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Abstract. One of the problems associated with ageing that most con-
cerns health professionals is low therapeutic adherence. In recent years,
technological developments have appeared that can increase therapeu-
tic adherence. To do so, it is necessary to know their usability and the
possibility of use that they may have. In the framework of the project
“International Institute for Research and Innovation on Ageing” (4IE),
we have developed the Assistant on Care and Health Offline (ACHO),
a voice assistant that provides medical appointments and medication
reminders for patients. In this text we present a usability evaluation pro-
tocol for this voice assistant. We will use a multidimensional and multi-
disciplinary analysis in the framework of the Living Lab for the usability
evaluation. Our methodology for measuring results includes three phases
and different quantitative and qualitative research tools. The application
of this methodology will allow us to develop a better prototype, increas-
ing ease of use and improving the user experience.

Keywords: Terapeutic adherence · e-Health · Living lab · Voice
assistant · Anthropology

1 Introduction

Increased life expectancy of a population is associated with better health con-
ditions, but also an increase in age-related diseases [1]. In this sense, elderly
patients are particularly susceptible to the phenomenon of non-adherence to
medication, which can be defined as the degree to which recommendations or
frequency of medication intake are met [2]. Rates of non-adherence to medication
are higher in the elderly than in the rest of the population [3,4].

In recent years there has been an increase in the use of technology applied to
medical health services. Technological development has opened a field of possi-
bilities for better therapeutic adherence in patients. Some studies have appeared
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on electronic reminders using audio [5] or audiovisual devices [6] that, through
reminders, facilitate therapeutic adherence.

A voice assistant is a software agent that interacts through voice activation
using an intelligent speaker device [7]. One of the first studies to investigate these
voice assistants applied to the health of voice assistants responded inconsistently
and incompletely to a variety of questions [8]. Further studies have considered
certain safety risks for patients and consumers [9]. Further work and research is
needed to improve these types of devices in terms of their application to health.

Research points to the importance of adapting technology to the user expe-
rience by involving the end user in the development of the technology itself.
Thus, by making adaptations according to the needs of the elderly target group,
considerable increases in performance and acceptance by older people using a
specific technology can be observed [10]. The “Living Labs” concept dates from
the 1990s, and refers to an approach to innovation which involves a group of
researchers collaborating with target users as co-creators in the development
and validation of new products [11]. In this text we explain the different phases
of the protocol that we followed to carry out a usability evaluation of a voice
assistant for the therapeutic adherence of elderly people.

2 Objectives

This protocol is being developed as part of a larger project, “International Insti-
tute for Research and Innovation on Ageing (4IE)”. The aim of this project is
to develop technologies to improve the quality of life of older people in rural
environments.

In this text we explain the different phases of the protocol that we followed
to carry out a usability evaluation of a voice assistant for the therapeutic adher-
ence of elderly people [12,13]. We propose an exhaustive, cyclical and multidis-
ciplinary evaluation [14], with the following objectives:

1. To validate the correct usability of the designed prototype by observing the
particular characteristics of the elderly and the context in which they live.

2. To identify problems and to develop possible guidelines for improvement.
3. To analyse the usability.
4. To involve real end-users in the process of validating the usability of the

prototype.

3 The Design of Assistant on Care and Health Offline
(ACHO)

The field of e-Healthcare is striving to adapt technological advances to the care
of the elderly. The aim is to promote the autonomy of the elderly and thus
facilitate their independent live at home [15], including personalized assistance
[16]. Within this field we can find technological solutions that range from apps for
mobile devices, to smartbands or clothes or what has been called Smart Home:
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advanced technological systems. e-Healthcare is in full expansion driven by some
programmes such as the European Union’s Active Assisted Living Programme
- Technology designed to improve quality of life for older people (AAL) [17].
These are interdisciplinary networks that have focused on the possibilities offered
by technology and are particularly interested in voice assistants. The device
consists of a home conversation interface that allows users to request and save
information, as well as to perform a series of actions among which those related
to health and care of the elderly are beginning to be explored [18].

The Assistant on Care and Health Offline (ACHO) works along the same
lines as the rest of the e-healthcare projects, providing a new option in the
development of intelligent environments for assisted living among elderly people.
It is part of the Institute for Research and Innovation on Ageing 4IE project
[19]. It is an interdisciplinary research focused on the regions of Extremadura
(Spain) and Alentejo (Portugal), which is interested in knowing and describing
the different problems of the elderly men and women in the area. Based on
the knowledge of the reality, the aim is to validate and developed technological
solutions that enable the application of innovations and new forms of care that
take into account the particular characteristics of the elderly and the context in
which they live.

ACHO is a voice assistant based on Snips structure [20]. Is the first voice assis-
tant that does not store information via cloud, but keeps it locally on the device.
The terminal does not need to have an internet connection. Our project, there-
fore, brings together on the one hand the global trend to work in assisted living
environments, while on the other it takes into account the important contextual
fact that access to an internet connection is not always possible depending on
the type of user and the area where he or she lives. This solves two possible
problems that could arise. In rural contexts such as we work in, Internet can
be difficult to access due to the lack of an adequate infrastructure. And, very
important: we work with older people who do not always have Internet services.

The ACHO app for smarthphone will allow the interaction between the health
professional and the device in order to provide the health data that need to be
remembered. The result is the participation of health professionals in a kind of
“new forms of care”. Some of its initial features are as follows:

1. Specification of the patient’s profile. The basic information of the patient
will be specified in the application along with details of the medical prescrip-
tions and appointments always made by the health professional. This data
will be stored in the application’s internal database. The stored information,
such as patient profiles, medical appointments and prescriptions, will only be
accessible by the application.

2. Synchronisation with the voice assistant In this process the application will
generate a temporary file with the information of the prescriptions. This file
will be transmitted via Bluetooth with the voice assistant, which will process
it and set up the corresponding reminders. The synchronisation process has
been designed to avoid any possible loss of information or compromise of data
security.
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4 ACHO Evaluation Protocol

Scientific literature has described a good number of methodologies and tools used
to ensure the quality of usability of a service [21,22]. Evaluating the usability
and user experience of technology stands out as an essential step if it is to
be significantly effective and meet its objectives [23], even more so when talking
about older people due to the special characteristics of this age group. A number
of previous products very similar to ours have not been accepted because they
did not take into account this kind of issues54, so it is especially important to
look for empirical evidence on how to improve the usability of different devices55.

Our multi-method approach is following some experiences that have already
proved positive with devices very similar to the one proposed here [24–26]. The
type of study - descriptive observation -, constitutes a usability analysis in sev-
eral phases following the available evidence that advocates cyclical processes of
analysis, prototyping, testing and refinement of the mechanisms of interaction
with the user [23,24]. In this sense, it is important to emphasise that the pas-
sage from one phase to another is totally limiting, being impossible to access the
subsequent phase without having satisfactorily overcome the previous one.

The work in this phase focuses on what is known as Living Lab [27], consist-
ing of the strong involvement of end users in all phases of the development of
prototypes. In our opinion, this method allows a more realistic validation of the
environmental and holistic factors of the user, something for which the involve-
ment of the anthropologists of the research team and their ability to interact
with the users even in their own homes is fundamental. As Bevan et al. point
out, the introduction of user-centred methods ensures that ‘real products can be
used by real people to perform their tasks in the real world’ [28].

4.1 Methodology

Researchers, at the end of the evaluation process, must report the experience
through the completion of different tools in order to assess various aspects of
usability. Three tools have been selected.

Firstly, the System Usability Scale (SUS) [29]. It was chosen because it is in
the public domain and can be freely used [30] and because it has shown great
robustness and solidity in its results [24]. It is an economical tool, very simple
to use and capable of being adapted for use in different situations such as the
evaluation of software interfaces, web pages and applications, mobile phones,
landlines, modems or voice systems (Fig. 1).

In addition to this assessment measure, two other scales recently validated
by members of the Institute of Electronics and Telematics Engineering of Aveiro
(Portugal) will be used to bring more consistency to the process [16]. These are
the ICF-US I Scale and the ICF-US II Subscale [26]. The ICF-US I Scale allows
the identification of general usability problems. The ICF-US II Scale allows the
identification of possible barriers and/or facilitators, as well as identifying more
specifically those elements that may require further work to improve the device.
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Fig. 1. Diagram of the research protocol

Previous evidence shows very positive experiences in its use, due to its use inde-
pendently of the specific characteristics of the products being evaluated [24,25].

Similarly, all researchers face a semi-structured individual interview con-
ducted by the team anthropologists. The researchers are asked to write down
their impressions in a notebook. The aspects evaluated in this phase are:

– Positive or negative evaluation of the number of reminders made by the
device.

– Evaluation of the way in which it is carried out: voice, tone...
– Evaluation of the name of the drug, which must be individualized.
– Feedback on consumption
– Existence of detected problems: Message saturation, message errors...
– Other subjective elements they may consider important.

4.2 Timing

The phases that we have decided to include in the design of the validation process
are

1. Phase I: Self-reported usability phase by the research team, complemented
by semi-structured interviews and/or Focus Groups.

2. Phase II: Usability phase with the participation of type A users + Obser-
vation Unit regarding “critical incidents” [31,32], complemented with semi-
structured interviews and/or Focus Groups.
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3. Phase III: Usability phase with the participation of type B users + Observa-
tion Unit regarding “critical incidents”, complemented with semi-structured
interviews and/or Focus Groups.

As in the initial stages of the project in which we carried out the ethnog-
raphy, each and every one of the participants in the usability assessment sign
an informed consent form after the actions to be carried out are made explicit.
The data collection is anonymised and the participants receive all the infor-
mation generated in the study. Quantitative data is stored and analysed using
SPSS (Statistical Package for Social Sciences) version 22. Qualitative data is
stored and categorised in the Dedalo Patform Intangible Heritage Management
programme.

Phase I: Self-reported Usability by Research Team + Semi-structured
Interviews. The first phase of the evaluation or analytical phase aims to deter-
mine whether our product is sustainable in terms of interface and functions. To
this end, a total of 10 researchers from various knowledge profiles at the Inter-
national Institute of Ageing - both Spanish and Portuguese - are evaluating the
usability of the device over a period of 15 days. The researchers have been given a
series of tasks through a script that they carry out at least three times a day, thus
simulating the normal pattern of taking breakfast/lunch/dinner medication.

Phase 1 or the analytical phase is only overcome if

– A score on the SUS/EUS Scale above 68 is obtained in the final average of
all users. This is the limit established in the scientific literature to determine
the correct usability of a product [29].

– A score on the ICF-US I Scale higher than 10 is obtained in the final average of
all users. This is the limit established in the scientific literature to determine
the existence of a correct usability of a product [33].

– The results obtained in the ICF-US Scale II are analyzed.
– All the semi-structured interviews are carried out.
– The improvements suggested by the analysis of the instruments used are

incorporated into the device. In this sense, the design changes can reduce
certain errors and facilitate the usability and acceptance of the user [34,35].
A new validation cycle is not ruled out once the necessary improvements have
been incorporated.

Phase II: Usability with the Participation of Type a Users + Obser-
vation Unit. In the second phase of the evaluation, information is collected
on the usability and satisfaction of real users with a physical implementation of
the prototype in real but controlled contexts. It is therefore an empirical model.
The participants in this phase are what we have called TYPE A users: people
over 65 years of age from rural areas without cognitive and/or sensory impair-
ments, selected on a non-random basis after recommendation of suitability by
professionals from the Extremadura Health System in the selected locality. The
selected sample must have the capacity to detect and report possible failures,
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“critical incidents” and/or problems in the interaction with the prototype. At
least 10 people are selected, possibly 5 men and 5 women in different age ranges
from 65 years old.

Users will be trained on the actions to be carried out beforehand, and are
accompanied in at least 1 of the three daily interactions foreseen by what we
have called Observation Units. These are researchers who observe and evaluate
the process of use and interaction in the user’s context, which allows us to
collect significant information to understand what changes need to be made
in the environmental factor so that it can be better adapted to its users and
its functionality can be improved [35]. In addition, the Observation Units are
responsible for recording so-called “critical incidents” [36], that is, all situations
that deviate from normality. Although there is no structure or standardised
procedure for recording “critical incidents”, their use has been described in the
scientific literature as “very appropriate” [25,26].

These same researchers, at the end of the stipulated period of time, conduct
a semi-structured interview in the same sense as indicated in Phase I, while
helping people to report on usability through the SUS Scale - in this case selected
because it is easier to administer. As in the previous phase, the possibility of
holding Focus Groups with various users is not ruled out if the information
collected is not considered sufficient. The estimated time of implementation is
5 days.

Phase 2 is considered to have been passed only if

– A score on the SUS/EUS Scale above 68 is obtained in the final average of
all users. This is the limit established in the scientific literature to determine
the existence of correct usability of a product.

– All semi-structured interviews are conducted.
– The improvements suggested from the analysis of the empirical evidence gen-

erated are incorporated into the device. In this sense, the design changes can
reduce certain errors and facilitate the usability and acceptance of the user.
A new validation cycle is not ruled out once the necessary improvements have
been incorporated.

Phase III:Usability with the Participation of Type B Users + Obser-
vation Unit. Finally, the third phase of the evaluation of the pilot test aims
to assess usability under normal, uncontrolled operating conditions. The so-
called TYPE B users are people over 65 years old from rural areas with the only
inclusion criterion of having non-critical medication according to the recommen-
dations of the professionals of the Extremadura Health System in the selected
locality.

The users, previously trained on the actions to be carried out and the objec-
tives to be pursued, are accompanied in all the daily interactions planned by
Observation Units. These researchers conduct a semi-structured interview in the
same way as in the previous cases and help people to report on usability through
the SUS Scale. As in the previous phases, the possibility of holding focus groups
with various users is not ruled out if the information collected is not considered
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sufficient. The estimated time of implementation is 5 days. Through the analysis
of all the empirical material generated, we intend to measure the usability and
functionality attributes of the prototype.

Phase 3 and therefore the evaluation of the usability of our prototype is
considered to have been overcome only if:

– A score on the SUS/EUS Scale above 68 is obtained in the final average of
all users. This is the limit established in the scientific literature to determine
the existence of correct usability of a product.

– All semi-structured interviews are conducted.
– The improvements suggested from the analysis of the empirical evidence gen-

erated are incorporated into the device. In this sense, the design changes can
reduce certain errors and facilitate the usability and acceptance of the user.
A new validation cycle is not ruled out once the necessary improvements have
been incorporated.

At the end of the validation cycle proposed here, the possibility of incorpo-
rating new functionalities is assessed, in which case the validation process would
be the same as that indicated here. If this is not the case, the next phase would
include an assessment of the safety of the use of the prototype with respect to
the reminder when taking medicines.

5 Conclusions

This evaluation protocol will provide us in the coming months with results that
will give us a reliable evaluation of the Assistant on Care and Heatlh Offline
(ACHO). The evaluation of the usability of health technologies is essential, espe-
cially for those technologies that will be used by older people. To counteract cer-
tain difficulties in evaluation, we want to have technology evaluation tools that
allow us to know the reality of use in their context. In future publications we
will offer the concrete results and the difficulties encountered in the evaluation
of this voice assistant.
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