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Abstract: People with Autism Spectrum Disorder (ASD) have an affinity for technology, which is why
multiple studies have implemented different technological proposals focused on the development of
skills in people with ASD. Studies have evaluated the user experience (UX) and/or usability of their
technological proposals through different evaluation methods, so they can be friendly and usable
for users with ASD. However, the evaluation methods and instruments used do not consider the
specific characteristics and needs of people with ASD, and furthermore, details are lacking in their
implementations. To formalize the UX evaluation process, we propose a three-stage methodology
to evaluate the UX in systems, products and services used by adults with ASD. The methodology
considers in its processes, evaluation methods and instruments the characteristics of people with ASD
so that, through the UX evaluation, the satisfaction and perception of these users about the system,
product or service evaluated is improved. This proposal has been validated through the opinions
of experts with knowledge in UX/Usability and ASD in two instances, which have contributed to
specify, restructure, and improve the methodology.

Keywords: autism spectrum disorder (ASD); evaluation methodology; evaluation methods; user
experience (UX); usability

1. Introduction

Autism Spectrum Disorder (ASD) is a condition characterized by deficits in social
communication and social interaction, as well as restricted repetitive patterns of behavior,
interests, and activities [1]. Some characteristics that people with ASD can present are: a
tendency towards visual and structured thinking [2], delay of fine motor skills develop-
ment [3], difficulties when generalizing skills to real-world contexts [4], susceptibility to
experiencing depression and frustration [5], exhibit of hyper- or hypo-reactivity to sensory
input or an unusual interest in sensory aspects of the environment [1], and that they prefer
to use technology as it provides a safe and trustworthy environment [6].

It is important that the process to evaluate the user experience (UX), as well as the
evaluation methods and instruments, are selected and adapted considering the specific
characteristics of users with ASD, to ensure a positive and rewarding experience when
interacting with systems, products or services.

Multiple studies have looked on how to evaluate UX in systems, products, or services
used by people with ASD, however most of these studies do not present sufficient details
of the evaluations performed and show a lack of empirical evidence [6]. Investigations
have proposed different ways to evaluate UX and usability in their proposals, through
different evaluation methods, which are defined as “a procedure composed of a series
of well-defined activities for the collection of data related to the interaction of the end
user ( . . . )” [7], such as the system usability scale (SUS) [8] and heuristic evaluation [9],
and instruments, which are a set of elements used by an evaluation method that can vary
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depending on the application’s context. Many of the evaluation methods and instruments
used in the evaluations are not adapted to the characteristics and needs of people with ASD.

Considering this, the objective of this paper is to present a three-stage methodology
to evaluate the user experience for people with ASD, as there is a need for a formal
methodology to evaluate user experience that is built upon the needs and characteristics of
users with ASD and provides proper guidelines and evaluation methods for them.

This methodology was developed by researching the characteristics of the users
through a systematic literature review [6], proposing a set of adapted UX factors [10],
selecting evaluation methods suitable for the needs of users with ASD, and defining a
logical step-by-step process to select evaluation methods to execute, plan the experiments,
select evaluators and participants, carry out the selected methods, and perform qualitative
and quantitative analysis, which results in a detailed report on the UX of the system,
product or service evaluated.

A preliminary version of the methodology was published in 2021 [11], which was
reviewed and validated through the opinion of three experts in UX and later via an expert
judgement validation by 22 experts with knowledge on UX, ASD and/or both, which
resulted in the proposal presented in this paper.

This document is organized as follows: Section 2 presents the theoretical background;
Section 3 describes relevant related work; Section 4 shows the process to create the method-
ology; Section 5 presents the UX evaluation methodology for people with ASD; Section 6
presents the validation process; and Section 7 presents our conclusions and future work.

2. Theoretical Background

Below are brief descriptions of ASD, UX, and UX models, which are relevant for
this investigation.

2.1. Autism Spectrum Disorder

Autism Spectrum Disorder (ASD) is a condition characterized by repetitive patterns,
difficulties with social interaction, and communication, as defined in the fifth edition of the
Diagnostic and Statistical Manual of Mental Disorders (DSM 5) [1].

People with ASD may or may not present secondary symptoms, such as intellectual
disability, lack of verbal language [1], a tendency towards visual and structured thinking [2],
delay of fine motor skills development [3], difficulties when generalizing skills to real-world
contexts [4], susceptibility to experiencing depression and frustration [5], and hyper- or
hypo-reactivity to sensory input [1].

The DSM 5 establishes three categories of severity for ASD [1] based on the degree
of support that the person needs, which varies from level 1 “Requires support” to level 3
“Requires very substantial support”.

2.2. User Experience

ISO 9241-210 [12] defines user experience (UX) as “user’s perceptions and responses
that result from the use and/or anticipated use of a system, product or service”. Addition-
ally, the standard describes UX as “user perceptions and reactions, including user emotions,
beliefs, preferences, perceptions, comfort, behaviors, and achievements that occur before,
during, and after use”. In other words, UX is understood as the internal and emotional
state that people perceive before, during and after the interaction with a system, product,
or service.

A part of UX is usability, which is defined by the ISO 9241-11 [13] standard as “the
extent to which a system, product or service can be used by specific users to achieve specific
goals with effectiveness, efficiency and satisfaction in a specific context of use”. The concept
of usability is related to the fulfillment of tasks and the satisfaction experienced by users,
therefore, a higher degree of usability of a system, product, or service after user interaction
leads to a better UX.
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2.3. UX Evaluation Methods

A system or product can be evaluated using usability and/or UX evaluation methods.
UX evaluation methods focus on detecting how the user feels about the interaction with
the evaluated system or product [14]. On the other hand, usability evaluation methods
are “a procedure composed of a series of well-defined activities for the collection of data
related to the interaction of the end user with a software product and/or how a specific
feature of this product of software contributes to achieving a certain degree of usability” [7].
Considering that the concept of user experience includes usability, we have chosen a set
of UX evaluation methods that will help us effectively evaluate the UX and usability on
systems, products or services used by people with ASD.

For our proposed methodology for evaluating systems, products, or services for people
with ASD, we have selected evaluation methods under the following usability method
classifications, as defined by Fernandez et al. [7]:

• Inspections: Reviews carried out by a group of evaluators using their expert judgement,
where the participation of the users of the system or product is not included.

• User Testing: Users evaluate the product or system after interacting with it.

2.4. UX Factors for People with ASD

We have proposed a set of nine UX factors for systems used by people with ASD [10]:
engaging, predictable, structured, interactive, generalizable, customizable, sense-aware,
attention-retaining, and frustration-free. These nine UX factors have been considered when
designing the tasks to be performed during the execution of the methodology, as well as
when adapting instruments of the evaluation methods, such as the property checklist [15].

The nine UX factors have been created based on two approaches: (1) the charac-
teristics, affinities and needs of people with ASD, and (2) the design guidelines and/or
recommendations provided by studies on technological systems for people with ASD
and/or interventions with these users.

This set of UX factors provides a theoretical basis for the adaptation or creation
of evaluation methods, instruments, and methodologies that are focused on the user
experience of people with ASD.

3. Related Work

To complement our findings in a previous systematic literature review [6], we have re-
viewed the literature that has emerged since the year 2019 in order to update the conclusions
previously obtained regarding these related studies.

In recent times, the amount of research focused on developing systems and/or prod-
ucts for people with ASD has increased, which is possibly due to the growing interest in
the affinity that people with ASD have with technology.

For systems and/or products developed for people with ASD to be friendly and
usable, research has evaluated the satisfaction and/or perception of experts in the domain
(psychologists, differential teachers, speech therapists), tutors and/or people with ASD,
through different evaluation methods.

Studies have evaluated their proposals through the application of simplified and/or
complete versions of the system usability scale (SUS) [8]. Some studies have modified
the SUS scale (using simplified language, incorporating emoticons, or reducing the scale)
when used with users with ASD [16,17]. Other studies have evaluated their proposals with
experts in ASD and/or tutors of users with ASD, using the SUS scale in its complete [18–20]
or reduced [21] version.

Other researchers have evaluated their proposals through sets of heuristics. Ramos-
Aguiar and Álvarez-Rodríguez [22] state that they have evaluated their proposed appli-
cation using Nielsen’s heuristics [23]. Camargo et al. [24] mention having evaluated their
mobile application with a heuristic evaluation using the Semiotic Interface sign Design and
Evaluation (SIDE) framework [25].
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Studies mention having evaluated their proposals using questionnaires. Susanti et al. [26]
have evaluated the usability of their application through “direct observation” of users
interacting with the application and the execution of the questionnaire proposed by Sehrish
Khan [27] which aims to assess usability based on five categories: (1) ease of use, (2) learn-
ability, (3) feedback and good error messages, (4) adequate help and documentation, and
(5) appealing interface. Ghabban et al. [28] propose to evaluate their proposal through
the creation of a new questionnaire model called M-UTUAT, which is based on seven
attributes of the People at the Center of Mobile Application Development (PACMAD)
model [29] and three factors of the Unified Theory of Acceptance and Use of Technology
(UTAUT) model [30].

Multiple investigations have evaluated their proposals based on a set of evaluation
methods. Ahmed et al. [31] mention having evaluated the usability of their proposal with
the participation of people with ASD, through the application of three evaluation methods:
(1) system usability scale (SUS) [8], (2) VR sensitivity scale and (3) a heuristic evaluation
with the Nielsen set of heuristics [9]. Adiani et al. [32] state that they have evaluated
their proposal with professionals, parents/caregivers and children with ASD through
three evaluation methods: (1) system usability scale (SUS) [8], (2) Acceptability, Likely
Effectiveness, Feasibility, and Appropriateness Questionnaire (ALFA-Q) [33] and (3) semi-
structured Customer Discovery style interviews. Kim et al. [34] present a process based
on four phases, where phase three aims to evaluate the usability of the proposed mobile
application through a set of methods. In it, 18 people (9 people without ASD and 9 people
with ASD) have been asked to participate in the execution of four evaluation methods
sequentially. The evaluation methods used were: (1) Demographic Survey, (2) Think-Aloud
Protocol [35], (3) Cognitive Walkthrough [36] and (4) system usability scale [8].

Studies in recent years show interest in evaluating the usability and UX in systems
and/or products used by people with ASD. Evaluation methods, such as the system usabil-
ity scale (SUS) [8] and the use of Nielsen’s set of heuristics [23], are widely applied to find
usability problems and provide an overview of the user’s satisfaction of the system, product
or service; however, we consider that the level of detail obtained is not sufficient to cover
the particular needs that a user with ASD has when interacting with the evaluated system.

Methods, such as the Think-Aloud Protocol [35] and Cognitive Walkthrough [36], are
useful to obtain information on the perception of the system directly from the final user of
the system; however, by depending on the insights of people who may have communica-
tion deficits [1] and are susceptible to frustration [5], this method can deliver unreliable
results for users with ASD, so it is necessary to have special considerations regarding its
implementation, as well as the environment and the way in which we communicate with
the user during the test.

In general, we believe that (1) the investigations must have a greater specification
detail on the evaluations carried out, (2) the methods and instruments used must con-
sider the characteristics and needs of people with ASD (example: there must be a set of
heuristics focused on people with ASD), and also (3) we believe it is important to have the
participation of UX/Usability experts, ASD experts, tutors and people with ASD.

4. Process to Create the Methodology

We have followed a seven-stage process to create the proposed methodology. It has
been iterated twice in order to validate and refine the methodology (see Figure 1).
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4.1. First Iteration

For the first iteration, all the stages have been executed (see Figure 1):

• Discovery Stage: We carried out a systematic literature review to know the impact that
technology has on people with ASD and how UX/Usability has been evaluated in the
proposed systems [6]. The studies indicate that they have evaluated their proposals
through various evaluation methods, but these methods have not been particularized
considering the characteristics of people with ASD [6].

• Descriptive Stage: We compiled the information found in the literature on the following
topics: (1) characteristics, affinities and needs in people with ASD, (2) recommen-
dations and comments from the authors on UX/Usability evaluations in systems,
products or services used by people with ASD, and (3) UX attributes/facets/factors
appropriate to the context of our research.

• Relational Stage: During the research carried out, a set of UX attributes/facets/factors
focused on people with ASD has not been found, so by relating the information
collected in the descriptive stage, we have proposed a set of nine UX factors for people
with ASD [10].

• Method Selection Stage: We have selected a set of six evaluation methods suitable for
people with ASD found in the discovery stage and on the website www.allaboutux.
org [37]. Evaluation methods (special emphasis on user tests) based on individual and
group questionnaires, focused on emotions and easy expressions, have been excluded.

• Formalization Stage: With the results obtained in the previous stages, we have for-
malized and published a preliminary proposal of the methodology to evaluate UX
for people with ASD [11]. The proposal considers planning, execution, and result
analysis stages.

• Validation Stage: We have validated the preliminary proposal of the methodology [11]
through the opinions of three UX expert researchers. The experts have been asked
about elements to add, modify, or eliminate to improve the methodology.

• Refinement Stage: We refined the preliminary proposal of the methodology [11] based
on the results obtained in the previous stage. All comments and recommendations
have been considered to improve the methodology.

4.2. Second Iteration

We have carried out a second iteration, which consisted of executing the validation
and refinement stages again (see Figure 1).

• Validation Stage: An expert judgment evaluation was carried out with 22 experts with
knowledge in UX/Usability, ASD and/or both. The expert judgment evaluation
focused on gathering comments and suggestions of the experts about the stages,
substages and the methodology in general (see Section 6).

• Refinement Stage: We have refined the methodology based on the comments and
suggestions obtained in the expert judgment evaluation. The corresponding changes
have been made after analyzing the comments and suggestions of the experts (see
Section 6), resulting in the final version of the methodology proposed in Section 5.

5. A Methodology to Evaluate UX for People with ASD

Considering that literature do not present enough detail in the evaluations nor empiri-
cal evidence in their research, we believe that it is necessary to formalize the UX evaluation
process in systems, products and services used by people with ASD. For this, we have
created a three-stage methodology (see Figure 2). This methodology focuses on evaluating
the UX of systems, products or services used by adults with ASD level 1, as defined in
the DSM5 [1]. The methodology aims to maximize the amount of valuable information
obtained about the UX of the system, product, or service, so that it can be used to improve
the UX and therefore their use is satisfactory for people with ASD.

www.allaboutux.org
www.allaboutux.org
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Figure 2. Stages of the UX evaluation methodology for people with ASD.

The methodology proposes three sequential stages, starting with the Planning Stage
(S1), followed by the Execution Stage (S2) and ending with the Results Analysis Stage (S3).
All stages and substages can be seen in Figure 2.

To facilitate the reading of the methodology the stages and substages are identified
with unique IDs (such as S1, S2, S1.1), and their outputs with numerical icons ( 1©, 2©, 3©),
which are consistent with the diagram and tables presented in this document. Figure 3
presents a general description of the methodology and its stages, as well as the inputs and
outputs of each of these.
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When applying the methodology, consider:

• Carry out all the stages and substages proposed in the methodology. Consider that
the execution stage has a set of substages, which in turn are made up of one or more
evaluation methods.

• The methodology is flexible about which evaluation methods can be carried out in the
execution stage. The choice of evaluation methods will depend on the criteria of the
researchers, based on the objective of the evaluation, autonomy, and dependence of
the participants, resources, and time available.
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• Depending on the stage and substage, one or more documents will be required to start
it. Similarly, executing each stage and substage will result in one or more documents.

Next, each of the stages and substages of the proposed methodology are presented
in detail.

5.1. S1 Planning Stage

The purpose of the planning stage is to plan the UX evaluations to be carried out, as
well as to search for UX/Usability experts, domain experts (professionals who work with
people with ASD), participants and tutors. For more detail, see substages S1.1, S1.2, S1.3
and S1.4.

It is important to consider that before beginning this first stage, the system, product,
or service to be evaluated, its characteristics and limitations, must be identified, as well as
its target user.

As complementary material, Table A1 is presented in Appendix A. This table describes
what is needed, what to do and what is obtained as an output when implementing this stage.

5.1.1. S1.1 Method Execution Planning

The purpose of the method execution planning substage is the selection and planning
of the evaluation methods to be executed.

To determine and select the UX evaluation methods to apply to the system, product, or
service to be evaluated, you must consider: (1) the objective and scope of the UX evaluation
must be defined. The methods and activities must focus on the defined objective and
scope; and (2) the resources and times available to carry out the UX evaluations must
be established.

Depending on the objective of the evaluation, scope, resources, and available time, it
is necessary to choose which methods to select. Based on the time and resources available,
we propose the execution of the following sequences of evaluation methods:

• If you have enough time and resources, carry out each of the methods presented in
the methodology (as shown in Figure 2).

• If you do not have enough time and resources are limited, execute only the following
evaluation methods: property checklist, heuristic evaluation and field observation,
since these are considered the baseline of the methodology.

• In any other case, select evaluation methods based on the complexity of each method.
We suggest that:

# Always execute the property checklists method.
# Carry out at least one method of the inspections substage (S2.2) and the user tests

substage (S2.3).
# Depending on the time and resources available, one or more inspection methods

can be carried out, selected according to the objective of the evaluation and the
needs of the study. The order of the inspection methods of substage S2.2, from
less to more complex, in terms of effort and resource requirements, is: heuristic
evaluation, group-based expert walkthrough and perspective-based inspection.

# Depending on the remaining time and resources, it is recommended to perform
the “field observation” method if less time and resources are available, otherwise
use the “controlled observation” method.

• If necessary, you can select and modify the selection of methods to use as you progress
through the run stage.

Also consider selecting and/or adapting instruments of the evaluation methods to be
carried out which are suitable for the needs of users with ASD. The instruments used in
each of the selected methods must be particularized for people with ASD and the type of
system, product, or service to be evaluated (e.g., select a set of heuristics for transactional
systems for people with ASD).
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As complementary material, Table A2 is presented in Appendix A. This table de-
scribes what is needed, what to do and what is obtained as an output when implementing
this substage.

5.1.2. S1.2 Experiment Design

Once the evaluation objective, scope and methods that will be executed in the UX
evaluation process are defined, a set of important aspects for the experiments to be carried
out must be created and defined. These aspects are:

• Define the evaluation objective(s) for each method to be carried out.
• Define the expected results that will be obtained for each activity to be carried out in

the UX evaluation methods.
• Define scenarios and tasks. Consider that:

# In case of executing at least two evaluation methods that require scenarios and/or
tasks, create universal scenarios and/or tasks, which can be used by multiple
evaluation methods to reuse and optimize resources.

# The design of tasks and scenarios must consider the characteristics and needs
of people with ASD. The instruments to use in each evaluation method in this
methodology should be adapted according to the recommendations described in
this document, in order to maximize the value for people with ASD.

# The scenarios and/or tasks created should focus on specific characteristics of the
system, product, or service. Similarly, scenarios and/or tasks should be concise
and clear.

# In case of executing the “controlled observation” method, include an estimated
time for completion, and the expected results of each task. These can be compared
with the time that the participant took to perform the task, and the results obtained
from it.

# It is important to keep in mind that participants may require more time to un-
derstand the tasks to be performed, as well as more time to be prepared for the
activity and to finish it. It can be frustrating for some users with ASD not to have
enough time to complete the activities due to their strict routines [1].

• Define protocols (set of documents required for the execution of the evaluation meth-
ods). Consider:

# Confidentiality agreement: In the case of the implementation of methods that require
an audiovisual record of the actions of the participants, confidentiality agreements
must be established. The purpose of the confidentiality agreement document is
to inform the participant that their actions will be recorded, their identities will
not be revealed, and that the purpose of the experiment is to evaluate the system,
product, or service and not their abilities, skills, or knowledge.

# Preliminary questionnaire (demographic): Experts and participants should be pro-
vided with a preliminary (demographic) questionnaire prior to performing the
evaluation methods. The preliminary (demographic) questionnaire aims to iden-
tify the profiles and previous experiences that evaluators or participants may
have with similar systems, products, or services.

# Perception questionnaire: At the end of the execution of an evaluation method, the
evaluators or participants must be provided with a system, product, or service
perception questionnaire. The purpose of the questionnaire is to find out the
different perceptions that the evaluators or participants have about the system,
product or service evaluated and the tasks performed.

# Observer logs: We recommend that UX leaders and/or researchers (in the role of
observers) record what was observed during the method execution process in logs.
Record potential problems, comments out loud from participants or evaluators,
or information that UX leaders or researchers deem necessary in the logs.
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# List of tasks: In the case of carrying out evaluation methods where a set of tasks
is needed, create two documents with the list of tasks: (1) list of tasks for the
evaluators or participants during the experiment, with the goal of providing
a sequence of tasks to perform during interaction with the system, product or
service; and (2) list of tasks for researchers and/or observers, which details the
expected results and expected time for each proposed task.

# List of potential problems: Evaluators or observers should be asked, depending on
the method to be carried out, to record the potential problems found through the
evaluation (see the execution stage). It is expected that at least one definition,
explanation or comment on the potential problem encountered will be provided.
Once the potential problems have been identified, each evaluator and/or observer
must assign a value of severity, frequency, and criticality to said problems, under
the same evaluation scale (see Table A3).

• All documents delivered to participants must have clear and concise instructions, and
if necessary, have visual support.

• All protocols presented must be established and documented in the Experiment
Design document, which will be a necessary input to carry out each of the methods
in the execution stage. The details and information provided to the evaluators or
participants will depend on the evaluation method to be carried out, as established in
the S2 execution stage.

As complementary material, Table A4 is presented in Appendix A. This table de-
scribes what is needed, what to do and what is obtained as an output when implementing
this substage.

5.1.3. S1.3 Evaluators Selection

Search and select evaluators to participate in the execution of the UX evaluation
methods proposed in the execution stage. We recommend that:

• The profiles of these evaluators must be: (1) experts in UX/Usability, (2) experts in the
specific domain (professionals who work with people with ASD, for example psychol-
ogists, speech therapists and differential teachers), and/or (3) preferably experts with
knowledge in both areas (UX/Usability and in the ASD domain).

• Have three to five evaluators [38] for each of the inspection methods to be carried out.
Having the support of different professionals will help to include different points of
view in the analysis and, eventually, find a greater diversity of potential UX problems.

• Have an expert who assumes the role of leader. This can be an expert with knowledge
in both areas (UX/Usability and in the ASD domain) or a UX/Usability expert. The
expert must accept this role and lead each of the evaluation methods to be carried out
on the system, product, or service.

• In case of executing more than one inspection method, it is recommended to have
different evaluators for each method to have different points of view and avoid
possible biases.

• Evaluators who are experts in ASD or related areas will be responsible for guiding
and educating the other evaluators on how to deal with users and their specific needs
during user testing. Each user is different, and their needs may not be visible to an
evaluator without ASD domain experience.

As complementary material, Table A5 is presented in Appendix A. This table de-
scribes what is needed, what to do and what is obtained as an output when implementing
this substage.

5.1.4. S1.4 Participant Selection

Define and select the users who will be participants in the experiments to be carried
out in substage S2.3 (User Tests), considering the target users of the system, product, or
service to be evaluated. We recommend:
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• Have three to five participants with ASD [38] for each of the evaluation methods of
tests with users (controlled observation and field observation).

• If necessary, we recommend including tutors close to people with ASD, to create
a safe environment for the participants. The tutors will take a guiding role for the
participants with ASD, in case they are overwhelmed by the task or instructions given.
Tutors must not intervene in the participant’s interaction with the system, product,
or service.

• In the case of executing the two test methods with users (controlled observation and
field observation), it is recommended to use different participants for each method, to
have different points of view and avoid possible biases.

As complementary material, Table A6 is presented in Appendix A. This table de-
scribes what is needed, what to do and what is obtained as an output when implementing
this substage.

5.2. S2 Execution Stage

The execution stage has the purpose of executing previously selected methods to
evaluate the user experience of systems, products, or services for people with ASD.

Before executing an evaluation method and considering the knowledge of the evalua-
tor, it is recommended:

• For expert evaluators in UX and/or Usability: give them a brief induction on the ASD
condition and its main characteristics.

• For expert evaluators in the ASD domain: give them a brief introduction to UX and
the evaluation methods to be executed.

• Both groups of evaluators should be given a brief introduction about the system,
product, or service to be evaluated, indicating its purpose, objective, and scope of
the evaluation.

• The methods proposed in this methodology have been selected considering the char-
acteristics of people with ASD, and they can be used to assess a variety of systems,
products, or services for any type of user. Therefore, any necessary adjustments should
be considered for their instruments or environment of execution.

• The proposed evaluation methods can be executed sequentially or in parallel. The
order of execution will depend on the decisions made by the investigators.

As complementary material, Table A7 is presented in Appendix A. This table describes
what is needed, what to do and what is obtained as an output when implementing this stage.

Next, the aspects to be considered when executing the proposed methods and instru-
ments are detailed.

5.2.1. S2.1 Preliminary Evaluation

First substage of the execution stage. It consists of the implementation of the property
checklist inspection method, to evaluate the usability of the system, product, or service in a
preliminary way.

Property Checklists

The use of the property checklist evaluation method [39] as the first inspection method
to be executed in the proposed methodology, aims to quickly detect the deficiencies or
pain points that can be found in the evaluated system, product, or service. Conducting
this initial assessment will allow the evaluators to quickly make decisions about how to
proceed with further assessments, if necessary.

Given the diversity of systems, products or services and objectives that research may
have, it is necessary to select the property checklist instrument that best suits this purpose
and, if necessary, adapt or create a new property checklist. The selection, adaptation or
creation of a property checklist will depend on the judgment of the researchers.

Given the lack of property checklists that consider the characteristics and needs of
people with ASD, we have proposed our property checklist to evaluate systems, products
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or services used by people with ASD [15]. This proposal takes as a theoretical basis our
proposal of nine UX factors for people with ASD [10].

Table A8 presents a brief specification of the execution of the property checklist method
(see Appendix A), considering the inputs (elements necessary to start the execution of the
method), execution steps (details on the execution of the evaluation method) and outputs
(set of information and documents obtained after the execution of the method) that are
relevant when implementing this evaluation method.

5.2.2. S2.2 Inspections

Second substage of the execution stage. The inspection substage considers three
inspection methods: group-based expert walkthrough, perspective-based inspection, and
heuristic evaluation. Next, each evaluation method will be explained in detail.

Group-Based Expert Walkthrough

The use of group-based expert walkthrough [40] allows us to identify potential usabil-
ity problems, possible design improvements and solutions to these problems, through a
group inspection carried out in conjunction with professionals “with practical experience”
in the domain. The evaluation is based on the execution of a set of tasks–scenarios guided
by a leader. The evaluation can be carried out using specific criteria of the domain under
study, which are familiar to professionals who do not necessarily have knowledge about
the UX. Consider that an expert with knowledge in both areas (UX/Usability and in the
ASD domain) or a UX/Usability expert should take the lead role in the evaluation.

By using a group-based expert walkthrough inspection, we can easily include experts
in the domain to the evaluation, as they do not need to have previous experience in
executing UX/Usability evaluations. This can result in a greater amount of identified
potential problems that are relevant for people with ASD and their characteristics.

Table A9 presents a brief specification of the execution of the group-based expert walk-
through method, considering the inputs, execution steps, and outputs (see Appendix A)
that are relevant when implementing this evaluation method.

Perspective-Based Inspection

An inspection method that focuses on the identification of specific usability problems
through three main perspectives [41]. These perspectives are based on three types of users:
novice, expert, and error-handling. Each evaluator assumes the role and point of view of
a user and inspects the system, product or service under that user role, guided by a set
of inspection questions for each perspective. Zhang et al. [41] recommends creating the
inspection questions based on an HCI model, for which we recommend considering our
nine UX factors [10], and the perspectives, which can include a novice and expert user
with ASD.

When executing the method, ASD domain experts should support UX/Usability
experts if possible. Domain experts may find it easier to put themselves in the shoes of a
user with ASD and therefore find specific problems that UX experts may not recognize.

Table A10 presents a brief specification of the execution of the perspective-based
inspection method, considering the inputs, execution steps, and outputs (see Appendix A)
that are relevant when implementing this evaluation method.

Heuristic Evaluation

An inspection method that focuses on finding potential usability problems in systems,
products, or services. This method [9] is based on the inspection of evaluators, who look for
potential problems based on different sets of previously selected heuristics, while specifying
their severity, frequency, and criticality. When using the heuristic evaluation method, the
use of tasks and scenarios is optional, and its realization will depend on the investigators.
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Consider evaluating the system, product, or service through one or more sets of
heuristics that consider the characteristics and needs of people with ASD. These are our
suggested heuristic sets:

• Khowaja and Salim [42] present a set of 15 system-specific heuristics for children with
ASD. These 15 heuristics were created through the adaptation and extension of the
Nielsen heuristics [43], based on a study of the characteristics of people with ASD.

• We are currently developing a set of heuristics to evaluate systems, products, or
services for adults with ASD. For the creation of this set of heuristics, we followed the
methodology proposed by Quiñones et al. [44], considering as a basis our proposal of
nine UX factors for people with ASD [10].

Table A11 presents a brief specification of the execution of the heuristic evaluation
method, considering the inputs, execution steps and outputs (see Appendix A) that are
relevant when implementing this evaluation method.

5.2.3. S2.3 User Tests

Once the inspections substage is finished or in parallel, the execution of at least one
user test is required. Implementing tests with users’ aims to find problems and measure the
satisfaction of the participants after their interaction with the system, product, or service.

The user testing substage contemplates two methods: field observation and controlled
observations. For both evaluation methods we recommend:

• Informing and instructing the user about the experiment, prior to carrying it out.
Information and instructions must be clear and concise, prioritizing textual and/or
visual communication.

• The interaction with the user, throughout the experiment, must consider the specific
characteristics that the participant may present (e.g., not having any contact or physical
proximity with people with ASD who may react negatively to this action).

• Having the consent of users or tutors (if necessary). Inform users and tutors that all
information obtained will be treated anonymously.

• Keeping in mind throughout the experiment the dependence and autonomy of each of
the participants. Sometimes the participants may require support from a tutor or a
professional to help them.

• Obtaining the support of one or more tutors in case of any unforeseen event (if
necessary). The tutor(s) can guide the user in the tasks to be carried out when necessary
and/or assist the evaluators in identifying potential problems that may occur during
the execution of the test.

• The investigator(s) should take on an observer role. Observers must not interfere
during the experiment unless it is strictly necessary.

• Recording if the tutors or researchers have had to help the participants or interrupt
the experiment, because the results obtained may be different or vary.

• Recording interactions with the system, product, or service through audiovisual
recordings, always maintaining the anonymity of the user.

• Observers must record what they observed during the sessions in writing. We recom-
mend recording the following information [45,46]: (1) activity performed, (2) actions,
events and behaviors observed by users, (3) possible cause of the problem, considering
the characteristics of the user, (4) description of the user (to identify the user more
quickly in the audiovisual record).

More details of each evaluation method are given below.

Field Observation

Field observation aims to obtain information from users and detect potential problems
of the system, product, or service to be evaluated [39]. These potential problems are
detected while observing the user interacting with the system, product, or service in a
natural environment. When using the field observation method, we recommend:
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• Scheduling one or more observation sessions for users. Each session must have an
estimated duration.

• During sessions, users should always be in an environment that is familiar to them. It
is for the same reason that it is recommended not to interrupt users’ activities and not
to distract users by including elements outside their usual environment.

Table A12 presents a brief specification of the execution of the field observation method,
considering the inputs, execution steps, and outputs (see Appendix A) that are relevant
when implementing this evaluation method.

Controlled Observation

Controlled observation aims to identify potential problems that users may experi-
ence when interacting with the system, product, or service [39]. Controlled observation
consists of the execution of guided activities, to eliminate the noise of the data obtained
by including strict controls, such as the ordering of tasks, thus minimizing the possible
effects of knowledge transfer between tasks and avoiding repetitive actions. When using
the controlled observation method, we recommend:

• Recording the times that the participants have required to develop each task.
• Have a controlled environment, free from noise and visual distractions. If possible,

make observations of the user in an appropriate laboratory.

Table A13 presents a brief specification of the execution of the controlled observation
method, considering the inputs, execution steps, and outputs (see Appendix A) that are
relevant when implementing this evaluation method.

5.3. S3 Results Analysis Stage

In this stage the organization and analysis of the results obtained after the execution
of the evaluation methods in the execution stage is performed. The purpose of this stage is
to organize the information, generate quantitative and qualitative analysis, and create a UX
report that includes the main problems found, an analysis of these problems, as well as
proposals for solutions to improve the UX of the product, system, or service.

As complementary material, Table A14 is presented in Appendix A. This table de-
scribes what is needed, what to do and what is obtained as an output when implementing
this stage.

5.3.1. S3.1 Grouping of Potential Problems

The first substage is the grouping of the problems obtained in the execution of the
evaluation methods. These problems come from different methods and documents, and
the result is a consolidated list of potential problems.

The other documents obtained as outputs in previous stages, such as task lists, prelim-
inary and perception questionnaires, will be used in the analyses without prior grouping.

Consolidating the identified potential problems requires grouping the problems and
then identifying the ones that come up repeatedly. To perform this task:

• Group the potential problems found in the inspection methods: heuristic evalua-
tion, group-based expert walkthrough and perspective-based inspection. Create a
consolidated list with the unique potential problems found in the lists obtained in
these methods, including the values of severity, frequency, and criticality of each
evaluator for each problem. Furthermore, consider modifying the problem titles
and definitions if this helps improve the clarity, quality, and consistency of the final
consolidated listing.

• In case of having repeated potential problems, each one should be merged into a single
potential problem by averaging the values of severity, frequency, and criticality of the
repeated problems, and then defining a consolidated title and definition for it.
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5.3.2. S3.2 Quantitative Analysis

The quantitative information can come from different sources: through the results
obtained in the execution of the property checklist method, consolidated list of potential
problems, task lists, answers obtained in the perception questionnaires and answers to the
preliminary questionnaires (demographic). To perform the quantitative analysis, analyze
the data obtained in the following categories:

• Results of the property checklist: After verifying compliance with the items of the check-
list used, the satisfaction percentage of the system, product or service can be obtained,
as shown in Table A8 (see Appendix A). As stated in our proposed property check-
list [15] we recommend that evaluators rate each of the items on a scale of 1 to 5,
from “Totally non-compliant” to “Totally compliant”. Establishing a scale from 1 to
5 will allow the researchers to determine the compliance of each item of the prop-
erty checklist. In addition, if categories are established, as in our proposal [15], we
recommend evaluating compliance with each of the proposed categories as a group.
To analyze these results, we recommend calculating and graphing the percentages of
compliance by category, as well as calculating the global percentage obtained after the
evaluation, which will allow us to clearly know the results obtained after completing
the property checklist. A graphic way of visualizing the results obtained can be using
radar charts [47].

• List of potential problems: For the potential problems obtained from the inspection
methods grouped in substage S3.1, calculate the average and standard deviation of
each of the severities, frequencies and criticalities assigned by each evaluator for each
potential problem. A lower value of standard deviation may mean less discrepancies
between evaluators; on the other hand, a higher value of standard deviation implies a
notorious discrepancy between evaluators, so it is important to analyze these potential
problems in detail. In addition, we recommend ordering the potential problems based
on the average severity and criticality, to identify the potential problems that must be
addressed with the highest priority.

• List of tasks: In the evaluation methods where the system, product or service is exam-
ined following a set of tasks, document the results and times required for the fulfillment
of said tasks. From this, comparisons can be generated between the obtained results
and times versus the expected results and times.

• Preliminary questionnaire (demographic): It is important to capture information from
the participants and evaluators, such as their age, gender, experience in the use of
similar systems, products, or services, among others. We recommend that for each of
the evaluation methods the captured information be graphed, to identify patterns and
facilitate its analysis.

• System, product, or service perception questionnaire: Organize and graph the information
captured through Likert scales to obtain a graphic display of the perception of the
participants and evaluators and thus facilitate its analysis and identify patterns.

5.3.3. S3.3 Qualitative Analysis

The qualitative information can come from different sources: the perception ques-
tionnaires obtained in the executed methods, the task lists, the observers’ logs, and audio-
visual and written records. To perform the qualitative analysis, consider for each result
previously obtained:

• Task list: For evaluation methods where the system, product or service is examined
following a set of tasks, we recommend documenting the comments and the correct
and incorrect actions carried out by the participants and/or evaluators.

• Audiovisual and written records: Organize and complement the written records obtained
by the observers through the audiovisual records. These records can be based on
the comments of the evaluators, as well as other aspects found when reviewing the
captured audiovisual record.
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• Observer Logs: Organize the information documented by the observers, such as com-
ments and/or correct and incorrect actions carried out by the participants throughout
the execution process of the evaluation method.

• List of Comments and Recommendations: Create a consolidated list that includes all the
comments and recommendations identified through the perception questionnaires in
each of the evaluation methods carried out, as well as those consolidated in the list
of tasks, audiovisual records, and logs mentioned in the previous points. For this, it
is recommended to group the comments and/or recommendations of all the outputs
into common and easy-to-understand categories, such as the proposed UX factors
for people with ASD [10]. Repeated comments must be merged into a single new
comment. Organizing and consolidating these comments and recommendations will
make it possible to find common patterns, positive and negative aspects, as well as
identify general and specific problems that have not been formally found through
the methods.

5.3.4. S3.4 UX Report

After carrying out the detailed quantitative and qualitative analyses in the previous
substages, the final stage of the methodology corresponds to the integration and interpreta-
tion of the results, which can be used to generate a detailed report on the UX in the system,
product or service evaluated, highlighting the potential problems found and providing
recommendations to improve the UX.

Considering the previous analyses, a single consolidated report on the UX of the
system, product or service must be generated, which is considered the final output of the
methodology to evaluate the UX in systems, products or services for people with ASD. To
prepare this report, consider:

• We recommend that the UX evaluation report be organized first according to the
evaluation methods executed, and then have a section for general results.

• Results of methods: Provide a consolidated analysis and interpretation of the information
obtained in each of the experiments carried out with the selected methods, including
potential problems found, conclusions and recommendations. Include interpretations
of each of the graphs created with the information from the evaluations carried out.

• Quantitative Analysis: Include a section of general quantitative results where the poten-
tial problems found between the different evaluation methods are related, including,
for example, most common potential problems, ranking of problems according to their
general criticality, observations found when comparing the results of the methods and
any other information that is relevant to improve the UX of the system, product, or
service. The quantitative information can be classified and organized based on the
established UX factors [10], or other criteria that the researchers deem convenient.

• Qualitative Analysis: Include a comments and qualitative analysis section, which
presents an overview of the evaluation and includes the qualitative results analyzed in
substage S3.3. For this analysis, it is important to highlight common patterns found in
the comments of all the experiments, positive aspects, negative aspects, and any other
information that is considered relevant to improve the UX of the system, product, or
service. This analysis can be supported by the quantitative results of the report.

• Recommendations and Proposed Solutions: Include a section in the report where re-
searchers present recommendations to solve the problems previously described in the
report with a UX perspective, as well as recommendations that are considered relevant
for future evaluations.

Once the UX report is completed, it can be used by the developers and/or stakeholders
of the system, product, or service, to improve the UX of people with ASD by fixing the
problems found and applying the recommendations provided.
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6. Validation and Discussion

Considering our preliminary proposal of the methodology [11], we have improved
the methodology based on the opinions of three UX expert researchers. In this, each
stage and substage have been detailed and restructured, and we included a new substage:
S1.2 (Experiment Design). After consolidating these changes in a new version of the
methodology, an expert judgment validation has been carried out, with 22 experts that
have knowledge about UX/Usability, ASD, or both.

The experts’ profiles include academic researchers, PhD students, computer scientists
with UX/Usability expertise, and domain specific experts, such as speech therapists, psy-
chologists, counselors, and educators with hands on experience working with people with
ASD. Some of these experts have experience in both UX/Usability and ASD, and some
have ASD themselves.

In the expert judgment validation, each participant has been given a specification
document of the methodology, which includes a summarized version and a detailed version,
and a survey which was created based on the proposal from Quiñones et al. [44]. The
validation carried out is aimed at obtaining feedback from experts.

The survey has been divided into three sections.
(1) First section: Learn about the background of the participating experts.
(2) Second section: Evaluate the stages and substages of the methodology, using a

five-level Likert scale (1—worst to 5—best) in four factors (F1, F2, F3 and F4):

• (F1) Usefulness: How useful do you consider each stage and substage of the methodology?
• (F2) Clarity: How do you rate the clarity of each stage and substage of the methodology?
• (F3) Ease of use: How easy would it be to implement each stage and substage of

the methodology?
• (F4) Lack of Detail: Do you think that the stages and/or substages of the methodology

need more detail or additional elements?

(3) Third section: Know their opinions about the methodology, the stages and substages,
which includes:

• Two questions (Q1 and Q2) focused on finding out their general opinion about the
methodology, through a five-level Likert scale (1—worst to 5—best).

# (Q1) Use in future evaluations: If you had to evaluate the user experience in
systems, products or services used by people with ASD, would you use our
proposed methodology?

# (Q2) Completeness: Do you think that the methodology covers all the aspects to
be evaluated in systems, products or services used by people with ASD?

• Five open questions focused on knowing their opinions and comments on the method-
ology, stages and substages.

# (O1): Would you remove or add any evaluation method proposed by the method-
ology? Which one(s) and why?

# (O2): Would you change, add, or eliminate any aspect of a stage or substage of
the methodology? Which one(s) and why?

# (O3): Would you change, add, or eliminate any aspect of the evaluation methods
considered in the proposed methodology? Which one(s) and why?

# (O4): What aspects do you consider were not covered by the proposed method-
ology and should be included in the methodology to evaluate systems used by
people with ASD?

# (O5): Do you have any additional comments and/or suggestions for the authors?

The following results were obtained from this survey.
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6.1. Experts Background

To know about the backgrounds of the 22 experts, they have been asked about their
previous knowledge about UX/Usability and ASD. As a result, we have obtained the
following information:

• A total of 20 experts (90.90%) previously knew the concepts of UX/Usability.
• A total of 21 experts (94.45%) previously knew the ASD concept. From this 94.45%:

# A total of eight experts (38.09%) mentioned that they have interacted with people
with ASD, because they have relatives and/or are people diagnosed with ASD.

# A total of 13 experts (61.90%) mentioned that they have taught, researched, or
carried out experiments with people with ASD.

6.2. Quantitative Results

Table 1 shows the results obtained by each of the factors (F1–F4). The information
obtained is analyzed below.

Table 1. Results for factors F1, F2, F3 and F4.

F1—Utility F2—Clarity F3—Ease of Use F4—Lack of Detail

AVG SD AVG SD AVG SD AVG SD

S1: Planning Stage 4.82 0.50 4.36 0.73 3.73 0.77 2.59 1.26
S1.1: Method Execution Planning 4.77 0.53 4.23 0.81 3.73 0.83 2.64 1.43

S1.2: Experiment Design 4.82 0.50 4.41 0.73 3.55 0.96 2.32 1.36
S1.3: Evaluators Selection 4.73 0.63 4.45 0.67 3.59 0.91 2.45 1.30

S1.4: Participants Selection 4.77 0.53 4.27 0.70 3.36 1.09 2.73 1.39
S2: Execution Stage 4.82 0.50 4.41 0.85 3.68 0.99 2.50 1.41

S2.1: Preliminary Evaluation 4.64 0.58 4.45 0.80 3.91 0.92 2.41 1.37
S2.2: Inspections 4.59 0.67 4.59 0.59 3.64 0.95 2.50 1.47
S2.3: User Tests 4.86 0.47 4.50 0.67 3.18 1.14 2.55 1.37

S3: Results Analysis Stage 4.91 0.29 4.41 0.85 4.00 0.93 2.18 1.33
S3.1: Quantitative Analysis 4.68 0.57 4.36 0.90 3.91 1.02 2.23 1.38
S3.2: Qualitative Analysis 4.77 0.43 4.36 0.85 4.00 0.93 2.18 1.30
S3.3: Integration of Results 4.82 0.50 4.23 0.97 3.68 0.89 2.32 1.43

4.77 4.39 3.69 2.43

It is important to mention that the methodology specification delivered to the experts
only had three substages in the Results Analysis Stage. Considering the feedback from
the experts, a new substage called “Grouping of potential problems” has been added, and
substage S3.3 was renamed.

• (F1) Utility: The average utility of the methodology specification is high (4.77). Stage S3
(Results Analysis) is considered the most useful (4.91). The S2.2 substage (Inspections)
is considered the least useful, however, its average is still high (4.59). The standard
deviation is relatively low, ranging from 0.29 (stage S3) to 0.67 (stage S2.2). The
standard deviation of stage S3 (Results Analysis) is the lowest of the four factors. The
perceived usefulness of the methodology is high.

• (F2) Clarity: The average clarity of the methodology specification is high (4.39). Sub-
stage S2.2 (Inspections) is considered to have more clarity (4.59). Substages S1.1
(Method Execution Planning) and S3.3 (Integration of Results) are considered less clear
(4.23). The standard deviation varies between 0.59 (substage S2.2) and 0.97 (substage
S.3.3). The perceived clarity about the methodology is high. Considering the results
obtained, the specification of the less clear perceived substages (S1.1 and S3.3) have
been improved.

• (F3) Ease of use: The average ease of use of the methodology specification is moder-
ate (3.69). Stage S3 (Results Analysis) and substage S3.2 (Qualitative Analysis) are
considered to be the easier to use (4.00). Substage S2.3 (User Tests) is considered the
most difficult to perform (3.18) and is the one with the highest standard deviation
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(1.14); experts commented that this stage has been considered the most difficult to
carry out, due to the unforeseen events that may arise and the various profiles that
people with ASD may have, and not necessarily due to the complexity of the substage
specification. Standard deviations are relatively high, ranging from 0.77 (stage S1) to
1.14 (substage S2.3).

• (F4) Lack of Detail: The average lack of detail in the specification of the methodology
is low (2.43). Due to the nature of the question, having a low average does not imply
having obtained negative results. A high average means that the methodology is
missing more details. The substage S1.4 (Selection of Participants) is the one with
the highest average (2.73). Stage S3 (Results Analysis) and substage S3.2 (Qualitative
Analysis) are the ones with the lowest average (2.18). Standard deviations are high,
ranging from 1.26 (stage S1—Planning) to 1.47 (substage S2.2—Inspections). Expert
opinions on the F4 factor are divergent/mixed.

The experts’ perceptions of the factors are homogeneous, except for factor F4. Because
substage S2.3 (User Tests) is perceived as having a high utility (4.86), with a low ease of
use (3.18) and a comparatively high need for more detail (2.55), it is that its specification
and ease of use have been improved. Additionally, greater detail has been provided in
the specification of substages S1.1 (Method Execution Planning) and S3.3 (Integration of
Results) since they have been considered the least clear (4.23).

The results obtained in the two general questions (Q1 and Q2) on the methodology
can be seen in Table 2.

Table 2. Planning Stage Specification.

Q1—Intention of Use in Future Evaluation Q2—Completeness

Average 4.32 3.77
Standard Deviation 0.72 0.75

These results show that:

• The perception of the experts regarding the use of the methodology in future evalu-
ations (Q1) is high (4.32). A total of 86% of the evaluators perceive that they would
probably and/or definitely use the proposed methodology to evaluate systems, prod-
ucts or services used by people with ASD.

• The experts’ perceptions regarding the completeness of the methodology (Q2) are
relatively high (3.77). Experts emphasize that working with people with ASD is not an
easy thing to do. A total of 77% of the evaluators declare that the methodology proba-
bly and/or definitely covers all the necessary aspects to evaluate systems, products or
services used by people with ASD.

6.3. Qualitative Results

When experts have been asked if they would remove or add any evaluation methods
to the proposed methodology (O1), most have mentioned that they would not remove or
add any evaluation methods. They mention that the chosen methods are relevant to the
context to be applied.

When experts have been asked if they would change, add, or remove any aspect of
a stage or substage (O2), experts have provided various comments. Table 3 shows the
comments of the experts, if the suggestion has been considered, and the justification or
action performed.
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Table 3. Results of questions O1 and O2.

Comment Has Been Considered? Justification/Action

Previously train the participant with ASD,
because eventually this new situation can

cause stress.
No

The results of the tests with users can be biased if
an induction is carried out beforehand.

Emphasis has been placed on providing clear
and concise instructions before and during

the experiment.

Add more detail in the user testing substage. Yes

Greater detail has been provided in substage
S2.3, emphasizing the considerations that must
be kept in mind when interacting with people

with ASD.

Specify the number of participants, and if there
will be a control group (with people without

ASD) and/or an experimental group.
Yes

It has been detailed that the experiments should
be carried out with people with ASD. It is

recommended to have three or five participants
with ASD [38].

Detail the faculties that the tutor will have
during the tests with users. Yes

It is detailed that the tutors must provide
support to the participants, in case they are

overwhelmed or do not understand the tasks to
be carried out.

When the experts have been asked if they would change, add, or delete any aspect
of the proposed evaluation methods (O3), the experts have mentioned various comments.
Table 4 shows the comments of the experts, if the suggestion has been considered, and the
justification or action performed.

Table 4. Results of question O3.

Comment Has Been Considered? Justification/Action

Consider possible problems in the estimated
times for each planned task. Yes The suggestion was added as something to

consider when planning the user tests.

Document if the participants have answered the
preliminary and/or perception questionnaires

with the support of the tutors or autonomously.
Yes This has been included in substage S2.3.

When the experts have been asked about what aspects they consider were not covered
by the methodology and should be included (O4), the experts have mentioned various com-
ments. Table 5 shows the comments of the experts, if the suggestion has been considered,
and the justification or action performed.

Table 5. Results of question O4.

Comment Has Been Considered? Justification/Action

Add a new stage, substage or product that
details a possible “contingency plan”. No We believe that the detail provided is sufficient as a

basis for how to act in adverse situations.

Specify the link of the methodology and
evaluation methods with the characteristics of
people with ASD and/or proposed UX factors.

Yes

The suggestion has been included.
The evaluation methods and the proposed UX
factors [10] were selected/created based on the

characteristics of people with ASD. It is
recommended to particularize the instruments used

in the evaluation methods for people with ASD.

When the experts have been asked if they have any additional comments and/or
suggestions (O5), the experts have mentioned various comments. Table 6 shows the
comments of the experts, if the suggestion has been considered, and the justification or
action performed.



Appl. Sci. 2022, 12, 11340 20 of 29

Table 6. Results of question O5.

Comment Has Been Considered? Justification/Action

The number of evaluators should be as proposed
by Nielsen and Landauer [38]. Yes The suggestion has been included in substage

S1.3, evaluators selection.

The methodology should consider the dependency
and/or autonomy of people with ASD. Yes This suggestion has been included in S1

planning stage.

Expert feedback is positive. It is pointed out that the methodology is complete,
replicable, and modern. It is highlighted that the methodology can help a better inclusion
of people with ASD, and that it can be difficult to carry out tests with users with people
with ASD. We have realized the need to modify the structure of stage S3 (Results Analysis
Stage) and created sub-stages S3.1 (Grouping of potential problems) and S3.4 (UX Report),
to provide better clarity for this stage. It should be noted that stage S3 (Results Analysis
Stage) has only had a change in the structure and not in its content.

Considering the comments and suggestions provided by the evaluators, it has been
possible to refine the proposed methodology, as presented in this document.

7. Conclusions

Studies have evaluated the UX and/or usability of their technological proposals
through various evaluation methods and instruments, with the support of experts in ASD,
people with ASD and their parents and/or tutors. Many of the evaluation methods and/or
instruments used are not particularized or do not consider the characteristics of people with
ASD. The investigations do not provide enough detail of the evaluations carried out [6].

It is necessary to have evaluation methods and instruments that consider the charac-
teristics of people with ASD, with a special emphasis when these methods and instruments
are executed with people with ASD; therefore, a formal process when evaluating the UX of
systems, products or services used by people with ASD is needed.

We have followed a seven-stage process for the creation of the methodology to evaluate
the UX of systems, products or services used by people with ASD. This process is backed up
by (1) the publication of a systematic literature review [6], which represents a justification
for the need of a formal evaluation process, (2) the creation of nine UX factors for people
with ASD [10], that has supported the characterization the users, and particularization
of evaluation methods, instruments and processes aimed at evaluating UX in systems,
products or services used by people with ASD, and (3) the publication of a first iteration of
the creation process that resulted in a preliminary proposal of the methodology [11].

Two validations were made to the preliminary proposal of the methodology [11].
Experts with knowledge in UX/Usability, in the ASD condition, and in both, have provided
us with comments and suggestions. Many of the comments and suggestions made were
considered. In the first validation, a greater specification of the methodology has been
refined and provided, as well as the creation of the substage S1.2 (Experiment Design). In
the second validation, modifications were made mainly in substage S2.3 (User Tests) and a
restructuring of stage S3 (Results Analysis Stage).

Considering the results of the two validations carried out (two iterations in the creation
process), we can highlight that the proposed methodology is perceived by the experts as
useful, a contribution to the inclusion of people with ASD and, furthermore, they mention
having the intention of using it in the future.

The proposed methodology establishes a formal process to evaluate the user experi-
ence in systems, products and services used by adults with ASD, which includes evaluation
methods, instruments and processes that were selected and adapted according to the
specific characteristics of the users. Using the proposed methodology with an adequate
selection or adaptation of instruments, such as those recommended in this paper, can help
to improve the satisfaction and perception of people with ASD about the system, product
or service evaluated.
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We believe that this methodology proposal contributes to solving the need for a formal
process to evaluate the UX of systems, products or services used by people with ASD
identified in the early stages of this investigation. By using this methodology, investigators
will be able to follow a validated process that uses specific methods and instruments that
were selected and adapted according to the needs of people with ASD, and by identifying
and addressing the potential UX problems found, and the UX of the system, product or
service can be improved, thus helping in providing a positive and rewarding experience
for users with ASD.

In future work, we intend to apply the proposed methodology to evaluate the user
experience in a system designed for people with ASD and a website not designed for
people with ASD. We aspire to apply the methodology with the support of experts with
knowledge in UX/Usability, ASD, and both, as well as to have the support of young adults
diagnosed with ASD.
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Appendix A

Table A1. Planning Stage Specification.

S1: Planning Stage
Plan UX evaluations to be performed. Find experts, participants, and tutors.

What do I need to get started? • Select a specific system to evaluate UX

What to do?

• Collect information about the system.
• Selection of evaluation methods to be performed.
• Identify and describe goals, protocols, scenarios, tasks and expected results of

the evaluation.
• Selection of participants with ASD *, tutors **, UX/Usability experts and ASD

domain experts.

* Participants must be within the objective users of the system, product, or service to
be evaluated.
** Considering the dependence and autonomy of the participants, we recommend having the
support of tutors or evaluators who can help the participants with problems or questions.

What is obtained?

• 1© System, product, or service information.
• 2© List of methods to execute.
• 3© Experiment Design Document.
• 4© List of evaluators.
• 5© List of participants.



Appl. Sci. 2022, 12, 11340 22 of 29

Table A2. Method Execution Planning Specification.

S1.1 Method Execution Planning
Selection and planning of methods to be executed.

What do I need to get started? • 1© System, product, or service information.

What to do?

• Collect system, product, or service information.
• Define objective and scope of the UX evaluation.
• Select the evaluation methods to be carried out based on the objective, scope, resources,

and available time. It is recommended that:

# If there are no time and resource constraints, it is suggested to perform all the
methods proposed in the methodology (Figure 1).

# If there are time and resource constraints, it is recommended to follow the simplified
sequence: property checklist, heuristic evaluation and field observation.

# Otherwise, select the methods to be performed according to the time and resources
available, considering the complexity of each method (see S1.1 Method
Execution Planning).

What is obtained? • 2© List of methods to execute.

Table A3. Rating Scales of Problems Detected.

Rating Scale Description Range Scale

Severity Scale that evaluates how detrimental the potential
problem is to the use of the system. 0–4

(4) Catastrophic problem; (3) major problem;
(2) minor problem; (1) cosmetic problem;

(0) it is not a problem

Frequency Scale that evaluates the occurrence of the problem
during use of the system. 0–4 (4) >90%; (3) 51–90%; (2) 11–50%; (1) 1–10%;

(0) <1%

Criticality Sum of the assigned severity and frequency, which
represents the level of criticality of the problem. 0–8

Table A4. Experiment Design Specification.

S1.2 Experiment Design
Design and specify the experiments to be performed.

What do I need to get started?
• 1© System, product, or service information.
• 2© List of methods to execute.

What to do?

• Collect system, product, or service information.
• Define the evaluation objective(s) for each method to be carried out.
• Define expected results to be obtained in each evaluation.
• Scenario creation *.
• Task set creation *.
• Protocol creation. The protocols contemplate a set of documents required for the execution

of the evaluation methods.
• Consolidate the information in the “Experiment Design document”.

* It is recommended, if possible, that aspects, such as scenarios and tasks, are universally
defined to use in multiple evaluation methods.

What is obtained? • 3© Experiment Design Document.
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Table A5. Evaluators Selection Specification.

S1.3 Evaluators Selection
Search and selection of evaluators.

What do I need to get started? • 1© System, product, or service information.

What to do?

• Analyze system, product, or service information.
• Select experts in UX/Usability, experts in the ASD domain and/or experts with

knowledge in both areas (UX/Usability and in the ASD domain).
• Select a leader with knowledge in both areas (UX/Usability and in the ASD domain) or a

UX/Usability expert.
• Collect information from expert evaluators.
• Consolidate the list of expert evaluators.

What is obtained? • 4© List of evaluators.

Table A6. Participants Selection Specification.

S1.4 Participants Selection
Search and selection of participants with ASD and their tutors.

What do I need to get started? • 1© System, product, or service information.

What to do?

• Define target users.
• Search for participants with ASD.

# Have the permission of the guardians if necessary.

• Search and list tutors, if needed.

# It is recommended that they are people close to the participants with ASD.

• Collect the information obtained from the participants.
• Consolidate the list of participants.

What is obtained? • 5© List of participants.

Table A7. Execution Stage Specification.

S2: Execution Stage
Execution of selected evaluation methods.

What do I need to get started?

• 2© List of methods to execute.
• 3© Experiment Design Document.
• 4© List of evaluators.
• 5© List of participants.

What to do?

• Collect information obtained in the planning stage.
• Evaluators training.
• Execute the preliminary evaluation.
• Execute the inspection methods.
• Execute user tests.
• Document the results obtained in each of the evaluations.

What is obtained?

• 6© Results of the execution of the preliminary evaluation.
• 7© Results of the execution of the inspection method(s).
• 8© Results of the execution of the user test(s).
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Table A8. Property Checklist Specification.

Property Checklist

Input

• 3© Experiment Design Document:

# Goals.
# Protocol.
# Scenarios (Optional).
# Tasks (Optional).
# Expected results.

• Checklist tool/s to use.
• 4© List of evaluators.

Execution Step

• For further details and specification of the method refer to study [39].
• We recommend that the evaluators must indicate compliance with each of the items on the checklist

provided and may also add comments for each item or in general.

Output

• Percentage of system, product, or service satisfaction for people with ASD *.

# Percentage of satisfaction per category ** = (average score per category/maximum score to be
achieved) × 100.

# Total satisfaction percentage = average percentage of satisfaction of all categories.

• System Perception Questionnaire.

# Comments and/or recommendations of the evaluators.

• Preliminary questionnaire (Demographic).

* The percentage of satisfaction of the system considers that each item of the property checklist will be
evaluated on a Likert scale, as proposed in our property checklist adaptation [15].
** It is proposed to categorize the items of the property checklist [15], to obtain an overview of the successes
and failures in the design of the evaluated system, product or services.

Table A9. Group-Based Expert Walkthrough Specification.

Group-Based Expert Walkthrough

Input

• 3© Experiment Design Document:

# Goals.
# Protocol.
# Scenarios.
# Tasks.
# Expected results.

• 4© List of evaluators.

Execution Step

• For further details and specification of the method refer to the study [40].
• The author of the group-based expert walkthrough method only proposes the assignment of the severity

scale [40]. For the purposes of the methodology, we recommend using the frequency and criticality scales.

Output

• List of potential problems.

# Details about severity, frequency and criticality can be found in Table A3.

• List of tasks performed.

# Document completed by the evaluators.

• System Perception Questionnaire.

# Comments and/or recommendations of the evaluators.

• Preliminary questionnaire (Demographics).
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Table A10. Perspective-Based Inspection Specification.

Perspective-Based Inspection

Input

• 3© Experiment Design Document:

# Goals.
# Protocol.
# Scenarios.
# Tasks.
# Expected results.

• 4© List of evaluators.

Execution Step

• For further details and specification of the method refer to the study [41].
• The authors of the perspective-based inspection method only propose the assignment of the severity

scale. For the purposes of the methodology, we recommend using the frequency and criticality scales.

Output

• List of potential problems.

# There will be a list of problems for each perspective.
# Details about severity, frequency and criticality can be found in Table A3.
# The values of severity, frequency and critique are agreed by all the evaluators.

• List of tasks performed.

# Document completed by each evaluator.

• System Perception Questionnaire.

# Comments and/or recommendations of the evaluators.

• Preliminary questionnaire (Demographics).

Table A11. Heuristic Evaluation Specification.

Heuristic Evaluation

Input

• 3© Experiment Design Document:

# Goals.
# Protocol.
# Scenarios (Optional).
# Tasks (Optional).
# Expected results.

• 4© List of evaluators:
• Set of selected heuristics.

Execution Step

• For further details and specification of the method, refer to study [9]. For the purposes of the
methodology, we recommend using the frequency and criticality scales.

• This stage can be a free exploration of the system, product or service or it can be guided by a set of tasks,
depending on what is indicated in the execution plan.

Output

• List of potential problems.

# Details about severity, frequency and criticality can be found in Table A3.

• List of tasks performed *.

# Document completed by each evaluator.

• System Perception Questionnaire.

# Comments and/or recommendations of the evaluators.

• Preliminary questionnaire (Demographics).

* Depending on the execution plan, it may or may not be necessary.
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Table A12. Field Observations Specification.

Field Observations

Input

• 3© Experiment Design Document:

# Goals.
# Protocol.
# Expected results.

• 5© List of participants.

Execution Step

• For further details and specification of the method refer to the study [39].
• Consider the general and specific recommendations of the evaluation method presented in Section 5.2.3

(S2.3 User Tests).

Output

• System Perception Questionnaire.

# Comments and/or recommendations from the participants and/or tutors. Tutors are only part of the
experiment if needed.

• Audiovisual and written records.
• List of potential problems.

# Potential problems found by the evaluation observers.

• Observers log.

# List of observations about the behavior and involvement of users during interaction with the system.

• Confidentiality agreement.

Table A13. Controlled Observations Specification.

Controlled Observations

Input

• 3© Experiment Design Document:

# Goals.
# Protocol.
# Scenarios.
# Tasks.
# Expected results.

• 5© List of participants.

Execution Step

• For further details and specification of the method refer to the study [39].
• Consider the general and specific recommendations of the evaluation method presented in Section 5.2.3

S2.3 User Tests.

Output

• System Perception Questionnaire.

# Comments and/or recommendations from the participants and/or tutors. Tutors are only part of the
experiment if needed.

• Audiovisual and written records.
• List of potential problems.

# Potential problems found by the evaluation observers.

• Task list.

# Completed by the participants.

• Observers log.

# List of observations about the behavior and involvement of users during interaction with the system.
# Performance measures of the tasks performed (time and number of tasks performed).

• Confidentiality agreement.
• Preliminary questionnaire (Demographics).
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Table A14. Results Analysis Stage Specification.

S3: Results Analysis Stage
Analysis and report of the results found.

What do I need to get started?

• 6© Results of the execution of the preliminary evaluation.
• 7© Results of the execution of the inspection method(s).
• 8© Results of the execution of the user test(s).

What to do?

• Group the results obtained from the evaluations carried out.
• Quantitative analysis.
• Qualitative analysis.
• Create the UX evaluation report.

What is obtained?

• 9© Results of quantitative analysis.
•
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