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Abstract. As the population grows older, the need for special assistance
increases, and a modern alternative to mitigate the absence of face-to-
face caregivers (which is expensive) is to take advantage of technological
devices in so called smart environments, which can be an economical
and practical solution. Guaranteeing the software quality of applications
in these spaces before providing it to end users is essential, especially
in situations involving senior citizens or people with motor disabilities.
In order to investigate how the quality evaluation of smart environment
applications has been performed, we carried out a tertiary study. From a
total of 1,028 studies, 21 were carefully selected for analysis. The results
confirmed that classical questionnaires and interviews are the techniques
that are still used the most for evaluation, but that simulation appears
as a new trend to that end.
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1 Introduction

Smart environments have been considered as an appropriate living alternative for
both ageing safely at home and also receiving care as needed [16]. A smart home
can be described as a “residence wired with technology features that monitor
the well-being and activities of their residents to improve overall quality of life,
increase independence and prevent emergencies” [13]. Ensuring the quality of
these systems is essential if they are to be effectively utilized: without a solid
reference on user evaluation, a system evaluation cannot be tackled well [30].

The quality of a system application is defined as “the degree to which the
system satisfies the stated and implied needs of its various stakeholders and
thus provides value” [26]. These needs are represented in the SQuaRE Inter-
national Standards by two quality models: (i) a product quality model made
up of characteristics (such as functional suitability, performance efficiency and
maintainability) related to the static properties of the software and the dynamic
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properties of the computer system; and (ii) a Quality-in-Use (QinU) model made
up of characteristics (such as effectiveness and efficiency) related to the outcome
of the human-computer interaction when a product is used in a specific context
of use. While the first model assesses the quality of the product itself, the QinU
perspective assesses the effect of the interaction between the user and the soft-
ware, taking into consideration the user experience (UX). We focused this study
on QinU, as our main intention is to evaluate the quality of software used in
smart environment contexts.

Given our main interest in evaluating QinU for software applications in smart
homes that are usually inhabited by elderly people, we wondered how these eval-
uations have been carried out and whether the classic user evaluation sessions
have been applied. The QinU evaluation of smart environment applications in-
volves placing users in the smart environment (in this case, smart homes) for
evaluation sessions due to the array of sensors that usually capture information
for this type of application. Evaluations like that may be difficult or even unsafe
for the elderly and/or people with reduced mobility; therefore, we should secure
the QinU even before carrying them out. Aiming to find out how researchers are
addressing this problem and which approaches have been applied for evaluating
smart home applications that could address this situation properly, we decided
to carry out a tertiary study [12] by rapid review [45].

The rest of this paper is organized as follows: Section 2 briefly presents ba-
sic concepts of QinU. Section 3 describes the research protocol and execution
procedures of the study. Then, Section 4 discusses the results of the performed
review and Section 5 the threats to the validity of this study. Finally, Section 6
presents some final remarks and our ongoing work.

2 Background

QinU considers how much a software can address the user needs in a specific
context of use and it is divided into five categories [26]: effectiveness, for how
accurately users can perform their intended tasks; efficiency, for how easily and
fast such tasks can be accomplished; satisfaction, for how pleased the users are
with the product; freedom from risk, for how much such product lessens potential
risks related to either the environment, economic status or humans’ health; and
context coverage, for the degree to which the product can be used with the four
previous characteristics in specified contexts of use (context completeness) and
also in contexts beyond those initially explicitly identified (flexibility).

When we talk about evaluating interactive systems, we immediately turn
to usability issues, as presented in the ISO 9241-11 standard [21]. Usability
is defined as “the degree to which a product can be used, by identified users,
to achieve defined objectives with effectiveness, efficiency and satisfaction, in a
specified context of use”. Effectiveness, efficiency and satisfaction, which are the
tripod of the ISO/IEC 9241-11 definition, are present in the QinU model of the
SQUaRE standard [26].
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The evaluation of QinU and usability issues has been largely explored in lit-
erature with methods and applications. We can quote, for instance: mathemat-
ical simulations (e.g. [10]), where the authors establish values and apply them
to mathematical formulas for validation, or agent-based simulations (e.g. [8]),
to emulate humans’ behaviour. One of the most common ways of evaluating
QinU and usability is through questionnaires that can be answered by end users
(e.g. [38]) or by domain experts (e.g. [40]). In such situations, users must either
interact with the evaluated application or have it demonstrated to them before
answering a set of questions. Some authors decide to apply ad-hoc question-
naires, that is, a group of questions created for assessing a specific application
with no intentions of recreating the process, or published questionnaires that
are already established with a pattern of interrogations. Among the latter, there
may be standardized questionnaires [5] or non-standardized ones.

3 The Tertiary Study

A tertiary study is described as a “systematic review of systematic reviews” that
can be performed in a field where a number of reviews related to the same
research questions has already been made [28]. In this section, we describe the
planning (Section 3.1) and execution (Section 3.2) of our tertiary study on QinU
of smart environment applications4.

3.1 Planning: Research Protocol

From the main issues presented previously, the research questions (RQs) were
defined to guide the information that should be extracted from the studies:

– RQ1 (main RQ): What are the most common evaluation approaches for
QinU in smart environments?

– RQ2: What are the most evaluated types of systems regarding smart envi-
ronments?

– RQ3: Which quality characteristics were the most evaluated in smart envi-
ronments?

To find the secondary studies, the databases Scopus and Web of Science were
selected considering that they are the most widely used databases for analysis
[44]. Besides, they are largely used for systematic studies and gather most of the
Computer Science references including ACM, Elsevier, IEEE and Springer.

The search string to be ran in such databases was defined using the PICOC
strategy [42]: Population, for all studies related to QinU5, considering all its
subcharacteristics; Intervention, for finding evaluations and assessments for the
quality previously mentioned; Comparison, which was not included since we
4 The detailed process and replication packages are available on [1, 2].
5 The acronym QinU was not included, as we tried it on its own in the search string

and no studies came up.
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did not know of any other reviews with the same goal; Outcome, to establish
that the results should include secondary studies; Context, to include intelligent
environments, pervasive systems, and so on.

The search string was defined as follows, and each part was then linked with
an “and” connector:

– Population: (“usability” OR “quality in use” OR “effectiveness” OR “effi-
ciency” OR “satisfaction” OR “freedom from risk” OR “context*” OR “use-
fulness” OR “trust” OR “pleasure” OR “comfort” OR “flexibility”)

– Intervention: (“evaluation” OR “assessment” OR “quality evaluation” OR
“quality assessment”)

– Outcome: (“*systematic literature review” OR “systematic* review*” OR
“mapping study” OR “systematic mapping” OR “structured review” OR “sec-
ondary study” OR “literature survey” OR “review of survey*” OR “state of
research” OR “state of art” OR “rapid review” OR “SLR” OR “scoping re-
view”)

– Context: (“smart*” OR “intelligent environment” OR “pervasive” OR “ubiq-
uitous” OR “AAL” OR “ambient intelligence” OR “assisted living” OR “sys-
tems of systems” OR “internet of things” OR “Cyber-Physical Systems” OR
“Industry 4” OR “fourth industrial revolution” OR “web of things” OR “In-
ternet of Everything” OR “IoT” OR “CPS”)

To be included in this tertiary study, each one of the reviewed studies had
to comply with the following aspects of the defined inclusion criteria (IC):

– IC1: Published in the Computer Science or Engineering area;
– IC2: Published in the proceedings of a conference, journal, or as a book

chapter;
– IC3: Published as a secondary study;
– IC4: Studies concerning the evaluation of the QinU of smart environment

applications.

The exclusion criteria (EC) was established as well:

– EC1: Studies not published in English;
– EC2: Editorials, books or erratums;
– EC3: Studies duplicated in the results;
– EC4: Studies that have not been found fully available.

For extracting data, it was established that the following information would
be collected from each one of the studies: (i) goal; (ii) number of papers reviewed;
(iii) approaches used for evaluation; (iv) type of the system that was evaluated;
(v) quality characteristics that were evaluated; (vi) type of secondary study;
(vii) type of publication; and (viii) year of publication. A spreadsheet file and a
Google form (that stores the data in a spreadsheet) were used, respectively, for
the review process and extraction of data. Both spreadsheets were then accessed
by all reviewers via Google Sheets.
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Fig. 1: Research protocol and year distribution in the final selected set.

3.2 Execution

One PhD student and four professors expert on HCI and IoT applications par-
ticipated in this phase. The primary selection was performed by one of the
reviewers and peer-reviewed by another. In case of disagreements between these
two, a third reviewer provides an opinion regarding the respective study to re-
solve the tie. In case of persistent doubt, a discussion with another reviewer was
done to make a decision.

All selection criteria (IC, EC) was applied from the beginning of the research
steps (Figure 1a). The search string was executed in both selected databases on
July 19th, 2023. At this moment, thanks to the engine tools of the databases,
IC1, IC2, EC1, and EC2 were already included in the search string automatically
filtering the results: 338 from Scopus and 861 from Web of Science. Combining
both results (1,199 papers), we could therefore apply EC3 to exclude duplicated
studies before the manual review, which resulted in a total of 1028 studies. Then,
all the titles were reviewed by one reviewer to include only secondary studies that
worked to measure the QinU of software (IC3, IC4), which resulted in 100 studies.
Then, all the abstracts were analyzed for the same purpose, which resulted in
35 studies. The next step implies downloading all papers for data extraction.
However, 2 papers were not available (EC4) which resulted in 33 papers. After
reading the full publications, we concluded that 12 articles concerned mobile
applications and were not effectively applied in smart environments (IC4), which
was not clear from the abstract, so they were also excluded. Finally, 21 studies
remained for data extraction.

4 Discussion of the Results

We did not establish any date limits. We noticed that the studies brought in the
search are very recent, ranging from 2018 to 2023, as shown in Figure 1b, with
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at least two articles published each year and with its peak in 2021, which shows
that not only it is a relatively new field of research, but also that it is a topic on
which researchers are currently actively working on.

The secondary studies selected can be categorized based on the methodol-
ogy used to choose the studies for analysis. In total, there were three different
categories of secondary studies: Systematic Literature Review [4, 6, 14, 15, 18–
20, 29, 33], Scoping Review [7, 9, 11, 31, 32, 34, 36, 37, 46], and Systematic Map-
ping [17, 39,43].

Considering all the secondary studies analyzed, seven out of 21 (33,33%)
were published in international conferences and 14 (66,66%) were published in
journals. Not all the secondary studies listed the articles (primary studies) they
analyzed.

4.1 RQ1. What are the most common evaluation approaches for
QinU?

Different types of evaluation were found by the secondary studies (Table 1),
with the most common evaluation approach being the questionnaire, whether the
authors created it themselves for their study [4,6,7,9,15,17,20,29,31,33,43,46]
or applied an already published questionnaire [6,7,14,17,29,31,33,34,37,39,46],
followed by interviews [4,6,7,9,17,20,29,31,33,34,36,37,43,46], focus groups [9,17,
20,29,31,33,34,46], observation [4,7,17,18,20,29,34,46], log data [11,17,33,34,46],
the think aloud protocol [7, 17, 29, 31], surveys [18, 32, 46], user feedback [9, 29],
heuristic evaluations [29,31], and others. Table 1 presents the reference for each
secondary study, the number of primary studies they analyzed (#), and the
methods and techniques identified (e.g. [4] analyzed 24 primary studies).

More than half of the secondary studies analyzed (12) reported the use of
questionnaires that were created by the authors with the sole purpose of an-
swering their research questions and without any plan for repetition [4, 6, 7, 9,
15, 17, 20, 29, 31, 33, 43, 46], while other authors used established questionnaire
forms to reach their goals. Between those, the secondary studies indicated a to-
tal of 44 different questionnaires, including well-known and standardized ones,
according to [5] and [14], that are presented in Table 2 (which shows not only the
standardized questionnaires’ names, but also how many secondary studies found
them and how many primary studies were found applying such questionnaires
in each secondary study). The most common used questionnaire was System
Usability Scale (SUS), which was found by 9 secondary studies applied in its
original form [4,6,7,15,17,29,31,37,46] and was also in an adapted way in three
secondary studies [7, 17, 46]: one of them adapted the questionnaire according
to the context [17] and the others [7, 46] customized it by putting it together
with other established questionnaires. Between the latter, one of them [46] found
it adapted with the NASA Task Load Index (NASA-TLX), while another sec-
ondary study [7] spotted SUS adapted in two different primary studies: one com-
bined it with PSSUQ (Post-Study System Usability Questionnaire) and another
combined it with CSUQ (Computer System Usability Questionnaire). Three dif-
ferent secondary studies [4,17,37] also found the application of the NASA-TLX
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Table 2: Standardized questionnaires found in the secondary studies.
Questionnaire #Sec. #Pri. studies per

studies sec. studies
System Usability Scale (SUS) 9 1 [4], 16 [6], 16 [7], 1 [15], 11

[17], 2 [29], X [37], 44 [31], 3
[46]

System Usability Scale (SUS) adapted 3 2 [7], 1 [17], 1 [46]
Technology Acceptance Model (TAM) 4 4 [7], 5 [31], X [37], 2 [43]
Post-Study System Usability Questionnaire
(PSSUQ)

3 1 [6], 1 [7], 12 [31]

Attrakkdiff 2 341 [14], 2 [17]
Modular evaluation of key Components of
User Experience (meCUE)

1 12 [14]

Usefulness, Satisfaction and Ease of use ques-
tionnaire (USE)

2 1 [6], 1 [17]

User Experience Questionnaire (UEQ) 2 200 [14], 1 [17]
Computer System Usability Questionnaire
(CSUQ)

3 1 [4], 2 [6], 1 [7]

Software Usability Measurement Inventory
(SUMI)

1 1 [46]

Usability Metric for User Experience (UMUX) 1 1 [17]
Unified Theory of Acceptance and Use of Tech-
nology (UTAUT)

1 2 [7]

in its original form, being the non-standardized questionnaire to be applied the
most.

One study [14] focused particularly on three different standardized question-
naires: AttrakDiff, UEQ (User Experience Questionnaire) and meCUE (Modular
Evaluation of key Components of User Experience), with the purpose of de-
termining how they were applied in the past for Ambient Intelligence (AmI)
and ubiquitous computing. Apart from the standardized questionnaires, one
published non-standardized questionnaire was found applied by primary stud-
ies three times [31], seven were found applied twice in the primary studies
[4, 17, 43, 46], and eighteen were found applied only once in the primary stud-
ies [4, 7, 17,34,46].

Plenty of secondary studies encountered methods and techniques that in-
volved the researchers having direct contact with end user for evaluating the
QinU. Some of them performed direct interviews to collect the information they
wanted to report on, asking predefined questions regarding the software they
wanted to evaluate [4, 6, 7, 9, 17, 20, 29, 31, 33, 34, 36, 37, 43, 46], while others took
into consideration people’s opinion through user feedback [9,29], listening to the
users’ comments and thoughts after they interacted with the applications in a
free manner, and some applied the think aloud protocol [7,17,29,31], where the
people involved use the software that is being evaluated while describing, out
loud, their actions (and expectations regarding what will come from it).
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A number of secondary studies found authors that used focus groups to
evaluate the software quality [9,17,20,29,31,33,34,46], while some also indicated
the observation method [4, 7, 17,18,20,29,34,46].

Four secondary studies found the use of log data in primary studies [11, 17,
33,34,46], and in such cases, they were used for calculating metrics, even though
they were evaluating the QinU in different systems. Two of these studies focused
on the assessment of the QinU of smart environments for the elderly [33, 46],
one [34] aimed to evaluate QinU characteristics in wearable devices, such as
smartwatches, and another [17] had the goal of analyzing multi-touch systems
in general. In all these cases, the log data came from the interaction of the end
users themselves with the application that was being evaluated.

We noticed that only one study [19] pointed out the use of simulations ap-
plied in different platforms for different contexts of use. Most of them provided
mathematical simulations, simulating “energy cost, hardware frequency rate, and
computation time” of the scheme to be validated, but some other examples were
of simulating “a resource description framework for heterogeneous IoT devices”.
There was no mention of any primary studies performing agent-based simula-
tions for replacing human-computer interaction.

Some secondary studies pointed out evaluation methods and techniques based
on different testing performances, which included real testbeds and prototypes
[19], automated tests [29], and experimental protocols [32,33,39].

Finally, we defined a category “others” in Table 1 to represent some specific
findings. First, to represent some methods and techniques for evaluation found
only once in a secondary study: card sort [9], which is a method to help the
researcher perceive how others categorize information (guaranteeing a data ar-
chitecture that matches the users’ expectations), and randomized controlled tri-
als [36], which are techniques that balance the characteristics of the participants
between the trial groups to allow differences in the intervention results. Similar
to this last technique, four studies are identified in [32] as applying randomized
clinical trials. Another study [19] found the use of formal techniques, employed
to model complex systems as mathematical entities, and used what the authors
called “design techniques” for evaluation, in which the primary studies aim to
provide new approaches or frameworks. Task completion was also quoted [31]
as another method for evaluation that considers whether or not the users were
able to perform (with adequate standards) certain tasks within a defined period
of time. Finally, several other approaches were quoted in the studies, not really
precising which technique or method was applied [11, 19, 20]. For instance, [11]
mentioned that the identified approaches in the primary studies worked on vi-
sual data anonymization methods to try “to retain all the informative richness
of visual data acquired with RGB cameras” and on security based issues for
user authentication and data encryption. Another one [20] mentioned the use of
experimentation field tests in general to collect data.

It is noticeable that for most of the secondary studies there was a higher
number for methods and techniques than for primary studies, which is caused by
many of them combining different ways of evaluating the QinU of the application
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under analysis. One example is when a secondary study [29] pointed out that
two primary studies applied focus groups and interviews together.

We cannot quantify all the information from the primary studies found in
the secondary ones, as some of them did not provide all the references and
it is likely that there is an overlap of information. Besides, even though some
secondary studies went into detail about their findings, some of them did not
disclose specific numbers for the data taken from primary studies (for example,
how many of them applied the same method or technique for assessing software
quality or how many measured a specific QinU characteristic).

4.2 RQ2: What are the most evaluated types of systems?

The most evaluated type of systems were smart environments/AmI [6, 7, 9, 11,
14, 15, 18, 33, 36, 43], with ten studies (47,61%), as seen in Fig. 2, followed by
IoT [19, 20, 32, 34, 37, 39, 46] with seven studies (33,33%). The other software
categories were evaluated by only one study each, those being cyber-physical
systems [4], multi-touch systems [17], eGovernment [29], and eHealth [31].

Most of the secondary studies about smart environments/AmI focused on
Ambient Assisted Living (AAL) [6,7,9,11,14,15,33,36]. However, one researched
specifically ubiquitous healthcare [43] and another one smart learning environ-
ments [18]. Among the seven studies that included QinU evaluations for IoT,
two of them dealt with navigation apps: one of them [20] involved mobile safety
alarms with GPS, RFID tags and readers, product design assessment for safe
navigation and more. The other study [37] focused on indoor navigation apps
for people with mobility disabilities. Three other studies about IoT investigated
wearable devices (such as smartwatches, wristbands or neckwear) for different
reasons: tracing people and objects regarding hospital-like scenarios involving
medical teams and patients [19], improving medication adherence [32], or ana-
lyzing physical activities [34]. One study focused on assistive technology for older
adults [46] and another on IoT in general [39].

Fig. 2: Types of systems evaluated in the secondary studies.
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Table 3: QinU characteristics found in the primary studies (#).
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[4] 24 12 5 3 3 1 -
[6] 44 44 - - - - -
[7] 35 35 - - - - -
[9] 21 21 - - - - -
[11] 63 40 - - 6 17 -
[14] 553 553 - - - - -
[15] 21 15 17 17 17 14 13
[17] 65 65 13 11 2 - -
[18] 15 7 - - 3 - -
[19] 146 - - X - X -
[20] 29 29 - - - - -
[29] 22 22 - - - - -
[31] 133 133 - - - - -
[32] 9 - 6 2 1 3 -
[33] 34 - 34 - - - -
[34] 111 16 107 - 20 - -
[36] 8 - 8 - - - -
[37] 51 51 - - - - -
[39] 12 4 2 2 2 5 -
[43] 10 10 - - - - -
[46] 31 - 31 - - - -

4.3 RQ3: Which quality characteristics were the most evaluated?

All QinU characteristics as well as usability were found to be evaluated in the
secondary studies, as seen in Table 3. It is usual for a study to evaluate more than
one QinU characteristic at once. Usability was evaluated the most, being found in
sixteen secondary studies (76,19%) [4,6,7,9,11,14,15,17,18,20,29,31,34,37,39,43].
This result is expected, considering that usability is the focus of questionnaires,
which were the most commonly used method for evaluation (see Section 4.1).
Effectiveness was the second most mentioned, with nine studies [4,15,17,32–34,
36,39,46], followed by satisfaction, with eight studies [4,11,15,17,18,32,34,39].
Then, tied with six studies each, efficiency [4,15,17,19,32,39] and freedom from
risk [4, 11, 15, 19, 32, 39]. Lastly, context coverage was found to be assessed by
only one of the secondary studies [15].

It is noticeable that many studies apply questionnaires for evaluating usabil-
ity (and, as a consequence, effectiveness, efficiency and satisfaction as defined
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by ISO 9241-11 [21]) since the Human-Computer Interaction domain has been
investigating usability issues for a long time.

Most of the studies aimed at evaluating the main QinU characteristics, but
some had the goal of evaluating ones that were considered as subcharacteristics,
according to the ISO/IEC 25010 standard [26], such as usefulness, acceptabil-
ity [11, 18, 46], which fall under the satisfaction umbrella, and reliability [39],
safety [11], security [11], which are considered a subcharacteristic of freedom
from risk. It is important to follow a pattern to guarantee that studies have
the goal of evaluating the same characteristics, as “it is evident that the con-
cepts of UX and usability are not the same among the authors” [17]. However,
few of the secondary studies extracted information about alignment with qual-
ity standards. One of them [15] pointed out that five primary studies followed
ISO/IEC 25010 [26], four followed ISO/IEC 9126 [23], two followed ISO/IEC
25012 [24], and lastly, one followed ISO/IEC 14598 [22]. Another [39] classified
the selected primary studies according to the characteristics and subcharacteris-
tics they evaluated, splitting them between system/software product quality and
QinU, according to ISO/IEC 25000 [25]. Moreover, none of the analyzed studies
followed a standard such as ISO/IEC 25022 [27], which brings measures for the
said characteristics to be assessed. One of the secondary studies [29] suggested
that future researches should take ISO/IEC 25010:2011 [26] into consideration,
as it defines usability in a context of use.

5 Threats to Validity

The analyses of threats to the validity of this study have been based on Petersen
[41], as follows:

– Descriptive validity, related to the gathering of data, which includes record-
ing, storing, and analyzing the information that is being reviewed. To miti-
gate this threat, a Google Form was created for extracting data according to
the established RQs, and that information was then accessed in a spreadsheet
on Google Sheets. Moreover, all quantitative analysis was double checked by
one or two peers;

– Theoretical validity, which involves the identification of the studies to be
analyzed and also the data extraction. It is possible that some studies have
not been included in this review because the search was performed on two
databases, which might provide incomplete results. However, Scopus and
Web of Science are recognized for indexing different conferences and journals,
and both have been widely used in reviews [35]. To mitigate the risk of bias
interpretation, all data extraction was peer-reviewed. However, since this
step involves human judgment, the threat cannot be completely eliminated;

– Generalizability validity worries about how generalizable the obtained re-
sults can be in a wider scenario (within an institution or between several
different groups or organizations). As a tertiary study, this factor depends
on the generalizability of the 21 secondary studies performed. Another issue
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that might impact our work is that since not all of the secondary studies
mention their references, it is very likely that there are overlaps of informa-
tion regarding the analyzed QinU evaluations. Therefore, we prefer to be
cautious and say that we cannot guarantee the generalizability of the results
in different organizations, but since we used the databases available for our
institution, it can be considered generalizable in our institution;

– Repeatability validity requires that all methods are established and repro-
ducible. We consider this threat under control, since the protocol and all the
analysis procedures that took place were well documented, with the detailed
process [2] and replication package [1] being available on HAL6.

6 Final remarks

This paper presents a tertiary review about evaluating the Quality in Use of
smart environments, pervasive systems and intelligent applications. Our goal
was to identify how this evaluation has been done considering, in particular, the
case of smart environments inhabited by elderly or disabled people.

By carrying out this study, contrary to our expectation, we found that most
of the assessment approaches to evaluate the QinU of smart environment appli-
cations use classic methods and techniques requiring that users interact directly
with the application and answer usability questionnaires/interviews. That means
the user should have a live experience in these environments before answering
questionnaires or attending interviews to offer their feedback. We believe that
carrying out these experiences with elderly or people with disabilities is not ad-
equate. There is, therefore, an urgent need to develop tools that can carry out
these evaluations in an automated way. Our ongoing work looks to address this
gap with the development of an approach to evaluate the QinU of smart envi-
ronment applications without having to involve end users, and instead involve
artificial intelligence and agent-based modeling and simulation as a step that
would come before any end user evaluation [3].
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