Assessing the tolerance of a telepresence robot
in users with Mild Cognitive Impairment
– A protocol for studying users’ physiological response –
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ABSTRACT
This article describes preliminary work of a research study
which supports the use of tele-operated robots for rehabilitation, home care assistance and social interaction. Specifically our idea is to use a telepresence robot, called Giraff, to
interact with elderly people suffering from Mild Cognitive
Impairment. In order to evaluate the potential implications
in the use of Giraff with this specific target of users, a first
step has been identified which aims at evaluating the tolerability and safety of the robotic platform. The paper presents
a research protocol designed to analyze the emotional response of mild cognitive impaired subjects and their ability
to adapt to the robot during repeated interactions. The protocol is based on the analysis of the physiological measures
as indicators of the users’s emotional reaction to the Giraff
experience.
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1.

INTRODUCTION
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Mild Cognitive Impairment (MCI) is a relatively recent term
introduced to define the transition state between normal aging and dementia with the general assumption that people
who are evolving towards dementia go through a phase of
mild cognitive impairment characterized by cognitive dysfunction of a single cognitive area, namely memory, as core
symptoms of Alzheimer dementia [19]. Cognitive impairment without dementia is a common problem in the elderly
persons that has negative impact on the performance of everyday activities [20].
Cognitive stimulation interventions have been developed to
compensate and in some cases improve memory deficits with
the goal of maximizing cognitive functions reducing the risk
of cognitive decline [12, 1]. The value of non-pharmacological
interventions in preclinical stages of dementia such as MCI
is an issue of debate. However, several studies on the effectiveness of cognitive interventions in subjects with MCI
show encouraging results. This type of interventions can
improve cognitive functioning helping to slow the cognitive
decline and delay the onset of Alzheimer. People with MCI
can benefit from cognitive training because they retain the
cognitive ability to learn new information and apply memorization strategies. According to recent research, stimulation/training programs, both computer-based and non, appear to be promising to improve cognitive abilities in MCI
people [2, 7].
In addition to this, it is worth highlighting that social support, leisure activities, physical exercise are also associated
with a lower risk of dementia and decrease the occurrence
of specific diseases such as cognitive disorders [10]. Some
longitudinal studies show that community-dwelling elderly
people isolated with poor social networks and support and

not very physically active have a higher probability of cognitive decline and dementia. In general, there is a strong association between social networks and physical, mental, and
emotional health of elderly people [18]. More specifically,
social isolation increases the risk of morbidity and mortality [3], psychological distress, depression and suicide [8], and
decline in cognitive function [11]. Social role involvement is
a factor not only in slowing age-related decline in physical
and mental health, but also in reducing risk for disability in
activities of daily living [17]. In this respect, it is important
to promote social participation of elderly people.
The previous issue have fostered our interest in the promotion of a telepresence system as a support tool for rehabilitative treatment, home care assistance and social participation of people with cognitive/physical disabilities. We
are exploring alternative home assistance services for MCIs
which integrate the use of a telepresence robot to facilitate
remote communication from therapists to patients. This
use of telepresence system is also in line with the concept of
aging-in-place [9], according to which the majority of elderly
people as they age prefers to remain at home rather than
go into care or nursing facilities. In this light, telepresence
could be exploited to foster aging-in-place, by allowing people staying at home, while enabling them to maintain their
relationships with family, friends and health professionals.
We are currently exploring the applicative potentiality of a
telepresence robot called Giraff,1 as a means to support rehabilitative interventions, home care assistance, and social
participation of mild cognitive impaired persons.
A first step in this direction is represented by an aspect that
is usually neglected in robotic research: studying the human
tolerance of the robot physical presence. This research is an
attempt to suggest and refine objective measures of such an
impact. The overall goal is to assess the emotional response
of a sample of elderly people with mild cognitive impairment
in terms of stress, anxiety, that we can be used to determine
the overall tolerance of the robotic platform.
In particular, this paper presents a first “brick” in this direction: the definition of a research protocol aimed at analyzing
the emotional response of MCI subjects to the robot experience. The protocol consists on a set of steps which guide
any assessment of the physiological response of elderly people during repeated interactions with Giraff. The innovative
aspect relies in our choice to use an approach which is similar to clinical trials for evaluation of new drugs. It is worth
highlighting how the assessment of the level of tolerance of a
technological system designed to aid people who have special
needs be an indispensable prerequisite to test the potential
of these systems in real life contexts.
The paper is organized as follows: after a brief overview
of related work, the main objectives and motivation of the
study are described; then the protocol is illustrated by specifying the participants, experimental apparatus and the procedure. A conclusive section summarizes the current status
of this activity and the plans for future research.
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2. TELEPRESENCE ROBOTS
Recent advances in information and communication technologies have stimulated research in telepresence robotics.
One of the main feature of telepresence systems is the sense
of robot’s presence that emerges when humans interact with
and via a telepresence robotic system. Spatial presence
refers to the “the sense of being physically located somewhere” [16] while social presence refers to “being with others”
in a mediated environment [14].
The quality of mobile remote presence robots enable to meet
the growing needs of rehabilitation activities also for individual with dementia both in clinical setting and especially
in their own home ensuring the safety of the elderly person
through a tool that remotely monitor patient’s health and
maintain contact with the relatives and member of medical
staff. Results from a research based on focus groups with
healthcare professionals and elderly with disabilities showed
that such technologies can (a) improve safety and the sense
of security of old patients, (b) help the family health workers to provide medical care, and (c) overcoming social isolation maintaining contacts and improving communication
between patients and health professionals [5]. One example of telepresence systems application in medical care field
is “Physician-Robot”, a telepresence robot allowing physicians to easily and more frequently visit their hospitalized
patients. In the evaluation by John Hopkins University, 80%
of the patients felt that Physician-Robot increases the interaction between physicians and patients [21].
Care-O-bot is a mobile platform through which the user can
control home lighting, heating/air conditioning, in addition
the robot works as a video-phone with which to contact the
doctor or relatives, and as a system capable to guide elderly
person around the house avoiding obstacles via a system
of sensors and cameras. The latest prototype Care-O-bot
II also has manipulative skills that make an assistant in
the tasks of daily living [13]. The platform RP-7 In-Touch
Health2 allows to remotely monitor patients offering ongoing
support in terms of primary care and rehabilitation through
a telepresence device. Patients can see and hear their doctor in real time through a video-screen and a speaker system. Patients prefer to see their doctor, even if through the
robotic platform.
TeCaRob system provides continuous remote physical assistance enhancing independent living and performing tasks
such as to transfer and move end-user, to perform tasks
in end-user environment, to interact closely with end-user
body and to communicate and monitor end-user [15]. TRIC
(Telepresence Robot for Interpersonal Communication) is
a tool for interpersonal communication that allows older
adults to remain in their home environments, while members of family and caregivers are able to maintain a higher
level of communication and monitoring via traditional methods [22].
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In line with these studies we propose to use the Giraff telepresence system as a means to support patients with mild
cognitive impairment. To this purpose we describe a preliminary study to evaluate user’s level of tolerance and adaptation to spatial and social presence during the interaction
with the Giraff system. Tolerance and adaptation are analyzed in terms of affective state through monitoring of physiological responses.

3.

A PROTOCOL TO ASSESS THE ROBOT
TOLERANCE

This section details the protocol we designed to evaluate the
emotional response of mild cognitive impaired user to the
interaction with the Giraff telepresence robot. Specifically,
the section illustrates the objective of the study, the subjects, the apparatus and experimental settings and finally
the different steps of the experimental procedure.

3.1 Motivation and objective
The main motivation underlying this study stems from the
need to understand how effective, tolerable and pleasant mobile remote presence robots can be for mild cognitive impaired users in real context of life. To examine the emotional
reaction of elderly we rely on the assessment of the patients’
physiological response during interaction with Giraff. Objective of the study is to demonstrate that such a response is
positive by showing that the “physiological stress” will not
increase during the interaction. Assessing the reaction of
MCI patients will contribute to have a higher level of awareness of potential problems in the patient-robot interaction
that need to be taken into account in view of the overall and
long-term use of Giraff as a means to provide rehabilitation
and foster social participation of people with MCI.

3.2 Participants
The treatment group will be composed of 5 elderly with
MCI for whom an objective memory deficit has been demonstrated by means of neuropsychological tests. The control
will consist of old volunteers recruited during their hospitalization at the rehabilitation center (Fondazione Don Carlo
Gnocchi 3 ) and who give their informed consent to participate in the study.
Inclusion Criteria. Inclusion criteria for the treatment
group recruitment will be the following: age between 65 and
80 years; education>8 years; absence of sensory impairments
affecting communication; 26 ≤ M M SE ≤ 304 ; good awareness of disease; absence of behavioral disorders (confusion,
aggression, hallucinations, motor agitation, etc.)
Exclusion Criteria. Presence of delirium and functional
impairments due to cognitive decline or other conditions
that compromise cognition such as non-treated or severe current depressive, other psychiatric diseases, unstable significant medical co-morbidity are considered exclusion criteria.
3
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a screen and in assessing the degree of cognitive dysfunction
in patients with diffuse brain disorders.
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3.3 Apparatus and experimental settings
The experimental setting involves the use of two rooms: (a)
a first room where the patient is located together with the
Giraff that can move in the environment, (b) a second room
where the experimenter, as a client, can operate the Giraff
platform through a PC equipped with special software. The
Giraff telepresence Robot is a remotely controlled mobile,
human-height physical avatar integrated with a videoconferencing system (including a camera, display, speaker and
microphone). It is powered by motors that can propel and
turn the device in any direction. An LCD panel is incorporated into the head unit and it represents anthropomorphic element making visible other person’s face. The robotic
platform is accessed and controlled via a standard computer/laptop using an application over the Internet. From
a remote location a person (member of family or healthcare
professionals) with no prior computer training teleoperate
the robotic platform. In this specific study the Giraff will
be operated by the experimenter.
In addition to the robot, other devices will be part of the
apparatus, which are used to assess the patients’ physiological response as shown in Figure 1: for the recording of
muscle activity Surface ElectroMyoGraphy (SEMG) will be
used, that is a non-invasive technique for measuring muscle electrical activity that occurs during muscle contraction
and relaxation cycles. The SEMG signal generated by the
muscle fibers is captured by the electrodes, then amplified
and filtered by the sensor before being converted to a digital
signal by the encoder. SEMG is commonly used for stress
or emotional response to a stimulus assessment with other
physiological signals, such as skin conductance and heart
rate which will also be assessed in our experiment. A blood
pressure monitor will also be employed for measuring resting blood pressure, blood pressure response to stressors and
heart rate.

3.4 Outcome measures
Physiological monitoring systems use physiological signals
from the subject to extract information about the individual’s reaction to given stimuli. Within our experiment we
adopt a similar approach and examine the assisted person’s
physiological responses to the interaction with the Giraff
telepresence robot. The overall idea is to have an objective
indication of the emotional response of a sample of elderly
people with mild cognitive impairment in terms of stress,
anxiety, that we can be used to determine the overall tolerance of the robotic platform.
The reason for our choice of the physiological measures in
combination with some psychological tests relies on their
several advantages. More specifically they are more objective than subjective measures and many behavioral measures and additionally they are a continuous measure, so
time-varying qualities of presence can be observed. Table 1
shows the physiological outcome measures we have chosen
for our study. Our intuition on the use of the Giraff robot
is that it will not have a negative impact on person with
mild cognitive impairment. More specifically we expect a
positive response in terms of affective state/emotional experience, and we hypothesize that Giraff will be judged to be

Table 1: Physiological measures for assessing MCI elderly people reaction to Giraff
Parameter

Parameter description & assessment

Heart Rate (HR)

Many things can affect a person’s heart rate: stress, fear, exertion, emotion, etc. HR
increases when a person is under stress and decreases as one relaxes. Affective valence
(positive or negative) of a stimulus also contributes to increase the initial acceleration or deceleration of heart activity [6]: unpleasant stimuli produce a higher initial
deceleration, pleasant stimuli produce a higher acceleration heart rate.
We expect that interaction between patient and Giraff will cause an initial
greater pick acceleration if the robot is perceived as a pleasant stimulus

Blood pressure (BP)

A blood pressure for a healthy adult is less than 120/80. Abnormal readings are related
to specific cardiovascular disease. In order to truly determine a person’s average blood
pressure, readings must be taken consistently over time considering individual’s blood
pressure (hypotension or hypertension). It is a common observation that blood pressure
rises as part of the behavioral response to stressful situations.
We expect an absence of high blood pressure if the robot is perceived as
pleasant stimulus

Corrugator and Zygomatic Muscle Activity

Corrugator and zygomatic muscle activity is assessed in this study. Specifically, corrugator muscles are responsible for lowering and contraction of the eyebrows. Significant
contractions occur when a stimulus is judged unpleasant. On the contrary, stimuli
judged as very pleasant are responsible for a relaxation of these muscles with respect
to the baseline case. When viewing neutral stimuli this muscle activity is modest but
still above baseline [6]. Activation of the zygomatic muscle is involved in the facial
expressions that imply a smile. Its activity increases in response to stimuli rated as
pleasant. The activation of this muscle in response to increased activity of the corrugator muscle suggests that some facial grimaces occur in response to negative stimuli
[6].
We expect a relaxation of corrugator muscle and an activity of zygomatic
muscle if the robot is perceived as pleasant stimulus

Skin Conductance (SC)

Skin conductance is a measure of physiological activity. A higher reactivity is associated
with an greater physiological arousal. A rapid increase from baseline can be a reliable
indicator of an anxiety response [4].
We expect an absence of high skin conductance if the robot is perceived as
pleasant stimulus

a pleasant stimulus. This general hypothesis corresponds to
the expectation on the physiological parameters described
in bold in the table. If this hypothesis will be satisfied, then
we can conclude that the tolerance of the Giraff robot is
satisfactory.

3.5 Procedure
A repeated measures design within subjects is used for the
proposed study. Participants and family member are initially briefed on the objective of the study. They are then
asked to read and sign an informed consent form. Sociodemographic data are also gathered together with information on participants ability and familiarity with the use of
technology.
The protocol is articulated into six main sessions in which
participants interact both physically with the human experimenter in the same room and with the experimenter by
means of the telepresence Giraff robot (see Figure 2). The
experimenter is an unfamiliar person, met for the first time
during the experiment and will carry out all the sessions.
Physiological measures are monitored during all sessions and
specifically in three different moments: at rest, during the
sessions (20/25 min.) and at the end of each session. In addition the S-anxiety scale of Spielberg’s state-trait anxiety
inventory (STAI) is used to measure the intensity of anxiety
with respect to the experienced situation. A questionnaire
focused on subjective interaction experience with Giraff and
its impact on patient satisfaction will be fill out at the end
of the sessions.

Session1-2: During the first two sessions the experimenter
conducts a simple conversation of ten minutes. The
participants are asked to present themselves, to talk
about their life (memories, everyday life routine, cognitive difficulties and strategies implemented to overcome them). The experimenter may also ask to patients to make a list of steps required to complete an
action (take a shower, put clothes on, make a sandwich, put shoes on).
Session3: During the third session, the experimenter introduces the Giraff robot explaining its basic functionalities also showing an interaction between the experimenter and a doctor of the rehabilitation center. At
the end of this session the experimenter announces that
in the following sessions the old person will interact
with the experimenter through the Giraff.
Session4-6: During the three subsequent sessions, the experimenter by means of Giraff enters the room where
the patient is and interacts with him similarly to the
previous sessions. Specifically, in the last session in
addition to the talk, the patient will also be asked
to follow the robot and perform a simple exploration
of the room. This specific task aims to evaluate participants’ subjective and physiological response to the
robot movement.
The participant will meet the experimenter for a final interview again, during which the subjects will be asked tell how
they felt about the interaction with the robot in terms of social presence, perceived utility, engagement, privacy, aspect.

Figure 2: Timeline of the experiment

Figure 1: Experimental settings

4.

CONCLUSIONS

This paper describes a preliminary study which is part of
a research effort that evaluates the potential application of
a telepresence prototype, called Giraff, as a devise to support rehabilitation interventions, home care assistance and
social participation of elderly people with a MCI diagnosis. Although dementia is not curable, there are now nonpharmacological and pharmacological therapies to control
symptoms, improve quality of life and delay the time of admission. Telepresence robotics may offer its contribution
in the management and treatment of the person who has
the early symptoms of dementia. We believe that robots
like Giraff have a potential to support both elderly persons
with special needs to maintain independence longer in their
home environments and their careers to be closer and more
in touch with them.
In our opinion Giraff could be an effective tool to organize
non-pharmacological treatment such as rehabilitative and
cognitive stimulation interventions, to monitor over time patients with MCI and progression of their disease by a continuous homecare assistance. However, a first essential step
in this direction is to understand the patient emotional response to the telepresence system.
In our work we adopt physiological signals as indicators of
individuals’ reaction to technology and their emotional experience. Similarly to a clinical trial, this paper describes
a research protocol aimed to assess the safety and tolerability of Giraff in patient with MCI in order to monitor the

patients’ stress level during the interaction. Currently recruitment of subjects of both the experimental and control
group is ongoing (see Figure 2). The results of this preliminary work will provide guidance for the next stages that will
evaluate Giraff as a possible tool of rehabilitation, home care
assistance and social participation of patients with special
needs.
As a conclusive remark we would like to summarize the main
idea underlying this paper. In order to assess the perceived
safety and tolerability of an assistive technology, such as
telepresence systems by people with special needs, it is necessary to have a confirmation that the presence of the robot
in a person’s life does not cause serious adverse effects. The
idea presented in this paper consists in the proposal to use
analysis focused on human-robot interaction which adopt a
typical approach of clinical trials for evaluation of new drugs.
As in these trials, our proposed protocol aims is to evaluate
the perceived safety and tolerability of the robot by means
of a first phase of the study which is carried out before the
subsequent studies that will validate the system as an aid for
rehabilitation, homecare assistance and social participation.
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