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Abstract The complexity of new information technolo-
gies (IT) may limit the access of elderly people to the
information society, exacerbating what is known as “the
digital divide,” as they appear to be too challenging for
elderly citizens regardless of the integrity of their cognitive
status. This study is an attempt to clarify how some cog-
nitive functions (such as attention or verbal memory) may
determine the interaction of cognitively impaired elderly
people with technology. Twenty participants ranging from
mild cognitive impairment to moderate Alzheimer’s dis-
ease were assessed by means of a neuropsychological and
functional battery and were asked to follow simple com-
mands from an avatar appearing on a TV by means of a
remote control, such as asking the participant to confirm
their presence or to respond Yes/No to a proposal to see a
TV program. The number of correct answers and command
repetitions required for the user to respond were registered.
The results show that participants with a better cognitive
and functional state in specific tests show a significantly
better performance in the TV task. The derived conclusion
is that neuropsychological assessment may be used as a
useful complementary tool for assistive technology devel-
opers in the adaptation of IT to the elderly with different
cognitive and functional profiles. Further studies with
larger samples are required to determine to what extent
cognitive functions can actually predict older users’ inter-
action with technology.
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1 Introduction

Patients suffering from a mild to moderate stage of pro-
gression of Alzheimer’s disease typically present cognitive
and functional impairments affecting memory, concentra-
tion, and learning [1]. This decline of functions, together
with the lack of information technology (IT) skills in the
generation of people of 60 and over, poses a barrier to
exploiting the opportunities offered by technology. Hence,
new technologies may exacerbate the digital divide problem
if certain properties of technologies are too challenging for
elderly citizens, regardless of the integrity of their cognitive
status [2]. Indeed, some studies [3, 4] show how, when
learning to use a computer, older adults take longer to
master the system, make more errors, and require more help
than younger people. Since software applications tend to
increase in complexity over time, they may overload the
processing capacity of elderly people. However, technology
has been identified as a tool that can be used to promote
independent living, improve the safety and autonomy of
people with dementia, and support their quality of life [5].

People with dementia are not used to learning how
to operate new devices. Limitations in knowledge and
understanding of the technology merge with the limitations
in communication between the user and the technology
[6, 7]. However, the ACTION participatory design model
[8] (which comprises the identification of user needs, early
program development, testing and refining) defends the
possibility that people with dementia are able to enjoy
computer training sessions and gain considerable
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satisfaction from learning a new skill that they previously
thought was not feasible.

Also, family caregivers of patients suffering from Alz-
heimer’s disease spend almost all their time caring about
their relatives [8—13]. There are many technological solu-
tions that could assist in the care of patients with Alzhei-
mer’s at home [5, 7, 14, 15]. However, caregivers usually
fall into the same age range (i.e., elder spouses or daugh-
ters, taking care of demented husbands or parents), so the
barriers put in front of them are the same as for the rest of
elderly people.

In this context, the i2home project funded by the
European Commission 6th Framework Program aims to
build devices for the usage of domestic electronic and
communication devices for elderly and disabled people,
based on industry standards. This means that devices
developed in the project will be based on the same stan-
dards for technologies used in the industry of electric and
electronic devices, for example, standards for ovens,
washers, dishwashers, air conditioners, etc., in order to
facilitate the future integration of technologies and devices
in the homes of these people. In other words, if an older
person or a person with a disability wants to integrate new
electric and electronic devices in the future for their living
environment, they can do it easily without needing to make
new physical or technological adaptations in their homes,
without needing to buy a whole set of new devices, or
without needing to learn new and complex ways to use the
electronic devices they will have at their homes. The scope
of i2home is to make devices and appliances more acces-
sible and to provide intuitive interaction (understood here
as the “interaction based on the use of knowledge that
people have gained from other products and/or experiences
of their past” [16]) for people suffering from different
degrees of cognitive decline from mild cognitive impair-
ment (MCI) to moderate Alzheimer’s disease.

Taking into account the lack of IT skills and cognitive
and functional impairments, the TV and the remote control
were selected as user interfaces in the i2home project,
because the former is previously learned interfaces. A total
of 98.3 % of the elderly from 60 to over 80 years old
posses and regularly use a TV set [17], which is the reason
why TV sets are a very well-suited technological platform
to improve the quality of life of elderly people through
tailored information and communication technology (ICT)-
based applications.

The particularity of the i2home interface for elderly
patients suffering from cognitive decline is the inclusion of
an avatar with the ultimate aim of giving specific com-
mands that help in the supervision of the end user with
dementia. An avatar is a life-like simulation of a virtual
assistant generated through computer graphics, and previ-
ous studies performed by the authors’ research group
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[18-20] have indicated that interaction between avatars and
patients with Alzheimer’s disease is possible. Though
existing recent literature points to a greater differentiation
between avatars and human faces relying on particular
features of the face [21, 22], differential responses to
human faces versus virtual avatar faces will not be pre-
sented here; facial emotional expressions of the avatar used
(if compared to a real human face) were minimal, as can be
seen in Fig. 1, with just a brief and precise movement of
the lips when talking.

In terms of technical parameters of the avatar, as
described in [17], an external application renders the avatar
using OpenSceneGraph for graphical, and Loquendo 7 for
speech output. The raw avatar video is supplied to FFmpeg
for real-time encoding to MPEG-TS. A HTTP-streaming
server conveys the video to the STB, which is sufficiently
reliable for cable home networks. The 2D GUI is also
created on the IS using a VNC X-server. Widgets are
created dynamically within the IS module using Gtk#.
A VNC client in the STB plugin receives the GUI from the
IS and renders it to the frame buffer of the Dreambox. It
also transfers user input back to the IS. A Weemote® dV
programmable remote control was initially thought for user
input, though it was substituted by a simplified remote
control, with basic commands (YES, NO, +, —, arrow up,
arrow down). The switch between the avatar, recorded
game, and on-going TV shows was quite abrupt in order to
catch users’ attention.

This study aims to evaluate what cognitive functions
may be involved in the correct interaction with the avatar;
more specifically, to assess whether these measures are
related to the interactions shown by the users with different

Fig. 1 i2home interface for cognitively impaired users. Avatar on TV
and Remote Control



Univ Access Inf Soc

degrees of cognitive decline, including mild to moderate
Alzheimer’s disease.

2 Methods
2.1 Participants

The sample was composed of 20 participants, 5 male, and
15 female, from MCI to moderate Alzheimer’s disease
(diagnosed according to NINCDS-ADRDA criteria),
ranking from 3 to 5 in the Global Deterioration Scale
(GDS) [23]. More specifically, ten subjects scored a
GDS = 3, eight scored GDS =4, and two scored
GDS = 5. The average age of the group was 82.43
(SD = 7.65). In terms of education levels, 66.7 % had
completed primary studies (i.e., 8 years of education, or
schooling until being 14 years old), 14.3 % had completed
professional training, and the rest had not fulfilled primary
studies; among these, 9.5 % read and wrote normally,
4.8 % read and wrote with difficulty, and 4.8 % were
illiterate. All of them were, at the time of the evaluation,
attending a day care centre, and all had agreed to partici-
pate by means of a signed consent form.

2.2 Procedures

Prior to presenting the avatar to the subjects, they were
assessed by means of a neuropsychological screening
battery including the following:

e MiniExamen Cognoscitivo (MEC): Adaptation of the
MMSE—Mini-Mental State Examination [24] to the
Spanish population [25].

e GDS: Global Deterioration Scale [23]. It is a scale for
the assessment of primary degenerative dementia and
delineation of its stages.

e RAVLT: Rey Auditory Verbal Learning Test validated
to the Spanish population [26]. This is a brief, easily
administered measure that assesses immediate memory
span, new learning, susceptibility to interference, and
recognition memory [27], by means of a list of words
read aloud for five consecutive trials; after free recall of
each trial, a free recall of an interference list occurs;
afterward, a delayed recall task and a subsequent
recognition task of the first list take place.

e Barthel ADL Index Scale, Spanish version [28]. It is a
scale used to measure performance in basic activities of
daily living (ADL).

e Digit span (DS) subtest of the Wechsler Adult Intelli-
gence Scale—Third Edition adapted to the Spanish
population [29]. It consists of two parts and requires the
subject to repeat digits forward and in reverse order.

e Boston Diagnostic Aphasia Examination (BDAE) is
a test for the assessment and diagnosis of aphasia
[30, 31]. It is composed of 10 subtests, each of them
constituted by different items that are complemented by
16 images for its application. For the assessment of the
sample the “Commands” category of the auditory
comprehension subtest was used, in which the ability
for the comprehension of auditory presented simple,
semi-complex, and complex commands was assessed.

e In addition to the previous evaluation protocol, simple
tests such as a name writing task and a color
identification test were created ad hoc and administered
in order to measure whether the identification of colors
and symbols that appear in the remote control could
affect the interaction with the avatar. The same colors
and symbols included in the remote control were
printed on a separate paper, and the participants had to
point with their finger to each one of them when asked.
That is, the symbols evaluated were those appearing on
the simplified remote control: +, —, YES, NO, arrow
up, arrow down. These would later show up as labels on
the remote control, not on the TV screen. Moreover, a
color identification test was administered as to deter-
mine whether the person had any kind of visual,
attentional, or cognitive impairment to follow basic
commands and differentiate basic stimuli, if an avatar
was intended to be presented on a TV set. No
personalization of the avatar was considered at this
stage of the project in terms of changing hair/eyes/
clothes, but this suggestion will be considered for future
developments.

Afterward, in a different session, each subject was posi-
tioned in front of the TV set. On a table next to the subject, a
piece of paper, a pen, and a remote control (RC) with 2
buttons (labeled YES and NO) were placed.In the applica-
tion, the assistant explained the following instructions prior
to the avatar’s presentation on the TV: “We are going to
watch a TV program. At any moment, while we are
watching TV, a girl will appear on the screen and will ask
you some questions which you will have to answer using the
remote control. Are you ready? Let’s turn the TV on. Is the
TV loud enough for you?” After the volume adjustment, a
TV program was presented.The procedure started with the
subject watching a TV program, and the following sequence
of interactions with the avatar was required from the user:

e The presence confirmation of the avatar’s 1st presen-
tation. After the subject had been watching the TV for
some time, the screen turned black, and an avatar
appeared on the screen saying “Mr./Mrs. [name]... Are
you there? If you are there, press YES on the remote
control.” If the subject did not produce any response
with the RC (neither YES nor NO), the avatar’s
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previous speech was repeated for a second time “Mr./
Mrs. [name]... Are you there? If you are there, press
YES on the remote control.”

e See-a-program-proposal. Either if the person confirmed
its presence to the avatar or if they did not answer
anything with the remote control, the avatar continued
as follows: “Mr./Mrs. [name], a Basque “pelota”
match is going to start. If you want to watch it, press
YES on the remote control.” If the subject answered
YES, the avatar disappeared and a Basque “pelota”
match started. If the subject answered NO, the avatar
disappeared and the previous TV program continued.
Again, if the subject did not produce any response with
the RC (neither YES nor NO), the avatar’s speech was
repeated. “Mr./Mrs. [name], a Basque “pelota” match
is going to start. If you want to watch it, press YES on
the remote control.” If no answer was given at this
point, the previous program appeared on the TV screen
again as if the answered were “NO” (but the answer
was registered as “no response’).

e Presence confirmation of the avatar’s 2nd presentation.
After the subject had been watching the TV for some
time, the screen turned black and the avatar reappeared
again asking the subject for a presence confirmation.

e Write-your-name proposal. “Mr./Mrs. [name], write-
your-name on the piece of paper that you have in front
of you.” After a while, the avatar would ask “Mr./Mrs.
[name] have you already finished? If you have already
finished, press YES on the remote control.” After the
subject’s answer with the RC, the avatar said “Thank
you very much for your cooperation. See you later!”
and the application finished.

3 Results
3.1 Neuropsychological evaluation

Subjects showed a mild to moderate cognitive impairment as
measured by the MEC and GDS. In addition, their memory
processes, as illustrated by their performance in the RAVLT,
were mildly impaired when faced with novel situations (trial
1), when it came to encoding and free retrieval (trial 5), as
well as in recognition processes (false positives). Attentional
processes also show low scores when measured with direct
DS and inverse digit span. The group also showed a mild
functional dependency as measured with the Barthel Scale.
All these results are summarized in Table 1.

3.2 Interactions with the avatar

For the purpose of describing the interactions between
subjects and the avatar, frequencies of correct answers and
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Table 1 Results for neuropsychological and functional tests

Test name Mean (x) Standard deviation (SD)
MMSE (MEC) 25.43 4.69
RAVLT: Trial 1 2.15 1.56
Trial 2 3.65 1.90
Trial 3 4.35 2.25
Trial 4 4.40 221
Trial 5 4.70 2.96
Trial 6 (delayed) 2.05 3.00
Recognition 8.55 5.35
False positives 6.35 10.19
False negatives 5.10 4.80
Barthel ADL index scale 69.29 22.38
Direct digit span 4.05 1.28
Inverse digit span 2.65 1.14

repetitions required for a user to respond (“immediate” —
i.e., the user respond at the first attempt- vs. “delayed”—
i.e., the avatar had to repeat the question for the user to
respond) were registered, and verbal responses were
analyzed.

3.2.1 First i2home trial

On the first trial with the participants presented with the
i2home avatar, 100 % of the users confirmed their presence
to the avatar using the remote control, but only 86.7 %
accepted to see the “pelota” match, and only 80 % con-
firmed having written their names on the paper. Hence, a
decrease in the RC use was perceived with each subsequent
task. Table 2 shows the moment of response (immediate
vs. delayed).

It must be highlighted that, even if no directive was
given with respect to giving a verbal response to the avatar,
80 % of the sample responded verbally to the avatar, which
could reflect to some extent that verbal response is a more
natural way of interaction than the use of a remote control
for people with mild to moderate cognitive impairment.
The relevance of these answers was taken into account, but
they were not included in the analyses, since no speech
recognition interface was being evaluated. Only answers
using the remote control were analyzed.

3.2.2 Second i2home trial

When faced with the i2home task in the second adminis-
tration, after a mean of 3 week time from the first expo-
sition to the avatar, the sample of participants was reduced
to 13, due to severe health problems of 6 and further
hospitalization of 2 participants who took part in the first
application. After discarding a normal distribution of a
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Table 2 Moment of response to the avatar’s questions (First trial)

Immediate
response (%)

Interaction name Delayed

response (%)

Confirm presence to the avatar’s  86.7 133
1st presentation

Confirm presence to the avatar’s 80 20
2nd presentation

Answer to “see-a-program- 80 20
proposal”

Start writing name 80 20

Confirm “write-your-name” task 73.3 26.7
completion

great part of the variables, a Wilcoxon test was used to
confirm whether they were differences among the first and
second application results.

For this second application, for which the instructions
were reduced to the sentence “we are going to watch a TV
program,” most of the users stated that they remembered
having done a task like this before. In this context, the use
of a remote control was performed by 84.6 % of the sample
(n = 11) to confirm their presence to the avatar’s firs
presentation, 92.3 % (n = 12) for the second presentation
and to confirm having written their names on the paper, and
76.9 % (n = 10) to accept watching a “pelota” match.
Differences between the first and second application results
regarding the use of remote control are not statistically
significant (i.e., the use of remote control was similar in
both i2home trials).

However, there is a need to highlight a decrease in
verbal response to the avatar. On this second trial with the
i2home avatar, 69.2 % (n = 9) gave a verbal response to
the avatar the first time it appeared, and 76.9 % (n = 10)
when it appeared for the second time. Moreover, the verbal
response to the proposal to watch the “pelota” match was
only 30.8 % (n = 4). A Wilcoxon test performed to clear
up differences between the first and second application
results showed that these differences were close to be
statistically significant (Z = —1.89, p = .059).

There is a fairly feasible explanation to these results.
First, regarding general performance, it was possible that
the familiarity with the task stated by most of the partici-
pants oriented their answers to the use of the remote control
rather than to a verbal response which had no effect in
practical terms (i.e., the i2home application responded to
the RC answers, not to verbal answers). Moreover, a verbal
response to the avatar’s question “Are you there?” seems
quite more natural than a verbal response to “A ‘pelota’
match is going to start. If you want to watch it, please press
YES on your remote control,” where the avatar asks no
direct questions to the user. It is very likely that an
instruction given in interrogation terms would have elicited

verbal responses at a rate similar to the one of the first
i2home avatar trials. It remains to be solved in the future
whether attention/executive disruptions in mild to moder-
ate Alzheimer patients make them more likely not to
inhibit verbal answers when asked direct questions,
regardless these questions are asked by a human being (i.e.,
caregiver) or by a virtual avatar on the screen of a TV set.

3.3 Correlations between neuropsychological testing
and human-avatar interactions

On the basis of the current results, statistical analyses were
developed to find out whether cognitive and functional
measures could relate in any way to the performance
shown by the subjects in their interactions with the avatar,
both in the first i2home trial (i.e., the one with more
elaborated instructions given to the user) and in the second
trial (i.e., the one with the simple instruction “we are going
to watch a TV program”).

3.3.1 Correlations for the first i2home trial

After a normal distribution of a great part of the variables
by means of a Kolmogorov—Smirnoff test was discarded,
Spearman’s rho correlations were calculated, as shown in
Table 3.

These results show that the higher the Barthel score (that
is, the higher the functional independence), the less repe-
titions are needed to answer the avatar. Also, the better the
performance in an attentional task such as the inverse digit
span, the shorter the time needed to answer to a command
from the avatar, such as the ‘“see-a-program” proposal.
Moreover, relationship between the production of false
negative responses in the RAVLT recognition trial and the
time needed to confirm the presence of the avatar’s Ist
presentation may be a signal of a distractibility component
that prevents the subject from answering immediately such
a simple question as the confirmation of his presence.
Finally, the greater the ability to discriminate between
relevant and irrelevant stimuli (RAVLT recognition trial),
the faster the response to questions asked by the avatar,
showing a higher level of sustained attention and
concentration.

3.3.2 Correlations for the second i2home trial

As for the results from the first trial, after discarding a
normal distribution for a great part of the variables,
Spearman’s rho correlations were calculated.

As it can be seen in Table 4, in this particular trial, the
higher the general cognitive performance (measured by
the MEC test -Spanish adaptation of the MMSE), the less
the time needed to react to the avatar.
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Table 3 Significant

. Trials to Time needed to Time to confirm Time to confirm Time to
correlations between > 8
. . confirm answer to see-a-  presence (avatar’s presence (avatar’s confirm
neuropsychological testing and . .
. h . - presence to Program proposal presentation #1) presentation #2) name
interactions with the avatar (first "
. . the avatar writing
i2home trial)
Barthel index —.613* n.s. n.s. n.s. n.s.
Inverse n.s. —.600* n.s. n.s. n.s.
(backwards)
digit span
RAVLT-false n.s. n.s .598%* n.s. n.s.
negatives
RAVLT- n.s. n.s. —.525% —.699%*%* —.515%
n.s. non-significant re.cogmtlon
trial

*p < .05, % p < .01

With regard to the Barthel index for functional inde-
pendence, a very strong negative correlation was found
between Barthel index and the emission of a verbal
response both to the avatar’s first presentation (p (11) =
—.716, p < .01) and second presentation (p (11) = —.735,
p < .01), showing that a higher functional independence
was related to a higher probability for the participant to
focus on the specific instructions of the avatar (i.e., use of
the remote control). Moreover, as shown in Table 4,
functional independence was associated with fewer repe-
titions and less time needed to give appropriate responses
to the avatar’s proposal to watch a “pelota” match.

One interesting result was the correlation between false
negative answers to the RAVLT and the presence of verbal
responses to confirm presence to the avatar’s second

presentation (p (11) = .670, p < .05). It is difficult to find
an adequate interpretation for this result, since in the sec-
ond i2home trial, some learning effect from the first trial
was expected. One possibility is that verbal response may
constitute a sign of a deficit of attention or executive pro-
cesses, since there are no instructions to give a verbal
response. Thus, emission of false negatives in RAVLT,
which may be described as a response to relevant or
familiar information incorrectly interpreted as irrelevant or
unknown, may relate to further attention and memory
problems. Maybe, after two applications of the i2home
system and the users’ familiarity with the remote control,
still giving a verbal response is less related to the users’
spontaneity and more related to cognitive problems.
However, this is an issue that requires further research.

Table 4 Significant correlations between neuropsychological testing and interactions with the avatar (second i2home trial)

Trials to  Time needed Repetitions Time to Repetitions Time to Repetitions Time to
confirm to answer to  needed to confirm needed to confirm needed to confirm
presence  see-a- answer to see- presence confirm presence confirm name
to the Program a-program (avatar’s presence (avatar’s presence writing
avatar proposal proposal presentation  (avatar’s presentation  (avatar’s
#1) presentation #1)  #2) presentation #2)
MEC (MMSE) n.s. n.s n.s. —.560* n.s. n.s. n.s. n.s.
Barthel index —.563* —.563* n.s. n.s. n.s. n.s. n.s. n.s.
Inverse n.s —.600%* n.s. n.s. n.s. n.s. n.s. n.s.
(backwards)
digit span
RAVLT-false n.s. n.s n.s n.s n.s n.s n.s n.s
negatives
RAVLT- n.s. —.665%* —.665%* —.630%* n.s —.739%* n.s n.s
recognition
trial
Name writing  n.s. —.778%* —.T78%* n.s. n.s —.734%* —.677* —.778%*
test
Color n.s n.s n.s n.s n.s —1.000%* —1.000%* —1.000%*
identification
test

n.s. non-significant
*p <.05, ** p < .01
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In line with this possibility that verbal response was
more a sign of cognitive problems than a sign of sponta-
neity, RAVLT recognition trial showed that the better the
recognition abilities, the shorter the time and the fewer the
repetitions needed to give an appropriate response to
requirements from the avatar.

However, the clearest differences for this second
application derived from the initial screening tests admin-
istered, such as name writing test and color identification
test, both administered in order to examine users’ abilities
to follow simple commands, as it has been stated in the
procedures’ section. A good performance in name writing
tasks meant a better focus on the use of the remote control,
faster responses, and fewer repetitions (to confirm avatar’s
second presentation). Finally, the color identification test
became the best correlating measure with the participants’
interactions with the avatar.

On the contrary, the BDAE showed no statistically
significant correlations with the interactions between the
users and the avatar. It is likely that the simplicity of the
required interactions with the avatar, which did not demand
verbal expression and do not seem to affect verbal com-
prehension, may explain the fact that this test is not a
reliable predictor of user interaction in these specific trials.
However, for reaching more reliable conclusions, further
studies with larger samples including aphasic patients
would be required.

4 Conclusions

Conclusions derived from this research show, firstly, that
functional measures (such as the Barthel ADL index) can
relate to the expected number of trials needed by a person
to interact with an avatar. Secondly, cognitive measures
(especially those related to attentional and processing
speed domains (i.e., digit span) and discrimination between
relevant and irrelevant information (i.e., RAVLT) can
relate to the latency of response that the subjects show
when they respond to the avatar. A similar result was
reported by Czaja et al. [32], who found that the successful
performance on computer-based information search and
retrieval tasks was related with attentional and processing
speed cognitive functions. However, to the authors’
knowledge, the study presented in this paper is one of the
very few studies which address the usefulness of neuro-
psychological measures as complementary tools for per-
sonalizing interfaces for users with mild to moderate
cognitive decline.

It is likely that even the simplest brief cognitive
screening tools (i.e., name writing task, color identifica-
tion) may be a shortcut to acknowledge the expected
interaction of a person with mild to moderate cognitive

impairment with technological devices, such as the one
proposed in the i2home project. In other words, it is very
likely that cognitive and functional measures may help to
predict users’ expected response to the avatar if further
trials with larger samples are performed, as correlation
results with the small sample presented here point to this
trend. Also, their cognitive status may explain how much
time that interaction will take. It is clear that further
research should be required to establish whether these
cognitive and functional measures could become by
themselves predictors of performance of the elderly with
avatars. The size of the sample limits the extrapolation of
the results, but still leaves the door open to use cognitive
and functional measures for guidance in a better adaptation
of ICTs to elderly people. As Slegers et al. [3] explain,
knowing which cognitive abilities lead to problems with
technology will make it possible to modify devices to
accommodate older users’ capacities and, as a conse-
quence, improve their efficiency. In this sense, it can be
very useful for technology developers to get a quick idea of
whether their end users will be able to interact with the
technology they are developing, even before any prototype
testing is carried out. Even for elderly people with no
cognitive impairment, cognitive skills such as speed of
information processing, psychomotor processes, working
memory, and mental flexibility seem to be critical when
using complex technological systems [3].

Also, cognitive and functional statuses observed in the
users by means of neuropsychological testing may accu-
rately orient technology developers in the adaptation of
their interfaces in a more efficient way. A recent review [5]
shows that research on the role of technology in dementia
care is still in its infancy, but the aim to integrate tech-
nology in elderly people’s lives with different cognitive
status (from normal to cognitive impairment) in order to
maintain their quality of life and their autonomy is worthy
of intensive efforts in this area.

One clear limitation of this study is the sample size. This
must be seen as a preliminary study in which it was
intended to validate the concept of presenting an innovate
feature (i.e., the avatar) in a classical user interface (TV
set) with a classical way to interact with it (i.e., remote
control), that is, familiar to all the users involved regardless
of their cognitive status. Once confirmed that the users’
interaction with the avatar is as natural as if they were
answering to a real person, it is of course necessary to
perform further studies with larger samples and contrast
control groups to validate this concept and allow general-
izability of results to different populations and using
commands of increasing complexity. Also, these larger
studies are required to determine to what extent cognitive
functions can actually predict older users’ interaction with
technology.

@ Springer
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In this regards, could the results of the study do not
confirm Blackler et al’s [33] findings, measuring the effect
of familiarity with technology, since it was an assumed
principle that a TV set with a remote control was familiar
to all the users involved in the study. Not having consid-
ered the effect of familiarity may have confounded the
results, and the possibility remains that some of the
observed effects attributed to cognitive abilities (mainly,
attention and memory) may in part be due to the effects of
familiarity.

The effects of previous experience and openness to
technology have been clearly documented [34, 35] and
should be taken into account in future research that over-
come the limitations affecting the current study. Accord-
ingly, an in-depth study like this will of course benefit of
the work done so far with regard to utilization of cognitive
and functional measures, which will help in the adaptation
and simplification of user interfaces to users’ abilities. As
stated by Gudur et al. [36, 37], keeping the interfaces clean
and simple with minimal distractions to reduce use of
limited attention resources may be most helpful for older
users, especially for those with mild to moderate decline as
the ones in this study. It is expected that the work presented
here stimulates further research in this area.
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