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Abstract: This article reports a study aiming to determine the perceptions of older adults needing
formal care about the usefulness, satisfaction, and ease of use of CaMeLi, a virtual companion based
on an embodied conversational agent, and the perceptions of formal caregivers about the potential of
virtual companions to support care provision. An observational study involving older adults needing
formal care was conducted to assess CaMeLi using a multi-method approach (i.e., an auto-reported
questionnaire—the Usefulness, Satisfaction, and Ease of use questionnaire; a scale for the usability
assessment based on the opinion of observers—the International Classification of Functioning
Disability and Health-based Usability Scale; and critical incident registration). Moreover, a focus
group was conducted to collect data regarding the perceived utility of virtual companions to support
care provision. The observational study was conducted with 46 participants with an average age of
63.6 years, and the results were associated with a high level of usefulness, satisfaction, and ease of
use of CaMeLi. Furthermore, the focus group composed of four care providers considered virtual
companions a promising solution to support care provision and to prevent loneliness and social
isolation. The results of both the observational study and the focus group revealed good perceptions
regarding the role of virtual companions to support the care provision for older adults.

Keywords: embodied conversational agent; virtual companion; older adult; usefulness; satisfaction;
ease of use; usability

1. Introduction

The changes in population age pyramids that have occurred in recent decades, namely the
increase of older age groups, impact provision of care for older adults. Solutions such as home care
might contribute to addressing the challenges faced by health and social care systems concerning the
current population evolution trend [1,2]. Most older adults desire to stay at home as long as possible,
integrated in the community, if they can do it with independence and autonomy, rather than live in an
institution [3,4]. However, the deterioration in mental and physical abilities resulting from the normal
ageing process make this preference a challenge to be addressed. Therefore, integrated solutions
based on information technologies are regarded as one of the possibilities to promote ageing in place,
avoiding or delaying institutionalization, and preventing loneliness and social isolation [5].
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Considering the current demographic challenges, new digital solutions are being developed [5].
Although these solutions cannot and should not replace the human role, they represent an additional
support to human caregiving [6]. Examples of these digital solutions include virtual companions
that provide practical tools to help older adults to maximize their independence and autonomy.
Virtual companions might include embodied conversational agents [7] capable of receiving human
voice communications from a user and selecting the appropriate responsive action to the query or
instruction received [8].

In the scope of the CaMeLi European Project [9], funded by the Ambient Assisted Living Joint
Program, a virtual companion, CaMeLi, was developed [10]. CaMeLi is grounded in an embodied
conversational agent with a human-like figure with which older adults can speak and interact by
asking it to perform actions such as reading the news [10].

The objectives of the study reported by this article were (i) to determine the perceptions of older
adults needing formal care about the usefulness, satisfaction, and ease of use of CaMeLi, by conducting
an observational study; and (ii) to analyze the potential of the embodied conversational agents for care
provision, according to the perspective of formal caregivers, by conducting a focus group. The results
of the study represent not only essential feedback for the technical improvement of CaMeLi, but also
a contribution to the current knowledge of older adults’ experiences with virtual companions based on
embodied conversational agents and how these digital solutions can be used to optimize care provision.

In the following sections, this article introduces (i) the state of the art of virtual companions based
on embodied conversational agents, as well as the current trends of the assessment of usefulness,
satisfaction, and ease of use; (ii) the materials and methods that were used; (iii) the results of the study;
and (iv) discussion of the results and conclusion.

2. Related Work

2.1. Virtual Companions Based on Embodied Conversational Agents

Various researchers have developed embodied conversational agents to interact with users over
multiple conversations, ranging from a handful of interactions to hundreds of interactions spanning
long-term periods [11–13].

Embodied conversational agents are typically represented in the form of human or animal bodies
that are specifically lifelike and believable in the way they behave. They simulate human-like properties
in face-to-face conversation, including the ability to recognize and respond to verbal and non-verbal
input, and generate verbal and non-verbal output (e.g., mouth, eye and head movements, hand gestures,
facial expressions, or body posture), and can deal with conversational functions such as turn taking,
feedback and repair mechanisms [7]. Due to these characteristics, embodied conversational agents
provide familiar and non-threatening interfaces, especially useful for building systems that are easy to
use and engaging, and can gain the trust of their users, even those with age-related or other cognitive
impairments [14].

Studies suggest that virtual companions based on embodied conversational agents dealing with
emotion and affection are particularly capable of capturing the users’ attention, engaging them in
active tasks and entertaining them [15], leading to the development of affinity relationships with their
human partners [16,17].

Different virtual companions based on embodied conversational agents have been developed aimed
at a broad range of purposes, namely [18]: physical activity [11,12,19–22], medical treatment [20,23–27],
mental health [28–31], nutrition [32–35], daily activities [14,36,37], or social support [17,38]. In some
cases, virtual companions have been successfully developed to monitor, encourage, and assist older
adults [11,14,17,20,22,31,36,38].

A variety of virtual companions has been developed aiming to provide social support to isolated
older adults [17,38] and to address their daily needs for autonomous living [14]. Moreover, virtual
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companions have also been used as coaches and wellness counsellors in health behavior change
interventions for older adults [11,22].

Embodied conversational agents supporting virtual companions to be used for extended periods
of time require special design considerations compared to systems that are either only used for
brief interactions or do not intend to engage the user in social interaction [22]. Relational agents,
a term introduced and explored by Bickmore [11], are embodied conversational agents designed to
form long-term relationships with their users. They are distinct from other types of virtual agents
in their ability to imitate the way people incrementally get to know and trust each other through
conversations [11]. They often maintain the memory of specific interactions, recalling and referring
to them later to evolve relationships with their users [11]. In this respect, Kasap and colleagues [39]
discuss an embodied conversational agent designed for repeated interaction. The agent maintains
a relationship model of the user, which is updated based on the emotional content of events during
a session. This model biases the agent’s mood and indirectly influences its behavior.

A handful of studies have been conducted in which autonomous embodied conversational agents
were installed for prolonged periods in the daily living environments of older adults. For instance,
in an exploratory pilot study by Ring and colleagues [38], a virtual companion designed to provide
longitudinal social support to isolated older adults using empathetic feedback was placed in the
houses of 14 older adults for a week. Results demonstrated significant reductions in loneliness based
on self-reported mood. In turn, a randomized controlled trial was conducted by Bickmore and
colleagues [22]: a virtual exercise coach designed to encourage sedentary older adults to walk more
was installed in their houses for two months, followed by another period of ten months, so that the
participants had the opportunity to continue the interaction in a kiosk in their clinic waiting room.
The trial results showed that participants in the intervention group walked significantly more on
average than participants from the control group.

Nonetheless, most of the developed virtual companions were designed for specific controlled
environments and have rarely made the step out of the laboratory as autonomous applications in
real-world settings. Consequently, there is a lack of knowledge about how autonomous virtual
companions perform and which factors influence their acceptance and success in different contexts.
To develop useful and successful virtual agents that engage their users in beneficial long-term
relationships, there is the need to integrate these systems seamlessly in real-world environments and
make them capable of interacting with humans autonomously, in an intuitive, natural and trouble-free
way in everyday situations [40,41].

2.2. Usefulness, Satisfaction and Ease of Use

During the past two decades, in the context of human–computer interaction practices, the concept
of user experience [42] has been widely used. The concept aims to embrace the total usage phenomenon
of a system, product, or service, namely a digital solution, including the emotional impact that it can
have in the users’ lives [43]. For the International Organization for Standardization, user experience is
related to the users’ perceptions and responses (i.e., emotions, beliefs, preferences, perceptions, comfort,
behaviors), that result from the use and/or anticipated use of a system, product, or service, which is
dependent on each user personality and prior experiences, attitudes, skills, and abilities, as well as the
context of use [44].

User experience is grounded mainly in intangible aspects, which means that different individuals
and different usages of the same system, product, or service can result in different user experiences [45].
The user experience is, therefore, unique to each individual and for a specific moment in time,
which means that the user experience is not able to be measured [45]. However, it is possible to
operationalize this complex concept into different dimensions, which can then be characterized
and assessed.

One of the most important components that contributes to and modulates the user experience of
digital solutions is usability. According to ISO 9241-11, usability refers to the “extent to which a system,
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product or service can be used by specified users to achieve specified goals with effectiveness, efficiency
and satisfaction in a specified context of use” [46] (pp. 1–2). In turn, assessment of usability is crucial to
minimize the probability of errors and undesirable consequences, and to increase the probability of use
by a large proportion of the target users [46,47]. In this respect, it should be noted that, when thinking
about digital solutions to support healthcare, usability contributes to enhance patient safety and quality
of care [48], although good assessment of usability is not a common practice [48–50].

Since there are different methods of usability assessment with different strengths and weaknesses,
and varying abilities to analyze different aspects of digital solutions, it is recommended to use
a multi-method approach for a specific assessment [51,52]. Certain methods rely on usability experts,
while others rely on end-users; the first are known as analytical models [53–55], and the latter,
known as empirical models, might contribute to highly usable digital solutions by capturing the
perspective of future users [53], and include test and inquiry methods [56]. Test methods involve
observing users while they perform predefined tasks and consists of collecting mostly quantitative
data. Examples include performance evaluation (i.e., gathering data related to the execution of a task
by the users) or observation (i.e., attentive visualization and systematic recording of a phenomenon,
including people, artifacts, environments, behaviors, and interactions). In turn, inquiry methods
aim to collect valuable information on the users’ opinions and expectations, namely by using focus
groups, interviews, and scales or questionnaires. There are validated scales (i.e., focused on a unique
dimension) and questionnaires (i.e., focused on multiple dimensions) to collect data on characteristics,
thoughts, feelings, perceptions, behaviors, or attitudes of the users.

The System Usability Scale (SUS), a ten-statement scale [57], is considered a reliable tool for
measuring usability and has been well-established and generalized, with a significant number of
publications [58]. However, questionnaires, such as the Post-Study System Usability Questionnaire
(PSSUQ) [59] or Usefulness, Satisfaction, and Ease of use (USE) [60], can complement the measurement
of usability with other user experience dimensions.

In the literature, there are a few studies addressing the usability assessment of embodied
conversational agents. For instance, two recent reviews of the literature [18,61] identified that the
usability assessment was an objective of several primary studies. Although the use of SUS has
been reported (e.g., to assess an embodied conversational agent to support diabetes treatment [62])
most studies do not report the use of validated instruments, which impairs the generalization of
the results. In turn, semi-structured, individual interviews [63], observation of task completion [64],
group discussions [65], or specific questionnaires [23,63] have been used to identify usability issues.

Although the use of scales and questionnaires has the advantage of providing quantitative results
that can be generalized and compared, it should be noted that they must be validated to guarantee
they have similar results in repeated measurements in similar circumstances. This means that the
literature shows a lack of quantitative knowledge of both older adults’ experiences with virtual
companions based on embodied conversational agents and the potential of virtual companions to
support care provision. In this respect, the article reports an observational study using a multi-method
approach, which includes the USE scale, to determine the perceptions of older adults needing formal
care about the usefulness, satisfaction, and ease of use of a virtual companion based on an embodied
conversational agent.

3. Materials and Methods

3.1. Research Questions

The objectives of the study reported by this article (i.e., to determine the perceptions of older
adults needing formal care about the usefulness, satisfaction and ease of use of a virtual companion
based on an embodied conversational agent, CaMeLi, and to analyze its potential, according to the
perspective of the formal caregivers) informed the following research questions:
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• RQ1. What are the perceptions of older adults needing formal care about the usefulness, satisfaction,
and ease of use of CaMeLi?

• RQ2. What types of features of virtual companions based on embodied virtual agents might
represent barriers to older adults?

• RQ3. What are the perceptions of formal caregivers about potential contributions to care provision
by virtual companions?

The usability assessment represents an important aspect during the development phase of
technological solutions to optimize the user acceptance. However, in the study reported by the present
article, the aim was not only to assess usability to improve a digital solution, but also to contribute to
current understanding of the perceptions of older adults about the usefulness, satisfaction, and ease
of use of virtual companions based on embodied conversational agents, and the perceptions of care
providers about the potential of virtual companions to support care provision.

3.2. The CaMeLi Daily Life Companion for Older Adults

CaMeLi is a virtual companion created to support older adults to live independently and,
consequently, to promote healthy and active ageing [9]. It works through an embodied conversational
agent, able to interact with natural language, with which older adults can speak and interact by
asking help to perform some daily life activities at home. Providing simple information about the
daily schedule, contacting family or friends through Skype, consulting the news, choosing meals,
or reminding users (e.g., about where they stored specific objects) are some of the functions provided
by CaMeLi [10].

CaMeLi includes components for speech recognition, dialogue management, and synthesis of
speech, sound, and movement. The virtual companion operates on an all-in-one stationary computer
(i.e., Lenovo ThinkCentre Edge 93z All-in-One), mounted on the wall or placed on top of furniture,
at a height ranging from 80 to 120 cm, allowing the user to interact from a standing or sitting position.
A built-in microphone is used to enable speech as an input modality, and high definition speakers are
used for producing audio output.

The virtual companion is presented through a 3D human, female gender (by default), called
“Glória”. Its appearance presents a realistic and friendly face, and the voice is built to transmit
a comfortable feeling.

Figure 1 presents the dashboard of CaMeLi. The embodied conversational agent is presented in
the lower left corner, in the middle of the screen the main menus are displayed (i.e., web, calendar,
menu, news, Skype, and games), and at the right side of the screen the weather forecast and a summary
of the latest news are presented. On the top of the screen, information to orient the users is presented,
namely date and hour. In addition, in the upper left corner of the screen are displayed the microphone
button, mute button, and the help button (with instructions about voice commands and information
about the project). It is also possible to alter the gender of the embodied conversational agent by
changing to the male version (in the lower left corner of the screen).
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CaMeLi closely simulates human conversational behavior using synthesized voice and
synchronized non-verbal behaviors such as head nods and facial expressions.

The users interact with CaMeLi using a multimodal interface including automatic speech
recognition and a graphical touch-based user interface. The design features of the speech interface and
the user interface are consistent to simplify the learning process.

The overall architecture, which gives rise to the human-like abilities, was described in detail by
Tsiourti and colleagues [9].

3.3. Study Design

The research study comprised two phases. During the first phase, an observational study was
conducted. A multi-method approach comprising self-reported measures, measures reported by
observers, and critical incident registration was implemented to capture the perceptions of a group of
older adults needing formal care about the usefulness, satisfaction, and ease of use of CaMeLi.

The second phase comprised a focus group to capture the perceptions of the caregivers regarding
potential contributions to the care provision of CaMeLi in particular, and virtual companions based on
embodied conversational agents in general.

3.4. Observational Study

3.4.1. Ethical and Regulatory Considerations

The observational study was approved by the Portuguese Data Protection Commission and by the
Ethical Committee of the University of Aveiro (process number 18/2018, July 2018) and was conducted
according to the ethical principles that have their origin in the Declaration of Helsinki [66], the Good
Epidemiological Practice guidelines [67], and all of the applicable laws and regulations.

Therefore, all participants signed an informed consent prior to their participation. Before providing
informed consent, participants received an information sheet outlining the study objectives, duration,
and methods. Elements of the research team explained that participants could request additional
information about the study at any moment and abandon the study at any time without any explanation
or personal prejudice.

All steps were taken to protect participants’ privacy and all relevant rules on data privacy were
followed. Information allowing identification of participants was not captured in the study database.
The participants were distinguished in the study documents by a unique running number. A document
allowing establishment of a link between the running number and overt personal identifiers (e.g., name,
address, or phone number) was locked with access limited to the principal investigator.

The researchers involved in the conduct and reporting of the study were obliged to professional
secrecy. The principal investigator was responsible for making sure that all members of the team were
aware they must not reveal information obtained by having access to research data to anyone outside
the scientific research team.

3.4.2. Participants

Participants comprised a convenience sample of older adults and were recruited either by
referral from caregivers or direct invitation by researchers, among those attending day care-centers of
a non-profit social organization, Cáritas Diocesana de Coimbra (Cáritas).

Those willing to participate were eligible if they were aged over 60 years, were attending the
Cáritas day care-centers, were able and willing to give their informed consent, and had experience in
using CaMeLi (i.e., they have used CaMeLi for at least three months in activities they performed in
Cáritas day care-centers). Participants were excluded from the study if they were unable to understand
the study data collection forms, due to illiteracy (i.e., the participants were not able to explain in their
own words the information provided by the evaluator about the study and the data collection form) or
cognitive impairment (i.e., according the opinion of the head of the multidisciplinary team that assess
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and follows the older adults), or if they were not able to comply with the study protocol, due to health
conditions or personal circumstances.

3.4.3. Observers

The five researchers involved in the conduct of the experiment (i.e., observers) were experienced
in research related to older adults, namely, to assess the impact of digital solutions. In turn, none of the
observers were involved in the technological development of CaMeLi.

For this specific observational study, an observation guide was prepared to ensure the reliability
of the data collection. This guide was discussed in a meeting involving the research team. Then, a trial
was conducted to determine the adequacy of the guide and the preparation of the observers.
Finally, the performance of the observers during this trial was discussed by the team and some
clarifications were introduced in the observation guide.

3.4.4. Assessment Procedures

The researchers conducted the experimental sessions with the participants in the premises of
Cáritas. A single participant experienced the system each time, accompanied by three observers.

Each session was conducted by one of the observers and observed the following
steps: (i) pre-test—the observer provided a basic introduction and the participants completed
a sociodemographic questionnaire for sample characterization, with demographic information and
information about the digital devices the participants were familiar with; (ii) test—the participants
interacted with CaMeLi following the tasks described in a session script; simultaneously, two other
observers took notes about the performance of the participants and recorded the critical incidents;
(iii) post-test—the participants completed a self-reported questionnaire, the Portuguese version [68]
of USE [60], and the observers completed the International Classification of Functioning Disability
and Health-based Usability Scale (ICF-US) [69], according to their opinion about the interaction of the
participant with CaMeLi.

3.4.5. Assessment Instruments

USE [60] allows the capture of perceptions of the participants (i.e., it is an auto-reported
questionnaire) by identifying issues that may influence and determine frequency of use and
user satisfaction.

The selection of USE to determine the perception of the older adults was due to the fact that the
30 items of this questionnaire were developed to assess multiple dimensions: (i) usefulness (items 1 to
7); (ii) ease of use (items 8 to 19); (iii) ease of learning (items 20 to 23); and (iv) satisfaction (items 24
to 30). Each item is scored in a seven-point Likert scale, ranging from 1 (strongly disagree) to 7
(strongly agree). The questionnaire analysis is based on the average of the users’ answers, and the
average of each dimension can be analyzed in a disaggregated way [60].

The ICF-US [69] is a generic usability assessment scale that can be used for self-reported usability,
as well as usability assessment based on the opinion of observers. This tool consists of two subscales:
(i) ICF-US I, which allows a comprehensive usability assessment and the identification of participants
that have difficulties in using the application being assessed (i.e., for them the application is a barrier)
from the participants without significant difficulties (i.e., for them the application is a facilitator);
and (ii) ICF-US II, which allows the classification of application components as barriers and facilitators,
identifying the application strengths and weaknesses [69,70]. To fulfil the two subscales, observers
must consider the performance of the participants during the evaluation. Both subscales score all items
from −3 (less positive) to 3 (most positive) values.

The final score of the ICF-US I is calculated by the sum of the scores of all items. A value above
10 points indicates a good usability (i.e., facilitator) and less than 10 is considered a prototype with
opportunities to improve (i.e., barrier).
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The ICF-US II subscale is adaptable to address specific components of the application being
assessed. Therefore, when an item is classified as a barrier, it is possible to identify the feature that is
influencing that classification to determine what can be improved. On the other hand, the features
identified as facilitators can be noted as good practices for future developments [56,71].

3.4.6. Critical Incident Registration

During each experimental session, while the participant was executing the tasks, two observers
recorded the critical incidents to systematically identify behaviors that contribute to the success or
failure of the participants in specific tasks. In this record some details were considered, such as
easy/difficult interaction with CaMeLi or learning ability of the sequence needed to complete a task.

3.4.7. Tasks

The following tasks served as the base for the assessment of usefulness, satisfaction, and ease of use,
as they are representative of CaMeLi’s functionalities and encompass various interaction mechanisms:
(i) on the main screen, using the touch-based user interface, click on the “Games” menu; (ii) select the
game “Letter Soup”; (iii) hide the virtual companion; (iv) identify at least three words on the game
board; (v) view the list of available games again and select the “Game of the Rooster”; (vi) consult
the “News” menu using a voice command (for example: “Open News” or “Read News”); (vii) select
and read a news story of your choice; (viii) make the virtual companion visible again; (ix) select the
“Agenda” menu and then the “Meals” menu, using touch-based commands; and (x) disconnect the
microphone and reconnect again. Table 1 presents the type of command (i.e., touch or voice) related to
each task.

Table 1. Type of command for each task.

Task Type of Command

In the main screen, through touch, access the “Games” menu. Touch
Select the game “Letter soup”. Touch

Hide the avatar. Touch
Identify at least three words on the game board. Touch

View the list of available games again and select the “Rooster Game”. Touch
Consult the “News” menu using a voice command (for example: “Open news” or

“Read news”). Voice

Select and read a news story of your choice. Touch
Make the Avatar visible again. Touch

Select the “Agenda” menu and then the “Meals” menu, using touch commands. Touch
Disconnect the microphone and then reconnect it again. Touch

3.4.8. Data Analysis

Descriptive data was analyzed in terms of mean ± standard deviation (SD) or frequency.
Moreover, since ICF-US allows the identification of two different groups of participants (i.e., the
barriers and facilitators groups) an independent samples t-test was used to compare the USE total
score and the scores of the four USE dimensions between the two groups. The significance level was
set at p < 0.05.

Statistical analyses were conducted with Statistical Package for the Social Sciences (SPSS) Statistics
for Windows, version 23.0 (IBM Corp, Armonk, NY, USA).

3.5. Focus Group

The second phase of this study included an analysis of the perceived utility of virtual companions
in terms of care provision. To achieve this, data was gathered from a focus group. The use of a focus
group is a qualitative data collection technique that is highly popular in several contexts, which
brings together a small number of people and promotes informal discussion on a specific topic [72].
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This method aims to extract participants’ perceptions, feelings, attitudes, and ideas about a particular
subject. One researcher should assume the moderator role, being responsible for introducing the topics,
promoting participation, and maintaining the discussion [72].

The focus group comprised four participants. These participants were recruited by direct invitation
by the research team. In terms of eligibility to participate in the focus group, the research team defined
that the participants should be experienced caregivers with at least three years of experience in
caring for older adults and be familiar with the potential of digital solutions to support older adults.
Moreover, as exclusion criterion, it was defined that participants should not have been involved in the
development of CaMeLi.

At the beginning of the focus group, all participants were introduced to the scope of the research
and were informed that they had the right to discontinue their participation without any repercussions.

Then, the participants of the focus group were asked to give their opinion about, among other
topics, whether the embodied virtual companions humanize contact with technology, the system
usefulness for older adults living in their homes or living in institutions, or other functionalities that
would be interesting to implement in future versions of CaMeLi.

The focus group was led by one member of the research team acting as a facilitator by providing
instructions and guiding the discussion. Two other members of the research team were responsible for
taking notes. Both the facilitator and the members of the research team responsible for taking notes
had participated in research projects focusing older adults.

All the interventions were audio recorded and transcribed. Thematic analysis was then performed.
Two researchers independently coded the focus group transcript and the results were interpreted
and discussed by the research team.

4. Results

4.1. Observational Study

The observational study took place between September and October 2018 [73] in five different day
care-centers of Cáritas.

The total sample consisted of 46 participants, 34 females (73.91%) and 12 males (26.09%),
with an average age of 63.6 years (SD = 20.5). All the participants were retired and formally requested
care services that Caritas provides to older adults due to physical or cognitive impairments; particularly,
all of them were participating in the activities of Cáritas day care-centers. In terms of marital status,
19 participants were windowed (41.30%), 12 were married (26.09%), eight were divorced (15.22%) and
seven were unmarried (17.39%). More than half of the sample had internet at home (60.87%), almost
half used a computer or tablet (45.65%), and only 28.26% used a smartphone. All the participants had
been using CaMeLi for at least three months.

In each session, the participant was accompanied by three observers. The overall experimental
process lasted approximately 40 min for each participant and, on average, each one interacted with
CaMeLi for approximately 20 min, varying between a minimum of 15 and a maximum of 25 min.

The results of USE and ICF-US I are presented in Tables 2 and 3. Since the ICF-US I allows the
classification of the participants into two groups (i.e., barriers and facilitators group), it was possible
to conclude that, according ICF-US I, CaMeLi was a barrier for 11 participants and a facilitator for
35 participants. Therefore, the referred Tables 2 and 3 present the mean value and SD of the scores
of the different items of the scales for all the participants and for the two groups. In this respect,
using an independent samples t-test, with a significance level set at p < 0.05, statistically significant
differences were found between the two groups for the USE total score (p = 0.04) and for the scores of
the usefulness (p = 0.014) and satisfaction (p = 0.041) dimensions of USE.

The average total score of the USE for all participants was 5.06 out of a maximum of 7 (SD = 1.10),
which indicates that CaMeLi presents a good degree of usefulness, satisfaction, and ease of use.
The results for the four dimensions associated with USE, listed in descending order of average scores,
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were: (i) satisfaction (mean value = 5.28; SD = 1.26); (ii) usefulness (mean value = 5.14; SD = 1.12); (iii)
ease of learning (mean value = 5.02; SD = 1.35); and (iv) ease of use (mean value = 4.90; SD = 1.17).

Items with higher scores were related to the usefulness and satisfaction of the CaMeLi, namely, (i)
“I would recommend it to a friend” (mean value = 5.70; SD = 1.33); (ii) “It is fun to use” (mean value =

5.65; SD = 1.22); and (iii) “It is useful” (mean value = 5.46; SD = 1.13). In turn, the items that obtained
lower scores were related with the ease of use dimension: (i) “I can use it successfully every time”
(mean value = 4.41; SD = 1.67); (ii) “I can use it without written instructions” (mean value = 4.59; SD =

1.71); and (iii) “It is user friendly” (mean value = 4.65; SD = 1.65).

Table 2. Results of the application of USE.

USE Global
(n = 46)

Barriers
(n = 11)

Facilitators
(n = 35)

Mean Value (SD) Mean Value (SD) Mean Value (SD)

Total Score * 5.06 (1.10) 4.87 (1.00) 5.65 (1.20)

Usefulness * 5.14 (1.12) 4.91 (1.05) 5.80 (1.05)

It helps me be more effective. 5.22 (1.36) 5.00 (1.28) 5.91 (1.40)
It helps me be more productive. 5.22 (1.46) 4.91 (1.40) 6.18 (1.19)

It is useful. 5.46 (1.13) 5.31 (1.16) 5.91 (0.94)
It gives me more control over the activities

in my life. 5.17 (1.34) 5.09 (1.27) 5.45 (1.51)

It makes the things I want to accomplish easier
to get done. 5.07 (1.37) 4.83 (1.27) 5.82 (1.42)

It saves me time when I use it. 4.98 (1.66) 4.62 (1.52) 6.09 (1.68)
It meets my needs. 4.85 (1.41) 4.60 (1.33) 5.64 (1.38)

Ease of Use 4.90 (1.17) 4.73 (1.08) 5.39 (1.32)

It does everything I would expect it to do. 5.00 (1.58) 4.66 (1.57) 6.09 (1.05)
It is easy to use. 5.24 (1.27) 5.20 (1.18) 5.36 (1.50)

It is simple to use. 5.17 (1.51) 5.14 (1.35) 5.27 (1.91)
It is user friendly. 4.65 (1.65) 4.63 (1.50) 4.73 (2.05)

It requires the fewest steps possible to
accomplish what I want to do with it. 4.87 (1.29) 4.76 (1.21) 5.18 (1.48)

It is flexible. 4.76 (1.42) 4.59 (1.23) 5.27 (1.76)
Using it is effortless. 5.35 (1.45) 5.09 (1.34) 6.18 (1.51)

I can use it without written instructions. 4.59 (1.71) 4.40 (1.58) 5.18 (1.96)
I do not notice any inconsistencies as I use it. 4.67 (1.63) 4.51 (1.56) 5.18 (1.78)

Both occasional and regular users would like it. 5.33 (1.27) 5.14 (1.19) 5.91 (1.31)
I can recover from mistakes quickly and easily. 4.72 (1.50) 4.37 (1.24) 5.82 (1.78)

I can use it successfully every time. 4.41 (1.67) 4.40 (1.65) 4.45 (1.73)

Ease of Learning 5.02 (1.35) 4.90 (1.30) 5.36 (1.44)

I learned to use it quickly. 5.07 (1.44) 5.03 (1.32) 5.18 (1.75)
I easily remember how to use it. 4.96 (1.43) 4.80 (1.37) 5.45 (1.51)

It is easy to learn to use it. 5.17 (1.54) 5.03 (1.48) 5.64 (1.62)
I quickly became skillful with it. 4.87 (1.50) 4.77 (1.44) 5.18 (1.66)

Satisfaction * 5.28 (1.26) 5.04 (1.14) 6.05 (1.31)

I am satisfied with it 5.37 (1.31) 5.11 (1.23) 6.18 (1.24)
I would recommend it to a friend. 5.70 (1.33) 5.49 (1.31) 6.36 (1.15)

It is fun to use. 5.65 (1.22) 5.49 (1.17) 6.18 (1.19)
It works the way I want it to work. 4.83 (1.58) 4.60 (1.35) 5.55 (1.98)

It is wonderful. 5.26 (1.60) 4.97 (1.52) 6.18 (1.60)
I feel I need to have it. 4.78 (1.70) 4.51 (1.46) 5.64 (2.07)

It is pleasant to use. 5.39 (1.37) 5.11 (1.25) 6.27 (1.36)

* p < 0.05.
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Table 3. Results of the application of ICF-US I.

ICF-US I Global (n = 46) Barriers (n = 11) Facilitators (n = 35)
Mean Value

(SD)
Mean Value

(SD)
Mean Value

(SD)

Total Score 15.93 (16.57) −10.64 (8.90) 24.29 (6.32)

The ease of use. 1.61 (1.86) −1.27 (1.35) 2.51 (0.70)
The degree of satisfaction with the use. 2.02 (1.51) −0.36 (1.12) 2.77 (0.49)

The ease of learning. 1.57 (1.94) −1.36 (1.36) 2.49 (0.89)
The achievement of expected results. 1.39 (1.79) −1.45 (1.04) 2.29 (0.71)

The similarity of the way it works on different tasks. 1.85 (1.51) −0.27 (1.49) 2.51 (0.66)
The possibility to interact using different inputs 1.41 (1.94) −1.45 (1.37) 2.31 (0.96)
The understanding of the messages displayed. 1.52 (1.88) −1.36 (1.03) 2.43 (0.92)

The application responses to your actions. 1.48 (1.71) −1.18 (0.98) 2.31 (0.76)
The knowledge of what was happening in the

application during its use. 1.41 (1.84) −1.27 (1.35) 2.26 (0.95)

Globally, I consider that the application was . . . 1.59 (1.67) −1.00 (1.10) 2.40 (0.69)

Considering the results of ICF-US I, in a range from −30 to 30, the mean score for all participants
was 15.93 (SD = 16.57), indicating that, in general, the application was a facilitator. The highest
participant score was 30, and the lowest was −25.

Considering the average of the different items of ICF-US I, none of the items had scores lower
than zero, which means that, on average, barriers were not identified. In turn, the facilitator results, in
order of importance, were (i) “The degree of satisfaction with the use” (mean value = 2.02; SD = 1.51);
and (ii) “The similarity of the way it works on different tasks (e.g., to confirm an action is always
equal)” (mean value = 1.85; SD = 1.51). According to the identified facilitators, it seems that most
participants were satisfied using CaMeLi and considered it to be consistent.

The ICF-US II subscale was applied to those participants of the group classified as barriers
(i.e., 11 participants) and the detailed results are presented on Table 4.

Table 4. Results of the application of ICF-US II.

ICF-US II Mean Value (SD)

Application Components −0.90 (0.62)

Virtual companion. −1.54 (1.13)
News Page. −0.85 (1.68)
Games Page. −0.31 (1,89)

Detailed Usability −0.7 (1.19)

Touch interaction. −1.38 (0.96)
Voice interaction. −2.46 (0.78)

Subtitles. −0.46 (1.51)
Layout change (e.g., hiding the avatar). −1.69 (1.32)

System navigation (e.g., return). −1.31 (1.25)
Icons representativeness. −1.54 (1.27)

Icons size. 0.62 (1.56)
Icons color. 1.00 (1.63)

Icons contrast. 1.15 (1.77)
Layout (elements distribution on the screen). 0.31 (1.89)

Audio −1.15 (1.34)
Application functioning mode −1.46 (1.05)

Overall assessment −1.23 (0.93)

The results of the parts associated with ICF-US II were analyzed according to the mean values of
the items (range −3 to 3):

• Application Components (three items)—average of the responses = −0.90 (SD = 0.62).
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• Detailed Usability (12 items)—average of the responses = −0.70 (SD = 1.19).
• Overall Assessment (one item)—average of the responses = −1.23 (SD = 0.93).

The results of the application of ICF-US II indicate that several components of CaMeLi could be
improved, particularly because the lowest results referred to the overall assessment. The identified
barriers, in order of severity, were (i) the voice interaction (mean value = −2.46; SD = 0.78); (ii) the
layout change (hide the virtual companion) (mean value = −1.69; SD = 1.32); and (iii) the virtual
companion itself (mean value = −1.54; SD = 1.13). Thus, it seems that participants had difficulty in
tasks that encompass the voice interaction and hiding the virtual companion. In turn, the items with
the higher results identified by facilitators were all related to the design of the graphic interface, namely
the icon specifications: (i) the contrast of the icons (mean value = 1.15; SD = 1.77); (ii) the color of the
icons (mean value = 1.00; SD = 1.63); and (iii) the size of the icons (mean value = 0.62; SD = 1.56).

Regarding the critical incidents resulting from the observation process, 17 participants reported
difficulties in obtaining a CaMeLi response to voice commands and, in 14 cases, the task had to be
carried out by the observers or through the touch-based interface.

The requested tasks that raised problems for the participants were hiding the virtual companion
and making it visible again (n = 19), turning off the microphone (n = 6), and identifying the return
and locating it on the screen (n = 4).

Three participants suggested that these actions could be completed through voice commands.
When the virtual companion is hidden, the layout of the elements on the screen change, spreading
on the screen, and in these situations four participants revealed problems executing the tasks.
Eight participants had difficulty interacting with the touch-based user interface due to their lack of
manual dexterity, and five also revealed problems browsing the system pages using the scroll function
to select element/buttons on the screen. Some of them, unintentionally, touched two points of the
screen simultaneously, and indicated a lack of understanding of what was happening in the system
(n = 8). These results are consistent with the outcomes of the application of the USE and ICF-US scale.

The existence of links for external sites, such as advertising or news sites, led to confusion
among six participants when they inadvertently clicked on these options, without realizing what
was happening.

4.2. Focus Group

The focus group sample consisted of four participants (three female and one male) with an average
age of 38.1 with a minimum of 26 and a maximum of 45 years old. All the participants had been
working directly with older adults for more than three years and were competent in using software
applications, namely in their daily office activities. All the participants knew the CaMeLi and had
already had the opportunity to interact with it.

The focus group lasted approximately 70 min and the respective guide included the following
questions: (i) what impression do you have in relation to what users think about CaMeLi? (ii) do you
consider that the avatar humanizes the interaction with technology? (iii) do you think that CaMeLi
would be useful for older adults at home? (iv) and for institutionalized older adults? and (v) what is
the added value of CaMeLi for your institution?

According to the results of the thematic analysis that was performed using the transcript of the
focus group discussion, the participants of the focus group were unanimous about the potential of
CaMeLi in the living environment of older adults. For instance, one participant stated that “CaMeLi
should be used as a tool to encourage healthy and active ageing habits . . . ”, while another focused
on the possibilities in terms of cognitive and physical stimulation, arguing that CaMeLi “ . . . has
a great potential to be used for cognitive and physical stimulation . . . ”. The group also recognized
that the interaction mechanisms and iconography of CaMeLi seems to be perceptible by older adults,
which might facilitate its dissemination. In this respect, a participant argued that “ . . . the fact that
CaMeLi is so simplistic, and the icons are large and familiar makes a difference when the target users
are older adults”.
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It was assumed that virtual companions represent an added value for combatting social
isolation. Regarding CaMeLi, the participants highlighted its value in entertainment, which promotes
socialization. In this respect a participant stated “ . . . CaMeLi is another aid to fight against
social isolation in institutions, since it can be used individually, as well as in pairs or groups”.
Moreover, participants revealed that CaMeLi was important to diversify the offer of entertainment
activities in the institution. For instance, the participants stated: “ . . . CaMeLi turns out to be a great
alternative in terms of activities . . . ”); “ . . . often, when users have no interest in participating in the
activities of day care-centers, CaMeLi arises as an alternative source of entertainment”. In addition,
the participants also envisaged the usefulness of CaMeLi to help older adults accomplish their daily
routine activities (e.g., “CaMeLi could allow customization of users’ preferences and be tailored to
their routines . . . ”).

Moreover, according to the participants’ opinion, CaMeLi, and virtual companions in general, can
contribute to the humanization of technological solutions, since, as one participant said, “the users
interact with them as real persons”. They also considered that the opinions of older adults who
had contact with the technology changed through time. They considered that there was some initial
reluctance to use CaMeLi; however, the demystification of technological complexity, the continued use
of CaMeLi, and the feeling of belonging to a group made it possible to overcome these barriers. In this
respect, the participants stated: “ . . . most users have verified the potential of the virtual companion
for themselves and have expressed intention to use the system . . . ”; “I found some resistance from the
older adults to use the system in the first days, but as they were experimenting, they became more
comfortable and independent using it . . . ”; “ . . . indeed, some older adults only started using it after
seeing that their colleagues could use and liked it”; “In the beginning, they did not want to use CaMeLi,
now there are discussions to dispute the CaMeLi . . . ”.

Although the system has not reached a suitable maturity level in terms of speech recognition
and tactile interactions, which can be reflected in the users’ performance when using these features,
it is recognized that it is easier to perform activities on systems with tactile screens than traditional
desktop systems (e.g., “CaMeLi is an application that makes the difference when dealing with older
adults”). Participants of the focus group also referred the need to enhance several aspects of CaMeLi,
namely, by diversifying the games that are available and promoting real time information updates.
For instance, one participant recognized that “ . . . it would be good to have more diversifying games”,
while another stated “ . . . the older adults that used to use CaMeLi to play games back in the institution
were complaining about the poor variety of games”.

The possibility of having CaMeLi in the users’ homes was also discussed. The general opinion
of the participants of the focus group was that the current maturity level of the CaMeLi makes it
unsuitable for commercialization: “CaMeLi is great, and has a huge potential, but I do not think it is
ready for commercialization yet”, stated a participant. When it comes to the use of CaMeLi at home,
participants considered that security and privacy issues, for instance regarding sound collection for the
voice interaction mechanism, should be completely solved.

Nevertheless, future developments to improve the potential of digital solutions such as CaMeLi
at home, once all technical issues could be overcome, were debated. The integration of technologies
such as artificial intelligence would allow customization of users’ preferences, characteristics, routine,
and lifestyle, thereby improving the virtual companion. Another innovative idea was integration with
home automation by using CaMeLi as an agent to manipulate the physical environment. In this respect
the participants stated: “in homes of active and healthy older adults, the CaMeLi could be used to
control the house, and manipulate the physical environment . . . ”; “ . . . it would be nice to ask the
avatar to close the windows, for example . . . ”; “ . . . it could be linked to wearables . . . ”; “ . . . it could
also be used to monitor physiologic aspects using data collected through sensors”. In this respect,
the participants emphasized once more the need to guarantee the privacy of older adults. For instance,
one participant said that he was “ . . . concerned about security and privacy issues because the way
CaMeLi works I am not sure if the protection and privacy of the older adults are fully considered”.
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As future ideas for CaMeLi, the participants of the focus group also listed features to be
implemented in a short-term period, namely, for the reinforcement and promotion of healthy and
active ageing habits, such as physical exercise tutorials and cognitive stimulation exercises.

5. Discussion and Conclusions

The results collected during the observational study regarding the first research question
(i.e., the perceptions of older adults needing formal care about the usefulness, satisfaction, and ease of
use of a virtual companion based on an embodied conversational agent) made it clear that participants
considered CaMeLi a useful tool that may represent an added value for their daily lives, both in
institutional and home contexts. Participants enjoyed the available functionalities and activities, were
satisfied with the application, and indicated that they would recommend it to friends.

Considering the results of the application of the USE questionnaire, the participants reported
a good level of acceptance, specifically in the dimensions of usefulness, ease of learning, and satisfaction,
which achieved the best results. These results were confirmed by the outcomes of the application of
ICF-US I, with all the items identified as facilitators.

The positive results obtained by the application of USE and ICF-US may be a good predictor of
a frequent and independent use of CaMeLi.

In terms of the features of a virtual companion based on an embodied virtual agent that might
represent barriers to older adults (i.e., the second research question), the item with the lowest score
in the USE questionnaire was related to the ability to use the system successfully, which indicates
that participants had some difficulties in task completion. These problems were also identified in the
ICF-US II and critical incident registration, which also indicated problems for a significant number of
participants when using voice interaction for navigation. As a result, the introduction of an additional
command (i.e., hide the virtual companion) to switch the navigation mode was suggested.

These results clearly showed that navigation using voice interaction deserves special attention in
the development of virtual companions based on embodied conversational agents [65], together with
other issues that are current objects of research, such as the limits of text-to speech [62], realism [20],
facial expressions [36], and empathy [38] of the virtual companions.

The opinion of the caregivers involved in the focus group corroborated these results. Like in
the case of the users, the experts also focused on the need to improve voice interaction, touch-based
interaction, and integration of new features.

Considering the third research question (i.e., what are the perceptions of formal caregivers about
potential contributions to the care provision by virtual companions based on embodied conversational
agents?), ideas emerged for new phases of CaMeLi development, including the use of artificial
intelligence, integration with home automation systems, and incorporation of new features, such as
tutorials that aim to promote healthy and active ageing.

Additionally, the perspective of the caregivers related to the acceptance of virtual companions
in the living environment of older adults was positive, which conforms with the evidence of other
studies [6,14,50,63]. Moreover, when considering the possible applications of virtual companions,
the participants of the focus group suggested daily schedule management, remote monitoring of physical
and mental wellbeing, and socialization, which were identified previously by other studies [6,50].
Article [6] also refers to the usefulness of virtual companions in terms of the safety of older adults,
which was not mentioned by the focus group.

Although some features need to be improved, it appears that virtual companions based on
embodied conversational agents present a potential mean of providing support care to older adults,
including the promotion of socialization and healthy and active ageing habits, such as physical activity
and cognitive stimulation. Therefore, opportunities can be envisaged for the use and commercialization
of virtual companions such as CaMeLi.

This study has a few limitations that must be considered in the interpretation of the results. First, the
observational study featured a sample size that is adequate for a simple usability assessment, but is
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not large enough to draw definitive conclusions about perceived usefulness, satisfaction, ease of use
and potential of virtual companions to support the care provision for older adults. Additionally, all the
participants in the observational study had previous experience in using CaMeLi, which means that
the inclusion of a group of participants without previous experience would be interesting, so that
a comparation could be established. Moreover, since all the participants formally requested care
services provided by Cáritas, the results cannot be generalized for other older adults’ population
groups, namely healthy and active older adults that do not require formal care. Finally, still in terms of
the observational study, the results show that CaMeLi presents some usability issues, which might had
influenced the results.

Concerning the focus group, the number of participants is also small and only represents a partial
perspective, which means that it would be interesting to organize additional focus groups to achieve
a more general perspective (e.g., involving older adults, informal caregivers or healthcare professionals).

In terms of future work, CaMeLi is being object of further developments, namely, to solve usability
issues, and it is planned the conduction of other observational studies to assess its acceptance by
other older adults’ population groups and to identify personal characteristics and motivations that
determine its acceptance. Moreover, an application of CaMeLi to support cognitive training is being
studied in a European research project.
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