepper” was
perceived as an “assistant” or “supportive figure” rather than the main medium of training.
Participants appreciated the intuitive tablet interface but criticized interruptions due to technical

errors and long loading times, which occasionally broke concentration and flow.
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“I mostly looked at the tablet; Pepper was more like a bystander.” (P02)
“It's easy to use, but the waiting time between exercises makes it stressful.”
(P08)

While SAR “Pepper's” presence was described as motivational in principle, participants
emphasized that malfunctions or communication delays immediately reduced their trust in the

system.

3.2.5.6 Motivation and feedback

The motivational feedback provided by SAR “Pepper’ elicited mixed reactions. While

participants recognized the intention to encourage, the standardized phrases were perceived
as repetitive and contextually misplaced. Many reported that the motivational comments were

not synchronized with task performance, occasionally interrupting cognitive focus.

“Sometimes he cheered even when | did something wrong—it didn’t make
sense.” (P05)
“It would help if he reacted to how I'm actually doing, not just at random
times.” (P01)

A consistent suggestion was the inclusion of adaptive feedback according to task accuracy,
speed, or persistence. Such individualized encouragement was seen as crucial for sustained

engagement and perceived empathy.

3.2.5.7 Cognitive Training

Participants generally appreciated the cognitive training exercises as stimulating and diverse.
Tasks that demanded attention, memory, and problem-solving were perceived as meaningful
and challenging, though occasionally too difficult for the current phase of recovery. The
absence of immediate error explanations was noted as frustrating. Several participants

proposed adding a brief performance summary or the option to repeat tasks after feedback.

“l like the brain games, but I'd like to know what | did wrong.” (P04)

“Sometimes | wanted to try again, but it just moved on.” (P07)

Overall, cognitive training was rated as beneficial for structure and activation during inpatient
treatment, but participants called for greater adaptability to individual cognitive capacity and

daily condition.
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3.2.5.8 Trust, Acceptance and Future Use

Most participants expressed openness to using SAR “Pepper” in future therapy contexts,
provided that technical reliability and personalization improve. They envisioned potential
applications in home-based training, outpatient care, or as a supportive element during
hospitalization. Concerns mainly revolved around data protection, autonomy, and the fear of

technology replacing human therapists.

“l can imagine using it at home, but only if it works without internet and

saves my data locally.” (P06)

“It’s a nice addition, but it should never replace a real therapist.” (P02)
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4. Discussion

The aim of this randomized controlled pilot study was to investigate the effects of cognitive
training delivered via a SAR “Pepper” with motivational feedback compared to a tablet-based
format without motivational feedback in adults undergoing acute psychiatric inpatient treatment
for depression. Specifically, this pilot study examined outcomes related to depressive symptom
severity, attention and performance, technology acceptance and usability, motivation, and
subjective user experiences, while also considering sex and age differences. By combining
standardized psychometric measures with qualitative feedback, this pilot study adopted a
mixed-method perspective to comprehensively evaluate both clinical and experiential

dimensions of technology-supported cognitive interventions in mental health care.

Across all outcome domains, we found the most consistent effects emerged for sex- and age-
related differences rather than for group-based effects. Female participants demonstrated
significantly higher self-reported attention and performance outcomes, including overall APSA
scores as well as prospective memory and focused attention, both at baseline and partially at
post-intervention.

Age-related effects were particularly evident in technology-related variables. Younger
participants reported significantly higher overall technology usage, interest, user-friendliness,
and curiosity, indicating greater digital affinity compared to older participants. Motivational
outcomes showed selective age and group effects: older participants exhibited higher fear of
failure and challenge at baseline, while at post-intervention the tablet group reported higher
perceived challenge and achievement-related pride than the SAR group. Additionally, women

reported higher post-intervention shame scores than men.

The present pilot study examined depressive symptom severity at admission and over the short
intervention period using three established instruments (MADRS, BDI-Il, and IDAS-II). The
results across these measures provide important insights into baseline group differences, the
comparability of demographic subgroups, and the short-term development of depressive
symptoms within an acute psychiatric inpatient context.

The absence of significant group, sex, or age differences in the clinician-rated MADRS at
admission indicates that all subgroups were largely comparable with respect to objectively
assessed depressive severity upon study entry. This is essential for the interpretability of

subsequent analyses because initial comparability minimizes the likelihood that observed post-
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intervention patterns could be attributed to systematic baseline imbalances (100,101). The
overall MADRS means in all subgroups were within the range typically observed among
inpatients with moderate to severe depressive episodes (100,101), consistent with previous
clinical samples documented in the literature (27,80,138).

In contrast to the MADRS findings, the BDI-Il scores revealed a statistically significant baseline
(to) difference between groups, with participants in the SAR group with motivational feedback
reporting higher self-rated depressive symptoms than those in the tablet group without
motivational feedback. This discrepancy between clinician-rated and self-rated measures has
been documented in prior research and may reflect distinct perspectives captured by each
instrument. Self-report instruments such as the BDI-1l tend to be more sensitive to affective and
cognitive components of depression, whereas clinician-administered scales often prioritize
observable symptoms (139,140). Individuals experiencing depressive episodes often differ in
how they subjectively perceive symptom burden, even when clinical assessments suggest
comparable severity. Accordingly, the higher BDI-Il scores observed in the SAR group likely
reflect greater perceived psychological distress rather than fundamentally more severe clinical
depression (141,142). This pattern underscores the importance of using multiple assessment

modalities when characterizing depressive symptomatology in clinical trials (143).

Despite this initial imbalance, no statistically significant group differences were observed at
post-intervention (1) for the BDI-II. Although scores remained numerically higher in the SAR
group with motivational feedback, the reduction did not differ significantly between conditions.
The self-rated reduction of depressive symptoms is consistent with a growing body of evidence
highlighting the efficacy of structured cognitive interventions for individuals with depression (7).
Cognitive training programs, such as those used in this pilot study, target core cognitive deficits
frequently associated with depression, including impaired attention, memory, and executive
functioning (144). By engaging participants in tasks designed to improve cognitive flexibility and
problem-solving, these interventions have the potential to disrupt maladaptive ruminative
thought patterns (145). The observed improvements in depressive symptoms in this study,
even over a relatively short period, underscore the promise of cognitive interventions as a
complementary approach to standard pharmacological and psychotherapeutic treatments (7).
However, the absence of significant differences between the SAR group with motivational
feedback and tablet group without motivational feedback warrants careful consideration. A key
factor may be the limited duration of the intervention. The intervention in this study consisted
of only two sessions over five days, which might not have been sufficient to elicit substantial

differences in depressive symptomatology between groups. Previous research has shown that
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longer intervention durations are often required to achieve significant and sustained reductions
in depressive symptoms, as these effects typically accrue over time (146). For instance,
cognitive behavioral therapy programs often span several weeks or months to allow for the
consolidation of new cognitive and behavioral patterns (147).

Another explanation for the lack of significant differences could be related to the acute inpatient
setting. Inpatients often experience more severe depressive symptoms and comorbidities,
which may attenuate the immediate effects of interventions due to the heightened baseline
symptom burden (148). Additionally, the highly structured and supportive nature of inpatient
care itself may have acted as a confounding variable, providing an overarching therapeutic
benefit that minimized the observable differences between the intervention groups (149).

The role of the intervention’s mode of delivery also warrants attention. The inclusion of
motivational feedback in the SAR group may have contributed to a more engaging and
interactive experience, potentially enhancing adherence and enjoyment of the training sessions
(150,151). Yet, as the content and structure of the cognitive exercises were identical across
groups, it is possible that the lack of novelty in the tasks themselves limited the differentiation
in outcomes (90,152). Furthermore, participants' greater familiarity with tablets compared to
SARs may have influenced their initial comfort and engagement levels, favoring the tablet group
in terms of perceived usefulness (51). This interplay between familiarity and novelty highlights
a critical area for further exploration in future studies (153,154).

A particularly noteworthy finding in this study was the significantly higher baseline BDI-Il scores
in the SAR group with motivational feedback compared to the tablet group without motivational
feedback. This difference, while accounted for in the statistical analysis, raises important
considerations regarding the interpretation of intervention effects. Higher baseline severity of
depressive symptoms can influence the capacity for improvement within an intervention group,
often leading to greater variability in outcomes. Research has consistently shown that
individuals with more severe depressive symptoms at baseline may respond differently to
treatment compared to those with milder symptomatology, potentially due to differences in
cognitive, emotional, and physiological states that affect treatment receptivity (148,150,155).
This phenomenon may be explained, in part, by the principle of "differential susceptibility,"
which posits that individuals with heightened emotional or cognitive vulnerability are more
responsive, either positively or negatively, to interventions, depending on the quality and
intensity of the treatment provided (156). In this pilot study, the SAR group with motivational
feedback, characterized by higher baseline BDI-Il scores, may have had a greater potential for

improvement but also a higher risk of variability.
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When examining sex differences in depressive symptoms, the results of this study revealed
that females reported slightly higher levels of depressive symptoms at both baseline and post-
intervention compared to males. However, these differences were not statistically significant,
suggesting that sex may not have played a critical role in influencing depressive outcomes
within the context of this study. This finding contrasts with the broader epidemiological
literature, which consistently indicates that women experience higher rates of depression and
more severe symptomatology compared to men (157).

No age-related differences of the BDI-Il were observed at either baseline () or post-
intervention (t1). The lack of age-related differences also suggests that depressive burden at
admission was relatively homogeneous across younger and older adults in this sample, which

contributes to the internal validity of subsequent analyses assessing intervention effects.

The analysis of the IDAS-II depression subscale, measured both at baseline (to) and post-
intervention (t1), revealed no statistically significant group, sex, or age differences at either time
point. This suggests that neither demographic factors nor intervention condition differentially
influenced short-term changes in depressive symptoms during the study period. The absence
of group differences at t; indicates that the brief cognitive training sessions, regardless of
whether delivered via a socially assistive robot with motivational feedback or via a tablet without
such feedback, did not exert immediate differential effects on depressive symptom severity.
This finding is consistent with previous research indicating that cognitive training interventions
typically require sustained engagement over several weeks to produce measurable
improvements in mood-related outcomes (23,158). The limited number of sessions and the
acute inpatient context may therefore not have provided a sufficient window for depressive
symptoms to respond to the intervention.

Moreover, given the significant baseline difference in BDI-lIl scores between groups, it is
possible that floor or ceiling effects may have constrained the extent of observable change,
particularly in the SAR group with motivational feedback. Participants who reported higher
subjective symptom severity at admission may have required a longer intervention period
before measurable improvements could emerge. The lack of significant improvements in IDAS-
Il scores across groups further highlights the complexity of mood changes during acute
psychiatric hospitalization. Clinical stabilization during inpatient treatment often involves
multifaceted interventions, including pharmacotherapy, psychotherapy, and structured daily
routines, which may overshadow small or incremental effects attributable to brief cognitive

training sessions (159,160).
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The congruence of null findings across sex and age categories suggests that the effects of the
intervention delivery mode were generally uniform across demographic subgroups. This aligns
with earlier work indicating that demographic moderators such as sex and age tend to exert
limited influence on the short-term efficacy of cognitive interventions in depression, particularly

when sample sizes are modest and when the intervention duration is low (161).

Given that cognitive deficits, particularly in attention and executive functioning represent a well-
established feature of depressive disorders, examining performance-related outcomes
provides a critical complement to the symptom-based findings presented above. The following
section therefore addresses attention and performance to determine whether the cognitive

training sessions produced domain-specific benefits.

In both the SAR group with motivational feedback and tablet group without motivational
feedback, changes in overall APSA scores and subscale scores (AP-F1 for prospective
memory and AP-F2 for sustained attention) were observed, but these changes did not reach
statistical significance. The SAR group with motivational feedback showed a slight decline in
APSA scores post-intervention, whereas the tablet group without motivational feedback
exhibited a minor improvement. This pattern could reflect differences in the cognitive demands
or motivational aspects of the interventions. SARs, such as "Pepper," aim to provide
motivational feedback, which has been shown to enhance engagement and persistence in
tasks (26). However, the absence of significant improvements may be attributed to the short
duration of the intervention, as cognitive training often requires sustained and repeated
exposure to produce measurable gains in attention and performance (162). Additionally, the
inpatient setting may have contributed to the limited improvements observed. Patients with
depression often experience profound cognitive deficits, including impaired attention and

memory, which are not easily ameliorated within a brief timeframe (92,163).

Sex differences in APSA scores were evident, with females consistently reporting higher
performance in prospective memory and maintaining focused attention compared to males.
These findings align with prior research demonstrating sex-related variations in cognitive
performance. Women often outperform men in tasks requiring verbal memory, attention to
detail, and multitasking, which are key components of prospective memory (164,165).

First, women may exhibit higher levels of internalized symptom awareness, reflecting broader
sex-related differences in emotional processing, rumination tendencies, and self-monitoring of

cognitive states (166). Second, sex-specific neurobiological pathways, such as estrogen-

53



related modulation of hippocampal and prefrontal activity, have been implicated in differential
vulnerability to cognitive symptoms in depression (166—168). These factors may increase
sensitivity to perceived deficits in prospective memory and attentional control, which are closely
tied to daily-life functioning.

The persistence of these sex differences at post-intervention (t1) further indicates that the short
two-session cognitive training intervention, regardless of delivery mode, did not sufficiently
modify subjective attention or performance perceptions. This stability over time is consistent
with the broader literature showing that self-reported cognitive symptoms tend to be relatively
resistant to brief interventions and may require longer or more intensive cognitive remediation
programs (23). The persistence of sex differences post-intervention suggests that the cognitive
training exercises did not disproportionately benefit one sex over the other. However, it remains
unclear whether these differences reflect actual cognitive disparities or variations in self-
assessment tendencies. Men may underestimate their cognitive performance due to cultural
norms discouraging the acknowledgment of weaknesses, while women may be more self-

critical and detailed in their evaluations (169,170).

While attention and performance outcomes provide insight into how participants perceived their
cognitive functioning during the intervention, it is equally important to understand how they
experienced the tools themselves. The following chapter therefore examines technology
acceptance and usability, exploring whether the delivery mode (SAR-based with motivational
feedback or tablet-based without motivational feedback) shaped participants’ perceptions in
ways that might influence engagement and feasibility, which may influence the longer-term

effectiveness of cognitive training interventions.

Notably, age did not significantly influence technology acceptance or usability ratings,
indicating that the acceptance and usability advantage of the robot was consistent across age
groups. This homogeneity may be explained by the clinical setting, in which participants are
accustomed to guided therapeutic activities and structured interventions, potentially attenuating

demographic variability in acceptance-related attitudes (171,172).

In contrast, the TUI results revealed a more differentiated pattern, with significant age-related
differences across several subscales. These differences were particularly pronounced in that
younger participants reported higher overall technology usage, greater interest, higher
perceived user-friendliness, and increased curiosity. These findings are consistent with broader

demographic trends, whereby younger adults typically demonstrate higher digital affinity,
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stronger exploratory motivation, and greater confidence in engaging with novel technologies
(173). Elevated curiosity and interest scores suggest that younger participants may be more
receptive to experimental or innovative technologies, which has practical implications for the

age-sensitive tailoring of technology-based interventions in clinical settings.

While acceptance and usability measures provide insight into how participants perceived and
interacted with technology, it is equally important to determine whether these experiences

translated into differences in motivational engagement.

Regarding current motivation, the QCM results indicate that older participants (= 31 years)
reported significantly higher fear of failure at baseline than younger participants. This age-
related difference suggests that older adults may experience the training situation as more
threatening or evaluative, possibly due to heightened concerns about performance, self-
efficacy, or perceived expectations in a clinical setting. From a theoretical perspective, fear of
failure is closely linked to avoidance-oriented achievement motivation and negative outcome
expectancy. In the context of acute inpatient treatment, older adults may be more conscious of
the implications of cognitive difficulties for daily functioning, occupational roles, or long-term
autonomy, thereby intensifying self-evaluative pressure in performance-related tasks (174—
178).

Interestingly, older participants also reported higher challenge scores at baseline compared to
younger participants. This pattern suggests a more complex motivational profile in which
avoidance-oriented fear of failure coexists with an approach-oriented tendency to perceive the
task as challenging rather than merely threatening. Challenge appraisals have been associated
with viewing demands as surmountable and personally meaningful, often co-occurring with
moderate levels of anxiety or concern (179). In this sample, older adults may therefore
simultaneously feel more at risk of failing while also perceiving the training as a relevant
opportunity to test and improve their abilities. Such a dual appraisal is not uncommon in clinical
populations, where individuals may be highly invested in recovery but also acutely aware of
their limitations (180).

At the post-intervention measurement, participants in the tablet group without motivational
feedback exhibited significantly higher challenge scores than those in the SAR group with
motivational feedback. This finding may reflect differences in how the two delivery modes
structure the performance context. The tablet version likely resembles more familiar digital task
environments and may thus be experienced as a more straightforward, performance-focused

situation (153,154). In contrast, the SAR-based condition, with its motivational feedback and
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social presence, might buffer perceived difficulty and reduce the sense of being tested, thereby
lowering challenge appraisals. While this could be beneficial in terms of reducing performance
pressure and potential stress, it may also attenuate the perception of the task as a demanding
achievement situation (179).

Beyond these specific findings, no significant group, sex, or age effects emerged for the QCM
subscales probability of success and interest. This suggests that, across the sample,
participants perceived comparable chances of performing well and reported similar levels of
intrinsic interest in the task, irrespective of intervention modality or demographic characteristics.
In other words, while older adults and tablet users differed in how challenging or threatening,
they perceived the situation, their basic expectations of success and their interest in the activity

remained relatively stable.

The QAM results provide complementary insights into more enduring achievement-related
emotions and dispositions. At post-intervention, participants in the tablet group without
motivational feedback reported significantly higher pride scores than those in the SAR group
with motivational feedback. Pride in achievement contexts is typically associated with perceived
success, competence, and the fulfillment of performance goals (181). The higher pride scores
in the tablet condition may be interpreted as reflecting a stronger sense of having mastered a
demanding cognitive task. This interpretation is consistent with the higher challenge ratings in
the tablet group: when a situation is appraised as challenging and subsequently managed
successfully, pride is a plausible outcome. In contrast, the SAR group’s lower pride scores may
again be linked to the SAR’s more supportive and less evaluative interaction style, which could
reduce both perceived challenge and the salience of personal achievement (26).

Sex differences emerged for shame at post-intervention, with female participants reporting
significantly higher shame scores than male participants. Shame is a self-conscious emotion
that reflects negative self-evaluation in the face of perceived failure or inadequacy (182,183).
Higher shame scores among females are consistent with prior work suggesting that females
may, on average, be more prone to internalizing negative feedback and attributing difficulties
to personal deficiencies, particularly in achievement and performance contexts (184,185). In
the setting of cognitive training for depression, this finding underscores the importance of
gender-sensitive support strategies that minimize self-critical interpretations of performance

and emphasize mastery, effort, and incremental progress (185).

No significant differences were found for confidence across group, sex, or age, although

descriptive trends in some subgroups may suggest clinically meaningful variation that did not
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reach statistical significance in this sample. The overall absence of broad effects on confidence
indicates that the short intervention period was not sufficient to substantially alter participants’
general achievement-related self-beliefs. This is consistent with theoretical models and
empirical findings suggesting that confidence and self-efficacy are relatively stable constructs

that change gradually over longer periods and repeated experiences (186).

While the quantitative motivational findings reveal these structured differences, they offer
limited insight into how participants themselves made sense of the training experience, the role
of the SAR or tablet in shaping their engagement, and the subjective meaning of challenge,
pride, or shame in the context of their depressive symptoms. The following chapter therefore
turns to the qualitative data to explore participants’ perspectives in more detail and to
complement the quantitative results with a deeper understanding of their lived experiences
during the intervention

The general impressions of SAR “Pepper” highlight an initial ambivalence that gradually shifted
toward greater comfort and familiarity. Participants described SAR “Pepper’ as friendly,
approachable, and non-threatening, reflecting design features intended to reduce anxiety and
promote engagement. The fact that SAR “Pepper” was rarely perceived as gendered and
instead described as “neutral” underscores the effectiveness of this anthropomorphic yet non-
polarizing design. Such neutrality may be particularly advantageous in clinical mental health
settings, where minimizing gender- or identity-related projections can support a more
universally acceptable therapeutic presence. The reported initial unease, which diminished with
continued interaction, aligns with previous research showing that users often require a brief
acclimation period when interacting with SARs before positive engagement emerges (44).
SAR “Pepper’s” voice emerged as a central point of criticism. Participants described the voice
as artificial, monotonous, and insufficiently emotive. These perceptions are consistent with
broader challenges in human-robot interaction research, where synthesized voices often
struggle to convey the prosody, warmth, and variability necessary to support relational
authenticity (26,187). The desire for customizable voice profiles points to the importance of
adapting vocal characteristics to user preferences, which may enhance personalization and
increase the perceived empathic capacity of the robot.

Reactions to SAR “Pepper’s” movements and gestures further illustrate the importance of fine-
tuned nonverbal communication. Smooth gestures were appreciated, yet sudden or repetitive
movements caused discomfort or were perceived as malfunction-like. Participants’
interpretations of these movements, sometimes attributing “nervousness” or emotional states

to the robot, demonstrate the human tendency to ascribe agency and affect to embodied
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systems. While this can enhance engagement when carefully calibrated, inconsistent or
unexpected gestures may undermine trust and create distraction, echoing findings that motor
expressiveness must be closely synchronized with verbal output to avoid cognitive dissonance
(76).

A key finding concerns the perceived role of the SAR “Pepper” relative to the tablet interface.
Although SAR “Pepper” was designed to deliver motivational feedback, participants reported
that their primary interaction occurred through the tablet mounted on SAR “Pepper’s” chest.
SAR “Pepper” functioned more as an auxiliary presence than as the main medium of training,
a pattern that helps explain why TAM results did not show significant differences in perceived
usefulness or intention to use: the tablet, rather than the robot, was the main operational
interface. Technical interruptions, including loading delays and sporadic malfunctions, were
particularly detrimental, disrupting concentration and diminishing trust in the system. This aligns
with literature emphasizing that reliability is one of the strongest determinants of sustained
engagement and acceptance in therapeutic technologies (26).

Motivationally, while SAR “Pepper’s” feedback was intended to enhance engagement,
participants frequently critiqued the timing, contextual fit, and repetitiveness of the motivational
statements. Encouragement that did not align with task performance, such as praise after
incorrect responses, was perceived as disruptive and sometimes counterproductive. This
observation reinforces the quantitative finding that motivational outcomes did not consistently
favor the SAR condition. It also resonates with theories of motivational relevance, which
emphasize that feedback must be contingent, timely, and performance-sensitive to foster
competence and intrinsic motivation (188,189). The desire for adaptive, performance-linked
feedback underscores the potential of future system enhancements using real-time
performance monitoring, machine learning, or error-sensitive prompts.

Participants’ reflections on the cognitive training tasks themselves suggest that the exercises
were perceived as meaningful and appropriately challenging, though sometimes overwhelming
during acute depressive episodes. The absence of immediate error explanations and the
inability to repeat tasks were common frustrations. These preferences highlight the need for
more flexible training architecture that accounts for fluctuating cognitive load and daily mental
state — a consideration particularly relevant for psychiatric inpatients, where cognitive
performance can vary substantially from day to day.

Finally, participants’ views on trust and future use point toward cautious optimism. Many
expressed openness to using SAR “Pepper”’ in broader therapeutic contexts, including
outpatient or home-based training, provided that the system becomes more reliable and offers

greater personalization. However, consistent with ethical debates in the field of SARs,
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participants emphasized concerns related to data protection, autonomy, and the role of human
therapists. The robot was viewed as a helpful addition but not a replacement for human care—
a perspective well aligned with the conceptualization of SAR systems as supportive rather than
substitutive tools in mental health care.

The qualitative insights shed light on the experiential and relational dimensions of interacting
with SAR “Pepper,” complementing the quantitative results and identifying key areas for system
improvement. To interpret these findings appropriately within the broader context of the study
design and methodological approach, the following chapter outlines the strengths and

limitations of the present investigation.

4.1 Strengths and Limitations

This study has several strengths and limitations that warrant discussion to contextualize its
findings and implications. The methodological rigor and innovative approach contribute to the

study's value, while certain limitations highlight areas for refinement in future research.

4.1.1 Strengths

A key strength of this study is the randomized group assignment, which effectively minimizes
selection bias and ensures comparability between the intervention groups. Despite the lack of
blinding, due to the visible nature of the interventions, the randomization process was rigorously
implemented. This process was stratified by critical variables, including severity of depression,
sex, and age categories, which effectively ensured balanced study groups. Furthermore,
employing standardized procedures and consistent data collection protocols actively minimized
potential sources of bias, thereby significantly enhancing the credibility of the findings (190—
192).

Furthermore, the use of validated instruments (like the BDI-Il, IDAS-II, APSA, TAM, SUS, TUI,
and QCM) provides robust clinical assessments, significantly increasing the reliability of the
findings. Another strength lies in employing multiple standardized measures to assess critical
variables such as depressive symptoms, technology usability and acceptance, and motivation,
allowing for a comprehensive evaluation.

The study's design further reflects its strength through the implementation of brief, structured
interventions. This approach significantly reduced participant burden, a common challenge in
clinical research. The streamlined methodology likely facilitated compliance and ensured
consistent data quality, all while providing an accessible framework for testing innovative

cognitive training interventions (147).
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This pilot study advances research on SARs in mental health care by examining their clinical
effects on depressive symptoms, attention and performance and motivation as well as on
acceptance and usability of the SAR “Pepper” in psychiatric clinical setting. While previous
research has primarily focused on older adults or individuals with cognitive impairments
(82,193), this pilot study specifically addresses depression in a general adult population,

thereby expanding the applicability of SAR interventions to broader psychiatric settings.

In addition to the quantitative outcome measures, incorporating qualitative data provided a
holistic perspective on implementing the SAR "Pepper" in an acute psychiatric inpatient setting.
While standardized instruments captured changes in depressive symptoms, cognitive
functioning, usability, and motivational constructs, the qualitative findings illuminated patients'
subjective experiences of the intervention, including emotional reactions, perceived usability,
and relational aspects of human-robot interaction. This mixed-methods approach enabled a
more comprehensive understanding of not only whether effects occurred, but also how and
why participants responded to the technology in specific ways. By integrating objective
outcome measures with personal narratives, the study offers a multidimensional evaluation of
SAR "Pepper" that extends beyond symptom reduction to encompass the experiential,

contextual, and practical dimensions of implementation in clinical mental health care.

4.1.2 Limitations

Despite its promising findings and strengths, this study has several limitations that warrant
acknowledgment. The primary limitation concerns the asymmetry in feedback between the two
groups. The SAR group received verbal motivational feedback from the SAR "Pepper",
whereas the tablet condition provided no motivational feedback beyond task progression. This
introduces an extraneous factor that may have contributed to the higher usability, acceptance,
and motivation ratings observed in the SAR group. Consequently, the results should be
interpreted as reflecting the combined effect of humanoid interaction and motivational
feedback, rather than the robotic embodiment alone. Future studies must equalize feedback

across conditions to isolate the specific contribution of the SAR component.

The second limitation was the relatively small sample size (N = 32), which may restrict the
generalizability of the findings. Although the randomized design strengthens internal validity,

the study’s statistical power remains limited, especially for detecting subtle or interaction effects
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between variables. Future research should aim to replicate these findings in larger, more

diverse samples to enhance external validity (148).

Another limitation relates to the brief intervention duration and low training frequency of the
cognitive training. Participants completed only two training sessions, which may have been
insufficient to produce measurable improvements in cognitive performance. Prior research
indicates that long-term engagement is crucial for sustained benefits from SAR-based
interventions, as engagement levels often decline after an initial novelty phase (67,162). Future
research should explore the effects of prolonged SAR interventions on cognitive and emotional

outcomes.

The sex- and age-specific differences observed in this study require further investigation.
Intersectional aspects should also be considered to develop a nuanced understanding of the
factors influencing SAR effectiveness in inpatients with depression. Eyssel and Hegel (194)
emphasized the need to incorporate cultural and socioeconomic factors for a holistic
perspective. Furthermore, this study focused exclusively on depression; future research should
explore SAR use for other psychiatric conditions, such as anxiety disorders, bipolar disorders,
and post-traumatic stress disorders. Studies by Huijnen et al. (195) and Rabbitt et al. (196)
have already shown promising results for SAR use among patients with autism spectrum

disorders and other psychiatric diseases.

The occurrence of technical problems with the SAR "Pepper" and the "MMA" application during
the training sessions must also be mentioned. Although these issues were resolved during the
interventions, such challenges may have negatively influenced participants' trust in this
technology. Initial difficulties engaging with technology can skew users' perceptions of reliability
and usability (26).

Another important limitation of the present study relates to baseline differences in depressive
symptom severity between the intervention groups. Participants in the SAR group with
motivational feedback exhibited significantly higher baseline BDI-Il scores compared to those
in the tablet group without motivational feedback. Although this imbalance was statistically
controlled for in the analyses, such baseline differences may nonetheless affect the
interpretation of intervention effects. Higher baseline severity of depressive symptoms is
associated with increased heterogeneity in treatment response and may influence the
magnitude and variability of observed changes over time. Previous research indicates that

individuals with more severe depressive symptomatology can respond differently to
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interventions than those with milder symptoms, potentially due to differences in cognitive
functioning, emotional regulation, and physiological stress responses that shape treatment
engagement and receptivity (148,150,155). Consequently, the observed effects should be
interpreted with caution, as baseline symptom severity may have partially contributed to

differential outcome trajectories between groups.

A further limitation of the present study is the absence of standardized measures assessing
participants’ prior knowledge and familiarity with technology. Although general technology
acceptance and usage were assessed post-intervention, no standardized questionnaire was
administered to evaluate participants’ baseline level of technological knowledge before study
entry. Pre-existing differences in technological knowledge may have influenced participants’
engagement, perceived usability, and interaction with the intervention, independent of the
actual effects of the SAR-based or tablet-based training (197). As this variable was neither
systematically measured nor controlled for, its potential impact on the study outcomes cannot

be fully ruled out and should be considered when interpreting the results (198).

Beyond these methodological and conceptual limitations, additional aspects warrant attention.
First is the integration of SARs into existing treatment frameworks. While this study evaluated
usability and acceptance, it did not examine how SAR-based cognitive training interacts with
standard therapeutic approaches. Future studies should investigate whether combining SAR
interventions with conventional treatments can enhance therapeutic outcomes, as such
integrative approaches are crucial for realizing the full potential of SARs in psychiatric care
(199). Second is the ethical dimension of SAR use in sensitive clinical environments. Although
not the focus here, issues such as data privacy, informed consent, and unintended
psychosocial consequences are highly relevant, especially with vulnerable populations.
Addressing these ethical challenges proactively is essential for responsible implementation in
healthcare robotics (200).

A further limitation concerns potential participant preferences and motivation toward the
intervention modality. Some patients may have had a strong preference for training with the
SAR “Pepper”, while others may have been skeptical or less motivated toward robot-based
interventions from the outset. Such pre-existing attitudes could have influenced engagement,
adherence, and outcome measures independently of the actual intervention effects, thereby
introducing a potential preference or expectancy bias. Although participants were allocated to
either SAR-based or tablet-based cognitive training, individual motivation and acceptance may

have differed substantially between groups.
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4.2 Practical implications

The findings of this pilot study have several practical implications for the design and use of
SAR-based cognitive training interventions for individuals with depression. Socially assistive
robots such as “Pepper” offer specific advantages in clinical settings. In particular, their ability
to provide motivational feedback and to engage users through interactive features may support
cognitive training in people with depression. At the same time, the implementation of SARs in
clinical practice requires careful planning. Potential challenges include technical reliability,
users’ familiarity with the technology, and the additional resources needed for successful

integration.

The significantly higher baseline severity of depressive symptoms in the SAR group, as
measured by the BDI-II, highlights the importance of considering initial symptom burden when
applying SAR-based interventions. Patients with more severe depressive symptoms may be
more likely to be assigned to innovative or technology-supported treatments, either due to
clinical decisions or patient preferences. From a practical perspective, this underlines the need
for careful stratification or matching procedures in future implementations in order to avoid
systematic baseline differences between groups. Clinically, the results also suggest that SAR-
based cognitive training can be feasible even for individuals with more severe depression.
However, expectations regarding short-term symptom improvement should be adjusted

accordingly.

Sex-related differences were most evident in attention and performance outcomes. Female
participants consistently reported higher overall attention and performance, as well as better
prospective memory and focused attention, both at baseline and after the intervention. These
stable differences suggest that female patients may experience or perceive higher cognitive
functioning during inpatient treatment, regardless of the intervention type. In clinical practice,
this indicates that male patients may benefit from additional guidance, structure, or motivational
support during cognitive training, especially when interventions are delivered through digital or
semi-autonomous systems. SAR-based interventions may therefore benefit from sex-sensitive
design features, such as adaptive pacing, clearer performance feedback, or additional prompts

to help maintain attention in male users.

Age-related results further emphasize the importance of tailoring SAR-based interventions to

different user groups. Although no age differences were found in depressive symptoms,
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attention performance, or general technology acceptance and usability, younger participants
reported higher overall technology use, greater interest, higher perceived user-friendliness, and
greater curiosity. These findings suggest that younger adults may be more open to interacting
with SARs and digital technologies in general, even when clinical outcomes do not differ by
age. In practice, SAR-based cognitive training may therefore be particularly suitable as a low-
threshold or introductory digital intervention for younger patients. Older patients, in contrast,
may require more extensive introduction, reassurance, and ongoing technical support in order

to reach similar levels of engagement and acceptance.

Motivational findings provide further guidance for practical implementation. Older participants
reported higher fear of failure and higher perceived challenge at baseline, indicating a more
performance-sensitive motivational profile. This suggests that SAR-based interventions for
older adults should reduce evaluative pressure and focus on supportive, non-judgmental
feedback. At the same time, participants in the tablet group reported higher perceived challenge
and greater achievement-related pride after the intervention. This indicates that self-directed
digital formats may foster a stronger sense of accomplishment for some users. From a practical
perspective, these findings highlight the risk that poorly timed or non-adaptive motivational
feedback from a SAR may reduce feelings of autonomy or competence. This underlines the

importance of carefully designed and well-timed feedback strategies.

The qualitative findings complement the quantitative results and offer important insights for
intervention design. Participants mainly perceived SAR “Pepper’ as a supportive companion
rather than as the primary medium of cognitive training. The tablet interface remained the
central element of interaction. This suggests that, in clinical practice, SARs may be most
effective when used as motivational or structuring supports rather than as standalone training
platforms. Technical reliability was identified as a key factor for acceptance, as even short
technical problems or delays were reported to reduce trust and concentration. Reliable system

performance and minimal delays are therefore essential for real-world use.

Participants also clearly emphasized the need for personalized and adaptive motivational
feedback. Standardized and repetitive encouragement was often experienced as distracting,
especially when it did not match actual task performance. From a practical standpoint, SAR-
based interventions should therefore include feedback mechanisms that adapt to individual
performance, effort, and progress. Such personalization may be particularly important for older

users and for individuals with higher fear of failure.
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Overall, the findings indicate that SAR-based cognitive training interventions should not be
implemented as uniform, one-size-fits-all solutions. Instead, practical implementation should
take into account baseline symptom severity, sex-related differences in attention and self-
evaluation, age-related differences in technology engagement, and individual motivational
profiles. When these factors are systematically considered, SARs such as “Pepper” may serve
as valuable additions to established therapeutic approaches, particularly by improving
engagement and providing structure in digitally supported cognitive training for individuals with

depression.

4.3 Future research directions

Building on the findings and limitations of this pilot study, several directions for future research
can be identified that are essential for advancing SAR-based interventions in psychiatric care.
These directions mainly relate to study design, the investigation of underlying mechanisms,
individual differences between users, and the integration of SARs into clinical practice.

A key priority for future research is to clearly separate the effects of robotic embodiment from
those of motivational feedback. In the present study, the SAR condition combined a humanoid
robot with verbal motivational feedback, whereas the tablet condition did not provide
comparable feedback. As a result, it remains unclear whether the observed differences in
usability, acceptance, and motivation are attributable to the robot itself or to the motivational
elements. Future studies should therefore use for example a multi-arm randomized controlled
designs that independently vary embodiment (e.g., humanoid robot vs. non-humanoid system
vs. tablet-based intervention) and feedback type (e.g., motivational vs. neutral feedback). Such
designs would allow a more precise examination of how different components contribute to

engagement and outcomes.

In addition, future research should focus more closely on the design of motivational feedback.
Qualitative findings from this study suggest that standardized and non-adaptive feedback can
be perceived as repetitive or distracting. Future studies should therefore investigate adaptive
feedback systems that respond to task performance, effort, or changes in cognitive or emotional
state. Comparing static and adaptive feedback, as well as different feedback styles (e.g.,
supportive or informational), may help identify which approaches best support sustained
engagement without reducing perceived autonomy. Advances in personalization, including
algorithm-based or learning systems, may further enhance the effectiveness of SAR-based

interventions.

65



The observed sex- and age-related differences underline the importance of considering
individual characteristics in future research. Studies with larger sample sizes are needed to
examine whether differences in attention, motivation, and technology-related attitudes lead to
different intervention effects over time. Beyond sex and age, factors such as prior experience
with technology, baseline cognitive functioning, symptom severity, and psychosocial variables
should be included. This would allow a more differentiated understanding of which patient

groups benefit most from specific intervention designs.

Another important direction concerns the duration and intensity of SAR-based interventions. In
this study, the short intervention period and low training frequency limit conclusions about
cognitive and emotional change. Future research should therefore use longer intervention
periods and include follow-up assessments to evaluate long-term effects, adherence, and
possible novelty effects. Longitudinal study designs can capture individual change trajectories

and identify optimal intervention schedules.

From a methodological perspective, cross-over may be particularly useful in future studies.
Allowing participants to experience different intervention modalities in a randomized order can
reduce the influence of individual preferences, expectations, and baseline motivation. Such
designs may provide more detailed insights into acceptance, usability, and perceived

effectiveness, especially in heterogeneous psychiatric inpatient populations.

Future research should systematically assess participants’ baseline level of technological
knowledge using standardized and validated questionnaires. Such assessments should be
conducted prior to randomization in order to capture pre-existing differences in familiarity with
digital and robotic technologies. Beyond being included as control variables in statistical
analyses, baseline technology knowledge could be incorporated as an additional stratification
factor during randomization. This approach would help ensure a balanced distribution of
technological knowledge across intervention groups and reduce potential confounding effects.
Incorporating standardized measures of technological knowledge may therefore improve
internal validity and allow for a more precise interpretation of the specific effects of SAR-based

interventions.

Future research should also extend beyond depression and examine SAR-based interventions
across a broader range of psychiatric conditions, such as anxiety disorders, bipolar disorders,

post-traumatic stress disorder, or other mental health conditions. Comparative studies across
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diagnostic groups may help identify shared mechanisms, such as attention regulation or

motivation, that are especially relevant for SAR-supported interventions.

Finally, future studies should increasingly examine how SAR-based interventions can be
integrated into existing treatment settings. Rather than focusing on SARs as standalone tools,
research should explore their use as complementary elements within established therapeutic
approaches. At the same time, ethical and organizational aspects, including data protection,
and the role of human therapists, should be considered to support responsible implementation

in clinical care.

5. Conclusion

Across outcome domains, the intervention did not yield differential effects on depressive
symptom severity or self-reported cognitive functioning between the SAR-based and tablet-
based conditions within the short intervention period. These findings suggest that brief cognitive
training, irrespective of delivery modality, may be insufficient to induce measurable changes in
core depressive symptoms or subjective attention and performance outcomes in acutely ill
inpatient populations. However, substantial sex differences in perceived cognitive difficulties
and motivational responses highlight the importance of gender-sensitive interpretation when

evaluating cognitive and emotional self-assessments in depression.

In contrast to the largely comparable clinical outcomes, the SAR-based intervention with
motivational feedback produced significantly higher usability ratings and was perceived as
more user-friendly, indicating an experiential advantage of embodied technology over
conventional tablet delivery. At the same time, the absence of group differences in technology
acceptance suggests that short-term exposure may not be sufficient to modify perceived
usefulness or behavioral intention, underscoring the conceptual distinction between usability

and acceptance.
The qualitative findings further revealed that while users responded positively to the SAR

“Pepper’s” presence and novelty, limitations in voice naturalness, gesture coherence, and

technical reliability constrained deeper emotional engagement and trust.
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Motivational outcomes revealed a differentiated pattern shaped by age, sex, and intervention
modality rather than a uniform effect. Older participants demonstrated heightened fear of failure
alongside stronger challenge appraisals, female participants reported higher shame, and tablet
users experienced greater pride and challenge. These results indicate that cognitive training
environments may differentially activate motivational and self-evaluative processes across

demographic subgroups, with potentially relevant implications for intervention personalization.
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7. Appendix

7.1 Tables and Figures

7.1.1 IDAS-Il — Subscale Depression

Table 8: Depression Scores of the Inventory of Depression and Anxiety Symptoms - German Version (IDAS-II) at
Baseline (to) and Post-Intervention (t1) by Group (SAR Group with Motivational Feedback vs. Tablet Group without
Motivational Feedback), Sex (Female vs. Male) and Age (< 30 Years vs. =2 31 Years).

. 95% ClI
IDAS-II Sub. Dep n M SD F df. Two-sided p
Lower Upper

SAR? at to 16 56.31 12.47

.014 30 176 -2.969 15.469
Tablet® at to 16  50.06 13.05
SAR? at t 16 48.75 13.59

.663 30 488 -12.213 5.963
Tablet® at t1 16 51.88 11.48
Female at to 16 56.75 13.15

101 30 121 -2.005 16.255
Male at to 16  49.63 12.11
Female at t+ 16  53.69 13.56

448 30 128 -2.060 15.560
Male at t4 16 46.94 10.66
<30 years at to 16 51.19 14.41

2414 30 2391 -13.391 5.391
=31 years at to 16 55.19 11.42
< 30 years at t1 16 47.25 12.69

.660 30 .169 -14.998 2.748
= 31 years at t1 16 53.38 11.871

Note: t-test. 2 = with motivational feedback. = without motivational feedback.
Dep. = Depression. df = Degrees of freedom. F = F-statistics. IDAS-Il = Inventory of Depression and Anxiety Symptoms — German

Version. M = Mean. n = Sample size of a specific group within the total sample size. SAR = Socially Assistive Robot. SD = Standard
deviation. Sub. = Subscale. t, = Time of Measurement 1. t; = Time of Measurement 2. vs. = versus.
*p<.05.*p<.01.**p<.001.
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7.1.2 Attention and Performance Self-Assessment (APSA).

Table 9: Overall Score and Scores of the Subscales for Attention and Performance Self-Assessment (APSA) at
Baseline (to) and Post-Intervention (t1) by Group (SAR Group with Motivational Feedback vs. Tablet Group without
Motivational Feedback), Sex (Female vs. Male) and Age (< 30 Years vs. = 31 Years).

. 95% ClI
APS-20 n M SD F df. Two-sided p
Lower Upper
SAR? at 1o 16 61.19 11.90
1516 30 407 -5.973 14.348
Tablet® at to 16 57.00 15.94
SAR? at t 16 56.00 12.73
542 30 .240 -15.217 3.967
Tablet® at t1 16 61.63 13.80
Female at to 16 6756 10.27
135 30 <.001*** 8.826 25.049
Male at to 16 50.63 12.11
Female at t: 16 6356 15.14
1.061 30 .043* .343 18.657
Male at t1 16 54.06 9.60
<30 yearsatto 16 61.63 11.55
1134 30 314 -5.043 15.168
= 31 years at to 16 56.56  16.07
< 30 years at t 16 5794 1438
.055 30 .718 -11.547 8.047
= 31 years at t 16 59.69 12.72
. 95% ClI
AP-F1 n M SD F df. Two-sided p
Lower Upper
SAR? at to 16  25.69 6.43
1.350 30 .645 -4.028 6.403
Tablet® at to 16 24.50 7.93
SAR? at t 16 23.81 5.98
487 30 .225 -7.287 1.787
Tablet® at t1 16 26.56 6.57
Female at to 16 29.25 5.96
.001 30 <.001*** 4.094 12.531
Male at to 16 2094 5.721
Female at t1 16 27.00 6.92
762 30 107 -.826 8.076
Male at t1 16  23.38 5.29
<30 years at to 16 26.69 6.58
297 30 211 -1.910 8.285
=31 years at to 16 23.50 7.51
< 30 years at t 16 25.69 6.27
159 30 .663 -3.636 5.636
= 31 years at t 16 24.69 6.56
. 95% CI
AP-F2 n M SD F df. Two-sided p
Lower Upper
SAR? at to 16 29.09 5.75
.604 30 .241 -1.945 7.445
Tablet® at to 16 26.31 717
SAR? at t1 16 26.31 6.72
.000 30 379 -6.781 2.656
Tablet® at t1 16  28.38 6.34
Female at to 16 31.31 5.12
.026 30 <.001*** 3.277 11.223
Male at to 16 24.06 5.85
Female at ti 16 29.94 712 118 30 .022* .815 9.560
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Male at t1

<30 years atto
=31 years at to
< 30 years at t
= 31 years at t1

16
16
16
16
16

2475
28.25
2713
26.06
28.63

4.75
5.09
7.87
7.10
5.87

1.307 30 .636 -3.662 5.912

478 30 273 -7.247 2.122

Note: t-test. @ = with motivational feedback. = without motivational feedback.

AP-F1 = Difficulties Prospective Memory Performance. AP-F2 = Difficulties in Maintaining Focused Attention. APS-20 = Overall
Score of the Attention and Performance Self-Assessment. APSA = Attention and Performance Self-Assessment. df = Degrees of
freedom. F = F-statistics. M = Mean. n = Sample size of a specific group within the total sample size. SAR = Socially Assistive
Robot. SD = Standard deviation. ToM = Time of Measurement. t, = Time of Measurement 1. t; = Time of Measurement 2. vs. =

Versus.
*p<.05.*p<.01.

=5 < 001.

Note: AP-F1 = Difficulties Prospective Memory Performance. AP-F2 = Difficulties in Maintaining Focused Attention. APS-20 =
Overall Score of the Attention and Performance Self-Assessment. APSA = Attention and Performance Self-Assessment. SAR =
Socially Assistive Robot. t, = Time of Measurement 1. t; = Time of Measurement 2. vs. = versus.

70,00

65,00 61,19
60,00 56,00
55,00

50,00

45,00

40,00

Points

35,00

30,00
25,69

25,00 23,81
20,00
15,00
10,00

APS-20 AP-F1
SAR Group with

Mean Values of the Subscales ot the Attention and Performance

61,63
57,00

29,06

28,38

26,56 ‘
i,31 24’51 \ 26,31I

AP-F2 APS-20 AP-F1
Tablet Group without

Moti

Feedback Mo

Self-Assessment (APSA)
67,56
63,56
61 ,6357 N 538
- ’ 56,56
50,63
31,31 27,13
; 28,25 :
29,25 29,94 26,69 —_ 23,50 28,36

27,00 24,06
23,38 24,06
20,94 I I

25,69 I 24,60 I

AP-F2 APS-20 AP-F1 AP-F2 APS-20 AP-F1 AP-F2 APS-20 AP-F1 AP-F2 APS-20 AP-F1 AP-F2

Female Male <30 Years 231 Years

ut0 mt1

Figure 6: Mean Values of the Subscales of the Attention and Performance Self-Assessment (APSA) at Baseline (to)
and Post-Intervention (t1) by Group (SAR Group with Motivational Feedback vs. Tablet Group without Motivational
Feedback), Sex (Female vs. Male) and Age (< 30 Years vs. =2 31 Years)
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7.1.3 Technology Acceptance Model (TAM) Questionnaire

Table 10: Subscale Scores of the Technology Acceptance Model (TAM) Questionnaire by Age (< 30 Years vs. 2 31 Years).

. Mean . 95% Cl
Variable <30 Years (n = 16) 2 31 Years (n = 16) Di F Sig.? n%
ifference Lower Upper
TAM PU 31.50 4.71 31.69 3.30 -.691 .205 .654 .007 -3.818 2.436
TAM PEU 33.56 4.45 31.50 4.14 2.808 3.180 .085 .102 -417 6.034
TAM ITU 11.61 1.50 11.25 1.77 512 .703 409 .025 -.738 1.762

Note: MANCOVA. ? = adjustment for multiple comparisons: Bonferroni

ClI = confidence Interval. F = F-test. ITU = Intention to Use. M = Mean. n = Sample size of a specific group within the total sample size. n?, = Partial Eta Squared. PEU = Perceived Ease
of Use. PU = Perceived Usefulness. SD = Standard deviation. Sig. = Significance. TAM = Technology Acceptance Model.
*p<.05.*p<.01.**p<.001.

7.1.4 System Usability Scale (SUS)

Table 11: System Usability Scale (SUS) Scores by Age (< 30 Years vs. =2 31 Years).

. <30 Years (n = 16) 2 31 Years (n = 16) Mean . 95% CI
Variable . F Sig.? n%
M SD M SD Difference Lower Upper
SuUs 70.78 14.45 68.44 11.06 3.955 .629 435 .022 -5.863 13.268

Note: ANCOVA. ? = adjustment for multiple comparisons: Bonferroni

Cl = confidence Interval. F = F-test. M = Mean. n = Sample size of a specific group within the total sample size. n%, = Partial Eta Squared. SD = Standard deviation. Sig. = Significance.
SUS = System Usability Scale. vs. = versus.
*p<.05.*p<.01.**p<.001.
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7.1.5 Technology Usage Inventory (TUI)

Table 12: Subscale Scores of the Technology Usage Inventory (TUI) by Age (< 30 Years vs. = 31 Years).

: <30 Years (n = 16) > 31 Years (n = 16) Mean : 95% CI
Variable . F Sig.? n%

M SD M SD Difference Lower Upper
TUI OVE ' 106.06 13.76 95.06 14.18 13.127 6.306 0,18* 184 99.742 114.511
TUIINT 2 20.56 4.24 14.75 4.62 6.664 16.747 < .001*** 374 3.328 10.000
TUI USE 2 17.00 6.06 16.86 6.63 -.202 .007 934 .000 -5.195 4.790
TUI SKE 2 11.56 4.83 12.69 5.19 -.886 226 638 .008 -4.703 2.931
TUI ANX 2 10.94 4.75 12.19 6.11 -1.302 457 504 .016 -5.247 2.642
TUI UF 2 17.12 3.09 15.06 3.95 2.954 5.517 .026* 165 .378 5.530
TUI ACC 2 8.56 3.46 9.31 415 -1.387 .960 .335 .033 -4.286 1.512
TUI CUR 2 19.88 5.08 14.62 5.17 5.922 9.402 .005** 251 1.966 9.879
TUIITU 2 205.19 51.38 186.19 69.24 31.86 2.214 148 073 -75.726 11.999

Note: ' = ANCOVA; 2 = MANCOVA. 2 = adjustment for multiple comparisons: Bonferroni
ACC-= Accessibility. ANX = Anxiety. Cl = confidence Interval. CUR = Curiosity. F = F-test. INT = Interest. ITU = Intention to Use. M = Mean. n = Sample size of a specific group within

the total sample size. n% = Partial Eta Squared. SD = Standard deviation. Sig. = Significance. SKE = Skepticism. TUI = Technology Usage Inventory. OVE = overall. UF = User-
Friendliness. USE = Usefulness.
*p<.05.*p<.01.***p<.001.
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7.1.6 Questionnaire on Current Motivation (QCM)

Table 13: Subscale Scores of the Questionnaire on Current Motivation (QCM) at Baseline (to) and Post-Intervention
(t1) by Group (SAR Group with Motivational Feedback vs. Tablet Group without Motivational Feedback), Sex
(Female vs. Male) and Age (< 30 Years vs. = 31 Years).

. 95% ClI
QCM - FoF n M SD F df. Two-sided p
Lower Upper
SAR? at 1o 16 3.40 1.81
6.429 30 .619 -.804 1.329
Tablet® at to 16 3.13 1.03
SAR? at t 16  3.61 1.76
.621 30 .632 -.884 1.434
Tablet® at t1 16 3.33 1.43
Female at to 16 3.65 1.51
465 30 142 -.270 1.795
Male at to 16  2.88 1.33
Female at t: 16 3.80 1.40
1.289 30 .253 -.488 1.788
Male at t1 16  3.15 1.73
<30 yearsatto 16 2.65 1.17
1.587 30 .014* -2.204 -.270
= 31 years at to 16 3.88 1.48
< 30 years at t1 16  3.05 1.61
3.77 30 132 -1.970 .270
= 31 years at t 16  3.90 1.48
: 95% CI
QCM - CHAL n M SD F df. Two-sided p
Lower Upper
SAR? at to 16 467 1.60
24.232 30 526 -.613 1.176
Tablet® at to 16 4.39 .69
SAR? at t 16 442 1.18
3.126 30 .034* -1.561 -.063
Tablet® at t1 16 5.23 .86
Female at to 16 4.57 1.33
.345 30 .833 -.806 .994
Male at to 16 448 1.15
Female at t: 16 4.95 94
1.029 30 529 -.552 1.052
Male at t1 16 4.70 1.25
<30 years atto 16  4.09 1.21
192 30 .042* -1.714 -.035
=31 years at to 16 4.96 1.11
<30 years at t1 16 4.57 1.39
10.146 30 204 -1.286 .286
= 31 years at t 16 5.07 .65
. 95% CI
QCM - PoS n M SD F df. Two-sided p
Lower Upper
SAR? at to 16 4.84 1.51
.880 30 .786 -.805 1.055
Tablet® at to 16 4.71 1.00
SAR? at t 16  5.53 1.27
1.976 30 442 -.506 1.131
Tablet® at t1 16 5.21 97
Female at to 16 4.50 1.32
.049 30 216 -1.470 .345
Male at to 16 5.06 1.18
Female at t 16 5.31 1.18 .636 30 .759 -950 .700
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Male at t1 16 5.43 1.09
<30 years atto 16  5.06 1.08

193 30 .216 -.345 1.470
=31 years at to 16 450 1.08
< 30 years at t 16 5.60 1.14

.061 30 .246 -.339 1.277
= 31 years at t1 16 5.14 1.09

. 95% CI
QCM - INT n M SD F df. Two-sided p
Lower Upper

SAR? at to 16 4.67 1.34

.006 30 119 -.205 1.705
Tablet® at to 16 392 1.30
SAR? at t 16 4.95 1.28

2.706 30 419 -1.090 465
Tablet® at t1 16 5.26 .82
Female at to 16 4.43 1.49

461 30 .566 -708 1.271
Male at to 16 4.15 1.23
Female at t 16 5.46 .98

.207 30 .056 -.020 1.458
Male at t1 16 4.75 1.06
<30 years atto 16 4.34 1.53

1.601 30 .849 -.901 1.088
= 31 years at to 16 4.25 1.20
< 30 years at t 16 5.29 .92

1.181 30 .330 -.399 1.149
= 31 years at t1 16 4.92 1.20

Note: t-test. 2 = with motivational feedback. ® = without motivational feedback. * p < .05. ** p < .01. *** p < .001.
CHAL = Challenge. df = Degrees of freedom. F = F-statistics. FOF = Fear of Failure. INT = Interest. M = Mean. N = Sample size
of a specific group within the total sample size. PoS = Probability of Success. QCM = Questionnaire on Current Motivation. SAR
= Socially Assistive Robot. SD = Standard deviation. t, = Time of Measurement 1. t; = Time of Measurement 2. vs. = versus.

*p<.05.**p<.01.***p<.001.
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7.1.7 Questionnaire on Achievement Motivation (QAM)

Note: QAM = Questionnaire on Achievement Motivation. SAR = Socially Assistive Robot. t, = Time of Measurement 1. t; = Time
of Measurement 2. vs. = versus.

Mean Values of the Subscales of the Questionnaire on Achievement Motivation (QAM)
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Figure 7: Mean Values of the Subscales of the Questionnaire on Achievement Motivation (QAM) at Baseline (to)
and Post-Intervention (t1) by Group (SAR Group with Motivational Feedback vs. Tablet Group without Motivational
Feedback), Sex (Female vs. Male) and Age (< 30 Years vs. 2 31 Years)

Table 14: Subscale Scores of the Questionnaire on Achievement Motivation (QAM) at Baseline (to) and Post-
Intervention (t1) by Group (SAR Group with Motivational Feedback vs. Tablet Group without Motivational Feedback),
Sex (Female vs. Male) and Age (< 30 Years vs. = 31 Years).

95% Cl
QAM - PRI n M SD F df. Two-sided p 0
Lower Upper
SAR? at to 16 469 1.92
0.000 30 1.00 -1.376 1.376
Tablet® at to 16 469 1.88
SAR? at t1 16 463 174
3.803 30 .019* -2.284 -.216
Tablet® at t1 16 588 1.02
Female at to 16 4.94 1.98
429 30 460 -.863 1.863
Male at to 16 444 1.78
Female at t+ 16 5.69 1.70
.980 30 110 -.211 1.961
Male at t1 16 4.81 1.27
<30 years at to 16 444 206
.645 30 460 -1.863 .863
=31 years at to 16 4.94 1.69
< 30 years at t1 16 5.38 1.82
1.358 30 .655 -.880 1.380
= 31 years at t 16 5.13 1.25
95% ClI
QAM - SHA n M SD F df  Two-sidedp 0
Lower Upper
SAR? at to 16 469 238
.004 30 221 -.672 2.797
Tablet® at to 16 363 241
SAR? at t1 16 413 230
.002 30 .645 -2.020 1.270
Tablet® at t1 16 450 225
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Female at to 16 4.44 2.44

.000 30 521 -1.205 2.330
Male at to 16  3.88 2.44
Female at t 16 519 213

.037 30 .025* .233 3.267
Male at t1 16 3.44 2.06
<30 years atto 16  3.50 2.39

.039 30 128 -3.023 .398
= 31 years at to 16 4.81 2.34
< 30 years at t 16  3.81 2.37

791 30 214 -2.608 -.608
= 31 years at t 16  4.81 2.07

. 95% CI
QAM - CON n M SD F df. Two-sided p
Lower Upper

SAR? at 1o 16  3.63 1.85

.148 30 .077 -2.382 132
Tablet® at to 16 4.75 1.61
SAR? at t 16 4.94 1.87

1.838 30 216 -1.961 461
Tablet® at t1 16 569 1.44
Female at to 16 444 1.86

.787 30 442 -.811 1.811
Male at to 16 3.94 1.76
Female at t 16 5.81 1.75

.204 30 .095 .580 2.186
Male at t1 16 4.81 1.51
<30 years at to 16 4.56 1.99

1.299 30 .246 -.544 2.044
=31 years at to 16 3.81 1.55
< 30 years at t1 16 5.50 1.82

.505 30 .540 -.860 1.610
= 31 years at t 16 5.13 1.58

Note: t-test. 2 = with motivational feedback. ® = without motivational feedback. * p < .05. ** p < .01. *** p < .001.
CON = Confidence. df = Degrees of freedom. F = F-statistics. M = Mean. N = Sample size of a specific group within the total
sample size. PRI = Pride. QAM = Questionnaire on Achievement Motivation. SAR = Socially Assistive Robot. SD = Standard
deviation. SHA = Shame. Sig. = Significance level for ANOVA. t, = Time of Measurement 1. t; = Time of Measurement 2. vs. =

versus.

*p<.05. % p<.01.**p< 001
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7.2 Non standardized questionnaire

Table 15: Sociodemographic questionnaire

Participant Code
Gender

In which year were you born?
In which country were you born?

What nationality or nationalities do you
hold?

Did you grow up in Austria?

Do you live in Styria?
If yes, in which district do you live?

If no, in which federal state do you live?

If no, in which district do you live?
Do you live in the district capital?
Do you live in a city or in the countryside?

What is your highest level of completed
education?

What is your current or previous
occupation?

Marital status

[ Female [ Male [] Divers

[ inter [ Open [ ,No Response® [] Other: ............

If no, where are you from? ...............

If no, how long have you lived in Austria?

[ less than 5 Jahre
[15-10 years
[111-15years

[] more than 15 years
[ Yes [ No

[ Bruck-Mirzzuschlag
[] Deutschlandsberg
[ Graz

[ Graz-Umgebung

[ Hartberg-Firstenfeld
[ Leibnitz

[ Leoben

[ Vienna

[ Burgenland

[ Upper Austria

[ Lower Austria

[ Yes [ No

[ City [ Countryside
[ Primary School

[J Compulsory School

[ Liezen

[ Murau

[ Murtal

[ South-East-Styria
[ Voitsberg

[ Weiz

[ Other district: ............

[ Carithia
[] Salzburg
[ Tyrol

[ Vorarlberg

[ Apprenticeship without master craftsman’s examination
[] Apprenticeship with master craftsman’s examination

[ Polytechnic School

[ Vocational School (Apprenticeship + A-levels)
[J General / Middle School without A-levels
[] General / Middle School with A-levels

[J Academy, College

[ Courses (e.g., Universities, Universities of Applied Sciences, Teacher

Training Colleges)

[ University or University of Applied Sciences

[J Teacher Training College

[J Other:

[ Retired

[J Homemaker

[ Civil Servant

[J worker

[ Single

[ In a relastionship, living together

[] Employee

[ Farmer

[ Self-employed
[1 Not employed

[ Married, living together

[] Married, seperated
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[ In a relastionship, not living [] Divorced

together [ Widowed
Number of children OoO1 0203040506078 19
10 [>10

Age of your first child?
Age of your second child?

Age of your tenth child?

Questionnaire on Achievement Motivation (QAM)

Table 16: Questionnaire on Achievement Motivation

high low

1 How great would your pride be if you succeeded in cognitive training?

2 How great would your shame be if you did not succeed in cognitive
training?

How confident are you that you will succeed in cognitive training in the
3 future?

Participant Feedback on Cognitive Training Experience

Table 17: Participant Feedback on Cognitive Training Experience

Questions Answers
What aspects of the cognitive training did you find most helpful or enjoyable?

Were there any parts of the training you found difficult or unhelpful? Please describe.

How did you experience interacting with the SAR “Pepper” during the training?

What would you suggest to improve the training sessions in the future?

Did the training meet your personal expectations? Why or why not?

How did the training influence your motivation or mood?

Were there any technical or practical issues that affected your experience?

What did you like most about the overall setup of the study?

What would you change to make the training more engaging or effective?

Do you have any other comments, suggestions, or feedback you would like to share?
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The integration of socially assistive robots (SARs) in mental healthcare offers
promising oppertunities to enhance traditional treatments. The humanoid SAR
“Pepper” has shown potential for supporting cognitive and emotional interventions
for individuals. While SAR acceptance has been explored in gereral healthcare,
limited evidence exists regarding its usability and acceptance among individuals with
affective disorders. This study aimed to assess the usability and acceptance of
“Pepper” as an adjunct motivational technology in combination with tablet-based
cognitive training, compared to tablet training alone, among inpatients with
depression, focusing on sex-specific differences. A randomized controlled trial
was conducted between June and October 2024 with 32 inpatients diagnosed
with depression. Participants were randomly assigned to one of two groups: the SAR
group, which used “Pepper” together with the cognitive training app “Multimodal
Activation” in combination with motivational feedback, and the contral group, which
used the same app on a tablet without motivational feedback. Each participant
completed two cognitive training sessions of approximately 10 to 20 minutes.
Standardised guestionnaires, namely, Technology Acceptance Model (TAM),
System Usability Scale (SUS), and Technology Usage Inventory (TUI), were
administered after the second session. To analyze group and sex differences,
analyses of co-varance were used for single-scale measures (SUS, TUI Overall),

oL frontiersin.org
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and multiple analyses of co-variances were used for instruments with multiple
subscales (TAM, TUI). A significant group difference was found in the SUS score,
favoring the SAR group. The SAR group also scored higher in the TUI User-
Friendliness, while the tablet group showed higher scores in Accessibility.
Regarding sex differences, female participants scored higher on the TUI Overall
and Scepticism subscales than male participants. These findings suggest that SAR-
supported cognitive training is a viable and accepted tool for supporting cognitive
training in psychiatric care. High usability and positive acceptance ratings indicate its
potential to complement conventional therapies. The cbserved sex-specific
differences underline the relevance of tailored robotic interventions. Limitations of
this study include the small sample size and short intervention period. Further studies
are warranted to validate these findings and examine the ethical considerations and
human-robot interaction dynamics in psychiatric settings.

HEMWORDS

acceptance, usability, social assistive robotics (SAR), depression, cognitive training, sex
differences, randomized controlled trial

1 Introduction

Depression is a widespread mental health disorder that affects over
264 million individuals worldwide (1). Treating depression often
requires a multidimensional approach, including pharmacological
treatment, psychotherapy/psychosocial interventions, and social
support (2). In this context, socially assistive robots (SARs) could
represent an innovative complement to traditional therapies and
interventions. SARs are designed to interact with humans and assist
them in various domains (3). The integration of robotic technology
into healthcare has gained significant importance in recent years,
particularly in mental health (4). SARs, such as the humanoid robot
“Pepper”, offer promising opportunities to support patients with
mental health conditions, particularly within clinical and therapeutic
settings. By enhancing social interaction during therapy sessions,
promoting cognitive stimulation through interactive exercises, and
fostering emotional well-being in individuals with depression and
anxiety disorders, SARs can contribute significantly to mental
healthcare. These effects are facilitated by socially assistive behaviors,
including empathetic verbal responses, adaptive nonverbal
communication (eg. gestures, gaze, or posture), and the ability to
tailor interactions based on the user's emotional state (5-7). However,
the usability and acceptance of this technology among psychiatric
patients, particulardy those with depression, remain underexplored, and
it is still unclear which patient groups are particularly responsive to
SARs interventions, and which may find them less suitable.

Compared to other digital intervention platforms such as tablets
or smartphones, SARs offer distinct advantages in promoting
engagement and adherence in mental health interventions. Their
embodied, human-like form enables multimodal communication,
combining speech, gestures, and facial expressions, which fosters a
stronger sense of social presence and emotional connection with

users (3, 5, 6). Previous studies have shown that embodied agents
can enhance motivation and therapeutic alliance more effectively
than screen-based devices, particularly among individuals with
affective or cognitive impairments (8-10).

While tablet-based cognitive training provides valuable accessibility
and familiarity, it remains limited to two-dimensional interaction and
lacks reciprocal social feedback. In contrast, humanoid SARs can
actively perceive and respond to users’ emotions, deliver verbal
encouragement, and adapt their behavior in real time. These features
make them particulary suitable for psychiatric rehabilitation, where
emotional engagement and motivational support are critical for
therapy adherence (11, 12).

The usability and acceptance of SARs are essential factors for
their successful integration into clinical settings (13). Attitudes
towards robots are influenced by cultural, demographic, and
individual factors (14). High usability is crucial for both patients
and healthcare providers because it facilitates effective use and
encourages acceptance (15). This is especially important for
patients with depression, where cognitive impairments and
emotional factors may pose additional challenges to usability (16).
Acceptance refers to patients’ willingness to interact with the SAR
and incorporate it into their treatment, whereas usability describes
the robot's user-friendliness and effectiveness in practical
applications (3). These aspects are particularly significant in
healthcare, where perceived usefulness, user-friendliness, and trust
in technology play pivotal roles (13). Research has consistently
shown that the overall usability and acceptance of robots in
healthcare are positive (5, 17-20). The usability and acceptance of
SARs vary among different patient groups. For example, Pu et al.
(21) found that older adults generally have a positive attitude
towards SARs, particularly when these robots are perceived as
supportive rather than replacements for human interaction. In

XL



Haeussl et al.

psychiatric care, Huijnen et al. (22) observed that patients with
autism spectrum disorders benefit from interacting with SARs,
indicating the potential usability and acceptance of SARs within
this group. Broadbent et al. (3) emphasized that aspects of user-
friendliness, such asintuitive interaction design, adaptability to user
needs, and smooth navigation with minimal technical errors, are
critical determinants of acceptance and willingness to engage with
healthcare robots among older adults. This underscores the
importance of designing intuitive and accessible human-robot
interactions to ensure the successful adoption of SAR in diverse
clinical settings.

Furthermore, baseline clinical factors such as depression
severity may influence patients’ engagement with digital or robot-
assisted interventions. Higher symptom severity has been associated
with reduced motivation, concentration, and psychomotor activity,
which can limit active participation and perceived usability (23, 24).
Likewise, pharmacological treatment may affect cognitive
processing speed or emotional responsiveness, potentially
moderating interaction quality and engagement. Considering
these aspects is essential for understanding variability in patient
responses to SAR-supported interventions (25).

Sex-specific differences in the acceptance and use of technology
are also important aspects that must be considered in SAR research,
particularly in psychiatric settings. Previous studies suggest that
men and women may exhibit different preferences and attitudes
towards robots, with some findings indicating higher acceptance of
caregiving robots among women (26-28). These differences may
significantly influence the perception and use of robats in clinical
contexts, Despite the growing interest in SAR in healthcare, there is
a lack of studies focusing on the usability and acceptance of such
technol ogies among psychiatric inpatients with depression. Existing
research has primarily examined older adults, individuals with
dementia, and general medical populations (13, 14). Thus, there
remains a need to explore how psychiatric patients, particulardy
those with depression, experience and evaluate SAR, while also
accounting for sex-specific perspectives to inform the devel opment
of more tailored and sensitive robotic interventions (26).

This study aims to address recent research gaps by investigating
the usability and acceptance of the SAR “Pepper” when used as an
adjunct motivational technology in combination with tablet-based
cognitive training, compared with tablet-based training alone
without motivational feedback, among inpatients with depression
in psychiatric care. Specifically, this study investigated how
inpatients with depression in psychiatric care evaluate the
usability and acceptance of a SAR-enhanced intervention, while
additionally examining sex-specific differences in patients’
evaluation of the intervention. For this purpose, we hypothesized
that patients with depression who complete cognitive training
sessions using the SAR “Pepper” with motivational feedback
would report higher 1) usability and 2) acceptance than those
receiving the same training via tablet, with significant sex-specific
differences in their evaluations.
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2 Methods and materials
2.1 Design, setting and sample

This pilot study was designed and conducted as a randomized
controlled parallel two-arm trial (RCT) following the
recommendations of the CONSORT 2025 Statement (29) to
ensure transparency and methodological rigor in reporting. The
RCT was carried out between June and October 2024 at the Clinical
Division of Psychiatry and Psychotherapeutic Medicine at the
Medical University of Graz, Austria The sample consisted of 32
inpatients with depression. The diagnosis of depression was made
by the treating dinicians according to the ICD-10 criteria. To
evaluate the severity of the current depressive symptomatology
the Momgﬁmery-ksberg Depression Rating Scale (MADRS) (30,
31) and the Beck Depression Inventory - Revised (BDI-II) (32)
were wsed. The MADRS is an observer-rated assessment tool that
evaluates depressive symptoms over the past week. It consists of ten
itermns rated on a 7-point Likert scale, with total scores ranging from
0 to 60. Scores between 0 and 6 indicate no depression, whereas
scores above 34 suggest severe depression (30, 31). In contrast, the
BDI-II is a self-report questionnaire in which patients assess their
feelings during the past week It comprises 21 items rated ona 4-
point Likert scale, yielding a maximum score of 64 points. A score of
0-8 points indicates no signs of depression, 9-13 points suggests
minimal depression, 14-19 points indicates mild depression, 20-28
points indicates moderate depression, and scores of 29 or higher
indicate severe depression (32). All assessments were conducted by
trained staff members in a designated quiet room that was
specifically prepared for this purpose. Both tests were used solely
to describe the basic characteristics of the sample and were not

considered as outcome variables.

2.2 Sample size

The sample size calculation was originally based ona repeated-
measures ANCOVA design with two measurement points (1°= 0.3,
power = 90, & = 05), yielding a target of N = 32 participants (33).
This approach was chosen because the broader project “AMIGA”
(34, 35) incdluded multiple pre-post measures, which are not part of
the current publication. Although the present analysis focuses on
post-intervention guestionnaire data (SUS, TAM, TUI), the same
total sample size was retained, as it meets the requirements for
parametric testing based on the central limit theorem, which is
generally satisfied for sample sizes of approximately 30 or more.
“AMIGA" was conceptualized as a pilot study intended to generate
initial evidence on usability and acceptance of SAR-supported
cognitive training in depression. Consequently, the findings
should be interpreted as exploratory and hypothesis-generating
rather than confirmatory. The calculation was conducted using
G*Power software (version 3.1.96) (36, 37).
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2.3 Inclusion and exclusion criteria

The indusion and exclusion criteria for the participants were as
follows. Participants eligible for inclusion were men and women
aged = 18 years who met the ICD-10 criteria for moderate or severe
depression. They had to be able to speak and understand German,
give written informed consent, and had no physical limitations that
would prevent the use of the SAR “Pepper”.

The exclusion criteria were refusal to participate, presence of
psychotic disorders, organic brain diseases or dementia, substance-
induced disorders, or acute suicidality.

2.4 Randomization and blinding

After the participants agreed to enroll, allocation to the intervention
or control group was carried out through randomization using an
online randomizer (https://www studyrandomizer.com) (38), ensuring
balanced randomization with respect to 1) sex, 2) depression
severity according to the ICD-10 diagnosis at admission, and 3)
age. Blinding was not performed in this study because the
interventions were apparent and could not be concealed.

2.5 Study course

First, the participants were assigned to either an intervention
group (SAR “Pepper” with motivational feedback) or a control
group (tablet without motivational feedback). Over five days,
participants in both groups had the opportunity to engage in
cognitive training using the “Multimodal Activation” (MMA)
application twice. In the intervention group, SAR “Pepper” was
used to accompany and monitor the participants during training.
After the participants completed the three tasks in cognitive
training, SAR “Pepper” provided motivational feedback to
encourage their progress. In contrast, the control group received
the same cognitive training exercises, but these were conducted
exclusively using the “MMA” app on an Android tablet (see
Figures 1, 2). Apart from this difference, the procedures were
identical in both groups. The primary distinctions between the
intervention and control conditions were the mode of delivery (SAR
“Pepper” versus tablet) and the presence or absence of motivational
feedback during training (no motivational feedback in the
tablet group).

The first training session began with the participants
completing the baseline questionnaires (tg) via LimeSurvey
(https://www.limesurvey.org) (39). They then participated in the
first cognitive training session. In the second session, they again
completed a cognitive training session and filled out the post-
intervention questionnaires (f;) using LimeSurvey. Subsequently,
the participants completed the study. Each cognitive training lasted
approximately 10 to 20 minutes.
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2.6 SAR "Pepper”

SAR “Pepper”isa 120 cm tall and 28 kg heavy humanoid robot.
SAR “Pepper” is capable of moving its arms, hands, and head and
can analyze and respond to human emotions through body posture,
speech, facial expressions, and voice tone. Equipped with
microphones, SAR “Pepper” can identify and tum towards the
person speaking (40-42). SAR “Pepper” fosters friendly and
effective human-robot interaction to support therapy,
rehabilitation, or learning, often enhancing motivation and

quality of life (43).

2.7 "MMA"-app and cognitive training

The “MMA” (m_ultim_odal a_ctivation) application (19, 44)
consists of a tablet-based front end and a back end installed on a
central server. Both components were developed using Microsoft's
“NET Framework”, The front end was created using Xamarin, a
cross-platform framework by Microsoft that enables mobile
application development in “NET". The application was specifically
designed for Android and optimized for tablet displays. Additionally,
an application programming interface was implemented o facilitate
user management and data exchange, including authentication,
version updates, and the transmission of exercise results. A
structured query language database was developed to store the user
data and the received results Furthermore, a content management
system was implemented, allowing the creation and categorization of
various types of exercises into thematic units (45, 46).

Cognitive training consisted of three different exercise blocks,
each comprising six tasks. Consequently, a total of 18 tasks were
completed per training session. The difficulty level was adjusted
after the completion of each exercise block and progressively
increased with each step. The first exercise block was conducted
at difficulty level 2 out of 4, the second block at difficulty level 3 out
of 4, and the third block at the highest difficulty level, 4 out of 4.

Each training session included only three different cognitive tasks
selected from distinct cognitive domains. In the first training session,
participants were required to complete tasks such as finding picture
pairs (domain: memory), solving arithmetic problems (domain:
working memory), and filling in missing words in a text (domain:
semantic memory). In the second training session, the tasks consisted
of solving arithmetic problems (domain: working memory),
completing puzzles (domain: visuospatial memory), and organizing a
sequence of events in the correct order (domain: seriality and long-
term memory).

The selection of cognitive tasks was based on established domains
known to be affected in cognitive training, including memory,
attention, executive functioning, and verbal fluency. Tasks were
derived from the validated MMA training framework, which has
previously been wsed in studies with neurological and psychiatric
populations (19, 44-46). The difficulty levels were designed to
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progressively increase across sessions to sustain motivation and allow
participants to experience a sense of achievement, while awoiding
cognitive overload. This adaptive structure follows cognitive
rehabilitation principles suggesting that gradual task escalation
enhances engagement and supports learning in individuals with
cognitive and affective impairments (47).

Frontiers in Psychiatry

2.8 Questionnaires

2.8.1 System usability scale

The System Usability Scale (SUS) is a questionnaire designed to
evaluate technology usability. The advantage of the SUS lies in its
technology-independent nature and brevity, making it quick and
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FIGURE 2

Participant interacts with the tablet-suppoted MMA application on
the SAR "Pepper” and completes the cognitive task (solving
arithmetic problems) (The participant provided written informed
consent forthis photograph to be taken and for its publication in
the article; Credits: Sandra Draxler = JOANNEUM RESEARCH
DIGITALL

easy to complete. It consists of 10 gquestions rated on a five-point
Likert scale (0 = strongly disagree to 4 = strongly agree). The items
(2, 4,6, 8, 10) need to be reverse-scored before further calculations,
as they are negatively worded. Subsequently, the sum of all 10 items
was calculated and multiplied by 2.5. This step yielded a total score
(SUS score). A total score of 68 or higher indicates good usability
(48-50). In the literature, the SUS is described as a reliable scale (@
= .89 and Cronbach’s alpha «« = .86) that effectively detects
differences compared to other commercially available
questionnaires, even with small sample sizes (51). Its validity, in
this case, perceived user-friendliness, was also rated highly (52).

2.8.2 Technology usage inventory

The Technology Usage Inventory (TUI) evaluates the
psychological and technology-specific factors that influence
technology adoption. The TUI instrument consists of 30 items
distributed across eight subscales: Curiosity, Anxiety, Interest, User-
Friendliness, Usefulness, Scepticism, and Accessibility. The
Immersion subscale, although part of the standard TUI, was
intentionally excluded from this study, as immersion was not
applicable to either the robot or tablet condition. This
modification aligns with the TUI manual guidelines. Fach item
was rated on a seven-point Likert scale (1 = "Strongly Disagree” to
7 = “Strongly Agree”). Subscales with three items (A ccessibility and
User-Friendliness) yielded scores ranging from 3 to 21 points, while
subscales with four items ( Anxiety, Curiosity, Interest, Usefulness,
and Scepticism) ranged from 4 to 28 points, resulting in a total
possible TUI score between 26 and 182 points. Additionally, the
Intention to Use scale, comprising three items, was included,
allowing participants to rate their intentions on a scale from 0 to
100 per item, for a total score ranging from 0 to 300. The TUT has
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demonstrated robust psychometric properties, with internal
consistencies (Cronbach's alpha) ranging from.70 to.89 (53).

2.8.3 Technology acceptance model

The Technology Acceptance Model (TAM) by Davis (54)
represents a central approach in acceptance research and serves
as a foundation for many subsequent models (55). This theory aims
to explain the individual usage behavior of new technologies and
their influencing factors, with the goal of predicting technology use.
This model is based on two significant influencing factors:
‘perceived usefulness’ and ‘perceived ease of use’ of the
technology. Perceived usefulness refers to the extent to which
individuals believe that using a particular system enhances their
performance (54). Therefore, a high level of perceived usefulness is
believed to positively influence users’ performance. Perceived ease
of use describes the extent to which individuals assume that using a
system requires little effort (54). Individuals evaluate a technology
with a high perceived ease of use as simple to operate (54). Each
scale consisted of six guestions. The two subscales Perceived
Usefulness and Perceived Ease of Use demonstrated excellent
internal consistency, with Cronbach's alphas of 98 and. 94,
respectively (54). Additionally, two further questions were
incuded to assess the intention to use the app. The questionnaire
consisted of 14 items, which were answered using a seven-point
Likert scale (1 = “Strongly Disagree” to 7 = “Strongly agree”).

2.9 Analysis

All statistical analyses were performed using IBM SPSS
Statistics software (version 30) (56). Demographic characteristics
were analyzed using descriptive statistics, including means (M) and
standard deviations (5D). The usability and acceptance scales were
evaluated exclusively at the second measurement point (t;). To
examine group and sex differences in the questionnaire outcomes,
different statistical approaches were applied based on the structure
of the respective instruments. For questionnaires consisting of a
single overall scale (ie, SUS and the overall score of the TUI), a
one-way analysis of co-variance (ANCOVA) was performed. For
instruments comprising multiple subscales (i.e, TAM and the
subscales of the TUI), a multivariate analysis of co-variance
(MANCOVA) was conducted. Statistical significance was set at
p <05 (two-tailed hypothesis testing) for all analyses. Prior to
conducting ANCOVA and MANCOVA, all statistical
assumptions were tested and met. To account for potential
baseline imbalances between group and sex, ANCOVAs and
MANCOV As were adjusted for baseline depression severity (BDI-
Il t, and MADRS t, scores). Adjusted effect sizes (partial %) and
95% confidence intervals (Cls) are reported. Bonferroni corrections
were applied to control for multiple comparisons in both the
ANCOVA and MANCOVA analyses.
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TABLE 1 Demographic and clinical characteristics of the sample.

SAR group (with Tablet group
Variable motivational [\nqﬂ'bc_mt
feedback) motivational
feedback)
Female (n) & 8 16
Male () ] 8 16
Age 3769 (1459 3856 (1391 -
(M, 5D) (1459) (1391) (14.03)
MADRS 3063
(4, 51} 3206 (437) 2919 (5.28) am
BDI-TI 2544
(4, 50} 2825 (9561) 2263 (6.51) s

BDIIL Beck Depression Imentory; M, Mean; MADRS, Montgomery Asherg Depression
Ratitsg Seale; SAR, Socially Assistive Robot; SD, Standard Deviation.

3 Results
3.1 Characteristics of the participants

The study included 32 inpatients with moderate to high
depression symptom severity according to ICD-10 criteria. The
mean age of participants was 38.12 years (SD = 14.03; range = 19-
65), with an equal distribution of women (n = 16) and men (n = 16)
across the SAR group (with motivational feedback) and tablet
group (without motivational feedback). Overall, the participants
presented with moderate depressive symptomatology, as indicated
by mean MADRS scores of 30.63 (+ 4.99) and BDIL-II scores of
25.44 (£ 8.57). The groups were comparable in age and sex
compaosition, while the SAR group (with motivational feedback)
showed slightly higher baseline depression severity than the tablet
group (without motivational feedback) (see Table 1). No
participants dropped out during the study period, and all
completed both training sessions and questionnaires. Data were
checked for completeness before analysis; no cases with missing
values were identified. Therefore, all 32 participants were included
in the final analyses. Mean scores (M), standard deviations and
(SD) and 95% confidence intervals of the SUS, the TUI and the
TAM are presented in Table 2.

3.2 System usability scale

Bonferroni-corrected post-hoc analysis revealed a significant
difference between SUS scores of the SAR group (with
motivational feedback) and the tablet group (without
motivational feedback (p <.001, Mp;y = 15317, 95%-CI[6.938,
23.696]), after adjusting for baseline depression scores (BDI-II ty
and MADRS tg). No statistically significant results were found for
sex comparisons (see Table 3).
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3.3 Technology usage inventory

Bonferroni-corrected post-hoc analysis revealed a significant
difference between TUI overall scores of females and males (p =
033, Mpg = 11479, 95%-CI [.974, 21.983]), after adjusting for
baseline Depression scores (BDI-II t; and MADRS t) (see Table 3).

After adjusting for baseline depression scores (BDI-II t; and
MADRS tg), a multivariate analysis of covariance (MANCOVA)
revealed significant group differences for two subscales of the TUIL

Participants in the SAR group (with motivational feedback)
reported significantly higher scores in the User- Friendliness subscale
compared to the Tablet group (without motivational feedback),
F (1, 28) = 12.18, p = 002, 0%, = 303, 95% CI [1.81, 6.95]. In
contrast, the tablet group showed significantly higher scores in the
subscale Accessibilify than the SAR group, F (1, 28) = 807, p = 008,
T]ZP =.224,95% CI [-6.70, =1.09].

A further significant effect was found for sex in the subscale
Scepticism, with female participants reporting higher scores than
male participants, F(1, 28) = 434, p = 046, 1%, = .134, 95% CI
[0.06, 6.90].

3.4 Technology acceptance model

After adjusting for baseline depression scores (BDI-I t; and
MADRS tg), a multivariate analysis of covariance (MANCOVA)
revealed no statistically significant results for all subscale for group

and sex comparisons (see Table 4).

4 Discussion

This study aimed to evaluate the usability and acceptance of the
SAR “Pepper” when implemented as a motivational adjunct to
tablet-based cognitive training, compared to cognitive training
delivered without robotic support, in inpatients with depression,
with a particular focus on sex-specific differences. These findings
provide valuable insights into the integration of robotic
technologies into psychiatric care. Given the increasing interest in
technology-based interventions for mental health care,
understanding user preferences and technological acceptance is
crucial for the successful implementation of such interventions (8).

Regarding technology usability and acceptance, the results
revealed several significant findings. Usability ratings measured
via the SUS and user-friendliness measured via TUI User-
Friendliness favored the SAR group (with motivational feedback),
with significantly higher scores compared to the tablet group
(without motivational feedback). In contrast the tablet group
(with motivational feedback) showed significantly higher scores in
the TUI subscale Accessibility. Additionally, sex-related differences
were observed, with female participants demonstrating significantly
higher TUT Overall and Scepticism subscale scores than males.
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TABLE 2 Descriptive statistics of system usability scale, technology usage inventory and technology acceptance modell between SAR and tablet
group and sex.

SAR group with motivational feedback) (n = 16)  T20t€t group (without metivational feedback)

985% ClI 85% CI
sD M sD

Lower bound  Lipper bound Lower bound Upper bound
SUS 7750 | 10.165 T208 8293 6172 | 9904 56.44 67.00
TUI OVERALL 9894 | 13051 9198 105.89 10219 | 16710 93.28 11109
TULINT 1925 | 4973 1660 2190 1606 | 5221 13.28 1884
TUL USE 1600 | 7659 1192 2008 1788 | 4500 15.48 2027
TUISCE 1413 | 4689 1163 1662 1013 | 4530 ™ 1254
TUL ANX 1325 | 4669 1076 1574 988 5772 680 1295
TUI UF 1763 | 3584 1571 1954 1456 | 3098 12.91 1621
TUL ACC 756 3054 593 919 1031 | 4029 817 1246
TUICUR 1850 | 5514 1556 2144 1600 | 5797 1291 19.09
TULITU 20638 | 37.137 18659 22616 18500 | 77562 143.67 22633
TAM PU 3056 | 3949 2846 3267 3263 | 3914 30.54 3471
TAM PEU 3419 | 3582 3228 36.10 3088 | 4544 28.45 3330
TAM ITU 1188 | 1586 1103 1272 10 | 1592 10.15 1185

Female (n = 16) Male (n = 16)
Variables 95% ClI 95% CI

Lower bound  Upper bound Lower bound Upper bound
SUS 6969 | 13130 6269 76.68 6953 | 12 62.75 7631
TUI OVERALL 10638 | 16272 97.70 11505 9475 | 10878 88.95 100.55
TULINT 1756 | 5278 1475 2038 1775 | 5434 14.85 2065
TUI USE 1831 | 6750 1472 2191 1556 | 5585 12,59 1854
TUISCE 1360 | 5056 1099 1638 1056 | 4501 816 1296
TUL ANX 1206 | 5531 9.12 1501 1106 | 5482 814 1398
TUI UF 1663 | 3500 1476 1849 1556 | 3829 13.52 1760
TUL ACC 944 4589 6.99 1188 Bad 2828 693 994
TULCUR 1869 | 5724 1564 2174 1581 | 5492 12,89 1889
TULITU 21084 | 56600 18078 24110 18044 | 62762 146.99 21388
TAM PU 3281 | 4151 3060 3502 3038 | 3s7s 28.47 3228
TAM PEU 3325 | 4583 3081 35.69 3181 | 4151 29.60 3402
TAM ITU 1169 | 1401 1094 1243 119 | 1834 10.21 1216

M and 8D are wed to represent mean and sandand deviation including the 95% confidence interval for each item.

ACE, Accesibility; ANX, Anxiety; CL, confidence interval; CUR, Curiosity; INT, Interest; [TU, Intention to Use; M, Mean; PEU, Perceived Ease of Use; PU, Perceived Usefilness; SAR, Socially
Asistive Robot; SCE, Scepticisns D, Standard deviation; Sig, Significance; SUS, System Usability Scales TAM, Techndogy Model TUL, Technology Usage Inventory; UF, User-
Friendliness; USE, Uselulness.

These findings highlight that while the robot-assisted  reactions, as participants appreciated the interactive and social
intervention was perceived as usable and user-friendly, it was also  features while simultaneously expressing reservations regarding
met with higher skepticism. This finding indicates that higher  the SAR interaction.
usabi

ty does not necessarily translate into greater overall SAR “Pepper's” usability was also rated positively, indicating a
acceptance. The SAR condition appears to evoke ambivalent  user-friendly design for human-robot interaction for patients with
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TABLE 3 Comparison of system usability scale and technology usage inventory overall between SAR and tablet group and sex after adjusting for
baseline depression scores (BDI-l1 t; and MADRS t,).

95% ClI for difference ®

Dependent variable (J)  Mean difference (I-J)

Lower bound Upper bound
sUS SAR® | Tablet= 15317 14022 | <001+ 334 6938 23696
TUIOVERALL SAR® | Tablet® 4635 582 A52 020 -17.085 7815
sUS Female | Male -104 -001 982 000 9.411 9204
TUIOVERALL Female | Male 11479 5011 033 152 oT4 21983

ANCOVA. N =32,

Tp, Partial Eta Squared; SAR, Socially Assistive Robot; Sig, Significance; SUS, System Ussbility Scale; TUL Technology Usage Inventory.

*p S p <L Y p <.

“Adjustment for multiple comparisens: Bonroomni.

Fwith motivational Eedback.

“without motivaticns] feedback

The values shown in bold indicate statistically significant resubis. Depending on the level of significance achieved, they are marked with *, =, or .

TABLE 4 Comparison of the technology usage inventory and the technology acceptance model between SAR and tablet group and sex after adjusting
for baseline depression scores (BDI-11 t; and MADRS tg).

95% Cl for differenc

Dependent variable Mean difference (1-J)
Lower bound Upper bound

TULINT SAR® | Tablet® 3744 3315 79 108 -A72 8019
TUIUSE SAR® | Tablet® 1997 604 A4 o2 7.264 3269
TUISCE SAR® | Tablet® 3583 3651 066 115 -258 74
TULANX SAR® | Tablet® 2944 2150 154 o7 1169 7056
TUIUE SAR® | Tablet= 4381 12175 Lo02+ 303 L1809 6953
TULACC SAR® | Tablet® 3893 8069 008+ 24 £.698 -1.085
TUICUR SAR® | Tablet® 3701 2683 113 087 -927 8330
TUIITU SAR® | Tablet® 34.95 2315 139 076 -12.121 s2.111
TAM PU SAR® | Tablet® -2906 3522 o7 A2 -82.111 12121
TAM PEU SAR® | Tablet= 2568 2512 124 082 -751 5888
TAM ITU SAR® | Tablet® 803 1547 24 052 -520 2126
TULINT Female | Mae -143 005 943 000 -4186 3900
TUIUSE Female | Male 2714 1413 245 48 -1.963 7391
TUISCE Female | Male 3480 4340 46 A3 058 6902
TULANX Female | Male 1263 AT5 A9 017 2528 50903
TUIUE Female | Male 959 510 A8L 018 -1.791 3708
TULACC Female | Male L1110 643 429 o2 1726 3946
TUICUR Female | Male 2792 1830 187 061 1435 7019
TUIITU Female | Male 20271 1974 A71 066 -13399 71941
TAM FU Female | Male 2549 3320 079 108 a7 5414
TAM PEU Female | Male 1808 1483 233 050 -1.233 4849
TAM ITU Female | Male 570 941 340 033 -633 1774

MANOOVA N =32,

ACC, Accessibility; ANX, Anxiety; CUR, Curiosity; INT, Interest; ITU, Intention i Use. 'p, Partial Bia Squared; PEU, Perceived Fase of Use; PU, Perceived Usefulness SAR, Socially Asistive
Robot; Sig, Significance; SCE, Scepticism; TAM, Technology Acceptance Model TUL Technology Usage Liventory; U, User-Eriendliness; USE, Usefiess.

*p <05, ®p <01 p <001

“Adjustment for mulliple comparisons: Bonlermoni.

Pwith motivational Gedback.

“withowt motivational feedback

The values hown in bold indicate statistically significant results. Depending on the level of significance schieved, they are marked with *, =, or ==
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depression. These results align with previous research, indicating
that SARs tend to be rated as highly engaging due to their
interactive nature and human-like characteristics (8, 57). For
example, the robot ‘Ryan’, which delivers internet-based cognitive
behavioral therapy, has been shown to improve mood scores and
engagement in older adults with depression (9). This underscores
the importance of intuitive usability for the successful integration of
robotic technology into clinical environments. Similar findings were
reported by (11), who demonstrated that high usability improved
SAR acceptance and utilization among older adults. Notably,
patients with depression, who often face cognitive impairments
(16), reported no significant difficulties in operating the mbat. The
user-friendly approach of SAR “Pepper” may be attributed to its
perception as a supportive complement to traditional therapy rather
than a replacement for human interaction (5). This interpretation is
supported by Giransson et al. (58), who found that patients
evaluated SARs more positively when they were presented as an
addition rather than a substitute for human contact. Broadbent (3)
emphasized the importance of intuitive and user-friendly design in
overcoming barriers to technology use and facilitating its
integration into clinical settings.

Qualitative feedback collected informally after the sessions
supported these findings: several participants in the SAR group
described SAR “Pepper” as “interesting but somewhat unusual at
first,” and some expressed uncertainty about “how natural” the
interaction felt compared with human contact. Others reported
technical aspects such as delayed speech recognition or limited
gesture responsiveness as minor obstacles to immersion. Similar
concerns have been described in previous research, where users
reported feelings of unfamiliarity, artificiality, or reduced
authenticity in early stages of human-robot interaction (59, 60).

Furthermore, these findings align with those of Bishop et al.
(17), who documented a generally positive attitude towards
healthcare robots. Da Rocha Ferreira et al. (5) also highlighted the
importance of clear communication regarding the added value of
SAR in driving their acceptance. The results also showed that
interacting with “Pepper” was perceived as enjoyable and
motivating. This is particularly important becanse motivation and
engagement play central roles in treating depression. The positive
perception of usability underscores the importance of well-thought-
out human-robot interactions to foster the acceptance and practical
use of SAR.

Despite these advantages, skepticism toward SARs remains a
notable barrier to acceptance. In our study, females reported
significantly higher skepticism scores than men. This finding
aligns with research suggesting that while SARs may be initially
engaging, long-term usability and trust issues may arise, particularly
among individuals with higher levels of anxiety or resistance to new
technologies (61). Similar concerns were raised in studies evaluating
the robot ‘Parc’, where some participants expressed reluctance to
engage with a robotic intervention, perceiving it as artificial or
intrusive (10, 62).

The significantly higher accessibility scores reported by
participants in the tablet group (without motivational feedback)
compared to those in the SAR group (with motivational feedback)
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can be attributed to a combination of cost- and usability-related
factors. Tablets are generally more affordable and readily available,
making them more accessible for a broader user base (63, 64). In
contrast, SARs involve high upfront costs because of their complex
design, restricting their use primarily to high-income settings (65).
From a usability perspective, tablets benefit from familiar
touchscreen interfaces and intuitive navigation, although certain
design aspects, such as small screen size or complex applications,
can potentially hinder their effectiveness for users with physical or
cognitive limitations (66). Although SARs are specifically designed
for ease of use, their technical limitations, including the need for
structured training, may negatively impact perceived accessibility
among older or mentally ill users (67). Overall, these findings
underscore that the tablet's combination of economic feasibility
and relative usability likely contributed to its higher accessibility
ratings in the current study.

A central aspect of this study was the exploration of sex-specific
differences in the usability and acceptance of SAR “Pepper”. The
results revealed that women tended to have a higher overall usability
of SARs than men. This observation is consistent with the findings
of Kuo et al. (26), who examined age- and sex-specific differences in
the perception and acceptance of healthcare robots. Moradbekhti
et al. (27) also found that women rated SARs more positively,
particularly regarding its usefulness and user-friendliness. The
reasons for these sex-specific differences are complex. Ringwald
et al. (28) argue that such differences may be attributed to distinct
sodalization experiences and role expectations. Women, often
characterized by stronger caregiving orientations and social
sensitivity, may be more receptive to using supportive
technologies. Additionally, they may place greater emphasis on
the emotional and social aspects of interacting with SARs than men.
This suggests that the relationship between sex and SAR acceptance
is complex and potentially context-dependent. The sex-specific
findings of this study highlight the necessity of incorporating sex-
sensitive approaches into the development and implementation of
SARs. This could involve targeted adjustments in human-robot
interaction or differentiated communication strategies that address
the specific needs and expectations of different sexes.

Another critical aspect of SARs adoption is the role of sex-
specific preferences. Recent research suggests that men and women
may have different expectations of SARs, with women placing
greater emphasis on emotional support and sodial interaction and
men prioritizing functional aspects and usability (68). This may
explain some of the variability in user engagement and skepticism
observed in the present study. Furthermore, studies have
highlighted that the personality adaptation of SARs can
significantly influence user acceptance. For example, SARs with
extroverted personalities tend to be more accepted by extroverted
users, whereas introverted users may prefer calmer, less expressive
robotic interactions (69, 70). These findings emphasize the
importance of adaptive, user-tailored robot interactions, a concept
that has been incorporated into SAR interventions, such as this
project (35).

A recurring challenge in SAR-based interventions is the
sustainability of engagement over time. While our study found a
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preference for the SAR over the tablet in terms of usability and user
friendliness, it remains unclear whether this preference would
persist over an extended period. Previous research indicates that
SAR engagement often decreases after an initial novelty phase,
leading to reduced long-term adherence (10, 62). A possible
explanation for this phenomenon is the limited adaptability of
SARs, which may lead users to perceive interactions as repetitive or
lacking meaningful engagement over time (12).

Additionally, ethical concerns regarding privacy, data security,
and autonomy have been raised in previous studies, particularly in
relation to psychiatric patients (61). While SARs offer promising
solutions for cognitive training and emotional support, their
successful implementation in clinical practice requires addressing
the above-mentioned barriers to trust and acceptance.

The positive results regarding the usability and acceptance of
SAR “Pepper” among patients with depression highlight the
promising opportunities for SARs use in psychiatric care. SARs
can serve as a complementary tool in depression treatment,
assisting with cognitive training exercises, providing information,
and offering emotional support. Studies such as those by Chen et al.
(71) have demonstrated that SAR-based intervention programs can
positively affect cognitive function and mood in older adults in
long-term care facilities. Similarly, Chen et al. (72) reported
successful SAR interventions in children with autism spectrum
disorders. These findings suggest that SARs could be versatile
toals for treating depression.

5 Strengths and limitations

This study provides valuable insights into the usability and
acceptance of SARs and tablet-based cognitive training in
individuals with depression. A key strength of this study is the
randomized group assignment, which minimizes selection bias and
ensures comparability between the intervention groups. By using
validated psychometric instruments, such as the MADRS and BDI-
I1, this study offers robust cinical assessments of depressive
symptoms, increasing the reliability of the findings.

Another strength of this study is the use of multiple
standardized measures to assess technology usability and
acceptance. The incusion of the SUS, the TUL and the TAM
allows for a comprehensive evaluation of the user experience.

Additionally, this study contributes to the growing body of
research on SARs in mental health care by examining their clinical
usability. Previous research has mainly focused on older adults or
individuals with cognitive impairments (9, 57), whereas this study
specifically addressed depression in an adult population, thereby
expanding the applicability of SAR interventions to broader
psychiatric settings.

Deespite its promising findings and strengths, this study has
several limitations that should be acknowledged. The main
limitation concerns the asymmetry in feedback between the two
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groups. The SAR group included verbal motivational feedback of
the SAR “Pepper”, whereas the tablet condition did not provide any
motivational feedback beyond task progression. This introduces an
additional factor, that may have contributed to the higher usability
and acceptance ratings in the SAR group. Consequently, the results
should be interpreted as reflecting the combined effect of humanoid
interaction and motivational feedback rather than the robotic
embodiment alone. Future studies should equalize feedback
across conditions to isolate the specific contribution of the
SAR component.

The second limitations was the relatively small the sample size
(n = 32), which may limit the generalizability of the findings. While
the randomized design strengthens internal validity, the statistical
power of the study remains restricted, particularly in detecting
subtle effects or interaction effects between the variables. Future
studies should aim to replicate these findings in larger and more
diverse samples to enhance their external validity.

Another limitation relates to the limited intervention duration
and training frequency of the cognitive training intervention.
Participants completed only two training sessions, which may not
have been sufficient to produce measurable improvements in
cognitive performance. Prior studies have indicated that long-
term engagement is crucial for the sustained benefits of SAR-
based interventions, as engagement levels may decline after an
initial novelty phase (10, 62). Abdi et al (73) emphasized the
importance of long-term studies to better understand the lasting
impact and acceptance of SARs in healthcare settings. Future
research should explore the effects of prolonged SAR
interventions on cognitive and emotional outcomes.

The sex-specific differences observed in this study warrant
further investigation in future studies. Intersectional aspects
should also be considered to develop a nuanced understanding of
the factors influencing SAR usability and its acceptance. Eyssel and
Hegel (74) emphasized the need to incorporate cultural and
socioeconomic factors into the analysis to obtain a holistic
perspective on this issue.

This study focused exclusively on patients with depression.
Future research should explore the use of SARs for other
psychiatric conditions, such as anxiety disorders, bipolar
disorders, and post-traumatic stress disorders. Studies by Huijnen
etal. (22) and Rabbitt et al. (75) have shown promising results for
the use of SARs amon g patients with autism spectrum disorders and
other psychiatric diseases.

Beyond the methodological and conceptual limitations
discussed above, two additional aspects warrant further attention.
The first relates to the integration of SARs into existing treatment
frameworks. While this study focused on the evaluation of usability
and acceptance, it did not examine how SAR-based cognitive
training interacts with standard therapeutic approaches.
Therefore, future studies should investigate whether combining
SAR interventions with conventional treatments can enhance
therapeutic outcomes. As highlighted by Tapus et al. (76), such
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integrative approaches are crudial for harnessing the full potential of
SARs in psychiatric care.

Another important consideration is the ethical dimensions of
SAR use in sensitive clinical environments. Although not the focus
of this study, issues such as data privacy, informed consent, and
unintended psychosocial consequences of human-robot
interactions are highly relevant, particularly when working
with vulnerable populations. Addressing these questions in
future research is essential to ensure ethical implementation.
Sharkey and Sharkey (77) emphasize the importance of
proactively engaging with ethical challenges in the context of
healthcare robotics.

6 Conclusion

The overall positive evaluation of SAR “Pepper” underscores
the potential of SARs as a complementary tool in psychiatric care.
The observed sex-specific differences highlight the need for tailored
approaches to developing and implementing SAR technology in
clinical environments.

The results of this study provide a solid foundation for further
research and advancement of SAR technology in psychiatric care.
They highlight the potential of SAR technology to enhance
treatment quality and open new pathways for patient care.
Simultanecusly, they caution against an overreliance on SAR and
stress the need to view them as complements, not replacements, to
human interaction and traditional therapies.

Future research should investigate the long-term effects of SAR
in psychiatric care, extend its applicability to other mental health
conditions, and explore complex interactions between SAR
technology and traditional treatment approaches. Only through
continuous research and careful evaluation can we fully harness the
potential of SAR in psychiatric care while ensuring their use
remains ethical and patient centered.
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