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ABSTRACT

Approximately 280 million people in the world suffer from depression, which often
leads to cognitive deficits. This paper describes fundamental aspects of the work
plan of the Austrian project AMIGA that aims at developing and evaluating a gender-
sensitive and customizable Social Assisting Robotic Technology (SAR) including a
cognitive training. We intend with the AMIGA-type SAR to significantly increase moti-
vation for cognitive training during the hospital stay, which is hypothesised to improve
cognitive functioning. In the first step of the project plan, the requirements of the
target group would be estimated using qualitative and quantitative methods (e.g.,
survey, interviews). Based on the results of the requirement study we plan to develop
the interactive SAR prototype that would use human-robot interactions to motivate
users to perform cognitive training. We consider to apply adaptive pause manage-
ment with sensor-based detection of mental fatigue. Target group-specific as well as
gender-sensitive content for holistic stimulation with visual, auditory, and interactive
elements will be included. The work plan foresees to conduct a field study including
persons with symptoms of depression and to evaluate the results in terms of the effe-
cts on the persons’ motivation through the application of the AMIGA robotic system
platform.
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INTRODUCTION

At least 9.8 percent of the Austrian population suffer from depression epi-
sodes (Nowotny et al., 2019), with women (11.5 percent) being affected

© 2023. Published by AHFE Open Access. All rights reserved. 1


https://doi.org/10.54941/ahfe1003969

2 Paletta et al.

more often than men (7.9 percent). Current national and international stu-
dies (Zhu et al., 2022) indicate that the COVID-19 pandemic has increased
the risk of developing depression (Xiong et al., 2020), which is particularly
true for vulnerable groups (e.g., patients with a chronic disease), and especi-
ally for residents of long-term care facilities due to their limitations in social
contacts (Cortés Zamora et al., 2022).

The overall goal of the AMIGA project is to research a gender-sensitive and
personalized Social Assisting Robotic Technology (SAR; Figure 1) to increase
the motivation of people with symptoms of depression to perform a cognitive
training. Since cognitive remediation and rehabilitation, respectively, are of
central relevance in persons with symptoms of depression as well as in persons
with severe psychiatric disorders, SAR technology should aim to increase the
frequency of cognitive training. Cognitive training on the one hand should
improve cognitive functioning, which is often reduced in individuals with
depression, and could have a positive influence on the course of the disease
(Hitchcock et al., 20135).

AMIGA is the first project to investigate SAR, particularly, its impact on
the frequency of cognitive training for persons with symptoms of depression,

(b) =

Figure 1: Socially assisting robotics (SAR) provide behaviour programs that motivate
vulnerable persons. (a) SAR pepper expresses itself with behaviours that positively
stimulate emotionally (b) and ultimately successfully promote activation for activities
of daily living (Austrian project AMIGO; Paletta et al., 2019; Schiissler et al., 2021)).
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on a scientific basis, using neuropsychological theories, care requirements,
and digital human factor measurements and analysis technologies. The fun-
damental design parameters for interactions with social robotics should
contribute to significantly increase motivation for cognitive training in per-
sons with symptoms of depression. The SAR technology will be adapted to
the needs of the users, thus helping individuals to overcome the characteri-
stic lack of drive and low motivation to carry out cognitive training. This in
return may have positive effects on depressive symptoms and consequently
may increase therapeutic outcome.

The central research question in AMIGA is the significance of gender
differences in the demand and implementation of motivation-enhancing
mechanisms being inspired by hypothesised gender differences in cognitive
functioning and motivation as experienced, e.g., by Weiss et al. (2003) and
Yu (2019). Based on the results of a fundamental analysis on the potential
gender differences, an interactive SAR prototype will be developed in which
specifically designed human-robot interactions motivate the users to perform
cognitive training and target group specific as well as sex-sensitive content for
holistic stimulation with visual, auditory, and interactive elements would be
developed.

Findings from sex-sensitive motivation research will be used in future tech-
nologies. AMIGA will further enable the personalized application of SAR
technology for patients with cognitive deficits which will improve adhere-
nce, motivation to train, and ultimately stabilize or even improve cognitive
function. These findings may be of interest for numerous vulnerable target
groups, such as, for persons with dementia.

RELATED WORK

A review by Kaonga and Morgan (2019) identified typical topics and emer-
ging trends for technology application to improve mental health and psycho-
social wellbeing. The results showed that depression provides one of the most
common technical use cases. Technology is used, e.g., for service improve-
ment, behaviour change communication, data collection, adherence, wellness
promotion, educational interventions, telemedicine, and to apply serious
games. Promising new trends in technology for mental health care include
wearables, predictive analytics, virtual reality, and the use of robots. A syste-
matic review by Chen et al. (2018) demonstrated the potential of SAR-based
interventions to reduce depression in older adults. Three of seven studies
using animal robots, like “Paro”, showed promising outcomes for reducing
depressive symptoms in older adults following social robot interventions,
and three studies showed decreased, but non-significant trends in depres-
sion scores. A mixed-methods study by the same author showed for “Paro”
a statistically significant reduction in loneliness, and an increase in quality of
life in older persons with depression. The results from the interviews sho-
wed following themes: Humanizing “Paro” through referring to personal
experiences and engagement; Increased social interaction with other people;
Companionship resulting in improved mental well-being (Chen et al. 2020).
A further study using an animal social robot (“PIO”) investigated the effects
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of a cognitive-based intervention program on cognitive function, depression
severity, loneliness, and quality of life in older adults living alone. The results
showed a significant difference in the pre-post values for cognitive function,
depressive symptoms, and loneliness (Lim et al., 2023). A systematic review
by Duradoni et al. (2021) explored empirical findings regarding psychologi-
cal interventions with social robots. Overall, the review showed that three
main areas may benefit from social-robot-based interventions: social skills,
mood, and wellbeing (e.g., stress and anxiety levels). One of the included
studies (Dino et al. 2019) used the humanoid social robot “Ryan”. ”Ryan”
delivered a cognitive behavioural therapy for people with mild to moderate
depression. The results showed the potential to improve depression. A sco-
ping review by Guemghar et al. (2022) aimed to identify and describe social
robot interventions in mental health facilities and to highlight their outcomes
as well as the barriers and facilitators to their implementation. They found
that social robot interventions generally show positive effects on patients with
mental health disorders, but studies of stronger methodological quality are
needed to further understand the benefits of social robots in mental health
care.

MOTIVATION FRAMEWORK FOR SAR AND ADHERENCE

The concrete target group in the AMIGA project are patients who are
available for inpatient treatment at the Clinical Division of Psychiatry and
Psychotherapeutic Medicine of the Medical University of Graz. The clinical
treatment consists of a therapeutic mix of medication, occupational therapy,
and psychological intervention. Occupational therapy includes physical exe-
rcises for strengthening and sensorimotor coordination as well as fine motor
actions (e.g., handicraft activities). In addition, cognitive training intends to
support the improvement of the routine of executive functions.

Structure of the intervention (“Treatment-As-Usual”). The cognitive trai-
ning has so far taken place (i) under the coordination and supervision of a
specialist, (ii) on a PC with specifically designed software, and (iii) within a
training room specifically designed for this purpose. Literature points to the
efficiency of this form of therapy, so that cognitive training should be fur-
ther empowered in patients with depression: Launder et al. (2021) and Lim
(2023) reported significant results that computerised cognitive training is an
efficacious intervention for overall cognition, depressive symptoms, psych-
osocial functioning and domain-specific cognitive function for people with
depression.

“Intervention” with AMIGA. The work plan for the alternative design with
the SAR-assisted technology AMIGA will provide some adaptive components
that would enable an empathetic motivational training design (schematic
overview in Figure 2). Before the first training session, a “general status
assessment” (“pre-exercise”) would be performed to obtain quantitative
and qualitative data related to the actual mental state and personalized
administrative information.

The component of the cognitive training phase would begin with suitable
exercises from the tablet-based BRAINMEE! app. The cognitive training
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Figure 2: Motivational framework for the engagement of cognitive training.

exercise would be initiated while mental status estimation would be perfor-
med by means of specialised additional hardware and software components
that apply digital Human Factors measurements.

Digital Human Factors Analysis. We envision that the user, i.e., the person
with symptoms of depression, would wear eye tracking glasses® as well as
wearables - in terms of a smartwatch or an armband — with biosensors. From
these sensors, psychophysiological data would be continuously transmitted
to a nearby server, then analysed with respect to Human Factors and men-
tal state, and — in a modus of ‘human-in-the-loop’ — being transmitted back
to the SAR in order to trigger recommended actions, i.e., specific sentences
that would be communicated to the user as feedback and motivation, or to
motivate a break.

Based on the data that would be received from these wearables we would
analyse and respond in the following way by

- applying analysis of the eye tracking data in terms of estimating (i) the
affective status (e.g., mood) as well as (ii) the cognitive status (concentration
and attention performance; details see in the next Section),

- evaluating the current level of cognitive performance by analysing the
game scores received from the training app (BRAINMEE; see next Section)
in the context of a predetermined difficulty level,

- estimating the motivational status of the person based on the sensor-based
analysis of the user’s pose.

Break management. Based on an integrated evaluation of these three
factors, an Al-based recommendation would be generated by the Pepper-,
tablet-, and wearable-based integrated AMIGA system as to whether a break
should interrupt the training. In each case, the patient would be asked about
whether she would want to take a break, and a decision would be made
based on the answer, (i) either the training would be continued with ano-
ther exercise, or (ii) a break wold be taken with the appropriate intensity,

2https://pupil-labs.com/products/invisible/
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or (iii) the training would be stopped. The design of the break could take
different forms, which can be characterized by a rest phase, entertainment
through music, dance of the robot or dialogue-based intervention (remarks,
questions, jokes, news, etc.). According to the experience of the responsible
professionals, the structure of this break intervention is of very great impor-
tance: the playful design of the training as well as the adapted design of the
breaks with cognitive and physical relaxation can have a decisive influence
on the frequency of the cognitive training, i.e., the adherence rate, and thus
the success of the entire training program.

Adherence and training efficiency. He et al. (2023) provides in this context
an in-depth discussion about state-of-the-art digital health approaches to the
early detection and treatment of cognitive decline, adherence challenges asso-
ciated with these approaches, and the promise of smart and person-centered
technologies to tackle adherence challenges. He et al. stress the fact that bene-
ficial interventions to improve cognition are not anticipated to have a major
impact unless users fully engage with them. This was seen in the ACTIVE
(Advanced Cognitive Training for Independent and Vital Elderly) rando-
mized controlled trial; participants who adhered less to reasoning training
demonstrated smaller training benefits (Willis & Caskie, 2013). For memory
training, cognitive benefits have also been found to be lower for less adherent
individuals (Bagwell & West, 2008).

COGNITIVE TRAINING: EXERCISES FOR EXECUTIVE FUNCTIONS

In the past, the research projects “AktivDaheim”, “PLAYTIME” and “mul-
timodAAL” were coordinated by Joanneum Research to develop a digital
gamified training app that should realise multimodal training by means of
cognitive activation, especially for people who want to live independently
for as long as possible. The app is distributed by the high-tech spin-off
company digitAAL Life GmbH (“DLF”). In this app, sensor data enter a
tablet PC (Figure 3) equipped with recommendation software that delivers
personalized training exercises for joyful play experiences and cognitive trai-
ning — focused on empowering attention, executive functions, and memory -
at the same time. Playful training enables aspects of entertainment, appli-
cation of digital measurement techniques, and consequently the Al-based
analysis of cognition. In addition, there is clear evidence that physical trai-
ning slows cognitive decline and can even increase cognitive performance,
therefore not only cognitive but also sensorimotor stimulation is critical for
meaningful intervention and mapped into DLF’s training.

The DLF product - BRAINMEE - has a wide range of exercises of 16 dif-
ferent types, such as, puzzle, pairs game, spot-the-difference, context queries,
and multiple-choice quiz, etc. These exercises are associated with the activa-
tion of cognitive domains, such as, visuospatial attention, memory, language,
etc., and enable specification of cognitive deficit with respect to these domains
(Paletta et al., 2021a). Exercises are integrated in “topics” (including ca. 30—
50 exercises) for the purpose of positive user experience: currently nearly 30
different topics — referring, e.g., to different seasons, the past, etc. — are inclu-
ded. Furthermore, there are 4 difficulty levels, and the training is available in
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Figure 3: BRAINMEE app for gamified cognitive training and multimodal activation.

11 languages. In AMIGA, the exercises will need to be adapted to the requi-
rements of persons with symptoms of depression as well as gender-sensitive
1ssues.

HUMAN FACTORS MEASUREMENTS FOR SOCIAL ROBOTS

The technical detection of social signals from the analysis of human intera-
ction partners’ behaviour by non-intrusive sensors is a fundamental functio-
nality of social robotics and has gender-sensitive relevance (Carpenter et al.,
2009; Schmoigl et al., 2019). Pepper has emotion detection software for this
purpose, which is continuously being technologically improved (Ilyas et al.,
2019). In theory, there would be a wide potential for numerous nonverbal
behaviours to be measured from the sensors attached to the SAR and the
user’s wearables, such as, personality traits — e.g., extroversion, agreeable-
ness — that have already been measured in previous research by features, such
as, eye and head gaze, and body movement, as well as vocal features (pitch
and energy; Shen et al., 2019).

Human gaze behaviour is an important resource for analysing psycho-
logical constructs (Giansanti, 2021); in particular, “eye contact” as well as
“joint attention” are of social psychological importance (Eyben et al., 2023;
Mundy & Newell, 2017; Hofbaur & Paletta, 2019¢). Human gaze beha-
viour has previously been researched in the context of social robotics and
motivation (Chevalier et al., 2020, Donnermann et al., 2020) but not yet —
to the consortium’s knowledge — in the context of gender-sensitive cognitive
activation.

Joanneum Research has developed a “Human Factors Toolbox” that uses
Al-based analytics to measure various psychologically relevant constructs,
such as concentration (Paletta et al., 2019a), situational awareness (Dini
et al., 2017), stress (Paletta et al., 2019b), executive functions (Paletta et al.,
2020), or mindfulness (Paletta et al., 2021b). These technologies are suitable
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for investigating the feasibility of recognizing motivational aspects in the pro-
ject and that have not yet been adequately studied in the context of SAR-based
gender sensitivity. Another aspect in social assistive robotics is to interpret the
emotion by facial emotion analysis (Affectiva, Kulke et al., 2018).

STUDY PLAN

The initial study plan consists of three phases: In the first phase, the user
requirements for the development of the prototype would be extracted from
an online survey. The target group would potentially include health professi-
onals, such as clinical and health psychologists, medical doctors, nurses, and
nursing scientists as well as patients with depression.

It is further planned to perform a feasibility study where the prototype -
developed based on user requirements - would be tested about usability and
user experience persons to further adapt the prototype for the main study.
The study plan for the third phase is currently planned to engage persons
with symptoms of depression recruited by the Clinical Division of Psychiatry
and Psychotherapeutic Medicine of the Medical University of Graz, Austria.

In general the intention is to compare the intervention with the AMIGA
system, including Pepper, tablet and wearables, with the “treatment-as-usual”
including only PC-based cognitive training. Quantitative and qualitative data
collection methods will be used to investigate the variables of the motivation
framework. Furthermore, the work plan foresees the gender-sensitive analysis
of the data.

CONCLUSION

The overall goal of AMIGA is to develop and explore gender-sensitive design
parameters of positive mental activation to increase the adherence rate for
cognitive training using SAR technology. This research aims at future applica-
tions in the context of a major social challenge, i.e., long-term care of people
with depression.

The work plan foresees research on design parameters as basis of a moti-
vating, gender-sensitive, personalised, and cost-effective SAR- as well as
wearable-based technology, i.e., the AMIGA system, in order to contribute
to an improvement in cognitive performance and quality of life of people in
residential care.
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