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Abstract
Background. People with disabilities face several issues in accessibility which get
extrapolated by excluding them from usability research and hence from improving their
situation. Therefore, satisfaction scales testing user experience need to be utilized to get
insights into such points of improvement. A scale, currently under validation is the Chatbot
Usability Scale (BUS-11). It aims at measuring satisfaction with chatbots, which are
implemented more and more in customer service and for interventions. Objective. The
current study had the objective to design an accessible version of the BUS-11 and to then test
and validate it. Method. After testing two prototype versions of the accessible BUS-11 in a
focus group, a final version was created (BUS-A). To test the psychometric quality of the new
version of the scale, participants with and without disabilities were asked to interact with the
same chatbot, and assess their satisfaction using one of the two scales (BUS-11 or BUS-A) in
a between-subject study design. Participants with disabilities always used the BUS-A (Group
1), participants without disabilities were assigned randomly to BUS-A (Group 2) or BUS-11
(Group 3). T-tests, regression analyses, and confirmatory factorial analyses were implemented
to test for differences between the scales, and differences in satisfaction scores between the
three different groups. Results. T-test analysis showed a significant difference between the
satisfaction scores of participants who used the BUS-11 and the BUS-A (t (39.682) = -2.235,
p =.031). However, the linear regression showed no significant differences between the
three groups (F(2, 113) = 2.643, p = 0.076, R? = 0.028). A t-test between people with and
without disabilities conducting the BUS-A also showed no significant differences (t (5.070) =
-0.272, p = .796). Lastly, CFA confirmed the factorial structure as anticipated (CFI =.941,
RMSEA = .080, SRMSR =.048). Conclusion. Overall, the current study showed that the
BUS-A can be considered accessible, although outcomes show that the scale might be treated
as a completely different assessment instrument than the BUS-11.
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Introduction

People with disabilities encounter several barriers in their daily life. Not only do they
suffer social exclusion in general by facing accessibility issues to participate in all sorts of
activities in social communities (Kissow, 2013), but they also lack the possibilities to work on
improving this situation of social exclusion (Abbott & Mcconkey, 2006). Abbott and
Mcconkey (2006) point out that it is a crucial step toward inclusivity to include opinions and
voices of the disabled, and thus to work together with them. However, disabled people often
stay dependent on others to identify factors for them on what to do about it (Abbott &
Mcconkey, 2006). Partly, this could be due to their lacking possibilities to participate in
research. Vereenooghe (2021) reported that in a study of 300 participants with disabilities,
90% got excluded from research trials, although 70% could have participated if
accommodations in the study design would have been made. Thus, people with disabilities
often do not get the chance to conduct questionnaires as these are designed without any
special accommodations for their needs (Schrepp et al., 2016). If they however would have
the possibility to participate in research, they could also participate in usability research,
which could then be used for extrapolating insights into their experiences and needs.

To get insights into difficulties and needs people with disabilities might have on a
daily basis, a possible path towards social inclusion could be usability research. When it
comes to the interaction with digital systems, usability is defined as the “extent to which a
system, product or service can be used by specified users to achieve specified goals with
effectiveness, efficiency and satisfaction in a specified context of use” under ISO 9241-11
standard (ISO, n.d.). In line with this standard definition of usability, satisfaction is the
subjective metric of the “extent to which the user's physical, cognitive and emotional
responses that result from the use of a system, product or service meet the user’s needs and
expectations® (ISO, n.d.). Effectiveness is defined as “accuracy and completeness with which

users achieve specified goals” and efficiency as “resources used in relation to the results



achieved” (1SO, n.d.). By testing usability and its related concepts, important points of
improvement toward social inclusion could be revealed and adapted accordingly in the
design.

A software application which is currently not only gaining increasing interest from
companies in different fields (\Valério et al., 2017) but also shows great potential for helping
people with disabilities, are chatbots (Arias-Duran et al., 2021). Chatbots, aimed at interacting
live with users, are supposed to increase customer productivity on the one side and reduce
service costs on the other side (Valério et al., 2017). However, even though representing such
great technological development and economic benefits, accessibility does not develop in tune
with functionalities (Torres et al., 2018). This is not only an example of a social service where
inclusivity is lacking but also an example of a potentially beneficial system that could be used
to help people with disabilities in various ways (Arias-Duran et al., 2021). For instance,
chatbots could become of great importance by providing real-time interventions in disabled
people’s natural environments. They could provide immediate advice and support for people
in need (Arias-Duran et al., 2021). Making chatbots accessible would thus not only open up a
daily service for people with disabilities but could also improve their lives (Arias-Duran et al.,
2021). Therefore, next to accessibility, usability is crucial to improve the ease and quality of
use of those and thus attract users (Arias-Duréan et al., 2021). However, little is known so far
on how to assess the levels of effectiveness and efficiency of chatbots (Valério et al., 2017),
let alone on how to make those inclusive for everyone.

A means to measure parts of usability, including the usability of chatbots, are
satisfaction scales. Probably the most popular scales for assessing satisfaction by taking a
closer look at perceived usability are the System Usability Scale (SUS) (Lewis, 2018b), the
Computer System Usability Questionnaire (CSUQ) and the Usability Metric for User
Experience (UMUX) (Lewis, 2018a). Furthermore, a scale correlating with the shorter version

of the UMUX (UMUX-Lite), currently under validation, is the Chatbot Usability Scale (BUS-



11) (Borsci et al., 2021b). Unlike the presented general scales, the BUS-11 measures usability
for chatbots specifically, which could aid in more specific insights of improvement (Borsci et
al., 2021b).

Borsci et al. (2021b) created this new tool, the BUS-11, to test the quality of
interaction with chatbots in a standardized manner. As this scale aims at assessing satisfaction
after the interaction with chatbots, thus, providing feedback to the designers on how to
improve the chatbot, it is important to enable people with disabilities to use the BUS-11 so
that the needs and the perspectives of people with different levels of individual functioning
are going to be considered in designing and improving chatbots.

The validated version of the BUS is composed of 11 items measured on a 5-point
Likert scale, divided into 5 factors with an overall level of reliability equal to 0.9. As can be
seen in Table 1, the factors aim at investigating perceived accessibility to the chatbot
functions (Factor 1), their perceived quality overall (Factor 2), but also the perceived quality
of the conversation and the chatbot provided (Factor 3). In addition, factor four investigates
perceived privacy and security and factor five is the time response. Thereby, aiming to
examine a complete picture of the interaction with the chatbot.

Table 1

Factors and Items of the Bot Usability Scale

Factor Item

1 - Perceived accessibility to chatbot 1. The chatbot function was easily detectable.

functions 2. It was easy to find the chatbot.
2 - Perceived quality of chatbot 3. Communicating with the chatbot was clear.
functions 4. The chatbot was able to keep track of context.

5. The chatbot’s responses were easy to

understand.




3 - Perceived quality of conversation 6. | find that the chatbot understands what | want
and information provided and helps me achieve my goal.
7. The chatbot gives me the appropriate amount
of information.
8. The chatbot only gives me the information |
need.
9. I feel like the chatbot’s responses were

accurate.

4 - Perceived privacy and security 10. I believe the chatbot informs me of any

possible privacy issues.

5 - Time response 11. My waiting time for a response from the

chatbot was short.

The current version of BUS-11 was designed as a classic Likert scale and therefore it
only partially fulfils the needs of people with disabilities. This is due to the special
requirements regarding literacy and design needed for disabled people to successfully conduct
questionnaires (Davies et al., 2017). To make the scale more inclusive, accessible adaptations
and procedures should be followed during the design (Goegan, 2018; Fuchs et al., 2005).
These adaptations needed are not in line with the current version of the BUS-11. Considering
that questionnaires for the evaluation of chatbots are rare (Borsci et al., 2021b), but those
could have a positive impact on the support of disabled people, the current study aims at
designing a version of the BUS-11 scale accessible for people with disabilities.

Importance of Usability Testing for Chatbots and Barriers to Inclusive Research

Chatbots, which are used in a variety of different contexts, such as in business,
education and healthcare have gained increasing interest during the last years (Zumstein &

Hundertmark, 2017). Generally, they can be described as conversational software agents



(CAs) that employ natural language processing and can simulate human language to respond
to real individuals (Adam et al., 2020). The artificial intelligence of the software enables 24/7
personalized support for people all over the globe (Sanny et al., 2020).

Despite being implemented in those different contexts, one especially profitable
application of chatbots seems to be customer support in various industries (Adam et al.,
2020). Here, chatbots are expected to save more than $8 billion per year by 2022 (Adam et
al., 2020). These savings are a result of more efficient and productive solutions than
traditional customer service can provide (Sanny et al., 2020). Chatbots are available 24/7,
respond directly and resolve the need to scroll through pages of questions and answers
(Adamopoulou & Moussiades, 2020). Thereby, aiming to reduce time and effort in looking
for answers.

Although chatbots are being presented with such high potential in customer service,
these benefits are not inclusive to everyone. Even though the launch of the web in the 1990s
led people to quickly recognize that adjustments to include users with disabilities need to be
made (Rgmen & Svanas, 2008), people with disabilities still face a variety of usability issues
on the internet (Spina, 2019). Moreno et al. (2012) report that especially problems with
reading and understanding hinder disabled people from efficient internet use. In this context,
attention should not only be paid to usability, but also to accessibility, which aims at
“expanding the range of users who can successfully access a website” (Moreno et al., 2012).
As Schrepp et al. (2016) suggest, all relevant user groups should be able to have access to the
full user experience. As chatbots are often designed without accessibility standards in mind
from the beginning (Torres et al., 2018), the reality is still far from this.

Not only does the inaccessibility of chatbots hinder disabled people from experiencing
the same presented benefits as people without disabilities, but it can also be seen as a wasted
opportunity. This is not exclusive to chatbots but is often the case for a variety of

technologies. Where potential is shown to help disabled people to overcome their barriers and



disparity in everyday life, some technologies fail to fulfil this potential due to a lack of
usability for everyone (Tsatsou, 2020). Moreover, reality often shows rather unsatisfactory
results when engaging with certain chatbots in general. Thus, they do not only exclude people
with disabilities from efficient use, but they also show problems in other facets of usability.
Adam et al. (2020) even put the question forward whether these chatbots will be effective in
the long run. Thus, testing is needed to identify points of improvement (Silderhuis, 2020).
Still, standardized scales to measure users’ satisfaction are rare (Balaji, 2019).

Testing metrics relating to usability is crucial to get insights into the performance of a
system or application (Silderhuis, 2020). Moreover, customer satisfaction as a factor has been
reported to be closely connected with the performance of a company in general (de Haan et
al., 2015) and also have been shown to be superior to other user experience-related
measurements (Kvale et al., 2021). If testing usability metrics, the quality of chatbots can be
increased and people can use them more efficiently (Arias-Duran et al., 2021). Furthermore,
especially inclusive research in collaboration with disabled people has proven to result in
impactful outcomes (Walmsley, 2001). Including disabled people in usability assessments
could increase the range of users able to operate chatbots. Consequently, this would also
enable research with more diverse samples, as disabled participants could also contribute to
usability research if scales would be made accessible to them. As indicated by Saenz et al.
(2017), one way to measure user satisfaction with chatbots in a standardized, quantitative
manner is using usability scales designed for web and technologies in general.

As already referred to, some of the most widely used scales appear to be the SUS, the
CSUQ and the UMUX (Lewis, 2018a; Lewis, 2018b). Even though all scales show good
psychometric properties (Lewis, 2018a), the SUS has been shown to be the most popular to be
used (Lewis, 2018b). The shorter version of the UMUX scale, the UMUX-L.te, containing
two items, is considered as having especially high reliability estimates (a = .82) (Lewis et al.,

2013). Even though these scales show high reliability in measuring usability and customer
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satisfaction in general, they are neither specified in measuring customer satisfaction with
chatbots nor are they inclusive to everyone.

Given that no standardized questionnaires were available to test chatbots specifically,
Borsci et al. (2021b) created the BUS-11 scale specifically tailored to measure their usability.
The confirmatory analysis (Borsci et al., 2021b) showed high reliability of the 11-item scale
(a = .89). Further studies have already evaluated the scale’s reliability, resulting in
satisfactory coefficients (Kerwien Lopez, 2021; Bos, 2021). Also, the BUS-11 was shown to
be highly correlated with the UMUX-Lite (rt = .68, p <.001), showing high potential (Borsci
et al., 2021b). Still, the usability scale is under investigation, requiring further rounds of
testing and validation (Borsci et al., 2021a). Also, special design changes need to be
implemented to enable disabled people to participate in the evaluation of chatbots and thus
increase the range of users able to operate chatbots.
Limitations of Different Disabilities and Principles of Inclusive Design

Considering that approximately 1 billion people, translating into 15% of the world
population, are living with some sort of disability (World Health Organization, n.d.), their
strengths and weaknesses need to be taken into account when designing for them. Harper and
Chen (2011) found that guidelines for more inclusive design are often ignored. Moreover,
guidelines for more accessible and inclusive design were followed only in 10% of the cases
over 10 years (Harper & Chen, 2011). Different impairments require specific sets of
adaptations, which can increase usability for disabled people (Vanderheiden et al., 2021).
Keeping in mind the goal of making surveys and research more inclusive, certain guidelines
can be identified to achieve this goal, including those which do not specifically aim at
surveys.

Generally, there is no approach to designing that results in a fit for everyone. By
considering people's weaknesses in the design stage of constructing a questionnaire or testing

instrument, usability can be increased. For example, visual impairments can be considered in
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the design by incorporating larger letters and high colour contrasts (Vanderheiden et al.,
2021). Thereby, improving overall readability (Vanderheiden et al., 2021). An important
target group to consider when designing questionnaires are people with learning disabilities
(Vanderheiden et al., 2021). These neurodevelopmental disorders are summarized by DSM-5
and typically include ongoing difficulties in reading, writing and/or maths (American
Psychiatric Association, n.d.). Moreover, children with ADHD and autism, portraying
problems with attention, executive functioning and processing speed, also show learning
differences (Mayes & Calhoun, 2007). Considering their main difficulties, these groups of
people are especially important in including in usability design.

In an attempt to make such guidelines standardized and clear, the World Wide Web
Consortium (W3C) provides instructions to make the web more accessible (Lewthwaite,
2014). Here, the four main principles to be followed are (1) Perceivable, (2) Operable, (3)
Understandable and (4) Robust (W3C, 2018). The first point, perceivable, includes that all the
information and its components need to be presented in a way that everyone can understand.
This can be achieved through, for example, text alternatives. Operable means that all aspects
need to be functional by, for example, providing enough time to use them. Third,
understandable includes design recommendations ensuring that everyone recognizes the
information given and understands the different components. Here, design principles such as
bigger letters and contrasts, which were already discussed, are incorporated. Lastly, the W3C
states that design needs to be robust, meaning that content needs to be interpreted by different
user agents, such as assistive technologies the same way (W3C, 2018). All in all, some of the
more specific recommendations of these four main principles can also be applied in making
research more accessible.

Another attempt to increase the accessibility of research for people with disabilities
includes incorporating accommodations in setting, timing, presentation and response

(Goegan, 2018). By for example controlling the environment, such as allowing for breaks in
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between, presenting the data through different modes and altering the Likert scale to, for
example, seven points, certain barriers could already be removed for people with different
disabilities (Goegan, 2018). An example of such modified questionnaires is presented by the
company easy-read-online. They describe using plain text, pictures, a clear layout and smileys
on the scale to develop their questionnaires (Easy Read Online, n.d.). As can be seen, there
are already attempts and guidelines made for the inclusive design of the web and
questionnaires in research. What remains an important aim of the current study is to
remember that one should design in collaboration with people with specific disabilities, when
designing for them.

Aims of the Current Study

The aim of the current study is threefold: i) design an accessible version of the Bot
Usability Scale (BUS-A) in line with the guidelines and principles of inclusive design
(Goegan, 2018; Vanderheiden et al., 2021; W3C, 2018) ii) evaluate how potential users with
disabilities perceive their experience using the redesigned tool in the second step as a basis for
the final design, iii) compare the psychometric properties of the final version, the BUS-A,
with the original scale and its factorial structure, analysing differences between the two
scales.

Currently, the original scale is not inclusive of different target groups with special
needs. Therefore, the first step to achieving the goals will be to implement and test a new
(accessible version) of the BUS-11 that is called BUS-A. As it is important to work in
collaboration with disabled people (Walmsley, 2001), the prototype versions of the BUS-A
will be tested partly in collaboration with the Open Mind School in California. This will be
done to ensure the inclusion of participants with various disabilities and backgrounds in a
reliable and controlled manner. The user experience of filling in the scale will be assessed
qualitatively in a focus group with potential end-users of the scale, which serves as a basis for

the final design decisions.
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After the redesign of a more accessible version of the scale, this new scale will be used
to collect data regarding the satisfaction with chatbots to evaluate the psychometric properties
of the BUS-A and compare these properties with the original version of the scale. Thereby,
special focus will be placed on comparing its reliability and factorial structure with the initial
BUS-11 psychometric properties.

The following three research questions summarise the goal of the psychometric
investigation comparing BUS-A and the BUS 11:

RQ1: Are the two scales, BUS-A and BUS-11 significantly different from each other
in terms of participants' satisfaction rate with a chatbot?

RQ2: Do people with and without disabilities report significantly different satisfaction
scores using the BUS-A?

RQ3: Are the psychometric properties of the BUS-A (factorial structure and
reliability) in line with the one of the original scale?

Based on the previous literature review, expectations regarding the research questions
can be formulated. As following pre-specified design principles should lead to an accessible
design, imitating the structure of the original BUS-11, the corresponding expectations are that
the two scales should not be significantly different from each other in terms of participants’
satisfaction rate with a chatbot (RQ1), but also that people with and without disabilities do not
report significantly different satisfaction scores using the BUS-A (RQ2). Furthermore, in line
with the third research question, no differences in psychometric properties between the two
scales are expected.

Phase 1 — Design an Accessible Version of the Chatbot Usability Scale (BUS-A) and
Focus Group

The first phase of the study concerns designing an accessible version of the BUS-11.

Two researchers designed two different prototypes of the BUS-A and explored these versions

of the scale in a focus group with people with disabilities to make decisions regarding the
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final design of the BUS-A. First, both researchers conducted research on principles separately
from each other before merging all of them. Afterwards, the two prototype versions of the
BUS-A were designed in collaboration. Independently from each other, one version resulted
in a more minimalist design, without visual distractions (prototype 1), and the other one
(prototype 2) included more colour and pictorials by following design recommendations
different from the first prototype. This allowed researchers to get more qualitative insights
into what the target group favoured more. The prototypes were designed in Word (Microsoft,
n.d. a) and both the designs were developed in line with design recommendations. In
accordance with the aim of redesigning the scale, Microsoft (n.d. a) suggests several steps and
instructions on how to create accessible documents to achieve this goal.

Principles to Drive the Design

The prototypes of the BUS-A were designed by following several guidelines found in
literature and online resources regarding accessible questionnaires, and accessible web and
PDF design. Table 2 provides a detailed overview of the principles followed by each of the
prototypes. Thereby, principles were divided into five categories to create a clearer overview:
Media; Text; Navigation and Links; Colours; and Assistive Technologies (Spire Digital,
2019). Even though principles were derived from various sources of guidelines, they mostly
overlap and result in a structured overview of points to follow in designing for accessibility
(Table 2).

Principles defined under Media are a) to provide visual response alternatives as an
addition to the typical Likert Scale response options (Hartley & MacLean, 2006), b) to make
sure that alternate text is added to all images included in the design (University of
Washington, n.d.; W3C, 2018) and c¢) to minimize elements that can cause visual distractions
(Spire Digital, 2019). These principles derived from different guidelines ensure that the media

conveying the questionnaire is perceivable to the end-user (W3C, 2018).



15

Almost all Guidelines included similar principles regarding the category Text:
principles a), ¢) and e) were specified by guidelines of Spire Digital (2019), while b) and d)
can be found in several sources of guidelines (Goegan et al., 2018; Vanderheiden et al., 2021).
Again, following these guidelines ensures perceivability for any target group of users (W3C,
2018).

The third category of principles, Navigation and Links (Table 2) summarizes
principles aiming at making the questionnaire operable (W3C, 2018). Thereby, each principle
was derived from a separate guideline, even though they were mostly present in all guidelines.
Principle 3a) asks for additional explanations to make sure that the user understands the
navigation of the questionnaire and can operate it (Spire Digital, 2019). Principle b) suggests
making use of Gestalt principles and grouping techniques in general to provide cues to which
parts of the questionnaire belong together (Vanderheiden et al., 2021). Principle c)
recommends using radio buttons instead of the typical table usually used for Likert scales on
PDFs (Si, 2020), d) to convey information through multiple mediums if possible (Hartley &
MacLean, 2006), and principle e) states to use Word"s built-in headings so assistive
technologies are also able to differentiate between headings and text.

Accessible implementation of colours is important for a perceivable design by making
elements in the questionnaire distinguishable (W3C, 2018). Thereby, both principles under
the fourth category relate to including accessible and contrasting colours (Microsoft, n.d. a).
As contrast alone might not be enough to be distinguishable for everyone, Microsoft (n.d. a)
suggests using a colour accessibility checking tool.

The last category includes some basic principles derived from the guideline of the
University of Washington to be followed when designing a questionnaire (University of
Washington, n.d.). Clear instructions on how to achieve this are provided by a checklist at the
end of the design. To conclude, all these principles derived from various guidelines aim at

helping to design an accessible PDF. That way, they form the basis for major design choices.



Table 2

Design Principles Derived and Implemented in the Different Prototypes

Principles Considered in the Design Prototype 1 Prototype 2

1. Media

Implemented by:

a) Visual response alternatives YES NO
b) Alternate text to images YES YES
c) Minimize elements that can cause visual distractions NO YES
2. Text

Implemented by:

a) Font size of 16pt or bigger YES NO
b) Bigger line spacing YES NO
c) Descriptive and clear pages and titles for the instructions YES YES
d) Recommended font type YES YES
e) Break up large amount of text into smaller paragraphs YES YES

3. Navigation and Links

Implemented by:

a) Provide additional explanations for clarity YES YES



b) Gestalt principles (Proximity & Similarity) YES YES
c) Radio buttons instead of typical table YES NO
d) Conveying information through multiple medium YES YES
e) Use built-in headings YES NO
4. Colours

Implemented by:

a) Accessible colours NO YES
b) Contrasting colours YES YES
5. Assistive technologies YES YES
Implemented by:

a) ldentify document language YES YES
b) Compatible with assistive technology YES YES
c) Use tables wisely YES NO
d) Export Word into barrier-free PDF YES YES

Note. YES means that the corresponding criterion was met by the prototype version, NO

indicates that the criterion stated was not considered in the design.
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Based on the principles (Table 2), design choices were made in two different versions
of the initial redesign of the BUS, resulting in two prototypes. For the first prototype, two out
of three principles for the category media were implemented. In Figure 1, principle 1a) (Table
2) was implemented by including smileys as visual response alternatives. In addition, each
pictorial was described with alternate text (Principle 1b), Table 2). For the second prototype,
only principle 1c) was implemented visibly in the design. To reduce visual distractions, no
visual response alternatives or other forms of pictorials were implemented (Figure 2).

Figure 1

Design of an example question of Prototype 1

1. The chatbot function was easily detectable. Q

d a O O O
1 2 3 4 5
STRONGLY DISAGREE NEITHER AGREE STRONGLY
DISAGREE DISAGREE NOR AGREE
AGREE
Figure 2

Design of an example question of Prototype 2

1. The chatbot function was easily detectable.

[ | | | |
[ I I [ |

1 2 3 4 5
Strongly Neutral Sitrongly
Disagree Agree

The second category of principles refers to Text. For prototype 1, principle 2a), a font
size of 16, principle 2b) using line spacing of 1.5 and 2d) using Arial as the font type can be

seen in Figure 1. T