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ABSTRACT

We present a review of research related to the usability testing of mobile applications including
participants with Down syndrome. The purpose is to identify good usability testing practices
and possible guidelines for this process when participants are people with this cognitive
disability. These practices and guidelines should account for their specific impairments. We
applied document analysis techniques to searches of scientific databases. The results were
filtered considering how well they matched the research topic. We processed and reported the
classified and summarized results. The main findings of this literature review is that mobile
applications usability testing including people with Down syndrome is an issue that has not be
comprehensively investigated. While there is some related research, this is incomplete, and
there is no single proposal that takes on board all the issues that could be taken into account.
Consequently, we propose to develop guidelines on the usability testing process involving
participants with Down syndrome.
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1. INTRODUCTION

Usability is a quality attribute of interactive systems defined by five attributes: learnability,
efficiency, memorability, errors and satisfaction (Nielsen and Kaufmann). In ISO 9241-11
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(Abran et al.), the International Organization for Standardizations (ISO) bases usability on three
quality attributes: effectiveness, efficiency and satisfaction. Usability is one of the key qualities
of a product or system. Systems whose usability is good are easy to learn, efficient, not prone to
errors and generate user satisfaction (Nielsen and Kaufmann), (Abran et al.).This paper focuses
on one particular cognitive disability: Down syndrome (DS). Down syndrome is a genetic
disorder with a worldwide incidence close to one in every 700 births (15/10,000), but the risk
varies with the mother’s age. In 2010 there were approximately 34,000 people with DS in Spain.
People with DS have impaired cognitive processing, language learning and physical abilities, as
well as different personal and social characteristics (Yussof and Badioze Zaman).

A usability testing methodology suitable for participants including people with DS needs to be
well designed (Jones, Scanlon, and Clough). The article is structured as follows. First, it describes
the nine usability testing process steps. It then describes the literature review process, including
the applied methodology, searches and filters.

2. USABILITY TESTING PROCESS

A user-centred design process is applied to build products and systems with a satisfactory level of
usability [1]. As part of this process, planning, context of use analysis, interactive system design
and evaluation tasks are carried out iteratively. A key step is usability evaluation. There are
several methods for evaluating how usable a product or system is: heuristic or guideline
evaluation, usability testing and follow-up studies of installed systems [2]. The most common
method is usability testing, which involves testing prototypes with real users [3]. Participating
users are set a number of tasks that they have to perform using a prototype or a full system. Data
on the effectiveness, efficiency and satisfaction of users are collected during testing. Generally,
the usability process is divided into the following steps: 1.Recruit participants , 2. Establish the
tasks, 3.Write the instructions, 4.Define the test plan , 5.Run the pilot test, 6. Refine the test plan ,
7.Run the test session, 8.Analyse the collected objective, 9.Report results. The literature review
process described in Section 3 focused on identifying papers that report a usability test with
people with Down syndrome and on retrieving the key information that they provide on each of
these nine steps

3. LITERATURE REVIEW PROCESS

We applied a review and document analysis (RAD) methodology with two protocols: one for
searching for sources of information and the other for inspecting the sources of information [4].
Table 1 shows the search protocol and Table 2 illustrates the document analysis protocol.

The literature review process (Figure 1) was composed of two searches: one used the terms
“usability evaluation” and “down syndrome” and the other employed the terms ‘“cognitive
disabilities” and “usability”. The preliminary list of papers (621 + 415) was first pruned based on
date of publication and the relevance of paper titles. This returned 58+57 papers. The list was
further pruned based on the relevance of the content of the abstracts. The result was a list of 98
papers (43 + 55). These papers were read and analysed, and 11 papers were found to be of
relevance to the topic of usability testing for people with DS.
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Table 1: Information source search protocol

Information source search protocol

Language: Spanish and English
Period: 2008 to 2014
Term Individual Usability, evaluation, down syndrome, cognitive
disabilities, hci, human computer interaction
Combinations Search 1: USABILITY EVALUATION DOWN
SYNDROME
Search 2: COGNITIVE DISABILITIES USABILITY
Information WEB OF SCIENCE UAM, INGENIO UAM, COPUS UAM, GOOGLE
resources ACADEMICO, MICROSOFT ACADEMIC SEARCH, ERIC, REFSEEK,

SCIENCE RESEARCH, WORLD WIDE SCIENCE, SCIELO CERN,
SCIENCE DIRECT, SCIENCE, ACM AND SPRINGER

Search strategies

Two searches were run with combinations of different keywords:
e Search 1:“usability evaluation” and “down syndrome”
e Search 2: “cognitive disabilities” and “usability”
The results were successively refined considering:
1. Year of publication: from 2008 to 2014
2. Relation of publications to technologies and computing
3. Relation of usability to computer systems usability (Human-Computer
Interaction — HCI).

The literature review process has consisted in two searches, one with terms “usability evaluation
down syndrome” and the other with the terms “cognitive disabilities usability”. The initial list of
references was pruned in a first stage based on the relevance of their titles. Then a second pruning
was made based on the relevance of the content of the abstracts. The result was a list of 98

papers. These papers have been read and analysed, then we had 11 articles.

These 11 papers were thoroughly analysed and sorted by priority (high, medium or low)
depending on their contributions to the steps of the usability testing process (Table 3). The result

was a list of five high-priority papers that are analysed in Section 4.

We applied the parameters in table 2 to determinate the level priority

Table 2: Information source inspection protocol

Information source inspection protocol

Inspection rules: The order of inspection is as follows:

1. Inspection of title

2. Inspection of abstract

3. If the information is relevant to the research topic, the
content is inspected.

Exclusion criteria:

Duplicate information
Information unrelated to the research topic
Outdated information.

Inclusion criteria:

—_ W N =

Information relevant and related to the research topic
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Figure 1 : Search refinement strategy flow diagram

We applied a new filter giving a priority and an important level to the contribution research
taking in count the approach of the investigation to the actual research. Finally we obtained result
5 papers have been useful to extract information about usability testing with participants.

Table 3 : Summary and classification of preselected papers

DOCUMENT PRIORITY SUMMARY
A method to evaluate disabled High This study designed by [5] evaluated four children aged between
user interaction: a case study 6 and 12 years with DS and analyses the development of the
with Down syndrome coding scheme based on the detailed video analysis method
children [5]. 2013. (DEVAN) to observe the interaction of the children with DS.

Also applies IQ evaluation and use JECRIPE tool. The test plan
is to deliver the application to the children, observe and film. No
pilot test was run. Finally, the workshop was held and the results
for each child evaluated on average for 45 minutes for all
process were analysed.
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A Usability Evaluation of
Workplace-Related Tasks on
a Multi-Touch Tablet
Computer by Adults with
Down Syndrome [6]. 2012.

High

Two pilot sessions are run: administer demographic
questionnaire to participants and validate participant recruitment
criteria. Participants were asked to perform five different
categories of tasks on an iPad (social networking, electronic
mail, scheduling / planning, price comparison and basic text
input / note taking). No formal data collection or methodology
was applied. Use patterns were observed. They were then used to
write a list of tasks and develop a methodology. Participants
were reevaluated during the second session, and this information
was used to rewrite the list of tasks.

Designing Usability
Evaluation Methodology
Framework of Augmented
Reality Basic Reading
Courseware (AR BACA
SindD) for Down Syndrome
Learner [7]. 2011.

High

This paper proposes a usability evaluation framework for an
augmented reality framework for learners with DS. To do this,
three to five expert interface design and learning content
evaluators were recruited. They analysed 10 adults with DS to
evaluate how proficient they were at using multi-touch tablets
for job-related tasks. The evaluation was divided into two
phases: an acceptance testing phase including formative
assessment and a usability phase including either a formative
phase with an iterative development cycle or a summative phase
where testing is conducted with a large number of users. The
goal was to identify strengths and weaknesses [7].

The complementary role of
two evaluation methods in
the usability and accessibility
evaluation of a non-standard
system [8]. 2010.

High

[8] worked with five usability and accessibility experts and six
learners to evaluate a literacy system in Africa. It was evaluated
using the heuristic method and a usability field study. First a
pilot study was run to gain an idea of how the applications work.
The pilot study activities were: run the evaluation and draft a
report of the compiled evaluation for submission to the
immediate evaluator.

Usability ~ Evaluation  of
Multimedia Courseware
(MEL-SindD) [9]. 2009.

High

This paper discusses the usability assessment of the courseware,
the methods used for the evaluation, as well as suitable
approaches that can be deployed to evaluate the courseware
effectiveness for disabled children. The evaluation was divided
into three phases: PHASE 1. Identify user needs, PHASE 2.
Evaluate usability with the participation of 11 students with DS,
and PHASE 3. Send the data collected by the researcher to the
specialist teachers and parents of the recruited children with DS.

Usability of the
SAFEWAY2SCHOOL
system in children with
cognitive disabilities]. [10]

Low

Fourteen children with DS and a control group of 23 children
without disabilities participated in the study conducted by
(Falkmer et al., 2014) which involved evaluating a system for
improving safe school transport for children.

Validating WCAG versions
1.0 and 2.0 through usability
testing with disabled users
[11].2012.

Low

This paper reports a study that empirically validated the
usefulness of using WCAG as a heuristic for website
accessibility.

Usability remote evaluation:
METBA system [12]. 2012.

Low

This paper reports a solution (METBA) for managing the
information related to the evaluation of human behavioural
observation . The system is used to register and manage the
information derived from remote usability evaluation and
complements the methodology commonly used in this research
area.

Computer Usage by Children
with  Down  Syndrome:
Challenges and  Future
Research [13]. 2010

Low

This paper reports the text responses collected in the survey and
is intended as a step towards understanding the difficulties
experienced by children with DS when using computers.
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A multi-method, user- Low The Study have assessed the accessibility of web site from
centered evaluation of federal e-government. The conclusion is that web sites should be
accessibility for persons with accessible to persons with disabilities.

disabilities [14]. 2009.

Computer Usage by Young Low This paper discusses the results of an online survey that
Individuals ~ with  Down investigates how children and young adults with DS use
Syndrome: An Exploratory computers and computer-related devices.

Study [15]. 2008.

4. LITERATURE REVIEW RESULTS

We analysed the five selected papers with regard to their contributions to each of the usability
testing process Figure 2. A user-centred design process is applied to build products and systems
with a satisfactory level of usability (Standard). As part of this process, planning, context of use
analysis, interactive system design and evaluation tasks are carried out iteratively. A key step is
usability evaluation. There are several methods for evaluating how usable a product or system is:
heuristic or guideline evaluation, usability testing and follow-up studies of installed systems
(Adebesin and Gelderblom). The most common method is usability testing, which involves
testing prototypes with real users (Diah et al.). Participating users are set a number of tasks that
they have to perform using a prototype or a full system. Data on the effectiveness, efficiency and
satisfaction of users are collected during testing. Generally, the usability process is divided into
the following steps:

1. Recruit participants after determining the population group of interest and the
required number of participants.

2. Establish the tasks that are to be used in the usability tests.

3. Write the instructions that participants will be given to perform the usability test.

4. Define the test plan, which is a protocol stating activities like welcome, pre-test
interview, observed task performance by user, satisfaction questionnaire, personal
interview to gather qualitative information, etc.

5. Run the pilot test to analyse whether the process works to plan.

6. Refine the test plan after analysing the results of the pilot tests.

7. Run the test session.

8. Analyse the collected objective (times, number of errors, etc.) and subjective
(satisfaction questionnaires) data.

9. Report results to the development team or management.
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USABILITY EVALUATION

1. Recruit participants
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v

3. Write instructions
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8. Analyze data collected

9. Present the results to the
Development Team

Figure 2: Usability Testing Process

in each phase of the usability process.

Table 4: Part of the analysis of the research on usability testing for people with DS

1. Recruit
particip
ants

From the analysis of the research with regard to the recruitment of participants, we find that [5]
take four children aged from 6 to 12 years with DS, [8] use five usability experts and six learners,
[7] use from three to five interface design and learning content experts, and [16] work with two
paediatricians, primary school teachers and 11 children with DS. This illustrates the importance
of working with on average 10 paediatricians, interface and learning content evaluators and
people with DS.

2. Establish
tasks

[5] holds a 30-minute training session, takes 20-minute videos per child and uses the DEVAN
method to work directly with children with DS. On the other hand, [8] evaluate a literacy portal
in Africa using the following tasks: submission of evaluation criteria, submission of document
stating procedure to be followed, submission of document on interfaces and applications for
evaluation, signature of anonymity and confidentiality forms. In the research by [8], the experts
identify critical usability problems in the early stages of the development cycle and divide the
evaluation into two phases: acceptance testing and usability. [9] divide the tasks used in the
evaluation into several phases: PHASE 1. Identify user needs, iteratively engage students in
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testing, and collect data from teachers and parents of students with DS, PHASE 2. Conduct the
usability evaluation, and PHASE 3. Collect the data from specialist teachers and parents and hold
the scheduled interviews. The activities specified by [6] are validate the criteria for recruiting
participants, like computer experience.

3. Write [9] describe the instructions for identifying the needs of users, which are collect data, interview
instructions | students’ paediatrician and primary school teachers, interact socially with students; identify the
learning needs. Understand the problems through conversations with parents; interview
specialists, teachers and parents as informers on the background of students and the research.

5. Pilot [8] conduct a pilot test aimed at understanding how applications work. [6] believe formal data

testing collection to be important for the pilot test. This should be followed by a second session during
which they suggest modifying the list of tasks, adding a warm-up task, giving tips on how to
move forward and encouraging thinking aloud.

6. Testing [9] collect the data iteratively from people with DS in Phase 1. Another aim is identify the
suitability of the teaching material for the learning problems that students are set. [8] describe the
testing steps: execute evaluation, write report, submit report to immediate evaluator, okay report,
and compile evaluation reports.

After the exhaustive analysis we wrote the contributions of each paper Table 5 sets out the
information regarding which papers provide key information for each of the steps.

Table 5: Contributions of usability testing papers

Paper 1. Recruit 2.Establish |3. Write 5. Pilot | 7.Testing
participants tasks instructions | testing

[5] 2013. X X

[8] 2010. X X X. X

[7] 2011. X X

[6] 2012. X X

[9]. 2009. X X X X

Note that there are contributions regarding five of the nine usability testing steps: recruit
participants (1), establish tasks (2), write instructions (3), pilot testing (5) and testing (7). Table 5
contains the key contributions regarding each of the steps.

Briefly, the retrieved information is as follows. As regards the instructions on tasks, there is very
little information. Additionally, the test plan that can be enacted for the population group of
interest is not clearly defined. Even though pilot testing greatly improves the second round of
testing, pilot tests are seldom used, and the papers fail to establish the format or steps to be taken.
As regards testing, they only describe the activities performed without any specific specifications
for participants with DS. Therefore, we can conclude that the different papers contain no
recommendations as regards the addressed research topic. Table 5 details the activities to be
performed to achieve the specific goal of each piece of research but not a general-purpose method
proposed by the authors that is applicable across the board.

5. CONCLUSION AND FUTURE WORK

The document analysis reveals that usability has been well researched. As regards usability
evaluation, there are many proposals and methodologies. However, we have not found any
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significant efforts considering mobile applications and people with DS. On this ground, there is a
patent need to state guidelines on all the steps to be taken to test the usability of applications for
mobile devices for people with DS.

We have started to work on this line of research. To do this, we will take into account some of the
interesting contributions identified in the analysed papers. Specifically, children with DS find it
hard to express their feelings and thoughts. On this ground, it is recommended that they should
not be asked to verbalize their suggestions [5]. A pre-test demographic questionnaire is
recommended [7]. Different methods, including heuristic evaluation, pluralistic walkthrough,
cognitive walkthrough, and graphical jog through, can be used, which should, additionally, be
rounded out with a field study. Adults with DS are able to effectively use multi-touch devices for
job-related tasks, although password use is still a usability challenge for people with DS. A five-
point Likert scale can be used if users are required to rate task difficulty. People with DS have
strong visual motor, visual processing and visual memory learning skills, whereas auditory
processing and auditory memory are found to be relatively weaker learning channels. The key
problems identified were text input using virtual keyboards, problems with passwords and
problems with pull-down menus [6]. Researchers should make sure that they gain the trust of and
get acquainted with users before the evaluation session [9].

On the other hand, as the identified information is incomplete, we are conducting experimental
studies in order to round out the guidelines using the knowledge acquired directly from contact
with people with DS. For example, we are holding workshops for both children and adults with
DS in order to identify their needs with respect to the use of mobile devices with a basic gesture-
based application, including touch, double touch, drag, rotation, press, scale down and scale up.
We have found that the 108 participants have special needs and the general usability testing
procedures do not work well.

Mobile computing has a very promising future with a view to improving the life of people with
DS, provided that the developed solutions meet the needs of these people. Accordingly, the
proposed research on usability testing with people with DS is an opportunity to improve the
inclusion of this population group which is at risk of exclusion from technological development.
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