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Abstract. Social Assistive Robots are a powerful tool to be used in
patients’ cognitive training. The purpose of this study is to evaluate a
new methodology to enable caregivers to teach cognitive exercises to the
robot in an easy and natural way. We build upon our existing framework,
in which a robot is employed to provide encouragement and hints while a
patient is physically playing a cognitive exercise. In this paper, we focus
on empowering the caregiver to easily teach new board exercises to the
robot by providing positive examples.

The proposed learning method has two main advantages i) the teaching
procedure is human-friendly ii) the produced exercise rules are human-
understandable. The learning algorithm is validated in 6 exercises with
different characteristics, correctly identifying and representing the rules
from a few examples.
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1 Introduction

The increase in life expectancy is one of the most important achievements of the
21st century. However, ageing and age-related diseases are a mounting challenge
for families, social, economic and healthcare systems [I5]. One of the biggest
challenges of the modern world associated with the ageing population is demen-
tia [13]. According to the Word Health Organization the number of people with
dementia will rise from 50 mil in 2018 to 82 mil in 2030, and more than 150 mil
in 2050 [I].

Currently there is no treatment available to cure dementia or to modify
the progression of the disease [7]. The limited efficacy of the pharmacological
therapies is the reason to explain the arising interest for non-pharmacological
interventions for dementia patients. The non-pharmacologic intervention aims
to enhance or at least maintain the individuals cognitive function, enabling to
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Fig. 1. Illustrative images. (a) A caregiver sets the patient’s mental and physical im-
pairment and the robot’s initial behaviour. (b) The robot assists the patient while
he is playing the cognitive exercise. Frames from the video in https://youtu.be/
zqcLSd10UCE.

address behavioural symptoms that often exist in people affected by dementia,
such as depression [7]. These interventions can be divided into four categories
outlined by [9]: holistic techniques, brief psychotherapy, cognitive methods, and
alternative methods. In our project, we focus on cognitive therapies, specifically
on Cognitive Training (CT) exercises. CT is one of those activities that seeks,
through repetitive practice, to train specific cognitive processes via standardized
exercises [0].

Socially Assistive Robotics (SAR) is a branch of Robotics that aims to endow
robots with the capability to aid people through individual social assistance,
rather than physical, in convalescence, rehabilitation, and training [16]. Robots
not only can be available twenty-four hours a day, but they may also help with
the growing shortage of personnel support and, moreover, ease the workload of
human therapists. Research has already shown that SAR can help improve the
quality of life for older adults and bridge the gap when human assistance is not
available [20].

In this paper, we extend our previous work [4] in which a SAR is employed
by a caregiver to provide encouragement and motivation, through speech and
gesture, to a patient while he is playing a cognitive exercise. There, two main
loops of interaction are proposed. In the first one, the caregiver sets the patient’s
cognitive and physical impairment and the initial preferences on the robot’s be-
haviour (see Fig. . In the second one, the robot, given the caregiver’s settings,
provides assistance to the user through encouragements and hints based on his
performance (See Fig. [IH).

Most of the current works in SAR are focused on the second loop of inter-
action (robot - final user) in which the robot, partially or entirely replaces the
caregiver’s role [2]. On the contrary, we target our attention to the first loop as
we envisage a central role for the caregiver.

In previous work [4], the caregiver could provide information about the pa-
tient with the intent to personalize the robot’s behaviour (see Figure . How-
ever, she/he could not extend the repertoire of exercises. Programming a robot,
in fact, is a tedious process that requires a considerable amount of technical ex-
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pertise. With that in mind, the practice of configuring new exercises is exclusive
to the competent personnel and this represent a limitation in reality.

In this paper, we present a way to equip the caregiver with an easy and
natural human-like approach to teach new exercises simply by playing them.
From few moves taught by the caregiver, the robot is able to learn the rules
of the new exercise. This enables the robot to monitor patients who perform
this same exercise. Furthermore, the learned rules are available in first-order
language. This provides an explainable and intuitive way of understanding what
the system has learned, since rules can be easily translated to natural language.

The proposed exercises are inspired by the Syndrom Kurztest [TI7], and they
have been thought specifically to combine cognitive and motor functions on vi-
suomotor skills like grasping and manipulation [I1]. Six different exercises are
defined: sorting odd numbers in ascending order, sorting numbers in ascend-
ing and descending order, an exercise where position within the board matters,
composing a word, and sorting letters in alphabetical ascending order.

The main contributions of this paper are: (1) a friendly method of teaching
board exercises using natural interactions; and (2) a learning algorithm that
produces human-understandable rules.

We believe the proposed paper is a step further in the direction to pro-
vide non-expert people, and in particular therapists, with easy-to-use methods
where exercises can be programmed through playing examples, and directly rep-
resent exercise rules into an explainable symbolic high-level language such as
STRIPS [12].

2 Related Work

In the last decade, a lot of effort has been put in developing robotic systems
programmable from non-experts.

Graphical programming and user-friendly interface have been developed to
provide non-experts with a way to understand and program without investing
much time in learning. Pieska et al. [I§] present an interesting review about
the state of the art on user-friendly interface for robots and in their work they
develop a platform suitable for both programming experts and people with no
robot programming skill. The platform is based on a set of ready-made plugins,
whose plugins can be connected through a graphical interface to generate a robot
program.

There are also a few attempts to introduce user-friendly programming to
Robotic Operating System (ROS)-based systems. Crick et al. [10] introduce ros-
bridge, a middleware abstraction layer to enable ROS accessible to programmers
that are not them-self roboticists. Tiddi et al. [23] develop a user interface for as-
sisting non-expert users to design complex robot behaviours and control robotic
systems based on ROS. Zubrycky et al. [24] present a graphical programming
interface called Robokol, based on ROS and Snap, that enables non-technical
professionals to program robots and internet-of-things devices.

In the field of education robots, there are also examples of introducing easy
interfaces to program robots. One of the most well-known is Choregraphe, a
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