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Abstract. One challenge of the user-centered development of accessible infor-
mation systems is the conduction of cognitively impaired persons in usability tests.
The paper gathers existing guidelines for the application of usability testing with
cognitively impaired people and shows empirical values for modified usability
tests based on a case study. In addition, the advantages and disadvantages of on
site and remote usability testing are presented in a comparative study. Especially
in the context of COVID-19, remote testing has gained in relevance in the present
time.
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1 Introduction and Research Question

In the context of this paper, the application of usability testing for users with cognitive
impairments was investigated. There are a variety of established methods, but most
of them do not consider impaired people. According to the Federal Statistical Office,
around 7.9 million severely impaired people live in Germany. This results in a share
of 9.5% of the total population. These people often have physical impairments and/or
cerebral disorders. Around 13% of the severely impaired people are cognitively impaired,
which results in a number of 1.03 million people (see Fig. 1) [1, 2]. Their mental or
emotional health is not in balance and must be considered individually. These statistics
refer to Germany only, as there are country-specific classification and rating systems for
impairments and cognitive impairment. For example in the development of websites or
applications, these physical and cognitive aspects have a variety of effects regarding to
the requirements in information design. Too little attention is paid to them in order to
ensure accessibility of digital information. Not only cognitively impaired people would
experience a great advantage from appropriate consideration. The adaptations would
mostly also be helpful for other user groups e.g. children or elderly people. There are
already guidelines, such as the Web Content Accessibility Guidelines [3], which are
an international standard for the accessible design of websites and other web contents.
Appropriate websites are thus accessible to people with sensory and motor (and to some
extent mental) impairments, e.g. they can grasp the digital information offered and make
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necessary inputs. User-centered development also takes into account the requirements
and abilities of the intended target group. By involving the target group, for example
in requirements analyses and usability tests, the individual abilities of end users are
recognized and taken into account in the development of websites and applications.

Not specified _

Inner organs

Cerebral disorder

Arms or legs
Cognitive or mental

Loss of a breast/breasts
Hearing

Spine or torso

Seeing

Fig. 1. Types of impairment 2019 Germany [2]

The empirical evaluation of two applications has raised the question of feasible
testing methods. It is necessary to investigate how usability testing methods need and
can be adapted accordingly to the linguistic, emotional, and cognitive abilities of users
with cognitive impairments. Due to COVID-19, part of the tests were conducted as
remote tests. Therefore, the possibilities and limitations of remote testing with the target
group were also examined in more detail, as this form of testing has gained relevance in
times of COVID-19. Therefore, this paper deals with the two research questions:

How must usability testing be modified for cognitively impaired persons?

What are the advantages and disadvantages of on site and remote usability testing
for cognitively impaired persons?

The aim of the work is to define and test the modification of usability testing for
persons with cognitive impairments. In addition, the application of on site and remote
usability testing is compared. It will become evident that it is quite possible to test with
cognitive impaired people. Adjustments have to be made to the concept and process of
testing. This will be discussed in detail in the course of the paper.

2 Related Work

On the basis of the foregoing explanations, the target group of cognitively impaired
persons is first examined in more detail as an important component of testing. There
are various procedures as a tool for assessing the competencies of cognitively impaired
people. They lead to a better understanding of the user group of cognitively impaired
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people and are summarized below. In addition, existing work such as studies and guide-
lines for the use of usability testing with cognitively impaired people will be examined
and related to the procedure and aspects of usability testing.

2.1 Analysis of Procedures for the Assessment of People with Impairments

The well-founded definition of the target group is essential for the application of usability
testing. Cognitive impairment is defined as a collective term for impairments in external
and internal information processing in the brain. Briefly summarized, a cognitive disorder
has an impact on a person’s thinking, which mainly affects the functions of perception,
attention, memory, action planning, judgment, problem solving, and communication
[4]. Experts in the healthcare field use various procedures as a tool to assess individuals
with cognitive impairment. For a better understanding a short selection is summarized
in Table 1. Basically, these are needs-based individualized tests that aim at a holistic
assessment of the person and his or her behavior, as well as his or her support needs and
requirements for the daily and working routine. In Germany, there is no consensus on
which procedure should be preferred.

Table 1. Short selection of tools to assess the abilities of individuals with cognitive impairment

Procedure What is determined?

Werdenfels Test Battery [5] This quantitative test procedure allows differentiated
statements to be made about cognitive-intellectual abilities
of people with impairments. The WTB includes different
subtests such as Orientation, Memory, Number Knowledge,
Language, Reading/Comprehension or Fine Motor Skills

Competence analysis [6] The focus of the competence analysis is on cognition, motor
skills and social-emotional development. Aspects such as
self-assessment, resilience, tolerance situation, conflict
ability and independence of the cognitively impaired persons
are determined within this framework

CogniFit’s cognitive assessment battery [7] | The CogniFit Cognitive Assessment Battery (CAB) is a
complete neurocognitive test to identify cognitive
impairment in individuals with or without disease. Different
items are tested such as Memory, Attention, Perception,
Coordination and Logical reasoning

Bochum matrix test [8] The Bochum matrix test is a language-free procedure for
assessing general intelligence and intelligence capacity in
the high cognitive performance range. The use of test items
based exclusively on shapes and figures allows an
assessment of cognitive ability independent of formal
educational processes

In addition to cognitive impairment, most people have other disorders. For example,
a combination with physical impairments is common. Collectively, people with cogni-
tive impairment can be classified into different levels of intelligence impairment. The
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World Health Organization (WHO) defines intelligence impairment as a developmental
manifestation, arrested or incomplete development of mental abilities with a particular
impairment of skills that contribute to the level of intelligence, such as cognition, lan-
guage, motor and social skills [9]. These levels describe the intelligence age of a person
compared to the age of a child. This shows that a comparison is often made between
people with impairments and children.

In Germany, the latest figures from 2016 show that to date 680 workshops belonged
to the Federal Association of Workshops for People with Impairments, in which a total
of 308.691 people with impairments worked, of whom the clear majority 76% were
affected by cognitive impairments (see Fig. 2) [10]. In order to be able to properly assess
the abilities of cognitively impaired test users, a longer period of time, expert knowledge
and a certain connection with the test users are furthermore needed. This is difficult to
achieve as an external person, which is why cooperation with care institutions such as
workshops for impaired people is essential. The workshops regularly carry out analyses
and tests. As already mentioned, which procedures are used differs from institution to
institution, at least here in Germany.

] Cognitive impairment

[l Physical impairment

Psychological impairment

Fig. 2. People with impairments in workshops for people with impairments 2016 by types of
impairment [10]

2.2 Analysis of the Procedure and Aspects of Usability Testing

Usability testing is amethod in which experiments are conducted with users of an applica-
tion using specific test tasks in order to identify usability problems. Representative users
of the application are given specific and typical tasks to perform with the application.
The users are observed while performing the tasks. The aim of usability tests is to obtain
feedback from future users at an early stage of product development in order to increase
usability and thus customer acceptance through product improvements. The procedure
of usability testing can be divided into three main steps - preparation, realization and
evaluation. The actions inherent in each of the three steps is shown in Fig. 3.
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Preparation _— Conduction _— Evaluation
— Definition of the test objectives Conducting a pretest Evaluation of the test results
— Formulation of the test tasks Conducting the main test Deriving suggestions for improvement
— Selection of test persons Conducting an interview Preparation of a test report

— Selection of the test environment

— Testitem

L— Creation of the test document

Fig. 3. Own depiction of usability testing procedure based on [11]

Next, related work in the context of usability testing with cognitively impaired per-
sons is discussed. In relation to this specific test user group, different guidelines and
studies consider various test recommendations with regard to user requirements and
needs. A paper by Imke Niediek [12] deals with questions and supporting techniques
in interviews with cognitively impaired people. In addition to the aspect of the question
format, Tassé et al. refer in their Guidelines for Interviewing People with Impairments
[13] to the relevance of further aspects such as processing time and respondent rapport
when conducting interviews and represent a certain interviewer etiquette. Even though
the question format is an important part of testing, the usability factor, which means the
actual testing of applications or interfaces with cognitively impaired people, is missing
in the sources mentioned so far. Mostly, such usability tests only involve elderly people
and/or people with learning impairments. An example of this is a usability test of infor-
mation technology applications with learners with special educational needs conducted
by Williams and Nicholas [14]. In the same year Williams published Developing meth-
ods to evaluate web usability with people with learning difficulties and also provided
insights there into “A number of key themes emerged, including the nature of the tasks
encountered, engagement, relevance to needs and the role of supporters” [15]. Another
test by Williams and Shekhar [16] focuses on testing the usability of a Touch-Screen
Interface of Smartphones with people with learning impairments. In view of the current
COVID-19 situation, remote tests have regained relevance and can certainly be con-
ducted with cognitively impaired people, as the paper will show in the further course.
Conducting remote usability tests with impaired people is by no means new. Already
in 2006, Petrie, Hamilton, King and Pavan published an article on this topic, which
provides “[...] a set of principles for local and remote evaluations with impaired users

[...]7[17].
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These studies and guidelines show that the inclusion of cognitively impaired people
in interviews and usability tests is comparatively rare, but by no means a novelty. The
creation and conduction of suitable test concepts brings with it some challenges, but with
the right knowledge about the abilities of the user group of cognitively impaired people
and the corresponding adaptations to them, it is just as possible as with any other user
group. Nevertheless, they are more likely to be involved in interviews, some of which
are used to assess their own abilities or to get their opinions on issues. However, the
involvement of cognitively impaired people in usability tests is rare and tends to focus
on people with learning impairments. Therefore, usability tests with cognitively impaired
people who also have severe intelligence impairments seem to represent a research gap.
In light of the desired inclusion of people with impairments and the advancement of
accessibility, however, this represents an important element in achieving it.

Table 2 lists guidelines and studies on the respective phases of usability testing
from which recommendations can be derived. It is shown which abilities of cognitively
impaired people can be better taken into account by modifying the procedure of usability
testing.

Table 2. Extracted recommendations to the consideration of usability testing with cognitively
impaired persons

Preparation Reference

Definition of test objectives No modification

Formulation of test tasks e for constant motivation, the tasks should be | Williams [15]
of personal relevance Tassé et al. [13]

for constant attention and readiness, no
underchallenge should occur

for better understanding test task and
assessment must be described in detail and
in Easy Language

for consideration of the limited attention
span, the frequency of the questioning

should be modified

Selection of test persons No modification

Selection of the test environment o for better communication and interaction Petrie et al. [17]
individual assistive tools should be Tassé et al. [13]

considered (e.g. Talkers)
o for feeling of safety a familiar environment

should be preferred
Test item No modification
Creation of tests documents o for consideration of a lower frustration Petrie et al. [17]

tolerance technical equipment and
necessary materials are organized, tested
and provided in advance (especially with
regard to remote tests)

(continued)
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Table 2. (continued)

Preparation

Reference

Conduction

Conducting a pretest

Modifications according to the main test

Conducting the main test

o for feeling of safety/familiarity and
improvement of communication the
presence of caregivers and supporters is
helpful

for preventing deviations from the test
concept caregivers and supporters need to
be briefed and prepared

e for a smooth test conduction aspects of
engagement and motivation should be
maintained

for consideration of the limited attention
span and combinability, the test procedure
should be designed in order to question
immediately after the task

for a smooth test conduction the primary
form of communication, such as signing,
spoken language, pictures, or writing
should be maintained

Williams [15]
Tassé et al. [13]
Niediek [12]

Conducting an interview

for adequate assessments, the question
format should be modified

—> closed question formats are the easiest to
answer e.g. yes/no questions, choice questions
or scaled assessment questions

— open questions are only partly feasible, as
they are more difficult to answer

e for adequate assessments, appropriate
question wording and techniques for
visualization and verbalization are helpful
for consideration of the limited attention
span and combinability, the frequency of
the questioning should be increased and the
time span for answering should be extended
for respect and appreciation it is important
to follow an interview etiquette in order to
consider people’s abilities and limitations
without being condescending

for feeling of safety/familiarity and
improvement of communication a high
level of rapport and trust between the
interviewer and the cognitively impaired
person positively influences the interview

Niediek [12]
Tassé et al. [13]

Evaluation

Evaluation of the test results

No modification

Deriving suggestion for improvement

No modification

Preparation of a test report

No modification
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Based on the information obtained from the Related Works mentioned above, as well
as through close cooperation and consultation with caregivers of cognitively impaired
test users, test concepts for usability tests with cognitively impaired persons could be
developed and conducted. Detailed explanations on this follow in the next sections.

3 Method

In the next step, the paper examines the conduction of the modifications for usability tests
with cognitively impaired test users within the framework of its own case study, which
were determined on the basis of the analysis of the guidelines and assessment procedures
for cognitively impaired people. The case study compares the application in an on site
test and a remote test and critically examines the advantages and disadvantages.

3.1 Case Study — Modified Usability Testing

Two usability tests were conducted with cognitively impaired users. The on site test was
conducted with 6 test users, referred to below as test group A, and the remote test was
conducted with 34 test users, referred to below as test group B.

As already mentioned there are no uniform standards to assess the abilities of
cognitively impaired people. Regarding the test groups the assessment was based
on competence analysis and the Werdenfels Test Battery (WBT) for measuring
cognitive-intellectual abilities of people with impairments (see Fig. 4) [5].

“The WTB includes the following subtests: Temporal Orientation, Spatial Orien-
tation, Auditory Memory, Visual Memory, Episodic Memory, Number Knowledge,
Series Formation, Quantity Comprehension, Arithmetic Tasks, Factual Tasks, Articula-
tion Language, Nominative Function Language, Vocabulary, Concept Formation, Situ-
ation/Content Comprehension, Task Comprehension, Reading/Comprehension, Visual
Differentiation, Consistency and Reflection, Fine Motor Skills” [5].

Independence|Scheduling|Memory| et [Tolerance of c:;:;;' Cooperation c:;::' Tolerance il d ibility
Test person 1 3,25 3,25 375 | 375 | 325 2,75 3 2 2,75 35 3 25 | 325 | 3
Test person 2 1,75 1,75 175 | 15 | 175 1,75 2,25 25 2 2 1,75 2 2
Test person 3 25 1,25 2,25 1,75 2,25 25 2,25 2,25 2,25 25 2,25 15 | 15 2,25
Test person 4 25 15 25 225 475 25 225 | 325 | 325 3 3 25 | 175 125
Test person 5 25 125 35 | 15 | 25 2,75 175 | 3 35 3 25 2 25 325
Test person 6 35 15 25 3 25 35 25 3 15 75 2 25 35 45
Test person 7 a 35 35 | 35 | a 375 35 4 35 4 35 425 25 4
Testperson8 | 2,75 15 2,75 25 2,25 2,75 2,75 3 2 3 2,25 15 15 25
Test person 9 25 75 3,25 15 1 3,25 1,25 2 1,75 1 1 15
Test person 10 1 1 2,25 15 175 325 15 125 75 15 15 1 15 | 15
Testperson11 3,75 2,25 2,25 35 25 325 2,75 | 175 2 3,25 1,25 25 25 25
Test person 12 35 2 a a 4 4 3 25 35 35 4 a | 3 a
Test person 13 25 1 35 2 2,25 2,25 3,25 2,25 75 15 25 25 25 | 375
Test person 14 | s 3 4 2,75 3,25 3 4 4 3 2,75 3 3 W 3 4
Test person 15 2,25 1,75 2 1,25 15 2 1l 15 2,25 3 2,75 2,75 25 3
Test person 16 25 1,25 2,75 15 1,25 2,5 1,75 15 | 175 1,25 15 15 15 1,75
Test person 17 75 75 1,25 1,25 075 15 15 2,5 075 0,75 1,25
Testperson18| 4,25 35 2 1 2 2 75 0,75 1,75 75 075 | 325
Test person 19 4 35 a 4 3,75 3 35 35 | 325 3,25 3 4,25 3 35
Test person 20| S 35 45 3 2 a 35 35 4 a 25 3 2 3,75
Testperson21| 2,25 75 075 | 15 1,25 15 | 175 1 075 | 075

Fig. 4. Extract from the WTB, conducted with one of the test groups (Color figure online)

The test users were selected in close consultation with the caregivers. Based on the
cognitive impairments of the test users identified by them, a cross-section of possible
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cognitive impairments within test groups could be presented. However, the caregivers
were not only involved in the selection of the test subjects, but also in the entire test
conception and conduction. Only in this way was it possible to modify the tests to suit
the test groups. As introductory examples, only two modifications are briefly mentioned
here:

The phrasing of the test instructions had to be clear, short, in simple words and
unambiguous. In order to achieve this, it was necessary to discuss in advance with the
caregivers how Easy Language needs to be applied and what vocabulary needs to be
used in the institution.

The phrasing of the test questions also had to be clear, short, in simple words and
unambiguous. It had to be clarified in advance with the caregivers what evaluations the
cognitively impaired test users are capable of. In this case, it was not possible to go beyond
athree-scaled evaluation - good/neutral/bad or yes/maybe/no. In the case that test persons
could not speak, symbols (tick, cross, thumbs up, thumbs down, thumbs horizontal) in
combination with emoticons (smiling, grumpy, neutral) and color gradations (red, green,
yellow) were prepared in advance (to open up a communication channel for the test
persons. It was also important to ensure that the symbols were familiar and common, as
they can differ from one institution to another.

These two examples already show very clearly that the modifications with regard to
the cognitive impairments of the test users are necessary in order to make the conduction
of a usability test possible. The following section therefore deals in more detail with the
conduction of the modifications in the on site and remote tests carried out as part of the
case study.

3.2 Case Study — On Site vs. Remote

In the case study, the modifications for usability tests with cognitively impaired test
persons were carried out both on site and remotely, and compared to determine the
advantages and disadvantages of the two options.

During the on site test, there were always two persons from the test team, one
cognitively impaired test user and a caregiver for the test user in one room. During the
remote test, one cognitively impaired test user and a caregiver were on site in a workshop
for impaired people. Two persons from the test team were remotely connected. In the
scope of both tests the app to be tested was made available to the test user on a tablet.
The setup of both tests can be seen in Fig. 5 and Fig. 6.

In accordance with the preparation of the usability testing procedure mentioned under
related works, Table 3 lists the modifications that were made to the individual phases of
the usability tests on the part of the on site test and on the part of the remote test.

4 Results

After completion of the tests, it becomes clear that usability tests with cognitively
impaired people are entirely feasible. There were no drop-outs during the tests, to which
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At the Workshop for impaired people

Test leader 2 Cognitively impaired test person Caregiver
Observes and Tests the app on the tablet, rates the app Assists the test person in answering H
protocols and answers the paper based questionnaire the paper based questionnaire

Test leader 1

Leads the test

Fig. 5. Test group A — On site test setup

At the Workshop for impaired people Connected remotely via WebEx on the laptop

(from different locations)

Cognitively impaired
test person

Tests the app on the tablet —
and rates the app

Test leader 1

Observes the test scene via WebEx,
which transmits Video and Audio
from the testperson and Testleader 1
and protocols

Test leader 2

Observes the interaction
of the test person with the App via WebEx,
which shares the screen of the test tablet
and protocols

Proxy Test leader

Caregiver leads the test

. ‘ ‘))) Individual Caregiver for a test person

Observes the test and afterwards shares
his/her evaluation of the test process and
the performance of the test person
with the test leaders

Fig. 6. Test group B — Remote test setup
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Modifications of usability testing procedure - On site vs. Remote

On site — test group A

‘ Remote — test group B

Preparation

Definition of test objectives

Testing an application on , efficiency and

Testing conditions for usability tests with cognitively impaired test users

Formulation of test tasks

to gain a better understanding of the abilities and needs, the formulation was realized in close consultation with the caregivers

not to strain the limited attention span the frequency of the questioning should be modified

.
® to ensure the understanding of the test tasks Easy Language was used e.g. short sentences, familiar and short words
.
.

to enable a better communication and interaction in case of limited language and reading comprehension, icons and symbols

were prepared

to handle non-comprehension at the first attempt, alternative rephrasing were prepared
to take different impairments into account and enable a successful evaluation, different alternatives were offered, which the

test persons were allowed to select i or use in

icons as paper based and digital mean

e.g. | ratings by symbols and

for constant motivation a playful task was entered into the
app

o for constant motivation a task from their everyday life was
entered into the app

Selection of test persons

in consultation with caregivers based on competence
analysis of and pr iti
impaired people

edures for y

® 6 test persons - 2 women, 4 men
— 2 test persons with a mild intelligence impairment
—> 4 test persons with a medium intelligence impairment

® in consultation with caregivers based on competence
analysis of and assessment procedures for cognitively
impaired people

® 34 test persons - 13 women, 21 men

— 11 test persons with a mild intelligence impairment

—> 22 test persons with a medium intelligence impairment

—> 1 test person with a severe intelligence impairment

Selection of the test environment

® to provide a feeling of safety/stability, to avoid distraction
and to include test persons, who can‘t travel a familiar
environment was chosen

= workshop for impaired people

® to test the app, the test persons are given a tablet

® to raise motivation/interest and to enable test persons who
cannot articulate clearly or at all clickable symbols/icons
are provided on the tablet for the evaluation

® enable non-speaking people to express themselves verbally
assistive technology can be used (e.g. Talkers)

® | test person

® to provide a feeling of safety/stability, to avoid distraction
and to include test persons, who can‘t travel a familiar
environment was chosen

= workshop for impaired people

® to test the app, the test persons are given a tablet

® to raise motivation/interest and to enable test persons who
cannot articulate clearly or at all a second tablet with
clickable symbols/icons is provided for the evaluation

® alaptop is placed in the room as mean of communication
and observation for test leaders

—> WebEx was installed to make this possiblel test user on site

® 2 test leader ® | caregiver as proxy test leader on site
® 1 caregiver as emotional support and, if necessary, to ® 2 test leader remotely connected
support communication and interaction with the test person | ® 1 individual caregiver remotely connected just for
observation and evaluation after the test
Test item Testing a prototype of an application
Creation of tests documents ® in consultation with caregivers ® in consultation with caregivers
® to ease communication and interaction different forms of ® to ease communication and interaction different forms of
assistance were prepared - pictures, symbols, other means assistance were prepared - pictures, symbols, other means
of communication digital and/or paper based of communication digital and/or paper based
to ensure a smooth test procedure and to avoid disturbance and | e to ensure a smooth test procedure and to avoid disturbance

misguided interference the participation of caregivers were
regulated in advance (specify whether, when and how they
may interact with the test person and the test item) — checklist
® test instructions

test tasks

observation protocols

questionnaire

to enable the planned test persons to take part in the test,
their guardians had to sign the consent forms in advance on
their behalf

and misguided interference the participation of caregivers
were regulated in advance (specify whether, when and how
they may interact with the test person and the test item)
— checklist

instructions for the proxy test leader

® test instructions

test tasks

observation protocols

evaluation questions

to enable the planned test persons to take part in the test,
their guardiar
their behalf

s had to sign the consent forms in advance on

(continued)
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Table 3. (continued)

On site — test group A

‘ Remote — test group B

Conduction

Conducting a pretest

Modifications according to the main test

Conducting the main test

@ to provide orientation a brief introduction about the aim of
the test, prototype and task was held

o 1o facilitate a smooth test procedure, test leader 1 guides
through the test

to of

the test tasks were read aloud slowly and clearly

@ 1o better assess the test person and their interaction without
distraction, test leader 2 observes and protocols without
actively participating in the test (critical incidents are noted
in an observation sheet)

® to provide emotional support and a feeling of safety a

caregiver is present and supports the communication

between test leader and test user (under pre-regulated

conditions)

to ease communication and interaction and to maintain

and to direct attention

interest and motivation different forms of evaluation were
provided
—> clickable familiar Emojis combined with familiar symbols
and colors were provided on the tablet (yes, no, maybe/good,
medium, bad)
—> familiar Emojis combined with familiar symbols and
colors were provided on paper to point at (yes, no,
maybe/good, medium, bad)
— verbally using simple words and rating levels (yes, no,
maybe/good, medium, bad)
® to avoid confusion and to save attention for the test no
demographic data was collected
provided in advance by the caregivers
not to strain the limited attention span and memory the
frequency of the questioning was shortened

to provide orientation a brief introduction about the aim of
the test, prototype and task was held

to facilitate a smooth test procedure, proxy test leader guides
through the test and at the same time provides emotional
support and stability due to his dual role as a caregiver

to ensure a uniform performance of tests the proxy test
leader adheres to previously agreed and written instructions
and formulations

e to s of

and to direct

attention the test tasks were read aloud slowly and clearly
to capture and assess the test person and their interaction
without distraction, test leader 1 observes the test scene via
‘WebEx/Laptop and protocols without actively participating
in the test (critical incidents are noted in an observation
sheet)

to capture and assess the interaction with the app test leader
2 observes the shared tablet screen via WebEx/Laptop and
protocols without actively participating in the test (critical
incidents are noted in an observation sheet)

to better asses the performance of the test person their
individual caregiver were also remotely connected

to ease communication and interaction and to maintain

interest and motivation different forms of evaluation were
provided
—> clickable familiar Emojis combined with familiar symbols
and colors were provided on the tablet (yes, no, maybe/good,
medium, bad)
— familiar Emojis combined with familiar symbols and
colors were provided on paper to point at (yes, no,
maybe/good, medium, bad)
—> verbally using simple words and rating levels (yes, no,
maybe/good, medium, bad)
® to avoid confusion and to save attention for the test no
demographic data was collected
— provided in advance by the caregivers
® not to strain the limited attention span and memory the
frequency of the questioning was shortened

Conducting an interview @ (0 ease the communication and evaluation closed question | ® to ease the communication and evaluation closed question
formats were used formats were used
® toease ion and maintain test persons | @ to ease communication and maintain motivation test persons
could use digital and/or paper based means to answer and could use digital and/or paper based means to answer and
share their opinion share their opinion
o to facilitate the answering of questions, a maximum of o to facilitate the answering of questions, a maximum of
3-part answer options were offered (yes, no, maybe/good, 3-part answer options were offered (yes, no, maybe/good,
medium, bad) medium, bad)
@ to ensure stability test leader 1 follows an prepared @ to ensure stability the proxy test leader follows an prepared
interview guide interview guide and supports under predefined conditions
o for feeling of safety/familiarity and improvement of the test person
communication a caregiver supports the test person in
answering under predefined conditions
Evaluation
Evaluation of the test results o evaluation of the answers o evaluation of the answers
. ion of and tasks e evaluation of completed and cancelled tasks
@ evaluation of critical incidents e evaluation of critical incidents
o after the test, the remotely connected caregiver was asked to
assess the test behavior of the test persons in order to
compare whether facial expressions, gestures, emotions and
reactions were correctly understood and interpreted by the
test administration
Deriving ions for imp; No i

Preparation of a test report

No modifications
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the modifications and the involvement of caregivers contributed decisively. The modifi-
cations made regarding the common usability testing procedure have proven to be pur-
poseful, but the qualitative evaluation makes it clear that they still need to be fine-tuned
to the needs of the cognitively impaired people.

4.1 Case Study — Modified Usability Testing — Advantages and Disadvantages

Based on the previous explanations of the modifications made to the usability tests,
one factor has emerged as crucial - the cooperation with the caregivers. This plays
an important role throughout the entire usability test procedure, as only they know
the full extent of the test persons’ characteristics and abilities. This means that their
assessments and support are not only necessary during the preparations, but also during
the conduction and evaluation of the tests. Through consultation with the caregivers,
the test leaders obtain a comprehensive picture of which cognitive impairments the test
persons are subject to and which measures must be taken to compensate them within the
scope of the usability test.

With regard to the test preparations, most of the modifications proved to be successful
and sufficient. In particular, the formulation of the test instructions and questions in Easy
Language with familiar vocabulary and simplified rating options, as well as the reading
aloud by the test leader and the decision to conduct the tests in an environment familiar
to the test persons, enabled and facilitated the attention and understanding of, as well as
the communication with, the test persons. The cognitively impaired test persons were
mostly able to understand and implement the test tasks directly at the first attempt. In
particular, the use of simplified and familiar terms to make partial aspects of the prototype
comprehensible proved helpful (e.g. avoiding Anglicism). However, one aspect that can
be better adjusted to the target group is the procedure for obtaining the consent of the
test persons to participate in the tests. Although it is correct and obligatory to obtain
consent through the legal guardian, it would be motivating for test persons with less
severe limitations and, moreover, beneficial for the feeling of independence if they were
also given a consent form and had it signed, even if the test persons can only sign with
an X. It should be noted here that it must be discussed with the caregiver beforehand
which of the cognitively impaired test persons would find this procedure motivating and
which would find it rather unsettling.

With regard to the test conduction, it becomes clear that the test leader plays a much
more important role than usual in the context of usability tests with cognitively impaired
people. For the test leader, a deeper understanding of the test conduction is required,
since every aspect, no matter how small, must be taken into account and a multitude of
prepared alternatives must be worked with in order to enable interactions and evaluations
despite limited communication and combination ability on the part of the test persons.
This also includes the decision to allow the presence of caregivers during the usability
tests or even make them proxy test leaders. This circumstance encouraged and motivated
the cognitively impaired test persons to approach and perform the test tasks without fear.
In addition, it gave them enough confidence/safety to openly exchange thoughts with the
unfamiliar test leaders. This modification has proven to be a double-edged sword. On the
one hand, it simplifies communication and increases the motivation and concentration
of the cognitively impaired test persons. On the other hand, despite detailed instructions
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from the test leader, there is a risk that the caregiver/proxy test leader becomes too
involved and unintentionally controls the interaction and assessment on the part of the
cognitively impaired test person out of a habit to help him or her. In order to avoid
admonishing exchanges between test leader and caregiver/proxy test leader during the
test or between the individual tests, gestures or similar should be agreed upon in advance,
which test leaders can use to slow down the caregiver/proxy test leader without disturbing
the course of the test and the attention of the cognitively impaired test person.

With regard to the technology used in the usability tests, it became apparent that at
least the test groups in this case study were very open-minded and interested in any form
of technology. This was an advantage with regard to the test object - the prototype -
because the cognitively impaired test persons tested it willingly and curiously. However,
this curiosity becomes a disadvantage when it is directed towards other technology that
is only used to observe the tests. Thus, parts of the technology used can also lead to
distraction of the cognitively impaired test persons. The use of technology therefore
offers a lot of support in the interaction with cognitively impaired test persons, but must
also be precisely adapted to their needs and limitations so as not to appear as a disturbing
factor.

4.2 Case Study - On Site vs. Remote — Advantages and Disadvantages

The modifications of usability tests were used in various forms in the on site and remote
tests. Based on this, a comparative statement can be made about their advantages and
disadvantages.

With regard to the test preparations, the preparations for the remote tests proved to
be more extensive and lengthy. Beforehand, ways and means had to be tested to be able
to observe the interaction with the tablet on which the prototype of the app was located
and to follow the communication between the cognitively impaired test persons and the
caregiver/proxy test leader on site. This meant that relevant software had to be installed
on the tablets and laptops and the tablets had to be sent to the workshop for impaired
people. In order to ensure that the usability tests ran smoothly, the deputy test leader on
site had to be instructed in the use of the technology in addition to the test concept.

Even though the preparations for the remote test were more time-consuming, it turned
out that the performance of the test persons was much more focussed and consistent
than at the on site tests. The remote test offered the advantage that only one cognitively
impaired test person and one caregiver/proxy test leader were present in the workshop to
guide the test persons through the tests. Since the test persons only held the tablet with
the app to be tested in their hands, the laptop via which the scene was remotely connected
to the test leader was not noticed at all by the test persons due to a smart placement in
the room. In this way, the distraction of the cognitively impaired test persons by the
unfamiliar test leaders and by the functioning of the transmission technology, which
would have been too complex for the understanding of the cognitively impaired test
persons, could be avoided. Thus, at least from the point of view of the cognitively
impaired test persons, the test was conducted by only one person, namely a caregiver
known to them.

Based on this, the second major difference between the on site test and the remote tests
emerges. In the on site test, the test leader was able to guide the cognitively impaired test
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persons through the usability test themselves, whereas in the remote test, a caregiver from
the institution had to act as a proxy test leader (for the reason already mentioned, that the
transmission technology in combination with the communication with several strangers
would have represented too great a distraction). This gave the on site tests the advantage
that the test leader had a direct overview of the scene, could offer interaction alternatives
if necessary, and could involve the caregiver sitting in on the test. This was not possible
with the remote test. The test leader had to rely completely on the proxy test leader and
leave all interaction with the test persons to him. However, even with good preparation of
the proxy test leader by the test leader, deviations from the planned procedure occurred
from time to time due to inexperience of the proxy test leader (e.g. questions were asked
differently or the order was changed). In these moments, the fact that the test leader was
not even noticed by the test persons became a disadvantage, as the test leader was not able
to draw attention to him/herself and enter into an exchange with the proxy test leader.
For the next remote tests, it can be deduced that a communication channel between the
proxy test leader and the test leader should be planned via headphones in order to be
able to counteract such errors. However, since only one and the same caregiver acted
as proxy test leader during the remote tests, the tests became more and more routine.
The proxy test leader was a caregiver who was known to all cognitively impaired test
persons, even if he was not specifically responsible for them personally. The individual
caregivers of the test persons were also remotely connected without the test persons
being aware of it. This procedure minimised the effort involved in training a proxy test
leader, but nevertheless allowed the assessments of the individual caregivers to be taken
into account based on their many years of experience in dealing with the respective
cognitively impaired test persons.

In conclusion, it can be said that although the remote tests are more time-consuming
to prepare and to conduct, but they cause fewer distractions or uncertainties on the part
of the cognitively impaired test persons compared to the on site tests and thus provide a
more realistic picture of and assessment on the part of the cognitively impaired persons.

All in all, usability tests with cognitively impaired people are very feasible and also
effective. However, compared to usability tests with other user groups, the cognitively
impaired test persons could only suggest minimal recommendations or alternatives,
as they are not aware of the functional and design potential of the app development.
Often, errors in the app are not addressed because they are not perceived as such by
the cognitively impaired test persons. They may stumble over the handling, but do not
question it. For this reason, the observation of the test subjects and the assessment of
their reactions in cooperation with the supervisors is also of great importance for the
evaluation of the tests. In this way, the results can be put into perspective. In connection
with the closed question formats and the three-point rating scales, which the cognitively
impaired test persons were able to take without any problems, it was thus possible to
obtain evaluable and interpretable results.

5 Discussion

Due to the diversity of the user group of cognitively impaired people, it is of utmost
importance to consider each phase of the usability test in particular and to modify it
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according to the needs of the user group. Generalizability is only possible to a limited
extent, because although the impairments of the test persons can be taken into account
in the test design, their emotional stability cannot necessarily be. This means that these
challenges can only be overcome with the support of the caregivers - an approach that
can only be designed or planned uniformly to a limited extent.

Creating alternatives is an important part of planning and conducting usability tests
with cognitively impaired people. On the one hand, these alternatives relate to enabling
interaction and communication with the cognitively impaired test persons. On the other
hand, they refer to the possibilities offered to them to perform an evaluation and to
communicate their opinion. These alternatives can only be tailored to the cognitively
impaired test persons in close consultation with the caregivers. In the case of test leader,
it can even go beyond mere consultation in that way that the caregivers themselves act as
proxy test leaders, as described in the example of remote tests. In this case, the caregiver
is briefed in advance by the test leader in order to introduce the cognitively impaired
users to the test items and the associated evaluation options as well as to the technology
to be used for this purpose.

Contrary to general expectations, the tests (both on site and remote) showed that
at least the cognitively impaired test persons in this case study were very open-minded
and willing to test the technology provided. It is not perceived as an uncertainty factor
but rather as a motivation. Especially in the context of digitalization, the user group of
cognitively impaired people should not be neglected. This would make an important
contribution to inclusion, which aims at the social participation of all people, regardless
of their individual dispositions and starting points [18].

In conclusion, it can be said that usability tests with cognitively impaired people are
very feasible if proper modifications are made to the test procedure. Thus, in the sense
of user-centered development, usability tests with cognitively impaired people should
also become the norm.

m -
* Bundesministerium
7 fiir Bildung el
und Forschung Europaische it

diBAss

digital Blended Assistance

*DlaKoneo M:LT

weil wir das Leben lieben. member of eee group

7%
LIVINGSOLIDS TECHNISCHE UNIVERSITAT

interactive virtual reality ILMENAU

Fig. 7. Project and its funding organizations

Acknowledgement. The case study was conducted in the scope of the diBAss [19] project. The
project is funded by the German Federal Ministry of Education and Research and the European
Social Fund as part of the promotion of inclusion with digital media program (see Fig. 7).



Methods of Usability Testing for Users with Cognitive Impairments 115

References

14.

16.

17.

18.
19.

. Destatis, Pressemitteilung Nr. 230 (24.06.2020): 7.9 million severely impaired people live in

Germany. https://www.destatis.de/DE/Presse/Pressemitteilungen/2020/06/PD20_230_227.
html. Accessed 26 Feb 2021

REHADAT Statistik, Statistik der schwerbehinderten Menschen. https://www.rehadat-statis
tik.de/statistiken/behinderung/schwerbehindertenstatistik/. Accessed 26 Feb 2021

Web Content Accessibility Guidelines (WCAG) 2.1. https://www.w3.org/TR/WCAG21/.
Accessed 26 Feb 2021

Was sind kognitive Storungen? https://www.psychisch-erkrankt.de/kognitive-stoerungen/.
Accessed 26 Feb 2021

Werdenfelser Testbatterie zur Messung kognitiv-intellektueller Fahigkeiten bei Menschen mit
Behinderungen.  https://www.testzentrale.de/shop/werdenfelser-testbatterie-zur-messung-
kognitiv-intellektueller-fachigkeiten-bei-menschen-mit-behinderungen.html. Accessed 26
Feb 2021

Konzept der Kasseler Werkstatt fiir das Eingangsverfahren und den Berufsbildungsbere-
ich. https://www.sozialgruppe-kassel.de/wp-content/uploads/2016/06/Fachkonzept-KS-Wer
kstatt.pdf. Accessed 26 Feb 2021

Kognitive Bewertung, Testbatterie zu kognitiven Fihigkeiten (CAB). https://www.cognifit.
com/de/cognitive-assessment/cognitive-test. Accessed 26 Feb 2021

Bochumer Matrizentest Standard, https://www.testzentrale.de/shop/bochumer-matrizentest-
standard.html. Accessed 26 Feb 2021

Verhaltensauffilligkeiten bei Intelligenzminderung. https://www.asklepios.com/wiesen/exp
erten/psychiatrie/intelligenzminderung/. Accessed 26 Feb 2021

. BGWforschung, Behindertenhilfe in Deutschland, Zahlen—Daten—Fakten, Ein Trendbericht.

https://www.bgw-online.de/SharedDocs/Downloads/DE/Medientypen/Wissenschaft-Forsch
ung/BGW55-83-140-Trendbericht-Behindertenhilfe.pdf%3F__blob%3DpublicationFile.
Accessed 26 Feb 2021

. Rubin, J., Chisnell, D.: Handbook of Usability Testing. How to Plan, Design and Conduct

Effective Tests. 2 edn. Wiley (2008)

. Niediek, I.: Wer nicht fragt, bekommt keine Antworten — Interviewtechniken unter besonderen

Bedingungen. In: Zeitschrift fiir Inklusion-online.net, 4, 2015 (2015). https://www.inklusion-
online.net/index.php/inklusion-online/article/view/323/275. Accessed 26 Feb 2021

. Tassé, M.J., Schalock, R.L., Thompson, J.R., Wehmeyer, M.: Guidelines for interviewing

people with impairments: support Intensity Scale. American Association on Intellectual and
Developmental Impairments. AAMR, Washington, DC (2005). http://aaidd.org/docs/default-
source/sis-docs/sisguidelinesforinterviewing.pdf?sfvrsn=2. Accessed 26 Feb 2021

Williams, P., Nicholas, D.: Testing the usability of information technology applications with
learners with special educational needs (SEN). J. Res. Spec. Educ. Needs 6(1), 31-41 (2006)

. Williams, P.: Developing methods to evaluate web usability with people with learning

difficulties. Br. J. Spec. Educ. 33, 173-179 (2006)

Williams, P., Shekhar, S.: People with learning impairments and smartphones: testing the
usability of a touch-screen interface. Educ. Sci. 9(4), 263 (2019)

Petrie, H., Hamilton, F., King, N., Pavan, P.: Remote usability evaluations with impaired
people. In: Proceedings of the SIGCHI Conference on Human Factors in Computing Systems
(CHI 2006), pp. 1133-1141. Association for Computing Machinery, New York (2006)
Inklusion in der beruflichen Bildung. https://www.bibb.de/de/697.php. Accessed 26 Feb 2021
diBAss project — digital Blended Assistance. https://www.dibass-projekt.de. Accessed 09 Feb
2021


https://www.destatis.de/DE/Presse/Pressemitteilungen/2020/06/PD20_230_227.html
https://www.rehadat-statistik.de/statistiken/behinderung/schwerbehindertenstatistik/
https://www.w3.org/TR/WCAG21/
https://www.psychisch-erkrankt.de/kognitive-stoerungen/
https://www.testzentrale.de/shop/werdenfelser-testbatterie-zur-messung-kognitiv-intellektueller-faehigkeiten-bei-menschen-mit-behinderungen.html
https://www.sozialgruppe-kassel.de/wp-content/uploads/2016/06/Fachkonzept-KS-Werkstatt.pdf
https://www.cognifit.com/de/cognitive-assessment/cognitive-test
https://www.testzentrale.de/shop/bochumer-matrizentest-standard.html
https://www.asklepios.com/wiesen/experten/psychiatrie/intelligenzminderung/
https://www.bgw-online.de/SharedDocs/Downloads/DE/Medientypen/Wissenschaft-Forschung/BGW55-83-140-Trendbericht-Behindertenhilfe.pdf%253F__blob%253DpublicationFile
https://www.inklusion-online.net/index.php/inklusion-online/article/view/323/275
http://aaidd.org/docs/default-source/sis-docs/sisguidelinesforinterviewing.pdf%3Fsfvrsn%3D2
https://www.bibb.de/de/697.php
https://www.dibass-projekt.de

	Methods of Usability Testing for Users with Cognitive Impairments
	1 Introduction and Research Question
	2 Related Work
	2.1 Analysis of Procedures for the Assessment of People with Impairments
	2.2 Analysis of the Procedure and Aspects of Usability Testing

	3 Method
	3.1 Case Study – Modified Usability Testing
	3.2 Case Study – On Site vs. Remote

	4 Results
	4.1 Case Study – Modified Usability Testing – Advantages and Disadvantages
	4.2 Case Study – On Site vs. Remote – Advantages and Disadvantages

	5 Discussion
	References




