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ABSTRACT

This work presents a socially intelligent robotic system for cognitive training of adults
with developmental deficits in a therapist-half-supervised setting. The core idea is
to move beyond one-way robot prompting toward a structured, ethically grounded,
data-aware intervention framework in which the robot, end user, and therapist form
a coordinated triad. The proposed system combines robot behaviour management,
session orchestration, user monitoring, and therapist oversight within a unified
architecture suitable for iterative real-world deployment. The benefit of this approach
lies in the effective integration of artificial intelligence components, human-robot
interaction, psychology, and the extensive experience of human experts. Interaction
in a real-world environment and the labeling of test datasets occur simultaneously.
The contribution is threefold. First, we define a computer-robot-therapist-end-user
architecture that explicitly models information flow, therapist control, and adaptive
interaction. Second, we provide an experimental procedure for cognitive training
sessions that includes training content, session organization, and a user-experience
evaluation framework. Third, we introduce a data protection and ethics plan tailored
to vulnerable populations, emphasizing informed participation, controlled data access,
and responsible system adaptation. Preliminary results indicate that socially guided
robot-based training is feasible and acceptable within the proposed framework. A
central ongoing challenge is to identify meaningful robot-user interaction events in the
relation to their contexts (situations) and to map them to suitable user and robot actions.
The longerterm significance of this work lies in connecting clinical and social needs
with computational interaction design, making robot-led training more personalized,
transparent, and operationally safe for adults with developmental deficits.

Keywords: Assistive technology, Cognitive training, Social robotics, Artificial social intelligence,
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INTRODUCTION

Demographic changes (United Nations, 2024) and the situation of vulnerable
groups (WHO, 2023) present society with the challenge of providing dignified
and effective care for vulnerable groups, such as older people and people
with developmental disabilities.
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This work presents a socially intelligent robotic system for cognitive
training of adults with developmental deficits in a therapist-half-supervised
setting. The core idea is to move beyond one-way robot prompting toward a
structured, ethically grounded, data-aware intervention framework in which
the robot, end user, and therapist form a coordinated triad. The proposed
system combines robot behaviour management, session orchestration, user
monitoring, and therapist oversight within a unified architecture suitable
for iterative real-world deployment. The benefit of this approach lies in
the effective integration of artificial intelligence components, human-robot
interaction, psychology, and the extensive experience of human experts.
Interaction in a real-world environment and the labelling of test datasets
occur simultaneously.

The goal of this research is to pave the way for a socially intelligent,
situation-aware robotic system capable of independently leading cognitive
training for adults with developmental deficits. In this regard, designing
realistic usage scenarios that allow us to collect data in real-world settings
is crucial. We propose a socially intelligent robotic system for cognitive
training of adults with developmental deficits. The system integrates therapist
oversight, adaptive robot behavior, and user monitoring within a unified
architecture. We define interaction procedures, data protection measures,
and an evaluation framework focused on user experience and cognitive
outcomes. Preliminary findings suggest feasibility and acceptance of robot-
led training.

The contribution is threefold. First, we define a computer-robot-therapist-
end-user architecture that explicitly models information flow, therapist
control, and adaptive interaction. Second, we provide an experimental
procedure for cognitive training sessions that includes training content,
session organisation, and a user-experience evaluation framework. Third, we
introduce a data protection and ethics plan tailored to vulnerable populations,
emphasising informed participation, controlled data access, and responsible
system adaptation.

STATE OF THE ART
Assistive Technologies

According to (WHO and UNICEF, 2022), Assistive technology (AT) is the
application of organised knowledge and skills related to assistive products,
including the systems and services required to provide them. Its purpose
is to maintain or improve an individual’s functioning, independence, and
well-being.

Social Robotics

Social robotics is a branch of robotics concerned with the design, development,
and study of robots that interact with humans through socially appropriate
behaviours and communication. Social robots are designed such that social
interaction is a fundamental component of their operation rather than merely
an interface for control or task execution, see (Fong et al., 2003).
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Situation Awareness and Edge Al

Situation awareness (SA) refers to an individual’s or system’s ability to
perceive relevant environmental elements, comprehend their significance in
relation to current goals, and anticipate their future states. SA is considered
a critical prerequisite for effective decision-making in dynamic and complex
environments, see (Endsley, 1995a)(Endsley, 1995b).

Edge Artificial Intelligence (Edge AI) is a computing paradigm that
integrates artificial intelligence with edge computing by performing data
processing, inference, and decision-making directly on edge devices or
nearby edge servers rather than in centralized cloud infrastructures, see
(Deng et al., 2020)(Xu et al., 2022). This approach enables real-time
responsiveness, reduced communication latency, and enhanced privacy
(Gill et al., 2024).

Wizard of Oz Approach

The Wizard of Oz (WoO) methodology is an experimental prototyping
technique in which participants interact with a system they believe to be
autonomous, while some or all of the system’s functionality is performed
by a hidden human operator (the “wizard”). The method allows
researchers to evaluate user interaction, system design, and behavioural
responses before implementing the underlying intelligent algorithms
(Kelley, 1984)(Riek, 2012)(Steinfeld et al., 2009). In this research, the
WoO technique is also utilised to annotate interaction data in real time
in real environment.

Ethics and Data Protection

The proposed robotic system interacts with vulnerable populations of
individuals with disabilities; ethical considerations extend beyond technical
performance to include respect for human autonomy, dignity, privacy,
transparency, and informed consent. Researchers emphasise that social robots
should support users without fostering excessive dependence, deception, or
loss of personal agency. (Sharkey and Sharkey, 2012)(Dautenhahn, 2007).
Data protection is particularly important because social robots often collect
sensitive information through cameras, microphones, physiological sensors,
and behavioral monitoring systems.

MATERIAL AND METHODS
User Group Gefinition

Target group consists of adults with moderate intellectual disabilities,
a neurodevelopmental condition characterized by significantly reduced
intellectual functioning (IQ approximately 35-49) and limitations in
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adaptive behavior, including conceptual, social, and practical skills. These
individuals usually require ongoing support in everyday life, communication,
decision-making, and social participation, but many are able to develop
stable routines, form meaningful relationships, and participate in structured
work and community activities.

PROPOSED SOLUTION

In this section, the proposed robot system architecture, cognitive training
and user usability measurement procedure are presented.

System Architecture
Architecture Aequirements

The system architecture requirements are based on the main robot task, which
is to conduct cognitive training sessions independently of a human operator.
These requirements include data protection, ethics-related considerations,
and, of course, a cost-effective solution. Requirements are:

1. Simple usage in a real environment: the system will be used in a real
environment by users not trained in technology use, as well as by human
operators (therapists) who are not focused on technology.

2. Viable system in real life: the overall cost of the system should be low
enough and is estimated not to exceed €8,000.

3. The robot is capable of: general conversation in English and Slovenian,
artificial social intelligence (recognition of users’ stress, fatigue and other
social signals, expression of social signals such as emotion via graphical
communication), and situation awareness (following users’ actions,
reacting to calendar events, etc.).

4. Language capabilities: communication between the robot and the user is
bidirectional, and the system is capable of content recognition and user
intention recognition.

5. Wizard of Oz approach for human supervision and real-environment
data annotation is supported. This means the robot executes instructions
from a human operator in real time, and these instructions are recorded.

6. Real-time data processing: data such as video and physiological signals
are processed in real time to generate context, including triggers for the
robot.

7. Data storage, protection and ethics: sensitive user data (video,
physiological signals) is processed locally (using Edge Al principles). User
events, system events and therapist instructions are time-stamped and
stored locally.

8. Robot embodiment: the appearance and feel of the robot must be
sufficiently acceptable for end users during data collection and in real
environment usage.
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Proposed Architecture

The architecture is shown in Fig. 1. It supports experimental data collection
(including the Wizard of Oz approach) and includes the Edge Al components
required for real-time context generation, which is a key element of situation
awareness in real environments. Further details are provided in the caption
of Fig. 1. The main approach to data protection is: 1. Local data storage, and
2. Local data processing using the Edge Al approach.

Robot-Assisted Cognitive Training Architecture for the Day-Night Task
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Data Collection and Annotation Procedure

User, contextual, and system data collection is automated by the robot app
and the WoO app; As already indicated, to protect sensitive user data, the
data is stored locally and not transmitted over any network. Data annotation
is implemented using the WoO app, which is also used by the therapist to
trigger robot events (such as what it says, what it displays on the graphical
interface, and what physical movement, like raising the arm, it performs).
Therefore, real-time data annotation is integrated into the monitoring
process by the therapist.

Edge Al and Data Storage

To protect sensitive user data, this information is never sent outside
the collection site. Consequently, the Edgy Al approach is used for data
processing, and data storage is available locally.

Data processing involves: 1. Real-time video processing (user’s face
detection, emotion and stress recognition, skeletal detection to identify
physical movements such as lifting a hand, and specific event detection
such as ceasing to collaborate); 2. Processing of the user’s physiological
signals (electrodermal activity, heart rate, and others) to enhance social
signal recognition; 3. Processing of smart home sensor data (temperature,
illumination, noise, etc.) to improve real-time context generation. All these



488 Kosir et al.

data are used to make the robot system more independent from human
operators.

Cognitive Training Procedure

The goals of cognitive training are to: 1. Stimulate users’ cognitive activity; 2.
Activate their physical activity; and 3. Allow automatic estimation of selected
cognitive characteristics of users based on technological measurements while
the cognitive training is conducted by the robotic system. The framework for
the cognitive training was chosen to be a children’s game called ”Dan no’c”
in Slovenian. To automatically and objectively estimate selected aspects of
the current cognitive abilities of end users, the procedure should stimulate
complex responses, including oral responses, as these are measurable and
rich in information relevant to the user’s current status, such as emotion
recognition and fatigue.

Cognitive Training Requirements

To achieve these goals, the requirements for the cognitive training procedure
are as follows:

1. The user must follow the time sequence of instructions and perform
actions;

2. The procedure must be feasible and acceptable for the designated end
user group;

3. The user’s actions must be observable (by humans and the robotic
system);

4. The user’s successes and failures in responding to instructions must be
measurable;

5. The user’s complex responses (physical movement, oral responses) are
required and encouraged;

6. To keep users properly motivated, the training should be neither too easy
nor too difficult.

7. The procedure must be gamified and enjoyable for end users;

8. The procedure must be feasible for both the human operator and the
robotic system and compliant with requirements posed.

As users’ performance improves over time, the training procedure must
adapt accordingly, continuously taking their performance into account and
gradually increasing—or, when necessary, decreasing—the level of difficulty.

Proposed Cognitive Training Procedure

The cognitive training procedure can be led by a human, a robotic system,
or a combination of both using the Wizard of Oz approach, with the leader
referred to as such here.
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The task is based on the Day-Night paradigm, which targets inhibitory
control and attention. Participants begin with their hands in a resting
position. When the experimenter says “Day”, the participant raises both
hands. When the experimenter says “Night”, the participant lowers both
hands. For participants with intellectual disabilities, visual cues are strongly
recommended. For example, a large sun on a light background can represent
“Day,” while a moon and stars on a dark background can represent “Night.”
Before the test phase, participants complete 4—6 practice trials at a slow pace
to ensure that the rules are understood. During practice, errors are corrected
immediately (e.g., “Remember: Night means hands down.”). The test phase
then proceeds without feedback. During the test phase, the experimenter
presents a sequence of “Day” and “Night” cues at a steady pace (e.g., one
cue every two seconds). Several blocks of 10-20 trials are administered.

Usability Measurement

Acceptable usability of the proposed systems is crucial for their application
in real environments. To assess this, we need to measure each user group
separately, namely end users (those who receive cognitive training), therapists
(those who monitor and support the process and, if necessary, annotate
data), and technical support. Only the first two user groups are covered here.
We list candidate measurement instruments for each group. For end users
candidates include The Rapid Assessment for Developmental Disabilities
(Hometal.,2018) and Leiter-3: Nonverbal Cognitive and Neuropsychological
Assessment (Roid and Koch, 2017); for human operators: classic usability
instruments such as SUS (Brooke, 1996), UMUX (Finstad, 2010), and UEQ
(Laugwitz et al., 2008).

PRELIMINARY FINDINGS, CONCLUSSION AND FURTHER WORK

Preliminary findings are based on three recorded sessions involving three end
users and one human operator, a psychologist by profession, conducted at the
“Varstveno delovni center” where our users reside regularly. The therapists
led the training and made all decisions. The findings are as follows:

1. The minimal technical requirements of the system are met. This means
data was recorded and annotated successfully.

2. Data protection was ensured by local storage only.

3. The robot’s appearance was acceptable and well received by the end
users.

4. The general user experience perceived by the end users was good.

5. The general user experience perceived by the human operator was good.

6. Real-time data annotation using the WoO app was feasible when up to
eight commands were used.

Preliminary results indicate that socially guided robot-based training is
feasible and acceptable within the proposed framework. A central ongoing
challenge is to identify meaningful robot-user interaction events in relation
to their contexts (situations) and to map them to suitable user and robot
actions. We therefore treat interaction-event modelling not as a secondary
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implementation detail but as a foundational design layer for adaptive
socially assistive robotics. The longer-term significance of this work lies in
connecting clinical and social needs with computational interaction design,
making robot-led training more personalized, transparent, and operationally
safe for adults with developmental deficits.
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