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Humanoid Robot Personalised Serious Games in an Older Adults’
Care Center *
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Abstract— Most countries are ageing rapidly, creating
significant challenges in providing adequate care to elderly
population. Older adults’ care centers face several difficulties
in ensuring support able to address their diverse needs, due to
several factors including increasing caregiver shortages, high
variability in cognitive and health conditions of elderly, and
challenges in delivering personalized interventions to them.
Additionally, maintaining elderly engagement during cognitive
training is often problematic due to the repetitive and
impersonal nature of involved tasks. To address these
limitations, we carried out a study investigating the use of a
humanoid robot to deliver interactive, personalised serious
games based on older adults' personal memories, to enhance
relevance and engagement for them. The proposed approach
has been evaluated in a trial conducted in a center for older
adults, involving users with varying cognitive abilities. Results
indicated that the personalised, robot-delivered cognitive games
were well received by them, with a positive impact on their
experience.

I. INTRODUCTION

The demographic situation of developed countries is
characterised by an increase in the elderly population, which
puts several challenges in addressing the demand for
strategies able to manage age-related cognitive decline, a
situation that can compromise the functional autonomy of the
elderly and their ability to execute essential daily tasks, with
impact on their overall quality of life. To counteract that,
non-pharmacological approaches, including cognitive and
physical support, are increasingly requested, as they not only
mitigate age-related cognitive decline but also indirectly
improve overall well-being ([1], [2], [3]).

A common strategy for coping with cognitive deficits is
cognitive training, which aims to improve specific cognitive
domains through repetitive practice of tasks. This method can
target single or multiple cognitive functions, such as memory,
attention, and executive abilities [4]. Traditionally, these
interventions are administered via paper-based exercises
(although computer-mediated approaches are increasingly
utilised), and in groups. Residential care facilities and day
care centres are typical settings where such interventions are
provided. However, they currently face critical challenges,
including caregiver shortages, variability in cognitive and
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health conditions among hosted older adults, and difficulties
in delivering effective interventions, due to the increased
commitment required from caregivers, who have escalating
demands. Thus, it becomes increasingly clear that the
development of more sustainable and effective solutions to
support older adults with cognitive decline in such settings is
crucial, also considering the rising healthcare costs associated
with ageing. In this regard, some studies focusing on care
facilities have shown promising results. For instance, Carros
et al. [1] undertook a case study in a care home involving
groups of residents, caregivers, and managers as
stakeholders, discussing both enablers and barriers to the
potential implementation of robotic systems in such settings.
Their results indicate that the residents were positively
engaged in the training sessions moderated by the robot, and
that such systems, if appropriately designed and put carefully
in real-life contexts, can have positive impacts on care home
inhabitants, also being useful to gain more individual human-
human time in such care settings (caregivers can have more
time to interact with persons in need of care).

Indeed, assistive technologies ([5]) can offer important
support for older adults in carrying out their daily routines
and are also useful in cognitive rehabilitation programs.
However, an obstacle to the efficacy of cognitive training is
represented by the need for sustained engagement over
prolonged periods, whereas the adherence to cognitive
training protocols is frequently compromised by several
factors ([6]). A recurring issue is represented by the high
dropout rate caused by task repetitiveness, and in turn this
lack of engagement impacts the potential benefits of these
interventions. In this situation, the integration of advanced
humanoid robotics, characterised by human-like attributes
and behavioural patterns, presents a promising avenue for
enhancing user engagement. This is because social robots can
deliver cognitive training in a more interactive manner,
thereby addressing the problem of task repetitiveness and
potentially improving adherence. In addition, in humanoid
robots, the integration of natural interaction modalities, such
as speech and body language, not only helps in fostering a
more comfortable and engaging user experience and social
communication (also potentially reducing anxiety associated
with technology use), but also minimises cognitive load
associated with technology adoption, allowing users to focus
only on the cognitive task to perform.

While social robots can provide emotional support and
consistent engagement, the inclusion of interactive serious
games within the cognitive training delivered by humanoid
robots introduces additional benefits that are crucial for
targeted cognitive stimulation intervention. Serious games
can provide structured control over different levels of task
difficulty and relevant feedback to users, thereby better
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ensuring that the training remains challenging while
achievable. Interactive serious games leveraging specific
game design principles and cognitive objectives can create
engaging experiences that should encourage users to persist
in tasks that might otherwise be perceived as repetitive.
However, providing the same game to all might not be an
optimal solution, since older adults exhibit a wide range of
characteristics, life experiences and preferences. To this aim,
we propose to personalise games using information derived
from facts, events and memories taken from older adults’
own lives. While this ‘life-based’ personalisation approach
has been previously explored in mobile application contexts
[7], our study exploits social robots which, thanks to their
human-like and embodied features and interactions, help in
creating a more emotionally engaging experience, fostering a
feeling of interaction with a ‘social partner’. This should
potentially lead to improved adherence and outcomes. This
type of personalisation approach was initially explored with a
group of static games proposed to a homogeneous group of
users (MCI participants) [8] in a laboratory study. In this
paper, we report on a study carried out in a different real-
world setting, a long-term residential eldercare facility
handled by a social cooperative providing various services to
elderly people, with a set of games specifically designed for
this setting and integrated with a large-language model
support.  The eldercare centre hosts non-self-sufficient
persons who cannot be cared for at home and require specific
articulated health-related support (residential care). Beyond
these users, the facility also provides support, via its daycare
centre, to people with cognitive-behavioural disorders, and
people in need of rehabilitative treatments, who thereby need
just temporary support. Thus, our study considered a
heterogeneous (from a cognitive point of view) group of
people. To further address user heterogeneity and ensure that
all remained motivated and felt a sense of accomplishment
over gameplaying, we included various levels of difficulty in
games, and introduced an additional game that, leveraging a
large-language model, creates a story based on an elderly’s
life memory and asks users some questions about it.

The research question of this work is to understand how the
provision of humanoid robot-delivered serious games,
personalised considering older adults' personal life memories,
can affect the user engagement and user experience of elderly
with varying cognitive abilities in an older adult care center.
A preliminary introduction to these games is in [9]. In this
paper, after discussing related work, we present our approach
to humanoid robots personalised serious games for cognitive
training, by describing the prototype platform we designed
and implemented to support the games that were considered
relevant for the target settings. Then, we report on how we
organised and conducted a trial in the care centre, involving
12 older adults with varied cognitive profiles. Lastly, we
discuss the lessons we learnt from the trial, with indications
for future work.

II. RELATED WORK

Social robots have recently been considered for
supporting cognitive stimulation activities for older adults
because the flexibility provided by their embodiment can
make them engaging and interactive through various
modalities, while also potentially alleviating the need for

human facilitation [10]. Indeed, potential difficulties that can
be encountered when deploying robot-based interventions in
real settings are highlighted in [1], mentioning e.g.
unpredictability of robot’s actions, expectation mismatch due
to robot’s humanoid appearance versus its actual capabilities.
Yuan et al. [11] examine, from care staff perspectives, the
benefits and challenges of using different types of social
robots in real-world, arguing that robot deployment in care
requires balancing benefits for both caregivers and care
recipients, ensuring alignment with their needs and interests.

The increased flexibility associated with social robots has
roots in robots’ physical appearance itself, as well as their
multi-modal interaction and perception capabilities. Indeed,
some work supported the importance of physical embodiment
[12] in increasing participants’ engagement [13].
Furthermore, Lopez et al. [14] pointed out that cognitive
games presented on a robotic interface have been found to be
more effective than those on a non-robotic one. Since
cognitive stimulation should last a relatively long time to
reach some therapeutic effect, an issue typically associated
with cognitive training is that users tend to lose interest and
motivation after a while, with potential negative effects on
the associated outcomes. Personalisation is a common
strategy for enhancing engagement and adherence to training
by increasing motivation and using content that is more
relevant and appealing to users. A study [15] reported on the
use, in a long-term facility, of a social robot able to provide
person-centred cognitive interventions in the form of a
memory card game, where the robot personalises its
behaviour based on a person’s user state and task compliance.
Among the aspects that can be considered for personalising
robot behaviour when providing cognitive training, we
focused on leveraging personal memories and past events
associated with older adults’ lives. Some previous work
somehow already considered life-based content for
personalising training. For instance, robots were used to
facilitate reminiscence therapy to improve the mood and
communication of people with Alzheimer's disease [16].
Also, Kasap and Magnenat-Thalmann [17], and Sanchez et
al. [18] exploited autobiographical information for enhancing
engagement in long-term interactions with a human-like
robot. Edirisinghe et al. [19] explored the possibility of
acquiring knowledge about users through friendly
conversations to recall such info during the next interactions
and to improve long-term human-robot social interactions.
However, in all such cases, the memories were mainly used
for provoking emotion-related bonding with users in long-
term relations by exploiting the recollection of past important
events and to improve the relevance of user-robot
conversations. Differently from these pieces of work, we
exploit the content associated with biographical memories
drawn from users’ past lives to personalise the training
content for older adults, a topic that has not been considered
much in previous work. The benefits of focusing on
information related to the elderly’s past life is also
highlighted by a recent study by Zhang et al. [20], which
recommend, when designing games for the elderly, to
consider psychological elements that e.g., evoke nostalgia in
users, to enhance motivation and have positive effects when
playing with them. In a recent paper [21] information from
the past is exploited for enhancing training content to
cognitively engage older adults hospitalised in a geriatric care
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unit: a semi-immersive musical game called “A Life in
Songs” allows patients to immerse themselves (the users
wear VR glasses to explore the environment) in a past era
through visuals and songs from that period. While that study
has some similarities with our work, the Ilevel of
customisation provided seems very limited, as it is not based
on information connected with each person. Also, social
robots were not considered.

Still regarding the aim of improving elderly motivation in
playing with cognitive serious games more frequently, recent
studies have started to integrate generative Al techniques in
serious games (see e.g. [22], [23], [24]), as it is believed that
such technology can provide several benefits in the realm of
game adaptation. Indeed, large-language models provide
access to a vast amount of information which can be used to
vary the game content as well as to enhance game
personalisation. In this regard, one approach used in past
work is to dynamically adapt the difficulty levels of the
games. For instance, Zuo et al. [24] proposed an LLM
integrated into a VR jigsaw game to dynamically balance
game difficulty based on the user’s errors and vocal inputs.
The game collects active metrics such as operation time and
accuracy, as well as passive data like eye-tracking and
controller tremors, and regularly sends them to the LLM for
analysis. The system enables dynamic difficulty adjustments
within eight different difficulty levels, considering factors
such as player’s reaction time, concentration, and motor
coordination. Differently from this previous work, our study
was carried out in a real setting, also including an LLM-based
serious game delivered by a humanoid robot to provide
cognitive training to the elderly.

Xu et al. [7] presented a serious game app and a method
to create and integrate personalised game content based on
lifelog visual analytics. However, those authors used a
mobile app and involved in the experiment older adults
without any cognitive impairment; instead, we aim to
investigate the potential of embodied humanoid robots in
cognitively stimulating elderly with varying levels of
cognitive decline. Overall, from this analysis it emerges that
studies on the use of personalised robotic games for cognitive
training in real care centres have not been sufficiently carried
out, and we aim to fill this gap.

III. THE APPROACH

We have designed and developed a prototype platform
able to collect personal memories from older adults' lives
and then deliver serious games exploiting such personally
relevant information using a humanoid robot. The games’
design was based on information related to the participants'
biographies, making the interactions potentially more
meaningful and engaging while also providing cognitive
stimulation. The platform includes a memory collection app
and a set of games that use such memories through Pepper.

A. Caregivers’ Game Design Input

The selection and the design of the game types were
based on a semi-structured interview conducted in September
2024 with two psychologists from the care centre. The goal
of the interview was to understand the needs and preferences
of the nursing home residents, to ensure that the games were

relevant to them, and to provide cognitive stimulation while
remaining interesting. The psychologists recommended
designing games that are closely related to usual, concrete
elderly tasks/activities, and which are not too complex, to be
able to engage all older adults. This discussion inspired the
idea of focusing on familiar activities for the games, which
thereby included activities such as listening to music (which
led to the Music game, see next section for the description of
games), organising daily routines (Reorder Activity game),
playing memory games with users’ photos (Memory),
storytelling games, based users’ personal memories (Memory
Story quiz) and completing proverbs (Complete proverb). It
is worth noting that, originally [8], the “Complete Proverb”
game considered completing memories, however caregivers
suggested considering completing proverbs instead. In
addition, to provide a varied game experience for the elderly,
able to challenge them in a way suitable to each user, we
decided to introduce an adaptive difficulty mechanism where
the complexity of the tasks increases proportionately with the
player's progression, to ensure that the difficulty level
remains appropriately challenging (but not frustrating) and
continues to be engaging as the user’s skills improve.

A. The Prototype

We have designed and developed a prototype application
to provide serious games that utilise personally meaningful
information from older adults' lives, presented through a
humanoid robot. To simplify the collection of memories, we
utilised Remind [25], a responsive web application aimed at
supporting the collection and saving of personal memories
into six different categories, depending on their content:
Music, Events, Games, Places, Affects and Hobbies. Then,
considering the literature and the suggestions of the
caregivers who assisted the older adults, we designed and
implemented five serious games having three different
difficulty levels (easy, medium, and hard), and exploiting the
content contained in memories. At the beginning of each
game, all users started at the easy level; then, in subsequent
game sessions, they resumed at the highest difficulty level
they had reached in their previous session.

e Proverb Completion: Pepper presents a proverb with a
missing word and the user must complete it by choosing
from three options. Approximately thirty Italian proverbs
were selected and categorized into three difficulty levels
based on their everyday usage. Easy: at this level we use
proverbs that are very common/well-known and have a
rhyme; Medium: less-known proverbs, with no rhyme;
Difficult: longer and less frequently used proverbs.

e Reorder activities: It involves arranging a set of actions
in the correct order to complete an elderly’s daily task or
one of the user’s hobbies. Easy: 3 activities to order;
Medium: 4 activities; Difficult: 5 activities. During the
memory collection phase, each user was asked to
indicate at least four hobbies they used to practice.

e  Music Quiz: The user listens to a meaningful short clip
of a song and is challenged to identify the title (Easy
level), the artist (Medium), or part of the lyrics (Difficult
level), choosing from three options. In this game, the
song played is related to the year of a specific memory.
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e Memory: The user is presented with a set of 6 or 8
images (depending on the difficulty level) that they must
match (in pairs), to complete the game. At the Easy
level, the game shows 6 cards for 30 seconds; Medium: 8
cards shown for 25s; Difficult: 8 cards shown for 25s.
For this game, we used some photos that users shared
during the memory collection phase.

e  Memory Story Quiz: This game uses GPT-4o to create
a personalised story based on a user's memory. Once the
story is generated, the user must answer a set of
questions related to it and tailored to the difficulty level:
Easy: a story is created on the basis of the user’s
memories and the user profile (in this case GPT does not
add anything else), then, 3 quizzes (related to the story)
are submitted to the user (each question has 3 possible
answers); Medium: a story is created based on the user’s
memories and four related quizzes are submitted to the
user: 2 of them relate to the user’s memory, the other 2
relate to a part of the story added/invented by GPT;
Difficult: the story is still created from user’s memories,
but in this case 5 quizzes are submitted to the user: 2
relate to the user’s memory, the other 3 relate to the part
invented by GPT. The rationale is that the part invented
by GPT should be more difficult to remember since it
does not belong to the user’s life experience.

It is worth mentioning that the games varied in the
manner they supported personalisation based on users'
memories. For instance, Memory Story Quiz was one of the
most personalised, through explicit narrative integration of
individual user-provided memories, whereas Proverb
Completion was one of the least personalised, as it mainly
relied on general cultural references. Also Memory game was
highly personalised, as the images used for matching were
photos shared by the wusers, thus directly integrating
personalized visual content into the game. The remaining
games (Reorder Activities and Music Quiz) offered in-
between levels of personalization. For instance, for Music,
the songs were not a specific personal artifact from the user’s
life, but they were well-known songs of a specific time in the
past. Thus, there was an association between music songs and
the timeframe of user’s provided personal memories, with the
goal of evoking emotions tied to past experiences (e.g., bring
back memories and feelings for emotional connection and
nostalgia). For Reorder Activities, personalisation was
achieved by providing, during the memory collection phase,
hobbies that users explicitly indicated. However, in case the
elderly were not able to provide any hobby, the game was
based on reordering usual daily living activities (this was
done based on the suggestions provided by the caregivers),
thereby it was aimed to stimulate planning abilities and there
was no particular emotional context involved.

Once the game session starts, the robot downloads the
user’s memory data from the backend and uses it to
personalise the exercises according to their content. After
logging in, the users access the game menu, where they can
select a game either through voice or by interacting with the
tablet’s touch screen placed on the chest of the robot. During
the interaction with the user, the robot provides various vocal
feedback and animations to generate a more natural human-
robot interaction. At the end of the session, the application

presents a detailed report about the exercises performed,
allowing users to monitor their progress.

IV. THE TRIAL

The study was carried out in collaboration with a social
cooperative providing various services to the elderly and
involved both residential users and those who access the
centre only for some hours per day. Prior to the start of the
trial, all participants also provided written informed consent,
which included a detailed explanation of the study’s
objectives, procedures, timeline, and data management
protocols in compliance with the General Data Protection
Regulation. This consent was signed by each elderly
participant involved in the trial. The trial started in October
2024 and was completed in January 2025.

A. Participants

Twelve users (4 females) were involved in the trial. The
average age of the users was 78.8 (St. Dev. = 11), with ages
ranging from 61 to 94 years old. Users had various cognitive
levels. Using MMSE, a 30-point questionnaire for measuring
cognitive impairment (where a score >=24 is considered
normal; MCI: 19-23; moderate impairment: 10-18; severe
impairment <=9), their MMSE scores were between 18 and
30. Four out of 12 attend the day care programme (typically
only in the mornings and on specific days of the week), while
the remaining 8 users live full-time in the nursing home.
Regarding their MMSE, the four users of the day care center
were those, according to the MMSE, more compromised
cognitively (on a 1-30 scale, MMSE Mean: 20.5; St.Dev.:
2.38), whereas for the users living in the nursing home
MMSE Mean: 27.25 (St.Dev.: 2.49).

Figurel. Pepper interacting with a user of the residential care.

The trial was structured in three phases. In the first phase,
the research group introduced the robot to all the residents in
the nursing home for familiarisation purposes: the robot was
presented, and users who wished to interact with it tried
some games with the robot, while all the other users watched
the interaction (see Figure 1). In the second phase, two
researchers met the participants and the caregivers to
describe the project’s objectives; then, in the following
weeks, the researchers conducted one-on-one interviews to

Manuscript 479 submitted to 2025 34th IEEE International Conference on Robot
and Human Interactive Communication (ROMAN). Received March 31, 2025.



CONFIDENTIAL. Limited circulation. For review only.

collect the participants’ memories using the Remind web
application. The third phase focused on game sessions with
Pepper: each user completed four game sessions, each
lasting approximately 20 minutes. The various sessions of
the trial were regularly scheduled in a specific morning slot
(usually dedicated to cognitive/recreational activities)

B. The Sessions

Each user played with all the games in 4 sessions, playing
in each session at least once each game, but not following a
fixed order: they chose the game to start with and then
proceeded until all the games were played. After playing each
game, users evaluated how much they liked it using a 1-5
scale (1: not at all; 5: very much). At the end of the four
sessions users answered the (Italian version of the) GodSpeed
questionnaire [26], to measure user’s perception and attitude
towards the robot (on a 1 to 5 scale), focusing on
Anthropomorphism (how much the user attributes human-like
qualities to the robot), Likeability (how much the user finds
the robot likable or appealing), and Perceived Intelligence
(how intelligent the participant perceives the robot to be).
Also, we submitted other ad-hoc questions, indicated below.

C. Results.

Game-based Metrics.

a) Game Time. On average (all the following values are in
seconds), the games that took the least time were Music
(Mean: 12.6; St.Dev.: 5.9) and Proverb Completion (Mean:
20.3; St.Dev.: 7.6). This is somewhat expected, as they were
the games that required just one answer, whereas the other
ones required more than one step for completion. For the
other games’ mean time: Memory (Mean: 104.3; St.Dev.:
44.5), ReorderActivities (Mean: 95.3; St.Dev.: 19.1),
GPTStory (Mean: 102.1; St.Dev.: 11.8).

b) Errors. As for the average number of errors per
game: Memory was the game associated with the highest
average number of errors (Mean: 2.0; St.Dev.:1.6), whereas
the game with the lowest number of errors, on average, was
Music (Mean: 0.6; St.Dev.:0.4). As for the other games, we
had as average number of errors the following values:
ProverbCompletion (Mean: 0.8; St.Dev.: 0.2),
ReorderActivities (Mean: 1.3; St.Dev.: 0.2), GptStory (Mean:
1.2; St.Dev.: 0.8). Instead, the average number of errors
per session had a peak in session 3 (Mean: 2.0; St.Dev.:
=0.3), whereas in the other sessions it was lower (sessionl:
Mean: 1.2; St.Dev.:0.4; session 2: Mean: 1.3; St.Dev.:0.3;
session 4: Mean: 1.2; St.Dev.:0.2). Also, it comes out that in
three games out of five (GptStory, ProverbCompletion, and
Music), most users reached their highest levels (‘medium’ or
‘high’) just in session 3, which can explain the increased
number of errors in session 3 (users likely experienced an
increased game complexity in that session).

¢) Maximum difficulty level reached. Fig. 2 shows, for
each game level, the percentages of users for which that level
represented the maximum they reached. It is worth noting
that, in some games, after reaching their highest difficulty
level, some users did not maintain it till their last session
(some of them occasionally reverted to a simpler level). As
shown in Fig.2, on the one hand, in the ProverbCompletion,
GptStory, and Music games, most users progressed in

gameplaying, reaching the highest level (‘hard”). On the other
hand, Memory had the highest percentage of users who did
not progress (41.7% of users, corresponding to 5 out of 12
users, remained at the initial level in all the sessions). By
analysing the data further, 3 out of such 5 users were of the
day care centre and had the lowest MMSE scores (18, 19,
22), indicating that Memory was particularly difficult for
users who were more compromised cognitively. We also
performed a correlation test to see if there was any
correlation between MMSE values and levels reached in each
game (where easy=1; medium=2; hard=3). Using a Spearman
correlation test (as the two distributions were not normal)
with a Bonferroni correction, we got a significant positive
correlation between MMSE and difficulty levels of GptStory
(tho=0.74; p-value=0.0056), and between MMSE scores and
difficulty levels of Memory (rho=0.70; p-value=0.0107).
Thus, in such two games, higher MMSE values correlated
with higher levels of game difficulty reached.

GptStory 3% 33,3%

ReorderActivities

ProverbCompletion

Music
Memory % 16,7%
0% 20% 40% 60% 80% 100%
M Easy Medium ™ Hard

Figure 2. Percentage of users and max difficulty level they reached.

The most/least liked game(s). In a 1 (lowest) to 5
(highest) scale, the game most liked by users was the
GptStory (M=4.29; St. Dev=0.99), followed by Music
(M=4.06; St. Dev=1.12) and Memory (M=4; St. Dev.=1.11)
which were both also well-received. Proverb Completion was
rated slightly lower (M=3.92; St. Dev.=1.15). Reorder
Activity (M=3.4; St. Dev=1.4) had the lowest rating (with a
higher standard deviation, thus, with greater variability in
users’ opinions), suggesting that structured sequencing tasks
may be less engaging for some users.

Godspeed Questionnaire. The robot got the lowest
average score in Anthropomorphism (M = 3.68, SD = 1.52),
while it was rated higher especially in Likeability (M = 4.65,
SD = 0.61) and in Perceived Intelligence (M = 4.12, SD =
1.43). The (relatively) low average score in
Anthropomorphism suggests that participants perceived the
robot as resembling human-like traits only to a relatively
limited extent. However, the robot’s more positive
assessment in Likeability and Perceived Intelligence suggests
that, although not seen as highly anthropomorphic, it was still
perceived likeable and competent, which are relevant factors
for user acceptance and engagement.

Additional Questions. i)Aspects most appreciated: a)
Entertaining and Varied Interactive Games. Four users said
that they enjoyed the games, noting that the experience was
engaging and fun; participants also appreciated that the
games were varied, which contributed to their engagement.
One particularly appreciated the novelty of the experience; b)
Storytelling and  personalization:  Three participants
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appreciated the robot’s ability to engage, particularly in terms
of telling stories related to their own lives (U3: [ liked that it
told a story related to my life), or in terms of its ability to
recall previous interactions with the user; c¢) Challenges,
performance, and cognitive stimulation. Three users
appreciated that the robot provided them with cognitive
challenges. In this regard, one user acknowledged that the
robot helped to train memory, though the user also felt to be
"tricked" by it, particularly when asked to reorder activities.
Also another user mentioned that the robot "tricked" him,
which anyhow seemed an aspect that the user found amusing.
One wuser expressed (surprised) satisfaction for the
performance obtained in the games (according to the game
score): “I mever expected to get that score!”. d) Robot’s
physical appearance. One user commented positively on the
robot’s appearance, describing Pepper as cute; another user
appreciated its lively and engaging behaviour (User 2: "/
liked it because it's like it's alive”). ii)Aspects least
appreciated: 6 users said that there was nothing they
appreciated least; two just replied “I don 't know”. As for the
remaining users, one expressed a bit of frustration when some
issues (not related to the developed prototype) occurred, such
as speech recognition problems and network issues; one user
sometimes perceived the robot’s response to the user’s inputs
a bit slow. Lastly, one user expressed some concerns about
the Proverb Completion game: while appreciating the
cognitive challenge posed by it, the user found some proverbs
as being a bit too localised (e.g., with region-specific
content), thereby limiting their effectiveness. iii) Were the
interactions with the robot games as you expected? Six
people said yes: one was particularly intrigued by speaking
and playing with a robot and found it very intelligent; three
replied not to have specific expectations; one said not to have
an answer. However, two users said that the interaction was
not the one they expected: one said that he expected a robot
like those seen in movies, thereby more intelligent and
autonomous; another one said that while it was not what
expected, it anyhow sparked curiosity and likability. iv)Was
there anything you found difficult during the
interactions? Nine people said not to have found anything
difficult in the games. Two said that they sometimes
perceived difficulties, but they were not able to precisely
remember them; the remaining user reported that, over time,
he became increasingly accustomed in understanding the
robot. v)Did the robot games make you feel comfortable
during the session? All the participants, apart from one,
reported to feel at ease with the robot, largely due to the
robot's friendly behaviour and engaging nature of the
interactions; however, one user mentioned feeling a bit
uncomfortable when providing incorrect answers (but feeling
at ease when providing correct ones). vijWould you like to
play with the robot again in the future? Nine people said
yes. Two expressed some reservations based on time (“/
wouldn’t say no, but I'm not sure for how long”) and
difficulty (“Not much, because you ask questions and provide
answers that I don’t know”). The remaining user replied not
to be willing to play again with Pepper (“No, because I have
too much to do”), because of other commitments. vii)Would
you recommend the games to other persons? The
recommendations were generally positive, with many users
(nine) mentioning the pleasure of playing the game as a key
factor in their willingness to recommend it. However, some

users expressed hesitation: two highlighted potential benefits,
especially for people older than them; the other user said not
knowing people he could recommend the games to.

D. Interview with the Caregiver

We interviewed the caregiver, who mainly followed the
elderly during the trial, to get her feeling about the study.

a) What do you think of each game and why? What
would you improve? The caregiver felt that some game
explanations/requests seemed a bit long, and people more
cognitively compromised could get lost in such cases (while
the others did not experience any difficulty). Also, the robot’s
voice was seen as sometimes a bit too fast. Furthermore, the
caregiver pointed out that some activities (such as Memory)
were unknown to all the elderly before the trial. In addition,
she noted that, while more compromised people had more
difficulties with games, less compromised people not only
did not experience difficulties, but they also felt cognitively
stimulated and readily participated in the trial, whereas
usually they do not participate much in the center’s group
activities as they do not see them as sufficiently
attractive/challenging for them. b) Were the difficulty levels
appropriate to target users? The caregiver noted that users
experienced some performance fluctuations: some days they
did at their optimal level, while other days they faced
difficulties, irrespective of the task difficulty, thereby
suggesting that external factors or individual conditions
might influence their abilities. In any case, the caregiver said
that ‘Reorder Activities’ was perceived as one of the most
difficult games for the elderly. ¢) How do you judge the
robot's behaviour? What would you change/improve? She
reported that the seniors were not at all intimidated by Pepper
- on the contrary, they perceived it as friendly (some even
shook its hands in greeting). d)Are there other games that
could be useful to consider for cognitively supporting the
elderly? She said that the activity of narrating to a robot their
life stories can be very valuable for older adults, and also
engage in a conversation based on their narrative. In her
view, the robot could help encourage users to share and
reflect on their memories, especially for healthier elderly
individuals who may have a lot to tell. In the caregiver’s
opinion, other games, such as the well-known "names, things,
cities," or games that include phrases and words with missing
letters might also be appropriate, as well as simple
mathematical games. e) Did the training have any impact on
the elderly (individually or as a group)? In the caregiver’s
opinion, no significant changes were observed in the elderly
participants. The elderly did not provide caregivers any
particular feedback on the study, possibly because —
according to her— the technology is outside their usual
experience and is perceived as distant from them. According
to her, they likely viewed the interaction more as an activity
to complete than something bringing lasting engagement. f)
Do you think the use of robot games was useful in
stimulating the elderly's interest/participation in the centre
activities? Apart from the situation highlighted before (more
capable users participated with more willingness to the
games, whereas usually they do not engage in activities
proposed by the centre) the caregiver did not notice any other
difference, noting that the elderly at the center already have
their own routine (which includes e.g. personal care, eating,
health checkup, recreation activities) on which they need to
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stick regardless of whether something new is introduced. g)
Are you satisfied with the experience with robot and the
games? Was the experience in the study aligned with your
expectations? In the caregiver’s view, it met expectations.
One issue was mainly related to users not understanding the
exercise immediately (perhaps the instructions need to be
communicated in a simpler manner). h) What were the most
positive aspects of the experience with the robot games? She
reported that it was an innovative and unexpected experience
for them, as they interacted with something outside their
usual world. i) Were there any negative aspects to highlight?
The main issue was that robot's requests were not always
clear to the listeners, which led to confusion sometimes. In
future evaluations, she recommended simplifying the
requests by using short, simple commands and ensuring that
Pepper's voice is clearly articulated. j) Was it easy to
integrate the use of robot games into the daily routine? She
reported that, although the schedules in nursing homes are
structured around caregiving routines, they managed to
smoothly integrate activities with Pepper. k) Would you
recommend using robot games in other eldercare centres?
She would recommend it for elderly not very compromised
cognitively, while for others, simpler activities would be
more appropriate in her opinion.

V. DISCUSSION

Personalisation to enhance engagement. Results from
both quantitative ratings and qualitative feedback highlight
personalisation as a relevant factor for user engagement in
robot-mediated cognitive training. In particular, the GPT
Story, designed around personalised narratives derived from
users’ own life experiences, received the highest average
satisfaction rating. Thus, users seem to find personalised
content particularly engaging compared to other games less
explicitly personalised, such as Reorder Activities, which, on
the opposite, received lower ratings. Also qualitative analysis
of users' responses supports this, confirming that
personalisation based on individual life memories contributed
to their positive evaluation of the interaction experience.

Game preferences. Our findings indicate a preference for
storytelling and music-based cognitive activities, over more
structured (e.g., ordering) tasks. As an implication for the
design of robotic cognitive interventions for older adults,
incorporating emotionally resonant content — such as
narratives and music — could enhance user engagement.

Robot perception. By analysing the results of the
GodSpeed, the (relatively) low average score in the
Anthropomorphism dimension suggests that users perceived
the robot as resembling human-like characteristics only to a
relatively limited extent. However, Pepper games more
positive assessment in Likeability and Perceived Intelligence
suggests that it was anyhow perceived as likeable and
competent, relevant factors for user acceptance. This
reinforces the idea that a robot does not need to be highly
human-like to be accepted, as the elderly seem to prioritise
perceived helpfulness and social presence. This aligns with
prior work [27] in human-robot interaction.

Game performance. We got significant positive
correlations between MMSE scores and levels reached in
Memory and GptStory, suggesting that users with higher

cognitive score performed better in memory-related tasks.
Also, users with lower MMSE had more difficulties in tasks
requiring memory recall (e.g., Memory). Instead, users with
higher cognitive functioning, not only progressed through
game levels (particularly in GptStory, Proverb Completion,
and Music) but also, as reported by the caregiver, participated
with willingness in robot-based activities compared to regular
group activities offered at the facility (which they usually do
not attend). Thus, integrating social robots into cognitive
training can enhance motivation/participation especially for
some groups, making it more appealing. Also, interventions
aimed at elderly should differentiate task difficulty to
maintain motivation, minimize frustration, and maximize
benefits across heterogeneous user groups. Finally, no user
reached their highest difficulty level within the first two
sessions: thus, multiple exposures are needed before
successfully engaging with complex tasks, reinforcing that
gradual learning is essential in elderly cognitive training.

Integration in care routines. The caregiver highlighted
that, in the considered setting, robotic activities need to be
included into established routines, which could involve some
issues, as previously acknowledged by Carros et al. [1] who
noted that structured daily schedules in elderly care settings
may limit opportunities for new activities unless carefully
aligned with existing workflows. In our trial, the activities
involving our games were successfully smoothly integrated
into the caregiving schedules of residential and day care
settings by putting them in the time slots usually dedicated to
cognitive/recreational activities, showing practical feasibility
without significant disruption. Thus, technology acceptance
in real-world care settings should rely on the ease of
integration into daily caregiving regular schedules. However,
some fluctuations in daily engagement among elderly (as
reported by caregivers) occurred: thus, successful deployment
of robot-delivered serious games in elderly care should
require flexible interventions that can adjust not only to the
varying user characteristics but also to their varying
situations.

Positively framing cognitive challenges. Users expressed
a sense of enjoyment despite acknowledging that they were
occasionally ‘tricked’ or misled by the robot. This suggests a
constructive attitude toward cognitive challenges. Thus,
cognitive interventions should leverage challenges framed in
a positive manner (e.g. as entertaining, thanks to the serious
game design), as these seem to motivate sustained interaction
rather than cause frustration among users.

VI. CONCLUSIONS

We reported on a study carried out in a real centre for
older adults, using personalised serious games delivered by a
social robot. By tailoring cognitive serious games through
individual life memories, our solution aims to address key
barriers identified in traditional cognitive training settings
(e.g. repetitiveness, limited engagement); also, by including
various levels of difficulty, it also aims to cope with other
barriers of current eldercare interventions (e.g. lack of
personalisation, users’ heterogeneity). Our findings highlight
the importance of game personalisation in such settings, to
enhance engagement among the elderly during cognitive
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training with social robots.

Future studies will consider more prolonged use of robotic
games and integrate the detection of the user emotional state
through several sensors to better assess their impact on the
older adults’ user experience.
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