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Abstract: Background: Research has supported the cost-effectiveness of cognitive training tools enhanced
by information and communication technologies (ICT) in several populations, including individuals with
mild cognitive impairment (MCI) and age-related cognitive decline. The implementation of ICTs in this
population, however, is sometimes challenging to their cognitive and age characteristics. Ultimately, this
might compromise the effectiveness of ICT-enhanced therapies in this population. The aim of this study
is to test the usability and acceptability of a European project prototype for elderly care, in an attempt
to explore the ICT design needs of users with MCI. Methods: Participants were 28 individuals
aged 58-95 years and with a diagnosis of MCI. Results: The results showed a low perception of
peripheral elements and the need to place main interaction elements in the centre of the screen.
The correlation between the general level of autonomy (daily life activities) and the ICT autonomy
level was significant and positive. The speed of audio help had a significant impact on performance.
Conclusion: The present work contributes to the literature on ICT usability needs of users with MCL
Some usability recommendations for designing interfaces for this type of user are provided in the text.

Keywords: usability; speech interfaces; cognitive impairment; ICT; elderly; cognitive decline

1. Introduction

1.1. Demographic Changes and Mild Cognitive Impairment

The age profile is expected to change globally in the coming decades. According to the U.S.
Census Bureau’s latest ageing report, the population will be much older in 2050. Specifically, in the
next 35 years it is expected that the increase in the number of older individuals will be considerably
greater than that of the younger population [1]. Consequently, with the ageing of the population,
the possibility of an increase in the number of cognitively impaired individuals will also rise.

According to a World Health Organization report dementia and cognitive impairment lead the
list of chronic diseases contributing to disability and dependence among older people worldwide.
Forty-seven million people suffered from dementia in the world in 2015, and due to the ageing of
the population globally, this number is expected to be tripled by 2050. These demographic changes
not only have a strong impact on the daily lives of patients and their relatives, but also they have
substantial consequences for public finances. Specifically, the estimated global cost of dementia care in
2010 was US$604 billion, and it is projected that its worldwide cost in 2030 could be US$1.2 trillion or
more [2].
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In the previous paragraph, we have presented the global impact of dementia, which is often
characterized by an important cognitive impairment. However, dementia and its associated cognitive
impairment do not start abruptly. Conversely, dementia is a dimensional construct that begins with
small changes in the brain and symptomatology. In this sense, mild cognitive impairment (MCI) is the
clinical syndrome that describes the transitional zone between normal cognitive status and dementia
and it is estimated that approximately 10% to 15% of individuals with MCI will develop dementia [3].
Therefore, an important societal goal is to delay the transition between MCI and dementia or at least to
reduce the speed of the cognitive decline in patients with MCI. Cognitive training is the most frequently
reported form of cognition-focused intervention. It contains sessions involving practice on tasks
that target aspects of cognition such as attention, memory, and language [4]. There is now sufficient
support for the effectiveness of such training in individuals with MCI [5,6]. However, traditional
face-to-face interventions may not always be accessible to the older individuals on a large scale because
of accessibility reasons (e.g., having to travel long distances to specialized treatment centres) and
limited public economic resources. For this reason, interest in the development of technological
applications for the cognitive treatment in older adults is increasing [7]. Several studies have provided
evidence about the efficiency of cognitive training tools based on information and communication
technologies (ICT) when applied as an adjunct therapy for recovering or improving performance on
cognitive skills and self-confidence, as well as for an early intervention in individuals with MCI and
age-related cognitive decline [8-12].

In particular, reminiscence therapy appears to be an important therapy in MCI and Alzheimer’s
disease. Reminiscence therapy is a non-pharmacological intervention used to prompt past memories
with music and old photographs, which also facilitates social interactions and increases self-esteem.
The use of ICT seems to be particularly appropriate in this kind of intervention. For example,
some studies demonstrate the feasibility of using readily available technology (digital video, images,
and music) to produce personalized multimedia biographies that hold special meaning for individuals
with Alzheimer’s disease and MCI and their families [13-16].

1.2. Information and Communication Technologies (ICT5) and Cognitive Decline

Rapid technological advances offer an excellent opportunity to face the challenge of promoting
independence, strengthening social connectedness, and preventing isolation in older individuals [17,18].
Furthermore, a recent meta-analysis that using computers for leisure produced an overall significant
reduction in the risk of dementia [19].

In addition to its recreational role, a systematic review of technology-supported reminiscence
therapy also supported the benefits of using technology in the elderly, this time for therapeutic
purposes [20]. Some of these benefits include access to rich and engaging multimedia reminiscence
materials, opportunities for people with dementia to participate in social interactions and take
ownership of conversations, and a reduction in barriers due to motor deficits during interactions
with media. Reminiscence therapy interventions based on ICT have also showed their efficacy in
depression treatment in the elderly [21]. This is important because several studies have pointed out
that depression, social isolation, and loneliness can negatively impact cognitive impairment [22-26].
In a similar line of supporting the benefits of using technology in the elderly, another study suggested
that interventions with tailored social networks and social contacts are also needed to increase social
contact in the elderly and to help them to delay and cope with cognitive impairment [23].

Cognitive decline in capabilities, such as memory, attention, perceptual speed, or spatial abilities,
is part of normal ageing [27], and for this reason, the new age demography brings new challenges
related to the way to improve the independence and quality of life of elderly people and, especially,
promote their well-being in different ways [28]. New technologies can help to face these challenges,
but their utilization in the elderly and specifically in persons with MCI might have some associated
challenges. Although technology is increasingly present in everyday life, the elderly usually face
usability problems related to the unsuitable design of central features, such as the graphic user interface
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design and input device choices, to name some examples. On usability tests, elderly users face a
greater number of usability problems than young users [29-31], and their ICT experience differs not
only in terms of their success rate, but also in terms of emotional factors that should be included as
an important part of their experience [32-35]. Often these negative experiences of older users are
consolidated into what has been called a technophobia, that is a computer avoidance due to fear or
phobia of interacting with computers [36].

Indeed, research has shown that the majority of non-ICT seniors feel “intimidated” and “anxious”
about using technology and anticipate that the Internet is difficult to use and to understand [37,38].

4

In this scenario, a few studies have explored the possible benefits of improving usability by using
embodied conversational agents as a form of assistive technology for users with cognitive impairment
and the results so far are promising [39]. Nowadays, the technological barrier for elderly users goes
far beyond the application design or the individual’s fear of technologies. In this sense, usability for
this type of user has to be conceptualized as a more complex problem in which related but different
constructs such as web usability and web accessibility should be taken into consideration altogether
when designing technological solutions.

Tim Berners-Lee, inventor of the World Wide Web and Director of the World Wide Web Consortium
(W3C) states that “the power of the Web is in its universality. Access by everyone regardless of disability is an
essential aspect” [40]. In this sense, the European Commission defines web accessibility as a policy of
e-inclusion that aims “to allow everyone, including people with disabilities, to perceive, understand, navigate
and interact with the Internet” [41]. In fact, the European Commission went a step further with the
development of the Directive (EU) 2016/2102, an important document whose purpose is to ensure
digital inclusion and web accessibility by indicating specific standards in the design of websites and
mobile apps [42].

Other important contribution that aimed to make webs more accessible to people with disabilities
was the Web Content Accessibility Guideline developed by the World Wide Web Consortium (W3C) [43].
The Accessibility Fundamentals summarized by the W3C revealed four relevant issues for older users,
namely hearing loss, vision decline, physical decline, and cognitive decline. This important document
highlighted that the cognitive decline can affect navigation, comprehension, and task completion due
to difficulties with concentration and coping with information overload, distraction from movement or
irrelevant material, and short-term memory limitations [44]. In 2019, the W3C developed a more specific
section with accessibility standards for users with cognitive or learning disabilities. These include,
to name some examples, the need to present content in different ways, make texts easily readable,
and provide enough time to read and use content [45].

One key aspect of technology is its connectivity through the Internet. However, the technological
characteristics of the Internet (mainly its undefined structure) can be barrier for accessibility and
usability of technologies in the elderly. For instance, a meta-analysis [41] revealed negative age effects
on spatial abilities, so that time is likely to play an important role in ICT usability. This problem has an
important impact when using technologies because the use of the Internet requires spatial abilities
due to hypertext characteristics where the user must build the structure of the information or tasks
during navigation (e.g., Where was I before? Where should I go now? In which order should I do the
required steps?). As a consequence of the previous and the lack of ICT experience, elderly users show
better performance on systems with linear navigation [32,46,47]. Another aspect that adds up to the
complexity of usability in the elderly lies in the fact that the characteristics of elderly users are not
static and vary over time because there are changes due to age-related decline [48].

The aforementioned barriers refer to the elderly in general. Not surprisingly, cognitive impairment
in this population makes it even more difficult to use technology. For example, users with cognitive
impairment make more mistakes and need more time to use web platforms due to their difficulties in
orientation [49]. Thus, it has been suggested that people with mild to moderate cognitive impairment
should be offered with simple technologies [50]. In addition to this, visual attention and control of visual
short-term memory decline as a result of neurodegenerative processes that occur with ageing, MCIL,
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and AD [51-53], which reduces the individual’s ability to respond on a visually dynamic real-world
task [54]. Ultimately, this means that, when interacting with computers, users do not behave the way
the designers planned [55]. A popular related concept is change blindness, which is defined as the
inability to detect changes in visual scenes, in the sense that users focus their attention on an image
using visual short-term memory to store relevant information [53]. Because of this decrease in visual
attention and control of visual short-term memory, change blindness may be much greater in people
with cognitive impairment. Program designers, especially those of young ages, are not likely to be
familiar with these characteristics and needs of elderly users. This poses important limitations in the
design of technology for this population because taking into account the mental model of individuals
with MCl is crucial for the adequate design and testing of user-friendly ICT-based applications and
services [56].

Considering the previous, this study aims to analyse the ICT usability needs of users with
MCI. Specifically, the purpose of the study is to provide some usability recommendations to design
technologies for these users. To carry out this investigation we have used an application named the
ehcoBUTLER project, a ground-breaking and comprehensive service solution designed to improve
the quality of life of older people by promoting a healthy lifestyle and active ageing through the use
of tools that enhance positive emotions and cognitive training [57]. This project has been developed
with the support of the European Union’s Horizon 2020 research and innovation programme [58].
The system has been developed following the guidelines of a software that has proven its usability
with elderly users using linear navigation [32,46,59]. The study was performed in four iterative cycles
to obtain more robust usability recommendations for ICT developments in MCI users.

2. Materials and Methods

2.1. Design

The study consisted of a classic usability test [60], where the first prototype of the ehcoButler
system was used in a controlled environment. The assessment method used was a task analysis [61],
applied individually, where the user performed several predefined tasks in order to obtain quantitative
data. To carry out this study, only one group was defined. This included users with a diagnosis of
cognitive impairment (mild and moderate) made by a physician (neurologist or geriatrician).

The study included performance measures during the test and measurements at pre-test and
post-test. The main task consisted of writing an email to a specific recipient and attaching a picture
facilitated by the experimenter. As a secondary task, qualitative information was collected about
user preferences, iconography, appearance of the avatar, and reality judgments about the synthetic
avatar voice.

2.2. Participants

The inclusion criteria were: age around 60 years old or more, MCI diagnosed by a geriatrician or
neurologist, as well as conserving enough cognitive ability to have a conversation, sufficient hearing
capacity, and sufficient visual and motor abilities to interact with the system or with the professional.

The Spanish health care system is universal (all citizens are covered), free of charge, and organized
in 17 autonomous communities that apply the General Health Act [62]. The Spanish Ministry of
Health, Social Services, and Equality approved the country’s first National Health System strategy
for Neurodegenerative Diseases in 2016. It includes early diagnosis strategies and a personalized
social and health care plan for each patient [63]. Nursing homes have protocols for cognitive
impairment assessment and interventions that are aligned with this national strategy. The users were
assessed on cognitive functions (executive functions, episodic memory, visuospatial ability, naming
ability, and verbal fluency), functionality (impairment in daily activities), neuropsychiatric symptoms,
and biomarkers, by a neurologist or geriatrician, following the guidelines of the “Mild cognitive
impairment in the elderly Consensus document” [64].
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The final sample consisted of 28 participants with a MCI diagnosis from two nursing homes: 50%
men and 50% women, aged between 58 and 95 years, with an average of 76.98 years (SD = 9.56).

The literacy level was mostly very basic because 84.6% of the sample only went to school up
to the age of 14 (see Table A1). The average age when the sample left school was 11.27 (SD = 5.07),
with a mean of 5.92 years of school attendance (SD = 3.67). Three participants never attended school,
even though they could all read and write because they learned at home. Two participants did not recall
going to school. This educational level (low or none) is representative of people from 65 to 85 years of
age in small cities or towns in rural areas, given that the country had great economic difficulties during
the 1940s and 1950s as a result of the Spanish civil war (1936 to 1939). At that moment, most of them
left school and went to work at an early age to help their families.

Regarding their previous experience using ICTs, 82.1% had never used a personal computer or a
tablet before this study, and only 7.1% of them had used a personal computer or a tablet more than
10 times.

The participants were randomly divided into four groups of seven participants each in order to
test the system in four iterations.

Apart from the end-users, three professional caregivers (working at the recruitment centres) took
part in the experiment as observers.

2.3. Materials

2.3.1. Main Software

The first ehcoBUTLER [58] functional prototype was the main software used for the study.
The prototype was developed following all the usability characteristics of the BUTLER system,
an emotional and social platform designed for elderly people with low digital literacy skills that has
proven its usability and acceptability with elderly people without cognitive impairment [21,46,59,65].

The most important design feature of ehcoBUTLER is the navigation system, which follows a
linear structure (i.e., like a step-by-step system) [46]. First, in the main menu, the user selects the
application to use. Then, on each step, a human-looking avatar explains where they are and what they
can do next. The avatar is “the butler” and its goal is to help them to decide what to do in every step of
the system. The avatar is represented graphically as a young man and provides the help through audio
(a synthetic voice) and text. The buttons have different colors depending on the type of action they
allow: green is for buttons whose actions allow the user to continue with a task; red allows to interrupt
a task (i.e., delete data or undo a concluded step); and orange represents secondary actions. Because
all the system applications follow the same design principles, the email application was selected for
the usability test. A complete description of the email task will be facilitated in the procedure section.

2.3.2. Variables and Measuring Instruments

As we described in more detail below, the assessment protocol consisted of three parts, namely
user information (collected before the task), an evaluation of task-related information (performance
and user’s opinion), and effectiveness of the task as reported by professional caregivers.

User Profile

The user profile data were collected before the usability test. It included demographic data such
as sex and educational level. In addition, we evaluated the user’s experience with computers and
the Internet, as well as whether the user had an e-mail account and had taken any computer training
courses previously.

The level of autonomy in daily life activities was measured based on the professional’s clinical
judgement after an interview with the participant. The following item was then responded: “The user
can perform his/her daily routines entirely unassisted” with a 5-point Likert scale with response
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labels: (0) strongly disagree, (1) somewhat disagree, (2) neither disagree nor agree, (3) somewhat agree,
and (4) strongly agree.

Measures Based on User Performance

Success rate. The success rate was determined in absolute values: 0 (did not successfully perform
the task); 1 (successfully performed the task).

Assistance received. The experimenter was not allowed to help the user solve the task. However,
participants could be reminded that they could review the avatar’s help, which counted as a new
attempt. They could also be reminded about the name of the email recipient or on how to find a letter
on the keyboard. Any help was annotated.

Number of attempts. The number of attempts was recorded, based on the number of times the
experimenter had to show the user how to review the avatar instructions to find out how to continue.

Instruments Measuring the User’s Opinion

Post-test questionnaire for the user: face scales [66] can help to evaluate the mood state in patients
with cognitive impairment [67,68]. This questionnaire assesses the user’s opinion of the system, with
all the items using a 5-point face scale, rated from left to right with the following labels: strongly
disagree, disagree, neither agree nor disagree, agree, and strongly agree. The variables measured
were perceived ease of use, learnability and controllability, self-efficacy, flexibility, clear and easy to
understand, usefulness, and intention to use.

Finally, a single item using a 5-point face scale to explore the feelings during the test was rated
from left to right with the following labels: very bad, bad, neither bad nor good, good, very good.

All the items were obtained from a previous usability study with elderly users (see [32]).

Measures Regarding Professional’s Judgment

The NASA Task Load Index-TLX [69] was filled in by the professional caregivers to evaluate the
perceived workload. This is done to obtain a measure of the effectiveness of a task. This questionnaire
provides an overall workload score based on six subscales: mental demand, physical demand, temporal
demand, performance, effort, and frustration. Each scale is divided into 21 degrees from very low to
very high. The experimenter trained the professional caregivers before the user test on how to fill in
the NASA-TLX properly.

2.3.3. Hardware

Two set-ups were tested for this study. First, a 10”tablet (Samsung Galaxy tablet Tab2) was used
because this was originally expected to be a suitable set-up due to its portability and affordable price.
However, this was ruled out at the beginning of the study due to additional usability difficulties
resulting from the use of the logical keyboard of the device, which hides half the screen during typing
processes (see Figure Al). The second set-up which was finally used in the study, was a personal
computer with a touch screen and physical keyboard, big keys in ABC order, and a normal keyboard
with QWERTY order (all in one MSI Model AE222-274 G3250 4GB 1TB W10 21.5 inches). A videocamera
with a tripod was used to record the sessions.

In addition to the experimenter, the professional caregivers also assessed indicators of performance
on the task (Whether the user completed the task or not, the number of attempts, the degree of assistance
needed during the test, and the technology used). They also reported their clinical judgment about
the difficulty of the task, feelings observed in the user, together with suggestions and recommended
improvements in the system. Finally, the professional assessed the ability of the user to use the system
in an autonomous way (i.e., without any kind of support), using a 5-point Likert scale with response
labels 0 = strongly disagree, 1 = somewhat disagree, 2 = neither disagree nor agree, 3 = somewhat
agree, and 4 = strongly agree.
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2.3.4. Statistical Software

For data analysis, IBM SPSS 22.0 (IBM Corp., Armonk, NY, USA) was used. Descriptive statistics
were performed to explore the frequency and percentage of responses for all the variables and a
Spearman correlation analysis was conducted to explore the relationship between the user’s level of
general autonomy and the number of attempts, as well as the relationship between the user’s level of
general autonomy and the extent to which the user could use the system autonomously in the future.
A contingency table was created to explore the relationship between the user’s performance and feelings
during the task. This was done to explore whether the user’s feelings were related to performance.
To investigate whether the non-verbal language displayed by the users matched with their reported
feelings, we asked the professionals to rate the observed user’s feelings. Then both ratings were
correlated by Spearman analysis. Then, results were graphically represented with Microsoft Excel
(Microsoft Corporation, Redmond, WA, USA).

2.4. Procedure

To carry out this study, several nursing homes and socio-health organizations dedicated to elderly
care in the region of Valencia (Spain) were contacted. We debriefed the managers of the organizations
about the objective of the project and the need to test the system with people with MCI diagnosed by
a physician (neurologist or geriatrician).

Two collaboration agreements were finally signed between the Jaume I University and two nursing
homes from the Health Department of the Valencian Community (Spain). It took two months for the
study to be conducted, including the development phases.

The medical staff of both nursing homes selected users with MCI as candidates for the study.
Due to the candidates’ cognitive state, the nursing homes contacted their families to obtain their
informed consent to participate and permission to video-tape the sessions. For users under the tutelage
of the local government (Health Counsel of the Valencian Community), an additional permit was
required to carry out the study. The research was conducted following the American Psychological
Association’s ethical principles and code of conduct [70]. The study was approved by the Ethics
Committee of the Gestion Sociosanitaria del Mediterrdneo (GESMED, Socio-Sanitary Management of the
Mediterranean; REC number: CD643566/2017). The participants” data confidentiality and anonymity
were ensured. Forty-six users were asked to participate in this study voluntarily. Of these, 33 agreed
to participate and 28 met the inclusion criteria and signed the data and recording confidentiality
agreement. The experimental session consisted of a usability test [60], where a task analysis was
carried out [61]. The experimenter took all the necessary hardware to be used in the study to the
nursing homes. The rooms used in the centres were big enough to place the equipment and facilitate
the movement of people with reduced mobility.

The centre’s psychologists (the professional caregiver) accompanied the participants while the
expert in usability (the experimenter) conducted the tests. Next, the experimenter presented the task
and administered the pre-test assessment protocol (demographic data and previous experience with
computers and the Internet). Once the questionnaires were completed, the experimenter explained the
task to the user, gave them the instructions for the task on paper, and asked if they would prefer to use
a physical or a logical keyboard.

The main task involved writing an email to a specific contact already registered in the address
book and attaching a specific picture using the ehcoBUTLER system. The user had the instructions on
paper, with the name of the contact in red, the text of the email, and the image to be attached, so that
they could follow the instructions as easily as possible and could effectively perform the task. Therefore,
the user did not have to memorize the instructions. The secondary task required the evaluation of the
avatar and the help voice from a qualitative point of view. We also asked the participants to explain
the reasons for their preferences. In order to obtain reliable data on task performance, the sessions
were video-taped. A usability expert reviewed the sessions.
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The role of the experimenter was to encourage the users to perform the task autonomously, without
providing additional instructions. If the users required assistance, the experimenter encouraged them
to interact with the avatar. Success meant that the user could complete the task without the help
of the experimenter. If any kind of help was needed to complete the task, this was noted as failure.
The number of attempts was recorded according to the number of times the experimenter had to show
the user how to review the avatar instructions to find out how to continue. The experimenter stood
next to the users throughout the usability test (see Figure A2).

In accordance with the Iterative User Interface Design [60], the study was divided into four
iterative cycles. This began with the first functional prototype of the system and included seven
new users in every iteration. Usability issues were found in each iteration and the proposals for
improvement were implemented by the development team. In each iteration the usability issues found
were fixed, and after tested again, until arriving to iteration 4, where no usability problems were found.
Finally, a re-test was carried out with the users from iteration 1 (see Figure A3). Finally, after finalizing
the test, the post-test questionnaires were answered by the users with the experimenter’s support
(their opinion about the system and how they felt during the test). The professional’s clinical judgment
was also recorded at this stage. As noted earlier, this included whether the user completed the task,
the number of attempts, the assistance received, the opinion about the system and the technology used,
the workload experienced, and suggestions and recommended changes.

3. Results
3.1. Main Usability Findings

3.1.1. Solved through Behavior Program Changes

An important problem was related to the way in which users pressed on the screen. The users
performed very long pulsations (an average of 3—4 s pressing), which led to the following problems:
instead of clicking on the main button (e.g., continue), the secondary button (e.g., copy) was activated.
Thus, the text label button was copied, as shown in Figure 1, as opposed to following to the next action.

o . o

(a) (b)

Figure 1. Troubles found due to very long pulsations. (a) Text label button selected due to very

long pulsation. (b) Secondary button activated (copy) instead clicking on the main action button
(the green arrow).

This problem was solved by writing a piece of code that overrides the behaviour in the web
browsers related to the right-click mouse events by converting these events to left-click mouse events.

Another usability issue observed was the user’s need to see what they are pressing while
interacting with the touch screen. As a result of this, they clicked outside buttons. To solve this problem,
we programmed an interaction area higher than the visual button only, thus preventing missclicking
for this reason.

Regarding the help audio facilitated by the avatar voice (a synthetic voice), we found problems
with standard speech speed (around 3 words per second). Some participants had problems following
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the instructions because these were too fast for them. The speed was changed to 2 words per second,
adding 8 spaces (2 s) between sentences in order to clearly separate the concepts in the instructions.
For example: “You are now viewing your letter (2 s of silence). If you like it (2 s of silence), press the
green button that says: Send letter”. After changing the voice speed, 92% of the users informed that
they liked the voice and that it was easy to understand.

3.1.2. Solved through Graphical Changes

The main usability finding we encountered related to the cognitive state and mental model of
this type of user had to do with their attentional capacity. A large number of users did not see the
interaction buttons during the first usability iteration. Our first hypothesis was that maybe they suffer
some cognitive blindness to bottom elements, which might be caused by the dark grey colour of the
graphic user interface (GUI). This is shown in Figure 2a. Because we anticipated that some users might
perceive that the dark grey band was an external element, the graphic user interface was redesigned
and the dark grey colour was replaced by an orange line, following the upper design as in Figure 2b.

P — “ R —— n

() (b)

Figure 2. Graphic user interface (GUI) colour change in bottom interaction area. (a) Original design.
(b) Modified design.

Despite this change, users still did not see the elements at the bottom. The study of the sessions
revealed that the less autonomous users presented a very acute attentional focus towards the centre
of the screen, to the detriment of the interaction elements placed at the bottom or sides of the screen.
In order to solve this problem, the graphic user interface was redesigned again, placing the main
interaction elements in the central area, that is, within the attentional focus of these users (see Figure 3).
With this change, the interaction issues were fully resolved.

ehcoBUTLER
<A You are now seeing how your letter has been defined. If you like, press the
‘ ) o’ & = A
green button "Send letter”

Audio Notifications Home

This letter will be sent: Diana Castila

Figure 3. Final graphic user interface.
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3.2. Quantitative Results

3.2.1. Task Performance

Good results were obtained on task performance. Specifically, 89% of the participants successfully
completed the task (even though the majority of them had no previous ICT experience).

3.2.2. Number of Attempts

The number of attempts to complete the task varied across participants (range 1 to 6). However,
50% of the users managed to complete it in just 1 or 2 attempts (median = 2.50, SD = 1.59). Comparing
the sum of attempts during the study, we observed that there was a higher number of attempts at the
beginning of the study due to usability problems related to the touch interaction (long pulsations that
activate selecting text or the contextual menu). We conducted a Spearman correlation analysis between
the user’s general level of autonomy, rated by the professional caregivers, and the number of attempts.
The correlation was not significant (rs = 0.17, p = 0.396).

3.2.3. Workload NASA Task Work Load Index)

The workload during the task was low or very low on all subscales (see Figure 4), achieving a
general mean of 4.55 (SD = 5.65) and means on all scales below the central point of 11 (range 0 to 21,
Very low demand = 0; Very high demand = 21).

Frustration [ 1.93
Effort [ 5.56
Performance [ .00
Temporal [N 5.0
Physical | 296
vental NN ;.50

o1 2 3 4 5 & 7 8 9 1011 12 123 14 15 16 17 18 19 20 21

Figure 4. NASA task work load index results.

3.3. Quantitative Results

3.3.1. Usability Variables and User Opinion

In general, the users’” opinion was good, as all the usability variables were scored on the positive
side of the scale exceeding the midpoint (i.e., exceeding 2 points on a scale ranging from 0 to 4).
Specifically, the users found the system easy to use and useful for their lives, they felt confident while
using it, felt that they had control over the system, found the button size large enough to see it and
interact with it, and reported that they would like to use the system in the future (see Figure 5).

The variable with the highest average score was ease of use, with 3.07 (SD = 0.98), followed by
useful with 3.00 (SD = 1.19).
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Usability variables

Like to use
Size buttons
Confident

Control

Uzeful

Easy

Figure 5. Average of usability variables.

Regarding their feelings during the test, 79% of the users felt from normal to very good.
A contingency table was created to explore the relationship between user performance and feelings
during the task (see Table 1).

Table 1. User performance vs. feelings during the task: contingency table.

Task Performance

Total
Fail Success
Very bad 0 0 0
Bad 2 1 3
User Felt Neutral 1 4 5
Good 0 15 15
Very good 0 5 5
Total 3 25 28

Only three users (10%) referred to feeling bad during the experiment. They indicated that they felt
nervous because of the test conditions (people looking at them and assessing what they were doing).
The number of users who felt bad or failed the task were too low to perform a Chi-square analysis.

3.3.2. Intention to Use

Regarding the intention to use the system in the future, 82% of the users expressed that they
would like to use it often in the future (21% strongly agree; 61% somewhat agree; 7% neither disagree
nor agree; 0% somewhat disagree, 11% strongly disagree).

3.3.3. Preferences about Avatar Appearance and Voice

From a graphic point of view, users indicated that they liked the age of the avatar (young),
estimating that it was about 30 years old. Regarding the voice, none of the participants perceived that it

Za7i

was a synthetic voice. Adjectives such as “nice”, “polite”, or “kind” were used the most to describe it.
3.4. Professional Opinion

3.4.1. Ability to Use the System in an Autonomous Way

Before the experiment, the professional caregivers rated the level of autonomy the users had in
their everyday lives while performing any kind of task.
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After the usability task, the professional caregivers also rated their clinical judgment about the
level of user autonomy using the system, revealing that 46% of the users would be able to autonomously
use the system in the future without any kind of support. Only in 14% of the cases did the professional
caregivers describe that the users would need frequent support, but they felt that 39% of the sample
would always need support.

We conducted a Spearman correlation analysis between the user’s general level of autonomy,
rated by the professional caregivers and the extent to which they thought the user could use the system
autonomously. The correlation was significant and positive (rs = 0.45; p = 0.016). This correlation
indicates that the professional caregivers thought that users with a high degree of autonomy in their
everyday lives could also use the system in a more autonomous way in the future, whereas users with
low autonomy in their routines would also have low autonomy in using the system. It seems logical
that if the user is not autonomous in his/her daily life, it would be very difficult for him/her to use the
system without assistance.

3.4.2. Sessions Needed to Learn to Use the System in an Unassisted Manner

The following analysis evaluates to which extent the professionals believed that the users would
be able to use the system on their own with some training. According to the professionals’ opinion,
39% of users would always need support to use the system. The also indicated that 36% of users would
need more than 10 training sessions to use the system on their own. Finally, they reported that 14%
of them would need between 5 and 10 training sessions to use the system autonomously and 11% of
them would only need 2 to 4 training sessions (see Figure 6).

m Always with support
m>10
m 59

2-4

B 36%

Figure 6. Estimated number of training sessions to use the system in an autonomous way.
3.4.3. Professional Opinion about the Users’ Feelings

The professionals also rated how they thought the users felt during the test. We conducted
a Spearman correlation analysis between feeling scores given by the user and those given by the
professional. The correlation was significant and positive (r; = 0.59; p = 0.001), indicating a large
agreement between the experienced user feeling and the professional caregiver’s impression about the
user’s feeling.
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4. Discussion

The present study aimed to test the usability of a prototype system designed for users with
MCI and make adaptations to it based on the results. For this purpose, a functional prototype email
system was designed based on the usability design principles of the Butler system (i.e., the design
followed the National Institute on Aging checklist [71] and added linear navigation and audio and
text help through an avatar) [59]. The system was tested in two nursing homes of the Health Council
of the Valencian Community (Spain). The results showed differences between the present study and
the findings obtained from previous research with the same web design but a different population
(i.e., people without cognitive impairment) [32,46]. The main usability issues revealed in the present
study compared with those of users without MCI were the following:

e Related to spatial abilities and attention. The results showed a low perception of peripheral elements
and the need to place the main interaction elements (e.g., continue the action in the step-by-step
navigation) in the center of the screen because less autonomous users showed an attentional focus
on this central part of the screen and attentional blindness to the peripheral graphical elements.

e  Related programming interaction. Given that users expect a real time change in buttons (such as
sinking down when pressed), the interaction with the buttons was performed by pressing them
for a long time, causing an unexpected interaction result (copying text or activating the secondary
browser menu). On the other hand, we observed the user’s need to see what they were pressing
while touching the buttons. This explains why they clicked outside the buttons.

e  Related audio help. The standard speed of synthetic speech (3 words per second) was too fast,
and most of the users were not able to follow the instructions.

Our findings raise some novel questions about the design of interfaces for MCI users. For example,
several studies point out that the use of audio and text support can benefit both novel and experienced
older users [72]. However, audio interfaces also could represent a new usability barrier because they
force the user to work with memory and mental agility. These new interfaces allow us to avoid the
keyboard and present a user interface with less text, but the audio interface adds other difficulties such
as having to understand and retain information while making interaction decisions. It is well known
that, because speech is linearized, audio instructions as a unimodal strategy impose difficulties in the
elderly [73]. In the case of cognitively impaired users, this effort could become another step in the
technological barrier stairway. If we take into account that one of the handicaps in MCI is memory
loss and a decrease in mental agility, we could encounter a real barrier that goes beyond usability and
could become a serious accessibility problem for this kind of user.

Regarding the audio interface to support the interaction, previous studies with elderly users
without cognitive impairment suggest that speed adjustment is not necessary [72]. However, our
findings showed that it is likely to be necessary to adjust the speed of the speech, as well to add a
short time separation between phrases for users with MCI, probably because they need more time to
process information. Our study revealed positive results from adjusting the speech speed to 2 words
per second and adding 2 s of silence between short sentences, which was done to clearly separate the
concepts of the instructions and to give the user time to understand them. At this point, we think it
is important to differentiate between input and output audios. Our study only explores this feature
as an output of an application, that is, when the user receives information passively (in our case as a
complement of the text help). We cannot extrapolate our conclusions to audio inputs, that is, when the
user gives audio instructions to the system.

In addition to the findings with the audio interface, our results showed usability difficulties
related to the graphic design. A metaphor in this context is how we represent an interaction with the
system in an understandable way. For example, a metaphor in a graphic interface could be represented
by the buttons and other visual elements like the avatar or the space to write. The commonly used
metaphors represented in the technology do not correspond to the previous experience of users with
a low technological profile and according literature this can be a barrier [59,74]. This might be the
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reason why the users in our study made long pulsations while waiting for a change of state in the
buttons. These results support the idea that assistive technologies should introduce graphic elements
that match the users’ previous experience. This opens an avenue for a new dimension that should be
considered in the design of this type of technology. Following this need to adapt ICTs to the mental
model of the elderly, it could be advisable to represent objects and object behaviours that users could
be familiar with. For example, if we represent a button in an application, the feedback when pressing
it could be seeing the button sink.

Previous literature highlights the negative effects of age on spatial abilities, memory, attention,
and perceptual speed [19,27,75]. Thus, because navigation is one of the greatest difficulties for older
users, linear navigation can be useful for improving usability results with elderly users [46,76,77].
Experiencing MCI considerably increases these cognitive and motor difficulties, which adds new
challenges in designing webs for this kind of user. Some studies propose linear navigation to avoid
spatial disorientation when using websites [75]. However, cognitive impairment influences spatial
orientation and, consequently, makes this usability problem even greater. The linear navigation solution
cannot fix this because, for users with MCI, spatial orientation might not be limited to navigation
among the different parts of the system. The problem could be that, on each screen, the user must make
an effort that requires attention and guidance. This idea seems somewhat aligned with the change
blindness concept [55] because the users could not find the changes between different screens, and so
there was disorientation beyond navigation. A possible solution is to combine different strategies to
maintain the attention on interaction effortlessly. For example, one option could be combining the
linear navigation with audio and help text and a design in which the main interactions (to continue the
task) are placed in the centre of the screen.

Also in relation to cognitive performance, research has evidenced that, when the user is familiar
with the learning object, the memory and learning processes are faster [78]. However, cognitive
impairments such as memory loss or disorientation could increase the difficulties in recognizing or
memorizing objects. Natural interfaces such as speech mode try to replicate a natural and user-friendly
interaction. Audio outputs (from the system to the user) can be useful for users who receive help
and instructions in real time [72], but audio inputs (from the user to the system) require other mental
processes that demand the specific use of memory, such as remembering specific words from the
instructions or predicting (or remembering) what step will be next. In this regard, a recent study [39]
evidenced significant difficulties in speech recognition in patients with MCI even when embodied
conversational agents were successfully implemented. Our study only explored audio outputs, and
the results showed that the speech speed could be an important factor in designing audio interfaces.

Another finding was that a positive and significant correlation between the general level of
autonomy and the ICT autonomy level was obtained. This result could indicate that the level of
autonomy in everyday activities could be a good predictor of the level of user autonomy in the use of
assistive technologies, which might have some clinical implications. For example, this could be used as
guiding information when having to select the type of interface or amount of support that is provided
to users (e.g., those with less daily autonomy should be offered more help or easier interfaces).

From a qualitative point of view, the results of our study showed that users did not perceive
the difference between a synthetic voice and a human voice during the testing. These results are
important as they suggest that this system can be effectively used in the elderly, which is in line
with past literature [72]. This finding supports the idea that the use of mechanical audio interfaces,
which are cheaper to develop than audios recorded directly by humans, are suitable for this kind
of population. Given that this was perceived like a human voice and did not eliminate emotional
qualities, this procedure is promising in this field.

The present study has a number of limitations. First, although the sample size is large enough to
obtain usability conclusions, the number of users limits the statistical analysis that can be performed
with the data. Additionally, the fact that they all belonged to the same country limits the cultural
generalization of the findings. Furthermore, the experimental design limits our conclusions to the
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specific task of “composing” an email and attaching a picture. Other tasks and interfaces should
be used to test our usability recommendations for MCI users. An additional limitation refers to the
existence of a single professional rater of the patient’s performance. Even though this is the usual
practice in clinical settings, the existence of a second evaluator is always preferable for reliability
purposes. Finally, this work did not explore in-depth the impact of physical or logical keyboards
on performance.

5. Conclusions

In spite of the limitations of this study, the findings resulted in a number of recommendations
for the use of ICT in persons with MCI and open the door to exploring new dimensions of spatial
orientation on graphic user interfaces. New technologies can help to improve the wellbeing and
quality of life of users with MCI or early dementia. However, due to their cognitive impairment, such
individuals suffer from a lack of orientation, not only when navigating between screens, but when
interacting with a single screen. Simplifying technologies for MCI users should be an important
societal goal. The use of linear navigation could be a key element in this direction, but it is not the
only one. Designers have a new challenge of “designing interaction in the middle” because the main
area of attention for these users was the centre of the screen. Another recommendation is to design
the interaction area bigger than the visual button. This should be done because there is a general
tendency to press the buttons outside the image in an attempt to see what they are pressing. In addition,
the results suggested that natural interfaces, such as audio interfaces, might be useful for these users
if the speed is adapted to their cognitive needs. In this sense, text-to-speech technology can be a
suitable and cost-effective alternative because users do not distinguish the human voice from a bot.
Therefore, based on our findings one recommendable speech speed for similar users and purposes
would be 2 words per second and adding 2 s of silence between short sentences. Ultimately, the utility
of the results lies in the fact that achieving design interfaces that give MCI users independence could
help to prolong the time they live independently at home and might help improve their quality of
life. One way of doing this, for instance, would be providing them with a number of alternative care
possibilities, such as a cognitive rehabilitation program that they can perform at home autonomously.
The main contribution of this study consists of exploring the usability needs of users with MCI on ICT
systems and providing some usability recommendations for designing interfaces for this kind of user.
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Appendix A
Table Al. Summary of sociodemographic characteristics of the sample.
Number of Cognitive School-Leavin PC

1D Iteration Diaggnosis Age Sex Age s Experience
1 1 MCI 73 M 12 Never

2 1 MCI 83 F 10 Never

3 1 MCI 85 M Didn’t remember Never

4 1 MCI 71 F 14 Never

5 1 MCI 94 M 14 Never

6 1 MCI 88 M 10 Never

7 1 MCI 95 F 10 Never

8 2 MCI 67 M 14 Never

9 2 MCI 58 M 13 Once

10 2 MCI 89 F 8 Never

11 2 MCI 90 F 14 Never

12 2 MCI 86 F Didn’t go to school Never

13 2 MCI 89 M Didn’t go to school Never

14 2 MCI 85 F Didn’t go to school Never

15 3 MCI 76 F 8 Never

16 3 MCI 70 M 14 Never

17 3 MCI 85 M 7 Never

18 3 MCI 71 F 13 Never

19 3 MCI 69 M 15 Never

20 3 MCI 75 M Didn’t remember More than 10
21 3 MCI 76 M 14 From 1 to 10
22 4 MCI 81 M 12 Never

23 4 MCI 70 F 16 More than 10
24 4 MCI 88 F 12 Never

25 4 MCI 67 M 20 From 1 to 10
26 4 MCI 81 F 18 Never

27 4 MCI 91 F 11 Never

28 4 MCI 78 F 14 Never

Notes: MCI: Mild Cognitive Impairment. PC experience: number of times that the person used a personal computer
before this study. Sex: M = Male, F = Female.

Figure A1. Usability problem on tablets due logic keyboard.
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Figure A2. Set-up during usability testing.

L
:g%‘ ITERATION 1

GROUP 1

3'%‘

.
f.\‘

GROUP 3
N=7

:.%‘ ITERATION 4

GROUP 4
N=7

ITERATION 2

ITERATION 3

ALPHA V1

ALPHA v2

ALPHA V3

II

ALPHA V4

usability isues

DEVELOPMENT

DEVELOPMENT
-

GROUP 1
(RE-TEST)

Diagram of iterative cycles performed in the usability test.

17 of 21

1. He, W.; Goodkind, D.; Kowal, P. An Aging World: 2015 International Population Reports. In U.S. Census
Bureau, International Population Reports, P95/16-1, An Aging World 2015; US Government Printing Office:
Washington, DC, USA, 2016; p. 204.

2. WHO. Governments Commit to Advancements in Dementia Research and Care. Geneva. Available online:

http://www.who.int/mediacentre/news/releases/2015/action-on-dementia/en/ (accessed on 25 November 2017).
3. Fischer, P; Jungwirth, S.; Zehetmayer, S.; Weissgram, S.; Hoenigschnabl, S.; Gelpi, E.; Tragl, K.H. Conversion
from subtypes of mild cognitive impairment to Alzheimer dementia. Neurology 2007, 68, 288-291. [CrossRef]

[PubMed]
Martin, M.; Clare, L.; Altgassen, A.M.; Cameron, M.H.; Zehnder, F. Cognition-based interventions for healthy

older people and people with mild cognitive impairment. Cochrane Database Syst. Rev. 2011, 19, CD006220.
[CrossRef] [PubMed]


http://www.who.int/mediacentre/news/releases/2015/action-on-dementia/en/
http://dx.doi.org/10.1212/01.wnl.0000252358.03285.9d
http://www.ncbi.nlm.nih.gov/pubmed/17242334
http://dx.doi.org/10.1002/14651858.CD006220.pub2
http://www.ncbi.nlm.nih.gov/pubmed/21249675

Int. |. Environ. Res. Public Health 2020, 17, 5153 18 of 21

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Brum, PS.; Forlenza, O.V,; Yassuda, M.S. Treino cognitivo em idosos com Comprometimento Cognitivo
Leve: Impacto no desempenho cognitivo e funcional. Dement. e Neuropsychol. 2009, 3, 124-131. [CrossRef]
[PubMed]

Liu, X.Y,; Li, L.; Xiao, J].Q.; He, C.Z.; Lyu, X.L.; Gao, L.; Yang, X.W.; Cui, X.G.; Fan, L.H. Cognitive training in
older adults with mild cognitive impairment. Biomed. Environ. Sci. 2016, 29, 356-364.

Zhang, H.; Huntley, J.; Bhome, R.; Holmes, B.; Cahill, J.; Gould, R.L.; Wang, H.; Yu, X.; Howard, R. Effect of
computerised cognitive training on cognitive outcomes in mild cognitive impairment: A systematic review
and meta-analysis. BM] Open 2019, 9, e027062. [CrossRef]

Coyle, H.; Traynor, V.; Solowij, N. Computerized and virtual reality cognitive training for individuals at high
risk of cognitive decline: Systematic review of the literature. Am. J. Geriatr. 2015, 23, 335-359. [CrossRef]
Franco, M.; Jones, K.; Woods, B.; Gomez, P. Gradior: A personalized computer-based cognitive training
programme for early intervention in dementia. In Early Psychosocial Interventions in Dementia. Evidence-Based
Practice; Moniz-Cook, E., Manthorpe, J., Eds.; Jessica Kingsley Publishers: London, UK, 2009.
Garcia-Betances, R.I.; Jiménez-Mixco, V.; Arredondo, M.T.; Cabrera-Umpiérrez, M.E. Using virtual reality for
cognitive training of the elderly. Am. J. Alzheimers Dis. Other Demen. 2015, 30, 49-54. [CrossRef]

Palau, F; Franco, M.; Bamidis, P; Losada, R.; Parra, E.; Papageorgiou, S.; Vivas, A.B. The effects of a
computer-based cognitive and physical training program in a healthy and mildly cognitive impaired aging
sample. Aging Ment. Health 2014, 18, 838-846. [CrossRef]

Shuchat, J.; Ouellet, E.; Moffat, N.; Belleville, S. Opportunities for virtual reality in cognitive training with
persons with mild cognitive impairment or Alzheimer’s disease. Nonpharmacol. Ther. Dement. 2012, 3, 35.
Baecker, RM.; Marziali, E.; Chatland, S.; Easley, K.; Crete, M.; Yeung, M. Multimedia biographies for
individuals with Alzheimer’s disease and their families. In Proceedings of the World Congress on Internet in
Medicine, Toronto, ON, Canada, 14-19 October 2006.

Barban, F.; Annicchiarico, R.; Pantelopoulos, S.; Federici, A.; Perri, R.; Fadda, L.; Carlesimo, G.A; Ricci, C.;
Giuli, S.; Scalici, F,; et al. Protecting cognition from aging and Alzheimer’s disease: A computerized cognitive
training combined with reminiscence therapy. Int. J. Geriatr. Psychiatry 2015, 31, 340-348. [CrossRef]
Damianakis, T.; Crete-Nishihata, M.; Smith, K.L.; Baecker, R.M.; Marziali, E. The psychosocial impacts of
multimedia biographies on persons with cognitive impairments. Gerontologist 2010, 50, 23-35. [CrossRef]
Pino, M.; Boulay, M.; Jouen, F,; Rigaud, A.S. “Are we ready for robots that care for us?” Attitudes and
opinions of older adults toward socially assistive robots. Front. Aging Neurosci. 2015, 7, 1-15. [CrossRef]
Cornejo, R.; Tentori, M.; Favela, J. Enriching in-person encounters through social media: A study on family
connectedness for the elderly. Int. J. Hum. Comput. Stud. 2013, 71, 889-899. [CrossRef]

Khosravi, P; Rezvani, A.; Wiewiora, A. The impact of technology on older adults’ social isolation.
Comput. Hum. Behav. 2016, 63, 594-603. [CrossRef]

Yates, L.A.; Ziser, S.; Spector, A.; Orrell, M. Cognitive leisure activities and future risk of cognitive impairment
and dementia: Systematic review and meta-analysis. Inf. Psychogeriatr. 2016, 28, 1791-1806. [CrossRef]
[PubMed]

Lazar, A.; Thompson, H.; Demiris, G. A systematic review of the use of technology for reminiscence therapy.
Health Educ. Behav. 2014, 41, 515-61S. [CrossRef] [PubMed]

Preschl, B.; Maercker, A.; Wagner, B.; Forstmeier, S.; Barios, RM.; Alcafiiz, M.; Castilla, D.; Botella, C.
Life-review therapy with computer supplements for depression in the elderly: A randomized controlled
trial. Aging Ment. Health 2012, 16, 964-974. [CrossRef]

Shankar, A.; Hamer, M.; McMunn, A.; Steptoe, A. Social isolation and loneliness: Relationships with cognitive
function during 4 years of follow-up in the English Longitudinal Study of Ageing. Psychosom. Med. 2013, 75,
161-170. [CrossRef]

Wang, B.; He, P,; Dong, B. Associations between social networks, social contacts, and cognitive function
among Chinese nonagenarians/centenarians. Arch. Gerontol. Geriatr. 2015, 60, 522-527. [CrossRef]

Wilson, R.S.; Boyle, P.A ; James, B.D.; Leurgans, S.E.; Buchman, A.S.; Bennett, D.A. Negative social interactions
and risk of mild cognitive impairment in old age. Neuropsychology 2015, 29, 561-570. [CrossRef]

Wilson, R.S.; Krueger, K.R.; Arnold, S.E.; Schneider, J.A.; Kelly, ].F; Barnes, L.L.; Tang, Y.; Bennett, D.A.
Loneliness and Risk of Alzheimer Disease. Arch. Gen. Psychiatry 2007, 64, 234. [CrossRef] [PubMed]


http://dx.doi.org/10.1590/S1980-57642009DN30200010
http://www.ncbi.nlm.nih.gov/pubmed/29213623
http://dx.doi.org/10.1136/bmjopen-2018-027062
http://dx.doi.org/10.1016/j.jagp.2014.04.009
http://dx.doi.org/10.1177/1533317514545866
http://dx.doi.org/10.1080/13607863.2014.899972
http://dx.doi.org/10.1002/gps.4328
http://dx.doi.org/10.1093/geront/gnp104
http://dx.doi.org/10.3389/fnagi.2015.00141
http://dx.doi.org/10.1016/j.ijhcs.2013.04.001
http://dx.doi.org/10.1016/j.chb.2016.05.092
http://dx.doi.org/10.1017/S1041610216001137
http://www.ncbi.nlm.nih.gov/pubmed/27502691
http://dx.doi.org/10.1177/1090198114537067
http://www.ncbi.nlm.nih.gov/pubmed/25274711
http://dx.doi.org/10.1080/13607863.2012.702726
http://dx.doi.org/10.1097/PSY.0b013e31827f09cd
http://dx.doi.org/10.1016/j.archger.2015.01.002
http://dx.doi.org/10.1037/neu0000154
http://dx.doi.org/10.1001/archpsyc.64.2.234
http://www.ncbi.nlm.nih.gov/pubmed/17283291

Int. |. Environ. Res. Public Health 2020, 17, 5153 19 of 21

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

Windsor, T.D.; Gerstorf, D.; Pearson, E.; Ryan, L.H.; Anstey, K.J. Positive and negative social exchanges and
cognitive aging in young-old adults: Differential associations across family, friend, and spouse domains.
Psychol. Aging 2014, 29, 28-43. [CrossRef]

Boutet, I.; Milgram, N.W.; Freedman, M. Cognitive decline and human (Homo sapiens) aging: Aninvestigation
using a comparative neuropsychological approach. J. Comp. Psychol. 2007,121,270-281. [CrossRef] [PubMed]
National Collaborating Centre for Mental Health (UK). Dementia: A NICE-SCIE Guideline on Supporting People
with Dementia and Their Carers in Health and Social Care; British Psychological Society: Leicester, UK, 2007.
Sonderegger, A.; Schmutz, S.; Sauer, ]. The influence of age in usability testing. Appl. Ergon. 2016, 52, 291-300.
[CrossRef]

Wagner, N.; Hassanein, K.; Head, M. The impact of age on website usability. Comput. Hum. Behav. 2014, 37,
270-282. [CrossRef]

Zhou, J.; Rau, P-L.P; Salvendy, G. Use and Design of Handheld Computers for Older Adults: A Review and
Appraisal. Int. |. Hum. Comput. Interact. 2012, 28, 799-826. [CrossRef]

Castilla, D.; Botella, C.; Miralles, I.; Breton-16pez, ].; Dragomir-davis, A.; Zaragoza, I.; Garcia-palacios, A.
Teaching digital literacy skills to the elderly using a social network with linear navigation: A case study in a
rural area. Int. ]. Hum. Comput. Stud. 2018, 118, 24-37. [CrossRef]

Dunn, T. Usability for Older Web Users. Available online: https://www.webcredible.com/blog/usability-
older-web-users/ (accessed on 25 March 2019).

Hogan, M. Age Differences in Technophobia: An Irish Study. In Information Systems Development; Springer:
Boston, MA, USA, 2009; pp. 117-130.

Chua, S.L.; Chen, D.-T.;, Wong, AFL. Computer anxiety and its correlates: A meta-analysis.
Comput. Hum. Behav. 1999, 15, 609-623. [CrossRef]

Wang, C.; Chen, J. Overcoming technophobia in poorly-educated elderly—The HELPS-seniors service
learning program. Int. |. Autom. Smart Technol. 2015, 5, 173-182.

Friemel, T.N. The digital divide has grown old: Determinants of a digital divide among seniors. New Media Soc.
2016, 18, 313-331. [CrossRef]

Vroman, K.G.; Arthanat, S.; Lysack, C. “Who over 65 is online?” Older adults’ dispositions toward information
communication technology. Comput. Hum. Behav. 2015, 43, 156-166. [CrossRef]

Wargnier, P.; Benveniste, S.; Jouvelot, P; Rigaud, A.S. Usability assessment of interaction management
support in LOUISE, an ECA-based user interface for elders with cognitive impairment. Technol. Disabil. 2018,
30, 105-126. [CrossRef]

Campoverde-Molina, M.; Lujan-Mora, S.; Garcia, L.V. Empirical Studies on Web Accessibility of Educational
Websites: A Systematic Literature Review. IEEE Access 2020, 8, 91676-91700. [CrossRef]

European Commission Web Accessibility | Shaping Europe’s Digital Future. Available online: https:
//ec.europa.eu/digital-single-market/en/web-accessibility (accessed on 7 July 2020).

European Commission. Directive (EU) 2016/2102 of the European Parliament and of the Council of
26 October 2016 on the accessibility of the websites and mobile applications of public. Document 3201612102
sector bodies. Off. . Eur. Union. 2016, L327, 1-15.

W3C Web Accessibility Initiative WAL Web Content Accessibility Guidelines (WCAG) Overview. Available
online: https://www.w3.org/WAl/standards-guidelines/wcag/ (accessed on 7 July 2020).

W3C Web Accessibility Initiative WAL Overview of “Web Accessibility for Older Users: A Literature Review”.
Available online: https://www.w3.org/WAl/older-users/literature/ (accessed on 6 July 2020).

W3C Web Accessibility Initiative WAI Cognitive Accessibility at W3C | Web Accessibility Initiative (WAI) |
W3C. Available online: https://www.w3.org/WAI/cognitive/ (accessed on 6 July 2020).

Castilla, D.; Garcia-Palacios, A.; Miralles, I.; Breton-Lopez, J.; Parra, E.; Rodriguez-Berges, S.; Botella, C. Effect
of Web navigation style in elderly users. Comput. Hum. Behav. 2016, 55, 909-920. [CrossRef]

Arthanat, S. Promoting Information Communication Technology Adoption and Acceptance for Aging-in-Place:
A Randomized Controlled Trial. J. Appl. Gerontol. 2019. Available online: https://pubmed.ncbi.nlm.nih.gov/
31782347/ (accessed on 6 April 2020).

Fernando, S.; Money, A.; Elliman, T.; Lines, L. Developing assistive web-base technologies for adults with
age-related cognitive impairments. Transform. Gov. People Process Policy 2009, 3, 131-143. [CrossRef]
Haesner, M; Steinert, A.; O’Sullivan, ].L.; Steinhagen-Thiessen, E. Evaluating an accessible web interface for
older adults—The impact of mild cognitive impairment (MCI). J. Assist. Technol. 2015, 9, 219-232. [CrossRef]


http://dx.doi.org/10.1037/a0035256
http://dx.doi.org/10.1037/0735-7036.121.3.270
http://www.ncbi.nlm.nih.gov/pubmed/17696653
http://dx.doi.org/10.1016/j.apergo.2015.06.012
http://dx.doi.org/10.1016/j.chb.2014.05.003
http://dx.doi.org/10.1080/10447318.2012.668129
http://dx.doi.org/10.1016/j.ijhcs.2018.05.009
https://www.webcredible.com/blog/usability-older-web-users/
https://www.webcredible.com/blog/usability-older-web-users/
http://dx.doi.org/10.1016/S0747-5632(99)00039-4
http://dx.doi.org/10.1177/1461444814538648
http://dx.doi.org/10.1016/j.chb.2014.10.018
http://dx.doi.org/10.3233/TAD-180189
http://dx.doi.org/10.1109/ACCESS.2020.2994288
https://ec.europa.eu/digital-single-market/en/web-accessibility
https://ec.europa.eu/digital-single-market/en/web-accessibility
https://www.w3.org/WAI/standards-guidelines/wcag/
https://www.w3.org/WAI/older-users/literature/
https://www.w3.org/WAI/cognitive/
http://dx.doi.org/10.1016/j.chb.2015.10.034
https://pubmed.ncbi.nlm.nih.gov/31782347/
https://pubmed.ncbi.nlm.nih.gov/31782347/
http://dx.doi.org/10.1108/17506160910960531
http://dx.doi.org/10.1108/JAT-11-2014-0032

Int. |. Environ. Res. Public Health 2020, 17, 5153 20 of 21

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.
61.
62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

Lauriks, S.; Reinersmann, A.; Van der Roest, H.G.; Meiland, EJ.; Davies, R.J.; Moelaert, F.; Mulvenna, M.D.;
Nugent, C.D.; Drées, R M. Review of ICT-based services for identified unmet needs in people with dementia.
Ageing Res. Rev. 2007, 6, 223-246. [CrossRef]

Jackson, G.R.; Owsley, C. Visual dysfunction, neurodegenerative diseases, and aging. Neurol. Clin. 2003, 21,
709-728. [CrossRef]

Rizzo, M.; Anderson, S.W.; Dawson, J.; Nawrot, M. Vision and cognition in Alzheimer’s disease.
Neuropsychologia 2000, 38, 1157-1169. [CrossRef]

Rizzo, M.; Sparks, J.; McEvoy, S.; Viamonte, S.; Kellison, I.; Vecera, S.P. Change blindness, aging, and
cognition. J. Clin. Exp. Neuropsychol. 2009, 31, 245-256. [CrossRef]

Caird, ].K,; Edwards, C.J.; Creaser, ].I.; Horrey, W.J. Older Driver Failures of Attention at Intersections: Using
Change Blindness Methods to Assess Turn Decision Accuracy. Hum. Factors ]. Hum. Factors Ergon. Soc. 2005,
47,235-249. [CrossRef] [PubMed]

Whitenton, K. Change Blindness Causes People to Ignore What Designers Expect Them to See. Available
online: https://www.nngroup.com/articles/change-blindness/ (accessed on 25 March 2019).
Garcia-Betances, R.I.; Cabrera-Umpiérrez, M.E,; Ottaviano, M.; Pastorino, M.; Arredondo, M.T. Parametric
Cognitive Modeling of Information and Computer Technology Usage by People with Aging- and
Disability-Derived Functional Impairments. Sensors 2016, 16, 266. [CrossRef] [PubMed]
Contreras-Somoza, L.M.; Irazoki, E.; Castilla, D.; Cristina, B.; Toribio-guzman, J.M.; Parra-Vidales, E.;
Suso-Ribera, C.; Suarez-Lopez, P; Perea-Bartolomé, M.V.; Franco-Martin, M.A. Study on the acceptability of
an ICT platform for older adults with mild cognitive impairment. J. Med. Syst. 2020, 44, 120. [CrossRef]
European Commission. ehcoBUTLER. A Global Ecosystem for the Independent and Healty Living of Elder
People with Mild Cognitive Impairments. | Projects | H2020 | CORDIS | Grant Agreement ID: 643566. 2018.
Available online: https://cordis.europa.eu/project/rcn/194077/factsheet/en (accessed on 25 March 2019).
Castilla, D.; Garcia-Palacios, A.; Breton-Lopez, J.; Miralles, I.; Bafios, R.M.; Etchemendy, E.; Farfallini, L.;
Botella, C. Process of design and usability evaluation of a telepsychology web and virtual reality system for
the elderly: Butler. Int. J. Hum. Comput. Stud. 2013, 71, 350-362. [CrossRef]

Nielsen, J. Usability Engineering; Academic Press: Boston, MA, USA, 1993.

Dumas, ].S.; Redish, J. A Practical Guide to Usability Testing; Intellect Books: Exeter, UK, 1999.

Mateos, R.; Franco, M.; Sanchez, M. Care for dementia in Spain: The need for a nationwide strategy. Int. |.
Geriatr. Psychiatry 2010, 25, 881-884. [CrossRef]

Europe, A. Spain—National Dementia Strategies—Policy in Practice. Available online: https://www.
alzheimer-europe.org/Policy-in-Practice2/National-Dementia-Strategies/Spain (accessed on 29 March 2019).
Arriola, E.; Carnero, C.; Freire, A.; Lépez-Mogil, R.; Loépez-Trigo, J.A.; Manzano, S.; Olazaran, ]. Deterioro
Cognitivo Leve en el Adulto Mayor. Documento de Consenso; Sociedad Espafola de Geriatria y Gerontologia, Ed.;
Sociedad Espafiola de Geriatria y Gerontologia: Madrid, Spain, 2017.

Botella, C.; Etchemendy, E.; Castilla, D.; Bafios, RM.; Garcia-Palacios, A.; Quero, S.; Alcafiiz, M.;
Lozano, J.A. An e-health system for the elderly (Butler Project): A pilot study on acceptance and satisfaction.
Cyberpsychol. Behav. 2009, 12, 255-262. [CrossRef] [PubMed]

Lorish, C.D.; Maisiak, R. The face scale: A brief, nonverbal method for assessing patient mood. Arthritis Rheum.
1986, 29, 906-909. [CrossRef]

Stern, R.A.; Arruda, ].E.; Hooper, C.R.; Wolfner, G.D.; Morey, C.E. Visual analogue mood scales to measure
internal mood state in neurologically impaired patients: Description and initial validity evidence. Aphasiology
1997, 11, 59-71. [CrossRef]

Yang, F; Dawes, P; Leroi, I.; Gannon, B. Measurement tools of resource use and quality of life in clinical trials
for dementia or cognitive impairment interventions: A systematically conducted narrative review. Int. J.
Geriatr. Psychiatry 2017, 33, 1-11. [CrossRef]

Hart, S.; Staveland, L. Development of NASA-TLX (Task Load Index): Results of empirical and theoretical
research. In Human Mental Workload; Hancock, P., Meshkati, N., Eds.; North Holland Press: Amsterdam,
The Netherlands, 1988; pp. 139-183.

American Psychological Association. Ethical Principles of Psychologists and Code of Conduct. Available
online: https://www.apa.org/ethics/code/ (accessed on 3 February 2020).

National Institute on Aging. Making Your Web Site Senior Friendly: A Checklist. Available online:
https://www.hsdl.org/?view&did=770661 (accessed on 14 June 2020).


http://dx.doi.org/10.1016/j.arr.2007.07.002
http://dx.doi.org/10.1016/S0733-8619(02)00107-X
http://dx.doi.org/10.1016/S0028-3932(00)00023-3
http://dx.doi.org/10.1080/13803390802279668
http://dx.doi.org/10.1518/0018720054679542
http://www.ncbi.nlm.nih.gov/pubmed/16170936
https://www.nngroup.com/articles/change-blindness/
http://dx.doi.org/10.3390/s16020266
http://www.ncbi.nlm.nih.gov/pubmed/26907296
http://dx.doi.org/10.1007/s10916-020-01566-x
https://cordis.europa.eu/project/rcn/194077/factsheet/en
http://dx.doi.org/10.1016/j.ijhcs.2012.10.017
http://dx.doi.org/10.1002/gps.2591
https://www.alzheimer-europe.org/Policy-in-Practice2/National-Dementia-Strategies/Spain
https://www.alzheimer-europe.org/Policy-in-Practice2/National-Dementia-Strategies/Spain
http://dx.doi.org/10.1089/cpb.2008.0325
http://www.ncbi.nlm.nih.gov/pubmed/19445633
http://dx.doi.org/10.1002/art.1780290714
http://dx.doi.org/10.1080/02687039708248455
http://dx.doi.org/10.1002/gps.4771
https://www.apa.org/ethics/code/
https://www.hsdl.org/?view&did=770661

Int. |. Environ. Res. Public Health 2020, 17, 5153 21 of 21

72.

73.

74.

75.

76.

77.

78.

Christopher Mayer, C.; Morandell, M.; Gira, M.; Fagel, S. AAL Joint Programme Ambient Assisted Living User
Interfaces AALuis i Project Identification Ambient Assisted Living User Interfaces; European Commission: Brusels,
Belgium, 2011.

Freiherr, J.; Lundstrom, ]J.N.; Habel, U.; Reetz, K. Multisensory integration mechanisms during aging.
Front. Hum. Neurosci. 2013, 7, 1-6. [CrossRef] [PubMed]

Kim, H.; Hirtle, S.C. Spatial metaphors and disorientation in hypertext browsing. Behav. Inf. Technol. 1995,
14, 239-250. [CrossRef]

Techentin, C.; Voyer, D.; Voyer, S.D. Spatial Abilities and Aging: A Meta-Analysis. Exp. Aging Res. 2014, 40,
395-425. [CrossRef]

Barnard, Y.; Bradley, M.D.; Hodgson, F.; Lloyd, A.D. Learning to use new technologies by older adults:
Perceived difficulties, experimentation behaviour and usability. Comput. Hum. Behav. 2013, 29, 1715-1724.
[CrossRef]

Graf, P.; Mandler, G. Activation makes words more accessible, but not necessarily more retrievable. J. Verbal
Learn. Verbal Behav. 1984, 23, 553-568. [CrossRef]

Mandler, G. Recognizing: The judgment of previous occurrence. Psychol. Rev. 1980, 87, 252-271. [CrossRef]

® © 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).


http://dx.doi.org/10.3389/fnhum.2013.00863
http://www.ncbi.nlm.nih.gov/pubmed/24379773
http://dx.doi.org/10.1080/01449299508914637
http://dx.doi.org/10.1080/0361073X.2014.926773
http://dx.doi.org/10.1016/j.chb.2013.02.006
http://dx.doi.org/10.1016/S0022-5371(84)90346-3
http://dx.doi.org/10.1037/0033-295X.87.3.252
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Demographic Changes and Mild Cognitive Impairment 
	Information and Communication Technologies (ICTs) and Cognitive Decline 

	Materials and Methods 
	Design 
	Participants 
	Materials 
	Main Software 
	Variables and Measuring Instruments 
	Hardware 
	Statistical Software 

	Procedure 

	Results 
	Main Usability Findings 
	Solved through Behavior Program Changes 
	Solved through Graphical Changes 

	Quantitative Results 
	Task Performance 
	Number of Attempts 
	Workload NASA Task Work Load Index) 

	Quantitative Results 
	Usability Variables and User Opinion 
	Intention to Use 
	Preferences about Avatar Appearance and Voice 

	Professional Opinion 
	Ability to Use the System in an Autonomous Way 
	Sessions Needed to Learn to Use the System in an Unassisted Manner 
	Professional Opinion about the Users’ Feelings 


	Discussion 
	Conclusions 
	
	References

