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The elderly population growth has posed several challenges which the current healthcare systems are incapable of handling. In the
past few years, there has been a close collaboration between both the scientific and industry communities to provide feasible
solutions capable of addressing the growing demands from people with special needs, namely, in terms of assistance and
improvement of their overall life quality, which promoted to the development of the ambient assisted living (AAL). Despite the
general consensus regarding its positive impact in the user’s daily life, several challenges compromise their overall adoption. As
a consequence, the research undertaken so far focused over the mitigation of technical-related limitations, overshadowing user-
related limitations, namely, the ecosystem’s usability. This article presents a parametrization of the literature guidelines, which
provides the end-users a consistent and accurate way of using the heuristic methodology to assert the interface’s usability
without relying in external entities with specialized know-how.

1. AAL Ecosystems

The shift of the world’s demographic pyramid is a phenom-
enon that affects both western and eastern civilizations. The
effects of the higher life expectancy, the declining birth rates,
and the overall improvement of healthcare services are
noticeable upon a close inspection of the current worldwide
population distribution tendency (see Figure 1) [1–5].

This new paradigm presents a unique set of conditions
that will have a direct impact in themodus operandis of mul-
tiple sectors, with special emphasis over the health sector,
where the demands for services capable of assuring the
elderly’s wellbeing have grown over the years. Demands
combined with human resource shortage, lack of patient-
oriented approaches, and the rapidly rising costs of elderly
care threaten to hinder the core service efficiency and avail-
ability, leading to their long-term collapse. As a conse-
quence, an attempt was made to develop an ICT-based
solution capable of tackling the economic and functional
endeavours of the assistance services within the health sector
and promoting the elderly’s quality of life and autono-

my—the ambient assisted living (AAL) ecosystems [5].
Despite the significant improvements in the field, multiple
challenges still need to be tackled to make their widespread
adoption on the market viable. These challenges can be seg-
mented into technical (system’s bottlenecks from an engi-
neering standpoint) and end-user challenges (user
perceived main barriers to the product’s acceptance) (see
Table 1).

Regardless, an effort was performed to overcome all
these drawbacks and promote the ecosystem mass adoption.
In terms of usability, multiple studies have been conducted
to identify the range of factors that have a direct impact in
the product’s usability and several approaches have been
proposed to assist in the process used to evaluate this prop-
erty within the context defined [19–24]. Despite the research
effort undertaken, the results produced are still not sufficient
to consider this a closed issue. To address this issue, the
author’s initial proposition was to empower the product
manufacturers and provide them a simple and feasible way
of evaluating and monitoring the product’s usability. From
all the available methodologies, the one eligible to be

Hindawi
Human Behavior and Emerging Technologies
Volume 2022, Article ID 8939072, 19 pages
https://doi.org/10.1155/2022/8939072

https://orcid.org/0000-0002-0985-8068
https://orcid.org/0000-0003-2102-8179
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2022/8939072


executed in an enterprise setup, due to its inherent cost and
speed of execution, was the heuristic-based. Alas, it also pre-
sents limitations that compromise its adoption, namely, its
results’ accuracy and its restricted applicability.

Considering the challenges presented, this article pro-
vides a parametrization of the usability guidelines. Our aim
is to (1) optimize the subjectivity level typically found in
heuristic-based methodologies, (2) optimize their overall
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Figure 1: Evolution of the population distribution.

Table 1: AAL ecosystem challenges [5–18].

Technical challenges End-user challenges

Security and usability: when used in an unsupervised context, the
designed medical devices should be compliant with end-user focused
standards
Autonomy and robustness: functional and power autonomy should
be emphasized during the definition of system requirements, since
the users expected to handle these ecosystems have typically a
limited technology know-how
Culture: the AAL paradigm is perceived differently across cultures. A
clear example is the adoption of robots in health rehabilitation. In
Japan, this is perceived as a viable option to be included as part of
the AAL ecosystems, whereas in Europe and in the United States of
America, people are not so widely open to the idea of leaving such
matter to be managed by an artificial entity with a limited human
supervision
Integration: the system’s requirements should aim at a nonintrusive
and seamless integration with the user’s environment, so as to
minimize their impact on his/her daily routines
Computer human interaction: the widely known limitations of the
typical interfaces used to interact with the system, such as the mouse
or the keyboard, prompt the adoption of other alternatives to
simplify the overall system interaction (e.g., voice and gesture
control)
Data management: the volume and typology of the samples required
by these ecosystems have increased in terms of complexity and
mutability

Privacy, control, and intrusion level: elderly users are concerned
with the misuse of the information collected by the ecosystem

Perceived utility: the lack of perception of the ecosystem’s usefulness
compromises its adoption. According to Sorwar et al., an important

factor influencing user’s perception is his/her social life
Usability: the system’s adaptability rate to the end-user’s needs and
the learning curve required to manage it are elements to consider.
Isolation: the effort performed in the system’s automation discards
the user’s need for human interaction, which may lead to his/her

long-run isolation
Stigmatization and pride: being perceived as fragile compromises the

acceptance of the depicted ecosystems, as it was previously
demonstrated by Jaschinski et al. and Vassli et al.

Lack of technology know-how: elderly people are prone to develop
phobias, driven by their cognitive limitations, and to feel

uncomfortable using technology
Reliability: the system’s accuracy level and capability of avoiding

false positive alarms influence user’s trust in it
Financial sustainability: the inadequacy of the solution prices when

taking the user’s financial limitations into account
Health concerns: concerns about the user’s excessive exposure to
electromagnetic devices and its repercussion on his/her long-term

health
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accuracy and results consistency, (3) extend its accessibility/
applicability to nonusability experts, and (4) minimize the
effort typically related to their automation.

A thorough search in literature was conducted in order
to identify what can be learned from the best practices
depicted, how they can be applied in a practical scenario,
and how the inclusion of automation can be a feasible option
in an enterprise context to mitigate the flaws typically
detected in multiple medical applications in the field.

1.1. Usability. Usability is a multidimensional property that
reflects the scope in which a product/service is expected to
be used [25, 26]. This characteristic varies depending on its
end-users, product/service purpose, and application context.
To ensure its compliance, it is required for the design pro-
cess to take into account multiple elements [25, 27–31]:

(i) Efficiency: measures the speed rate at which the
users perform accurately a task in the interface

(ii) Effectiveness: measures the accuracy with which the
actions required to complete a task in the interface
are executed by the user

(iii) Satisfaction: measures the interface friendliness and
user’s need compliance level

(iv) Learning curve: measures the speed in which the
end-user is able to assimilate the knowledge needed
to use the system properly

(v) Rememberable: measures the difficulty behind the
retention of the required knowledge for the user
to handle the system properly

(vi) Context compliance: measures the compliance of
the product/service created in terms of its applica-
tional context

(vii) Security: measures how the use of the depicted
product/service impacts the user’s data integrity

To enforce usability throughout the development life-
cycle, it is mandatory to integrate within the process prac-
tices that could aid both developers and designers. For this
purpose, it is imperative to stipulate a set of guidelines to
be adopted, evaluation scales and methodologies for the
identification, and prioritization of the usability bottlenecks.

1.2. Guidelines. The search for a set of generic rules not
bound to any applicational context to assist the team during
the development cycle was a thematic thoroughly explored
in the literature. The first set of principles was proposed by
Gould and Lewis in 1985 [32, 33]; however, their limited
applicability hindered their adoption and acceptance by the
scientific community [34, 35]. To address the gap between
the theoretical definition and practical application, in the
following years, several authors proposed their own version
of usability principles, which considered their applicability
in a real environment.

In 1990, Nielsen and Molich proposed 10 heuristic prin-
ciples [36–39] that emphasized the following guidelines: (1)

visibility of system status, (2) match between system and the
real world, (3) user’s control and freedom, (4) consistency
and standards, (5) error prevention, (6) recognition rather
than recall, (7) flexibility and efficiency of use, (8) aesthetic
and minimalist design, (9) error diagnose and recognition,
and (10) user’s assistance and documentation. In 1995, Con-
stantine proposed 11 rules based on multiple interface-
related subjects (access, efficiency, progression, support,
context, structure, simplicity, visibility, reusability, feedback,
and tolerance) [40]. In 1996, Powalsa proposed 10 cognitive
principles [33, 37, 41] focused on a holistic analysis of the
usability evaluation process. In 1998, Shneiderman proposed
a set of 8 golden rules [42] whose definition stressed scopes
already enforced by its predecessors. In 2000, the authors
Susan Weinschenk and Dean Barker proposed 20 principles,
which resulted from the combination of the Jakob Nielsen
principles with vendor specific guidelines (Apple and Win-
dows) [43] focused on multiple topics (user’s control,
human limitations, modal integrity, and linguistic clarity,
among others). In 2003, Tognazzini proposed another set
of principles covering a sum of 19 areas that range from
broad subjects, such as learnability and readability, to more
practical and specific ones, such as colour blindness and
Fitts’s law (human interaction prediction model published
by Paul Fitts in 1954) [44, 45]. This set was the first to
include accessibility elements within its heuristic set and
stress its importance to the product’s acceptance.

Additionally, the emergence and mass adoption of new
interface devices (smart phones and smart TVs) motivated
the creation of specific guidelines capable of taking into
account their design restrictions. On the mobile domain,
several proposals with a well-defined set of heuristics have
been made by the authors Silva et al. [46] and Inostroza
et al. [47]. The smart TV domain should be highlighted in
the study by Martins et al. [48], which aimed at adapting
the Jakob Nielsen heuristics to the specific technical
constraints.

Among the previously mentioned principles, the most
widely accepted, due to their extensive applicability in mul-
tiple use cases, maturity level, and adaptability, is the Jakob
Nielsen and Rolf Molich heuristic principles.

1.3. Scales. The scales used in the evaluation process are
aimed either at quantifying the product usability level or at
providing a formal procedure to prioritize each bottleneck
detected according to its criticality and severity. They can
be segmented into two groups:

(i) User-based: quantification process based on the
information extrapolated from the user’s reactions,
opinions, desires, and feelings expressed during the
interaction process (e.g., ICF-usability scale [49]
and Likert [50])

(ii) Heuristic-based: prioritization process performed
within the scope of heuristic methodologies that
identify the critical flaws in need of further improve-
ment (e.g., Jakob Nielsen scale [51] and Joe Dumas
and Ginny Redish scale [52])
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1.4. Methodologies. Evaluation methods used to identify
usability bottlenecks and provide the development team
feedback are required to mitigate them accordingly [53].
According to their execution requirements, they are divided
on a high level into three typologies, which one with its
unique characteristics:

(i) Inspection-based: analytic methodology whose exe-
cution depends on the availability of formal evalua-
tors or field specialists capable of performing an
accurate assessment of the interaction between sys-
tem and end-user. This scope includes the following
techniques: (1) heuristic evaluation, (2) feature
inspection, (3) consistency inspection, (4) standard
inspection, (5) formal usability inspection, (6) cog-
nitive walkthrough, and (7) pluralistic walkthrough
[28, 53, 54]

(ii) Enquiries-based: empirical methodology based on
execution of questionnaires specifically design to
take into account the inner characteristics of the
product/service being evaluated. The subjectivity of
the collected data is a relevant asset in the identifica-
tion of the user needs and in the identification of
usability bottlenecks. Additionally, their execution
speed and low implementation costs make them a
common choice within the usability evaluation
scope [54]

(iii) Test-based: empirical methodology in which a
human evaluator observes the user’s executing spe-
cific tasks in the interface and collects enough data
to extrapolate empirical evidence to optimize inter-
action mechanisms within the interface [54, 55]

From the multiple methodologies described, this article
focuses over the heuristic methodology. For this purpose, it
defined quantifiable metrics based on literature guideline
parametrization. However, before applying any guideline
breakdown, it is important to identify the advantages and
disadvantages behind the adoption of such methodology,
in order to clarify what drove that decision.

Regarding the main advantages, the heuristic methodol-
ogy is known as a quick and low-cost approach capable of
providing feedback to the designers since an early stage,
without the need of real end-users. This approach uses liter-
ature guidelines to evaluate the interface, and this assists the
designers in identifying corrective measures needed to solve
usability bottlenecks detected. In terms of disadvantages, the
ones most frequently highlighted are (1) the approach’s effi-
ciency and viability depends on expert know-how, (2) inabil-
ity to evaluate usability to its full extent (for example, user’s
satisfaction is out of the methodology’s scope), and (3) the
lack of reliability of the produced end-results, which can be
tackled by including additional specialists to perform the
evaluation process [56, 57]. According to the best practices,
its applicability requires a group of 3 to 5 evaluators [58].

The dependency on expert’s know-how and the execu-
tion restrictions identified are challenges that the proposed
parametrization intends to mitigate, ensuring the methodol-

ogy accessibility to anyone that intents to use it. However, it
should be noted that applying a set of well-defined metrics to
manually evaluate an interface in terms of guidelines com-
pliance level is a time-consuming task. Since parametriza-
tion is a first step to define business rules to be consumed
by a yet to define tool, it is reasonable to explore the use of
automation mechanisms to handle such procedure.

2. Heuristic Methodology Roadmap

This methodology has been a thematic explored in the liter-
ature by several authors whose contributions led to its typi-
fication into four categories, each one with their own unique
characteristics:

(i) Interaction-based: an approach focused on the use
of users’ interactions to evaluate the interface’s
usability. The analysis performs a comparison
between the interaction samples collected and the
ones considered optimal within the applied context,
so as to identify usability bottlenecks. Despite being
acceptable to check the interface implemented at the
interaction level, its use entails multiple conse-
quences, such as (1) the dependence on real users
and an already testable interface and (2) the results
reliability and the significant number of samples
required to ensure the process viability. In terms
of architecture, these solutions usually delegate the
sample processing and analysis to a remote server,
but inherent performance drawbacks have led to
the adoption of a new approach in which the load
is divided between server and client accordingly
with the objective of improving the results’ response
times [59–63]

(ii) Metric-based: an approach focused on the definition
metrics used to quantify the interface’s compliance
level with usability guidelines defined in literature.
These solutions do not require the intervention of
end-users, which make them a viable option to be
used in the interface’s development initial stages.
Despite the correlation shown between the
approaches and the manual tests outcomes, the
metrics’ lack of context awareness and their overall
dependence on expert’s know-how compromise
their adoption in multiple use cases [59–61]

(iii) Model-based: an approach developed to mitigate
the drawbacks identified in the metric- and
interaction-based approaches through the use of
artificial intelligence mechanisms; this allows for
the definition of the interaction model then applied
in the evaluation process. Features which make it
independent from end-users enhance its context
awareness. Although efforts have been made to
enhance the model’s creation and training algo-
rithms and their context adaptability, current solu-
tion scalability and performance still need
improvement before being implemented in a real
environment [59–61, 64]
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(iv) Hybrid-based: an approach that combines the
mechanisms of each of the previously described cat-
egories to provide a holistic solution capable of
identifying usability flaws and proposing measures
to address them [59, 60]

Despite their differences, there is a common denomina-
tor among the categories defined—the automation mechan-
isms—which aim to reduce the number of tasks to be
handled by a human agent. Based on such typification, a
development effort has been performed by both the scientific
and industry community to create solutions capable of eval-
uating to a certain degree in the interface’s usability.

2.1. Industry Context. In the industry context, external fac-
tors, such as the government accessibility guideline compli-
ance policy [65, 66] combined with the elapsed time
typically required to perform an interface full assessment,
fostered the development of standalone metric-based solu-
tions capable of evaluating a specific usability subset—acces-
sibility—for both web and mobile interfaces (please see
Tables 2 and 3).

2.2. Academic Context. In the academic context, an analysis
performed to 99 scientific articles ranging from 1997 to
2022 provided an overview of the heuristic methodology
evolution tendency and respective trends explored through-
out the years [60, 62–64, 67–142] (see Figures 2 and 3).

Based on the results obtained, it is perceivable that 40%
of the scientific articles published focused over interaction-
based solutions. However, such tendency has been shifting
from 2005 onwards to the model-based approaches, due to
the improvements achieved in the machine learning and
data mining algorithms.

From the several articles sampled are highlighted the fol-
lowing ones:

(i) In 2013, Dingli and Cassar proposed a tool that
automates the usability evaluation process of web
interfaces using several artificial intelligence mech-
anisms. The results obtained demonstrate the
capability of the tool in the identification of critical
bottlenecks otherwise identified by a human agent
[69]

(ii) In 2014, Yáñez Gómez et al. compiled a set of heu-
ristic evaluation checklists and adapted them by
taking into consideration the unique requirements
of mobile interfaces. As a result, an assessment tool
based on a mobile-oriented best practices checklist
was generated. Such tool provided the means to
trained and nontrained developers to assess and
identify critical usability bottlenecks in mobile
interfaces in an accurate and feasible way [139]

(iii) In 2017, Sun proposed a usability evaluation
approach based on mixed intelligent optimization
focused over the assessment of educational
resources software [140]. In the same year, Ferre

et al. proposed an extension to the Google Analyt-
ics functionality, which stored the actions executed
by the user during the usability evaluation process.
The solution itself was divided into three func-
tional blocks: the first one identifies the tasks exe-
cuted and events triggered in the interface, the
second one maps the event/task information sam-
pled and logs it into the client device, and the third
one focuses over the identification of interaction
patterns in the samples collected through the exe-
cution of a set of data mining algorithms and com-
pares them with the defined expected interactions
[73]

(iv) In 2018, Othman et al. published a study that com-
pares the Jakob Nielsen principles and the smart
heuristics in the detection of usability bottlenecks
within a museum guide app developed for the
mobile environment. Comparison is aimed at
identifying which heuristic subset was suitable to
evaluate/assert the interface’s usability—a generic
heuristic set (Nielsen’s heuristics) or a tailored
heuristic set whose metrics have been customized
to consider the unique characteristics of applica-
tion developed for smartphones. The output pro-
vided highlighted the importance of the
application context during the selection of the heu-
ristic set to maximize the accuracy and efficiency of
the evaluation process [141]

(v) In 2019, Ribeiro et al. proposed an approach to
perform an assessment and identification of usabil-
ity bottlenecks in an automatic manner through
the use of user interactions with the interface in
production environment. Such approach is aimed
at mitigating the costs and complexity related with
the user interaction sampling process during the
execution of usability tests [105]. In the same year,

Table 2: Accessibility validation tools for end-users.

Scope Tool name

Web Dynomapper1

Web AChecker2

Web AATT3

Web TAW4

Mobile (Android) Accessibility Scanner5

Mobile (Android) UI Automator Viewer6

Mobile (Android) Google Play7

Mobile (iOS) WCAG accessibility checklist8

Mobile (iOS) Colour contrast9

1https://dynomapper.com/. 2https://achecker.ca/checker/index.php.
3https://github.com/paypal/AATT. 4https://www.tawdis.net/. 5https://
support.google.com/accessibility/android/answer/6376570?hl=en. 6https://
developer.android.com/training/testing/ui-automator#ui-automator-
viewer. 7https://support.google.com/googleplay/android-developer/.
8https://apps.apple.com/us/app/wcag-accessibility-checklist/id1130086539.
9https://apps.apple.com/us/app/color-contrast/id1095478187.
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Virtanen used the robot framework to automate
the analysis of the interface’s compliance level with
the Jakob Nielsen heuristics. The study compared
the usability bottlenecks identified with the ones
detected by the traditional manual approach to
assert the approach effectiveness and accuracy
[143]

(vi) In 2020, Bures et al. proposed a crawler specialized
in the generation of interaction models within the
context of smart TV applications. The generated
models provide the end-user a mechanism to
quantify the feasibility and effort related with the
execution of each action within the interface and
evaluate it in terms of usability [100]

(vii) In 2021, Ripalda et al. proposed a tool that corre-
lates the adopted usability metrics defined in the
literature with the feedback retrieved automatically
from LINKERT questionnaires designed by the
development team. Such tool provides designers,
developers, and usability specialists the mecha-
nisms required to evaluate the interfaces, to iden-
tify the side effects of design changes in the
interaction process and to perform an assessment
with recommendations meant to optimize the
overall results obtained [137]

(viii) In 2022, Muhanna et al. proposed a set of heuris-
tics to tackle the lack of explicit usability evaluation
methods capable of assessing the usability within a
specific application context—Arabic mobile games.
For this purpose, Nielsen’s heuristics were revised
and adapted to meet the unique characteristics of
the software being evaluated. Through such adap-
tation it became possible for the evaluators to
detect additional critical bottlenecks within the test
scope defined [142]

The approach that is explored in the article is included in
the metric-based type.

2.3. Heuristic Optimization

2.3.1. Principles’ Breakdown. The guidelines selected for the
parametrization process were the following: (1) Jakob Niel-

sen’s principles, (2) Shneiderman’s golden rules, and (3)
Weinschenk and Barker’s cognitive principles. Each princi-
ple was grouped according to its scope within the interface
and its direct relation with the interface main building
blocks, the components, and the actions [144]. As a result,
four typologies were defined: component oriented (CO):
focused on the compliance of the interface’s native compo-
nents with the look and feel defined during the design phase.
As the name implies, its applicability requires an assessment
of the components within each application’s section in terms
of typology (active or passive), family (button, checkbox,
and input tag, among others), and name; action oriented
(AO): focused over actions provided used to navigate across
the interface and manipulate the business data consumed
system; section oriented (SeO); and screen oriented (ScO).

For each principle, the respective parametrization is pre-
sented in Tables 4–6.

It should be noted that within the Shneiderman and
Weinschenk and Barker subsets, there were principles not
described, since they have a common ground in terms of
concept and definition to principles whose evaluation pro-
cess had already been discussed.

In the Shneiderman subset, principles such as (1) “Strive
for consistency,” (2) “Seek universal usability,” (3) “Prevent
errors,” (4) “Permit easy reversal of actions,” and (5)
“Reduce short-term memory load” share the same evalua-
tion process described for their counterparts in the Jakob
Nielsen and Rolf Molich set (“Consistency and standards,”
“Flexibility and efficiency of use,” “Error prevention,”
“User’s control and freedom,” and “Recognition rather than
recall,” respectively).

In the Weinschenk and Barker subset, principles relating
several topics, such as (4) “Accommodation,” (10) “Accu-
racy,” (16) “Consistency,” (17) “Support,” and (20) “Respon-
siveness,” were discarded from the evaluation process.
According to Nayebi et al. [156], the use of a proper lan-
guage, terminology, and adequate metaphors (daily life
objects within the interface components as a visual represen-
tation of their purpose) plays a major role to ensure the
interface suitability to the user’s needs and behaviours.
These key factors are already considered in the second Jakob
Nielsen and Rolf Molich principle (“Match between system
and the real world”). In terms of “Accuracy,” the principles
state that the interface should be deprived of errors or, in
other words, the errors should be prevented to a certain
degree. This topic is already discussed and addressed by
the fifth Jakob Nielsen and Rolf Molich principle (“Error
prevention”). The remaining categories share a direct con-
nection with their Jakob Nielsen and Rolf Molich’s counter-
parts (“Consistency and standards,” “Help and
documentation,” and “Visibility of system status”).

2.3.2. Real Environment Applicability. The parametrization
provided a checklist to assert the interface’s usability compli-
ance level. To foster its development, it becomes imperative
to identify current bottlenecks that may hinder its adoption
by using it in a real use case. For this purpose, two e-health
applications were evaluated (an academic prototype and an
enterprise solution).

Table 3: Accessibility validation tools for developers.

Scope Tool name

Mobile (Android) Android studio linter1

Mobile (iOS) XCode accessibility inspector2

Mobile (Android) Espresso3

Mobile (Android) Robolectric4

Mobile (iOS) UBKAccessibilityKit5

1https://developer.android.com/studio/write/lint. 2https://developer.apple
.com/library/archive/documentation/Accessibility/Conceptual/
AccessibilityMacOSX/OSXAXTestingApps.html. 3https://developer.android
.com/training/testing/espresso. 4http://robolectric.org/. 5https://github.com/
NAB/UBKAccessibilityKit.
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2.3.3. Doctor Helper (Prototype). The Doctor Helper is an
academic prototype created as an attempt to replicate the
functionalities identified in typical e-health applications,
namely, (1) account creation/authentication, (2) sensor sam-
ples’ registration, (3) presentation of the sensor sample his-

tory in multiple visual formats, and (4) creation of data
reports and inclusion of a notification mechanism to aid
the user in his/her daily tasks or to report any abnormal
event in the system.

The performed evaluation considered the 106 actions
and 356 components available in the 15 screens of the entire
interface (see Figure 4). The end-results are presented in
Figures 5–7.

The evaluation results are allowed to identify a total
amount of 1781 usability smells. In terms of “Visibility of
system status,” the main bottlenecks in the Jakob Nielsen
subset are the lack of confirmation/conclusion dialogs and
the lack of a task completion rate. Regarding the “Error pre-
vention” principle, the most prominent issues were related
to the lack of an autocomplete mechanism in the compo-
nents which receive an input from the user, the lack of a
mechanism that automatically saves the user’s work, the lack
of error messages providing clear indications of the type of
unconformities detected in the user’s input, and the lack of
mechanisms capable of disabling the action-related controls
when the view requirements are not met. Finally, for the
“Help and documentation” principle, its evaluation was
mainly related to the lack of an option in the interface to
access the platform official documentation.

In terms of “Support internal locus of control,” the main
bottleneck in the Shneiderman subset was related to the lack
of confirmation dialogues to assert the user’s intentions
before executing a certain task within the interface.

In terms of “Human limitation,” it should be emphasized
that, in the Weinschenk and Barker subset, the components
lack the capability to store their previous state, preventing
the user from being aware of his/her previous interactions
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without appealing to his/her memory. Regarding “Interpre-
tation” principles, the main bottleneck detected was related
to the lack of a mechanism in the system capable of predict-
ing the user’s intentions or user’s input when the interaction
process is taking place.

2.3.4. SmartAL (Enterprise Application). SmartAL (https://
http://www.alticelabs.com/site/smartal/) is a solution devel-

oped by Altice to monitor in real time chronically ill and
elderly patients. This platform is intended to perform a thor-
ough follow-up of the patients by providing mechanisms to
monitor their vital signs, perform video calls with their phy-
sician, manually register vital signs samples, and schedule
video call appointments among other functionalities.

During the analysis were taken into consideration 523
actions, 1918 components, and 103 screens of the entire

Table 4: Jakob Nielsen and Rolf Molich’s principles of parametrization [144–152].

Principle Type Parameters

1 CO Providing feedback to the user in each component’s native state (pressed, hover, selected, and dragged, among others).

1 AO
Providing a progress bar indicator for time consuming tasks; providing a dialogue to give the user a certain awareness
when the action previously executed is concluded and its respective state (if the operation was successful or unsuccessful).

2 AO
Including an icon within the component that provides a visual representation of its purpose through a familiar object
known by the end-user (e.g., the floppy disk icon for save operations); avoiding the use of system terminology in the text

content displayed to the user.

3 CO Ensuring action reversibility.

4 AO

Ensuring the components’ structure and look and feel compliance with the attributes defined during the designed phase
to enforce consistency across the multiple interface sections. Border stroke (radius, width, and colour), text style (colour,
font, and weight), sentence structure, icon existence, and background colour must be defined and cross-checked with the

interface, to quantify the current design compliance level.

5 CO
Restricting the user’s input; providing defaults; disabling action control mechanisms, when data required is not provided
by the user; presenting warning messages reporting any unconformities regarding the input provided before action

closure.

5 AO
Providing dialogs to assert if it is the user intention to proceed with the action being triggered; including a resolution to
the abnormal event triggered within all the error messages displayed; providing mechanisms to allow the user to cancel an

action during its execution.

5 SeO
Including a mechanism capable of saving automatically user’s work when an abnormal event that compromises the

interface stability is triggered.

6 CO
Including hints to identify the data type accepted by the input component displayed, tooltips with the description of the
component’s action, and labels/icons that clarify the component’s action purpose; ensuring components’ consistency to

use its aesthetic as a visual aid for the user recollect its intended purpose.

7 CO Providing shortcuts to allow the user to navigate across the interface components and interact with them accordingly.

8 CO
Avoiding the use of flourished effects in the interface, such as highlights, shadows, glossy, and 3D effects; adopting colours

with contrasts compliant with accessibility guidelines defined for the interface type created.

9 AO
Structuring the error messages in such a way that the reason which led to the abnormal event and a mitigation solution to
address it is presented within its body to the end-user in a clear and concise way; ensuring the provisioning of readable

and objective error messages. As a rule of thumb, the message size should not exceed the 20 words limit.

10 SeO
Providing a dedicated option within the interface’s menu to access the official documentation that holds the information

required for the user to manage the system.

Notes: 1: visibility of system status; 2: match between system and the real world; 3: user control and freedom; 4: consistency and standards; 5: error prevention;
6: recognition rather than recall; 7: flexibility and efficiency of use; 8: aesthetic and minimalist design; 9: help users recognize, diagnose, and recover from
errors; 10: help and documentation.

Table 5: Shneiderman’s golden rules of parametrization [152–155].

Principle Type Parameters

3 AO
Providing a clear indication of the task’s completion rate; providing a progress bar for time-consuming operations;
including the user in every interface screen information to identify his/her position within the interface navigation

hierarchy (e.g., through the use of breadcrumbs).

4 AO Providing a closure dialogue to give awareness to the end-user of the state in which the operation was concluded.

7 AO Providing a dialogue to assert the user intentions upon the execution of a certain action.

7 SeO
Providing a clear indication of the current section and its hierarchical position within the interface structure using

breadcrumbs; providing a global navigation menu.

Notes: 3: offer informative feedback; 4: design dialog to yield closure; 7: support internal locus of control.
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Table 6: Weinschenk and Barker’s cognitive principles of parametrization [156–161].

Principle Type Parameters

1 AO Ensuring action reversibility; providing a task’s completion rate and a confirmation dialogue during the actions execution.

1 SeO Including a clear indication of the current section; providing a global navigation menu.

2 AO
Ensuring interface response time lower than 10 s; providing stateful component’s capable of giving feedback to the user
whenever a certain action is performed. For example, when the user clicks a hyperlink, the colour of the link should

change to give awareness that the link was previously accessed.

2 SeO
Providing text content in a simple and direct manner; avoiding flourished font families and redundant hyperlinks;

avoiding the use of unrelated images within the section’s context.

5 CO
Including hints to identify the data type accepted by the input component displayed, tooltips with the description of the
component’s action, and labels/icons that clarify the component’s action purpose; avoiding the use of foreign words or

acronyms in the text content provided; avoiding spelling errors.

6 CO
Ensuring aesthetic similarity, proximity, and continuity across components from the same family or used to perform a

similar action.

7 CO Providing default in the multiple-choice fields.

7 SeO Providing mechanisms to display in a gradual fashion the interface functionalities, from a basic to an advanced setting.

8 CO Ensuring the component’s consistency.

8 SeO
Including a clear indication of the current section and its hierarchical position within the interface structure using

breadcrumbs; providing a global navigation menu.

9 SeO Including mechanisms to predict the user’s intents.

11 SeO Presenting trustworthy information according to the domain being modelled by the interface.

12 SeO
Providing mechanisms which allow the user to customize the interface look and feel to best fit his/her personal

preferences.

18 AO Ensuring that results/feedback provided matches user’s expectations.

19 AO Providing mechanisms that allow for reversion/recovery from any action executed within the interface.

Notes: 1: user control; 2: human limitations; 5: linguistic clarity; 6: aesthetic integrity; 7: simplicity; 8: predictability; 9: interpretation; 11: technical clarity; 12:
flexibility; 18: precision; 19: forgiveness.
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interface (see Figure 8). Note that there is a significant dis-
crepancy between the number of objects and actions identi-
fied between the academic prototype and a commercial
application in a real environment, due to the number of
functionalities and user roles supported (patient and care-
giver). The interface technical depth combined with exten-
sive number of elements to be tackled and the project time
constraints implied the execution of compromises. As a con-

sequence, the analysis scope was restricted to the most
mature and emphasized subset in the literature—the Jakob
Nielsen and Rolf Molich subset. The end-results are pre-
sented in Figure 9.

The results obtained highlighted 2488 usability smells.
Among the evaluated principles, the ones that were not able
to achieve the minimum acceptable score (70%) were related
to “Visibility of system status,” “User’s control and
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freedom,” “Error prevention,” “Flexibility and efficiency of
use,” “Help users recognize, diagnose, and recover from
errors,” and “Help and documentation.”

The lack of progress bar indicators for time-consuming
operations, the lack of dialogues to signal the user when a
certain action is concluded, the lack of meaningful tooltips
with information regarding the object or action intent, the

existence of hints with system specific terminology, the lack
of dialogues to assert the user’s intentions when an action is
being executed, the lack of advices within the error message
to mitigate the abnormal event, the lack of mechanisms
capable to cancelling an action execution at any given time,
the presentation of error messages with technical terminol-
ogy, the lack of a link in the interface section to redirect
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the user to the official documentation, the lack of a tooltip in
the interface controls describing the keyboard shortcut
which could be used to trigger the component inherent
action (see Figure 10), and the lack of a mechanism to assure
the user’s work is not compromised by any abnormal event
that may be triggered within the interface are some of the
most prominent flaws identified in the interface which led
to the obtained results.

All the results from the evaluation process were obtained
through a manual analysis of the interface, a time-
consuming and error prone approach. To maximize its scal-
ability, it is required to implement automatisms capable of
assisting the end-user with the evaluation tasks.

3. Implications

The AAL ecosystem’s rapid growth in the past few years led
to the development of multiple use case-oriented solutions
and studies addressing different subjects and challenges
identified in such ecosystems. Depending on the scope of
the studies and solutions devised, different approaches have
been used to explore and tackle usability.

There are studies that focus over the usability assessment
of existing solutions to identify critical bottlenecks and sug-
gest optimizations accordingly. In this scope are included
but not limited to the following application contexts: wear-
able camera system for dementia patients in 2014 by Mat-
thews et al. [162], diabetes-monitoring applications in 2015
by Isaković et al. [163], IPTV application running in com-
mercial environment that integrates multiple solutions to
support home care by Ribeiro et al. [164], emergency alert
devices in 2020 by Lersilp et al. [165], and smart bands in
2021 by Correia et al. [166], among others.

Studies focused over the usability processes adopted and
their role within the development cycle. In 2017, Sili et al.
presented a user-centred design process for an indoor and
outdoor navigation solution suitable for the target group
defined [167]. In 2021, Bastardo et al. went a step further
by questioning the methodological quality of the user-
centred usability evaluation of AAL ecosystems. The hetero-
geneity of the methods adopted in this scope imposes the
definition of guidelines and instruments to assess the quality
of the evaluation procedures adopted. Through an accurate
assessment, it becomes possible to identify bottlenecks opti-
mizing the process in an overall manner [168].

Other studies emphasize how the lack of attention given
to usability has hindered the acceptance and adoption of
AAL ecosystems’ solutions. In 2013, Agha et al. proposed a
study which aimed to provide awareness to the readers of
the complexities and importance of addressing human fac-
tors and usability aspects of telehealth. According to the
authors, the rapid growth of mHealth technologies imposes
a shift in terms of priorities during the development cycle.
Feedback provided by both patients and caregivers must be
considered to maximize the solution’s acceptability and
adaptability [169]. In the same year, Queirós et al. performed
a review of the AAL ecosystems to identify how end-users
are involved during the development cycle. The end-results
proved a certain lack of involvement of the end-users in
the process, especially in the assessment of usability and
accessibility bottlenecks [170].

Note that it is perceptible that usability is gaining
momentum in AAL ecosystems. However, the way how it
is tackled tends to be centred over the solution’s specific
needs. Within the article’s context, usability is explored in
an independent manner. The parametrization of the
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literature guidelines is aimed at creating the cornerstones
required for the definition of heuristic metrics suitable for
any solution within the AAL ecosystems’ scope. In opposi-
tion to the typical approaches adopted so far, the objective
was to avoid coupling the metrics defined to any specific
solution. The unique characteristics and the nature of the
tasks executed within such ecosystems impose the definition
of tailored made metrics. An analysis of the literature
showed that such customization has not been explore thor-
oughly due to the heterogeneity of the solutions devised
within this scope, so with this article, it is intended to per-
form the first step towards achieving that goal.

The findings present a practical application of the
parametrization adopted and highlight how its use allows
to assert the level of compliance with the guidelines covered
in the study. Despite providing the foundations of the met-
rics to be used within the evaluation process, their scope still
needs to be further refined, in order to make them suitable
with the ecosystems that will be evaluated. Therefore, in a
second iteration, it is expected to test the parameters in other
e-health applications and collect user’s feedback regarding
the usability bottlenecks identified to identify which metrics
have contributed to the identification of critical issues and in
which way they can be further optimized to take into
account the user standpoint when handling the application.

4. Conclusions

The research performed compiled the knowledge available
in the literature which is culminated in the proposed param-
etrization. Parametrization provided an objective manner to
address the usability principles frequently applied in a heu-
ristic evaluation process. Its main differentiating factor is
related to how the metrics were defined. The definition of
each principle was analysed thoroughly to identify practices
which are applied with the objective of ensuring, within a
certain degree, its compliance. By isolating the typically used
approaches, it was possible to define metrics that can be
asserted in a binary manner. Its applicability allowed the
maximization of the result’s accuracy and consistency, mak-
ing the heuristic methodology more accessible to users with-
out expert usability know-how.

However, there are inherent limitations within the cur-
rent process which hinder its long-term scalability:

(i) Manual analysis: the interfaces’ compliance level
with the metrics defined was checked by a human

agent. The multiple scopes that are expected to be
analysed (components, actions, and sections) in
combination to the respective interface technical
debt tend to significantly increase the time needed
to perform a thorough analysis of the interface.
Therefore, it is imperative to automate the current
approach. The use of automation in the heuristic
methodology brings multiple benefits such as evalu-
ation cost reduction and test coverage maximization
[59, 93]

(ii) Context adaptation: the current approach provides
the groundwork in terms of the parametrization of
the metrics applied. However, the parameters
defined are too generic and must be further refined
and adapted to the environment where they will be
used. Therefore, user feedback through the evalua-
tion of multiple AAL ecosystems is required to refine
the parametrization process and improve their accu-
racy in the detection of critical usability bottlenecks.
Such refinement is expected to be performed
through a comparison between the usability bottle-
necks identified by the current approach and by
end-users
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