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Abstract

Introduction: Increasingly, geriatric institutions are adopting video calling services to promote social interactions be-
tween residents and their loved ones. However, a gap persists between the technologies used and the needs and abilities of
older users. Interactive Televisions (iTVs) could be part of the solution as they provide a familiar and accessible way to
strengthen the relationship between residents and their environment (family, friends, professionals).

Methods: User tests were conducted to evaluate the ability of older adults (OAs) from different place of living to use iTV.
A total of 32 user tests were carried out with OAs living at home, in residential facilities (RFs), and in nursing homes (NHs)
between November 2022 and June 2023.

Results: The quantitative analysis revealed mixed opinions on the iTV’s usability. OAs living at home tended to produce less
errors and needed less help to successfully use video calling and messaging functionalities of the iTV than others. However,
participants in NHs required more repetitions to benefit from a learning effect, unlike participants in RFs and at home.

Conclusions: This study proposed another approach to user testing, based on cognitive psychology methods. Based on
the analysis of the critical stages, ergonomic recommendations were identified.
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Introduction

Information and Communication Technologies (ICTs) are in-
creasingly present in various care settings such as hospitals or
geriatric institutions (e.g., nursing home). Aceto et al.1 have
summarized novel healthcare applications of ICTs between
2011 and 2016. They identified four major roles played by the
ICT ecosystem: communication, sensing, processing, and ac-
tuation. For several years now, care homes and nursing homes
for older adults (OAs) have been equipping themselves with
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ICTs for purposes of entertainment or cognitive stimulation
purposes (e.g., Tovertafle,2 Lumeen.3 During the Covid-19
pandemic and the resulting confinements, residents in these
settings found themselves totally or partially deprived of
opportunities for social contact (e.g., interruption of activi-
ties, decrease in visits from relatives).4,5 This forced isolation
had a dramatic impact on the physical and emotional well-
being of residents who had or had not contracted Covid-19,
with an increase in depressive symptoms and weight loss,
reduced cognitive function and incontinence.6 Although
there is a lack of evidence on the impact of ICTs on the
loneliness of OAs,7,8 these technologies could present a real
opportunity for geriatric institutions to strengthen: (1) per-
sonal relationships (e.g., resident-family relationships), (2)
links with the community (e.g., sporting, religious or rec-
reational activities), and (3) social participation (i.e., a per-
son’s access to information and resources, but also their
ability to contribute - even in a modest way - to society).9 For
this reason, and to promote personal relationships between
residents and their loved ones, geriatric facilities have turned
towards video calls,10 mainly using tablets, computers, or
smartphones.11 However, the long-term use of these ICTs
does not solely depend on their usefulness, especially with a
population as heterogeneous as OAs, and considering the
range of residential institutions that accommodate different
profiles of OAs. Residential facilities (RFs) are usually de-
signed to accommodate autonomous or semi-autonomous
OAs, while nursing homes are medical structures for OAs
facing a loss of autonomy or suffering frommedical problems
requiring constant assistance, inmost cases presenting as well
varying degrees of neurocognitive disorders. In France, RFs
represent a stepping-stone between home care and NH care,
as residents’ clinical characteristics are probably different
compared to other countries.12 Thus, depending on their
place of living (home, nursing home, residential facility),
OAs may present very different cognitive and functional
characteristics that can influence technology use.12,13

With the development of SmartTVs, or Interactive Televi-
sions (iTVs), entertainment (e.g., games), information (e.g.,
Internet search engine) and social networking functionalities
(e.g., social networks) are now accessible directly on the tele-
vision screen.14,15 Television has the advantage of being already
accepted as the main source of information and entertainment
for OAs.15 The use of a familiar device that is already part of the
daily lives of OAs, and thus less anxiety-provoking than other
ICTs,15–19 could therefore make it easier for this population
group to accept new technology-based services. However,
adding new functionalities to a device primarily designed for
entertainment may lead OAs to adopt a more active attitude
when using the remote control220 (e.g., navigating the menu,
choosing between several services, etc.). Thus, new ergonomic
issues could arise from both the TV interface (e.g., bad usability
of the search functionality and user confusion when faced with
the many services available on the iTV),21,22 and the remote

control (e.g., unclear buttons’ labels and icons, and small
buttons).15When designing an interface for OAs, it is important
to consider the specific characteristics of this population (e.g., it
takes longer to learn how to use new applications or devices, it
takes longer to complete tasks, they use different search strat-
egies, they are less successful at tasks requiring working-
memory, they are more distracted, they have more difficulty
managing errors).23

To observe and identify more precisely the impact of these
specific characteristics on activities of daily living, some re-
searchers opted for activity analysis i.e., the evaluation of the
ability to carry out an activity, based on the observation of the
types of errors produced when carrying out a task. Schwartz
et al. proposed a taxonomy of errors based on the following
two main categories: omission and commission errors (e.g.,
objects substitution, action-addition, sequence errors like
anticipation-omission, performance of a step in reverse order
or perseveration).24–26 Based on this model, Anselme et al.
added initiation errors (i.e., not starting the activity, for any
reasons).27 Finally, Giovannetti et al. considered that action-
addition errors were conceptually different from commission
and omission errors.28 More recently, Quillion-Dupré et al.29

applied this methodology to the analysis of technology use
(e.g., fixed phone, smartphone, and tablet) by young and
healthy older adults. Based on this literature, they chose to
examine the following four types of error: execution, omission,
action addition and initiation error. They also identified the
types of help needed to successfully complete each task, using
a hierarchically organized help grid comprising verbal and
physical aids, and inspired by the Profinteg tool.27 Quillion-
Dupré et al. found that OAs produced more omission, exe-
cution and initiation errors than young adults. According to
Giovannetti et al.,28 error profiles are influenced more by the
context (the nature and difficulty of the task) than by the
characteristics or cognitive disorders of the participants.

Several authors have carried out task analyses with OAs to
study usability of iTVs offering games and other entertainment
functionalities,15 home automation,30 or medication and
medical appointment reminders.18 However, few studies have
been carried out with OAs living in geriatric institutions. The
aim of this research was to assess the ability of OAs living in
different types of housing configuration to use an iTV. To that
end, we looked at the number and nature of the difficulties
encountered by the participants, their level of autonomy when
using the iTV, and the perceived usability of the iTV. The
second objective was to put forward recommendations for
usable iTV systems for OAs.

Methods and materials

Method

The method used for this study was inspired by User
Centered Design, combining qualitative and quantitative
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methods for user testing.31 This approach seeks to evaluate
the use of a product or service in real-life conditions, ac-
cording to pre-established usage scenarios. By combining
observation and an interview with the participant, the re-
searcher can identify the difficulties encountered by the
person during the use of the product. In a traditional user
test, the participant must complete the task alone and the
researchers remain observers. However, in this study, one of
the objectives was to evaluate the level of assistance needed
by participants and the kind of aid required to succeed in
each task. We therefore drew inspiration from the aid grid
used by Quillon-Dupré et al.29 to differentiate the levels and
types of help required for each stage.

Materials

The iTV. The iTV selected for these user tests is a system
developed by Technosens (Grenoble, France). Since 2011,
this system has been installed in geriatric facilities, directly
in residents’ rooms. Its main aim is to foster social con-
nectedness within geriatric institutions, and within the triad
of resident/family/staff members. It consists of a box
connected to a TV screen which offers communication (e.g.,
messages, photos, video calls), entertainment (e.g., TV
channels, radio) and information services (e.g., news from
the institution). All these functions can be accessed via a
single remote control (Figure 1). The operating principle is
as follows: when the TV is switched on, the user is taken
directly to his or her TV channels. From there, they can
either display the TV’s main menu (Figure 2(a)) or use
shortcut buttons to access other functionalities.

Notifications of video calls and messages are received di-
rectly on the TV channels (Figure 2(b)).

The scenarios. The iTV used for this study offers a total of
six functions. To limit the length of the user tests, given
the participants’ fatigue, only two functions were tested:
video calls and messages. These features, which are
common on computers and smartphones, are not usual
on televisions. Moreover, they could play a major role in
preventing loneliness among OAs in geriatric
institutions.

Three scenarios were designed to guide participants:

1. Answering a video call. This scenario involves an-
swering an incoming video call (Figure 3(a)).

2. Checking a message. This scenario involves reading
a message and viewing the related photos
(Figure 3(b)).

3. Making a video call. This scenario involves
launching a video call from a directory on the iTV
(Figure 3(c)).

Each scenario was then broken down into sub-tasks,
corresponding to the smallest possible task units, enabling
the researcher to identify the difficulties encountered at each
stage of the use of these functionalities, but also to identify
the critical stages, i.e., the steps requiring the most help in
general. It is important to note that these scenarios were
always presented in the same order: from the easiest or
involving the fewest steps, to the most difficult or involving
the most numerous steps.

Figure 1. The e-lioTV system (box, camera, and remote control).
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Performance assessment grid. To evaluate the participants’
performance, we used the evaluation grid used by Quillion-
Dupré et al.,29 which was inspired by the Profinteg tool27

(see Figure 4). From the videos and transcripts, we noted the
number and type of errors made (Table 1), a short de-
scription of the difficulty encountered, and the number and
type of help required to succeed at each subtask (Table 2).
The order and nature of aids given were pre-established to
give a response from the least to the most informative. Thus,
for the same subtask, level 0 help was given two times
before moving on to level 1 help. Note that help was only
given if the participant got stuck, asked for help, or made a
mistake.

Questionnaires. Before the beginning of the user test, we
administered the Mini-Mental State Examination

(MMSE)32 to each participant. A total of four questionnaires
were then submitted to assess the socio-demographic
characteristics and technological habits of the participants
(e.g., frequency of technology use), the perceived difficulty
of each scenario (Single Ease Question (SEQ), see
Figure 5), and the overall perceived usability (System
Usability Scale (SUS)33).

Participants and recruitment

Participants in the study lived either in nursing homes (NHs),
residential facilities (RFs) or at home, and were not e-lioTV
users. The inclusion criteria were as follows: (1) To be over
60 years; (2) To be literate; (3) To be able to use a television
remote control by themselves. Exclusion criteria included: (1)
having an MMSE score of less than 16; (2) having visual,

Figure 2. The e-lioTV interface: (a) Main menu; (b) TV program with a message notification.
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hearing or motor problems that could prevent the use of a TV
remote control, unless deficits were compensated for by an
assistive technology. To help the recruitment of suitable par-
ticipants, for NHs and RFs residents, professionals working in

these institutions draw up a preliminary list of willing residents
who met the above criteria.

In total, 38 participants were approached (GRF: n = 10;
GNH: n = 12; GHome: n = 16) between November 2022 and

Figure 3. Steps required to complete each scenario assessed: (a) Scenario 1: Answering a video call; (b) Scenario 2: Checking a message;
(c) Scenario 3: Making a video call.

Figure 4. An extract from the performance assessment grid for the first scenario.

Table 1. Taxonomy of errors.

Type of error Description

Initiation The participant does not start the activity spontaneously after 15 s (for whatever reason) or he/she says, “I don’t
know”

Omission The participant does not perform a step (including forgetting the content) (e.g., does not read the message). To be
considered an omission, the error must not result from another type of error

Erroneous
execution

Incorrect performance of the task, not in the right way, or not at the right time (e.g., press the “microphone” button
to activate the camera), including perseveration: a step is performed more than once (e.g., scrolling through the
photos in a loop)

Action-addition Performs an action that is not considered a necessary step to complete the task (e.g., deactivates the camera before
hanging up)

Naudé et al. 5



June 2023. Among the participants in the GRF, one dropped
out at the last scenario, and among those from the GNH, four
dropped out before the end of the three scenarios, and one
person was excluded from the group because he was illit-
erate. A total of 32 participants were included, including
23 women and 9 men.

The demographic characteristics of the three groups are
presented in Table 3. The GNH had a significantly higher
average age than the GRF (U = 12.5, p < .05) and the GHome

(U = 18, p < .001). In terms of education, the GHome had on
average significantly higher levels of education than the
GRF (U = 8, p < .001) and the GNH (U = 3.5, p < .001).
There were no significant differences between the three
groups for the MMSE score, as only people without
moderate or major cognitive impairment were included in
this study. However, it is interesting to note that the MMSE
scores obtained in this study are in line with the
literature12,34: on average, participants living at home
obtained a higher MMSE score than those living in RF, and
those living in NH.

To explore participants’ technological experience, we
assessed the frequency of mobile phone use by functionality
(e.g. calling, answering a call, sending a message, checking
a message), as well as the overall frequency of computer and
tablet use. We then categorized their expertise with the
technology as follows: a person is considered Expert if they
use the feature/technology “Several times a day” or “Every
day or almost every day”; a person is considered Non-
Expert if they do not use the feature/technology or if they
use it “Every week” or “Every month”. According to
Table 4, most participants in the GRF and the GNH were not
experts in the use of computers, unlike participants in the
GHome. In addition, some of the GRF used their mobile

phones more frequently (phone calls and messages) than
the GNH.

Procedure

The tests were carried out in individual sessions. On the day
of the appointment, the participant was reminded of the
objectives of the study, and then presented with the overall
functioning of the iTV (e.g., the different components of the
system such as the box, the camera, and the remote control).
Once written consent had been obtained, and before starting
the test, we assessed the overall cognitive level (MMSE
score) of each participant.

The test consisted of three phases. The aim of the first
phase was to examine the socio-demographic characteristics
and the technological expertise of each participant. The
second phase involved using the iTV in the three scenarios
described in the previous section. After each scenario,
participants were asked to rate the level of difficulty they
had experienced completing the task (SEQ questionnaire).
A short discussion was also held to review the most difficult
actions encountered when completing the tasks and to
gather any recommendations or opinions on the iTV. The
aim of the third phase was to examine the usability of the
iTV using the SUS questionnaire. If necessary, the re-
searcher asked the participant to expand on certain answers.
Finally, at the participant’s request, the researcher could
provide further explanations of the iTV’s target audience,
and the rest of the functionalities not used as part of this test
(e.g., radio, news of the institution, games). A summary of
the procedure applied is available in Figure 6.

Ethical approval for this study was obtained from the
Research and Ethics Committee from Université Paris Cité

Table 2. Taxonomy of the hierarchical aids.

Type of aid Description

General
(AVG)

Encourage the participant to continue or point out that they are making a mistake without specifying its nature (e.g.,
“careful, you’re making a mistake”, “Hm hm”)

Specific (AVS) Verbal indication of the nature of the error but no indication of what to do or how to do it (e.g., “You’ve forgotten
something”)

Total (AVT) Detailed explanation of what the participant must do (e.g., press the “Ok” button)
Gestural (AG) Associating a finger gesture with a full verbal aid (e.g., “Press…” while pointing to the button in question)
Physical (AP) Performing the step in the participant’s place (e.g., the assessor presses the power button on the remote control)

Figure 5. Single ease question (SEQ).
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in November 2021 (No. 00012021-91). Validation of the
data management procedures and related compliance with
the General Data Protection Regulation (GDRP) was ob-
tained after the Data Protection Office and registered in the
general register of Greater Paris University Hospitals (AP-
HP) in February 2022 (No. 20220228123925).

Quantitative data analysis

The participants’ ability to use the iTV was assessed
based on the number and types of errors and aids re-
quired, as well as the score obtained on the SUS
questionnaire. To compare the performance between
each scenario, we used an error and aid index corre-
sponding to the number of errors/aids divided by the
number of steps in the scenario.

In this study, the dependent variables were the error and
aid indices, the SUS score and the SEQ scores. Of these
variables, only the SUS score followed a normal distribution
and showed equality of variance. Intergroup differences
(GRF, GHome, GNH) were then calculated using the non-
parametric Kruskal-Wallis tests (error and aid indices, SEQ
scores) and the Student test (SUS score). Intra-group dif-
ferences (scenarios 1, 2 and 3) were analyzed using

Friedman’s ANOVA, and correlations were calculated using
Spearman tests.

Results

Level of difficulty and autonomy of participants while
using the iTV

The inter-group analysis, using the Kruskal-Wallis test,
revealed that the average error (χ2 (2) = 20.5, p < .001) and
aid indices (χ2 (2) = 22, p < .001) were significantly different
between the three groups. While the average error index
curve increases for the GNH, for the GRF and for the GHome it
tends to decrease (Figure 7(a)). The pairwise comparisons
revealed that participants in the GNH and the GRF produced
significantly more errors than those in the GHome for sce-
nario 1 and 3 (GNH: S1, p < .05; S2, p < .01; S3, p < .001)
(GRF: S1, p < .01; S2, ns.; S3, p < .01). However, no
significant differences were observed between the GRF and
the GHome for the scenario 2. Concerning the average aid
indices (Figure 7(b)), the GNH and the GRF needed sig-
nificantly more help than the GHome for all the scenarios
(GNH: S1, p < .01; S2, p < .01; S3, p < .001) (GRF: S1, p <
.001; S2, p < .001; S3, p < .001). Finally, although there

Table 3. Socio-demographic characteristics of participants.

Age Education (years) MMSE

m (SD) m (SD) m (SD)

Min - Max Min - Max Min - Max

Nursing home n = 7 86 (7.75)
70–93

9.43 (1.81)
7–12

24.9 (1.61)
21–29

Residential facility n = 9 78.2 (9.92)
62–89

10.4 (2.3)
7–15

26.2 (2.82)
21–29

Home n = 16 76.8 (6.61)
62–89

16.2 (2.46)
10–20

27.9 (1.61)
24–30

Total n = 32 79.2 (8.47)
62–93

13.1 (3.86)
7–20

27.5 (2.18)
21–30

Table 4. Technological expertise of participants.

Level of expertise

Mobile phone use

Computer use Tablet useMake a call Answer a call Send a message Receive a message

Nursing home n = 7 Expert 1 2 0 0 1 0
Non-expert 6 5 7 7 6 7

Residential facility n = 9 Expert 5 8 4 5 0 1
Non-expert 4 1 5 4 9 8

Home n = 16 Expert 14 15 15 15 16 5
Non-expert 2 1 1 1 0 11

Total n = 32 Expert 20 25 19 20 17 6
Non-expert 12 7 13 12 15 26

Naudé et al. 7



were no significant differences between the GNH and the
GRF in the errors produced and aids required, it is interesting
to note a difference in trends across the three scenarios.
Participants in the GNH required increasing aid, while those
in the GRF became more independent for the tasks.

Intra-group (scenario 1, 2, and 3) descriptive analyses,
considering the number of steps, revealed a slight decrease
in errors and aids as the scenarios progressed for participants
in the GRF and the GHome. Regarding mean error indices, the
Friedman ANOVA conducted for the three scenarios
showed that the differences observed were significant only
for the GHome (F(2) = 6.92, p < .05), with pairwise com-
parisons confirming a significant reduction in errors be-
tween scenario 2 and 3 (p < .01). About the average aid
indices, the differences observed were significant only for
the GRF (F(2) = 11, p < .01), with pairwise comparisons
confirming a significant reduction in aids between scenario
1 and 2 (p < .001).

After each scenario, participants were asked to rate the
difficulty of the tasks using a 7-point Likert scale. When we
look at Figure 8, SEQ scores of the GRF do not differ
significantly from those of the GHome, unlike those of the
GNH, which are significantly lower for scenario 2 (S1, ns.;
S2, p < .01; S3, ns.). A correlation analysis for all the
participants, using the Spearman coefficient, showed a
significant negative correlation between the average error
indices and the SEQ scores obtained in scenarios 1
(ρ = �0.365, p < .05), 2 (ρ = �0.586, p < .001) and 3
(ρ = �0.551, p < .01). In other words, the more errors
participants made during the scenarios, the more likely they
were to consider the tasks difficult.

Nature of the difficulties encountered by participants
with the iTV

The participants produced a greater number of execution
errors on average, regardless of the scenario or group (see

Figure 9). The major difference observed between the three
groups was in the production of initiation errors: for the
GRF and the GNH, they represent the second most common
type of error produced for all scenarios, whereas they are
negligible for the GHome. Exploring the inter-group dif-
ferences by type of errors, significant differences were
found between the three groups for initiation (χ2 (2) =
19.2, p < .001), execution (χ2 (2) = 12, p < .01) and
omission errors (χ2 (2) = 10.2, p < .01). Indeed, the
pairwise comparisons confirmed the institutionalized
participants produced significantly more initiation errors
than the GHome (GNH and GRF: p < .01). However, it was
the GRF participants who produced significantly more
omission errors than the GHome (p < .01), and the GNH

participants who produced significantly more execution
errors than the GHome (p < .01). No significant differences
were found between the GNH and the GRF for all types of
errors. Finally, while initiation error indices were signif-
icantly different between the three groups for all scenarios
(S1, χ2 (2) = 9.8, p < .01; S2, χ2 (2) = 17.99, p < .001; S3,
χ2 (2) = 19.85, p < .001), the execution error indices were
only significantly different for scenarios 2 and 3 (S1, χ2 (2)
= 4.67, ns.; S2, χ2 (2) = 9.23, p < .05; S3, χ2 (2) = 17.59,
p < .001), whereas the omission error indices were sig-
nificantly different for scenario 2 (S1, χ2 (2) = 5.01, ns.;
S2, χ2 (2) = 6.96, p < .05; S3, χ2 (2) = 3.9, ns.).

Intra-group descriptive analyses of the mean error in-
dices, considering the number of steps, revealed a slight
decrease in execution errors as the scenarios progressed for
participants in the GRF and the GHome, whereas they slightly
increase for the GNH. Regarding mean execution error in-
dices, the Friedman ANOVA conducted for the three sce-
narios showed that the differences observed were significant
only for the GRF (F(2) = 6.89, p < .05), with pairwise
comparisons confirming a significant reduction in errors
between scenario 1 and 3 (p < .01). Considering other types
of errors, no significant differences were found between the
scenarios for the three groups.

Figure 6. Diagram of the procedure adopted for this research.
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A correlation analysis for all the participants, using the
Spearman coefficient, showed significant negative corre-
lations between the SEQ scores and the execution (S1,
ρ = �0.458, p < .01; S2, ρ = �0.556, p < .001; S3,
ρ =�0.496, p < .01), initiation (S1, ns.; S2, ρ =�0.510, p <
.01; S3, ρ = �0.429, p < .05), and omission error indices
(S1, ns.; S2, ns.; S3, ρ = �0.579, p < .001). No correlations
between the addition error indices and the SEQ scores were
found for all the scenarios.

In the following sub-sections, we will explore more
precisely the nature of the difficulties encountered at each

stage, for each scenario. Since the aim was to identify the
critical stages in the use of the video calling and messaging
functions, no distinction has been made between people
living at home, in NH or in RF. Thus, the following figures
include all participants, regardless of group.

Scenario 1. Regarding the first scenario, participants made
more errors during step 2: picking up the video call. Apart
from potential ergonomic issues, this was the first step to be
performed on the iTVafter switching on the TV, so it’s also
possible that participants were surprised. However, most of

Figure 7. Average (a) error and (b) aid index by scenario.
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the errors produced were execution errors, meaning that
participants tended to press the wrong button during this
step (Figure 10).

Based on the observations, the main problems encoun-
tered by participants were:

- Not paying attention to the notification (initiation
errors: staring at the TV program)

- Searching for a button related to the sound cue
(telephone ringtone) (execution errors: pressing the
bell, or camera buttons)

- Not understanding the notification or the action to be
taken (execution errors: pressing a TV channel button;
initiation errors: asking for help).

Scenario 2. Regarding the second scenario, participants
made more errors during step 5: scrolling over the second
photo. A large majority of the errors produced concerned
execution errors, meaning that participants were aware that
they had to perform an action (go and see the second photo),
but had great difficulty in finding the right button on the
remote control (Figure 11).

Figure 8. Perceived difficulty of each scenario (SEQ scores).

Figure 9. Types and number of errors by scenario and by group of participants.
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Based on the observations, the main problems encoun-
tered by participants were:

- Searching for a button related to the photos or the
photo number (execution error: pressing the channel
number 2 button).

- Not understanding the action to be taken (initiation
error: starring at the photo and asking for help)

- Focusing only on the guidance that says “back”
(omission error: returning to the message without
having seen all the photos).

These observations, combined with the evaluation of the
types of errors produced, highlighted the lack of meaningful
information on the interface, as well as the use of codes
(e.g., arrow buttons) that may not yet be universally ac-
cepted by OAs.

Scenario 3. Regarding the third scenario, participants made
more errors during step 3: choosing the contact to call.
Participants produced almost as many initiation errors as
execution errors, meaning that they were almost as confused
by the action to be performed as they were misled by the
interface (Figure 12).

Based on their observations, the main problems en-
countered by participants were:

- Difficulties in identifying button indications from
descriptive information in the interface (initiation
errors: reading the call history, ignoring the guidance)

- Unclear navigation in the contact list (initiation errors:
searching for the contact’s name directly on the re-
mote control; execution errors: pressing the repertory
button; omission errors: initiating the call without
having selected the contact).

Perceived usability of the iTV

Bangor et al.35 developed a grading scale in which SUS
scores below 50.9 out of 100 were poor, between 50.9 and
71.4 were ok, and above 71.4 were good and acceptable.
According to Figure 13 and the Student’s t-test, the SUS
scores obtained by the GNH and the GRF were significantly
lower than the one obtained by participants living at home (t
(30) = 6.09, p < .001). . In other words, participants living in
NH considered the iTV’s usability to be poor (m = 47.9/
100), i.e. not acceptable for a device intended for people
living in institutions. Nevertheless, the usability of the iTV
was correct for participants living in RF (m = 55.8/100), and
good for participants living at home (m = 76.6/100). If we
consider only the GRF and the GNH, no significant difference
was observed concerning the overall usability of the system.

If we take a closer look at the scores obtained for each
statement on the SUS scale (Figure 14), it is possible to

identify the dimensions on which the three groups diverge.
Examining the inter-group differences in terms of scores per
item, significant differences were found between the three
groups for the perceived complexity (χ2 (2) = 15.5, p <
.001), the perceived ease of use (χ2 (2) = 6.4, p < .05), the
need for technical support (χ2 (2) = 20.6, p < .001), the
perceived learnability (χ2 (2) = 14.3, p < .001), and the
efforts required to become familiar with the iTV system (χ2

(2) = 18.6, p < .001).
The opinions on the iTV’s perceived complexity

(statement (2) and ease of use (statement (3) of institu-
tionalized participants (GNH and GRF), and particularly
those living in NH, were more mixed than other partici-
pants.. Moreover, institutionalized participants reported a
greater need for technical support with the iTV system
(statement 4). It is also interesting to note that the perceived
learnability (statement (7) may depend on the respondent’s
context, as the GNH found the iTV significantly more dif-
ficult to learn than the GHome. Finally, participants in RF and
NH thought it would require significantly more effort to
become familiar with the iTV system (statement 10) than
participants at home.

Discussion

This study aimed to evaluate the ability of OAs living at
home (n = 16), and in geriatric institutions (nursing home:
n = 7; and residential facility: n = 9) to use an iTV providing

Figure 10. Number and type of errors produced by all
participants in scenario 1, step 2.
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social functionalities, such as video calls and messaging.
The ability to use the iTV was measured using the number
and type of errors and aids produced and needed by the
participants, as well as the perceived usability. Except for
the participants living in NHs, all the OAs tended to make
fewer mistakes, and to become more autonomous as the
scenarios progressed. Finally, only participants living in
NHs considered the usability of the iTV to be poor, with all
others considering it to be either acceptable or even good.

OAs’ abilities to use an iTV

The correlation analysis, using the Spearman coefficient,
indicated a negative correlation between the number of
errors and the perceived difficulty of each scenario. A closer
look at the relationship between the perceived difficulty of
the task, and the type of errors produced revealed that
blocking (i.e., initiation errors) during the first scenario did
not seem to affect the participants’ experience, as if it was
normal to hesitate at this point in the interaction. However,
the more the participants pressed the wrong buttons
(i.e., execution errors), the more likely they were to consider

the tasks difficult. Finally, during the last scenario, for-
getting some steps (i.e., omission errors) could be more
frustrating for participants, affecting the perceived ease of
use of the iTV.

Regarding the perceived usability of the iTV, differences
between the groups were identified for the SUS score as well
as the following dimensions: the perceived complexity, the
perceived ease of use, the need for technical support, the
perceived learnability, and the efforts required to become
familiar with the iTV system. These differences could be
linked to the technological expertise (Table 4), as only a few
institutionalized participants, mostly living in RF, were
experts in using smartphones or computers. Depending on
their habits, some actions may seem difficult to carry out,
such as navigating using the arrows on the remote control.
In addition, participants living at home seemed more
comfortable and confident than the others with learning to
use a new technology, influencing perceived workload of
using the iTV. Finally, the perceived learnability statement
was phrased to imagine how other people would learn to use
the iTV. The responses could then be influenced by the
participants’ immediate environment, and therefore the

Figure 11. Number and type of errors produced by all participants in scenario 2, step 5.
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Figure 12. Number and type of errors produced by all participants in scenario 3, step3.

Figure 13. Perceived usability of the iTV system (SUS scores).
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configuration of their living environment. Thus, participants
living in NH may think of their next-door neighbors, per-
ceived as frail, while participants living at home may think
of their friends who are still independent (“Given the state of
the house… [no, they couldn’t learn to use the device]
Always having to repeat, and “I can’t remember”, and “why
we’re doing this”” (NH-6)).

The three groups (home, NH, and RF) performed dif-
ferently in terms of number and type of errors and aids. Each
type of error was committed at least once by each group,
even though participants living in institutions produced
more initiation, omission, and execution errors than the
GHome. Indeed, institutionalized OAs are usually frailer, or
more at risk of frailty, and present a greater cognitive decline
than OAs remaining in the community,12,34 these charac-
teristics may influence their performance and perceived
usability when discovering a technological innovation.
Moreover, the number of initiation and execution errors of
the NH and RF groups only differed in the third scenario.
Indeed, Boucaud-Maitre et al. noted that RFs in France
represent a stepping-stone between home care and nursing
home care in terms of health trajectories of OAs.12 This is in
line with our results where participants living in RF seemed
to constitute an intermediate group between the home and
the NH groups. Finally, only the home and RF groups saw
their number of aids and errors decrease over the three
scenarios. Since the third scenario had two steps in common
with the first one (e.g. turning on the camera and hanging up
the call), only the GNH seemed to need additional repetitions
to benefit from a learning effect. Moreover, Wandke et al.36

have noticed that if the first attempts are unsuccessful, OAs
tend to adopt avoidance strategies. These results show how
important it is to develop interactive technologies that are
easy for everyone to learn, and to provide appropriate
support for people living in NHs, using a method based on

error-free learning and spaced recovery.37 This method
consists of avoiding incorrect responses when learning new
information, while reducing the number of cues provided
until the desired response is given without assistance. The
information is then repeated and recalled at increasingly
long intervals until the desired response is memorized.

Ergonomic evaluation of the iTV

The second part of this study consisted in identifying the
critical stages in the handling of the iTV. This stage is based
entirely on the match between three elements: the partici-
pants’ conceptual model (i.e., how they imagine the iTV
will work), the designer’s conceptual model, and the system
image (i.e., what users perceive of the product’s physical
structure).38 Most of the difficulties encountered can be
explained by a mismatch between the user’s mental model
and that of the iTV’s designer. The very principle of this iTV
is to centralize on a TV screen functionalities usually
available on a mobile phone or computer. The design of the
interface and the signifiers used therefore have a major
influence on the user’s reasoning. For example, in scenario
1, based on the contextual elements provided by the re-
searcher and the iTV (visual: remote control, TV screen;
audio: researcher’s explanation and ringtone), the partici-
pants had difficulties understanding how a video call
worked on this TV. Some participants were frustrated at not
being able to find the button usually used on a telephone (“I
had to navigate around and forget what I normally do on my
own devices. That’s the problem. Normally, to pick up the
phone, I press this [phone button]” (H-2)), while others
were stuck, not understanding how to pick up with a remote
control (“Pick up, what does that mean? Pick up what?”
(NH-8)). This problem seems to be inherent in the principle
of diverting the use of TV. In an already complex and rich

Figure 14. Average scores by statement of the SUS scale and by group of participants.
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technological environment, it is vital to think about com-
patibility with everyday technologies. Turning on the TVor
picking up the phone are actions that have become almost
automatic for many OAs. The challenge then lies in
identifying these automatisms, as the OAs have a wide
range of experience of technologies. Another source of
misunderstanding for the participants was the principle of
having indications on the TV screen. When participants
picked up the remote control, they focused solely on it,
ignoring the indications on the TV screen. This operating
principle could be part of the information to be given during
initial training.

Conducting user tests with OAs

The method adopted for this study was inspired by a User
Centered Design method named user testing. However, to
evaluate the level of assistance required to successfully
perform each task, aids were provided along with the
difficulties encountered. One of the advantages of this
approach was to limit the number of dropouts during the
test. Aging is accompanied by perceptual, physiological,
and cognitive changes,39 and is characterized by greater
fatigability (i.e., a phenotype characterized by the rela-
tionship between self-reported fatigue and the level of
activity with which the fatigue is associated) than younger
adults.40 Despite the measures taken to limit participant
fatigue, five participants abandoned before the end of the
three scenarios. In the literature, it is recommended to
adopt some strategies when conducting user tests with
OAs, such as creating a safe environment, proposing a
small number of tasks to be carried out, or establishing a
climate of trust with the participants. All these recom-
mendations have a major influence on the format and
duration of the test.41

Future work

This article presents a quantitative analysis of the study,
focusing solely on the iTV’s ergonomic issues and per-
ceived usability. Although the ergonomic qualities of the
technology are crucial for assessing its adoption, other
factors may also be at play. According to the Technology
Acceptance Model (TAM), the acceptance of a technology
i.e., the extent to which a product will actually be used or
not, depends on two main factors: perceived usefulness and
perceived ease of use.42 Venkatesh et al.43 have also inte-
grated to the model contextual factors (e.g., organization,
physical environment), as well as individual factors (e.g.,
user characteristics, technologies). Thus, future work will
consist of a qualitative analysis of the user tests, focusing on
the factors determining the acceptability of the iTV
among OAs.

Limitations of the study

The first limitation of this study was the kind of recruitment
of OAs living at home. Due to technical and recruitment
constraints, the user tests with the GHome were all conducted
in the Paris region, while those with OAs living in nursing
homes were conducted in rural areas. This recruitment bias
may explain the association observed between the number
of years of study and the place of living (χ2 (1) = 21.2,
p < .001).

The second limitation concerns the MMSE score used to
assess participants’ global cognitive functions. Although
this score may be correlated with the number of errors
produced while using a technology,28,44 no correlation has
been found in this study. MMSE scores do not provide
information on the precise state of executive functions,
which are particularly vulnerable with ageing and key in
technology use. In this case, the assessment of executive
functions could then provide further explanations for per-
formance on iTV.

Recommendations for the design of an iTV
for older adults

Using the telephone metaphor for video calls

In psychology, the principle of perpetual habit states that
individuals prefer to rely on their memory and habits when
doing familiar tasks, rather than spending time learning
new procedures. OAs are used to the telephone functioning
i.e., picking up by clicking on the green phone, and
hanging up with the red phone. Thus, changing this fa-
miliar action can trigger confusion, anxiety and even
anger. To facilitate the use of video calls on the iTV, it
might be preferable to rely on existing mental models
using familiar telephone symbols for example (e.g., green
telephone button).

Differentiating the call and message notifications
from the TV channel banner

TV channel banners are usually displaying information
about the channel and its current program. As a result,
participants of the user tests tended to ignore a part of the
information displayed on the iTV notification. Designers
could change its appearance and wording to differentiate it
from the TV channel banner, and thus draw users’ attention
to important information. For example, designers could use
a different background color, enlarge the notification, and
include the user’s first name to encourage action. This will
help users to feel more involved and committed to re-
sponding to iTV requests (e.g., opening/answering or
closing the notification).
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Indicating the role of the arrows on the screen

Older adults usually use the same buttons on their remote
control, ignoring the purpose of others, such as the arrows.
However, these buttons are essential for navigating the iTV
interface and scrolling through photos. Designers should
then indicate at each step how to use the arrows. On the
photo screen, an arrow symbol could be displayed to the
right of the photo all the time, except for the last photo.

Ensure that the guidance is unique for a given screen

On the iTV, the buttons are systematically indicated on the
left of the screen in a dedicated insert. However, OAs may
find it difficult to remember to look at the screen to find the
right button, and to switch back and forth between the
remote control and the screen. For all these reasons, de-
signers should ensure that guidance information does not
change on the same screen: all the information needed to
interact with the iTV should be displayed from the outset.

Conclusion

This study aimed to evaluate objectively the ability of OAs
with different levels of dependency to use an iTV providing
social functionalities, such as video calls and messaging.
Intergroups differences were found, as participants living in
NHs produced more errors and needed more aids than more
independent participants during the test. However, partic-
ipants living in geriatric institutions produced more initi-
ation errors than those living at home, thus they needed
more confirmation aids from the researcher. The detailed
analysis of each scenario allowed to highlight the critical
steps when using the video calling and messaging func-
tionalities for the first time, as well as the types of errors
most frequently produced. Concerning the usability of the
device, participants living in institutions considered the iTV
significantly less usable than those living at home. How-
ever, a difference should be noted between the two types of
institution. While participants in NH considered the iTV’s
usability to be poor, those in RF considered it to be ac-
ceptable. Finally, regardless of the type of institution, in-
stitutionalized participants reported needing additional
support, as well as more time and effort to master the iTV
than participants living at home.

To conclude, combining a user centered approach with a
cognitive psychology method have enabled us to gain a
better understanding of the difficulties encountered by OAs
when using iTV for the first time. While some OAs only
seemed to need confirmation aids to succeed at each step
(e.g., general, or specific verbal aid), others required more
extensive support from the researcher (e.g., total verbal aid,
or even pointing). Based on the analysis of critical stages,

four recommendations have been formulated to improve the
iTV ergonomics.
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