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Abstract

The current study is part of the EMPATHIC project,
whose aim is to develop an Empathic Virtual Coach (VC)
capable of promoting healthy and independent aging. To
this end, the VC needs to be capable of perceiving the emo-
tional states of users and adjusting its behaviour during the
interactions according to what the users are experiencing
in terms of emotions and comfort. Thus, the present work
focuses on some sessions where elderly users of three differ-
ent countries interact with a simulated system. Audio and
video information extracted from these sessions were exam-
ined by external observers to assess participants’ emotional
experience with the EMPATHIC-VC in terms of categori-
cal and dimensional assessment of emotions. Analyses were
conducted on the emotional labels assigned by the external
observers while participants were engaged in two different
scenarios: a generic one, where the interaction was carried
out with no intention to discuss a specific topic, and a nu-
trition one, aimed to accomplish a conversation on users’
nutritional habits. Results of analyses performed on both

audio and video data revealed that the EMPATHIC coach
did not elicit negative feelings in the users. Indeed, users
from all countries have shown relaxed and positive behav-
ior when interacting with the simulated VC during both sce-
narios. Overall, the EMPATHIC-VC was capable to offer
an enjoyable experience without eliciting negative feelings
in the users. This supports the hypothesis that an Empathic
Virtual Coach capable of considering users’ expectations
and emotional states could support elderly people in daily
life activities and help them to remain independent.

1. Introduction

The world population will continue to age, and it is ex-
pected that one in six people in the world will be over age
65 by 2050 [1]. Along with aging, the likelihood of de-
veloping chronic illness also increases, and this means that
the elderly, often frail individuals, need external support to
cope with daily activities. However, there is a shortage of
caregivers available to provide these continuous services.
Indeed, Kon and colleagues [2] showed that the number of
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caregivers in 2017 was of 7.2 million and it is expected to
increase to around 12.9 million by 2035, which is signifi-
cantly less compared to 101 million of older people care-
dependent [3]. An important role is that of family care-
givers: family carers are the main source of support of older
dependents [4]. The available estimates of the number of
informal caregivers ranges from 10% up to 25% of the to-
tal population in Europe [4]. Most older adults prefer to
live alone instead of staying in a health institution, which
does not facilitate the supportive role of family caregivers.
Considering that most of the support is provided by family
members and that older people prefer to live alone and not
in a health institution, it is important to make the elderly
independent by promoting active ageing. Active ageing is
defined by the World Health Organization as “is the process
of optimizing opportunities for health, participation and se-
curity in order to enhance quality of life as people age” [5].
Active ageing challenges the common notion that older age
is characterized by passivity and dependency. This pro-
cess aims to extend healthy life expectancy and quality of
life for all older people, including those who are frail, and
disabled [5]. Principles promoting active ageing are [6]:
health (physical, mental and social well-being), participa-
tion (activities related to societal spheres such as employ-
ment, politics, education, the arts and religion) and security
(activities that guarantee the protection, dignity and care).
The elderly need physical assistance (eyesight/hearing, mo-
bility, self-care activities) [7], cognitive support (memory
loss, early phase dementia and cognitive decline) [8], emo-
tional and social support (isolation, low self-esteem, lack
of emotional support and psychological distress also bur-
den the lives of older people) [9]. Information and Commu-
nication Technologies (ICT) aid older people to stay active
members helping them remain independent [10]. Therefore,
technologies play an important role in the well-being and
quality of life for elderly people. In particular, intelligent
virtual assistants have been considered to provide elderly
people independence with daily life assistance [11]. Some
studies showed the role of empathy in human-agent interac-
tion: what makes the difference in the assistance provided
by a virtual agent is the emotional empathy perceived by
the elderly [12]. The EMPATHIC (Empathic, Expressive,
Advanced Virtual Coach to Improve Independent Healthy-
Life-Years of the Elderly) cite [13] project aims to de-
velop an emotionally expressive EMPATHIC-virtual coach
(EMPATHIC-VC) to assist seniors in their daily activities
to promote active and independent aging. The EMPATHIC
project aims the use of technology aims to improve the qual-
ity of life by involving senior users in a healthy lifestyle re-
garding diet, physical activity and social interactions. By
improving the quality of life of the elderly, the virtual agent
also reduces the burden of family caregivers and responds
to the increasing demand of caregiving figures.

The EMPATHIC-VC is able to perceive and identify
users’ social and emotional states by multi-modal face, eye
gaze and speech analytics modules [13]. In this frame-
work, this article aims to analyze the interaction between
EMPATHIC-VC and users (cf Figure 1), focusing mainly
on the external observation, provided by expert annotators
trained for emotion recognition. In the context of devel-
oping an EMPATHIC-VC, it is important to assess how
users are perceived by an external observer to the extent
that these same users’ emotions should be detected by the
agent. Hence, the present work is based on the experimental
sessions, during which senior users carried out an interac-
tion with a Wizard of Oz (WOZ) driven, simulated system
[14]: older people believed they were interacting with an
autonomous machine while the system was actually oper-
ated by a human being. Data collected from these experi-
mental sessions were analyzed in order to test whether a VC
able to perceive the interacting users and adapt to their emo-
tional states would provide an experience characterized by
positive feelings and whether users’ emotional states would
modify in the course of the dialogues or due to conversa-
tions’ topics.

Figure 1. An older adult user while interaction with the EM-
PATHIC virtual coach.

2. Materials and method
Participants

The inclusion criteria for the study were: 1) female or male
older than 65 years; 2) living independently; 3) being able
to read, write and speak their mother language. Data were
collected for Norway, France and Spain. The total sample
is of 131 subjects divided as follows:

• Norway: 31 participants (10 males and 21 females,
mean age= 74.98; SD= 5.56)

• France: 33 participants (14 males and 19 females,
mean age= 74.88; SD = 8.56)

• Spain: 67 participants (19 males and 48 females, mean
age= 69.60; SD = 5.77)
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Procedure

Participants signed informed consent (formulated accord-
ing to the European laws about privacy and data protection)
which informed them of the aims and the confidentiality and
anonymity nature of the data. As a first step, participants
were asked to complete two health questionnaires: Geri-
atric Depression Scale (GDS) [15] and World Health Orga-
nization Quality of Life (WHQOOL-26) [16]. After that,
participants were asked to sit in front of a laptop equipped
with a webcam, a microphone and mobile connection. Then
they were logged into a secure session guaranteeing their
anonymity. According to their personal preference, they
chose one of five possible virtual agents (3 females and 2
males) as their virtual coach (VC). Details regarding the
participants’ preferences of virtual agents are provided in
[21]. After their choice, participants were required to com-
plete two dialogues with the VC, related to two different
scenarios. The first scenario was defined as generic, since
the interaction was carried out without any intention to dis-
cuss a specific conversational argument and served as an
introduction to the system; the second one, named nutri-
tion scenario, aimed to achieve a goal-directed conversation
about the users’ nutritional habits. The goal could have been
eating more vegetables or planning to eat healthier. The sys-
tem’s actions are actually controlled by a human (i.e., the
wizard), which is usually located in a separate room con-
nected to the experimental setting through a connection. In
this study, the procedure required two experimenters: the
wizard and a supervisor that informed and supported the
participant with all the required tasks, as the informed con-
sent, the questionnaires, and the debriefing. However, the
participants were left alone during the conversations with
the EMPATHIC coach in order to avoid any influence of the
supervisor on the dialogues. After the conversations with
the VC, participants were asked to give her/his feedback of
the experience by filling the EMPATHIC Virtual Agent Ac-
ceptance Questionnaire (VAAQ) [17], that explores partic-
ipants’ satisfaction in interacting with virtual agents, and
the System Usability Scale (SUS) [18] which provides a
global view of subjective assessments of usability. Finally,
they had to express their perceived feelings while interact-
ing with the VA according to a list of emotional labels iden-
tified by the partners of the EMPATHIC project. Both sce-
narios’ conversations were recorded for all participants and
audio and video data were extracted from the recordings of
the experimental session. In order to assess participants’
emotional experience with the EMPATHIC coach, audio
and video information gathered from the French, Norwe-
gian and Spanish participants’ recorded sessions were sepa-
rately examined by French, Norwegian or Spanish native
external annotators, respectively. The audio information
was evaluated by three annotators, while the video informa-
tion was evaluated by two others. More specifically, French

annotators were three males and two females (mean age=
35.6; S.D=15.93), Norwegian annotators were all females
(mean age=33; S.D=7.84), and Spanish annotators were
four males and one female (mean age=28.8, S.D.=3.63).
Annotation was carried out in terms of both categorical and
dimensional models of emotions. The model used for the
dimensional assessment was the VAD (Valence, Arousal
and Dominance [19]), according to which emotional states
are defined by three dimensions: 1) valence, which refers to
how pleasant or unpleasant the individual feels about some-
thing; 2) arousal, which refers to how excited or calm the
person feels; 3) dominance, which refers to the sense of
control over the situation. The VAD model was used to as-
sess only the speech signal, with no video: annotators had
to evaluate participants’ voice while conversing with the VC
by assigning to their speech one of the following labels in
each dimension:

• Arousal (bodily activation): excited/activated, slightly
excited, neutral/calm

• Dominance: rather dominant / controlling the situa-
tion, neither dominant nor intimidated, rather intimi-
dated /defensive

• Valence (pleasantness): positive, neither positive nor
negative, negative

For what concerns the categorical model, annotators had
to label the participants’ speech with the following emo-
tional labels: “Calm”, “Sad”, “Amused”, “Puzzled” and
“Anxious”. Only the categorical model was used to analyze
the video data, which consisted in the emotional labelling of
the video recordings without hearing the audio. In this case,
the categorical labels of the emotion dimension assigned to
the video information were: “Sad”, “Angry”, “Surprised”,
“Amused”, “Pensive”, “Other”, “Neutral”.

Data analysis

SPSS 21.0 statistical software was used to analyze au-
dio and video information. Raw data were elaborated by
following a procedure consisting in two steps:

1. the entire timeline of each interaction was divided into
five temporal segments of equal size to analyze the
trend of the features along the time. Temporal seg-
ments have different sizes for different participants.

2. the frequency of each emotional label was separately
computed for every emotional dimension and temporal
segment.

The statistical analyses were firstly performed on the
data collected on each country and then on all countries’
data aggregated into a single datasheet, with the aim to de-
tect putative differences between Spanish, Norwegian and
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T1 T2 T3 T4 T5
Gen. Nutr. Gen. Nutr. Gen. Nutr. Gen. Nutr. Gen. Nutr.

Arousal
Excited 0 0 0 0 0 0 0 0 0 0
Slightly excited 29.23 20.87 15.80 20.87 20.74 24.34 19.29 18.51 23.83 26.92
Neutral/ Calm 70.77 73.07 84.20 79.13 79.26 72.64 80.71 75.43 76.19 70.07
Dominance
Rather dominant/ Controlling the situation 11.48 5.26 4.75 4.50 3.70 4.86 5.11 7.86 7.46 9.17
Neither dominant nor intimidated 88.5 88.3 94.72 95.5 96.3 92.11 94.89 86.08 92.41 87.8
Rather intimidated/ Defensive 0 0.38 0.52 0 0 0 0 0 0.13 0
Valence
Positive 33.62 22.70 13.94 12.57 19.3 11.37 18.18 7.63 24.51 29.87
Neither positive nor negative 65.74 70.71 83.18 86.44 76.49 84.92 81.14 86.17 70.97 65.92
Negative 0.63 0.54 2.88 0.99 4.2 0.67 0.67 0.13 4.52 1.18
Categorical Emotion
Calm 92.27 89.45 93.35 96.45 96.86 92.06 94.9 92.17 94.45 88.39
Sad 0 0 0 0 0 0.07 0 0 0 0
Amused 6.23 3.42 1.86 1.05 1.36 1.08 2.45 0.52 2.74 6.04
Puzzled 1.58 1.07 4.93 2.25 1.96 3.76 2.65 1.24 2.8 2.51
Anxious 0 0 0 0.25 0 0 0 0 0 0

Table 1. French participants’ occurrence (%) of dimensional and categorical labels perceived in the audio during the users/EMPATHIC
coach interaction in the generic (Gen.) and nutrition (Nutr.) scenario.

French samples. Each dimension was separately analysed.
For single country’s data, the following statistical analyses
were considered:

1. Repeated measures ANOVAs to assess differences
among annotators’ labelling both for categorical and
dimensional labels. The within-subjects factors were
the annotator and the time.

2. Repeated measures ANOVAs to detect putative
changes in the assigned emotional dimensional and
categorical emotional dimensions across the five tem-
poral segments, considering time as within-subjects
factor and participants’ gender as between-subjects
factor.

3. Repeated measures ANOVAs to detect whether dif-
ferences in the assigned labels’ occurrences in each
temporal segment were affected by the proposed
scenarios (generic and nutrition) along which the
user/EMPATHIC coach interaction was conducted.
The within-subject was the type of scenario and
the participants’ gender was considered as between-
subjects factor.

It should be mentioned that repeated measures ANOVAs
have been conducted only on the evaluation provided by
the first annotator in all the cases where no significant dif-
ferences among annotator’s labelling were observed. In-
stead, in those cases where these differences emerged, the
repeated measures ANOVAs have been performed both on
the first annotator’s labelling and on the labelling provided
by the annotator differing from the others. However, it

must be said that the few cases where significant differences
among annotators’ labelling were observed did not express
contrasting changes in the perceived emotional states of the
users, rather a different degree of their positive involvement,
as from neutral to calm or vice-versa. For this reason, these
differences were not considered relevant changes and the
following results will refer to the labelling of participants’
emotional status provided by only one of the external an-
notators. Finally, for cross-countries comparisons, repeated
measures ANOVAs analyses were performed on the aggre-
gated data, considering only the labelling provided by the
first annotator in each country. The same statistical anal-
ysis performed on a single country’s data were considered
with exception of the repeated measures to assess differ-
ences among annotators’ labelling. For all the analyses the
significant level was set at α = .05 and differences among
means were assessed though Bonferroni’s post hoc tests.
Details of these analyses are provided in the enclosed sup-
plementary material.

3. Results of Audio data analysis
France

Results showed no significant differences in the arousal di-
mension across the five temporal segments and between
generic and nutrition scenarios. As shown in Table 1,
participants were mostly perceived as calm. Indeed, the
label “Excited” was rarely attributed during both scenar-
ios, meaning that external observers did not perceive that
the EMPATHIC coach generated feelings of distress in the
users. For what concern the dominance dimension, French
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T1 T2 T3 T4 T5
Gen. Nutr. Gen. Nutr. Gen. Nutr. Gen. Nutr. Gen. Nutr.

Arousal
Excited 0 0.5 0 0 0 0 0 0 0 0
Slightly excited 5.81 2.96 4.62 1.72 3.94 3.05 1.92 4.4 4.64 3.42
Neutral/ Calm 94.19 96.54 95.39 98.28 96.06 96.95 98.08 95.6 95.35 96.58
Dominance
Rather dominant/ Controlling the situation 0.73 2.27 0.3 0.42 0.28 2.85 0.62 3.18 0.77 1.24
Neither dominant nor intimidated 99.05 97.71 99.48 99.5 99.72 97.15 99.37 96.82 99.22 98.45
Rather intimidated/ Defensive 0.22 0.02 0.22 0.08 0 0 0 0 0 0.31
Valence
Positive 3.56 2.73 2.31 2.69 2.94 2.03 0.2 2.16 4.49 5.65
Neither positive nor negative 96.06 95.83 96.27 97.15 97.06 96.97 97.48 95.66 93.63 93.38
Negative 0.37 1.44 1.41 0.16 0 0.99 2.31 2.18 1.87 0.97
Categorical Emotion
Calm 96.11 95.69 98.32 99.0 95.31 96.12 97.68 94.92 87.82 92.38
Sad 0 0 0 0 0 0 0 0 0 0
Amused 2.9 4.15 0.81 0.74 4.43 3.34 2.32 4.28 12.15 7.4
Puzzled 0.98 0.15 0.88 0.26 0.26 0.54 0 0.81 0 0,22
Anxious 0 0 0 0 0 0 0 0 0 0

Table 2. Norwegian participants’ occurrence (%) of dimensional and categorical labels perceived in the audio during the users/EMPATHIC
coach interaction in the generic (Gen.) and nutrition (Nutr.) scenario.

participants were mostly perceived as neutral or in control
of the situation. The French participants’ valence during the
conversation with the EMPATHIC coach was mostly per-
ceived as neutral or positive. In detail, some differences
also emerged between the type of scenarios: during the first
and fourth temporal segments, participants were perceived
more frequently as “Positive” in the generic scenario with
respect to the nutrition one. Finally, concerning the results
of the categorical annotation, they showed the label “Calm”
was the most assigned during the generic and nutrition sce-
narios, followed by the “amused” and “puzzled” ones (see
Table 1). No significant differences in labels’ occurrence
were observed along the temporal segments nor due to the
type of scenario.

Norway

Analyses on the Norwegian sample did not reveal signifi-
cant differences in the occurrences of arousal dimension la-
bels across temporal segments nor between scenarios’ type.
As occurred for the French participants, Norwegian ones
were mostly perceived as calm, suggesting that also for
them the EMPATHIC coach aroused a relaxed state during
the whole experimental session (see Table 2). The domi-
nance dimension did not significantly change neither across
time nor due to the type of scenario. Norwegian partici-
pants were mainly perceived as neutral and this indicates
that the EMPATHIC Coach was mainly considered as a
user-friendly system. Concerning the valence dimension,
results of the analysis revealed no significant modification
across temporal segments nor due to the type of scenario

in the occurrences of the labels. As reported in Table 2,
Norwegian participants were mostly perceived as neutral
in both scenarios, suggesting that interacting with the EM-
PATHIC coach was considered a pleasant experience. Fi-
nally, regarding the categorical model, the label “Calm” was
the most assigned during the generic and nutrition scenar-
ios (see Table 2), though, results showed a decrease of this
label occurrence at the end for both generic and nutrition
scenarios, and an increase of label “amused” at the end of
the generic scenario compared to its beginning.

Spain

Arousal dimension in the Spanish sample did not mod-
ify across time and Spanish participants were mostly per-
ceived as “neutral/calm” (see Table 3). The comparison be-
tween the generic and nutrition scenarios revealed a slight
increase of the “slightly excited” label in the generic with
respect to the nutrition scenario. Overall, results indicated
that the emotional experience of participants while convers-
ing with the EMPATHIC coach was mainly characterized
by a relaxed state. Furthermore, Spanish participants were
mostly perceived as “neither dominant nor intimidated” or
as “rather dominant/controlling the situation” during both
generic and nutrition scenarios. A slight increase in de-
fensiveness was observed at the end of the nutrition sce-
nario, with respect to the generic one, probably because
nutrition was a sensitive topic for some participants. Fi-
nally, Spanish participants’ interaction with the EMPATHIC
coach was mainly perceived as “Positive” in both generic
and nutrition scenarios (see Table 3). Occurrences of this
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T1 T2 T3 T4 T5
Gen. Nutr. Gen. Nutr. Gen. Nutr. Gen. Nutr. Gen. Nutr.

Arousal
Excited 0.11 0.13 0 0 0 0 0 0 0 0
Slightly excited 3.14 1.71 3.08 1.12 1.97 1.13 1.67 1.82 2.74 2.59
Neutral/ Calm 96.75 97.95 96.92 98.88 94.53 97.39 95.35 96.68 95.66 92.93
Dominance
Rather dominant/ Controlling the situation 1.96 2.95 2.24 5.8 5.42 5.05 4.87 5.41 2.79 4.75
Neither dominant nor intimidated 97.61 96.48 97.76 94.06 93.08 92.99 92.14 91.87 95.72 92.2
Rather intimidated/ Defensive 0.43 0.57 0 0.97 0 1.96 0 2.72 0 1.55
Valence
Positive 48.54 77.59 63.87 78.74 69.73 72.31 71.27 71.49 66.08 63.99
Neither positive nor negative 50.8 21.96 35.84 21.03 29.35 24.29 25.89 26.02 32.14 31.88
Negative 0.57 0.58 0.43 0.16 0.33 1.91 0 0.99 0.16 1.14
Categorical Emotion
Calm 95.51 96.42 93.16 95.82 93.63 90.86 91.99 91.58 93.27 86.77
Sad 0 0 0.26 0.09 0.44 1.11 0.6 0.21 0 1.7
Amused 1.94 1.78 2.35 2.22 2.09 0.98 1.45 2.64 4.21 5.13
Puzzled 2.19 1.84 3.77 1.87 2.0 5.22 3.51 3.32 1.03 3.38
Anxious 0.36 0.05 0.45 0 0.3 0.34 0 0.75 0 0.03

Table 3. Spanish participants’ occurrence (%) of categorical emotion labels perceived in the video during the users/EMPATHIC coach
interaction in the generic (Gen.) and nutrition (Nutr.) scenarios.

label tended to increase during the generic scenario, while
their frequency remained consistently high during the nutri-
tion one. Concerning the categorical annotation, averaged
percentages reported in Table 3 showed an increase at the
end of the generic scenario of the label “amused” and a
decrease of the label “puzzled”. Instead, in the nutrition
scenario, the label “amused” increased at the end compared
to its beginning. Some differences due to the type of sce-
nario also emerged: Spanish participants were perceived
more frequently as “puzzled” in the generic scenario with
respect to nutrition one, during the central temporal seg-
ments. Probably, this was due to the fact that the generic
scenario was always the first one presented to the partici-
pants, and they may have not been familiar with the system
yet. Overall, these findings suggest that participants were
entertained by the EMPATHIC coach.

Cross-countries comparisons

Concerning the arousal dimension, results showed that
French participants were perceived more frequently as
“slightly excited” and less frequently as “neutral” than
Spanish and Norwegian participants during both the generic
and nutrition scenarios. According to these findings, French
participants were slightly less relaxed and more stimulated
by the conversations with the EMPATHIC coach. Con-
cerning the dominance dimension’s labels, results showed
that French participants were associated with the highest
occurrence of the “dominant/controlling the situation” la-
bel, followed by Spanish and Norwegian participants. Oc-
currences of the neutral label followed the opposite direc-

tion. Taken together, the results show that, regardless of the
type of scenario, the participants were perceived as being
able to successfully manage the interaction with the EM-
PATHIC coach and experienced no feelings of annoyance
or discomfort toward the system. Regarding the valence di-
mension, cross-countries comparisons of emotional labels’
occurrences revealed that Spanish participants were associ-
ated with the highest occurrence of the “Positive” label, fol-
lowed by French and Norwegian ones in both generic and
nutrition scenarios. Instead, Norwegian participants were
mainly perceived as “neutral”, probably because they were
more cautious in interacting with the EMPATHIC system.
Besides these slight differences, these findings suggest that
the emotional experience of all users while conversing with
the EMPATHIC coach was mainly positive. Finally, regard-
ing the categorical model, results showed that during the
generic scenario, Norwegian participants were perceived
more frequently as “amused” and less frequently as “puz-
zled” compared to their Spanish and French counterparts,
while in the nutrition scenario, Norwegian participants were
perceived less frequently as “puzzled” only with respect to
Spanish participants. Besides these slight differences, re-
sults suggest that, regardless of the country, the EMPATHIC
coach has been perceived as a friendly system and partici-
pants’ emotional experience while conversing with the EM-
PATHIC coach was basically never characterized by nega-
tive emotions.
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T1 T2 T3 T4 T5
Gen. Nutr. Gen. Nutr. Gen. Nutr. Gen. Nutr. Gen. Nutr.

Categorical emotion
Sad 0 0 0 0 0 0 0 0 0.15 0
Angry 0.41 0 0 0 0.04 0 0.49 0 0 0
Surprised 0.43 0 0.15 0.12 0.14 0 0.13 0 0 0
Amused 10.84 4.69 4.23 2.66 6.4 3.1 5.51 2.1 9.91 5.08
Pensive 8.52 8.35 20.74 14.67 19.55 9.47 19.79 9.91 16.54 4.04
Other 0.21 1.6 0.65 3.59 0.76 2.79 0.9 1.76 0.54 2.43
Neutral 79.58 85.3 74.24 78.94 73.1 84.64 73.17 86.22 72.85 88.44

Table 4. French participants’ occurrence (%) of categorical emotion labels perceived in the video during the users/EMPATHIC coach
interaction in the generic (Gen.) and nutrition (Nutr.) scenarios.

4. Results of video data analysis

France

According to the averaged percentages reported in table 4
the most assigned label was “Neutral” in both generic and
nutrition scenarios. However, results revealed some differ-
ences between the two scenario types. Participants were
perceived more frequently as “Amused” and “Pensive” dur-
ing the generic scenario with respect to the nutrition one
along the five temporal segments in which the interaction
develops. On the contrary, occurrences of the label “Neu-
tral” were higher in the nutrition scenario compared to the
generic one. These differences may be ascribed to the fact
that the nutrition scenario required participants to stay fo-
cused on the nutritional topics to achieve the goal of imple-
menting a correct daily regime. For this reason, participants
were perceived more emotionally neutral in this type of sce-
nario compared to that with no goal requirements. Even
though, the percentages of occurrences of each emotional
categorical label indicate that participants were absorbed by
the dialogues and seem to enjoy conversing with the EM-
PATHIC coach. This was supported by the very low occur-
rences of “Sad” and “Angry” labels during all the temporal
segments, which suggest that participants quite never expe-
rienced negative emotional states.

Norway

As shown in table 5, Norwegian participants were mostly
perceived as “Neutral” while interacting with the EM-
PATHIC coach. Occurrences of the label “Amused” in-
creased at the end of both the interactional scenarios, com-
pared to the beginning. This increase indicates that partic-
ipants enjoyed conversing with the system. Furthermore,
Norwegian participants were perceived more frequently as
“pensive” in the nutrition scenario and more frequently as
“neutral” in the generic one, indicating that conversations
aiming to accomplish a specific goal led participants to be
more attentive to the topic of conversation which, in this
case, concerned appropriate nutrition standards. As oc-

curred for French participants, also Norwegian ones were
rarely perceived as “sad” or “angry”. The lack of perceived
negative emotions is in line with results obtained from the
speech analysis, suggesting that the interaction with EM-
PATHIC coach was characterized by positive feelings and
the users were absorbed by the conversations with the sys-
tem.

Spain

Averaged percentages reported in Table 6 showed that the
Spanish participants were perceived more frequently as
“Neutral”. In detail, comparisons between scenarios re-
vealed some differences: Spanish users were perceived
more frequently as neutral during the nutrition compared
to the generic scenario. Probably, conversations on a spe-
cific goal led Spanish participants to remain in a neutral
emotional state to stay focused on the goals to be achieved
by the conversation’s topic. Furthermore, results showed
that the “pensive” and “neutral” occurrence labels varied
slightly (increasing and decreasing) across temporal seg-
ments (see Table 6). In general, participants were mostly
perceived to be alert or in a neutral emotional state, indi-
cating that they felt no distress while conversing with the
EMPATHIC coach.

Cross-countries comparisons

Results showed some differences due to the country: Span-
ish participants were perceived more frequently as “neutral”
compared to Norwegian and French participants; whereas
Norwegian and French participants were perceived more
frequently as “amused” compared to their Spanish coun-
terparts. In the nutrition scenario, French participants
were perceived less frequently as “pensive” compared to
French and Norwegian participants and more frequently as
“amused” compared to Spanish participants. These results
suggest that the EMPATHIC virtual coach did not elicit neg-
ative feelings making all countries’ participants comfort-
able.
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T1 T2 T3 T4 T5
Gen. Nutr. Gen. Nutr. Gen. Nutr. Gen. Nutr. Gen. Nutr.

Categorical emotion
Sad 0 0 0 0 0 0 0 0 0 0
Angry 0.63 0 0 0 0 0 0 0 0 0
Surprised 0.38 0.02 0.06 0 0 0 0.41 0 0.15 0.16
Amused 6.53 6.81 4.3 2.89 6.15 4.22 4.12 5.61 11.61 11.43
Pensive 6.76 17.84 15.62 25.9 17.72 22.27 18.58 20.16 11.31 10.89
Other 2.71 0.02 2.81 0 3.07 0.08 3.03 0 2.88 0.22
Neutral 83.56 75.3 77.21 71.21 73.05 73.42 73.85 74.22 74.04 77.29

Table 5. Norwegian participants’ occurrence (%) of categorical emotion labels perceived in the video during the users/EMPATHIC coach
interaction in the generic (Gen.) and nutrition (Nutr.) scenarios.

T1 T2 T3 T4 T5
Gen. Nutr. Gen. Nutr. Gen. Nutr. Gen. Nutr. Gen. Nutr.

Categorical emotion
Sad 0 0 0 0 0 0 0 0 0 0
Angry 0.63 0 0 0 0 0 0 0 0 0
Surprised 0.38 0.02 0.06 0 0 0 0.41 0 0.15 0.16
Amused 6.53 6.81 4.3 2.89 6.15 4.22 4.12 5.61 11.61 11.43
Pensive 6.76 17.84 15.62 25.9 17.72 22.27 18.58 20.16 11.31 10.89
Other 2.71 0.02 2.81 0 3.07 0.08 3.03 0 2.88 0.22
Neutral 83.56 75.3 77.21 71.21 73.05 73.42 73.85 74.22 74.04 77.29

Table 6. Spanish participants’ occurrence (%) of categorical emotion labels perceived in the video during the users/EMPATHIC coach
interaction in the generic (Gen.) and nutrition (Nutr.) scenarios.

5. Discussion

The present work is part of the EMPATHIC Research
& Innovation project, which aims to explore and innovate
new interaction paradigms and build human-computer plat-
forms entailing Personalized Virtual Coaches that can sup-
port elderly people live independently. In order to do this,
the EMPATHIC-VC has to be able to perceive emotional
states of users and adjust its behaviour during the interac-
tions as a function of what the users are experiencing in
terms of emotions and comfort. The present study attains
to this EMPATHIC project objective by analysing the di-
mensional and categorical emotional assessment carried out
by external observers on audio and video information ex-
tracted from experimental sessions’ recordings. According
to the results, interacting with the EMPATHIC coach did
not elicit negative feelings in the users. Indeed, both di-
mensional and categorical assessment of participants’ emo-
tional experience revealed that they tend to be perceived re-
laxed and not intimidated by the system. Participants con-
sidered the EMPATHIC coach as user-friendly and felt pos-
itively involved in the conversations. Supporting this, la-
bels associated with negative emotional states were rarely
assigned by annotators during the users interaction, sug-
gesting that participants from all countries mostly experi-
enced positive emotions or they were perceived in a neu-
tral emotional state while conversing with the EMPATHIC
coach. Results of the multi-modal analyses on both audio

and video data support the hypothesis that an empathic vir-
tual agent could sustain senior users in the maintenance of a
healthy lifestyle, and provide elderly people independence
with daily life assistance [11]. These results also show that
the empathy plays a fundamental role by making the inter-
action between users and VC more natural and increasing
the satisfaction of older people [20]. These promising re-
sults suggest that the use of technology plays an important
role in the well-being and quality of life for elderly people,
by favouring the active ageing process and also reducing the
burden of family caregivers. Future directions should per-
severe in the development of virtual agents able to perceive
and identify users’ social and emotional states.
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Aylett, and W. Schneider, “‘FearNot!’: a computer-based
anti-bullying-programme designed to foster peer interven-
tion,” European Journal of Psychology of Education, 26(1),
21–44, 2010. DOI: 10.1007/s10212-010-0035-4 8

[21] R. Justo Blanco, L. Ben Letaifa, C. Palmero, E. Gon-
zalez Fraile, A. Torp Johansen, A. Vazquez, G. Cor-
dasco, S. Scholg, B. Fernandez Ruanova, M. Silva Ro-
drigues, S. Escalera, M. de Velasco, A. Esposito, M. Ko-
rsnes, M.I. Torres, “Analysis of the Interaction between El-
derly People and a Simulated Virtual Coach.” In Journal
of Ambient Intelligence and Humanized Computing, DOI:
10.1007/s12652-020-01983-3, 2020. 3

2176


