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Abstract
In the context of the VASelfCare project, we developed an application prototype of an intelligent anthropomorphic virtual
assistant. Designed as a relational agent, the virtual assistant has the role of supporting older people with Type 2 Diabetes
Mellitus (T2D) in medication adherence and lifestyle changes. Our paper has two goals: describing the essentials of
this prototype, and reporting on usability evaluation. We describe the general architecture of the prototype, including
the graphical component, and focus on its main feature: the incorporation, in the way the dialogue flows, of Behavior
Change Techniques, identified through a theoretical framework, the Behaviour Change Wheel. Usability was experimentally
evaluated in field tests in a purposive sample of 20 participants (11 older adults with T2D and 9 experts). The Portuguese
version of the System Usability Scale was employed, supplemented with qualitative data from open questions, diaries, digital
notes and telephone follow-ups. The aggregated mean SUS score was 73,75 (SD 13,31), which corresponds to a borderline
rating of excellent. Textual data were content analyzed and will be prioritized to further improve usability.
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Introduction

Worldwide T2D affects approximately 425 million adults
(20-79 years) [24]. For example, in the United States
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around one-quarter of people over the age of 65 years
have diabetes and one-half of older adults have pre-diabetes
[16]. The global prevalence of T2D continues to increase
steadily as more people live longer [49]. Difficulties
in adhering to diabetes management are associated with
lack of glycemic control [22], which, in turn, leads to
a greater risk of heart attack and stroke, sight loss,
foot and leg amputation, and renal failure [2, 3, 40].
Diabetes complications can be fatal and are associated with
considerable direct and indirect costs for health systems
[24].

Self-care entails tasks related, but not limited, to
self-prevention, self-diagnosis, self-medication and self-
management of chronic conditions. As articulated by
other authors, based on the seminal work of Corbin
and Strauss [30], self-management of chronic conditions
encompasses three distinct sets of tasks: medical or
behavioral management, role management and emotional
management. One of the key dimensions of our work is
supporting the medical management of older people with
T2D; another key dimension is computer science (artificial
intelligence and computer graphics) — how to develop a
virtual assistant, as an intelligent relational agent to serve
the aforementioned purpose. These dimensions are central
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to the VASelfCare project, from which the application we
describe emerged.

A recent systematic review, based on randomized con-
trolled trials of eight self-management education programs
for T2D, found these are likely to be cost-effective in
the long-term [28]. Similarly, a systematic review of cost-
effectiveness of self-management in chronic conditions,
conducted as part of the European Union funded project
PRO-STEP [42], identified diabetes as the top condition
in which self-management was ‘value added’. Albeit the
scarcity of data, in particular when considering digital tech-
nology interventions, available evidence corroborates the
notion that self-management of T2D is associated with
health gains that can be cost-effective. In particular, PRO-
STEP has called for support to innovation and digital
technology as self-care facilitators [42].

Digital technology, and notably mobile health interven-
tions, have demonstrated a positive effect on glycemic
control in T2D patients [18, 23]. For example, the sys-
tematic review by Cui et al. [18] estimated an over-
all effect of mobile applications in HbA1c (Glycated
hemoglobin), shown as mean difference (MD), of -0.40%
(-4.37 mmol/mol, with a 95% confidence interval -0.69 to
-0.11% [-7.54 to -1.20 mmol/mol]; p = 0.007). This effect
can be particularly important if achieved by patients on their
own, without the additional cost of involving healthcare
professionals.

Another relevant issue is the personalization of Diabetes
therapy, that can occur at different levels. Donsa et al. [20]
identify a set of self-management scenarios and identify
a number of challenges that are presented when trying
to implement adequate technological solutions, noting the
importance of mobile approaches in lifestyle promotion.

One issue that impacts on the use of digital technology
is usability. The International Organization for Standardiza-
tion (ISO), as cited by Maramba [31], defined usability as
“the extent to which a product can be used by specified users
to achieve specified goals with effectiveness, efficiency and
satisfaction in a specified context of use”. Additionally,
the ISO 9241 standard, as cited by Moumane [39], defines
effectiveness, efficiency and satisfaction.

As noted by [50], mHealth applications are often used
by people with little experience of technology, making
usability a key factor in its adoption. When targeting
older people, specific challenges arise, as identified by
[48], where a set of aging barriers are analyzed in
relation to the usability of mHealth applications. The
development of the VASelfCare prototype was informed
by the usability principles systematized in [4], such as the
simple recognition of click-sensitive areas or the use of a
talkback feature for visually-impaired people.

In [5], we presented the VASelfCare mobile applica-
tion prototype, highlighting aspects related to artificial

intelligence. Our prototype resorts to an anthropomorphic
virtual assistant that supports medication adherence and
lifestyle change (healthy diet and physical activity). Besides
revisiting the description of our prototype, in this paper we
extend the previous one by presenting and discussing results
of the usability evaluation.

The remainder of our paper is organized as follows.
In “Related Work”, we analyze the most relevant related
work. In “Intelligent Relational Interaction”, we present the
core of our contribution, describing the way the interaction
was designed. In “The VASelfCare application”, we give
an overall perspective of the application prototype. In
“Usability Evaluation”, we present the results regarding
usability evaluation. Finally, in “Conclusions”, we present
some conclusions.

RelatedWork

Behavior change theory and behavior change
techniques in the self-management T2D digital
interventions

In their systematic review of computer-based T2D self-
management interventions for adults, Pal et al. [41] pointed
out that, in the interventions analyzed, the theoretical basis
and the behavior change techniques (BCTs), which are
the active ingredients of interventions, were not always
described. This impairs the generation of evidence on
the most effective BCTs to achieve the desired clinical
outcomes and curtails replication.

Overall, there is a paucity of evidence on the effects of
the active ingredients of multi-component interventions and
their impact on changes in HbA1c, in particular concerning
mHealth solutions using virtual assistants.

We address these issues by carefully designing an
evidence-based and theory-driven intervention. The
Behaviour Change Wheel (BCW) framework [34] offers a
structured method of intervention development. The BCW
was developed from 19 frameworks of behavior change
identified in a systematic literature review. At the BCW
core is a model of human behavior — the COM-B — which
posits that human behavior (B) results from the interac-
tion between physical and psychological capabilities (C),
opportunities provided by the physical and social environ-
ment (O) and reflective and automatic motivation (M) [34].
In addition to a holistic scope, a key BCW advantage is
the structured link of behavior determinants with relevant
intervention functions and BCTs.

The BCW organizes content and components of behav-
ioral interventions into nine intervention functions (IFs):
restrictions, environmental restructuring, modeling, enable-
ment, training, coercion, incentivization, persuasion and

1 Page 2 of 12 J Med Syst (2020) 44: 13030



education. IFs represent how an intervention might change
the target behavior. To translate the general IFs into spe-
cific replicable techniques, Michie and colleagues [35]
recommend the Behaviour Change Techniques Taxonomy
(BCTTv1).

The BCTTv1 has been validated and is used to design
and retrospectively evaluate and aggregate effect sizes of
health interventions [36]. Developing an understanding of
the theoretical basis of effective interventions can inform
future development.

A scoping review [25], on the contents of the eHealth
interventions targeting persons with poorly controlled
T2D, identified 31 BCTs most frequently used based on
the BCTTv1, such as “instruction on how to perform
a behaviour”, “adding objects to the environment”,
“self-monitoring on outcomes of behaviour”, “social
support (practical)”, “feedback on outcomes of behaviour”
and “prompts/cues”. These findings are corroborated by
previous literature [41, 47]. Pal et al. [41] demonstrated
that the most common BCTs with significant impact on
HbA1c in computer-based interventions were: “prompt
self-monitoring of behavioural outcomes” and “provide
feedback on performance”.

The importance of mHealth apps (mobile Health
applications, typically for iOS or Android devices), has been
accompanying the development of mobile technologies.
Bhuyan et al. [7] concluded 60% adults who were mHealth
apps users considered them useful in achieving health
behavior goals. In another study, Morrissey et al. [38]
surveyed 166 medication adherence apps to ascertain
whether they incorporated BCTs. The authors concluded
that, from the 93 possible techniques [35], only a total of
12 were found in the evaluated apps. This result clearly
shows that more work is needed in incorporating evidence
on BCTs in available applications.

Digital interventions to support self-management
of T2D: the case of virtual assistants

One form of virtual assistants are relational agents. These
consist of virtual humans designed to build long-term
socio-emotional relationships with users. Bickmore et al.
(for instance [8–10]) have been the most active group,
researching interventions in several areas. Notably, we
could not find any published research from this group
addressing adults with type 2 diabetes.

Others have developed relational agents as virtual
coaches for T2D patients [1, 37]. However, these works lack
data on usability or the effect on endpoints of interest.

The rationale for researching and developing an intel-
ligent relational agent in our project was two-fold: firstly,
the use of these agents has shown effectiveness and

acceptability for older people, including those with lim-
ited health literacy [8, 10], and secondly, they may enhance
engagement over time.

More recently, a European project [6, 19], researched
a set of virtual multi-domain conversational non-
anthropomorphic coaches, with the goal of improving life
quality for people with T2D. Although this project has
similarities with our work, its research is ongoing and
evaluation data is currently scarce.

The virtual assistant dialoguemanager

Two main types of approaches can be employed to manage
the virtual assistant (VA) dialogues: rule-based and machine
learning (data-based) approaches. Rule-based approaches to
dialogue management have been explored, namely in the
context of spoken dialogue systems. As mentioned by [15],
examples of handcrafted rule-based systems to manage the
action-selection process of a dialogue, that is, to determine
what to say next, are reported by [11, 46] and [29]; the
latter also using probabilities. As described in “Intelligent
Relational Interaction”, our approach differs from these by
incorporating an additional (more abstract, also rule-based)
level to the dialogue management.

As already explained, the VA we designed is not simply
an assistant, in the sense that it is expected to answer
the user’s questions or give support to tasks execution.
It is intelligent, as it has a goal (to promote beneficial
behavior change in the patient) and proactively pursues
that goal. As we opted to follow the relational agents
approach (as detailed in “Intervention Design”), and wanted
to incorporate specific BCT’s, where appropriate, the
structure of a daily interaction could not be completely free;
instead, it had to obey to a set of well-defined guidelines,
represented as rules. This kind of VA behavior could not
have been obtained using machine learning approaches,
since there is no data (actual dialogues) annotated with
the features we need in this context (information regarding
BCT application). There is published work regarding the
production of annotated dialogues [14, 33], but none
incorporating information regarding the use of BCTs. Our
work in this first prototype expanded the frontiers of
completely hardwired dialogue systems, by adding extra
levels of dialogue management, that allow for a more
modular and flexible definition of the daily interactions.

Intelligent Relational Interaction

We now describe our approach. We will first explain how
the intervention was designed, and then how it was modeled
using a rule-based approach.
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Intervention Design

The intervention has two distinct phases: 1) evaluation and
2) follow-up. The main purpose of the evaluation phase is
to collect data on the user’s characteristics pertaining to the
three components: diet, physical activity and medication, for
future tailoring of the intervention. In the subsequent follow-
up phase, the main goal is to promote the desired behavior
or to maintain it. In this paper we focus on this follow-
up phase, since it is the most interesting from an artificial
intelligence perspective.

Each daily interaction with the virtual assistant is
structured according to the literature on relational agents
[8] that recommends the dialogue should follow general
sequential steps. These steps are: 1) opening; 2) social talk;
3) review tasks; 4) assess; 5) counselling; 6) assign tasks;
7) pre-closing; and 8) closing. A detailed description of
each of these steps can be found in [13]. The design of the
software prototype intervention and the dialogue creation

was guided by the BCW [34]. This approach enhanced the
development process based on an evidence-based selection
of the intervention components (BCTs), ensuring that
the intervention targets the underlying determinants of
behavior.

Suitable BCTs were incorporated in different steps of
the interaction. The selected BCTs are exclusive of a
particular dialogue step in all intervention components. In
our view, the operationalization in the first two and of the
last two dialogue steps does not represent a behavior change
technique, according to the BCT taxonomy v1 [35]. Specific
BCTs are operationalized according to tailoring principles,
including constructs such as lack of knowledge, or by a
previously defined behavior target. Figure 1 represents the
BCT’s distribution according to the standard dialogue steps
in the follow-up phase. In this figure, for each step of
the dialogue, the specific BCT used is identified by its
name and taxonomy code. Depending on the achievement
of some behavior goal, the Counseling step may include

Fig. 1 BCTs distribution
according to standard dialogue
steps in an interaction. Dashed
lines indicate BCTs that are
operationalized depending on
the context (tailoring or
behavior targeting). Numbers
represent the BCT code
according to BCTTv1
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Fig. 2 Module interaction in the
rule-based system

the application of some additional BCT, according to the
identified behavior determinants.

Rule-based component

In order to incorporate the desired BCTs in the dialogue
flow, the interaction is controlled by a rule engine.

This rule-based component corresponds to the definition
of a set of if–then rules (rules of the form “if some conditions
hold then execute some action”), where the conditions may
include contextual information regarding the interaction
(e.g., user characteristics, such as age, the date when the
interaction takes place, or the answer to some question)
and the action can represent the subsequent locutionary act
performed by the virtual assistant or the update of some
condition (that will allow the execution of other rules). This
approach allows greater flexibility in the dialogue definition
and in the generation of diversified interactions.

Rules define the flow of the dialogue in two ways. At a
lower level, they have the role of representing a handcrafted
portion of the dialogue that might, for instance, materialize
the local application of a specific BCT. At a higher level,
they are responsible for managing the overall interaction
flow, for instance, the realization that the dialogue should
go to next step, or that a different component should be
addressed.

The way this works is illustrated in Fig. 2. This figure
represents the flow of the dialog for one day of interaction.
There is an organization in modules. The main module
includes the four steps — Opening, Social Talk, Pre-Closing
and Closing — that are always executed; the first two at the
beginning and the other two at the end. Then, the modules
that incorporate some BCT are started according to the
defined protocol (first, medication, then physical activity,
and finally diet). The duration of the evaluation phase varies
between one and three days, depending on the component.

For each component, the follow-up phase depends on
patient adherence to the target behavior and can be delivered
ranging from eight days to several weeks. In Fig. 2, the
dotted lines represent the possibility, inferred or not by
the rule engine, of including more than one component in
a single interaction. Multi-behavior interactions do not go
through all the dialogue steps for each component on a daily
basis.

The VASelfCare application

The central element of the VASelfCare application is an
anthropomorphic female character (called Vitória) which
plays the role of an intelligent virtual assistant. In Fig. 3
we show a screenshot of the application (taken from the
evaluation phase, and with the text translated to English).

Vitória is capable of speaking (articulates speech while
the corresponding subtitles appear on the screen) and
expresses emotions through facial and body animations. The
overall development of the application interface was guided
by usability principles for older people with T2D [4]. For
example, redundancy of both audio and written information
may help reduce any communication shortcomings, such as
lower eyesight accuracy and hearing deficits. The virtual
assistant chosen for this first prototype is a female 3D
model, obtained from Daz3.1

Application Architecture

The core of VASelfCare technological solution is imple-
mented in Unity.2 Although best known as a game engine,
it suits adequately the requirements of our application, with

1https://www.daz3d.com
2https://unity.com/
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Fig. 3 Screenshot of the
VASelfCare application

the possibility of defining multiple views, each with their
own purpose, as well as the transitions between them.

The architecture, firstly introduced in [13], comprises 3
main components: the Core, the Dialogue Creator and the
Speech Generator (Fig. 4). The Core controls the interface
and the flow of the execution. The Dialogue Creator is the
component used to define the speech of the VA and the
choices presented to the user while the interaction with the
user is taking place. Finally, the Speech Generator creates
the audio and viseme files to support the VA’s articulated
speech.

The User Interface module provides several views for
the patient: (i) to log-in; (ii) to interact with the virtual
assistant; (iii) to register personal data, such as daily

number of steps walked, blood glucose levels or weight;
(iv) to access personal information, such as, prescribed anti-
diabetic medication or charts with the registered data over
time; (v) to view the assigned self-care plans; and (vi) to
access advice information about the diet, physical activity
and medication.

The Application Controller manages the flow of the
execution being responsible for the logical sequence of
the application and for communicating with the other
components of the VASelfCare Core. The Dialogue Engine
corresponds to what was described in the previous section.

The Dialogue Creator component corresponds to the
definition of the handcrafted portion of the dialogues (the
lower level mentioned earlier).

Fig. 4 VASelfCare application
architecture
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Table 1 Data of a fictitious patient for usability testing

−− Diogo Santos, male, 72 years old

−− Last HbA1c record: 7.5%

−− Medication: metformin 1 g (1 tablet after breakfast and dinner) +

acarbose 50 mg (1 tablet before lunch and dinner)

−− Height: 1.76 m

−− Weight: 97 kg

−− Waist circumference: 73 cm

−− Hip circumference: 99 cm

−− Performs self-monitoring of blood glucose

To convert the written dialogues into audio files a
Text-To-Speech software is used, Speech2Go.3 The speech
rate has been slowed down, taking in consideration the
target population. The LipSync Generator, developed in
the context of a previous project [17] is used to convert
text to viseme files. Audio and viseme files are read
simultaneously to provide Vitória’s articulated speech.

Usability Evaluation

Participants and procedure

Usability tests were conducted on a purposive sample of
end-users and experts. The former included 11 patients
recruited in five primary care units of the Portuguese
National Health Service. Inclusion criteria were having
T2D, age equal or above 65 years, being able to speak and
write in Portuguese, and being a frequent user of digital
technology (e.g. possessing a smartphone or using social
media or a computer). The sample of experts included nine
academic nurses with expertise in community health and
elderly care, recruited in the Lisbon School of Nursing.

Tablets deployed for the tests had the following
characteristics: operating system Android 7.0, CPU -
Snapdragon 435, RAM 3 GB, ROM 32 GB.

A test case (Table 1) was depicted in the prototype and
presented to participants. Then, end-users were asked to
undertake a trial period of 26 days at home, guided by a list
of suggested tasks, which included talking to Vitória daily.
Experts were asked to test the prototype independently
over a shorter period (8 to 10 days), by means of multiple
interactions with Vitória on the same day. In both cases the
trial period covered the evaluation and follow-up phases for
anti-diabetic agents, physical activity and healthy eating.

While end-users could provide answers in the intelligent
dialogues as they wished, experts were requested to provide
these answers in accordance to one of the profiles described
in Table 2. The purpose of this approach was covering

3https://harposoftware.com

the full range of possibilities in the intelligent dialogues,
yielding potentially more meaningful data.

Both end-users and experts were given the option of
reporting problems and suggestions throughout the trial in
a paper-based diary or a digital notepad, embedded in the
prototype. A telephone number for support and weekly
follow-up was also made available to end-users.

Data were collected at the end of the trial period through
the Portuguese version of the System Usability Scale
(SUS) [32]. Additionally, the end-users’ questionnaire had
three open questions (what they most and less enjoyed,
suggestions) and two closed-questions (e.g. future training).
Experts’ questionnaire had the same three open questions
plus a single closed-question on the dialogues’ subtitles,
similar to the end-users’ questionnaire. Questionnaires were
administered face-to-face by a member of the research team
(end-users) or on-line (experts).

Numeric data were inputted into a database, individually
double-checked for accuracy and subjected to descriptive
and bivariate statistical analysis with the aid of SPSS
(version 25). Textual data from the open questions, diaries,
digital notes and follow-up calls were gathered in a single
file and subjected to content analysis, by deriving main
themes and categories under these themes. Phrases or text
segments were then labelled under each category.

Results and Discussion

Table 3 summarizes the sociodemographic characteristics of
the participants.

The aggregated mean SUS score was 73.75 (SD 13.31).
There were no significant differences between mean end-
users’ and experts’ scores (76.59, SD 12.26 versus and 70.2;
SD 14.43; U = 37.0; p = 0.34).

Based on Brooke [12], the aggregated mean SUS score
is boarder-line for excellent usability; the mean end-users’
score corresponds to an excellent rating whilst the mean
experts’ score rates good. Another approach to interpret
results is looking at percentiles; the aggregated mean SUS
score of 73.75 corresponds to a percentile of 70%, meaning
that the prototype has higher perceived usability than 70%
of all systems products in the Sauro [43] database (as cited
in [44]).

Table 4 presents the themes and categories that emerged
from the analysis of the textual data, with examples. The
numbers between brackets represent the count of textual
data elements in that category. Categories not represented
in the table include typos or other language mistakes
(40). Other comments referred to the test conditions. For
example, some participants felt that it would have been
preferable to have their own medication in the application
prototype. This may have influenced their subjective
perception of usability.
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Table 2 User profiles for
usability testing by experts Profile Adherence to medication Adherence to physical activity Adherence to diet

A + + +

B + + -

C + - +

D + - -

E - + +

F - + -

G - - +

H - - -

Another group of comments pertained to prototype fea-
tures, such as Victória’s “metallic voice”, the pronunciation
of some words, or the fact that it is not possible to repeat the
interaction more than once every day.

The next immediate step is prioritizing usability prob-
lems uncovered during field testing to define the urgency
of remedial actions. One approach to prioritization is using
a four-point scale, from “1” most severe problems to “4”,
the least severe [26]. Another approach is resorting to sever-
ity categories; high (failure in task execution), medium (not
so severe, task can be executed) and low (minor problems)
[26].

One of the strong points of our work is the multi-method
evaluation of usability, comprising a questionnaire (SUS)
and qualitative data from different sources. Questionnaires,
albeit the most common method for assessing usability,
have been criticized for yielding only an overall measure
without indicating the issues that need to be tackled [31].
Another strength is resorting to a validated version of the
SUS, which is a frequently used questionnaire [31]. This
approach enables comparison across usability tests.

Many usability tests are conducted in a laboratory
setting, where participants perform tasks in a controlled
environment [26, 39]. Whilst this enables control of the
experiment and facilitates data collection, especially when
ascertaining metrics of effectiveness or efficiency through
observation, it is not representative of real-world use. Our

choice of field testing appears to be endorsed by the
extent of qualitative data obtained, associated with a more
prolonged contact with the prototype.

In relation to the sample size, calculations tend to rely
on aspects such as problem discovery and completion
rate. The former was of relevance for our study. For
example, if the goal is to find 85% of all problems (or,
at least of the most obvious problems), in the assumption
that there is a 0.3 probability that a user detects the
occurrence of a usability problem, a sample of five users
suffices [27]. A sample size calculator available at https://
measuringu.com/problem discovery/ may be of interest to
those conducting usability studies. While a 5-users sample
is a good baseline from a problem-discovery perspective, we
pursued additional suggestions and insights, as evidence by
the multimodal data collection instruments employed (open
questions, diaries, digital notes and telephone follow-ups).
Therefore, sample size estimation was based on previous
experience and resources available. Published studies using
SUS show large variations in sample size, from 2 to 373
users [31].

Some authors [39] attempted to use a maximum variabil-
ity sample in usability tests, considering characteristics such
as experience with technology, gender, level and the nature
of education and the occupation. Our patient sample was
skewed towards expert technology users. While these users
may potentially raise more issues and suggestions, future

Table 3 Sociodemographic
features of participants Feature End-users Experts

Gender Female 27.3% (n=3) 88.9% (n=8)

Male 72.2% (n=8) 11.1% (n=1)

Mean age (years) 70.91 54.33

[max: 80, min: 67] [max: 63, min: 40]

Education college degree 63.6% (n=7) -

secondary education 36.4% (n=4)

Mean experience in the use of
technology usage (years)

6.09 [max: 20, min:0] -

Mean professional experience (years) - 31.78

[max: 40,min: 19]
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Table 4 Themes and categories that emerged from textual data analysis

Themes Categories Examples

Positive aspects (29) Global opinion (26) “Easy to use” [SCOND02]

Language (3) “Simple language” [SJUL02]

Aspects for further improvement (213) Technology (20) “Buttons for recording medication are too
small”

“the graph for number of daily steps is out of
scale” [DAF02]

New functionalities (53) “Strategy to remind users to use the app”
[SJUL01#1]

“Development of recipes for people with
diabetes” [DEL01]

Content Repetitions (16): “Daily questions about
medication intake feel repetitive” [DAF01]

Clarification (16): “Clarify what ‘two doses of
alcohol’ means” [Profile E]

Incongruences (10): “After recording the
number of daily steps, the app asks: ‘Are you
sure that you intend to record the number of
intake?’ [Profile C]

Amount of information (4): “4th day: inter-
action with too much information” [Profile
E]

Meals (7): “(. . . ) it doesn’t include soup. Most
elders eat soup at meals” [Profile A]

Medication (14): “Too much focus on medica-
tion” [Profile G]

Physical activities (9): “Include ‘tiredness’ as
a possible reason for not having met the daily
steps goal” [Profile G]

Others (21): “Reply options for the user
always affirmative, without option for refusal”
[Profile G]

Training (3) “There should exist a more extended ses-
sion to demonstrate the use of the app”
[SJUL02#V]

usability tests should target also novice technology users,
which may bring different perspectives. The level of edu-
cation of our sample is not representative of the Portuguese
senior population either. The average schooling of older
adults in Portugal is primary education [21]. Future research
should also encompass less educated users, who may have a
different perspective on usability.

Another area of future research is measuring efficacy
and efficiency, which in addition to satisfaction are key
attributes of usability. This could be done, for example, by
examining task completion.

Reviews on the methods for usability testing call for the
deployment of automation, which remains infrequent [31,
50]. For example, eye tracking, used to see the movement of
users’ eyes when performing tasks, has been explored in the
usability evaluation of an online diabetes exercise system
[45]. Another possibility is monitoring the application

usage and task completion remotely. The feasibility of
using these automated tests merits exploration in future
research.

Conclusions

The Intelligent Virtual Assistant we developed is under-
pinned by a robust theoretical approach in behavior change,
concurring to original features of the dialogue flow and the
model supporting the interaction with users. The potential
benefits of the human appearance of our virtual assistant,
designed to communicate verbally in a helpful-cooperative
style and express emotions according to the dialogue con-
text, will be ascertained in future research.

The aggregated mean SUS score obtained, which is
borderline between good and excellent, is encouraging.
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Content analysis of textual data yielded insights on
issues and opportunities for improvement, which will be
prioritized and implemented to further strengthen usability.

Altogether, usability data will contribute to develop a
new version of the application prototype, which will be
subjected to evaluation in the next phase of the project: a
non-randomized non-controlled feasibility trial.
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