
ERCIM NEWS 130   July 202224

Special Theme

Play with me! A Serious

Game for Cognitive

Stimulation of Older Adults

with a Humanoid Robot

by Eleonora Zedda (University of Pisa and ISTI-CNR),

Marco Manca and Fabio Paternò (ISTI-CNR)

Serious games in humanoid robots have an interesting po-

tential to help older adults with cognitive stimulation in non-

pharmacological treatments. Additionally, exploiting the

multimodal possibilities of the humanoid robots in such a

way to provide them with a personality can be suitable to

improve users' engagement, and thus their potential partic-

ipation in cognitive training programs.

The number of people aged 65 or older is projected to grow by
nearly 1.5 billion by 2050. Ageing has a considerable impact
on the health of older adults in terms of cognitive and physical
impairments, which influence the abilities to complete and
perform basic activities of daily living, such as cooking, shop-
ping, managing the home, bathing, and dressing. Additionally,
given the high healthcare expenditure at older ages, and effect
on family caregivers, new technologies to assist older adults
with cognitive impairments are urgently needed.

In recent years, humanoid robots have increased their similar-
ity to human behaviour thanks to their ability to perform ges-
tures and facial expressions, interact vocally and move. These
capabilities are essential to creating social and emotional in-
teraction with the users to increase their acceptability and en-
gagement, which may increase the possibility of reaching the
goal of the assistance in less time and with better results.
Furthermore, serious games can provide positive results in
stimulating older adults and helping them improve their cog-
nitive abilities with respect to traditional training.

This study aims to design and implement a serious game for a
humanoid robot able to show different personalities through
different multimodal interactions to provide a more engaging
interaction and obtain better results in terms of cognitive im-
provements.

At the HIIS Laboratory of CNR-ISTI [L1] we design serious
games that stimulate multiple cognitive domains for reducing
the risk of cognitive decline and build more powerful cogni-
tive resources [1].  In this study, we chose to design a cooking
game requiring users to recognise the recipe ingredients’
chronological sequence, the typology of the ingredients, and
their weight. It aims to stimulate working memory, visual
memory, and verbal memory. During the game, the robot
shows and vocally synthesises the ingredients for the selected
recipe. Then, it starts the quizzes, during which the user should
use visual memory and verbal memory to recognise the right
ingredients and select them over other options. In this game,
the types of interaction supported are vocal, graphical and
touching the robot sensors. The robot that we use in our proj-
ect is Pepper Robot developed by Softbank's Robotics  (a 1.2-
m-tall wheeled humanoid robot, with 17 joints for expressive

body language). During the user’s interaction, the robot can
show two different types of personality traits: a calm and in-
troverted personality, and an extroverted and active personal-
ity. We based the implementation of these personalities ac-
cording to the Big Five-Factor Model [2]. In summary, the ex-
trovert personality is shown through a more joyful and active
interaction while the introvert with a more neutral and calm in-
teraction. Both personalities are designed to modulate differ-
ent parameters related to the verbal and non-verbal channels.
In particular, for the verbal channel, we modulate the robot’s
intonation, pitch, volume rate and speech rate while for the
non-verbal channel we modulate the robot’s gestures, move-
ments speed, motor trajectories and motor orientation.

The sessions are structured into three main phases: introduc-
tion, play and results. In each phase, the robot shows the per-
sonality chosen modulating the parameters identified for that
personality. For example, when the robot asks the question re-
garding the chronological sequence of the ingredients, at the
same time it displays and vocally renders the question and
generates some animations. After the user answers the ques-
tion, reinforcing feedback is provided by Pepper in the form of
vocal feedback. Nonverbal feedback is combined with verbal
and visual feedback, for example in the extrovert personality,
Pepper raises the right arm and moves its elbow up and down,
and simultaneously it nods its head twice (see Figure 1).
During all the sessions, the robot provides different animations
and vocal and visual feedback for various aims: to stimulate
the user to focus on the game, create more engagement and
stimulate attention in the user, and create a more natural inter-
action and communication.

Figure�1:Animation�for�positive�answer�in�extravert�personality.

Figure�2:�Animation�for�positive�answer�in�introvert�personality.
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We performed a first validation of the game design with seven
experts in psychology, who played the game and provided pos-
itive feedback and found the game as a helpful tool for cogni-
tive stimulation. Indeed, the combination of the game and the
robot stimulate multiple cognitive domains and are useful in
the cognitive context because they improve engagement and at-
tention. For what concerns the evaluation of the robot person-
alities, the two personalities were found well distinguished and
representative of both conditions, and the users were satisfied
with the interaction with the robot performing both. In future
work, we plan to assess the engagement and usefulness of cog-
nitive assistance provided by a humanoid robot performing two
personalities with older adults in the serious game.
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For an equal access to education and more particularly

since the COVID crisis, there is a huge need for accessible

Massive Open Online Course  (MOOC) players for people

with cognitive impairment. Aïana is a new accessible

MOOC player, which has been co-designed by the stake-

holders (learners with cognitive impairment, teachers, ac-

cessibility designers, etc) and assessed with a field study

without an equivalent in the literature, including learners

with and without disabilities. Early interactions (with ac-

cessibility features), participation, learning and learner ex-

perience supported our contribution to designing a more

inclusive e-learning environment.

Aïana is a web media player [L1] meant to consume massive
open online course (MOOC) resources [L2]. It started as a re-

search project at Inria Bordeaux in the POTIOC team [L3] in
collaboration with the FLOWERS team and the Inria
Learning Lab (from 2016 to 2021). Its aim is to propose new
design principles for MOOCs in order to let people with dis-
abilities (PWD) (cognitive and non-cognitive impairments)
have a better experience when consuming the contents.

In order to contribute to the fight against the digital divide
in access to education and then to employment, our objec-
tive was to design and to assess a digital online teaching sys-
tem accessible to People With Disabilities (PWD), particu-
larly of cognitive origin, by adopting a truly inclusive ap-
proach: 
• No "PWD-specific" response but instead open to all;
• No focus on a specific pathology, but rather on cognitive

function disorders (attention, memory, emotions, etc.);
• Strong involvement of people with disabilities upstream

for the design and downstream to validate the design
choices.

Participatory design of Aïana

As there was no complete state-of-the art model of digital sys-
tems for inclusive education, we started by carrying out a sys-
tematic study [1] that validated the absence of a suitable re-
sponse both in terms of research and software solutions.

We then decided to develop a MOOC player (Aïana) and in
order to develop a really efficient and used tool, stakeholders
(PWD students, experts) were involved from the beginning of
the conception via individual interviews (collection of obsta-
cles and needs, paper mock-up of GUIs). This allowed us to
define several principles [2] (Figure 1):
• Separation of information flows (video, slides, com-

ments) in order to facilitate their interpretation and to
allow the use of adapted tools;

• Complete individualisation of the interface configu-
ration (choice of displayed streams, location and size
of their displays) in order to provide an environment
adapted to the wishes and capacities of a user;

• Possibility to display an additional information in the
form of short texts and icons to explain abbreviations
or teacher’s feelings in order to externalise implicit
elements of teaching;

• Content Structuring into chapters to reinforce acqui-
sition through semantic navigation;

• Addition of markers (like Post-It notes in a handout)
to sequences to optimise information processing (live
and recorded);

• Choice between different views of the speaker to
avoid face-to-face interaction or to promote joint atten-
tion.

In order to validate our concepts, we built the MOOC,
"Digital Accessibility", using the Aïana reader, and broad-
casted on the FUN platform (French national MOOC plat-
form), which counted more than 13,000 registrants of 60 na-
tionalities. In order to be able to evaluate the choices made in
real conditions, we asked the participants for their opinion via
questionnaires (usability, satisfaction, free comments, sugges-
tions) and measured their use of the tool by monitoring the
functions used. These surveys were carried out in a totally
anonymous way and were validated by the COERLE (Inria's
ethics committee).


