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Abstract

Background: The health and economic burden of dementia has led the World Health Organization to recognize it as a public
health priority. Although there currently does not exist a cure for dementia, there are multiple interventions aimed at preventing
the risk of dementia and improving the quality of life of people with dementia. Voice assistants (VAs), particularly those using
large language models (LLMs), have emerged as promising tools to deliver these interventions to older adults due to their accessible
and natural interface.

Objective: This pilot study aimed to evaluate the technical feasibility (ie, functional performance and usability) and user
acceptance of the embodied rule-based and LLM VA GRACE, as well as the perceived strength of the collaborative relationship
or working alliance, between GRACE and healthy older adults during the delivery of cognitive stimulation interventions.

Methods: A pilot study was conducted with 21 healthy German-speaking adults aged 60 years and older. Participants interacted
with GRACE in a laboratory setting for 10-15 minutes. The interaction involved a structured cognitive stimulation session using
rule-based and LLM components. Data were collected using pre- and postinteraction questionnaires and semistructured interviews.
Quantitative analysis included descriptive statistics and Wilcoxon signed rank tests. Qualitative data were analyzed thematically.

Results: Participants rated GRACE positively, with statistically significant scores above neutral (P<.001 for perceived ease of
use, usefulness, enjoyment, and working alliance; P=.009 for perceived control; and P=.009 for intention to continue interacting).
Thematic analysis revealed that GRACE was perceived as easy to understand and unambiguous, friendly, and supportive, with
intervention components viewed as enjoyable and appropriately challenging. Areas for improvement included personalization,
response delays, and voice quality.

Conclusions: The results suggest that embodied rule-based and LLM VAs like GRACE are feasible and well-received tools
for delivering cognitive interventions to older adults. Future iterations will incorporate feedback and extend testing to individuals
at risk for dementia.

(JMIR Aging 2025;8:e76489) doi: 10.2196/76489
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Introduction

Background
Dementia is a collection of symptoms severely affecting
memory, thinking, and other cognitive skills in an individual’s
daily life [1]. The most common form of dementia is Alzheimer
disease [2], which was found to be the eighth leading cause of
death worldwide [3]. In 2019, the estimated global societal cost
of dementia was US $1.3 trillion, of which 50% of the costs
were associated with informal caregiving [4]. The World Health
Organization recognizes dementia as a public health priority
through its global action plan [5], which hopes to minimize its
health and economic burden worldwide. While this plan includes
various action areas, such as dementia awareness, risk reduction,
and treatment, digital assistive technologies should also be
explored as prevention and management strategies.

Digital assistive technologies have emerged as valuable tools
in supporting individuals living with dementia by enhancing
independence, safety, and quality of life [6]. Designed to address
challenges such as memory loss, confusion, and communication
difficulties, these technologies support the autonomy of people
with dementia while also alleviating the burden on caregivers
[7]. Among the various forms of digital assistive technologies,
voice-based digital assistive technologies, or voice assistants
(VAs), offer distinct advantages due to an intuitive and
hands-free conversational interface and low digital literacy
requirement [8]. Unlike many other digital tools that require
physical interaction or complex navigation, VAs rely on natural
language processing, allowing users to engage through simple
verbal commands. VAs can seamlessly integrate into daily
routines, providing real-time reminders and scheduling
medication [9-12] and even offering cognitive stimulation
[5,13,14].

When VAs were generally assessed, they reported high user
satisfaction for lifestyle interventions [15]. Prior research has
also shown that the embodiment of these conversational VAs
can further improve user experience [16].

Despite significant advances, a notable research gap remains in
the development of embodied VAs that move beyond task-based
support to deliver structured, evidence-based therapeutic
interventions specifically tailored to people with early-stage
dementia. While existing embodied VAs have demonstrated
potential in offering reminders, companionship, and daily routine
support, few have integrated clinically validated therapies [17].
Agents that do provide such therapeutic content, such as Eva
[13], are often highly scripted, relying on predefined dialogue
flows and rule-based interactions that limit personalization,
adaptability, and natural dynamic conversation. To address this
research gap, GRACE integrates cognitive stimulation therapy
(CST) [18] with a hybrid architecture that combines rule-based
logic and large language models (LLMs) to support more
flexible, personalized, and empathetic conversations.

In a previous study, we used an embodied VA prototype,
GRACE, to test user acceptance and working alliance between
the user and the technology in healthy younger adults (18-60
years) [19,20]. User acceptance was assessed with constructs
of perceived ease of use (PEU), perceived usefulness (PU), and
perceived enjoyment (PEN) [21-23]. Working alliance, which
can be understood as the perceived strength of the collaborative
relationship between GRACE and the user, similar to a
doctor-patient relationship, was measured through the 6-item
Session Alliance Inventory [24]. The user acceptance constructs
were selected based on the research aims of this study and
consistent with prior work on conversational agents in digital
health [25-27], rather than to test a specific theoretical
framework (eg, the technology acceptance model). Results of
this first study were used to optimize GRACE (version 1),
including its visual features, interaction script, language (English
to German), and voice quality.

This paper presents the results of our second pilot study, which
evaluated GRACE (version 2) with healthy older adults (60
years and older). To extend our earlier work, we added the
constructs of perceived control (PC) and intention to continue
interacting (ITI) [23,28], which have also been applied in related
studies of conversational agents [25-27]. Technical feasibility,
which we defined as the usability and functional performance
of GRACE when used by healthy older adults, was evaluated
through descriptive analysis of user acceptance and working
alliance constructs, as well as qualitative feedback gathered
from a postinteraction interview. This interview also evaluated
the ethical dimensions observed within the technology by users,
using values presented in the European Union’s Assessment
List for Trustworthy Artificial Intelligence [29]. However, the
qualitative findings from the interviews fall outside the scope
of this paper and will be published in a separate paper that
targets the bioethics research community.

Related Work

Older Adults and VAs
A growing area of interest among researchers involves
leveraging VAs to support the health and well-being of older
adults [17,30,31]. VAs have the potential to support older adults’
independence by facilitating daily activities through smooth,
speech-based communication, offering a user-friendly interface
that requires minimal technological expertise and can
accommodate varying levels of digital literacy [17,32-34].
Despite stereotypes about older adults’ reluctance toward
technology, studies have shown that older adults often have
positive attitudes and are open to using these devices in their
daily lives [17,32,35-38]. It was found that older adults felt VAs
might be useful for alerts of serious illness, health information
management, and search, facilitating collaboration between
themselves and caregivers [31,39,40]. At the same time, older
adults were concerned about confidentiality risks and receiving
trusted information [31,39] and skeptical about personal privacy
and relational trust [40].
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Numerous VA applications have been developed to support
older adults, generally falling into 2 main categories:
conversational social robots, which have a physical presence
and use multiple affective communication modalities such as
facial expressions, gestures, or body movements; and virtual
artificial intelligence (AI) assistants or smart speakers, which
primarily rely on voice interaction [17]. GRACE falls into the
first category—a conversational social robot that engages users
through verbal and nonverbal cues (facial expressions). A recent
systematic review highlighted the perception of conversational
AI among older adults, where they emphasized the need for
empathetic, personalized, and context-aware interactions [41].
Current technologies in aging and early dementia care primarily
aim to support individuals by promoting independence,
enhancing social engagement, improving home safety, and
monitoring health and well-being [42]. These applications can
serve various roles; some are designed to act as companions for
older adults experiencing loneliness [43]. For example, a “digital
radio” system integrated voice-controlled features to enhance
older adults’ connection with their family and address their
needs for voice companionship, emotional interaction, and
mental and physical well-being [44]. A companion robot
“E-Bot” with integrated Amazon Alexa was designed to support
older people living alone by enabling continuous interactions
with caregivers, family members, and physicians while also
monitoring physiological signals via wearable devices and an
AI-enabled camera connected through Amazon AWS [45]. The
NAO Robot provides single-session interactions, during which
it reads newspapers to older adults, asks personal questions
about their past, and listens to them, nodding occasionally and
maintaining eye contact [46]. Studies have shown that robotic
pets, which respond to user speech and petting with sounds and
eye or body movements, can enhance communication,
interaction skills, and activity participation of older adults [47].

VAs can also serve as home assistants, helping individuals
manage their daily schedules. For instance, the Google Home
Mini smart speaker can help cue individuals to take scheduled
medications [9]. A companion bot named “Hello Steve” can
send emails, open YouTube for entertainment, and track
medication schedules to provide timely reminders for older
users [10]. Another VA called “Mary” can assist older adults
with daily tasks such as reminders, guidance with household
activities, and locating objects [11]. Co-design approaches have
also been explored with older adults to support health
self-management, where the study found success in medication
adherence and health-tracking features [12].

VAs have also been developed to provide therapeutic
interventions for older adults. For example, VAs can be used
for the prevention and management of chronic and mental health
conditions [8], such as depression [48], encouraging physical
activity [49], providing cognitive support [13,14], including
VAs using LLMs with prompt engineering [50], and assisting
with palliative care [51].

Despite this progress, most existing systems, including NAO,
Hello Steve, and Mary, are limited in several key areas. First,
these systems often rely on scripted interactions, which restrict
their ability to provide personalized and context-aware
engagement. Second, while some systems offer companionship

or support daily living, few have integrated clinically validated
interventions such as CST. Furthermore, the majority of VA
applications are not co-designed with people living with
dementia and their caregivers, resulting in limited adaptability
to users’ changing needs and preferences over time.

To address these gaps, GRACE was designed as an embodied
VA that moves beyond basic reminders and social dialogue to
deliver structured, evidence-based cognitive interventions. By
combining CST with hybrid rule-based and LLM-powered
dialogue and by grounding development in stakeholder-driven
design, GRACE aims to provide sustained, meaningful, and
personalized support for individuals with early-stage dementia,
advancing the field toward truly person-centered digital health
technologies.

Rule-Based Versus LLM VAs
Most current VAs operate as passive, rule-based systems that
respond only to wake words, requiring users to adapt their
communication style to achieve desired outcomes [52,53]. While
this simplicity can make interactions straightforward, it often
leads to frustration when the system cannot respond to user
requests [52,54]. LLMs present a significant advancement,
enabling more adaptive interactions by better “understanding”
human requests and overcoming the limitations of traditional,
rule-based voice interfaces [52]. Nevertheless, both systems
have their strengths and limitations.

Rule-based VAs offer advantages such as transparency,
reproducibility, and safety, as their functionality relies on
predefined rules, allowing developers to maintain full oversight
due to their predictable responses [52]. However, rule-based
systems are limited by their lack of flexibility and adaptability,
as they cannot handle out-of-scope queries or adjust their
personality and the challenges of scaling and maintaining
complex multiturn interactions [52].

LLM VAs, on the other hand, overcome many of the challenges
faced by rule-based VAs [52]. LLMs can process complex
queries, retain context in multiturn dynamic conversations where
user interactions are less predictable, and generate nuanced,
more human-like responses [52,55]. However, these advantages
come with drawbacks. LLMs’ reliance on large-scale
computational resources raises challenges related to latency,
particularly in real-time applications [56], hallucinations, that
is, LLMs can generate nonsensical, incorrect text [57],
unpredictable and unexpected responses [52], and bias [58,59].

Human Interactions With LLM VAs
LLM VAs have been shown to enhance individuals’ interactions
to be more natural and effective. For example, FunAudioLLM
models improve multilingual speech recognition and generation,
enabling applications like emotional voice chat and
speech-to-speech translation [60]. Additionally, Sesame AI
showed the ability to reproduce natural pauses and intonation
during conversations [61]. A study on VAs demonstrated that
the integration of LLMs enhances conversational adaptability,
enabling more nuanced and context-aware responses, while
effectively addressing intent recognition failures and
conversational breakdowns [62]. A study on LLM-powered
robots showed that they excel in fostering connections and
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deliberation, but they struggle with logical communication and
can sometimes cause anxiety [63]. However, more recent studies
on LLM social-assistive robots found that older adults could
successfully engage and improve on cognitive health-promoting
tasks [64]. Another study introduced a framework for integrating
LLMs as speech interfaces for assistive robots, demonstrated
with the Obi feeding robot [65]. This highlights the importance
of social capabilities that are often overlooked in physically
assistive robots to enhance user engagement through social
interaction. Talk2Care, an LLM asynchronous communication
system designed to connect older adults at home with health
care providers, demonstrated its potential to address
communication challenges, enrich health information shared
by older adults, and reduce providers’ workload [66].

In this and previous work [20], we address the limitations of
traditional rule-based VAs while leveraging the strengths of
LLMs by extending the rule-based language [67] with OpenAI’s
application programming interface [68], enabling an embodied
VA to combine the transparency and predictability of rule-based
systems with the adaptability of LLM-generated responses
within predefined, transparent boundaries.

Methods

Developing the Embodied GRACE Robot
GRACE was 3D-printed with polyethylene terephthalate (a type
of polyester plastic) using designs from an open-source social

robotics platform [69], with its color changed from gray to bright
yellow based on feedback from our previous study [20]. GRACE
has a reSpeaker 4-Mic Array microphone, an LED ring, a
5.5-inch Waveshare active-matrix organic LED screen, an 8
GB Raspberry Pi 4 Model B, and a Xiaomi Bluetooth speaker.
GRACE needs to be connected to power and a wired internet.
Communication between the Raspberry Pi and an external
computer uses the Message Queuing Telemetry Transport
protocol. The external computer runs software [67] that executes
interaction scripts or simulates them for development without
GRACE’s body. GRACE’s modular Python-based software
(Python Software Foundation) includes LED, audio,
speech-to-text, text-to-speech, and display components [69].
The LED lights, green for listening to the individual and red
for when GRACE is speaking or processing information, can
be seen from the mesh in the body of GRACE (Figure 1). Audio
output uses a Bluetooth speaker placed in GRACE’s head. The
speech-to-text module uses Google Speech Recognition during
<listen/> commands in the interaction script, while <talk>
commands trigger the ElevenLabs service (Eleven Multilingual
version 2) [70] to generate natural-sounding German speech
(“Leonie” voice), cached for reuse. The screen shows animated
facial expressions like blinking and smiling.

Figure 1. GRACE (version 2) prototype used for this pilot study: (A) front-facing image and (B) with a test user.

Design of Conversational Turns
The interaction script, adapted from a pilot study [20], was first
drafted in plain text, and then, converted to XML with
commands like <talk> and <listen/> (the full interaction script
can be found in Multimedia Appendix 1) [67]. GRACE responds
with predefined answers or dynamic replies via OpenAI’s
application programming interface [68]. This hybrid approach
allows us to maintain consistency and control of rule-based
interactions while enabling more nuanced and context-aware

conversations, addressing the challenges faced by traditional
systems and LLM VAs.

The script is based on CST and includes 3 intervention
components and 2 additional activities (onboarding and
conclusion). CST is an evidence-based group therapy program
for people with dementia, encompassing a variety of themed
activities (ie, word games, reminiscence, and creative games)
to improve well-being and cognition [71,72]. A CST manual
was used to guide development of the GRACE sessions as well
as to identify different activities that could be included as part
of the intervention components [73]. The script starts with an
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onboarding activity (supported by LLM), where GRACE
introduces itself to the participant and engages in conversation
to get to know the participants (ie, by asking questions such as
“Do you have siblings?”, “Do you have a favorite hobby?”, and
“What is your hometown?”). In this interaction, the responses
from GRACE are LLM-generated, where we prompted the LLM
to provide a supportive statement or fun fact based on the
participants’ answer (see Multimedia Appendix 2 for the LLM
prompts used in the complete interaction). After this, GRACE
provides participants with an overview of the interventions it
will offer.

The first intervention is a warm-up activity in the form of a
guessing game, where different animal sounds are played, and
the participant must guess the name of the animal that makes
that sound. This interaction is rule-based with stored audio files
playing selected animal sounds (ie, a cow, cat, dog, rooster, and
horse), and GRACE responding with the name of the correct
animal. Next, the participant can choose which intervention
they want to complete first, a memory or breathing exercise.
By allowing participants to select the order of the intervention,
our goal is to promote autonomy and motivation, in line with
the self-determination theory [74]. In the memory exercise,
GRACE reads a short shopping list (1-5 items, an LLM is used
to help determine the individual’s answers and correct item
recall), and the participant is asked to repeat the list in any order.
If the participant cannot list all the items, GRACE repeats the
missed items. The breathing exercise is rule-based and consists
of a short, guided breathing training based on exhale-focused
cyclic sighing [75]. GRACE allows participants to select from
3 acoustic relaxing environments (stored audio files of the forest,
the sea, and a cabin with a fireplace), which are used to immerse
them in the training environment through background noises
and a description of the environment by GRACE. There is no
participant communication beyond the environment selection;
the stored audio files guide users to follow inhale or exhale
techniques for 2 minutes. In the rule-based concluding activity,
GRACE thanks the participant for doing the exercises, asks
them about their favorite activity, provides health education on
the importance of completing cognitive interventions, and
farewells with a reminder to stay active.

Participants
Overall, 21 participants meeting the inclusion criteria took part
in the study during August and November 2024. Study
recruitment took place via email and posters, highlighting the
study’s aims and the inclusion and exclusion criteria.

The inclusion criteria were as follows: aged 60 years and older,
ability to speak and understand German (at a B1 level), and no
cognitive or hearing impairments. The exclusion criteria were
as follows: having severe psychiatric disorders or a history of
substance abuse.

The study was conducted in a laboratory setting in a single
sitting, with participation lasting approximately 45 minutes.

Data Collection
The data collection consisted of a pre- and postinteraction
questionnaire (Multimedia Appendices 3 and 4) and a short
semistructured interview (Multimedia Appendix 5). The

preinteraction questionnaire collected the participants’ age,
gender demographics, and general information regarding
experience with VAs.

The postinteraction questionnaire consisted of 12 items used to
assess technology acceptance [21]. The 7-point Likert scales
were used for each item and anchored from 1=strongly disagree
to 7=strongly agree. Consistent with prior work on
conversational agents [27], we used self-report instruments for
PEU, PU, PEN, PC of GRACE, and the ITI with GRACE
[21,28,76]. Working alliance, which is an important relationship
quality and robustly linked to treatment outcomes [77-79], was
measured with the 6-item Session Alliance Inventory [80].

A semistructured interview with 10 questions was conducted
to collect qualitative feedback on the interaction with GRACE.
Questions 1-7 were developed by authors RV and NB-A, based
on the Assessment List for Trustworthy Artificial Intelligence
checklist [29], on the principles of human agency and oversight,
technical robustness and safety, privacy and data governance,
transparency, diversity, nondiscrimination and fairness, societal
and environmental well-being, and accountability. The results
of interview questions 1-7 will be reported in a separate
publication targeting the bioethics community. Questions 8-10
relate to the overall positive and negative aspects of interaction
with GRACE and any further comments or suggestions that are
reported in this work.

Procedure
Participants completed the preinteraction questionnaire
(approximately 1 minute) after providing informed consent.
Participants were then given instructions for the interaction with
GRACE (ie, what the different LED-light colors mean and
speaking clearly, etc). Once the participants were ready, the
interaction was started by a researcher, after which GRACE led
the entire interaction independently, with supervision from the
researcher. The interaction with GRACE lasted 10-15 minutes
and followed the interaction script as mentioned earlier.
Following the interaction, participants completed a
postinteraction questionnaire (5 minutes) and were then
interviewed by a researcher (15 minutes).

Data Analysis
To summarize participants’ responses on the postinteraction
questionnaire, means and SDs were computed for each
quantitative self-reported item. As the Shapiro-Wilk tests
revealed deviations from normality in the data distribution,
nonparametric analysis was warranted. Therefore, Wilcoxon
signed rank tests were applied to examine whether the median
scores significantly diverged from the neutral midpoint value
of 4 on the 7-point Likert scale. Additionally, a composite score
for the 6-item Session Alliance Inventory was created by
averaging responses across all items, supported by high internal
consistency (Cronbach α=0.92) [81]. Consistent with prior work
on embodied VAs [20,82], thematic maps were used to present
the results of interview questions 8-10. Authors RV and NCT
conducted 3 rounds of thematic analysis until a consensus was
reached.
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Ethical Considerations
The study was exempted from formal review by the ethics
committee of the University of St. Gallen on May 17, 2024.
During the onboarding, participants were informed about the
study’s aims, procedure, and rights as participants. They were
then provided with a written consent form for participation. All
participants were assigned a participant code to maintain
anonymity of responses (indicated as P#, where # was a
randomly assigned number from 01 to 21). No compensation
was provided to the participants.

Results

In total, 21 individuals (8 male and 13 female) participated in
the study, where the average participant age was 69.3 (SD 6.2)
years. From the preinteraction questionnaire, 8 participants
indicated that they had used a VA previously, on average, a few
times a month. Participants also indicated that they would use

a VA if it provided them with activities and exercises to improve
their quality of life (mean 5.38, SD 1.07, “somewhat agree” on
the 7-point Likert scale).

Table 1 presents a summary of the quantitative evaluation (ie,
technology acceptance and working alliance) of GRACE,
showing that all mean scores exceeded the neutral midpoint of
4 on the scale. The postinteraction questionnaire revealed strong
indicators of technological acceptance and a robust sense of
working alliance with GRACE (mean 5.49, SD 0.81; Table 1).
Participants rated the system as highly easy to use (mean 6.19,
SD 0.81), suggesting that GRACE’s conversational interface
and structure were well understood and accessible. Moreover,
PEU, PU, PEN, and overall assessment of the working alliance
had a significance of P<.001. PC had a significance of P=.009,
ITI with GRACE had a significance of P=.009, and item 5 from
the Session Alliance Inventory had a significance of P=.01.
Therefore, it can be concluded that participants responded
positively to GRACE.

Table 1. Postinteraction quantitative evaluation of 21 participants on their perceived ease of use (PEU), perceived usefulness (PU), perceived enjoyment

(PEN), perceived control (PC), intention to continue interacting (ITI), and perceived session alliance (PSA)a.

V bMean (SD)Item

231.0c6.19 (0.81)I thought the response from GRACE was easy to understand.PEU

205.5c5.76 (1.14)I found it useful to work on the intervention with GRACE.PU1

178.5c5.48 (1.21)I found GRACE motivated me to perform the exercises.PU2

231.0c5.95 (0.86)I had fun using GRACE.PEN

174.0d5.19 (1.69)I was able to control the interaction with GRACE.PC

105.0d5.14 (1.53)I would continue interacting with GRACE.ITI

204.0c5.81 (1.25)I felt that GRACE and I respected each other.PSA1

198.0c5.57 (1.21)I felt that GRACE appreciated me.PSA2

120.0c5.33 (1.06)I felt that GRACE cared about me even when I did things it did not approve of.PSA3

222.0c5.67 (1.15)I felt that GRACE and I are working toward mutually agreed upon goals.PSA4

121.0e5.10 (1.73)I felt that GRACE and I agree on what is important for me to work on.PSA5

136.0c5.48 (1.03)I believe the way GRACE and I are working with my problem is correct.PSA6

222.0c5.49 (1.06)OverallPSA

aThe 7-point Likert scales were used from 1=strongly disagree to 7=strongly agree, and a 6-point scale for PSA items.
bV is the test statistic of the Wilcoxon signed rank with test value 4.
cP<.001.
dP=.009.
eP=.01.

Following their interaction with GRACE, a semistructured
interview was conducted with all participants. Thematic analysis
of the responses revealed key insights into what participants
appreciated (Figure 2), areas for improvement (Figure 3), and

further comments or suggestions (Figure 4). Direct participant
quotes for the 3 interview questions are included in Multimedia
Appendix 6.
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Figure 2. Thematic map representing answers of study participants regarding the question: “What did you like about the interaction with GRACE?”.
Boxes in black indicate identified categories, and boxes in white indicate participant responses.

Figure 3. A thematic map representing answers of study participants regarding the question: “What needs to be improved about GRACE?”. Boxes in
black indicate identified categories, and boxes in white indicate participant responses.

Figure 4. A thematic map representing answers of study participants regarding the question: “Any further comments or suggestions for improvement?”.
Boxes in black indicate identified categories, and boxes in white indicate participant responses.

Participants expressed a wide range of positive impressions
regarding their interaction with GRACE. This included the ease
of understanding and using the system, the friendly and
supportive nature of GRACE, and the usefulness of the
exercises. GRACE was described as “clear and unambiguous”
(P01), “pleasant and friendly” (P08), and “able to give feedback”
(P05 and P11). Many appreciated the ability to interact at their
own pace and felt that GRACE responded accurately and

attentively, even to mumbled speech (P13 and P14). The
intervention itself, such as the memory and breathing exercises,
was seen as engaging and appropriately challenging (P05, P11,
and P19) and not too stressful (P04, P08, and P15). Participants
also responded positively to GRACE’s appearance and voice,
describing her as “cute” and with “clear pronunciation” and a
“pleasant voice” (P03, P08, P16, P19, and P21). Several
participants also appreciated GRACE’s personality traits,
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perceiving her as “sympathetic” (P02), “polite” (P04), and able
to offer “full attention” during the interaction (P06 and P12).

Despite overall satisfaction, participants identified several areas
where GRACE could be improved, focusing on technology,
interaction design, intervention content, and user experience.
Technological aspects such as communication delays and
accuracy were frequently mentioned: “Her reaction is a bit slow”
(P20), “It didn’t always understand what I said” (P07), and “the
communication is not great yet” (P21). The voice was another
concern, described by some as “too technical” (P01), “not so
pleasant” (P07), or “disturbing” due to pitch (P05). Participants
desired more personalization and variety in interaction: “the
answers were very stereotypical” (P08), and that “the exercises
could be personalized” (P11 and P13). Some also found the
content demanding or insufficiently explain: “the tasks and
exercises were quite demanding” (P02) and “maybe it could
explain the effects more, why should I do these exercises?”
(P03). Many also felt the system to be “mechanical” (P20) and
“impersonal” (P11), which prevented its ability to establish a
more human connection (P12).

A range of additional reflections and suggestions to enhance
GRACE’s functionality and relevance were also offered by
participants in the last interview question. Some proposed
expanding the system’s interactive capabilities, such as
incorporating games (P06), adding a physical button (P08), or
enabling more open-ended conversations (P12). Several
comments emphasized the value of personalization, including
the ability to choose a familiar image or voice: “Human face
would be good or to be able to choose a photo, like of my
grandson” (P08) and “maybe give also a choice for a nice, male
voice” (P13). Others suggested improvements to specific
features, such as enhancing the lighting (P07), adding more
background sounds to the breathing exercise (P04), or clarifying
the system’s nonhuman nature if a more lifelike appearance is
used (P12). A few comments reflected on the context and
potential of GRACE, including its suitability for people with
dementia: “My mother responded to ‘garden’, ‘dog’, ‘favorite
food’, ‘music’...” (P20) and how using personally meaningful
cues could enhance engagement with GRACE. Others
appreciated the potential for GRACE to support those who are
lonely or in need of a companion-like presence: “It could be
helpful to have an entity that asks questions and listens, even
though it’s not a human interaction” (P12). The overarching
tone of responses conveyed both interest and constructive
engagement with GRACE’s future development.

Discussion

Principal Findings
This study aimed to assess technical feasibility, technology
acceptance, and working alliance with GRACE in healthy older
adults (60 years and older). The sample included a balanced
group in terms of gender, with an average age of approximately
69 (SD 6.2) years, reflecting a relevant demographic for future
health-related applications of VAs. While only a portion of
participants reported prior experience with such technologies,
there was a clear openness to engaging with GRACE,
particularly when the system offered meaningful intervention

components aimed at improving quality of life. Postinteraction
feedback further supported this readiness: participants not only
found GRACE highly usable and easy to navigate but also
indicated a strong sense of working alliance with the system.
This aligns with prior research, showing that older adults are
receptive to voice interfaces when designed with clarity and
intuitiveness in mind [83,84].

PU was also rated positively, with participants expressing that
working with GRACE was beneficial (PU1: mean 5.76, SD
1.14) and motivating (PU2: mean 5.48, SD 1.21). Notably, PEN
(mean 5.95, SD 0.86) was among the highest-rated constructs,
indicating that beyond usability, participants genuinely enjoyed
the interaction. These ratings support the potential for
voice-based interventions to engage users in an emotionally
positive way, which is particularly valuable for health-promoting
interventions in older populations [8].

Participants also reported a relatively high sense of PC over the
interaction (mean 5.19, SD 1.69). However, this dimension
showed more variability, potentially reflecting differences in
individual familiarity with conversational technologies or
preferences for interaction pace. Intention to interact (mean
5.14, SD 1.53) suggests a moderate to strong willingness to
engage with GRACE in the future, reinforcing the system’s
potential for repeated use and longer-term integration into daily
routines.

The assessment of perceived session alliance (PSA) further
underscores the strength of the interaction. All 6 session alliance
items scored well above the midpoint on a 6-point scale, with
particularly high ratings for mutual respect (mean 5.81, SD
1.25) and feeling appreciated (mean 5.57, SD 1.21). These
findings suggest that users not only felt heard and
acknowledged, but also that GRACE was perceived as working
collaboratively toward shared goals (eg, PSA-4: mean 5.67, SD
1.15). Although item PSA-5 (“I felt that GRACE and I agree
on what is important for me to work on.”) received the lowest
PSA rating (mean 5.10, SD 1.73), it remained significantly
above the neutral test value, indicating room for improvement
in tailoring goals and content to individual users.

In line with the quantitative findings, qualitative feedback
highlighted positive perceptions of the interaction with GRACE.
Participants described the interaction as “clear and
unambiguous,” “well explained,” and “stress-free,” emphasizing
the ease of use and the feeling of being understood. Many found
GRACE’s voice and appearance to be “pleasant,” “cute,” or
“friendly,” with others noting she gave “good feedback” and
created a sense of receiving full attention, even if it was
“pseudo-interest.” Several participants appreciated the exercises,
especially memory and breathing exercises, citing them as
engaging and motivating. GRACE’s character was also
described as “sympathetic,” “positive,” and “polite,”
contributing to the experience of a supportive and approachable
interaction partner.

At the same time, participants offered constructive suggestions
for improvement, pointing to areas that could strengthen
engagement and usability. Most notably, concerns were raised
around the technical quality of the voice (eg, “too technical,”
“not so pleasant,” and “mechanical”), slow system responses,
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and occasional misunderstandings in speech recognition. Some
participants desired greater personalization in the interaction,
such as tailoring the pace of exercises or receiving feedback
that felt less generic. Suggestions also included expanding the
scope of features, such as adding a button, screen use, or more
varied exercises, and incorporating a more human or familiar
appearance, while carefully clarifying that GRACE is not a real
person. A few noted that the interaction felt “short” or
“superficial,” suggesting potential for deeper engagement in
relational continuity in future iterations.

Additional comments reiterated the need for more flexibility,
both in terms of content and delivery. Participants proposed
more background noises for the breathing exercise, more open
conversational exchanges, and the option to personalize
GRACE’s appearance or voice (eg, offering a male voice or
selecting a familiar face). While some questioned the added
value over existing VAs like Siri, others particularly emphasized
GRACE’s potential in supporting people experiencing loneliness
or cognitive decline. A particularly insightful remark highlighted
that “GRACE’s productivity is not just about reducing
loneliness” but also about sparking memory, interest, and
emotional connection through personalized keywords or
emotionally salient cues, which may be relevant for future use
in dementia care.

Altogether, these results provide compelling early evidence that
GRACE can foster both functional and relational engagement
with older adults, meeting core criteria of usability, enjoyment,
and alliance formation. When interpreted alongside the
qualitative feedback, it becomes clear that the perceived success
of GRACE hinges not only on task performance but also on
emotional, aesthetic, and interpersonal dimensions that
contribute to a meaningful user experience.

Comparison With Own Prior Work
This section briefly compares the significant improvement of
outcomes in this study with a previous pilot study that was
conducted with an earlier version of GRACE in healthy younger
adults [19,20]. Here, several key differences can be highlighted.

Design Enhancement
In response to prior feedback, GRACE’s color was adjusted to
create a warmer and more inviting visual appearance (from gray
to yellow/orange). Additionally, an LED light was also inserted
to indicate to users when GRACE was waiting for a response
and when it was not. These design shifts may have positively
influenced user perception and emotional engagement with the
system. Furthermore, the current version of GRACE delivered
an additional intervention—an animal guessing game, which
may help users become more familiar with its interaction style
earlier on. The idea behind this additional intervention was to
help users get familiar with interacting with GRACE in an
exercise and add more cognitive interventions as part of
GRACE’s service. Therefore, adding this simple intervention
could potentially reduce initial resistance and confusion to
interaction and improve receptivity to the system’s guidance.

Better Alignment With the Target Population
Participants in this pilot study were more closely matched with
the intended user group (people with early dementia) regarding
demographics and needs. The closer alignment likely contributed
to increased relevance, engagement, and PU of the system. The
idea behind slowly moving toward the target population was to
ensure a safe and ethical approach to reaching vulnerable
population groups, where the technology should first be tested
among healthy adults, reiterated, tested among healthy older
adults, reiterated, and then finally presented to other relevant
stakeholders involved in dementia care. Once more, feedback
is incorporated from this group of stakeholders; only then would
GRACE be tested among people with early dementia.

Use of Participants’ Native Language
Unlike the first pilot study, this study conducted interactions in
the participants’ native language—German. Language is a
crucial component for trust building and user comprehension.
Conducting the interaction in high German (not Swiss German)
likely reduced the participants’ cognitive load, minimized
misunderstandings, and even made the system feel more
inclusive and accessible. In multilingual settings, such as those
in Switzerland where the study was conducted, even subtle
linguistic mismatches can impact the perception of relevance
and credibility. By aligning linguistic communication with
participants’ cultural context, this study likely enabled more
natural interactions and a deeper sense of being understood.
Moreover, native language may have helped convey empathy
and nuance, which are particularly important in health and
well-being domains, where the tone and phrasing matter greatly.

Comparison With Related Work
Our findings align with previous research, indicating that older
adults are receptive to VAs, particularly when these are designed
to be intuitive, emotionally engaging, and relevant to users’
needs [17,32,35-38]. GRACE’s high usability and enjoyment
ratings echo studies emphasizing the value of speech-based,
low-barrier interfaces for older populations [33,34]. Similar to
social robots like NAO or robotic pets [46,47], GRACE fostered
a sense of being heard and respected, supporting past evidence
that effective engagement enhances users’ experience.

A recent study has also started exploring the use of VAs to
deliver individual CST to people with dementia, initially tested
with a very small sample of family members and informal
caregivers [85]. Their preliminary findings hinted at acceptance
and technical feasibility by the participants. Based on this pilot
study, we believe that GRACE provides a more holistic
approach to CST by embedding engaging socially interactive
intervention components to enhance emotional connection and
provide cognitive support and user engagement.

GRACE’s hybrid rule-based and LLM design may explain the
balance between PC and conversational flexibility. This reflects
recent work, suggesting that combining transparency with
adaptability can improve trust and usability in health-focused
VAs [52,62,65]. However, some participants still perceive
GRACE’s responses as “mechanical,” consistent with concerns
about emotional nuance and speech naturalness in LLM systems
[57,63]. This echoes broader critiques of LLMs in the health
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care context, particularly regarding their ability to generate
responses that are grammatically correct but factually inaccurate,
emotionally misaligned, or culturally insensitive, which poses
particular risks when interacting with older adults or individuals
with cognitive impairments [86]. Moreover, the opacity of
LLM-generated dialogue poses ethical challenges around
accountability and safety, especially when users interpret the
VA’s output as clinically authoritative [87]. Additionally, the
opaque nature of LLM decision-making makes it difficult for
users to anticipate or control responses, which may undermine
trust [88]. Requests for personalization (eg, voice, pace, and
feedback content) resonate with studies calling for more tailored
and culturally sensitive VA designs in older adult care
[10,12,39,66]. Notably, some users experienced GRACE as
more than just a tool, highlighting memory, meaning, and
emotional connection, which extend prior findings on the
potential of VAs to support not only functionality but also
relational and emotional well-being [40,44,51].

Our findings underscore the importance of control and
personalization in the design of VAs for older adults and
dementia care. Prior studies have shown that older adults
emphasize the importance of thoughtful language, appropriate
tone, and personalization when designing conversational agents
for individuals affected by dementia [89]. Moreover, older adults
value the ability to control the interaction and engage with
systems that reflect cultural and contextual relevance [90,91].
Cultural appropriateness, language use, and visual or
conversational representation play a key role in making
intelligent systems feel relatable and comfortable to use,
particularly among racially and culturally diverse older adults
[92]. Furthermore, users’ perceptions of empathy are shaped
by how well the systems acknowledge and respond to aspects
of users’ identity, such as race, disability, and lived health care
experiences [93].

Limitations and Future Work
In future work, we plan to reiterate GRACE based on this
study’s feedback and conduct interviews with other stakeholders
such as caregivers, family members, and health care
professionals to obtain their perspectives on GRACE. Such
insights could be beneficial in identifying other interventions
that may be useful for people with dementia or ways in which
communication between GRACE and the user can be enhanced.
It may also be beneficial to speak to health insurers and service
providers to identify scalable solutions for implementing
GRACE within the dementia community, so that they may be
considered for future research directions that focus more on the
implementation of GRACE within the community.

Although this study shows preliminary results that delivering
interventions to older adults with embodied VAs is positively
perceived, the effects of the interventions and the relationship
between them remain unknown. A next step would be to test
such interventions with individuals at risk of developing
dementia, that is, those with mild cognitive impairments or
subjective cognitive decline, to get closer to the target
population. Additionally, integration of interventions, such as

reminiscence therapy, which allows older adults to engage in
conversations that evoke meaningful memories and foster
emotional well-being [94], or cognitive storytelling [95,96], has
shown promise in improving mood, reducing stress, and
enhancing cognitive engagement in older adults [94-96]. These
intervention examples may be used in future versions of
GRACE, arising from existing research.

A potential limitation of this study is the possibility of social
desirability bias, whereby participants may have provided more
positive evaluations than they felt [97]. This bias can be
particularly relevant in face-to-face settings, where participants
may wish to please the research team or provide favorable
evaluations of a new technology. While we cannot fully exclude
this bias in participants’ responses, we actively mitigated the
risks by using anonymized questionnaires and having the
interviews conducted by student researchers outside the study
team. These measures reduce the likelihood that participants
felt pressured in their responses, and that the consistently high
ratings likely reflect the system’s design refinements and closer
alignment with the target population. Nonetheless, subtle forms
of social desirability bias may still have influenced the findings,
as is common in studies relying on self-reported perceptions.

Another potential limitation that must be mentioned is that the
postinteraction technology acceptance questionnaire was
constructed ad hoc from items adapted from prior work rather
than using a standardized, validated instrument. While this
approach ensured alignment with the specific aims of our study
and comparability with earlier research on conversational agents,
it may limit the generalizability of our findings and complicate
direct comparison with studies that apply standardized scales,
such as the technology acceptance model. Future work should
consider validating these adapted items or adopting established
measures to strengthen comparability and robustness.

More work will also be needed to adapt VAs, especially
speech-to-text engines, to older adults’ speech dynamics.
Furthermore, speech-to-text and text-to-speech engines cannot
efficiently work with dialects, such as those found in Swiss
German. Swiss researchers have created speech corpora, which
may be able to be used in future iterations of GRACE, to provide
native language communication for Swiss German users [98].

Conclusions
This work developed and evaluated a reiteration of GRACE
that provided cognitive interventions to healthy older adults.
Technical feasibility, technology acceptance, and working
alliance were evaluated with overall positive assessments.
Participants notably enjoyed the unambiguous interactions with
GRACE, while the interventions offered were deemed
appropriately challenging. Suggestions for future improvement
include expanding the use of physical features, such as the
screen and a button, and implementing more exercises and
open-conversational abilities. This work demonstrates that
embodied VAs can be positively used to deliver cognitive
interventions to older adults. Results from this work will inform
future iterations of GRACE, where additional interventions will
be identified and tested among people with early dementia.
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