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Abstract
Technologies for ageing in place may help older adults in their homes to overcome multiple impairments and to promote 
their autonomy and independence. When conceptualizing technologies for ageing in place, the International Classification of 
Functioning, Disability and Health (ICF) is a key element due to its functioning and disability framework with consolidated 
concepts and terminologies. Based on the ICF conceptual framework, the article presents the ICF based Usability Scale 
(ICF-US) to evaluate the usability of technologies for ageing in place and reports a study aiming: (1) to validate the ICF-US 
to evaluate usability according to the evaluators’ perspective about the users’ performance and (2) to evaluate the utility and 
applicability of the ICF-US. Two observational studies evolving 184 participants were conducted to: (1) assess the validity 
and reliability of the ICF-US to evaluate usability according to the evaluators’ perspective about the users’ performance and 
(2) to verify the utility and applicability of the ICF-US. The results suggest that the ICF-US is valid and reliable and can be 
used in different stages of technological developments without losing its discriminatory capacity.

Keywords  Technologies for ageing in place · Usability assessment · International classification of functioning · Disability 
and health · ICF based Usability Scale · Scale validation

1  Introduction

The active ageing vision aims to contribute for a healthy, 
autonomous and independent life expectation with quality as 
people get older, including those who are vulnerable, disa-
bled or in need of care [1–3]. The term active refers not only 
to the ability to be physically active or have an occupation, 
but also be able to participate in social, economic, cultural, 
civil or spiritual matters.

In this context, the technological solutions might be used 
to promote human functioning and to mitigate disabilities, 
particularly those resulting from the natural ageing process. 
This perspective is evident in the development of technolo-
gies for ageing in place aiming to help older adults in their 
homes [4, 5].

Technologies for ageing in place, by their nature and 
complexity, require efficient development methods and a 
deep knowledge of the end users. One obvious way to get 
knowledge about the potential end users is to involve them in 
the development process, in order to consider all the required 
aspects, such as the personal characteristics, including func-
tioning and incapacity.

Although there are several models to represent and 
explain how human functioning and incapacity interact, the 
International Classification of Functioning, Disability and 
Health (ICF) [6] is assuming an increasing importance since 
it presents a comprehensive framework for functioning and 
disability with consolidated concepts and terminologies. 
Additionally, the ICF conceptual framework allows a multi-
disciplinary approach centred on the individuals [6].

The purpose of the study reported in the present paper 
is to validate a usability assessment instrument based on 
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the conceptual framework of ICF, the ICF based Usability 
Scale (ICF-US), to evaluate the usability of technologies for 
ageing in place according the evaluators’ perspective about 
the users’ performance. In addition to the validation of the 
referred instrument, this article also reports on the evalua-
tion of its utility and applicability.

In addition to this introductory section, the paper com-
prises four more sections: Related work, Material and meth-
ods, Results and Discussion and conclusion.

2 � Related work

2.1 � Technologies for Ageing in Place

Ageing in place is a popular term in current ageing policy, 
and it is defined as remaining living in the community, with 
some level of independence, rather than in residential care 
[7]. This concept is about enabling older adults to main-
tain independence, autonomy and connection to social sup-
port, including friends and family. Having people remain-
ing in their homes and communities for as long as possible 
also avoids the cost of institutionalization and is therefore 
favoured by policymakers, health providers and by many 
older adults themselves [8].

Moreover, ageing well at home means living with quality 
as long as possible and promotes the use of technological 
solutions (i.e. technologies for ageing in place [4]) to ensure 
autonomy (i.e. ability to control, cope with and make per-
sonal decisions on a day-to-day basis) and independence (i.e. 
the ability to perform functions related to daily living with 
no, any or little help from others) [3–9].

Technologies for ageing in place might contribute, with 
different roles, to promote care services evolution, from a 
medical approach to individual-centric operational models, 
in which the individuals become active partners in their 
own care processes [10, 11]. Although focalized in specific 
aspects, different groups of technologies might contribute to 
this idealized model.

Among these groups of technologies, mobile health 
(mhealth) (i.e. the use of mobile communication devices, 
such as smartphones or tablets to support health services, 
both in terms of disease and well-being management [12, 
13]), and Ambient Assisted Living (AAL) (i.e. the applica-
tion of the Ambient Intelligence concept to enable elderly 
with specific demands to live longer in their natural environ-
ment [14, 15]) have been objects of relevant research.

Furthermore, the advances on sensing technology 
make it possible the development of mobile and wear-
able sensors able to monitor continuously physiological 
parameters, activities and behaviours in out-hospital set-
tings. Therefore, a typical application of technologies for 
ageing in place consists in monitoring health conditions 

or the progress of some illness, namely chronic diseases 
(e.g. patients suffering from diabetes mellitus can be con-
nected to their caregiver by using some mobile technology 
or ambulatory devices, such as glucometers). Additionally, 
monitoring physiological parameters together with daily 
activities (i.e. identifying consistency and completeness in 
these activities) to assess, in a naturalistic and continuous 
way, health and cognitive status (e.g. changes in movement 
patterns, number of outgoings or sleep rhythm [14, 16]) 
might help to automate assistance and prevents accidents 
or diseases exacerbation.

As a consequence of relevant technological develop-
ments, a significant number of systematic reviews report 
evidence of the advantages and disadvantages of the use 
monitoring devices to support patients with chronic dis-
eases (e.g. diabetes [17–23], heart failure [24–26] or chronic 
obstructive pulmonary disease [27, 28]).

In some instances, technologies for ageing in place might 
promote the engagement with primary care, replace time-
consuming visits and provide rehabilitation care or assis-
tance to other health-related interventions [29, 30]. This 
might benefit specialities that require frequent follow-up 
care. For instance, specialized training systems useful to 
treat stroke patients can be controlled by remote physiothera-
pists with access to the results, namely in terms of exercise 
levels.

In the future, AAL and smart health applications may 
increase the living span of disabled people and elderly, 
which is a major challenge itself that will, necessarily, 
change the way primary care institutions operate [31].

Furthermore, it should be understood how technologies 
for ageing in place might facilitate the individuals to be 
actively involved in their health and care pathway. Concern-
ing patients with chronic diseases, applications might allow 
them to receive information to better control their diseases. 
For instance, educational information about pain (e.g. gen-
eral information, symptoms or causes) can be provided, as 
well as information related to individual health conditions 
or pain relief (e.g. relaxation techniques or pain reduction 
techniques, such as acupressure), through a variety of media, 
including images, video or animations [32]. Additionally, 
applications can be used for cognitive rehabilitation and to 
support older adults suffering from cognitive decline [33].

Other applications promote self-management, namely 
lifestyle management, prescriptions reminders, care appoint-
ments management or health care record access (e.g. put-
ting patients with the ability to securely share their health 
information with clinicians or others, as needed), or help the 
patients to contribute with observations of their daily living 
(e.g. personal health records) [34].

Technologies for ageing in place can also support other 
types of applications, namely preventive applications, 
applications to enhance the communication between care 
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providers and patients and between caregivers or applica-
tions to support frail citizens [23, 35–37].

Most of the applications related to technologies for age-
ing in place intend to use explicit and implicit interaction 
forms, and, consequently, the interaction mechanisms are 
very demanding. Moreover, their acceptance by the end 
users should be assessed carefully. Therefore, usability is a 
critical issue, which highlights the need of comprehensive 
usability assessment instruments [38].

In this field, it should be noted that older users’ accept-
ance of software solutions is influenced by several factors 
including perceived ease of use, perceived usefulness and 
previous exposure to technology [39, 40].

Different types of instruments allow the collection of 
quantitative and qualitative data related to characteristics, 
thoughts, feelings, perceptions, behaviours or attitudes of 
the end users. Examples include general purpose usability 
instruments such as the Post-Study System Usability Ques-
tionnaire (PSSUQ) [41] and the System Usability Scale 
(SUS) [42].

The PSSUQ is a usability evaluation questionnaire devel-
oped by International Business Machines (IBM). It is com-
posed of 19 items developed to assess the user satisfaction 
with the system usability. The PSSUQ is widely used and 
robust in psychometric terms [43, 44].

The System Usability Scale (SUS) was developed by John 
Brooke more than 25 years ago as part of a usability engi-
neering programme (1986) as a ‘quick and dirty’ survey 
scale that would allow the usability practitioner to quickly 
and easily assess the usability of a given product or service. 
SUS is composed of 10 statements that are scored on a 5 
point likert scale of strength of agreement. Its final score 
can range from 0 to 100, where higher scores indicate better 
usability [45, 46].

The principal value of this usability instruments is that 
they provide a single reference score for participants’ view 
of a product’s usability.

2.2 � International classification of functioning, 
disability and health

The decline of human functioning is a common problem, 
frequently associated with changes related to age, health 
status or social factors [47]. When the decline is intense, 
there is a decrease in the functional reserve, and the person 
becomes more vulnerable to the onset of chronic diseases 
[48] which impacts their autonomy and independence, and, 
thus, their quality of life. With the age increase, a set of 
sensory modifications tend to emerge, such as loss of hear-
ing and visual acuity. These types of changes have a real 
impact on the individuals’ life and are reflected in the level 
of human functioning [49, 50].

A formal terminology able to characterize the human 
functioning and incapacity is a major challenge, because 
there is still a conceptual ambiguity, demonstrated, for exam-
ple, by the multiplicity of existing concepts related to func-
tioning [51–53].

The ICF [6], adopted at the 54th World Health Assembly 
in 2001, attempts to provide a coherent view of biopsycho-
social health and health-related states [54]. The title itself 
reflects the priority given to functioning as a health com-
ponent over the consequences of disease. Additionally, the 
nomenclature being used focuses on a positive approach to 
body structures and functions, activities and participation 
[6, 55].

The ICF does not classify people, but rather interprets 
their characteristics and the influences of the environment 
(i.e. contextual factors including personal or environmental 
factors), which allows to properly describe functional states. 
Hence, the ICF model does not emphasize the individual as a 
disabled person, even if temporary, but the components that 
favour or hinder the execution of activities or participation. 
The functioning and the disability are considered as a result 
of a dynamic interaction between health conditions and the 
contextual factors, whether personal or environmental fac-
tors [54, 56].

According to the model underlying the ICF, different 
environments may have a different impact on people with 
the same health condition. An environment with or with-
out barriers (i.e. environmental factors that, by its absence 
or presence, restrict the human functioning and cause dis-
ability) can limit or facilitate individuals’ performance and 
participation [54]. Thus, the environment in which people 
live and conduct their lives has a direct influence on their 
functioning, and in this sense, it can be enhanced by facilita-
tors such as technologies for ageing in place that meet the 
needs and characteristics of end users.

Facilitators are environmental factors that, by their 
absence or presence, improve human functioning and reduce 
the disability of the persons by increasing their performance 
and participation. These factors include aspects such as an 
accessible physical environment, availability of appropriate 
assistive technology, positive attitude towards disability, as 
well as services, systems and policies aimed at improving 
the involvement of all people, irrespective of their health 
conditions in all areas of life.

Considering the use of technologies for ageing in place 
aims to improve individual performance in carrying out 
activities and to facilitate participation, and then the tech-
nologies for ageing in place are, in the context of the ICF 
perspective, environmental factors. Thus, when developing 
and evaluating technologies for ageing in place, it is essen-
tial to consider, primarily, human functioning and environ-
mental factors that influence functioning and, secondly, 
standardized concepts that provide a common language 
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to all stakeholders [57]. Consequently, ICF might have an 
important role in supporting the development and evaluation 
of technologies for ageing in place, namely in what concerns 
usability assessments [58].

The authors have proposed the ICF based Usability Scale 
(ICF-US), a usability assessment instrument with two sub-
scales, the ICF-US I and ICF-US II [59]. The ICF-US I as a 
self-perceived usability rating scale (i.e. filled in according 
to the users’ opinion) proved to be reliable and has construct 
validity when correlated with other self-perceived usability 
rating scales [60], namely the PSSUQ [41] and the SUS [42]. 
Additionally, the ICF-US II is a questionnaire that allows a 
more detailed usability evaluation, by classifying the com-
ponents of a prototype as barriers or facilitators to identify 
their strengths (facilitators) and weaknesses (barriers).

3 � Materials and methods

3.1 � ICF based Usability Scale (ICF‑US)

The ICF-US I is composed by a set of items associated with 
different usability principles (Table 1), and its answer key 
(Table 2) is based on the ICF environmental factors quali-
fiers (facilitators and barriers), being all items scored from 
− 3 to 3. The value 3 is the highest score (facilitator), and 
− 3 is the lowest (barrier).

If a participant does not answer to an item or classify it 
as not applicable (NA), then this item score should be filled 
up with the average value of the remaining items, rounded 

to the units. The final score of the ICF-US I is calculated by 
adding the scores of all items. A value above 10 means good 
usability. On the other hand, a value below 10 indicates poor 
usability and, in that case, the ICF-US II should be applied 
to identify what should be improved.

If there is an opportunity for improvement, it is important 
to define the priorities of subsequent developments, consid-
ering the aspects acting as barriers and facilitators.

The ICF-US II has the same answer key as the ICF-US I 
(Table 2), and its objective is to gather information to under-
stand what must be modified (barriers) and what should be 
established as good practice (facilitators). It consists of a 
set of items that identify different components (e.g. sound, 
image or touch) of the prototype being evaluated.

The ICF-US II items depend on the technological solu-
tions being evaluated, so its instantiation must be based on 
the particular solution components, in accordance with spe-
cific guidelines created to ensure that the instrument can be 
used by anyone else than the authors themselves [61].

Each component is then classified as a barrier or facilita-
tor. When a component is classified as a barrier, the evalu-
ator must identify the feature that is causing that classifica-
tion. For example, the reason why a specific interface can 
be considered as a barrier could be the size, sharpness or 
contrast of the icons, or any other reason (Fig. 1). This pro-
cedure should be performed for all identified barriers, which 
allows listing the components that need to be improved and 
the reasons why [62].

3.2 � Study design

The ICF-US was developed to assess self-perceived usability 
[60]. However, it is relevant to assess usability according to 
the evaluators’ perspective about the users’ performance, in 
order to make a more objective evaluation. Therefore, the 
study reported in the present paper aimed at the following 
objectives:

•	 To validate the adequacy of the ICF-US I to evaluate the 
usability of technologies for ageing in place reflecting the 
opinions of the evaluators based on the observation of the 
users’ performance, instead of self-perceived usability;

•	 To validate the ICF-US II, based on the observation of 
the user’s performance, as a complement of the ICF-US 
I, particularly by identifying potential barriers or facilita-
tors of technologies for ageing in place;

•	 To evaluate the utility and applicability of the ICF-US 
according the evaluators’ perspective about the users’ 
performance.

The authors designed two observational studies to achieve 
these objectives:

Table 1   ICF-US I items [59]

How would you rate the application regarding

Ease of use
The satisfaction with its use
The learning easiness
The achievement of expected results
The similarity in the operation mode in the different tasks
The possibility to interact in various ways
The understanding of the messages presented
The application responses to your actions
The knowledge of what was happening in the application during the 

utilization
Overall, I consider that the application was…

Table 2   ICF-US answer key [59]

Barrier Facilitator

Big Medium Small Small Medium Big
− 3 − 2 − 1 1 2 3
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•	 Validity and reliability: the first observational study was 
designed to evaluate the validity and reliability of the 
ICF-US I when evaluating usability according the evalu-
ators’ perspective about the users’ performance, as well 
as to verify if the results of ICF-US II to complement 
ICF-US I are correlated with the information gathered 
through usability evaluation techniques based on the 
users’ performance;

•	 Utility and applicability: the second observational study 
intended to evaluate the utility and applicability of the 
ICF-US instrument.

Although the data collected in the two observational stud-
ies are not sensitive, the principles underlying the Helsinki 
Declaration were considered [63], and the necessary authori-
zations were requested, all collected data were anonymized, 
and all participants signed an informed consent prior to data 
collection.

3.3 � Validity and reliability

The ICF-US instrument validation was held in a social soli-
darity institution during December 2014 using an interactive 
television application to support home telecare, the aal@
meo [62]. At that time, the aal@meo was a prototype at an 
intermediate state of development (i.e. requiring further tests 
and improvements) aiming to be integrated in a commercial 
service of an Internet Protocol television operator.

The authors used a convenience sample including users 
above 18 years old, able to read, understand and sign the 
informed consent. The only exclusion criterion was the pres-
ence of limitation in the fine movements of the arms that 
prevented the use of conventional software applications.

Data collection included the filling in of two usability 
assessment tools (ICF-US and PSSUQ), user performance 
registration and the record of critical incidents. The PSSUQ 
is a usability evaluation questionnaire [43], which was trans-
lated and adapted from the cultural and linguistic point of 
view to European Portuguese [64]. It consists of 19 items 
aimed at addressing five usability characteristics of a sys-
tem: rapid completion of the task, ease of learning, high-
quality documentation, online information and functional 
adequacy [43]. The performance evaluation consisted of 
the registration of the success or failure rate in carrying out 
tasks, the execution time in seconds and the total number 
of errors. The critical incident registration aimed at the sys-
tematic identification of any event outside normality, by the 
observer, considering details such as, for example, difficulty 
of interaction with the application.

An evaluator and an observer were involved in the evalu-
ation sessions that had the following structure:

•	 Introduction—the evaluator applied a sociodemographic 
questionnaire and then delivered a session script, explain-
ing orally all the information in it;

•	 Test—the participant performed the tasks included in the 
session script. At the same time, the observer recorded 
the performance of the participant in a performance eval-
uation grid and noted any critical incident that happened;

•	 Interview—the evaluator conducted a final interview, 
applied the PSSUQ and thanked the participation;

•	 Completion—the evaluator filled in the ICF-US accord-
ing to his opinion about the participant performance.

When filling in the ICF-US I and II, it was up to the evalua-
tor to decide what qualifier should be allocated to each item. 

2 How would you characterize the components present in the service?

Barrier Facilitator

-3 -2 -1 1 2 3
N
A

A The descrip�on of the session status X

1 Icons too small

A

1. Icons size 
2. Sharpness
3. Contrast
4. Other

Fig. 1   Extract from the ICF-US II [59]
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This decision relied on the observation of the participant 
interaction with the aal@meo and in the interview to clarify 
the issues that had caused doubts. For example, if during 
the test a participant showed feelings of frustration, disgust 
and confusion, then the evaluator had sufficient evidence to 
qualify the item related to the satisfaction without having to 
ask the participant. Whenever there was a lack of informa-
tion, the evaluator used the interview to gather information 
to support the assignment of the qualifier.

Construct validity was assessed through the correlation 
between the ICF-US I and the PSSUQ.

Moreover, the results of the application of ICF-US II 
were correlated with the performance records, particularly 
the critical incident data. Two independent researchers ana-
lysed the correlation between the results of the ICF-US II 
and the critical incident data. The analysis was performed 
using the Statistical Package for Social Sciences (SPSS) to 
calculate a Spearman correlation coefficient, and the level 
of significance established was p < 0.05.

3.4 � Utility and applicability

Concerning the observational study to verify the utility and 
applicability of the ICF-US, another technology for ageing 
in place was used: the Brain on Track, a computerized web-
based self-administered test intended for longitudinal cogni-
tive testing [65].

Brain on Track was in a state of advanced development, 
properly consolidated and ready to be disseminated to the 
general population. The Brain on Track resulted from an 
iterative process of development and evaluation in a hospital 
environment and its clinical validation for the Portuguese 
population was carried out in a research cohort [65].

The observational study was held on the community as 
a real context evaluation, from February 2015 to July 2017.

The sample selection was performed using as inclusion 
criteria age above 50 years. All adults able to fill in the 
assessment instruments were eligible to participate if they 
gave written informed consent and were 50 years or older 
(consecutive recruitment). The written informed consent was 
obtained prior to data collection.

Since the experiment was planned to provide a real con-
text evaluation, the assessment was performed without a 
task script and without any interference from the evalua-
tor in the course of the participants’ interaction with Brain 
on Track. Therefore, the unpredictability was considerable 
superior to the unpredictability of an evaluation performed 
in a laboratory.

Data collection procedure was performed using the fol-
lowing structure:

•	 Introduction—the evaluator applied a sociodemographic 
questionnaire;

•	 Test—the participant interacted freely with the Brain on 
Track by performing a cognitive monitoring test;

•	 Completion—the evaluator filled the ICF-US based on 
his own opinion about the participant performance.

Regarding data analysis, to describe and characterize the 
subjects that constitute the population sample, central ten-
dency and dispersion measures were used, including mean, 
range and standard deviation (SD). Statistical analyses were 
performed with Microsoft Excel.

4 � Results

4.1 � Validity and reliability

Thirty participants were selected for the assessment of the 
validity and reliability of ICF-US when used to evaluate 
usability according the evaluators’ perspective about the 
users’ performance. The participants had an average age 
of 58 years (SD = 3.3), maximum of 67 and a minimum of 
54 years.

The correlation of the ICF-US I with PSSUQ (− 0.75) 
was significant, as well as the correlation between the ICF-
US I and the performance records, namely with the suc-
cess/failure rate (0.74) and the number of errors (− 0.72) 
(Table 3).

The ICF-US I had a strong negative correlation with 
PSSUQ because a higher score in ICF-US I corresponds to a 
lower score in the PSSUQ, where lower values indicate bet-
ter usability. Similarly, the correlation between the ICF-US 
I and the success/failure rate was also negative, which makes 
sense because a higher score in the ICF-US I corresponds to 
a minor number of errors.

To verify the agreement between the results in the ICF-
US II and the critical incident data, the authors created a 
table to classify each item of the ICF-US II (from − 3 to 
3) and, in the case of a barrier, the indication of the reason 
why the item was classified as a barrier. Then, the critical 
incident report was fully transcript and matched with the 
item or items of the ICF-US II that addressed the same issue.

The classification of each item was based on the follow-
ing criteria:

Table 3   Correlation between the ICF-US I, PSSUQ and the perfor-
mance records [59]

Correlation with 
the ICF-US I

PSSUQ − 0.75 (p < 0.05)
Performance (success/failure) 0.74 (p < 0.05)
Performance (number of errors) − 0.72 (p < 0.05)
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•	 Concordance barrier—whenever the evaluator classified 
the item as a barrier and the observer registered a related 
critical incident;

•	 No concordance barrier—whenever the evaluator classi-
fied the item as a barrier, but the observer did not register 
any related critical incident;

•	 Facilitator without corresponding critical incident—
whenever the evaluator classified the item as a facilita-
tor, but the observer did not record any related critical 
incident;

•	 Concordance facilitator—whenever the evaluator classi-
fied the item as a facilitator and the observer registered 
critical incidents that are related;

•	 Frail concordance facilitator—whenever the evaluator 
classified the item as a facilitator, but the related critical 
incidents do not clarify on the facility/difficulty in per-
forming the task. For example, sometimes the evaluator 
assigned a score of 1 (small facilitator) and the critical 
incident recorded by the observer was something like ‘he 
needed minor help to start the task but then managed to 
do it without any problem’;

•	 No concordance facilitator—whenever the evaluator clas-
sified the item as a facilitator, but the observer registered 
some critical incidents.

The analysis was performed individually by two research-
ers, which confronted the doubtful items, thus reaching to a 
result about the agreement between the ICF-US II classifica-
tion and the related critical incident data.

This result is significant (Table 4), with a concordance 
rate of 95.8% (i.e. whenever there was a critical incident 
regarding a component, in general, the ICF-US II reported 
a barrier for that component). Whenever the evaluator 
described the item as a facilitator, in 80.2% of the cases, 
there was no critical incident related, which is expected 
because this technique only previses the registration when 
something outside normal happens.

The percentage of facilitators that had a weak agreement 
was very low, 5.6%, representing only 14 cases. A more 
detailed analysis showed that the cases marked as weak 
agreement were mostly rated as facilitator level 1 (12 cases), 
indicating that the correlation between the evaluator and the 
observer is weaker when it comes to aspects classified as 

small facilitators. Therefore, ICF-US II has enough sensitiv-
ity to discriminate environmental factors.

These results also show that there is a correlation between 
objective usability measures, namely users’ performance 
(success/failure rate and number of errors) and the ICF-US I 
when the filling is based on the perspective of the evaluators 
about the users’ performance. There is also a very similar 
match to critical incident data.

The execution time of each task was also collected. How-
ever, execution times were not considered for the analysis 
because they were influenced by other circumstances (e.g. 
the delay of the communication network).

4.2 � Utility and applicability

For the verification of the utility and applicability of the 
ICF-US, the number of participants selected was 154. The 
participants had an average age of 58 years (SD = 7.21), 
maximum of 83 and a minimum of 50 years (Table 5).

Although focusing in technologies for ageing in place, 
testing and gathering suggestions during the development of 
technological solutions with adults (that are not elderly yet) 
may represent an added value considering that they will be 
the users of these solutions in a short–medium term future.

Considering as an inclusion criteria age over 50 allows 
to capture the opinion of future elderly that may be different 
from the current elderly.

Considering the results of ICF-US I, the application was 
a facilitator for 118 participants and a barrier for 36 par-
ticipants. The mean score of all participants was 15.02, in a 
range from − 30.00 to 30.00 (SD = 13.15), which indicates 
that in general the application was considered a medium 
facilitator. The participant with the highest score had 30.00, 
and the participant with the lowest score had − 30.00.

Table 4   Analysis of agreement 
results [59]

Barrier Facilitator

Concordance 95.8% Concordance 99.2% Facilitator without correspond-
ing critical incidents

80.2%

Concordance facilitator 13.5%
Frail concordance facilitator 5.6%

No concordance 4.2% No concordance 0.8%

Table 5   Sample 
characterization Participants 154

Gender n (%)
 Female 106 (68.8)
 Male 48 (31.2)

Age
 Mean (DP) 58 (7.21)
 Min–Max 50–83
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Observing the items individually, it is important to clas-
sify each item as a barrier or a facilitator (Fig. 2).

All items were considered as facilitators. The items that 
were the biggest facilitators were item 2 ‘The satisfaction 
with its use’ (2.22) and item 8 ‘The application responses 
to your actions’ (2.05). Considering that all items were 
identified as facilitators, it appears that most of the par-
ticipants easily understood the information included in 
the application, were able to perform tasks related to the 
interaction, learning, execution and repetition of actions 
and, moreover, were satisfied.

A detailed analysis according to age was performed in 
order to understand how age influences the usability spec-
trum. There was a downward trend in the ICF-US I score 
as the participants’ age increases. While participants in the 
age group 50–55 had an average score of 16.52, the older 
age groups had an average of 11.55 (age group 71–75) and 
9.33 (age group 76+) (Table 6).

In order to allow the identification of potential barriers 
and facilitators, the ICF-US II must be instantiated to each 
specific application. For the instantiation of the ICF-US 
II, the components presented on Table 7 were considered.

The results of the three parts associated with the instan-
tiation of ICF-US II were analysed according to the mean 
of responses (in a range from − 3.00 to 3.00):

•	 The mean value for the evaluation of application compo-
nents was − 0.30 (SD = 1.46);
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Fig. 2   ICF-US I item scores

Table 6   ICF-US I score analysis according with age

Age Group Average score ICF-US I Number of 
participants

50–55 16.52 71
56–60 15.11 38
61–65 13.35 23
67–70 12.11 9
71–75 11.5 10
76+ 9.33 3

Table 7   Instantiation of ICF-US 
II Part 1—application components

 How do you characterize the components present in the application?
  The login to the system was…
  The instructions were…
  The timer was…
  The action buttons were (start, pause, expand)…

Part 2—detailed usability
 How do you characterize the text?
  The size was…
  The font was…
  The color of the text was…

 How do you characterize the image?
  The size was…
  The colors were…
  The contrast was…

 How do you characterize the audio feature?
  The instructions were…
  The sound feedback of the answers (right vs. wrong) was?

 How do you characterize the understanding of the application’s operation mode?
  The application operation mode was…

Part 3—overall usability
 In general, how would you characterize the progress of the session?
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•	 The mean value for the evaluation of detailed usability 
was 0.27 (SD = 1.11);

•	 The mean value for the overall usability of the applica-
tion was − 1.27 (SD = 2.05).

Observing the items of ICF-US II individually, it is 
important to classify each item as a barrier or a facilita-
tor. The barriers, in order of severity, were: (1) ‘The login 
to the system’ (− 2.14); (2) ‘The progress of the session’ 
(− 1.68); (3) ‘The application operation mode’ (− 1.63); (4) 
‘The instructions’ (− 1.10); (5) ‘The action buttons’ (− 0.04).

In turn, the facilitators were: (1) ‘The text size’ (1.67); 
(2) ‘The image contrast’ (1.66); (3) ‘The colours of the text’ 
(2:36); (4) ‘The sound feedback of the answers’ (1.53); (5) 
The ‘font’ (1.50); (6) ‘The image size’ (1.44), (7) ‘The image 
colours’ (1.32), (8) ‘The audio of the instructions’ (0.23); (9) 
‘The timer’ (0.15).

Considering the items identified as a barrier, it appears 
that most participants had difficulty with tasks related to 
logging in the system, the application operation mode, the 
clarity of the instructions and action buttons.

5 � Discussion and conclusion

The results of the first observational study (validity and 
reliability) suggest appropriate values for the validity and 
reliability of the ICF-US I when used to evaluate usabil-
ity according to the evaluators’ perspective about the users’ 
performance [59], which corroborates the results obtained 
by the same scale to assess self-perceived usability [60]. In 
addition, the ICF-US II also presents a high agreement rate 
and correlation with the critical incident data.

Furthermore, the results of the first observational study 
also point that when the filling of the ICF-US I is based on 
the evaluators’ perspective about the users’ performance, 
there is a strong correlation with objective usability evalu-
ation measures, including the success/failure rates and the 
number of errors in each task.

Thus, the ICF-US I, in addition to being a valid and 
reliable measure for assessing self-perceived usability of 
technologies for ageing in place, when filled to reflect the 
opinion of the evaluator, is as accurate as other objective 
evaluation measures with higher complexity.

This overcomes a difficulty reported in the literature 
related to the fact that the opinion of the users, collected 
through the filling of generic usability scales, does not fully 
reflect users’ performance. In fact, the work developed by 
Bangor and colleagues [66] examined 200 studies that evalu-
ated the usability using the SUS and found that the results 
do not follow the full performance spectrum.

Regarding specifically the ICF-US II, the fact it pre-
sented an agreement rate above 95% with critical incident 

data appears to be an indicator that, in case of limited 
resources to conduct the evaluation, particularly in terms 
of human resources, it can be done with only one evalua-
tor. Ideally, there should be an evaluator and an observer, 
even for the sake of information redundancy, though if 
this is not affordable, using the ICF-US makes possible 
to perform the same evaluation, almost without loss of 
information [59].

The critical incident technique involves recording all the 
situations that deviate from normality. There is no struc-
ture or standardized procedure for the registration of critical 
incidents. On the other hand, the ICF-US II is built for each 
application in order to address the different components, the 
user interaction and the usability issues. Consequently, when 
the ICF-US II is filled in shortly after the test session, the 
evaluator is able to fill it easily without incurring losses of 
information. In addition, when the data is processed, the 
information is already structured and organized, in opposi-
tion to what happens with the critical incident technique, 
whose data analysis is typically done by creating classes and 
counting the number of occurrences of each critical incident 
[59]. For this reason, it is important that the components of 
ICF-US II are well defined, preferably by a professional with 
accurate knowledge about the technological solution to be 
evaluated and an expert in usability evaluation.

The second observational study (utility and applicabil-
ity) shows that even for a technological solution that has 
been evaluated several times before and that presented good 
usability, the Brain on Track, the application of ICF-US I 
and ICF-US II was able to identify barriers, such as the login 
method.

Therefore, another interesting result is that the ICF-US 
can be used in different stages of development without los-
ing its discriminatory capacity. Even when evaluating the 
usability of a valid and consolidated system, with usability 
tests performed, and in its final stage of development, which 
was the case of Brain on Track, the ICF was able to discern 
between age groups, proving its usefulness and applicability. 
The discriminatory capacity of ICF-US was also evaluated 
with different groups of participants, and the results show 
that older people have lower usability scores, which is a 
predictable result since for the more advanced ages people 
tend to have lower technology literacy and more difficulty 
when interacting with information technologies.

The application of ICF-US in two observational studies 
assessing different technologies at different stages of devel-
opment shows the plasticity of this usability assessment 
instrument and its ability to adapt to the various technologi-
cal development phases. This indicates that both components 
of ICF-US (i.e. ICF-US I and ICF-US II) can be useful tools 
for usability evaluation of technologies for ageing in place 
according to the evaluators’ perspective about the users’ 
performance.
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Comparing with other usability evaluation instruments, 
the main advantage of using the ICF-US is related to the 
fact that this instrument is based on a conceptual model 
supported by concepts and terminologies established by the 
World Health Organization, which means that they are uni-
versally accepted. This may facilitate the consolidation of 
knowledge, which is essential to promote strategic planning, 
technological innovation and the involvement of different 
stakeholders in the design and development cycles of ageing 
in place technologies.
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