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Project Code : MRG5980022

Project Title : Technology Enhanced Accessible Interaction Method for Visual
Impairment

Investigator : Dr. Kewalin Angkananon Suratthani Rajabhat

E-mail Address :k.angkananon@gmail.com

Project Period : 2 years

This project addressed that there was no method to help inexperienced
developers gather or evaluate requirements and design or evaluate accessible
technology solutions to visually impaired people’s interactions. For example, 20
Suratthani Rajabhat University visually impaired students encounter barriers learning
from visual information in lectures or classes; such as difficulty reading from board,
screen, paper, book or video or understanding what object is being pointed at.

This research took place from 2017 to 2018 and The Technology Enhanced
Interaction Framework (TEIF) Visual Impairment (VI) Method was developed through
literature review and interviews with 20 visually impaired students, 10 visually
impaired adults and five accessibility experts. Four accessibility experts and three
developer experts reviewed and validated the TEIF VI-Method. It was then
experimentally evaluated by 18 developers using the TEIF VI-Method and another 18
developers using their existing ‘Other Methods’ to identify the requirements and
solution to a scenario involving barriers for visually impaired people. Following
completion of this experiment the ‘Other Methods’ group were shown the TEIF VI-
Method and both groups were asked their opinions of its ease of use through a
questionnaire.

The mean number of correctly selected requirements was higher significantly

(p < 0.001) for developers following the TEIF VI-Method (X = 8.83) than the Other
Method (X = 6.22). Developers using the TEIF VI-Method ranked technology solutions
nearer to the expert rankings than developers using Other Methods (p<0.05). All
developers found the TEIF VI-Method easy to follow.
Developers could evaluate requirements and technology solutions to interaction
problems involving visually impaired people using the TEIF VI-Method better than
existing Other Methods. This research study shows that developers could benefit from
using the TEIF VI-Method when developing technology solutions to problems of
interaction faced by visually impaired people.

Keywords: Technology, accessibility, requirements, development, evaluation
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Executive Summary

Approximately 10% of nearly 2 million disabled people in Thailand have a
visual impairment. This research was motivated by there being no method to help
inexperienced developers gather or evaluate requirements and design or evaluate
accessible technology solutions to problems visually impaired people encounter in
interactions with people, objects and technology. For example, some 20 Suratthani
Rajabhat University visually impaired students encounter barriers learning from visual
information in lectures or classes, or; such as difficulty reading from board, screen,
paper, book or video or understanding what object is being pointed at.

Although some useful apps have been developed by a few people with a deep
knowledge and understanding of the needs of visually impaired people, most
technology developers do not learn about this on their university courses. Also visually
impaired people can have complex interactions with other people, technologies and
objects which present barriers not overcome by the use of one or more simple apps.

This research took place from 2017 to 2018 and The Technology Enhanced
Interaction Framework (TEIF) Method for Visual Impairment was developed through
literature review and interviews with 20 visually impaired students, 10 visually
impaired adults and five accessibility experts. Four accessibility experts and three
developer experts reviewed and validated the TEIF Method. It was then experimentally
evaluated by 18 developers using the TEIF Method and another 18 developers using
their existing ‘Other Methods’ to identify the requirements and solution to a scenario
involving barriers for visually impaired people. Following completion of this
experiment the ‘Other Methods’ group were shown the TEIF Method and both groups
were asked their opinions of its ease of use through a questionnaire.

The mean number of correctly selected requirements was significantly higher
for developers using the TEIF Method than the Other Method. Developers using the
TEIF Method ranked technology solutions closer to the expert rankings than developers
using Other Methods. All developers in both groups agreed that the TEIF Method was
explained well and was easy to follow and thought that the TEIF VI-Method helped
them to evaluate technology solutions and requirements.

The TEIF Method is not a replacement for other design and development
methods but a support for them through the provision of requirement-questions and
answers examples to help the identification of requirements and linking the answers to
technology suggestions for the design stage. Developers could therefore benefit from
using the TEIF Method when developing technology solutions to interaction problems
faced by visually impaired people as it helps evaluate requirements and technology
solutions.



Chapter 1 Introduction

1.1 Introduction

This research was motivated by there being no method to help inexperienced
developers gather or evaluate requirements and design or evaluate accessible
technology solutions to visually impaired people’s interactions. In 1996 almost eleven
percent of people registered as disabled in Thailand were visually impaired and the Thai
disabled population was estimated at over 1 million by The National Statistics Office
(NSO), suggesting the number of people with a visual impairment was around 110,000
1. The National Statistics Office in 2007 estimated 3 per cent of the Thai population,
almost two million people, had a disability which would suggest 220,000 people were
registered as visually impaired. 2 This would appear to be a great underestimation of
the actual problem in Thailand as Thailand has the third most rapidly aging population
in the world3 and also has problems with obesity and diabetes. 4 In the UK over 3% of
the population have a visual impairment and this has been predicted to increase
dramatically with the population ageing and obesity and diabetes, important sight loss
causes, growing in incidence. Twenty visually impaired Suratthani Rajabhat University
students encounter barriers learning from visual information in lectures or classes, such
as difficulty reading from screen, board, paper, book or video or knowing which object
the teacher is pointing to.. For reducing discrimination in access to information,
particularly in face-to-face situations, accessible solutions need to be created by
technology developers. A thorough literature review described in section 5 found some
technologies for supporting visual impairment but the only framework or method
specifically designed to support developers with developing accessible technology
solutions for complex interactions for people with disabilities is the Technology
Enhanced Interaction Framework (TEIF) and Method developed by the Principal
Investigator. This method was evaluated and developed only for hearing impairment
and so the research problem that has been therefore identified is to extend this Method
to help developers develop technology solutions to help people with visual impairment
in their interaction with objects, technologies and people.



1.2 Objectives

The following objectives have been identified from the literature review: The
TEIF Method created by the Principal Investigator was only evaluated and developed
for hearing impairment and so the objectives of this research proposal is to extend this
TEIF Method to help developers develop technology solutions to help people with
visual impairment in their interactions with objects, people, and technologies and to
evaluate this extension for visual impairment.

1.3 Research Questions

Research question 1: Can the TEIF Method be developed regarding visually
impaired people interacting with people, technologies, and objects?

Research question 2: How the TEIF Method help with the software
development process for visually impaired people interacting with people,
technologies, and objects?

Sub research question 2.1: Can developers use the TEIF Method to help
in evaluating requirements for visually impaired people interacting with people,
technologies, and objects?

Sub research question 2.2: Can developers use the TEIF Method to help
in evaluating technology solutions for visually impaired people interacting with people,
technologies, and objects?

Approach A: Investigate whether the TEIF Method helped developers
rate technology solutions closer to the experts’ ratings than the Other Methods.

Approach B: Investigated whether the TEIF Method helped rate
differences between technology solutions closer to experts’ difference scores than the
Other Method.

Research question 3: In what way does the TEIF Method help developers?
1.4 Scope of research

1. The research will extend the TEIF Method for visual impairment and be
translated into both Thai and English Languages and so help developers design better
technology solutions for problems faced by visual impaired people.

2. The researcher will develop for developers in Thai and will translate it into
English.

3. Three accessibility experts and three developer experts will validate and
review the TEIF method for visual Impairment. An experiment with 34 developers will
evaluate the method compared to their preferred method.



1.5 Report Structure

Chapter 2 presents related work and a literature review. Chapter 3 explains the
research methodology. Chapter 4 provides the development of TEIF Method for
visual impaired people and expert validation and review results. Chapter 5 gives
details of the results. Chapter 6 presented conclusions and discussion.

1.6 Output

The following two Peer Reviewed Papers based on the work of this thesis have
been published.

Angkananon, K. & Wald, M. (2017). Technology-Enhanced Accessible Interactions for
Visually Impaired Thai People. In: Antona M., Stephanidis C. (eds) Universal
Access in Human—Computer Interaction. Designing Novel Interactions.
UAHCI 2017. Lecture Notes in Computer Science, vol 10278. Springer, Cham.
(Appendix H)

Angkananon, K. & Wald, M. (2016). Extending Accessibility Interaction Framework
Method for Thai Visually Impaired people./5th International Conference,
ICCHP 2016, Linz, Austria, July 13-15. (Appendix I)

Angkananon, K., Wald, M. & Phetkaew, T. (2019). Technology Enhanced Accessible
Interaction Framework Method for Visual Impairment. Journal of Visual
Impairment & Blindness. (submitted) (Appendix J)



Chapter 2 Literature Review

This chapter reviews definitions, levels and problem of visual impairment,
requirements for visual impairment and technology related to visual impairment.

2.1 Visual Impairment

Section 2.1 includes a definition of visual impairment, numbers of people with
visual impairment in Thailand, levels of visual impairment, how visually impaired
people access information, problems and solutions of visual impairment, requirements
for visual impairment, and technology that is related to visual impairment.

2.1.1 Definition of Visual Impairment

The Individuals with Disabilities Education Act (IDEA) defines the term of visual
impairment as “impairment in vision that, even with correction, adversely affects a
child’s educational performance. The term includes both partial sight and blindness.”
(http://www.specialeducationguide.com/disability-profiles/visual-impairment/)

2.1.2 Number with Visual Impairment in Thailand

The president of the Blind Association of Thailand (2015) revealed that there
were 1,918,867 registered disabled people in Thailand. There were 181,821 with
visually impairment which is 9.48 % of all disabilities in Thailand.

At present, information and communication technology (ICT) has played an
important role in facilitating and enhancing the efficiency of various activities including
for visually impaired people. However, less than 10% of blind people have the
opportunity to receive rehabilitation, education and vocational training and less than
5% of blind people have opportunities to have a career with income to support
themselves and their families including being ready to participate in social development
as a quality human resource.



2.1.3 Level of Visual Impairment

Dufty (2015) reveals that the term "Visual impairment" generally describes the
range of visual function, from low vision through total blindness.

The World Health Organization defines Levels of Visual Impairment:

1) Moderate Visual Impairment: Snellen visual acuity = 20/70 to 20/160

2) Severe Visual Impairment: Snellen visual acuity = 20/200 to 20/400 or
visual field of 20 degrees or less

3) Profound Visual Impairment: Snellen visual acuity = 20/500 to 20/1000
or visual field of 10 degrees or less

4) Light Perception and Light Projection: A person with severe visual
impairment may notice light and dark, or where light comes from.

5) Total blindness means no light perception (NLP)

2.1.4 Visual Impairment Access to Information

Golledge (1999) revealed that there are four senses that accounted for a
navigation task:

1) Touch is tactile perception, ability of feeling and get information from
objects by touching or pressing on the skins, which is activated by Mechanoreceptor.
Mechanoreceptor is one of the neural receptors detecting a pressure on human skin
when something touches on it e.g. pressure on feet, hands, tongue, follicle, and body
skin.

2) Sight is vision perception, ability to focus, interpret and detect a visible light
that bounces off and reflects from objects into the eyes. It gives information such as
brightness, contrast, images, and colours.

3) Audition is sound perception, ability to detect and interpret the vibration
into various frequencies of noise in the inner ears. Hearing capability also provides
another ability of detect orientation (Mile et al., 2014; Wallmeier and Wiegrebe, 2014),
e.g. where the sound comes from by using both ears. This technical called echolocation.

4) Olfaction is Odour perception, ability to smell objects in the environment,
which processes under Olfactory receptor. Olfactory reception is another one of the
neural receptors that is responsible for detecting an odour molecular coming into a
human nose.

The example of how visual impairment detects obstructions in different levels
as shown in Table 2. Visually impaired people, for example, use a white cane for
obstruction detection at the ground floor. They use a guide dog to miss the obstruction
and sighted people can also miss the obstruction.

Table 2.1 shows the relationship between activities and internal perceptions.



Table 2.1 Relationship between activities and internal perceptions

Internal Perceptions External Helpers
(Williams et al.,2013) (Williams et al.,2013)
Activities . . .
Touch | Audition | Olfaction | V" 1ite | Guide | Sighted
Cane Dog People
Obstacle Detection (Ground 4 4
level)
Obstacle Detection (Body level) v v 4 v
Obstacle Detection (Eye level) 4 v
Obstacle Avoidance v v
Crossing the street with high 4 4 4 4
traffic
Walking pass thought a loud 4 4 4 4 4 4
noise area (daytime) e.g., urban,
shopping mall, construction
area, etc.
Walking pass thought a silent 4 v 4 4 4
area (night time) e.g., inactive
construction area

Source: Watthanasak (2016)

2.1.5 Problem and Solutions of Visual Impairment

Table 2.2 shows problems and solutions for visually impaired and blind people.

Table 2. 2 Problems and solutions for visually impaired and blind people

Topics Problem Solutions References
Unfamiliar | Difficulties in navigating Sighted Guide | Williams et al.
Places inside the unfamiliar places | Guide Dog (2013, 2014)
which are usually large, Accessible Guidedogs.org.au
complex, wide-open, full of | Map (limited) | (2016);
crowds and noise, and of Guidedogs.org.uk
accessibility information. (2016)
Guide dog sometimes is not
allowed in some buildings
especially intensive care
unit at the hospital.
Accessibility | Difficulties in navigating Sighted Guide | Williams et al.
Information | inside the buildings which Accessible (2013); Zeng
are lack of accessibility Map (limited) | (2015)
information such as tactile
pavement, Information
regarding stairs, escalator,
drop-offs, room number &
name, etc. which are not
usually provided.




Topics Problem Solutions References
Map forBlind | Information provided in the | Proposed Miao at al.
map, both of commercial or | Framework (2011); Google
public service is limited and (2016); Apple
not enough for people with (2016);
visual impairment. To OpenStreetMap
provide more confidence in (2016);
navigation, objects and Kolbe et al.
accessibility information (2005); Li and
should be integrated into the Lee (2013); Lee
map. et al. (2014);
Ryu et al. (2014)
Indoor No matter what indoor Proposed Indoors (2015);
Navigation | positioning techniques have | Framework Wifarer
system been (2016)
Used in the indoor
navigation system, the map
has come
Into play in main part of
navigation, which is usually
Proprietary and lack of
Information required by
blind.
Obstacle Difficulties in detecting and | Echolocation | Finkel (2012);
Detection and | dodging obstacles installed | Sensor: Brogaard
Avoidance | or Ultrasound (2016); Williams
Placed in the environment et al. (2014)
during the navigation
Unpredictable | Difficulties in detecting or Sensor: Williams et al.
Obstacles receiving information Camera (2013)
regarding, Unpredictable
objects such as crowd,
noise, etc.
Studying in | Difficulties to hear the OrCam (Cumming, T,
class recording properly with MyEye Strndova, 2016)
background noise, difficult | software,
to see/understand what is Assisted
being written/drawn on Vision Smart
board, difficult to Glasses,
see/understand what is being | FingerReader
pointed at, software
Visit Cannot see a text format to | Audio (Angkananon,
museums explain about the exhibits, description, 2015)
some exhibits cannot touch, | 3D tactile
cannot see the movement of | diagram

the show




Topics Problem Solutions References
Crossing Difficult to cross the road vibrating (Szabo, Z,
roads independently, difficult to system at the Enikov, E, 2016),
travel on his own in a new traffic lights, Miura, T et al.
environment sound of (2016), Nishikiri,
vision, tactile | M, Sakai, T, et al.
graphics (2016), Mascetti,
S, Ahmetovic, D,
et al. (2016)
Shopping in | Difficult to identify things OrCam Papadopoulos, K,
grocery like cans of soup, cereal MyEye, braille | Charitakis, K, et
boxes, cartons of milk, and | labels, audio al. (2014)
other things by touching, description,
cannot see the detail of FingerReader
products

2.1.6 Requirement for Visual Impairment

Table 2.3 shows the relationship between activities, consequence situation and
expected assistances.

Table 2.3 Relationship between activities, consequence situation and expected

assistances

Activities Consequence Ex.p ected
Assistances
Unbhelpful Grabbing hand or | VIB people would lose their | Verbal
Assistances white cane. body balance and then fall feedback
down on the ground, and With a relax
might be end up at hospital | tone
if the ground is hazard like
escalator.
Shouting or VIB people lost their -
surprising blind concentration to
individual. environment cues such as
navigational cues, audio
cues. Therefore, they are
lost.
Missing and Providing VIB people get confused, Verbal
Misinformation misinformation such as open door on your feedback
left but, in fact the door is With current
held open already. status.
Sometimes, they would
have an accident.
Giving a direction | VIB people get confused, Verbal
regardless which for example, left when feedback
direction blind is sighted people meant right based
facing at. of blind individuals On which
direction




Expected

Activities Consequence Assistances
blind
individuals
are facing at.

Ambiguous Giving a wrong VIB people would have -
Phases and measurement and | accident, due to the wrong
Measurement timing measurement such as
distance, time, etc.
Misunderstanding | Neglecting of VIB people would get lost Verbal
Cues vs. hazards | giving an overall and confused easier when feedback in
instruction or they navigate in wide-open | overall

direction

arca.

direction and
some
significant
information
like
landmarks.

Avoiding helpful
boundaries

VIB people would get hit or
walk towards crowd people
while walking on a sidewalk

Letting them
walking along
a fence or
grass line as it
is a boundary

Walking in front
of behind blind
individual

VIB people would be lost or
walk towards the obstacle,
people or hazards.

Walking
together and
letting them
grasp sighted
guide’s elbow
/ arm as to
use them as
body
movement to
navigate.




2.1.7 Technology Related to Visual Impairment

Table 2.4 Comparison of map services

Google Apple OpenStreetMap Wifarer Indoo.rs Kolbe and Lee et al (2014)
(2016) (2016) (2016) (2016) (2015) Bacharach

Map Type Standard Map Standard Map Standard Map Indoor Map Indoor Map 3D City Map 3D City Map

Map Data Representation GeoJSON Vector XML Proprietary Proprietary XML XML

Licensc Proprietary Proprietary Open Database Proprietary Proprietary Open Source Open Source

Outdoor Journey

Driving Directions v 4 Third-party 4

Walking Directions beta v Third-party v

Navigation and Routing v v Third-party

Live Traffic Information v Partial

Public Transport v limited Third-party

Weather information Third-party

Indoor Journey

Indoor Positioning limited limited 4 4

Navigation and Routing v v

Indoor-Outdoor navigation v

Walking Directions

Live Traffic Information Y v

Source: Watthanasak (2016)
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2.2 Review Relevant Research
This section reviews related Frameworks as follows:
2.2.1 Direct Communication

Berne (1964) introduced the crossed transaction in terms of the roles they
played: parent, adult, and child. The communication can break down when the
interaction crossed. The learning process by Laurillard (1993) identified the activities
to improve learning by analysing the role of technology in the process. Communication
has roles and different in cultures in both verbal and non-verbal communication (Sacks,
1974).

2.2.2 Interactions

Dix’s Framework (Dix, 1994) was called Computer Supported Cooperative
Work (CSCW). His framework mentioned about the communication among
participants called “direct communication”. In addition, the participants could interact
or control artifacts and could share artefacts among themselves. The artifacts was not
only the topic of the communication but could be a medium of communication called
“feedthrough”. In the communication, Deixis referred to indicating artefacts. Although,
Dix’s Framework in Figure 2.1 mentioned about interactions involve technology it did
not addressed a separate technology component. It also did not consider the same time
and same place situations identified by the Technology Enhanced Interaction
Framework (TEIF) (Angkananon et al, 2014).

understanding

direct communication

control and

T

|

|

|

|

|

: deixis
|

: feedback
|

|

feedthrough

Figure 2.1 Computer Supported Cooperative Work — A framework
Source: Dix (1994)

Vyas et al. (2008) studied the role of artefacts as supporting mediated
communication in referring to analogue and digital objects which served as a tool in
artefacts. They highlighted that the use of communication metaphors was culturally
dependent.
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Gains (1988) proposed the conceptual framework in the analysis of person-
computer interaction in complex system as shown in Figure 2.2. There were six
hierarchical layers in his framework as follows:

1)
2)

3)

4)
5)

6)

Cultural layer : a layer reflecting purpose and structure
Intentionality layer : a layer of anticipatory nature of an intelligent
system that leads to acquisition of knowledge

Knowledge layer: a layer that supports modeling and control
activities of the anticipatory system.

Action layer: a layer that transmits activities interfacing to the world.
Expression layer: a layer that supports encoding of communications
and actions.

Physical layer: a layer that addresses how encodings exist physically
in the external world.

' System—Systom
Interaction

Computer—Equipment

Person—Computer

Interaction .
Interaction

Computer—Computer

Interaction
Person—Person

Interaction

Person—Equipment
Interaction

Figure 2.2 Analysis of person-computer interaction (Gaines, 1988)

Norman and Draper (1988) proposed a model of interaction between human and
computer. The seven stages in his model are establishing a goal, forming intention,
specifying action sequence, executing action, perceiving system state, interpreting
system state, and evaluating system state with respect to intentions and goals.

A Physical Mobile Interaction Framework proposed by Rukzio (2008) for using
mobile devices as mediator to interact with a physical object. There were four types of

interactions:

Human — Computer — Interaction
Human — Real World — Interaction
Computer — Real World — Interaction
Computer — Computer — Interaction
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2.2.3 Space/Time

A time / space matrix of Ellis et al (1991) is a classification of synchronous and
asynchronous technology which facilitates interaction at the same time or different time

or place. The example of technology they used is shown in Table 2.5.

Table 2.5 Time / space matrix to classify synchronous and asynchronous technology

Time

Same Different

Same Electronic Meeting System Teleconferencing
Computer conferencing Video
Group Decision Support Systems | Audio
Presentation software
PC screen sharing software

Place
Different Video Conferencing Asynchronous Groupware

Synchronous chat systems

Email

Bulletin Boards

Intemet

News groups

Workflow software

Group authoring software

Source: Ellis et a/, 1991

2.2.4 Accessibility Model

The Human Activity Assistive Technology (HAAT) Model was proposed by
Cook and Hussey (1995) to accommodate assistive technology as shown in Figure 2.3.

The Model consisted of:

e human which can have abilities / skills

e activities which can be determined by role

e context which involve setting, social, cultural, and physical

e assistive technology which involve hardware, software, and non-

electronic

Alone

Setting

Context

Soclal Contexts
Familiar Peers
Familiar Non-Peers
Strangers

Home (Individual )

Group Home
Employment
School
Community

Physical Contexts
Light
Sound
Heat

Activity

Assistive
Technology

Figure 2.3 The Human Activity Assistive Technology Model
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Source: Cook & Hussey (1995)

2.2.5 Assistive Technology

Previous technology research in lectures to assist blind students includes Quek
and Olivereira (2013) study where blind students were trained to use a haptic glove
with a diagram having raised lines. Computer-vision was used to provide feedback
through the glove to tell the user where the teacher was pointing on the diagram on the
board (i.e. deictic gestures) as they spoke. Pre-prepared tactile diagrams were required
for this but tactile real time touch screens are now available. A mediator was used by
Freire et al (2010) to enhance the electronic transmitted images of a teacher’s
interactive whiteboard drawings with text annotations accessible by a screen reader.
Disabled people have used many assistive technologies and technology to support some
interactions between people (e.g. Dix’s Framework (1994) and Rukzio et al’s
Framework (2008)) has been studied by many researchers.

2.3 Accessibility and Usability Guidelines

The concept of usability, accessibility and user experience (UX) was discussed
by Petrie and Bevan (2009) as a way to evaluate system by developers. They mentioned
that there was a lack of agreement about whether accessibility means usability or
universal design for disabled and elderly people among the definitions from Web
Accessibility Initiative WAIL ISO usability and accessibility, and World Wide Web
Consortium (W3C). Their discussion also mentioned about UX which will be more and
more important as it is a person’s responses and perceptions that result from the use of
produce, system or service. Petrie and Bevan (2009) also discussed about UX
evaluations in a design process under headings: experts, automatic checks, users, usage
data, and model and simulation. In addition, there are extensive guidelines for
accessibility and usability concerned about the interactions between people and
technology: Shneiderman’s 8 golden rules, Neilsen’s usability heuristics, WCAG 2.0
etc. However, these guidelines do not consider the interactions between people and
people or people and objects.

Universal Design has seven principles: flexibility in use, equitable use,
perceptible information, simple and intuitive use, low physical effort, tolerance for
error, size and space for approach and use (Mace, 1985). It helps decrease
discrimination in the society. Although, there is not every accessible design considered
as universal design such as a control panel with large membrane switches may not be
suitable for blind people but may be suitable for people with limited manual dexterity
(Molly Follette Story M.S., 1998).

2.4 Software Design Process

There is a wide range of traditional software design methods that developers
can use in their designs which range from a linear approach such as the Waterfall Life
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Cycle Model and V Model. More iterative approaches to help design process in such
aspects of speed and number of iterations are the Spiral Life Cycle Model, Rapid
Application Development (RAD), Agile Model, and Prototype Model. Third, user
involvement approaches are ISO standard User Centred or Participatory Design, and
Human-centred design for interactive systems (ISO9241-210, 2010). However, all
methods involve some element of design, requirements, and evaluations (Balaji &
Murugaiyan (2012); Maheshwari & Jain (2012; Preece (2002)). The use of scenarios
and personas in gathering requirements for Mobile Accessible Chat System for
Synchronous Computer Supported Learning Environments of Martin et al (2012) noted
that the study would need experts and real users for requirements evaluation.

However, there are a few approaches that consider designing software process
in a situation that gets disabled people involved. For example, Nganji and Nggada
(2011) focused on the needs of disabled people in improving disability and usability.
They used the Disability-aware Software Engineering Model in user evaluation with a
wide range of disabilities such as hearing impairment, visually impairment, mobility
difficulties etc.

2.5 Technology Enhanced Interaction Framework

Angkananon et al (2014) ’s Technology Enhanced Interaction Framework
(TEIF) and Method has been the only framework and method supporting developers of
technologies to think about all the interactions that could take place in complex face-
to-face situations when developing technology solutions for people with disabilities.
Time limitations of the PhD research study meant that the TEIF Method was only
developed and evaluated for hearing impairment. The TEIF and TEIF Method built
upon Dix’s framework for Computer Supported Cooperative Work.

Table 2.6 shows the five TEIF sub-components for the interactions and communication
main component.

Table 2.6 Interactions and Communication in the Technology Enhanced Interaction
Framework.

Main Main and Sub-Component of Technology Enhanced Interaction Framework
Component Sub-component Example
A person has a role when communicating with others (e.g.
presenter, audience, peer). Roles normally come in pairs such
Role as speaker and audience (e.g. teacher and student or owner
and visitor) and peer to peer (e.g. student and student or
visitor and visitor).
People have abilities and disabilities which can affect their
use of technology or understanding of language and which
can lead to communication breakdown (e.g. physical,
sensory, language, culture, communication, Information
Technology (IT)).

People

Ability/
Disability
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Main Main and Sub-Component of Technology Enhanced Interaction Framework
Component Sub-component Example
Dimension Objects have 2 dimensions (2D) or 3 dimensions (3D), and a
3D object may have a 2D representation.
Objects Property Objects have colour, shape and size.
Content Objects have content which is human readable (text, pictures)
and machine readable (QR code, AR tag, barcode, RFID tag,
NFCQ).
Electronic technology has stored information, is online (e.g.
Electronic internet, phone network) or offline (e.g. not connected to the
internet or phone network), and is mobile (e.g. smartphone) or
non-mobile (e.g. desktop computer).
Non-electronic technology is used to store information in
Non-electronic objects (e.g. writing with a pen on paper) and is mobile (e.g.
Technology pen) or non-mobile (e.g. full-size desktop typewriter).
Usability and People interact with technology through its user interface (e.g.
Accessibility touch screen, keyboard).
Application Electronic technology is an application (e.g. dictionary) or a
or Service service (e.g. weather forecast).
Cost Technology has cost (e.g. of hardware, software,
maintenance).
People communicate verbally (speak, listen, ask, answer) and
People-People non-verbally (lip-read, smile, touch, sign, gesture, nod). When
(P-P) communicating, people may refer (speak or point) to particular
objects or technology — this is known as deixis.
People interact with objects for two main purposes: controlling
People-Objects (e.g. touch, hold or move), and retrieving information (e.g.
(P-0) look, listen, read, in order to get information or construct
Interactions personal understanding and knowledge).
and People- People control technology (e.g. hold, move, use, type, scan,
Communicati | Technology (P- make image, press, swipe) and transmit and store information
on T) (e.g. send, save, store, search, retrieve).
People- People use technology to transmit information to assist
Technology- communication with (e.g. send sms, mms, email, chat, instant
People (P-T-P) message) other people.
People use technology (e.g. point, move, hold, scan QR codes,
People- .
Technology scan AR. tag, use camera, use compass) to transmit, store, apd
. retrieve information (send, save, store, search, retrieve) to, in,
-Objects(P-T-O) .
and from objects.
Place Same gnd different time and place yielq four cat.egories:
Time/Place same time (ST) ansi same p!ace (SP), dlffer.ent time (DT) and
Time same place (SP), different time (DT) and different place
(DP), same time (ST) but different place (DP).
Location Location affects the use of technology (e.g. indoors, outdoors).
For example GPS does not work well indoors.
Weather condition may affect the use of technology (e.g.
Weather rainy, cloudy, sunny, windy, hot, cold, dry, wet). For
Condition example, the mobile phone screen doesn’t work well in
sunshine.
Context Signal Type Signal type can affect the quality of electronic technology
and Quality (e.g. broadband, GPS, 3G, 4G).
Background noise can affect the communication particularly
Background . . )
Noise fgr hgarmg impaired people (e.g. background music, crowded
situation).
Lighting Light can affect the interaction (e.g. Inadequate light, too
bright).
Interaction Cultural layer includes countries, traditional, language and
Culture “ v - . .
Layer gesture (e.g. “hello” is a normal greeting used in the culture).
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Main
Component

Main and Sub-Component of Technology Enhanced Interaction Framework

Sub-component

Example

Intention layer involves understanding, purpose and benefit

Intentionality (e.g. the intent is a greeting).
Knowledge layer involves facts, concepts, procedures, and
Knowledge principlesg (e.g}.lhow to spell the word “Il)lellg”).
Action Action layer involves act'io'ns anq behavigurs (e.g. pressing
the correct key and not hitting neighbouring keys).
. Expression layer describes how actions are carried out (e.g.
Expression LU
whether action is correct, accurate, prompt).
Physical layer is the lowest layer at which people interact
Physical with the physical world (e.g. the button is depressed and so

sends the electronic code for the letter to the application).

Source: Angkananon et al. (2014)

Three expert developers, three experts in accessibility, and an professor of HCI
validated the TEIF Method which supports other methods by helping to identify
requirements through providing multiple-choice questions, the answers to which help

support the design stage through provided technology suggestions. An experiment
showed that Developers used the TEIF HI-Method for evaluating technology solution
requirements for interaction problems encountered by hearing impaired people better
than any of the Other Methods they chose to use. Developers selected a best solution
significantly more often than the Other Methods using the TEIF HI-Method and also
rated solutions significantly closer to the experts’ ratings than the Other Methods.
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Chapter 3 Research
Methodology

This chapter describes the TEIF Method process for visual impairments. The
TEIF VI-Method was designed to support developers designing technology solutions
to inaccessible interactions involving visually impaired people through helping
developers consider user requirements, the design of interactions to accessibly address
these requirements and the related requirements criteria for evaluating interactions. The
TEIF VI-Method is not a replacement for other design and development methods but a
support for them through the provision of requirement-questions and answers examples
to help the identification of requirements and linking the answers to technology
suggestions for the design stage.

3.1 Triangulation

A triangulation technique is used in this research. First the theory and related
works have been discussed in Chapter 2. Then the expert validation and review were
used for the TEIF Method for visually impairments by answering the questionnaire and
discussing it afterwards. User evaluation was used in the experiment to compare the
results of the two groups. The triangulation in this research as shown in Figure 3.1

Theory and
related works

Expert User evaluation
validation

Figure 3.1 Triangualtion Diagram



3.2 Activities and expected output of the research
Table 3.1 shows activities and expected output of the research process.

Table 3.1 Activities and expected output of the research

Activity Expected Output

Literature review about visual impaired | Requirements for visual impairment
requirements

Interview five accessibility experts to Requirements for visual impairment
gather requirements about visual from expert’s aspect

impairment

Interview 20 visually impaired students | Requirements from 20 visually

and 10 visually impaired adults impaired students and 10 visually

impaired adults

Develop requirements into questions and | Requirements questions and multiple

multiple choices choices

Develop 5 scenarios to test requirement | Requirements questions and multiple

questions and multiple choices choices that are suitable for a wide
range of scenarios

Literature review about possible Possible technology suggestions for

technology suggestions for visual visual impairment

impairment

The TEIF Method content will be Development of requirement questions

extended through development of and multiple choices in both Thai and

requirement questions in both Thai and | English languages into Expert System
English languages

The TEIF Method system will be Development of Technology

extended through a Technology Suggestions Table for visual

Suggestions Table for visual impairment | impairment in both Thai and English

in both English and Thai languages languages into Expert system

The extended TEIF Method system will | The results of the expert validation and

be subjected to an expert review and review will help improve TEIF Method

validation by three developer experts system.

and three visual impairment accessibility

experts.

Refine the TEIF Method content and The results of the refinement will help

system following the expert review and | to complete the TEIF Method content

validation comments and show the and system before user evaluation

changes to the experts approach.

User Evaluation: Pilot Study The suggestions will help improve a
complete evaluation process.

User Evaluation: Experimental Study Participants in the TEIF group rate

better the others group.

Asking participants in both group to rate | Participants in both group agree that
opinion about TEIF Method TEIF Method help them in gathering
requirements and evaluating
technology solution
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3.3 User Evaluation: Experimental Study

The experimental study took between one hour and one hour and a half for each
participant. An expected sample size for the experiment is 36, which is divided into two
groups (18 participants in each group) one using the TEIF method and the other using
their preferred method. The sample size has been determined using the G Power
(McCrum-Garder, 2010): calculated values of

effect size: 1 — This represent a relatively large effect size

alpha error probability: 0.05 — normal convention

power: 0.8 - normal convention

test family: t test — two independent mean

tails: two — is appropriate when a difference in any direction is expected (it
could be higher or lower)

number of group: 2

e statistic test: means: difference between two independent means (two groups)

3.4 User Evaluation: Experimental Design
3.31. Evaluate requirements and designs

The developers were asked to read a document identifying the issues faced by
visually impaired users at the Shadow Puppet Museum, and then evaluate requirements
for a technology solution to visual impairment related to the problems they identified
from the document. This was analysed using an independent samples t-test between the
two methods and through a questionnaire question (Field, A, 2013). Next, participants
were asked to give ratings between 0 and 10 of three provided technology solutions A,
B, C and participants were also asked to rank ordering.

3.3.2 Experimental Design

This study’s aim was the evaluation of the new software engineering TEIF VI-
Method for helping technology developers who are not experts in accessibility with
designing technology solutions to interaction issues involving visually impaired people.
This evaluation was achieved by asking the developers questions about the presented
materials.

By email or in person the thirty-six participants were asked to partake in the
experiment. They were at random placed into two equal groups of eighteen participants.
The 1st group of participants used TEIF method consisting of four steps to complete
Task 1 and Task 2. The2nd group of participants used their preferred other method to
complete Taskl and Task 2.

For Task 1, participants selected the best ten requirements from 30 requirements
provided for a technology solution to the visual impairment related problems they
identified from the scenario.
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For the Task 2 the three technology solutions (A, B, C) were presented in a
balanced design order. For each group three developers rated the solutions in the six
solution orders shown in Table 3.2.

Table 3.2 Experimental presentation order of solutions

Solution order TEIF Method Other Method
AB,C 3 3
A,C,B 3 3
B,A,C 3 3
B,C,A 3 3
C,AB 3 3
C,B,A 3 3
Total 18 18

3.5 Experiment process

The experiment process can be divided into the TEIF Method Group and Other
Method Group.

3.4.1 TEIF Method Group

Step 1: The participants read a document and answered multiple choice questions
analysing how visual impairment affected interactions. Where possible they underlined
the words in the document that assisted them with each answer.

Step 2: The participants were asked to identify questions-answers that were related to
the requirements.

For Task 1: The participants were asked to select the ten best requirements for
a technology solution to the visual impairment related problems they identified from
the document and underline the important words of each answer on the document.

Task 2: The participants were asked to use the technology suggestions table
paper versions which had been developed and validated with experts, to identify which
technologies met the provided requirements.

Then, the participants were asked to give ratings between 0 and 10 for how well
each of the three solutions met each of the ten requirements and where possible
underline the words on the solution sheets that assisted them with their ratings.

Questionnaire Task: The participants were asked to give responses about
background information, clarity of explanation of TEIF method steps, evaluating if and
how the TEIF method assisted in the experiment, imagining how the TEIF method
could help in the future, and any other comments about the value or usefulness of the
TEIF method.
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3.4.2 Other Method Group

Task 1: The participants were asked to select the ten best requirements for a technology
solution to the visual impairment related problems they identified from the
document and underline the keywords of each answer on the document.

Task 2: The participants were asked to give ratings between 0 and 10 for how well each
of the three solutions met each of the ten requirements and where possible
underline the words on the solution sheets that assisted them with their ratings.

Questionnaire Task: The participants were asked to give responses about background
information, clarity of explanation of TEIF Method steps, evaluating whether
and how the TEIF method helped in the experiment, imagining how the TEIF
method might help in the future, and any other comments about the usefulness
or value of the TEIF method.

3.6 Questionnaire

The participants in both groups were asked to answer the questionnaire about
the feedback information about the TEIF Method by giving a rating with a scale of 5.
The questionnaire includes clarity of the TEIF Method steps, evaluate whether the TEIF
helped in gathering requirements or evaluating solutions. Moreover, the questionnaire
asked about the imagination how the TEIF might help developers in the future;
comments and usefulness of the TEIF Method were also asked. The detail of
questionnaire is in Appendix F.

3.7 Statistical Tests Used

The Statistical Test used varied for the experiment tasks.

1) Evaluating requirements task: using frequency and per cent to analyse
the answer of how often participants get the right and wrong answer and calculate into
per cent. There is also using T-test to compare the correct answer between the two
groups.

2) Evaluating Technology Solution: there are 2 statistics used in this task:
rating between 0-10 and rank order to compare with the expert ranking scores and
orders.

3) Questionnaire Task: using mean score and standard deviation.
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Chapter 4 Developing TEIF

Method for Visual Impairment

This chapter will present the developing of TEIF Method for visual
impairment and production of the material for user evaluation.

4.1 TEIF Method Process

There are five steps in the TEIF Method and developers could go through steps
3 to 5 as many times as required to develop the best solution. The steps are reproduced
from Angkananon et al, (2015).

Step 1: developers answer multiple-choice questions for gathering or evaluating
requirements which help identify any communication or interaction issues or problems
involving visually impaired people.

Step 2: developers use the technology suggestions table, which is based on
answers to the multiple-choice questions, to help in designing or evaluating technology
solutions.

Step 3: developers construct a technology solution scenario by using the
technology suggestions table to help in designing or evaluating the solution.

Step 4: developers draw the TEIF overview Interaction Diagram showing the
interactions between ‘People’, ‘Technology’, and ‘Objects’ to help in designing the
technology solution and evaluating how technologies can be best combined.

Step 5: developers draw the TEIF overview Use Case Diagram to help in
designing the technology solution, and evaluating how technologies can be best
combined by showing the ‘location’ of interaction activities and the actions of the
people and object ‘actors’ that are required to carry out the related tasks with the
technology.



Figure 4.1 shows the TEIF Method process. (Angkananon et al. 2015)

!

1. Answer multiple-
choice questions

2. Using technology
suggestions table

3. Construct technology

solution scenario
(. /
4 N
4. Draw TEIF

Interaction Diagram

5. Draw TEIF Use Case
Diagram

Multiple-choice questions developed based on the TEIF can help
developers gather or evaluate requirements.

The technology suggestions can help developers decide which
technologies are appropriate to use in designing or evaluating solutions by
showing which technologies meet which requirements.

Developers use the technology suggestions table to help in constructing
a solution written as a scenario.

The TEIF overview Interaction Diagram illustrates the interactions
between ‘People’, ‘“Technology’, and ‘Objects’ that address all the
requirement issues and so can help developers design, evaluate, and
present solutions.

The TEIF overview Use Case Diagram helps developers design and
evaluate solutions by showing the actions of the people and object (actors)
with the technology and the location but not the detail of the interactions.

Figure 4.1 The steps used in the TEIF Method

Source: Angkananon et al (2015)
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4.2 Develop requirements into questions and multiple choices

The TEIF Method helps developers gather or evaluate requirements by using
multiple-choice questions which developed based on the TEIF. The questions help
identify issues for which a technology solution is required. The questions are
reproduced from Angkananon et al, (2015)

For the following example requirement questions [1 means more than one answer
can be chosen and O means only one answer can be chosen. The example requirement
questions which are shown below only include the ones that are related to the correct
answer to the scenario provided.

1) What is the main purpose of the technology solution?

a. improve communication and interaction

O b. make the service more interesting and exciting

[ c. improve the service efficiency in terms of time and ease of use
O d. improve the storage and retrieval of information

[0 e. improve the service more realistic and authentic
O
W

a

f. improve interaction accessible
here and when does the scenario take place?
O a. same time / same place
O b. same time / different place
O c. different time / same place
O d. different time / different place
3) What main role do people have in the scenario?

[] a. presenter - audience (the presenter gives information to the ‘audience’
which could be only one person or many people and so controls the
interaction. The audience can ask the presenter questions).

[l b. peer - peer (any person can give information or ask questions to any
other person and therefore no one person controls interaction)

O  c. no communication between people only interaction with technology or
objects

4) How many presenters and audience members are there?

O a. one presenter — one audience member

O b. one presenter — many audience members

O c. many presenters — one audience member

O d. many presenters — many audience members

5) Does the presenter have a disability?

O a. Yes

O b.No

6) What language does the presenter use?
O a. English
O b. Thai
[ c. other language
O d. I do not know
7) What language does the audience use?
a. English
b. Thai
c. other language
d. I do not know

2)

ogoono

25



8) Does the audience have a disability?
O a. Yes

O b. No

9) What kind of disability does the audience have?
[0 a. hearing impaired
O b. visually impaired
[0 c. physically impaired
Ol d. none
10) What level of visual impairment does the presenter have?
[ a. blind
[0 b. has some useful sight
O c. Ido not know
11) What interaction types occur in the scenario?
[l a. people to people
[l b. people to objects
[ c. people to technology
[0 d. people to technology to people
[ e. people to technology to objects
12) What type of technology would be appropriate for the solution to the
scenario?
O a. online technology (Internet)
O b. off-line technology
O c. either
O d. Ido not know
13) What type of technology devices would be appropriate for the solution to the
scenario?
O a. mobile devices
O b. non-mobile devices
O c. either
O d. Idon't know
14) What media is used to provide information?
] a. Non-text image

I'b. Printed text

] c. Handwritten text

1 d. non accessible electronic files

] e. accessible electronic files e.g. pdf

15) Is live support available?
Oa. Yes
Ob. No
16) Is there “Deixis”?
Oa. Yes
Ob. No
17) Where does the situation take place?
O a.indoors
O b. outdoors
O c. both
O d. Ido not know
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18) What are the two main environmental considerations identified that
impact the scenario?

[1 a. noise (Background noise affects everyone’s ability to hear and
understand what is said.)

[1 b. room acoustics (surface (e.g. walls, windows, tile) and objects
within every room interact to produce reverberation in response to
sound.)

L1 c. distance (How far is the audience standing from the presenter?
The further a student is from the presenter or sound source, the
softer the sound they receive.)

O d. visual access (How well can the audience see everything that is
happening in different locations?)

[ e. lighting (Inadequate lighting or large banks of windows can be
challenging for deaf or hard of hearing audience because they
cannot see the speakers face well or an interpreter may be located in
shadows)

19) Does the customer require a low cost solution?

O a. Yes

O b. No

O c. not mention

20) Should the technology solution work on a smart phone?

O a. Yes

O b. No

O c. not mention

Tables 4.1 and 4.2 shows the relationship between the example 20 multiple-choice
requirement questions for visually impairment, main components, and sub-components
in the TEIF Method.
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Table 4.1 Questions and answers for five scenarios (Angkananon et al. 2014)

Scenarios
Requirement Questions Blind people shop Blind person crosses Finding rooms or Problem in studying Shadow Puppet
for groceries the road buildings at the University Museum Scenario
1) What is the main purpose of the a. improve f. improve interaction | f. improve interaction a. improve a. improve
technology solution? communication and accessible communication and communication and
interaction interaction interaction
2) Where and when does the scenario a. same time / same a. same time / same a. same time / same a. same time / same a. same time / same place
take place? place place place place

3) What main role do people have in
the scenario? (if the answer is ‘a’ go to
question 4, otherwise go to question 5)

b. peer - peer

€. no communication
between people only
interaction with
technology or objects

a. presenter - audience

a. presenter - audience

a. presenter — audience
c. interaction with
technology or objects

4) How many presenters and audience
members are there?

b. one presenter —
one audience member

a. one presenter — one
audience member

a. one presenter — one
audience member

b. one presenter —
many audience

b. one presenter — many
audience members

members
5) Does the presenter have a disability? | b. No b. No doesn’t have b. No doesn’t have b. No b. doesn’t have disability
(if the answer “a. Yes”) disability disability
6) What language does the presenter b. Thai b. Thai b. Thai b. Thai b. Thai
use?
7) What language does the audience b. Thai b. Thai b. Thai b. Thai b. Thai
use?
8) Does the audience have a disability? | a. Yes a. Yes, user has a. audience has a. Yes a. audience has disability

disability

disability

9) What kind of disability does the b. visually impaired b. visually impaired b. visually impaired b. visually impaired b. visually impaired
audience have?
10) What level visual impaired does the | a. blind a. blind a. blind a. blind a. blind
presenter have?
11) What interaction types occur in the | c. people to objects b. people to objects a. people to people c. people to a. people to people
scenario? c. people to b. people to objects technology b. people to objects

technology c. people to technology | d. people to c. people to technology

d. people to technology | technology to people d. people to technology to

to people

people
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Table 4.2 Questions and answers for five scenarios (Angkananon et al., 2014)

Scenarios
Requirement Questions Blind people Blind person Finding rooms or | Problem in studying Shadow Puppet
shop for R . : .
. crosses the road buildings at the University Museum Scenario
groceries
12) What type of technology would be | d. I do not know d. I don’t know c. either online or c. either c. either
appropriate for the solution to the offline technology
scenario?
13) What type of technology devices a. mobile devices | d. I don’t know a. mobile devices a. mobile devices a. mobile devices

would be appropriate for the solution
to the

14) What media is used to provide

a. non-text image

d. non accessible

b. Printed text

a. non-text image

b. Printed text

information? (touching can) technology b. Printed text
b. Printed text c. Handwritten text
d. non accessible
electronic files
15) Is live support available? aYes b. No b. No b. No b. No
16) Is there “Deixis”? a. Yes b. No a. Yes a. Yes a. Yes
17) Where does the situation take a. indoors c. both c. both a. indoors a. indoors
place?
18) What are the two main a. noise a. noise a. noise a. noise a. noise
environmental considerations b. room acoustic
identified that impact the scenario? c. distance
(What should I change to)
19) Does the customer require a low a. Yes a. Yes a. yes, low cost c. not mention a. yes, low cost

cost solution?

solutions

solutions

20) Should the technology solution
work on a smart phone?

¢. not mention

c. not mention

c. yes, visitors’
mobile devices

c. not mention

c. yes, visitors’
mobile devices
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4.3 Develop five scenarios to test requirement questions and multiple choices

TEIF is a general framework applicable in various situations, and to verify this,
five scenarios and technology solutions were considered during the development
process: shopping for groceries, crossing the road, finding rooms and buildings,
problems in studying at the university, and visiting the Shadow Puppet Museum. This
showed that the TEIF was applicable in those scenarios. The scenarios were used to
check whether the TEIF main components and sub-components worked with multiple
scenarios and disabilities. These scenarios were checked against the TEIF components
and subcomponents by a researcher and expert as shown in Tables 4.3 which show
which requirements relate to which components and sub-components.

Table 4.3 The relationship between requirements, main and sub-components in TEIF.

Main Components Sub-components Requlre‘ment
Questions
People Role 3,4,11
Ability / disability 5,6,7,8,9,10
Objects Dimension 11
Property 11
Content 14
Technology Electronic 12, 13, 15,20
Non-electronic 12,14
User Interface 12,13
Application or service 12,13, 15
Cost 19
Interactions People-People (P-P) 11
and Communication People-Objects (P-O) 11
People-Technology (P-T) 11
People-Technology-People (P-T- | 11,16
P)
People-Technology-Objects (P-T- | 11, 16
0)
Time/Place Time 2
Place 2
Context Location 17
Weather condition 18
Signal type and quality 17, 18
Background Noise 18
Lighting 18
Interaction Layer Culture 6,7,19
Intentionality 1,3,4,11
Knowledge 14
Action 11
Expression 5,8,9,10
Physical 2,12,13,17,18,20

Source: Angkananon et al (2015)
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The five scenarios are as follows and were presented in Angkananon et al. (2017):
Scenario 1: a blind people shop for groceries

Toto is a blind person who goes shopping at Tesco Lotus in Suratthani,
Thailand. Toto finds that there are many kinds of food that he can identify by touch,
such as fruits and vegetables, hot dogs, chicken, and other items. However, 'things like
cans of soup, cereal boxes, cartons of milk, and other things may be hard to identify.
Once Toto wanted to buy a box of cake for his mum as a birthday gift but *he did not
know where is the cake section so he had to ask someone for help. When he got to the
cake section, *he did not know what type of cake do they sell on the day. “He also didn’t
know the price of the cake so he was a bit worried about being short of money. He
decided to take a small box then go to cashier to pay and luckily the price of the cake
was less than the money he had so he bought it. On the way, Toto asked a member of
staff how to get to the cashier. There is background music playing in the store and there
is a lot of noise from the shoppers and their trolleys. The staff member told him to walk
through the corridor, he will pass the clothes’ section then turn right. The staff member
points out the directions with his hand. The cashier will be on his left hand side. Toto
was not so sure when he will pass the clothes’ section and ® how far he should walk but

he followed the directions and finally he reached the destination.

When he got home he gave the cake to his mum, and ’his mum found that the

sell by date had already expired as Toto could not see the expired date. If his mum did
not point it out, Toto might get sick by eating expired food. Since then, Toto likes to
shop with a friend who will help to find things and can read the different brands, types,
price and expiry date for him. When he has to go shopping alone he prefers to ask a
store employee who can help find the groceries instead of shopping on his own.

However, Toto still wants to be able to shop on his own. He would like to have
a low cost technology that can assist him to shop on his own with a mobile device.
Therefore, he could carry it with him everywhere.
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Table 4.4 The relationship between problems, possible solutions, and interaction types

(Angkananon et. al. 2017)

Actions

Interaction Issues

Possible Solutions

1. Toto cannot identify things like
cans of soup, cereal boxes,
cartons of milk, and other things
by touching.

P-O

1) OrCamMyEye, an intuitive
wearable device with a smart
camera empowering people who are
blind, visually impaired, have a
reading disability or other
conditions from any surface

2) braille labels to tell a name of
product

3) audio description to explain the
information of things

4) Interactive content management
systems, and interactive handheld
devices, providing information in
various forms.

5) FingerReader, a device designed
by MIT, providing an ability to read
the book by scanning text with a
finger.

6) Assisted Vision Smart Glasses, a
wearable devices by the University
of Oxford, could read the
information.

2. Toto wanted to buy a box of
cake for his mum as a birthday
gift but he did not know where is
the cake section.

P-O

1) Using indoor navigation to
navigate the way in the building e.g.
Google Indoor Map, Indoor GML
2) Audio-tactile maps

3) Brail compass to tell the direction
4) Brail labels regarding food
sections

5) RFID sensor to tell the position
of the food sections

3. Toto did not know what type of
cake do they sell on the day.

P-O

1) OrCamMyEye, an intuitive
wearable device with a smart
camera empowering people who are
blind, visually impaired, have a
reading disability or other
conditions from any surface

2) Braille labels to tell the products
3) Audio description to explain the
information of things

4) FingerReader, a device designed
by MIT, providing an ability to read
the book by scanning text with a
finger.

4. Toto also doesn’t know the

price of the cake so he was a bit

P-O

1) OrCamMyEye, an intuitive
wearable device with a smart
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Actions

Interaction Issues

Possible Solutions

worried about being short of
money.

camera empowering people who are
blind, visually impaired, have a
reading disability or other
conditions from any surface

2) braille labels to tell the price

3) Assisted Vision Smart Glasses, a
wearable device by the University
of Oxford, could read the
information.

4) Audio description to explain the
information of things

5) FingerReader, a device designed
by MIT, providing an ability to read
the book by scanning text with a
finger.

5. Toto is not sure when he will
pass the clothes section.

P-O

1) OrCamMyEye, an intuitive
wearable device with a smart
camera empowering people who are
blind, visually impaired, have a
reading disability or other
conditions from any surface using
text to speech technology.

2) Assisted Vision Smart Glasses
3) Smart guide dog autonomous
system

4) TapTapSee, an i0OS application
giving information about objects
and background via picture.

5) indoor navigation to navigate the
way in building e.g. Google Indoor
Map, Indoor GML.

6) audio-tactile maps navigation to
navigate the way in the building.

7) braille compass to tell the
direction.

6. Toto is not so sure how far he
should walk to get to the
destination.

P-O

1) OrCamMyEye, an intuitive
wearable device with a smart
camera empowering people who are
blind, visually impaired, have a
reading disability or other
conditions from any surface using
text to speech technology.

2) Assisted Vision Smart Glasses
3) Smart guide dog autonomous
system

4) TapTapSee, an i0S application
giving information about objects
and background via picture.
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Actions Interaction Issues Possible Solutions

5) Using indoor navigation to
navigate the way in the building e.g.
Google Indoor Map, Indoor GML
6) audio-tactile maps

7) Tactile pavement, Braille,
compass to tell the direction,
information regarding positions

7. Toto doesn’t know the cake has P-O 1) OrCamMyEye, an intuitive
already expired because he cannot wearable device with a smart
see the information. camera empowering people who are

blind, visually impaired, have a
reading disability or other
conditions from any surface

2) Braille labels to tell the expired
date

3) Assisted Vision Smart Glasses, a
wearable device by the University
of Oxford, could read the
information.

4) Audio description to explain the
information of things

5) FingerReader, a device designed
by MIT, providing an ability to read
the book by scanning text with a
finger.

Table 4.4 shows an analysis of the interaction issues arising from the actions
with corresponding possible solutions and changes required for these solutions. This
analysis can help the developer decide on the appropriate solution.

Action 1: Toto cannot identify things like cans of soup, cereal boxes, cartons of milk,
and other things by touching.

Interaction issues: (P-O) Toto cannot identify things like cans of soup, cereal boxes,
cartons of milk, and other things by touching.

Possible solutions:

1. Toto could use OrCamMyEye to read information from any surface.

ii. Toto could use braille labels to tell a name of products.

i11. Toto could use an audio description to explain the information of products.

iv. Toto could use interactive content management systems, and interactive handheld
devices, providing information about product in various forms.

v. Toto could use the FingerReader to read the information of products by scanning text
with a finger.

vi. Toto could use the Assisted Vision Smart Glasses to read the information.
Changes required:

i. Technology

i1. Technology
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iii. Technology

iv. Technology

v. Technology

vi. Technology

Action 2: Toto wanted to buy a box of cake for his mum as a birthday gift but he did
not know where the cake section is.

Interaction issues: (P-O) Toto wanted to buy a box of cake for his mum as a birthday
gift but he did not know where the cake section is.

Possible solutions:

1. (P-T-O) Toto could use indoor navigation to navigate the way in building e.g. Google
Indoor Map, Indoor GML.

ii. (P-T-O) Toto could use audio-tactile maps navigation to navigate the way in the
building.

iii. (P-T-O) Toto could use compass to tell the direction.

iv. (P-T-O) Toto could use brail labels regarding food sections.

v. (P-T-O) Toto could use RFID sensor to tell the position of the food sections.
Changes required:

1. Technology

i1. Technology

iii. Technology

iv. Technology

v. Technology

vi. Technology

Action 3: Toto did not know what type of cake do they sell on the day.

Interaction issues: (P-O) Toto did not know what type of cake do they sell on the day.
Possible solutions:

1. (P-T-O) Toto could use OrCamMyEye to read information from any surface.

i1. (P-T-O) Toto could use braille labels to tell the products’ information.

iii. (P-T-O) Toto could use audio description to explain the information of products.
iv. (P-T-O) Toto could use the FingerReader to read the book by scanning text with a
finger.

Changes required:

1. Technology

i1. Technology

i11. Technology

iv. Technology

Action 4: Toto also doesn’t know the price of the cake so he was a bit worried about
being short of money.

Interaction issues: (P-O) Toto also doesn’t know the price of the cake so he was a bit
worried about being short of money.

Possible solutions:

1. (P-T-O) Toto could use OrCamMyEye to read information from any surface.

i1. (P-T-O) Toto could use braille labels to tell the products’ prices.
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iii. (P-T-O) Toto could use the Assisted Vision Smart Glasses to read the information.
iv. (P-T-O) Toto could use audio description to explain the information of products.
v. (P-T-O) Toto could use the FingerReader to read the book by scanning text with a
finger.
Changes required:
i. Technology
ii. Technology
i11. Technology
iv. Technology
v. Technology
Action 5: Toto is not sure when he will pass the cloths section.
Interaction issues: (P-O) Toto is not sure when he will pass the cloths section.
Possible solutions:
i. (P-T-O) Toto could use OrCamMyEye to read information from any surface.
it. (P-T-O) Toto could use the Assisted Vision Smart Glasses to read the information.
iii. (P-T-O) Toto could use the smart guide dog autonomous system to navigate the
way.
iv. (P-T-O) Toto could use the TapTapSee to read information about objects and
background via picture.
v. (P-T-O) Toto could use indoor navigation to navigate the way in building e.g. Google
Indoor Map, Indoor GML.
vi. (P-T-O) Toto could use audio-tactile maps navigation to navigate the way in the
building.
vii. (P-T-O) Toto could use brail compass to tell the direction.
Changes required:
1. Technology
i1. Technology
i11i. Technology
iv. Technology
Action 6: Toto is not so sure how far he should walk to get to the destination.
Interaction issues: (P-O) Toto is not so sure how far he should walk to get to the
destination.
Possible solutions:
1. (P-T-O) Toto could use OrCamMyEye to read information from any surface.
i1. (P-T-O) Toto could use the Assisted Vision Smart Glasses to read the information.
iii. (P-T-O) Toto could use the smart guide dog autonomous system to navigate the
way.
iv. (P-T-O) Toto could use the TapTapSee to read information about objects and
background via picture.
v. (P-T-O) Totocould use indoor navigation to navigate the way in building e.g. Google
Indoor Map, Indoor GML.
vi. (P-T-O) Toto could use audio-tactile maps navigation to navigate the way in the
building.
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vii. (P-T-O) Toto could use tactile pavement, Braille, compass to tell the direction,
information regarding positions.

Changes required:

i. Technology

ii. Technology

iii. Technology

iv. Technology

v. Technology

vi. Technology

vii. Technology

Action 7: Toto bought expired cake as he could not see it.

Interaction issues: (P-O) Toto bought expired cake as he could not see it.

Possible solutions:

i. (P-T-O) Toto could use OrCamMyEye to read information from any surface.

it. (P-T-O) Toto could use braille labels to tell the expired date.

i1. (P-T-O) Toto could use the Assisted Vision Smart Glasses to read the information.
iv. (P-T-O) Toto could use audio description to explain the information of products.
v. (P-T-O) Toto could use the FingerReader to read the book by scanning text with a
finger.

Changes required:

i. Technology

ii. Technology

iii. Technology

iv. Technology

v. Technology

Table 4.5 shows Technology Suggestion Table for Scenario 1.
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Table 4.5 Technology Suggestion Table for Scenario 1: a blind people shop for groceries

Technology Description

la improve communication

&interaction

2a same time / same place

3b peer - peer

4b one presenter — many
audience members

Sb presenter has no

6b Thai

7 b Thai

8a audience has disability

Ob visually impairment

10a blind
11¢ P-T

12d I don’t know type of

13a mobile devices

14a Non text Image

14b Printed text

15a Yes live support

16a Yes deixis

17a indoors

18a. noise

19a Yes low cost

20c smart phone not

1. OrCamMyEye, an intuitive wearable
device with a smart camera empowering
people who are blind, visually impaired,
have a reading disability or other
conditions from any surface

\

&

x

x

<
<
<
<

\

\
\

<
<
<
<

x

\

2. Braille labels to tell a name of
product

3. Audio description to explain the
information of things

4. Interactive content management
systems, and interactive handheld
devices, providing information in
various forms.

5. FingerReader, a device designed by
MIT, providing an ability to read the
book by scanning text with a finger.
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Technology Description

la improve communication

&interaction

2a same time / same place

3b peer - peer

4b one presenter — many
audience members

Sb presenter has no

6b Thai

7 b Thai

8a audience has disability

Ob visually impairment

10a blind
11¢c P-T

12d I don’t know type of

13a mobile devices

14a Non text Image

14b Printed text

15a Yes live support

16a Yes deixis

17a indoors

18a. noise

19a Yes low cost

20c smart phone not

6. Assisted Vision Smart Glasses, a
wearable devices by the University of
Oxford, could read the information.
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7. Indoor navigation to navigate the way
in the building e.g. Google Indoor Map,
Indoor GML

&

\

\

\

&

\

\

\
\
\

\
\
\

\
\

x

\

\
\
\

8. Audio-tactile maps

9. Brail compeass to tell the direction

10. Brail labels regarding food sections

NAR

SEE

11. RFID sensor to tell the position of
the food sections

x

12. Smart guide dog autonomous system

SERNEENENAN

NERNERNENAN

SERNERNENAN
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SERNEENENAN

SV ERNERNENEY
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13. TapTapSee, an 10S application
giving information about objects and
background via picture.
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\
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<
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14. Tactile pavement, Braille, compass
to tell the direction, information
regarding positions
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Scenario 2: a blind person crosses the road

Nong is a blind person since birth. He usually travels alone with his white cane.
Unfortunately, the traffic lights in Suratthani or even in Thailand, a blind person, like
“Nong” cannot cross the road independently because we do not have a vibrating system
for blind people to cross the road. On the familiar road, Nong normally crosses the road
by listening to the sounds of the traffic in the safe road, if there is a silent sound then
he crosses the road. When there is a red light at the traffic light at the intersection, it is
easier to hear when the cars going across in front of him begin to slow down and stop,
and when the cars along the side of him start to move. However, 2Nong finds it difficult
to cross the road on small roads that have no traffic lights as he always listens to hear
if there are any cars coming then crosses the road. > Nong cannot cross the road
independently in a new environment. He preferred to ask for help in a new environment
if there are people around. He found that crossing in the new environment is very
difficult because he is not sure where is he and sometimes is a block away from where

he thinks he is. *Nong is not confident to cross the road when there are a lot of
motorbikes because the motorbikes’ drivers do not follow the traffic rule. It is very
difficult for him to cross the road independently.

From the scenario, Nong would like to have a low cost technology that can assist
him travel independently.

Table 4.6 the relationships between actions, interaction issues, and possible solutions
of Finding rooms or buildings

Actions Interaction Possible Solutions
Issues
1. Nong cannot cross the road P-T 1) Audio description with specific rhythm of
independently as the traffic lights sound
do not have a vibrating system. 2) Traffic light or vibration system and guide

dog to help cross the road

3) Zebra-Crossing Detection and Guidance
function using image captured by smartphone,
Google Maps Directions API, Pedestrian Signal

Detection

2. Nong cannot cross small roads P-O 1) Zebra-Crossing Detection and Guidance

that have no traffic lights. function using image captured by smartphone,
Google Maps Directions API, Pedestrian Signal
Detection

3. Nong cannot travel on his own P-O 1) White cane is used by many people who are

in a new environment. blind or visually impaired. Its primary uses are

as a mobility tool and as a courtesy to others,
but there are at least five varieties, each serving
a slightly different need.

2) Guide dog

3) Zebra-Crossing Detection and Guidance
function using image captured by smartphone,
Google Maps Directions API, Pedestrian Signal

Detection
4. Nong is not confident to cross P-O 1) Guide dog are assistance dogs trained to lead
the road independently when lots blind and visually impaired people around
of motorbikes around. obstacles. Although the dogs can be trained to
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Actions Interaction Possible Solutions
Issues

navigate various obstacles, lots of them are
(red—green) color blind and are not capable of
interpreting street signs.

2) Zebra-Crossing Detection and Guidance
function using image captured by smartphone,
Google Maps Directions API, Pedestrian Signal
Detection

3) Image process system can help this situation.

Action 1: Nong cannot cross the road independently.

Interaction issues: (P-O) Nong cannot cross the road independently as the traffic lights
do not have a vibrating system.

2) traffic light or vibration system and guide dog to help cross the road

3) Zebra-Crossing Detection and Guidance function using image captured by
smartphone, Google Maps Directions API, Pedestrian Signal Detection

Possible solutions:

i. (P-T) Nong could use audio description with specific thythm of sound to assist cross
the road.

ii. (P-T) Nong could use traffic light or vibration system and guide dog to help cross
the road.

iii. (P-T) Nong could use Zebra-Crossing Detection and Guidance function using image
captured by smartphone, Google Maps Directions API, Pedestrian Signal Detection
Changes required:

1. Technology

ii. Technology

ii1i. Technology

Action 2: Nong cannot cross small roads that have no traffic lights.

Interaction issues: (P-O) Nong cannot cross small roads that have no traffic lights.
Possible solutions:

1. (P-T) Nong could use Zebra-Crossing Detection and Guidance function using image
captured by smartphone, Google Maps Directions API, Pedestrian Signal Detection
Changes required:

i. Technology

Action 3: Nong cannot travel on his own in a new environment.

Interaction issues: (P-O) Nong cannot travel on his own in a new environment.
Possible solutions:

1.(P-T) Nong could use white cane to assist him to travel independently in a new
environment.

ii. (P-T) Nong could use guide dog to assist him to travel independently in a new
environment.

i11. (P-T) Nong could use Zebra-Crossing Detection and Guidance function using image
captured by smartphone, Google Maps Directions API, Pedestrian Signal Detection dog
to assist him to travel independently in a new environment.

Changes required:

1. Technology

ii. Technology

i11. Technology

Action 4: Nong is not confident to cross the road independently when lots of
motorbikes around.
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Interaction issues: (P-O) Nong is not confident to cross the road independently when
lots of motorbikes around.

Possible solutions:

i. (P-T-O) Nong could use guide dog to assist him to travel independently in a new
environment.

ii. (P-T-O)Nong could use Zebra-Crossing Detection and Guidance function using
image captured by smartphone, Google Maps Directions API, Pedestrian Signal
Detection dog to assist him to travel independently when lots of motorbikes around.
iii. (P-T-O) Nong could use image process system to assist him to travel independently
when lots of motorbikes around.

Table 4.7 shows Technology Suggestion Table for scenario 2.
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Table 4.7 Technology Suggestion Table for Scenario 2: a blind person crosses the road.

Technology Description

accessible

3¢ no communication between

technology or objects

members

1. Audio description with specific rhythm of sound

< |If improve interaction

< [#a one presenter —one audience

% |16b No deixis

% [18a. noise

\|19a Yes low cost

<\ [20c not mention smart phone

2. Traffic light or vibration system and guide dog
to help cross the road

AN

<\ | X[2a same time / same place

| Speople only interaction with

\

<\ | X\5b Nodoesn’t have disability

< | \|6b Thai

N | SNI7b Thai

N | SBaYes, user has disability

< | \[9b visually impaired

<\ | \|10a blind

N | N|11bpeople to objects

N | S1eP-T

<\ | N\[12d I don’t know which tech...

N | N[13d I don’t know which type

N | N|14d non accessible technology

N | X[15b No in class support

\

<\ | N\[17¢ both indoor & outdoor

\

x

x

3. Zebra-Crossing Detection and Guidance
function using image captured by smartphone,
Google Maps Directions API, Pedestrian Signal
Detection

4. White cane is used by many people who are
blind or visually impaired. Its primary uses are as a
mobility tool and as a courtesy to others, but there
are at least five varieties, each serving a slightly
different need.

5. Image process system can help this situation.

6. Guide dog are assistance dogs trained to lead
blind and visually impaired people around
obstacles. Although the dogs can be trained to
navigate various obstacles, lots of them are (red—
green) color blind and are not capable of
interpreting street signs.
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Scenario 3: A blind person finds rooms or buildings

Nan is a new student at Suratthani Rajabhat University, Thailand, who is not
familiar with the buildings. 'She cannot find buildings and classrooms for her classes.
Nan asks students who walk past how to get to the destination. The student tells her the
way that “Room 5605 is on the sixth floor, you can either take the stairs or an even
elevator (point at even floor elevator) to get to the even floor, then walk along the
corridor after that you will pass the toilet on her left hand side, walk forward past two
rooms and the destination will be on your right-hand side.” *Nan is definitely confused
when she received the information since she has never been to the building and the
room before. Moreover, 3 the old elevator has no audio information provided apart from
text on the screen. “Nan doesn’t even how to press the floor number or know about even
or odd elevator numbers.’Nan cannot travel independently. She requires someone to
take her to the rooms.

From the scenario, Nan requires a mobile device that she can use to navigate
her way around the university that she can use with her smartphone either on-line or
offline technology which suit the solutions but low cost.

Table 4.8 the relationships between actions, interaction issues, and possible solutions
of Finding rooms or buildings

Interaction

Actions Possible Solutions
Issues
1. Nan cannot find P-O 1) Using indoor navigation systems to navigate the way
buildings and in the building e.g. Google Indoor Map, Indoor GML
classrooms for her 2) Tactile paving is a system of textured ground surface
classes. indicator found on footpaths, stairs and train station
platforms to assist pedestrians who are blind or visually
impaired.

(https://en.wikipedia.org/wiki/Tactile paving)

3) Braille compass to tell the direction, information
regarding stairs, room number and name

4) Smart guide dog, autonomous system could also be
used in this case.

5) Audio tactile maps are interactive devices.
Electronic tactile talking touch pad instruments use
Macromedia Flash software with audio files to convey
information to the blind or visually impaired user.
(https://en.wikipedia.org/wiki/Tactile graphic#cite not
e-

6) Using VizWiz, it is an iPhone app that allows blind
users to receive quick answers to questions about their
surroundings. (http://www.vizwiz.org/)

2. Nan is P-T-P 1) OrCamMyEye, an intuitive wearable device with a
definitely smart camera empowering people who are blind,
confused when visually impaired, have a reading disability or other
she received the conditions from any surface using text to speech
information since technology.
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Interaction

Actions Possible Solutions
Issues
she has never been 2) Assisted Vision Smart Glasses
to the building and 3) Smart guide dog autonomous system
the room before. 4) Using VizWigz, it is an iPhone app that allows blind
users to receive quick answers to questions about their
surroundings (http://www.vizwiz.org/)
3. The old elevator P-T 1) OrCamMyEye, an intuitive wearable device with a
has no audio smart camera empowering people who are blind,
information visually impaired, have a reading disability or other
provided apart conditions from any surface using text to speech
from text on the technology, audio description.
screen. (http://www.orcam.com/)
2) Assisted Vision Smart Glasses
3) TapTapSee, an i0S application giving information
about objects and background via picture.
4. Nan doesn’t P-T-O 1) OrCamMyEye, an intuitive wearable device with a
even know how to smart camera empowering people who are blind,
press the floor visually impaired, have a reading disability or other
number or know conditions from any surface using text to speech
about even or odd technology, audio description (http://www.orcam.com/)
evaluator. 2) Assisted Vision Smart Glasses is a wearable device
by the University of Oxford, could be used in this case.
(http://www.digitaltrends.com/mobile/blind-
technologies)
3) TapTapSee, an iOS application giving information
about objects and background via picture.
5. Nan cannot P-O 1) Using indoor navigation to navigate the way in the

travel
dependently. She
requires someone
to take her to the
rooms.

building e.g. Google Indoor Map, Indoor GML

2) audio-tactile maps

3) tactile pavement, Braille, compass to tell the
direction, information regarding stairs, room number
and name

4) Smart guide dog, autonomous system

5) Using VizWiz, it is an iPhone app that allows blind
users to receive quick answers to questions about their
surroundings. (http://www.vizwiz.org/)

Table 4.8 shows an analysis of the interaction issues arising from the actions

with corresponding possible solutions and changes required for these solutions. This
analysis can help the developer decide on the appropriate solution.

Action 1: Nan tries to find buildings and classrooms but she couldn’t get there.
Interaction issues: (P-O) Nan cannot find buildings and classrooms.

Possible solutions:
provides an accessible information to Nan:

i. (P-T-O) Nan uses indoor navigation systems to navigate the way in the building e.g.

Google Indoor Map, Indoor GML.

ii. Nan uses tactile pavement to assist to the buildings and rooms

45




iii. Nan uses braille compass to tell the direction, information regarding stairs, room
number and name

iv. Nan could use a Smart guide dog, autonomous system to assist to the buildings and
rooms

v. Nan could use audio-tactile maps to assist to the buildings and rooms.

vi.Nan could use VizWiz to receive quick answers to questions about their
surroundings.

Changes required:

1. Technology

[i. Technology

i11i. Technology

iv. Technology

v. Technology

vi. Technology

Action 2: Nan is definitely confused when she received the information.

Interaction issues: (P-P) Nan doesn’t understand the information that she has received.
Possible solutions:

1. (P-T-O) Nan uses the Cam MyEye to read from any surface using text to speech
technology.

il. (P-T-O) Nan uses the Assisted Vision Smart Glasses to read information.

iii. (P-T-O) Nan uses the Smart guide dog autonomous system to assist to the buildings
and rooms.

iv. (P-T-O) Nan uses the VizWiz to receive quick answers to questions about their
surroundings.

Changes required:

1. Technology

i1. Technology

i11i. Technology

iv. Technology

Action 3: Nan cannot operate the elevator.

Interaction issues: (P-T-P) Nan cannot read the text on the screen.

Possible solutions:

1. (P-T-O) Nan uses the Cam MyEye to read from any surface using text to speech
technology.

i1. (P-T-O) Nan uses the Assisted Vision Smart Glasses to read information.

iii. (P-T-O) Nan uses the Smart guide dog autonomous system to assist to the
buildings and rooms.

iv. (P-T-O) Nan uses the VizWiz to receive quick answers to questions about their
surroundings.

Changes required:

1. Technology

i1. Technology

ii1. Technology
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iv. Technology

Action 4: Nan cannot operate the elevator.

Interaction issues: (P-T-P) Nan doesn’t even know how to press the floor number or
know about even or odd evaluator.

Possible solutions:

i. (P-T-O) Nan uses the OrCamMyEye to read from any surface using text to speech
technology.

i. (P-T-O) Nan uses the Assisted Vision Smart Glasses to read information.

i1i. (P-T-O) Nan uses the TapTapSee to read information about objects and
background via picture.

Changes required:

i. Technology

ii. Technology

iii. Technology

Action 5: Nan cannot travel dependently.

Interaction issues: (P-T-P) Nan cannot travel dependently.

Possible solutions:

1. (P-T-O) Nan could use an indoor navigation to navigate the way in the building e.g.
Google Indoor Map, Indoor GML

i. (P-T-O) Nan could use audio-tactile maps to navigate the way in the building and
rooms.

iii. (P-T-O) Nan could use tactile pavement, Braille, compass to tell the direction,
information regarding stairs, room number and name.

iv (P-T-O) Nan could use a Smart guide dog, autonomous system to navigate the way
in the building and room:s.

v. Nan could use VizWiz to receive quick answers to questions about her
surroundings.

Changes required:

i. Technology

ii. Technology

iii. Technology

ivTechnology

v Technology

Table 4.9 shows possible Technology Suggestion Table for scenario 3.
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Table 4.9 Technology Suggestion Table for scenario 3: A blind person finds rooms or buildings

Technology Description

1f improve interaction

2a same time / same place

3a presenter — audience

4a one presenter — one
audience member

5b Presenter has no disability

6b Thai

7 b Thai

8a Yes, have disability

9b visually impaired

10a blind

11a people to people

11b people to objects

11¢ P-T

11d P-T-P

12c¢ either online & offline

13a mobile devices

14b Printed text

15b No live in class support

16a yes Deixis

17¢ both indoor & Outdoor

18a noise

19a yes, low cost solutions

20c yes , visitors’ mobile

devices

1. Indoor navigation systems to navigate the
way in the building e.g. Google Indoor Map,
Indoor GML

\

\

<

<

<

\

\

\

\

\

\

\

\

\

\

\

\

\

x

\

\

\

\

2. Tactile paving is a system of textured ground
surface indicator found on footpaths, stairs and
train station platforms to assist pedestrians who
are blind or visually impaired.
(https://en.wikipedia.org/wiki/Tactile_paving)

3. Braille compass to tell the direction,
information regarding stairs, room number and
name

4. Smart guide dog, autonomous system could
also be used in this case.

5. Audio tactile maps are interactive devices.
Electronic tactile talking touch pad instruments
use Macromedia Flash software with audio files
to convey information to the blind or visually
impaired user.
(https://en.wikipedia.org/wiki/Tactile _graphic#c
ite_note)
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Technology Description

1f improve interaction

2a same time / same place

3a presenter — audience

4a one presenter — one
audience member

5b Presenter has no disability

6b Thai

7 b Thai

8a Yes, have disability

9b visually impaired

10a blind

11a people to people

11b people to objects

11¢ P-T

11d P-T-P

12c¢ either online & offline

13a mobile devices

14b Printed text

15b No live in class support

16a yes Deixis

17¢ both indoor & Outdoor

18a noise

19a yes, low cost solutions

20c yes , visitors’ mobile

devices

6. VizWiz, it is an iPhone app that allows blind
users to receive quick answers to questions
about their surroundings.
(http://www.vizwiz.org/)
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7. OrCamMyEye, an intuitive wearable device
with a smart camera empowering people who
are blind, visually impaired, have a reading
disability or other conditions from any surface
using text to speech technology.

8. Assisted Vision Smart Glasses is a wearable
device by the University of Oxford, could be
used in this case.
(http://www.digitaltrends.com/mobile/blind-
technologies)

9. Smart guide dog autonomous system

10. TapTapSee, an iOS application giving
information about objects and background via
picture.
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Scenario 4: Problem of a blind students studying at the University

Golfis a blind student in the law faculty and the only one that being blind in the
class. Golf normally sits in a front of the class as he wants to record the lectures.
However, ! there is a lot of noise as teachers did not use the microphone and other
students are also talking during the class. Therefore, the sound quality of the media file
that he records is not so good. Golfuses Braille to take notes from the lecture sometimes
but not so often because he is not familiar with braille.

During the class, a teacher teaches by talking in Thai because all students in the
class are Thai.”When the teacher writes note on a blackboard, Golf does not know what
the teacher writes. Golf sometimes asks a friend reads it for him. Also 3when the teacher
refers to material by pointing at the board, Golf does not know what the teacher is
pointing at. Sometimes, “the teacher asked questions that related with the information

on a board. Golf is not being able to answer as he does not understand the question.
Sometimes °the teacher gives students a case study to read in hard copy to read and
analyse the case in class individually. Golf cannot read it so the teacher allows Golf to
work in pair. Golf mentions to the teacher that, if she provides him a word file or
information on the web then he will be able to read it. The teacher told him that she has

only a pdf file only.

At the end of the class, Sthe teacher shows an important book that every student
need to read it. He is not sure what the book looks like. So he asks the teacher to touch
the book. He can feel the size and thickness of the book. He normally pays for friends
or professionals to turn books into text files by typing which is expensive for him as he
doesn’t receive financial support from university or family. He needs to do this
otherwise he will not pass the course because there is no accessible material for him.

"Golf find it difficult when pictures, graphs or multimedia appear; he requires a detail
explanation of these medias in order to fully understand.

From the scenario above Golf requires mobile devices that he can use in the
class and at home. It can be online or offline, he does not mind if it is suitable to solve
the problems.

Table 4.10 The relationship between problems, possible solutions, and interaction
types

Actions Interaction Possible Solutions
issues
1. Golf normally takes note P-T-P 1) Teacher uses microphone when
by recording the lectures but talk to students that can reduce the
the sound quality of the noise.

media file is not so good. It
has a lot of noise, as teachers
did not use the microphone
and other students are also
talking during the class.
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Actions

Interaction
issues

Possible Solutions

2. When the teacher writes
note on a blackboard, Golf
does not know what the
teacher writes.

P-T-P

1) Teacher only uses pre-prepared
accessible slides which Golf has
access to before the lecture

2) Teacher or another student or
helper read information
aloud/explain it for Golf

3) Helper annotates drawing on
screen with text information

4) Camera focused on board with
OCR used to read text

5) Use electronic whiteboard with
OCR used to read text

6) Use pre-prepared tactile diagram
7) Use electronic tactile display

8) Use OrCamMyEye, an intuitive
wearable device with a smart
camera to read from any surface.
9) Assisted Vision Smart Glasses, a
wearable device by the University
of Oxford, could be used in this
case.

10) Optical Character Recognition
(OCR)

11) Hand Writing Recognition
(HWR)

12) Screen reading technology

3. When the teacher refers to
material by pointing at the
board, Golf does not know
what the teacher is pointing at.

P-T-P

1) Teacher or another student or
helper read information
aloud/explain it for Golf

2) Pre-prepared tactile diagram with
camera tracking of teacher’s
pointing and haptic glove

3) Camera focused on board with
OCR used to read text

4) Use electronic whiteboard with
OCR used to read text

5) OrCamMyEye, an intuitive
wearable device with a smart
camera empowering people who are
blind, visually impaired, have a
reading disability or other
conditions from any surface.

6) Assisted Vision Smart Glasses, a
wearable device by the University
of Oxford, could be used in this
case.
(http://www.digitaltrends.com/mobi
le/blind-technologies)
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Actions

Interaction
issues

Possible Solutions

7) Camera and haptic glove tracking
of teacher’s pointing used with
tactile diagram/display

4. The teacher asked
questions that related with the
information on a board. Golf
is not being able to answer as
he does not understand the
question.

P-T-P

1) Helper annotates drawing on
screen with text information

2) Camera focused on board with
OCR used to read text

3) Use electronic whiteboard with
OCR used to read text

4) OrCamMyEye, an intuitive
wearable device with a smart
camera empowering people who are
blind, visually impaired, have a
reading disability or other
conditions from any surface.

5) Assisted Vision Smart Glasses, a
wearable device by the University
of Oxford, could be used in this
case.
(http://www.digitaltrends.com/mobi
le/blind-technologies)

5. The teacher gives students a
case study to read in hard copy
to read and analyse the case in
class individually. Golf cannot
read it.

P-T-P

1) Camera focused on board with
OCR used to read text

2) Use electronic whiteboard with
OCR used to read text

3) OrCamMyEye, an intuitive
wearable device with a smart
camera empowering people who are
blind, visually impaired, have a
reading disability or other
conditions from any surface.

4) Assisted Vision Smart Glasses, a
wearable device by the University
of Oxford, could be used in this
case.
(http://www.digitaltrends.com/mobi
le/blind-technologies)

5) There is an ongoing research
talking about “FingerReader”, a
device designed by MIT, providing
an ability to read the book by
scanning text with a finger.

6. The teacher shows an
important book that every
student need to buy and read
it, but Golf cannot see it.

P-T-P

1) Camera focused on board with
OCR used to read text

2) Use electronic whiteboard with
OCR used to read text

3) OrCamMyEye, an intuitive
wearable device with a smart
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Actions Interaction Possible Solutions
issues

camera empowering people who are
blind, visually impaired, have a
reading disability or other
conditions from any surface.

4) Assisted Vision Smart Glasses, a
wearable device by the University
of Oxford, could be used in this
case.

5) There is an ongoing research
talking about “FingerReader”, a
device designed by MIT, providing
an ability to read the book by
scanning text with a finger.

7. Golf find it difficult when P-T-P 1) tactile diagram

pictures, graphs or multimedia 2) alt tag that explains the detail of
appear the graphs via a screen reader
3) Diagram mediated text
annotation

4) Live electronic tactile display

Table 4.10 shows an analysis of the interaction issues arising from the actions
with corresponding possible solutions and changes required for these solutions. This
analysis can help the developer decide on the appropriate solution.

Action 1: Golf records teacher voice in the noise environment

Interaction issues: (P-T-P) Golf unable to hear the recording properly with
background noise

Possible solutions:

1. (P-T-P) Teacher uses microphone when talk to students that can reduce the noise.
Action 2: Teacher writes/draw on board

Interaction issues: (P-T-P) Golf unable to see/understand what is being written/drawn
on board

Possible solutions:

1.(P-T-P) Teacher only uses pre-prepared accessible slides which Golf has access to
before the lecture

i1. (P-P) Teacher or another student or helper read information aloud/explain it for Golf
iii. (P-T-P) Helper annotates drawing on screen with text information

iv. (P-T-P) Golf uses camera focused on board with OCR used to read text

v. (P-T-P) Golf uses electronic whiteboard with OCR used to read text

vi. (P-T-P) Golf uses pre-prepared tactile diagram

vii. (P-T-P) Golf uses electronic tactile display

viii. (P-T-P) Golf uses OrCamMyEye, an intuitive wearable device with a smart camera
to read from any surface

viiii. (P-T-P) Golf uses Assisted Vision Smart Glasses, a wearable device by the
University of Oxford, could be used in this case

Changes required:

i. Teacher behavior
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i1. Teacher or other students’ behaviour or additional helper

iii. Technology with in class helper

iv. Technology

v. Technology

vi. Technology pre-prepared by helper

vii. Technology

viii. Technology

viiii. Technology

Action 3: Teacher points to writing/drawing on board

Interaction issues: (P-T-P with diexis) Golf unable to see/understand what is being
pointed at.

Possible solutions:

1. (P-P) A teacher or another student or helper explains what the teacher is pointing at
ii. (P-T-P) A teacher provides pre-prepared tactile diagram with camera tracking of
teacher’s pointing and haptic glove (further development is required before this can be
a feasible and affordable solution)

iii. (P-T-P) A teacher uses Camera focused on board with OCR used to read text

iv. (P-T-P) A teacher uses an electronic tactile display with camera tracking of teacher’s
pointing and haptic glove (further development is required before this can be a feasible
and affordable solution)

v. (P-T-P) A teacher uses an OrCamMyEye software which is an intuitive wearable
device with a smart camera to read from any surface

vi. (P-T-P) Golf uses an Assisted Vision Smart Glasses, a wearable device by the
University of Oxford, could be used in this case

Changes required:

1. Teacher/other students: behaviour or additional helper

i1. Technology pre-prepared by helper

iii. Technology

iv. Technology

v. Technology

vi. Technology

Action 4:Teacher asks a question that related to the information on a board
Interaction issues: (P-T-P with diexis) Golf unable to see/understand what is referring
to

Possible solutions:

i. (P-P) A teacher or another student or helper explains what the teacher is referring to
ii. (P-T-P) A teacher provides pre-prepared tactile diagram with camera tracking of
teacher’s referring and haptic glove (further development is required before this can be
a feasible and affordable solution)

iii. (P-T-P) A teacher uses camera focused on board with OCR used to read text.

iv. (P-T-P) A teacher uses an electronic tactile display with camera tracking of teacher’s
pointing and haptic glove (further development is required before this can be a feasible
and affordable solution)

v. (P-T-P) Golf uses an OrCamMyEye software which is an intuitive wearable device
with a smart camera to read from any surface

vi. (P-T-P) Golf uses an Assisted Vision Smart Glasses, a wearable device by the
University of Oxford, could be used in this case.

Changes required:

1. Teacher/other students: behaviour or additional helper

ii. Technology pre-prepared by helper
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i11i. Technology

iv. Technology

v. Technology

vi. Technology

Action 5: Teacher gives a paper to Golf to read

Interaction issues: (P-T-P) Golf unable to see/understand what is being written
Possible solutions:

i. (P-P) A teacher or another student or helper reads it for Golf

i1. (P-T-P) A teacher uses a camera focused on board with OCR used to read text

iii. (P-T-P) A teacher uses an electronic tactile display with camera tracking of teacher’s
pointing and haptic glove (further development is required before this can be a feasible
and affordable solution)

iv. (P-T-P) Golf uses anOrCamMyEye software which is an intuitive wearable device
with a smart camera to read from any surface

v. (P-T-P) Golf uses the Assisted Vision Smart Glasses, a wearable device by the
University of Oxford, could be used in this case

vi.(P-T-P) Golf uses the FingerReader software is providing an ability to read the book
by scanning text with a finger.

Changes required:

1. Teacher/other students: behaviour or additional helper

i1. Technology pre-prepared by helper

iii. Technology

iv. Technology

v. Technology

vi. Technology

Action 6: Teacher shows a book to students

Interaction issues: (P-T-P) Golf unable to see/understand what is being written
Possible solutions:

1. (P-P) Teacher or another student or helper reads it for Golf

ii. (P-T-P) Camera focused on board with OCR used to read text

iii. (P-T-P) Electronic tactile display with camera tracking of teacher’s pointing and
haptic glove (further development is required before this can be a feasible and
affordable solution)

iv. (P-T-P) Use OrCamMyEye, an intuitive wearable device with a smart camera to
read from any surface

v. (P-T-P) Assisted Vision Smart Glasses, a wearable device by the University of
Oxford, could be used in this case

vi. (P-T-P) FingerReader is providing an ability to read the book by scanning text with
a finger.

Changes required:

1. Teacher/other students: behaviour or additional helper

ii. Technology pre-prepared by helper

iii. Technology

iv. Technology

v. Technology

vi. Technology

Action 7: Teacher shows a graph / diagram to students

Interaction issues: (P-T-P) Golf unable to see/understand what is being written
Possible solutions:

i. (P-P) Teacher or another student or helper reads it for Golf
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ii. (P-T-P) Electronic tactile display with camera tracking of teacher’s pointing and
haptic glove (further development is required before this can be a feasible and
affordable solution)

iii. Electronic file that has alt tag with detailed explanation using a screen reader to read
it out loud.

Changes required:

1. Teacher/other students: behaviour or additional helper

ii. Technology pre-prepared by helper

iii. Technology

Table 4.11 shows the Technology Suggestion Table of scenario 4.
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Table 4.11 Technology Suggestion Table for scenario 4:

Problem of a blind students studying at the University

Technology Description

&interaction

audience members

files

1. Microphone

| \]2a same time / same place

| N\Ra nresenter — andience

< | < [4b one presenter — many

\| \I5b Presenter has no disability

| \|6b Thai
N \|7 b Thai

| N\[8a Audience have disability

| \9b visually impaired

| X[10a blind

N N|i1e P-T

N \N|11d P-T-P

| \[12c¢ either online & offline

| X\[13a mobile devices

| \[14a Non text Image

| N\[14b Printed text

| \[14c Handwritten text

< | « |14d no accessible electronic

K| X|15b No live in class support

| ¥ [16a Yes deixis

S| N\[17 a indoors

S| N\[18a. noise

N N19c. not mention low cost

| SR0c. not mention smartphone

2. Pre — prepared accessible slides

<| « |la improve communication

3. Camera focused on board with OCR/HWR to
read text &SRT Enables text on a non-electronic
board in class to be read by a screen reader

\

\
\

\

\
\
\

\
\

\

\

\

\

\

x

\

\

\

\

\

\

\

\
\

4. Electronic whiteboard with OCR/HWR to read
text &SRT Enables text on an electronic board in
class to be read by a screen reader

5. Pre-prepared paper tactile diagram Static 3D
representation of a diagram that can be explored
by touch by a blind person

7. Electronic tactile display

8. OrCamMyEye An intuitive wearable device
with a smart camera empowering people who are
blind, visually impaired, have a reading disability
or other conditions from any surface.

9. Assisted Vision Smart Glasses A wearable
devices by the University of Oxford, could be used
in this case

10. “FingerReader”, a device designed by MIT,
providing an ability to read the book by scanning
text with a finger.
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Technology Description

&interaction

audience members

6b Thai

14¢ Handwritten text

files

11. Diagram mediated text annotation Adds text to
a diagram

< |la improve communication

N ]2a same time / same place

N\ Ra nresenter — andience

<_ [4b one presenter — many

" |5b Presenter has no disability

<

X 7 b Thai

X\ [8a Audience have disability

X\ 9b visually impaired

<\ |10a blind

N e P-T

N [11d P-T-P

<\ |12c either online & offline

X\ |13a mobile devices

N\ |14a Non text Image

X |14b Printed text

x

< |14d no accessible electronic

< |15b No live in class support

N |16a Yes deixis

N |17 a indoors

X\ |18a. noise

N |19c¢. not mention low cost

N [20c. not mention smartphone

12. Optical Character Recognition (OCR)
Converts a text image into text that can be read by
a screen reader

<

<

AN

<

<

<

<

<

<

<

<

<

<

<

x

<

x

\

<

<

<

<

<\
<

13. Handwriting recognition (HWR) Converts a
handwritten image into text that can be read by a
screen reader

14. Screen Reading Technology (SRT)
Automatically reads displayed text aloud and
allows blind user to navigate screen

15. Camera and haptic glove tracking of teacher’s
pointing used with tactile diagram/display
Information is provided about what the teacher is
pointing at using vibration in an electronic glove

16. Live electronic tactile display Dynamic 3D
representation of a diagram that can be explored
by touch by a blind person
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Scenario 5: a blind person visits the Shadow Puppet Museum Scenario

Non has been blind since birth and visits an in situ shadow puppet museum in
Nakhon Si Thammarat, Thailand which is run by Suchat Trapsin who only speaks Thai
and has no disability. He can only speak Thai to the visitors. There are exhibits of
puppets, folk art, and potteries, inside the museum, ' There is some printed text
information provided in text format inside the museum to explain puppets’ names and
where are they from which helps tourists to explore rooms in the museum by
themselves. Unfortunately, people are not allowed to touch exhibits so 2Non cannot
gain information from touching the puppets, folk art, and pottery exhibits. Therefore,
Non required someone to explain the information to him. *Non cannot get access to all
parts of the museum independently which requires staff to help navigation because
Suchat’s house is a Thai traditional house in which visitors have to climb up a ladder.
Moreover, for “the fragile exhibits like pottery and glass, navigating around the rooms
without vision could damage them easily as the museum has not been well designed for
blind people, and so requires a staff member to lead the way.

Normally, Suchat will give a puppet show to visitors by talking behind the
screen and playing music. Non can hear the story of the show but *cannot see the
movement of the puppets (e.g. pointing) and cannot tell which puppet actor is on at any
moment of the show and cannot imagine the appearance of each puppet as each puppet
will have different characteristic eg. “Teng” is tall, thin, long body and short legs and
receding hair. Therefore, Non required someone to explain the appearance of each
puppet to get to understand them before the show starts. Suchat requires a low cost,
online technology so he can save cost by using visitors’ mobile devices.

Table 4.12 the relationship between problems, possible solutions, and interaction
types

Actions Interaction Possible Solutions
Issues
1. Non cannot see P-T 1) Provide audio description to explain the
a text format to information about puppets by providing
explain puppets’ number to press on mobile device e.g. No 1
names and where explain “Teng” (Puppet’s name), or using
are they from Screen Reading Technology to read text aloud.

2) Interactive content management systems,
and interactive handheld devices, providing the
information in various forms.

3) Screen Reading Technology (SRT)
automatically reads displayed text aloud and
allows blind user to navigate screen

4) Optical Character Recognition (OCR)
converts a text image into text that can be read
by a screen reader

5) Live electronic tactile display: a dynamic
3D representation of a diagram that can be
explored by touch by a blind person

6) OrCamMyEye: An intuitive wearable
device with a smart camera empowering
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Actions

Interaction
Issues

Possible Solutions

people who are blind, visually impaired, have a
reading disability or other conditions from any
surface.

7) FingerReader: a device designed by MIT,
providing an ability to read the book by
scanning text with a finger.

2. Non cannot P-T-P 1) Provide tactile graphic for puppets and folk

touch puppet arts, and tactile model for potteries, 3D print

exhibits. models that can be touched.
2) Assisted Vision Smart Glasses, a wearable
device by the University of Oxford, could be
used in this case.
(http://www.digitaltrends.com/mobile/blind-
technologies)

3. Non cannot get P-O 1) Using indoor navigation systems or indoor

access to all parts maps to navigate the way in the museum e.g.

of the museum Google Indoor Map, Indoor GML, audio-

independently as tactile maps, tactile pavement, commercial

he required staff to products (Indoo.rs, and Wifarer)

help navigation 2) Speaking Compeass to tell the direction,
information regarding stairs, room number and
name
3) use bumps on ground a blind person can feel
through his shoes

4. The fragile P-O 1) Provide rail with braille labels to tell a

exhibits like position of the exhibits

pottery and glass, 2) RFID sensor to tell the position of the

when navigating exhibits

around the rooms 3) Obstacle Detection’ technology

without vision 4) use bumps on ground a blind person can feel

could be damaged through their shoes

easily when the

museum has not

been well

designed for blind

people

5. Non cannot see P-T-P 1) Provide audio description to explain the

the movement of
the puppets and
cannot tell which
puppet actor is on
at the moment.

characteristic and appearance of each puppet
2) Using Screen Reading Technology to read
text about puppet aloud from interactive
content management systems, and interactive
handheld devices, providing the information in
various forms
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Table 4.12 shows an analysis of the interaction issues arising from the actions
with corresponding possible solutions and changes required for these solutions. This
analysis can help the developer decide on the appropriate solution.

Action 1: Non cannot see a text format to explain puppets’ names and where are they
from

Interaction issues: (P-T) Non cannot see and understand a text format to explain
puppets’ names and where are they from

Possible solutions:

Museum owner provides an accessible information to Non:

1. (P-T) A museum owner provides audio description to explain the information about
puppets by providing number to press on mobile device e.g. No 1 explain “Teng”
(Puppet’s name), or using Screen Reading Technology to read text aloud.

ii (P-T) A museum owner provides interactive content management systems, and
interactive handheld devices, providing the information in various forms.

iii (P-T-P) Non uses live electronic tactile display, a dynamic 3D representation of a
diagram that can be explored by touched.

iv (P-T-P) Non uses a Screen Reading Technology (SRT) automatically reads displayed
text aloud and allows blind user to navigate screen.

v (P-T-P) Non uses Optical Character Recognition (OCR) converts a text image into
text that can be read by a screen reader.

vi. (P-T-P) Non uses anOrCamMyEye software which is an intuitive wearable device
with a smart camera to read from any surface.

vii. (P-T-P) Non uses the FingerReader software is providing an ability to read the book
by scanning text with a finger.

viii. (P-T-P) Non uses the Assisted Vision Smart Glasses, a wearable device by the
University of Oxford, could be used in this case.

Changes required:

1. Technology

ii. Technology

iii. Technology

iv. Technology

v. Technology

vi. Technology

vii. Technology

viii. Technology

Action 2: Non cannot see a text format to explain puppets’ names and where they are
from

Interaction issues: (P-T) Non cannot see and understand a text format to explain
puppets’ names and where are they from

Possible solutions:

i. (P-T) A museum owner provides tactile graphic for puppets and folk arts, and tactile
model for potteries, 3D print models that can be touched.

ii. (P-T) Assisted Vision Smart Glasses, a wearable device by the University of Oxford,
could be used in this case.

Changes required:

i.Technology

ii. Technology

Action 3: Non cannot get access to all parts of the museum independently as he required
staff to help navigation.
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Interaction issues: (P-O) Non unable to go to all parts of the museum independently.
Possible solutions:

1.(P-T-O) Non uses indoor navigation systems or indoor maps to navigate the way in
the museum e.g. Google Indoor Map, Indoor GML, audio-tactile maps, tactile
pavement, commercial products (Indoors, and Wifarer)

it (P-T-O) Non uses speaking compass to tell the direction, information regarding stairs,
room number and name

iii (P-T-O) Non uses bumps on ground a blind person can feel through his shoes
Changes required:

1. additional helper to help navigate the museum

i1. Technology

iii. Technology

Action 4: Non could damage the fragile exhibits like pottery and glass easily as the
museum has not been well designed for blind people.

Interaction issues: (P-O) Non could damage the fragile exhibits like pottery and glass
easily.

Possible solutions:

1.(P-T-O) A museum owner provides rail with braille labels to tell a position of the
exhibits.

i1 (P-T-O) Non uses RFID sensor to tell the position of the exhibits.

i1 (P-T-O) Non uses Obstacle Detection’ technology to navigate inside the museum.
iv (P-T-O)Non uses road crossings bumps on ground a blind person can feel through
their shoes.

Changes required:

1. Technology

ii. Technology

iii. Technology

vi. Technology

Action 5: Non cannot see the movement of the puppets and cannot tell which puppet
actor is on at the moment.

Interaction issues: (P-T-P) Non cannot see/understand the movement of the puppets
and cannot tell which puppet actor is on at the moment.

Possible solutions:

1.(P-T-P) A museum owner provides an interactive content management system and
interactive handheld devices providing the information in various forms e.g. Non uses
an audio description to explain the characteristic and appearance of each puppet or Non
uses a Screen Reading Technology to read text about puppet aloud.

Changes required:

1. Technology

Table 4.13 shows Technology Suggestion Table of scenario 4.
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Table 4.13 The Technology Suggestion Table of scenario 4.
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1. Audio description to explain the
information about puppets by providing
number to press on mobile device e.g.
No 1 explain “Teng” (Puppet’s name), or
using Screen Reading Technology to read

text aloud

2. Interactive content managerment
systemns, and interactive handheld
devices, providing the information in

wvarious forms.

3. Tactile graphic for puppets and folk
arts: “Tactile graphics are a means of
conveying non-textual information to
people who are blind or visually
impaired, and may include tactile
representations of pictures, maps, graphs,
diagrams, and other images.”

(http/fwww pathstoliteracy.org/tactile-

eraphics)

Technology suggestions and descriptions are provided in a table with
indications of how they meet the requirements of these technology suggestions are
shown in Table 13 to Table 17. The technology suggestions are based upon an analysis
of answers to the requirement questions. Note that the column furthest to the right (Total
score) shows the number of scenario requirements met by each technology suggestion.
Ticks indicate the requirement is met by the suggested technology) and crosses indicate
the requirement is not met by the suggested technology. The online version uses tooltips
to display the explanations for the ticks or crosses will develop in a next stage.

4.4 Develop Experiment Material
For Thai version is in Appendix F (TEIF Method) and G (Other Method).

Scenario:

Non is a blind person who visits an in situ shadow puppet museum in Nakhon
Si Thammarat, Thailand which is run by Suchat Trapsin who only speaks Thai. There
are exhibits of puppets, folk art, and pottery, inside the museum. There is some text
information provided in text format inside the museum to explain puppets’ names and
where they are from to help tourists explore the museum by themselves. Unfortunately,
people are not allowed to touch exhibits so Non cannot gain information from touching
the puppets, folk art, and pottery exhibits. Therefore, Non required someone to explain
the information for him. Moreover, for the fragile exhibits like pottery and glass,
navigating around the rooms without vision could damage them easily as the museum
has not been well designed for blind people, and so would require a staff member to
lead the way but providing someone to do this would be too expensive for Suchat.

Normally, Suchat will give a puppet show to visitors behind the screen by
talking to the visitors. Non can only hear the story of the show but cannot see the
movement of the puppets and cannot tell which puppet actor is on at the moment of the
show and cannot imagine the appearance of each puppet as each puppet will have
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different characteristic e.g. “Teng” is tall, thin, long body and short legs and receding
hair. Therefore, Non would also require someone to explain the appearance of each
puppet.
Step 1: Requirement questions and answers
1) What is the main purpose of the technology solution?
L] a. improve communication and interaction
LI b. make the service more interesting and exciting
O c. improve the service efficiency in terms of time and ease of use
I d. improve the storage and retrieval of information
LI e. improve the service more realistic and authentic

Answer: a. improve communication and interaction
2) Where and when does the scenario take place?
O a. same time / same place
O b. same time / different place
O c. different time / same place
O d. different time / different place

Answer: a. same time / same place
3) What main roles do people have in the scenario?
1 a. presenter - audience (the presenter gives information to the ‘audience’ which
could be only one person or many people and so controls the interaction. The
audience can ask the presenter questions).
LI b. peer - peer (any person can give information or ask questions to any other
person and therefore no one person controls interaction)
LI c. interaction with technology or objects

Answer: a. presenter - audience (the presenter gives information to the ‘audience’
which could be only one person or many people and so controls the interaction. The
audience can ask the presenter questions) And c. interaction with technology or
objects
4) How many presenters and audience members are there?
O a. one presenter — one audience member
O b. one presenter — many audience members
O c. many presenters — one audience member
O d. many presenters — many audience members

Answer: b. one presenter — many audience members
5) Does the presenter have a disability?
O a. Yes
O b.No

Answer: b. No
6) What language does the presenter use?
O a. English
O b. Thai
LI c. other language
I d. I do not know

Answer: b. Thai

7) What language does the audience use?
O a. English
O b. Thai
LI c. other language
I d. I do not know

Answer: b. Thai
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8) Does the audience have a disability?
O a. Yes
O b. No
Answer: a. Yes
9) What kind of disability does the audience have?
O a. hearing impaired
I b. visually impaired
O c. physically impaired
O d. none
Answer: b. visually impaired
10) What level of visual impairment does the Audience have?
L1 a. blind
LI b. has some useful sight
U c. I do not know
Answer: a. blind
11) What interaction types occur in the scenario?
1 a. people to people
LI b. people to objects
[ c. people to technology
L1 d. people to technology to people
[ e. people to technology to objects
Answer: b. people to objects
12) What type of technology would be appropriate for the solution to the scenario?
O a. online technology (Internet)
O b. off-line technology
O c. either
O d. I do not know
Answer: c. either
13) What type of technology devices would be appropriate for the solution to the
scenario?
O a. mobile devices
O b. non-mobile devices
O c. either
O d. I don't know
Answer: a. mobile devices
14) What media is used to provide information?
] a. Non-text image
1b. Printed text
] c. Handwritten text
1d. non accessible electronic files
[Je. accessible electronic files e.g. pdf
Answer: b. Printed text
15) Is live human support available?
a. Yes
b. No
Answer: b. No
16) Is there “Deixis”? (i.e. referring to person or object by pointing)
a. Yes
b. No
Answer: b. No
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17) Where does the situation take place?

O a. indoors

O b. outdoors

O c. both

O d. I do not know

Answer: a. indoors

18) What are the main environmental considerations identified that impact the

scenario?

1 a. noise (Background noise affects everyone’s ability to hear and understand what is

said.)

I b. room acoustics (surface (e.g. walls, windows, tile) and objects within every room

interact to produce reverberation in response to sound.)

[ c. distance (How far is the audience standing from the presenter? The further a
student is from the presenter or sound source, the softer the sound they receive.)

(1 d. visual access (How well can the audience see everything that is happening in
different locations?)

[ e. lighting (Inadequate lighting or large banks of windows can be challenging for
deaf or hard of hearing audience because they cannot see the speakers face well or
an interpreter may be located in shadows)

Answer: a. noise (Background noise affects everyone’s ability to hear and
understand what is said.)

19) Does the customer require a low cost solution?
O a. Yes
O b. No
O c¢. not mention
Answer: a. Yes
20) Should the technology solution work on a smart phone?
O a. Yes
O b. No
O c. not mention
Answer: a. Yes
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Step 2: Technology Suggestions

Table 4.14 Audio description

20c. work on smartphone

Works smartphone

Audio description Tick Explanations for ticks and Description
or crosses
Cross
la improve 4 Can understand audio Audio description
communication and to explain the
interaction information about
2a same time / same place v Press button puppets by
3a presenter — audience 4 Can also help when presenter | providing number
uses puppet as can hear to press on mobile
description of puppet device e.g. No 1
4b one presenter — many 4 Can also help when presenter | explain “Teng”
audience members uses puppet as can hear (Puppet’s name)
description of puppet
5b No disability 4 Can also help when presenter
uses puppet as can hear
description of puppet
6b Thai 4 Thai speech
7 b Thai v Thai speech
8a Yes audience has v Blind
disability
9b visually impaired v | Blind
10a blind v Blind
11c P-O 4 Provides P-T-O solution
12¢ either online and v Can be online & offline
offline
13a mobile devices 4 Can be mobile device
14a Non text Image v Works whatever the format
14b Printed text v Works whatever the format
14c Handwritten text 4 Works whatever the format
14d no accessible 4 Works whatever the format
electronic files
15b No human support 4 Independent of support
16a deixis x No help if someone points
17 a indoors v Works indoors
18a. noise x Difficult to hear if
background noise
19¢. low cost v" | Low cost app
v

Table 4.14 shows detail of how audio description helps with requirements in the

experiment.
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Table 4.15 Tactile graphic for puppets and folk arts

Tactile graphic for | Tick Explanations for ticks and Description
puppets and folk or crosses
arts cross
la improve 4 Blind person can follow tactile “Tactile graphics are a
communication and graphic means of conveying
interaction non-textual information
2a same time / 4 Touch graphic to people who are blind
same place or visually impaired,
3a presenter — v Can help when presenter uses and may include tactile
audience puppet as can feel shape of representations of
puppet pictures, maps, graphs,
4b one presenter — v" | Can help when presenter uses diagrams, and other
many audience puppet as can feel shape of images.”
members puppet (http://www.pathstolite
5b No disability 4 Can help when presenter uses racy.org/tactile-
puppet as can feel shape of graphics)
puppet
6b Thai v Works in any language
7 b Thai v Works in any language
8a Yes audience v Tactile graphics can be
has disability understood
9b visually v Tactile graphics can be
impaired understood
10a blind 4 Tactile graphics can be
understood
11¢ P-O v" | Provides P-T-O solution
12c either online 4 Usually offline
and offline
13a mobile devices 4 Can be moved but not normally
a mobile electronic device
14a Non text Image Not usually for text
14b Printed text x Not usually for text
14c Handwritten Not usually for text
text
14d no accessible 4 Doesn’t use file
electronic files
15b No human v Independent of support
support
16a deixis x No help if someone points
17 a indoors v Works indoors
18a. noise v background noise has no effect
19c. low cost v

Low cost app
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20c. work on
smartphone

Does not work on smartphone

Table 4.15 shows detail of how Tactile graphic for puppets and folk arts helps
with requirements in the experiment.

Table 4.16 Tactile model

Tactile model T::l(){s(s)r Explanations for ticks and crosses Description
la improve communication 4 Blind person can follow tactile Tactile model:
&interaction model “Blind people can
2a same time / same place 4 Touch model recognize the
3a presenter — audience 4 Can help when presenter uses puppet | shapes of 3D
4b one presenter — many 4 Can help when presenter uses puppet | objects by touching
audience members them; however, it is
5b No disability 4 Can help when presenter uses puppet | quite difficult to
6b Thai 4 Works in any language recognize the
7 b Thai 4 Works in any language shapes of 3D
8a Yes audience has 4 Tactile model can be understood objects from 2D
disability tactile plane
9b visually impaired 4 Tactile model can be understood figures.”
10a blind v Tactile model can be understood (http:// www.icchp.
11cP-O 4 Provides P-T-O solution org/c:(?ntent/tactlle-
12c either online & offline 4 Usually offline g@m
13a mobile devices 4 Can be moved but not normally a modelsblind-

mobile electronic device m

14a Non text Image x Not usually for text recognltlon—s.haPes—

- touch) 3D printing,
14b Printed text x Not usually for text .

- enables visually
14c Handwritten text X Not usually for text impaired people to
14d no accessible 4 Doesn’t use file I h

i earn so much more
electronic files through touch and
15b No human support 4 Independent of support feel it and move it
16a deixis No help if someone points around, sparks
17 a indoors 4 Works indoors much more
18a. noise 4 background noise has no effect imagination than
19c. low cost 4 Low cost model when something is
20c. work on smartphone x Does not work on smartphone described

(https://ultimaker.c
om/en/stories/2020
1-using-3d-

printing-to-help-
the-blind-and-
visually-impaired)

Table 4.16 shows detail of how Tactile model helps with requirements in the

experiment.
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Table 4.17 Screen Reading Technology & OCR

Tick
Screen Reading Technology (l; Explanations for ticks Descrintion
& OCR and crosses P
cross
la improve communication 4 Can understand audio Screen Reading
&interaction Technology
2a same time / same place v Real Time Response (SRT) which
3a presenter — audience x Helps when no presenter | automatically
4b one presenter — many X Helps when no presenter | reads displayed
audience members text aloud and
5b No disability x Helps when no presenter | allows blind user
6b Thai 4 Thai speech to navigate screen
7 b Thai v Thai speech of text created by
8a Yes audience has disability v Blind 4) Optical
9b visually impaired v | Blind Charact.ef
10a blind Y| Blind Recognition
11¢c P-O v~ | Provides P-T-O solution | (OCR) which
12c¢ either online & offline v Can be online & offline .conver'ts a text
13a mobile devices 4 Can be mobile device 1magFe. 1nto};extd .
14a Non text Image x Only works with text & .1nger ,ea e
- _ _ a device designed
14b Printed text v Works best with printed
by MIT,
text providing an
14c Handwritten text 4 Can work with clear -
) ability to read the
handwritten text
. . v book/text by
14d no accessible electronic Works whatever the scanning text with
files format a finger,
15b No human support Independent of support
16a deixis X No help if someone
points
17 a indoors Works indoors
18a. noise x Difficult to hear if
background noise
19¢. low cost v" | Low cost app
v

20c. work on smartphone

Works with smartphone

Table 4.17 shows detail of how Screen Reading Technology & OCR helps
with requirements in the experiment.
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Table 4.18 OrCamMyEye

20c. work on smartphone

Can work with smartphone

Tick Explanations for ticks and
OrCamMyEye or Description
crosses
cross
la improve communication 4 Can understand audio OrCamMyEye:
&interaction An intuitive
2a same time / same place 4 Real Time Response wearable device
3a presenter — audience 4 Face recognition with a smart
4b one presenter — many 4 Face recognition camera
audience members empowering
5b No disability 4 Face recognition people who are
6b Thai v" | Thai speech blind, visually
7 b Thai v Thai speech impaired, have a
8a Yes audience has 4 Blind reading disability
disability or other
9b visually impaired v~ | Blind conditions from
10a blind v~ | Blind any surface.
11c P-O v Provides P-T-O solution
12c either online & offline v Can be online & offline
13a mobile devices v Can be mobile device
14a Non text Image 4 Face recognition
14b Printed text v Works best with printed text
14c Handwritten text v Can work with clear
handwritten text
14d no accessible v Works whatever the format
electronic files
15b No human support 4 Independent of support
16a deixis x No help if someone points
17 a indoors v Works indoors
18a. noise v Difficult to hear if
background noise
19c. low cost x Not low cost
v

Table 4.18 shows detail of how OrCamMyEye helps with requirements in the

experiment.
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Table 4.19 Indoor Navigation

20c. work on smartphone

use smartphone

.. Tick Explanations for ticks L.
Indoor Navigation or Description
and crosses
cross
la improve v Can navigate Using indoor
communication and navigation systems or
interaction indoor maps to
2a same time / same place 4 Real Time Response navigate the way in
3a presenter — audience X Navigation not the museum e.g.
communication Google Indoor Map,
4b one presenter — many X Navigation not Indoor GML, audio-
audience members communication tactile maps, tactile
5b No disability x Navigation not pavement,
communication commercial products
6b Thai x Navigation not (Indoo.rs, and
communication Wifarer)
7 b Thai 4 Thai speech can be used
8a Yes audience has v" | Blind
disability
9b visually impaired v | Blind
10a blind v Blind
11c P-O v" | Provides P-T-O solution
12¢ either online and 4 Can be online & offline
offline
13a mobile devices v Can be mobile device
14a Non text Image X Navigation not
communication
14b Printed text x Navigation not
communication
14c Handwritten text x Navigation not
communication
14d no accessible X Navigation not
electronic files communication
15b No human support v Independent of support
16a deixis X No help if someone points
17 a indoors v Works indoors
18a. noise v Works in noise
19c. low cost 4 low cost
v

Table 4.19 shows detail of how indoor navigation helps with requirements in

the experiment.
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Table 4.20 Braille Compass

. Tick Explanations for ticks L.
Braille Compass or Description
and crosses
cross
la improve communication 4 Can navigate Braille Compass
&interaction to tell the
2a same time / same place 4 Real Time Response direction
3a presenter — audience X Navigation not
communication
4b one presenter — many X Navigation not
audience members communication
5b No disability X Navigation not
communication
6b Thai X Navigation not
communication
7 b Thai v" | Thai Braille
8a Yes audience has disability 4 Blind
9b visually impaired v" | Blind
10a blind 4 Blind
11c P-O v" | Provides P-T-O solution
12¢ either online & offline v Can be online & offline
13a mobile devices 4 Can be mobile device
14a Non text Image x Navigation not
communication
14b Printed text x Navigation not
communication
14c Handwritten text x Navigation not
communication
14d no accessible electronic X Navigation not
files communication
15b No human support 4 Independent of support
16a deixis X No help if someone points
17 a indoors 4 Works indoors
18a. noise 4 Works in noise
19c. low cost 4 low cost
20c. work on smartphone X Not use smartphone

Table 4.20 shows detail of how braille compass helps with requirements in the
experiment.
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Table 4.21 Speaking Compass

Tick . .
. Explanations for ticks and ..
Speaking Compass or Description
crosses
cross

la improve v Can navigate Speaking
communication Compeass to tell
&interaction the direction
2a same time / same place v Real Time Response
3a presenter — audience x Navigation not

communication
4b one presenter — many x Navigation not
audience members communication
5b No disability X Navigation not

communication
6b Thai x Navigation not

communication
7 b Thai v Thai speech
8a Yes audience has v | Blind
disability
9b visually impaired v | Blind
10a blind 4 Blind
11c P-O v" | Provides P-T-O solution
12¢ either online & offline v Can be online & offline
13a mobile devices 4 Can be mobile device
14a Non text Image x Navigation not

communication
14b Printed text X Navigation not

communication
14c Handwritten text x Navigation not

communication
14d no accessible X Navigation not
electronic files communication
15b No human support v Independent of support
16a deixis X No help if someone points
17 a indoors v Works indoors
18a. noise 4 Works in noise
19¢. low cost v | low cost
20c. work on smartphone v use smartphone

Table 4.21 shows detail of how speaking compass helps with requirements in
the experiment.
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Table 4.22 Bumps on ground

Tick . .
Explanations for ticks L.
Bumps on ground or Description
and crosses
cross

la improve communication 4 Can navigate bumps on
&interaction ground a blind
2a same time / same place 4 Real Time Response person can feel
3a presenter — audience x Navigation not through their feet

communication
4b one presenter — many X Navigation not
audience members communication
5b No disability X Navigation not

communication
6b Thai X Navigation not

communication
7 b Thai x Language independent
8a Yes audience has disability 4 Blind
9b visually impaired 4 Blind
10a blind 4 Blind
11¢ P-O 4 Provides P-T-O solution
12¢ either online & offline v offline
13a mobile devices 4 not mobile device
14a Non text Image x Navigation not

communication
14b Printed text x Navigation not

communication
14c Handwritten text x Navigation not

communication
14d no accessible electronic X Navigation not
files communication
15b No human support 4 Independent of support
16a deixis X No help if someone points
17 a indoors 4 Works indoors
18a. noise 4 Works in noise
19c. low cost 4 low cost
20c. work on smartphone X Does not use smartphone

Table 4.22 shows detail of how bumps on ground help with requirements in the
experiment.
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Table 4.23 Rail with braille labels

Tick . .
Rail with braille labels or Explanations for ticks Description
and crosses
cross
la improve communication 4 Can navigate Provide rail with
&interaction braille labels to
2a same time / same place 4 Real Time Response tell a position of
3a presenter — audience x Navigation not the exhibits
communication
4b one presenter — many X Navigation not
audience members communication
5b No disability X Navigation not
communication
6b Thai X Navigation not
communication
7 b Thai 4 Thai Braille
8a Yes audience has disability 4 Blind
9b visually impaired v Blind
10a blind 4 Blind
11c P-O v Provides P-T-O solution
12¢ either online & offline v Offline or online
13a mobile devices 4 mobile device
14a Non text Image X Navigation not
communication
14b Printed text x Navigation not
communication
14c Handwritten text x Navigation not
communication
14d no accessible electronic X Navigation not
files communication
15b No human support 4 Independent of support
16a deixis X No help if someone
points
17 a indoors 4 Works indoors
18a. noise v Works in noise
19c. low cost v low cost

20c. work on smartphone

X

Can’t use smartphone

Table 4.23 shows detail of rail with braille labels on ground help with

requirements in the experiment.
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Table 4.24 RFID sensor to tell the position of the exhibits

RFID sensor to tell the position Tick Explanations for ticks and o
of the exhibits or crosses Description
Ccross
la improve communication v Can navigate RFID sensor to tell
&interaction the position of
2a same time / same place v Real Time Response the exhibits “RFID
3a presenter — audience X Navigation not system consists of a
communication reader and tags. The
4b one presenter — many audience x| Navigation not module is flexible
members communication that the number of
5b No disability X Navigation not objects to be
communication identified can be
6b Thai X Navigation not altered according to
communication the number of items
7b Thai v" | Thai in RFID present in the
8a Yes audience has disability v" | Blind museum.”
9b visually impaired v | Blind (http://www.isact.org/
10a blind V3 Blind images/extraimages/
11¢c P-O v" | Provides P-T-O solution LICSEE%
12c either online & offline v Offline or online 200101320.pdf)
13a mobile devices v mobile device
14a Non text Image X Navigation not
communication
14b Printed text X Navigation not
communication
14c Handwritten text X Navigation not
communication
14d no accessible electronic files X Navigation not
communication
15b No human support v Independent of support
16a deixis X No help if someone points
17 a indoors 4 Can navigate
18a. noise v" | Real Time Response
19c. low cost v" | Navigation not
communication
v

20c. work on smartphone

Navigation not
communication

Table 4.24 shows detail of RFID sensor to tell the position of the exhibits on
ground help with requirements in the experiment.
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Step3: Scenario Technology Solution and Explanation

Table 4.25 shows the relationship between problem action, Interaction Issue
Type and possible solutions that were used to develop the overall solution.

Table 4.25 The relationship between problem action, Interaction Issue Type and

possible solutions

movement of the puppets and
cannot tell which puppet actor
is on at the moment.

Inaccessible Interaction Interaction Possible Solutions
Type

1. Non cannot see a text format P-O Provide audio description to explain the

to explain puppets’ names and information about puppets by providing

where are they from number to press on mobile device e.g. No
1 explain “Teng” (Puppet’s name), or
using Screen Reading Technology to read
text aloud.

2. Non cannot touch puppet P-O Provide tactile graphic for puppets and

exhibits. folk arts, and tactile model for potteries,
3D print models that can be touched.

3. Non cannot get access to all P-O 1) Using audio-tactile map to navigate the

parts of the museum way in the museum

independently as he required ii) Speaking Compass to tell the direction

staff to help navigation iii) use bumps on ground a blind person
can feel through his shoes

4. The fragile exhibits like P-O Provide rail with braille labels to tell

pottery and glass, when position of the exhibits

navigating around the rooms use bumps on ground to indicate safe path

without vision could be as a blind person can feel these through

damaged easily when the their shoes

museum has not been well

designed for blind people

5. Noncannot see the P-O 1) Provide audio description to explain the

characteristic and appearance of each
puppet

ii) Use Screen Reading Technology to
read text about puppet aloud from
interactive content management system
and interactive handheld device providing
the information in accessible form
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Possible Overall Solution and Explanation

An audio tactile map helps Non navigate to all parts of the museum
independently. The tactile map has braille numbers on it (1) which tell Non (2) which
number to press on the smartphone app (3) which explains where he is and what is there
(4). The Speaking compass helps Non know the direction he is facing (5,6) and bumps
on ground (7) indicate the path (8) to navigate (9) around museum

Since Non cannot see a text format to explain puppets’ names and where are
they from a Smartphone app explains this to Non (13) who knows which number to
press (11) on the app (12) from braille labels on a rail (10) which stops him from
damaging the fragile exhibits like pottery and glass, when navigating around the rooms
without vision. The app provides audio description to explain the information about
puppets e.g. No 1 explain “Teng” (Puppet’s name). Tactile graphics and 3D models are
available positioned on/by rail as Non cannot touch fragile puppet exhibits.RFID and
OCR (e.g. Finger Reader or OrCamMyEye) were not used as they were a more
expensive solution as some sort of tactile information would still be required for Non
to know where to position the RFID and/or OCR technology. Suchat has a smartphone
app where Suchat presses the name (14) of the puppet on stage (15) and this is
announced to Non on his smartphone (16,17) because Non cannot see the movement of
the puppets and cannot tell which puppet actor is on at the moment

80



Step 4: Interaction Diagram

9 navigate/walk _{
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Figure 4.2 Interaction Diagram
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Step 5. The Use Case Diagram

Figure 4.3 Use Case Diagram

Operate speaking
compass

Read brail

Actor

(Non) Objects

Press button on (Exhibits,

mobile phone

Touch tactile
graphic

Touch 3D model

Walk on bumps on
floor

Control Puppet

Send information

using message alert Presenter

From the Scenario Technology Solution, Non can touch a tactile map to get the
information about the museum and exhibits. He can operate a speaking compass to get
the direction to each point of exhibits and walk following the bumps on the floor. There
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is rail to protect Non from walking into the exhibits at each point. Non can read brail at
the rail to get the number of information. Then, Non presses that number on to his
mobile app to listen to the information of each object. Moreover, Non can touch tactile
graphic and 3D model which are provided at the rail in order to get information about
objects.

A presenter has a role in the communication which is important because he can
control technology to send an instant message to Non’s phone to notify when he
introduces or moves a puppet. The technology solution selected to enable this is instant
messaging which was chosen over SMS. Instant messaging is suggested because it is
free of cost using wireless and smartphones.

4.4 Experts Validation and Reviews TEIF Method for Visual Impairments

As explained in Angkananon et.al (2017) to validate the TEIF Method, closed
questions were presented , with single and multiple boxes for answers in the scenario
questions and answers section to select from. Closed questions were used for other
sections to determine the respondents’ agreement. This combination was chosen as if
only open questions were provided, when the respondents left the text box blank, the
data would be very difficult to analyse as it would not be certain what was meant exactly
(e.g. they do not understand the questions or they may think the information is correct
and have no comment and so leave the text boxes blank).Asking the respondents’
agreement is better as a closed question because it is quicker for the experts and saves
time for the researcher to analyse. A printed

The TEIF Method details were refined based on the following analysis of expert
review and validation and focus group. The questionnaire for expert review is shown
in Appendix C. Full details of expert review is shown in Appendix E and focus group
is shown in the Appendix D.

Improve scenario and questions

e The scenario should say this is the first time Non has visited the museum so it
is clear he hasn’t memorized the layout etc. It should also mention that he uses
a cane that helps him avoid obstacles.

e There is no explanation of the interaction types and what the definitions of
People, Objects, Technology are for this method so really this need to be
included as well as the shorthand P-P, P-O, P-T-O etc.

e Need to explain terms like same time/same place

e Need to explain that reader should ONLY use information provided in scenario
and not assume anything unless stated (e.g. that presenter might have a disability
or the audience might be deaf blind)

e Change Q 18) to require only 1 answer i.e. What is the main environmental
consideration identified that impacts the scenario?

Improve technology suggestions tables:
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Need to explain what numbers and letters refer to by putting answers to
requirement questions as column head rather than the technology.

Should change 16a to be 16b

Provide URLs for further information/reference

Provide more details in explanation for people who don’t know about blindness
e.g.

Audio description to explain the information about puppets/exhibits to a blind person
who cannot see the puppets/exhibits. This can for example be achieved by providing
the blind person with a number to press on a mobile device corresponding to each
puppet/exhibit e.g. No 1 explain “Teng” (Puppet’s name)

a blind person using a mobile would use a screen reader to move focus to the
button and single or double tap the screen to activate the button.

“Works whatever the format” does this mean the solution will need to work
whatever the format?

What electronic formats are you considering? For example, PDF has different
issues with accessibility compared to ePub3.

what happens when a user is blind but also has dyslexia for example?

Noise cancelling headphones exist for mobile devices. This is a technology that
may also need to be considered.

Screen Reading is difficult to hear only if noise cancelling headphones are not
used

“Tactile graphics are a means of conveying non-textual information to people
who are blind or visually impaired, and may include tactile representations of
pictures, maps, graphs, diagrams, and other images. A person with a visual
impairment can feel these raised lines and surfaces in order to obtain the same
information that people who are sighted get through looking at pictures or other
visual images.” (http://www.pathstoliteracy.org/tactile-graphics)

Explain more clearly the difference between braille and tactile graphics and
tactile model

Separate refreshable tactile graphics displays and braille smartwatches are
available.

Explain/clarify the difference between a technology that communicates about
navigation with a user (e.g. talks a direction) is not the same as one that
communicates information from a person or from text and is not a ‘presenter’
even if it presents information

Explain OrCamMyEye does face recognition and OCR

There are apps like Claro Scan, but OCR is not 100% accurate. Intelligent
Character Recognition can recognise hand written text but this is also limited,
especially in low light and if the user’s device has no flash light. Also glossy or
reflective surfaces that have text on them can be difficult for a mobile phones
camera to pick up.

IndoorGML is the representation of indoor map rather than the indoor
navigation.
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Have you come across NavCog?
https://www.youtube.com/watch?v=nUucN_ X7x24. The only problem with
apps like this is, what happens when there is an unexpected item overhanging
or in the way. You’ll notice the lady in the video walks into an unannounced
column. NavCog also works for going up stairs, so detects altitude changes
indoors.

Could the presenter send a time and location notification to the audience?
Use the term Tactile pavement rather than just ‘bumps on the ground’
You have a tick for 13a ‘not mobile’ for Bumps on ground

Explain what is braille and how a braille compass works

Table 8 in questionnaire Needs more detailed explanation (e.g. is it a standalone
device or a mobile app) and a URL

Explain why a rail (e.g. to guide blind person and stop them going somewhere
they shouldn’t go) and what is braille

might be more helpful to specify ‘hand rail’ rather than just ‘rail’.

Need to explain RFID stands for Radio Frequency Identification and the
distance it works from and whether it is stand alone or a mobile app

Provide an overview diagram that shows how the method works.

Improve technology suggestions tables:

Need to explain what numbers and letters refer to by putting answers to
requirement questions as column head rather than the technology

16a should be 16b

Provide URLs for further information/reference

Provide more details in explanation for people who don’t know about blindness
e.g. Audio description to explain the information about puppets/exhibits to a
blind person who cannot see the puppets/exhibits. This can for example be
achieved by providing the blind person with a number to press on a mobile
device corresponding to each puppet/exhibit e.g. No 1 explain “Teng” (Puppet’s
name)

a blind person using a mobile would use a screen reader to move focus to the
button and single or double tap the screen to activate the button.

“Works whatever the format” does this mean the solution will need to work
whatever the format?

What electronic formats are you considering? For example, PDF has different
issues with accessibility compared to ePub3.

what happens when a user is blind but also has dyslexia for example?

Noise cancelling headphones exist for mobile devices. This is a technology that
may also need to be considered.

Screen Reading is difficult to hear only if noise cancelling headphones are not
used
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“Tactile graphics are a means of conveying non-textual information to people
who are blind or visually impaired, and may include tactile representations of
pictures, maps, graphs, diagrams, and other images. A person with a visual
impairment can feel these raised lines and surfaces in order to obtain the same
information that people who are sighted get through looking at pictures or other
visual images.” (http://www.pathstoliteracy.org/tactile-graphics)

Explain more clearly the difference between braille and tactile graphics and
tactile model

Separate refreshable tactile graphics displays and braille smart watches are
available.

Explain/clarify the difference between a technology that communicates about
navigation with a user (e.g. talks a direction) is not the same as one that
communicates information from a person or from text and is not a ‘presenter’
even if it presents information

Explain OrCamMyEye does face recognition and OCR

There are apps like Claro Scan, but OCR is not 100% accurate. Intelligent
Character Recognition can recognise hand written text but this is also limited,
especially in low light and if the users’ device has no flash light. Also glossy or
reflective surfaces that have text on them can be difficult for a mobile phones
camera to pick up.

IndoorGML is the representation of indoor map rather than the indoor
navigation.

Have you come across NavCog?
https://www.youtube.com/watch?v=nUucN_X7x24

The only problem with apps like this is, what happens when there is an
unexpected item overhanging or in the way. You’ll notice the lady in the video
walks into an unannounced column. NavCog also works for going up stairs, so
detects altitude changes indoors.

Could the presenter send a time and location notification to the audience?

Use the term Tactile pavement rather than just “bumps on the ground”

You have a tick for 13a “not mobile” for Bumps on ground

Explain what is braille and how a braille compass works

Table 8 in questionnaire Needs more detailed explanation (e.g. is it a standalone
device or a mobile app) and a URL

Explain why a rail (e.g. to guide blind person and stop them going somewhere
they shouldn’t go) and what is braille might be more helpful to specify ‘hand
rail’ rather than just ‘rail’.

Need to explain RFID stands for Radio Frequency Identification and the
distance it works from and whether it is stand alone or a mobile app

Provide an overview diagram that shows how the method works.

Improve scenario solution description and explanation:

Provide an overview diagram that shows how the method works.
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Explain that the numbers refer to the numbers in the interaction diagram

Can 3D models be manufactured locally at an affordable price to Suchat?

How can interaction diagram be improved?

‘4, 13, 17 listen to get information’ arrow pointing wrong way

Need to explain why ‘9 navigate/walk’ goes from technology to museum as
technology can’t walk: i.e. T is mediating the P-O interaction

It would help further if the interaction diagram was more clearly separated
between the audience and the presenter. Perhaps by using two square boxes that
surround the interactions of the audience and separately those of the presenter,
it would then have just two lines connecting the boxes for ‘Non’s mobile phone
with Mobile App’.

Braille was misspelt

ImproveUse Case Diagram:

The use case diagram is helpful to get an overview of the method but a walkthrough
would also be helpful. So for example, what is the sequence and exact tasks that Non
has to take when moving through an interacting with the space, the audience and the
presenter?

Analysis of Focus Group Results

All 6 blind people agreed it was a realistic scenario and solution (a few of group
had visited this museum and a few knew the different technologies)

Having the audio description use different voices for different puppets and
describe backgrounds would be helpful

It would be helpful if presenter mentions the name of which puppet was talking
All agreed that being told the number of footsteps to navigate will be more
useful for them than number of metres

Visually impaired people need more explanation about how RFID and speaking
tactile map can tell the position of the exhibits. They could not imagine how to
use it.

One suggested that using bumps on ground with cane will be more effective in
independent visiting the museum

It wasn’t clear what mobile app will do need more explanation and he also
suggested that in the mobile should have menu to listen to each character. He is
confused how can Non in the scenario press number on mobile app before the
solution scenario is not connected.

The detail of focus group results is in Appendix D.

The online tools have been developed to use in the user evaluation: English

version at URL: https://www.isurvey.soton.ac.uk/23754 and Thai version at URL
https://www.isurvey.soton.ac.uk/23633.
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Chapter 5 Results

This chapter reports the statistical analysis and results for the experiments to
help answer research questions as follows:

Research question 1: Can the TEIF Method be developed regarding visually
impaired people interacting with people, technologies, and objects?

Research question 2: How can the TEIF Method help with the software
development process for visually impaired people interacting with people,
technologies, and objects?

Sub research question 2.1: Can developers use the TEIF Method to help
in evaluating requirements for visually impaired people interacting with people,
technologies, and objects?

Sub research question 2.2: Can developers use the TEIF Method to help
in evaluating technology solutions for visually impaired people interacting with people,
technologies, and objects?

Approach A: Investigate whether the TEIF Method helped developers
rate technology solutions closer to the experts’ ratings than the Other Methods.

Approach B: Investigated whether the TEIF Method helped rank
technology solutions closer to experts’ rankings than the Other Method.

Question 3: In what way does the TEIF Method help developers?
5.1 Research question 1

Can the TEIF Method be developed regarding visually impaired people
interacting with people, technologies, and objects?

The TEIF Method was developed regarding visually impaired people
interacting with people, technologies, and objects. The TEIF Method supported other
design stage methods to help provide technology suggestions that support the design
stage. Ten experts, 20 visual impaired students and 10 visually impaired adults were
interviewed in order to develop scenarios, gather problems of visual impairment and



requirements for technology solutions. The detail of interviewing questions is in
Appendix A. The detail of results of interview question is in Appendix B.

The TEIF method was successfully validated and reviewed by 10 experts, 20
visual impaired students and 10 visual impaired adults with modifications as described
in the previous chapter.

5.2 Research question 2

How can the TEIF Method help with the software development process for
visually impaired people interacting with people, technologies, and objects?

5.2.1 Sub research question 2.1

Can developers use the TEIF Method to help in evaluating requirements
for visually impaired people interacting with people, technologies, and objects?

To answer this question details are as follows:
Participants’ profiles

There were 36 participants who participated in this user evaluation for
both experiment and questionnaire. They were separated equally into two groups: the
TEIF Method and the Other Method as shown in Table 4.1. All participants had
experiences in designing technology solutions for one year and none of them had
experience in designing technology solutions for disabled people.

Table 5.1 Number of participants in groups

Method Frequency Percent
TEIF 18 50
Other 18 50
Total 36 100

5.2.1.1 Evaluation of TEIF Method in evaluating requirements

There were eighteen participants used the TEIF Method in the experiment
tasks. The TEIF Method step’ materials are shown in Appendix F. The results are as
follows:

Step 1: Analyse requirement questions and answers
There were twenty questions and multiple choice answers in step 1.
The questions were linked back to the TEIF which helped participants analyse how
interactions are affected by visual impairment. The results are shown in Table 5.2 and
Figure 5.1.

89



Table 5.2 Analyse requirement questions and answers

Number of Percent of
participants | participants
Questions Answers who selected | who selected
the right the right
answers answers

1. What is the main purpose of the la. improve
technology solution? communication and

interaction 15 83
2. Where and when does the 2a. same time/same place
scenario take place? 16 89
3. What main role did people have 3a. presenter and audience
in the scenario? 16 89
4. How many presenter and 4b. one presenter and many
audience are there? audience members 17 94
5. Does the presenter have a 5b. No disability
disability? 18 100
6. What language does the presenter | 6b. Thai
use? 18 100
7. What language does the audience | 7b. Thai
use? 18 100
8. Does the audience have a 8a. Yes, has disability
disability? 16 89
9. What kind of disability does the 9b. Visually impairment
audience have?

18 100
10. What level of visual impairment | 10a. blind
does the audience have? 18 100
11. What interaction types occur in | 11b. people to objects
the scenario? 13 72
12. What type of Technology would | 12c. online and offline
be appropriate for the solution to the
scenario? 7 39
13. What type of technology 13a. mobile devices
devices would be appropriate for the
solution to the scenario? 9 50
14. What media is used to provide 14a. non-text image
information? 14b. printed text 15 83
15. Is live human support available? | 15a. yes 18 100
16. Is there deixis? 16b. yes 18 100
17. Where does the situation take 17a. indoors 10 56
place?
18. What are the main 18d. visual access
environmental considerations
identified that impact the scenario? 3 17
19. Does the customer require a low | 19a. yes
cost solution? 11 61
20. Should the technology solution | 20a. yes
work on a smart phone? 17 94
Mean 14.55
Standard Deviation 4.35
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Percent of participants who selected the right answer in the
TEIF Method

100
0+ — — — — -
8+ — - ——_
y(JER Bu EE TE EE I EN BN EE EE TFTENEEESSE TH T EEEEEE—
04+ — — — — - ——————_— -
0+ — — - - ———————_— -
H+ —— - ———— -
v+ - - ———— — — — - — — - —
0€W+— - - - - - — - — — - — — - — -
v+ — - - — — - — — - — - — - — -

Percent

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
Questions' numbers

Figure 5.1 Percent of participants who selected the right answer in the TEIF Method

Table 5.2 and illustrated in Figure 5.1 show percentage of participants who
selected the right answers in the TEIF Method, step 1. Details are as follows:

1) The answer numbers 5b, 6b, 7b, 9b, 10a, 15a, and 16b were selected
correctly by 100% of participants in the TEIF Method group.

2) The answer numbers 4b and 20a were selected correctly by 94% of
participants in the TEIF Method group.

3) The answer numbers 2a, 3a, and 8a were selected correctly by 89% of
participants in the TEIF Method group.

4) The answer numbers la, 14a, and 14b were selected correctly by 83%
of participants in the TEIF Method group.

5) The answer number 11b was selected correctly by 72% of participants
in the TEIF Method group.

6) The answer number 19a was selected correctly by 61% of participants
in the TEIF Method group.

7) The answer number 17a was selected correctly by 56% of participants
in the TEIF Method group.

8) The answer number 13a was selected correctly by 50% of participants
in the TEIF Method group.

9) The answer number 12¢ was selected correctly by 39% of participants
in the TEIF Method group.

10) The answer number 18d was selected correctly by 17% of participants
in the TEIF Method group.

Step 2: Identify requirements

91



In step 2, participants in both groups had to match ten question-answers
with thirty provided requirements and select only the best ten requirements for a
technology solution that solves the related problems identified from the scenario.

To explore sub research question 2.1, participants in both groups were
asked to evaluate requirements. An independent sample t-test was used to analyse the
differences between using the TEIF Method and the Other Method in evaluating
requirements.

Table 5.3 Analyse requirement questions and answers for the TEIF Method

Number of Percent of
participants participants
Requirements who selected who selected
the right the right
answers answers
1. Require audio description that can
explain details about the object 18 100
4. Require a screen reader program to read
electronic data 15 83
7. Require braille block that has a rough
surface in the navigation of the building 13 72
8. Require a walkway with a rail 17 94
12. Require technology to convert text
images to be electronic data (OCR) 14 78
14. Require a 3D printing to help with
touch 17 94
18. Require various explanations in braille 15 83
22. Require a white cane in navigation 17 94
25. Require detail information describing
people with visual disabilities in the case of
pointing to an object 18 100
28. Require headphones 15 83
Mean 15.90
Standard Deviation 1.73
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Figure 5.2 Percent of participants who selected the right requirements of the TEIF
Method

Table 5.3 and Figure 5.2 show results as follows:

1) Requirements 1 and 25 were selected correctly by 100% of participants
in the TEIF Method group.

2) Requirements 8, 14, and 22 were selected correctly by 94% of
participants in the TEIF Method group.

3) Requirements 4, 18, and 28 were selected correctly by 83% of
participants in the TEIF Method group.

4) Requirement 12 was selected correctly by 78% of participants in the
TEIF Method group.

5) Requirement 13 was selected correctly by 72% of participants in the
TEIF Method group.

5.2.1.2 Evaluation of Other Method
There were eighteen participants used the TEIF Method in the
experiment tasks. The Other Method step’ materials are shown in Appendix G. The
results are as follows:

Step 1: Analyse requirement questions and answers

There were twenty questions and multiple choices answers in
step 1. The questions were link back to the TEIF which help participants analyse how
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interactions are affected by visually impairment. The results are shown in Table 5.4 and
Figure 5.3.

Table 5.4 Analyse requirement questions and answers for the Other Method

Number of Percent of
participants participants
Questions Answers who selected who selected
the right the right
answers answers

1. What is the main purpose of the | la. improve
technology solution? communication and

interaction 8 44
2. Where and when does the 2a. same time/same place
scenario take place? 14 78
3. What main role did people have | 3a. presenter and
in the scenario? audience 7 39
4. How many presenter and 4b. one presenter and
audience are there? many audience members 11 61
5. Does the presenter have a 5b. No disability
disability? 17 94
6. What language does the 6b. Thai
presenter use? 18 100
7. What language does the 7b. Thai
audience use? 16 89
8. Does the audience have a 8a Yes, has disability
disability? 17 94
9. What kind of disability does the | 9b. Visually impairment
audience have? 17 94
10. What level of visual 10a. blind
impairment does the audience
have? 16 89
11. What interaction types occur 11b. people to objects
in the scenario? 7 39
12. What type of Technology 12c. online and offline
would be appropriate for the 5 28
solution to the scenario?
13. What type of technology 13a. mobile devices
devices would be appropriate for
the solution to the scenario?

7 39
14. What media is used to provide | 14a. non-text image
information? 14b. printed text 4 22
15. Is live human support 15a. yes
available? 16 89
16. Is there deixis? 16b. yes 16 89
17. Where does the situation take 17a. indoors
place? 16 89
18. What are the main 18d. visual access
environmental considerations
identified that impact the
scenario? 0 0
19. Does the customer require a 19a. yes
low cost solution? 9 50
20. Should the technology solution | 20a. yes
work on a smart phone? 14 78
Mean 11.75
Standard Deviation 5.41
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Figure 5.3 Percent of participants who selected the right answers in the Other Method,

step 1

Table 5.4 and Figure 5.3 show percent of participants who selected the right
answers in the Other Method as follows:

1)
2)
3)
4)
5)
6)
7)
8)

9)

The answer number 6b was selected correctly by 90% of
participants in the Other Method group.

The answer numbers 5b, 8a, and 9b were selected correctly by 85%
of participants in the Other Method group.

The answer numbers 7b, 10a, 15a, 16b, and 18d were selected
correctly by 80% of participants in the Other Method group.

The answer numbers 2a and 20a were selected correctly by 70% of
participants in the Other Method group.

The answer number 4b was selected correctly by 55% of
participants in the Other Method group.

The answer number 19a was selected correctly by 45% of
participants in the Other Method group.

The answer number 1a was selected correctly by 40% of
participants in the Other Method group.

The answer number 3a, 11b, and 13a were selected correctly by
35% of participants in the Other Method group.

The answer number 14a and 14b were selected correctly by 35% of
participants in the Other Method group.

10) The answer number 12c¢ was selected correctly by 25% of

participants in the Other Method group.
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Step 2: Identify requirements of the Other Method

In step 2 participants had to match ten question-answers with thirty

provided requirements and select only the best ten requirements for a technology
solution that solves the related problems identified from the scenario.

Table 5.5 Identify requirements of the Other Method

Number of Percent of
) participants who | participants who
Requirements selected the right | selected the right
answers answers
1. require audio description that can
explain details about the object 18 100
4. require a screen reader program to
read electronic data 5 28
7. require braille block that has a rough
surface in the navigation of the building 9 50
8. require a walkway with a rail 15 83
12. require technology to convert text
images to be electronic data (OCR) 8 44
14. require a 3D printing to help with
touch 12 67
18. require various explanations in
braille 16 89
22. require a white cane in navigation 10 56
25. require detail information
describing people with visual
disabilities in the case of pointing to an
object 16 89
28. require headphones 3 17
Mean 11.20
Standard Deviation 5.05
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Figure 5.4 Percent of participants who selected the right requirements of the Other

Method

Table 5.5 and illustrated in Figure 5.4 show percent of participants who selected
the right requirements of the Other Method as follows:

D
2)
3)
4)
5)
6)
7)
)

9

Requirement 1 was selected correctly by 100% of participants in the
Other Method group.

Requirements 18 and 25 were selected correctly by 89% of
participants in the Other Method group.

Requirement 8 was selected correctly by 83% of participants in the
Other Method group.

Requirement 14 was selected correctly by 67% of participants in the
Other Method group.

Requirement 22 was selected correctly by 56% of participants in the
Other Method group.

Requirement 7 was selected correctly by 50% of participants in the
Other Method group.

Requirement 12 was selected correctly by 44% of participants in the
Other Method group.

Requirement 4 was selected correctly by 28% of participants in the
Other Method group.

Requirement 28 was selected correctly by 17% of participants in the
Other Method group.
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5.2.13 Comparison in evaluating requirements between the TEIF and
Other Method

To explore the sub research question 2.1 in evaluating requirements
between the TEIF and Other Method

Comparing Evaluate Requirements

Using the data from Table 5.6, the Independent Samples Test was
applied and Table 5.7 and 5.8 show the mean numbers of correct applicable requirement
was significantly higher (p < .001) for participants using the TEIF Method (X = 8.83)
than the Other Method (X = 6.22) .

Table 5.6 The number of correct applicable requirements selected by each participant
in each group

Participant No TEIF Correct Other Correct
1 10 5
2 9 6
3 10 5
4 10 7
5 10 8
6 9 5
7 8 5
8 9 8
9 8 7

10 8 7
11 8 7
12 10 5
13 10 7
14 8 5
15 7 6
16 9 6
17 8 7
18 8 6

Table 5.7 Basic statistic of the two groups in evaluating right requirements

Basic Statistics

method N Mean Std. Deviation Std. Error Mean
Right TEIF 18 8.83 .985 232
requirements Other 18 6.22 1.060 250
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Table 5.8 Results of the Independent Samples Test

Levene's
Test for
t-test for E lity of M
Equality of est for Equality of Mieans
Variances
. 95% Confidence
F Si ¢ df S(12g Mean Std. Error Inte‘rval of the
& ) Difference | Difference Difference
tailed)
Lower | Upper
Equal
Rioht ' 2riances 155| .696| 7.654 34| .000 2.611 341 1.918 | 3.304
g
. assumed
require- Eoual
ments qL_la
varanees 7.654| 33.818| .000 2611 341 1918 3305
not assumed

5.2.2 Sub research question 2.2

Can developers use the TEIF Method to help in evaluating technology solutions
for visually impaired people interacting with people, technologies, and objects?

5.2.2.1 Approach A

Investigate whether the TEIF Method helped developers rate technology
solutions closer to the experts’ ratings than the Other Methods.

1) Experts’ rating on solutions A, B, and C

Table 5.9 Experts’ rating on solutions A, B, and C

. Expert’s rating Expert’s rating Expert’s rating
Requirement on Solution A on Solution B on Solution C
1 10 6 8
4 0 10 0
7 0 7 0
8 10 0 2

12 0 0 0
14 8 0 8
18 10 0 8
22 0 0 0
25 0 0 0
28 0 0 0
Rank Order 1 3 2

From Table 5.9 the results show that experts rated the solution order as A > C > B.
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2) Rating of Technology Solutions Compared to Expert Ratings

Exploring whether the TEIF Method helped developers rate
technology solutions closer to the experts’ ratings than the Other Method, involved
analysing the ratings of both groups to see if there was any differences between the
methods.

Table 5.10 differences in solution ratings between the experts’ scores and participants’

scores
Participant Differences TEIF Method Differences Other Method
No Solution | Solution | Solution | Solution | Solution | Solution
A B C A B C
1 1.2 0.9 1.7 1.32 0.69 1.67
2 1.9 1.1 2.1 1.89 1.01 2.11
3 1 0.6 0.8 0.8 0.56 0.78
4 0.9 1 2.8 0.79 0.8 3.08
5 1 1.6 2.8 1.1 1.66 3.08
6 0.8 0.9 2.9 0.88 0.69 2.99
7 1.4 1.3 2.9 1.24 1.23 2.99
8 1.2 0.9 2.3 1.12 0.89 2.53
9 1.8 1.3 2.8 1.78 1.13 3.08
10 1.1 0.7 3.6 0.91 0.57 3.76
11 0.2 1 3.8 0.22 1 3.98
12 0.2 0.6 2.8 0.22 0.46 2.88
13 5.8 1.2 4.4 6.38 1.12 4.64
14 4 1.1 3.8 3.9 1.11 3.98
15 1.5 1.9 2.5 1.65 1.69 2.45
16 0.2 0.3 1.4 0.22 0.23 1.34
17 1.3 0.8 34 1.03 0.48 3.54
18 1.9 0.5 3.2 2.09 0.45 3.52

Table 5.10 shows the scores of differences in solutions rating

between participants in TEIF Method and Other Method compare to experts’ ratings on
solutions A, B, and C.

3) The average differences between experts and participants for
the two methods

Table 5.9 shows average differences scores between experts and participants
for the TEIF Method. Table 5.10 shows independent samples test between experts and
participants for the TEIF Method.
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Table 5.11 The average differences between experts and participants for the TEIF
Method

Group Statistics

group N Mean Std. Deviation | Std. Error Mean
] TEIF 18 1.5222 1.37094 32313
Difference A
Other 18 1.5300 1.48376 .34973
) TEIF 18 .9833 .39295 .09262
Difference B ) o 18 8761 40671 09586
) TEIF 18 2.7778 .89873 21183
Difference C
Other 18 29111 198249 23158

Table 5.12 Independent Samples Test between experts and participants for the TEIF
Method

Independent Samples Test

Levene's
Test for
Equality t-test for Equality of Means
of
Variances
95% Confidence
ig. . Interval of the
F sig. ¢ df Slg 2 ‘Mean St'd Error :
tailed | Difference | Difference Difference
Lower | Upper
Equal variances
.049 | .826| -.016 341 .987 -.00778 47616 | -.97544 | .95989
assumed
Difference A
Equal variances
-.016 33.790 | .987 -.00778 47616 | -.97566 | 96011
not assumed
Equal variances
.182] .673| .804 34 427 10722 13330 -.16367 | .37811
assumed
Difference B
Equal variances
.804 | 33.960 | .427 10722 13330 | -.16368 | .37813
not assumed
Equal variances
167 .685 | -.425 34| .674 -.13333 31385 -.77115 | .50448
assumed
Difference C
Equal variances
-4251 33.734| .674 -.13333 31385 -.77133 | .50467
not assumed

There was no significant different in the ratings between the TEIF and Other
Method for solutions A, B, and C.

5.2.2.2 Approach B

Investigated whether the TEIF Method helped rank technology solutions
closer to the experts’ ranking than the Other Method
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1) Comparing Ranking of Technology Solutions by TEIF and
Other Method with Expert Rankings

The experts ranked the solutions in the order A, C, and B.
Thirteen participants in the TEIF Method ranked the solutions in the same order as the
experts. Five participants in the Other Method ranked the solutions in the same order
as the experts.

Giving a 1 if participant rank was same as expert rank ACB and
a 0 if participant rank was different from experts’ rank solutions A, C, and B and
undertaking an independent t-test.

Table 5.11 shows mean score of ranking on solutions A, B, and
C of the TEIF and Other Methods.

Table 5.13 Average rankings of the two groups

Group Statistics

method N Mean Std. Deviation | Std. Error Mean

TEIF 18 .67 485 114
score

Other 18 28 461 .109

Table 5.14 Independent Samples Test of average rankings between TEIF and Other
Method

Independent Samples Test
Levene's Test
for Equality t-test for Equality of Means
of Variances

95% Confidence

Sig. 2 Mean Std. Error Interval of the
F Sig. t df Difference
tailed | Difference | Difference

Lower Upper

Equal variances

493 487 2.466 34| .019 .389 158 .068 709
assumed

score
Equal variances
2466 | 33911| .019 .389 158 .068 709

not assumed

Table 5.14 shows that there is therefore a significant difference at p < 0.05
level between rankings by the two groups and so the TEIF method helps participants
rank technology solutions closer to the expert rankings.

5.3 Research Question 3

In what way does the TEIF Method help developers?

There were four parts of questionnaire: experience, opinion about TEIF steps,
and opinion about TEIF Method.
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5.3.1 Part 1: Experience

The participants from both groups have experiences in designing
information system for one year. All of them have no experience in designing

assistive technology.

5.3.2 Part 2: Opinion about the TEIF steps

Table 5.15 Opinion about the TEIF steps

Questions TEIF Method | Other Method
N Percent | N | Percent
1. Do you think TEIF steps are complex and 2 11.11 1 5.55
difficult to understand?
2. Do you think TEIF Method was explained 18 100 18 100
well and easy to follow?

Table 5.15 shows only 11.11% of participants in the TEIF Method group
and 5.55% of participant in the Other Method group thought TEIF steps are complex
and difficult to understand. All participants in both groups greed that the TEIF Method

was explained well and easy to follow.

5.3.3 Part 3: Questions Related to the TEIF Method

Participants in both groups were asked to complete the part 3
questionnaire about TEIF Method. The results as shown in Table 5.14 and Figure 5.5.

Table 5.16 Questions Related to the TEIF Method

. Std. Std.
Questions Method N Mean Deviation | Error

1. The TEIF Method helped you in Task 1 to TEIF 18 4.22 0.43 1.00
evaluate requirements. Other 18 4.28 0.46 1.01
2. The TEIF Method helped you in Task 2 to TEIF 18 4.11 0.32 0.97
evaluate technology solution designs. Other 18 4.39 0.50 1.03
3. The whole TEIF Method more helpful for TEIF 18 4.61 0.50 1.09
designing .technqlogy.solutm.ns tollnteractlon Other 18 492 0.43 1.00
problems involving visually impaired people.
4. If information was also provided about other TEIF
disabilities you would find the TEIF Method 18 4.22 0.43 1.00
helpful in evaluating requirements for
technology solutions to interact problems Other 18 4.33 0.59 1.02
involving disabled people.
5. If information was also provided about other TEIF
disabilities you would find the TEIF Method 18 | 428 | 046 1.01
helpful in evaluatlpg tecl}nolo.gy solutions to Other 13 433 0.59 1.02
interact problems involving disabled people.
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Figure 5.5 Compare scores of questionnire rating

Table 5.16 and Figure 5.5 show the mean ratings of questions 1 — 5
between the TEIF Method group and the Other Method group were similar. The
participants in the TEIF Method group gave the higher rating in all questions apart from
question 3 at the participants from the Other Method rated higher than other questions.

5.3.4 Part 4: Participants’comments were:

1) Three participants commented on the TEIF steps that “it was
complex and difficult to carry out”.

2) It would have been better if an overview of the TEIF
Method was presented before the participant gets down to
actually performing the task.

3) Three participants would have preferred a single choice out
of three (bad, moderate, good) rather than 0-10 in evaluation
technology solution task.

4) Two participants were confused because they could not
understand the purpose.
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5.3.5 Compare mean ratings of questionnaire part 3 using One sample t-test

Table 5.17 shows that 36 participants from both groups gave mean
rating of questions numbers 1-5 in the part 3 of questionnaire. The one sample t-test
statistic was used to help answer research question part 3. There was a significant
difference between “3” (p<.001) and the mean ratings on questions 1-5.

Table 5.17 Mean ratings of questionnaire part 5 on the TEIF Method

One-Sample Test

Test Value =3

95% Confidence
Sig. 2 Mean Interval of the

tailed | Difference Difference

Lower | Upper

1. The TEIF Method helped you in Task 1 to | 17.078 35| .000 1.25000| 1.1014| 1.3986

evaluate requirement.

2. The TEIF Method helped you in Task 2 to | 17.078 35| .000 1.25000| 1.1014| 1.3986

evaluate technology solution designs

3. The whole TEIF Method more helpful for | 17.000 35 .000 1.41667| 1.2475| 1.5858
designing technology solutions to interaction

problems involving visually impaired people.

4. If information was also provided about 14.936 35 .000 1.27778 | 1.1041| 1.4515
other disabilities you would find the TEIF
Method helpful in evaluating requirements
for technology solutions to interact problems

involving disabled people.

5. If information was also provided about 14.927 35| .000 1.30556| 1.1280| 1.4831
other disabilities you would find the TEIF
Method helpful in evaluating technology

solutions to interact problems involving

disabled people.

5.3.6 Comparing mean ratings of questionnaire part 3 using Independent
Samples Test

The independent sample t-test statistic was used to help answer the
questions part 3. There were no significant differences on the mean ratings of questions
1-5 between both two methods as shown in Table 5.16.
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Table 5.18 The independent sample t-test statistic of questions 1-5

Independent Samples Test

Levene's
Test for
t-test for Equality of Means
Equality of
Variances
95%
. Mean std. Confidence
F Sig. t df Sig.2 Diffe- Er ror Interval of the
tailed Differ-
rence Difference
enee Lower | Upper
Question | Equal 564 | 458 -375 34| .710| -.05556| .14822| -35677| .24566
1 variances
assumed
Equal -375|33.813| .710| -.05556| .14822| -.35683 | .24572
variances
not assumed
Question | Equal 18.35| .000| -1.975 34| .056| -.27778 | .14067 | -.56366| .00811
2 variances
assumed
Equal -1.975] 29.049| .058| -27778| .14067 | -.56547| .00991
variances
not assumed
Question | Equal 4.389| .044| 2.503 34| .017| .38889| .15539| .07309| .70468
3 variances
assumed
Equal 2.503 | 33.173| .017| .38889| .15539| .07280 | .70497
variances
not assumed
Question | Equal 4.310| .046| -.644 34| 524\ - 11111 | .17255] -46178| .23956
4 variances
assumed
Equal -.644| 30.894| .524| -.11111| .17255| -.46309 | .24086
variances
not assumed
Question | Equal 2.246| .143| -313 34| .756| -.05556| .17723| -41572| .30461
5 variances
assumed
Equal =313 32.022| .756| -.05556| .17723| -.41654| .30543
variances
not assumed
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Chapter 6 Conclusion and

Discussion

This chapter discusses the results for the experiments to answer the research
questions. Section 6.1 discusses research question 1 which concerns the TEIF Method.
Section 6.2 discusses research question 2 which addresses the use of the TEIF Method
by developers. Section 6.3 investigates the ways the TEIF Method helps developers.

6.1 Research question 1

Can the TEIF Method be developed regarding visually impaired people
interacting with people, technologies, and objects?

The TEIF method was successfully validated and reviewed by 10 experts, 20
visual impaired students and 10 visual impaired adults. The suggestions from experts
and visually impairment were addressed before the user evaluation.

6.2 Research question 2

How can the TEIF Method help with the software development process for
visually impaired people interacting with people, technologies, and objects?

6.2.1 Sub research question 2.1

Can developers use the TEIF Method to help in evaluating requirements
for visually impaired people interacting with people, technologies, and objects?

Developers were able to use the TEIF Method to evaluate requirements
for technology solutions to problems involving interaction with visually impaired
people better than the Other Methods. More participants in the TEIF Method group
selected each correct requirement than the Other Methods group. The mean numbers of
correct applicable requirement was significantly higher (p <.001) for participants using
the TEIF Method (X = 8.83) than the Other Method (X = 6.22).

All participants in the TEIF Method group selected correct requirements
number 1 and 25, while 17 developers selected correct requirement numbers 8, 14, 22.
All participants in the Others Method group selected correct requirements number 1,
while developers selected correct requirement number 8, 16, 25. The requirements most
frequently correctly selected by developers in both groups were requirements 1 and 25.

“1. Require audio description that can explain details about the object”

“25. Require detail information describing people with visual
disabilities in the case of pointing to an object”
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For requirement 1, 100% of all participants in both groups selected this
requirement. It might be because the transcript mentioned so clearly that a blind person
cannot see. Therefore, the requirement of audio description will be needed by him.

For requirement 25, most developers from both groups selected this
requirement. It might be because the transcript mentioned so clearly about the problem
in pointing to an object when a blind person cannot see. Therefore, the developers
realized that detailed information describing in the case of pointing to an object was
needed.

Developers agreed that the TEIF Method has more detail and steps to
help them in evaluating requirements compared to the Other Methods. Therefore, they
selected the right requirements more often than the Other Methods.

6.2.2 Sub research question 2.2

Can developers use the TEIF Method to help in evaluating technology
solutions for visually impaired people interacting with people, technologies, and
objects?

6.2.2.1 Approach A

This investigated whether the TEIF Method helped developers rate
technology solutions closer to the experts’ ratings than the Other Methods.

There was no significant difference in how close to the experts’ ratings
were the ratings between the TEIF and Other Method for solutions A, B, and C. This
shows that it is more important that the TEIF method helps developers rank the
solutions in the same order as the experts as it is the developers’ relative ratings between
solutions compared to the relative ratings of experts that are more important than
absolute ratings.

6.2.2.2 Approach B

This investigated whether the TEIF Method helped rank technology
solutions closer to the experts’ rankings than the Other Method.

The experts ranked the solutions in the order A, C, and then B. Thirteen
participants in the TEIF Method ranked the solutions in the same order as the experts.
Five participants in the Other Method ranked the solutions in the same order as the
experts.

Giving a 1 if a participant rank was the same as expert solutions rank A,
C, B and a 0 if a participant rank was different from experts’ solutions rank A, C, B and
undertaking an independent t-test there was a significant difference at p < 0.05 level
between rankings by the two groups and so the TEIF method helps participants rank
technology solutions closer to the expert rankings.

This shows that the TEIF method helps developers evaluate technology
solutions for blind people and so should also help them design solutions through
evaluating their designs.
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6.3 Research Question 3
In what way does the TEIF Method help developers?

All participants in both groups agreed that the TEIF Method was explained well
and easy to follow. There were only 11.11% of participants in the TEIF Method group
and 5.55% of participant in the Other Method group who thought TEIF steps are
complex and difficult to understand. The developers might think the TEIF Method
useful for identifying requirements and technology solutions to interact problems
involving visually impaired people.

The mean ratings of questions 1 — 5 between the TEIF Method group and the
Other Method group were similar. The participants in the TEIF Method group gave the
higher rating in all questions apart from question 3 (The whole TEIF Method more
helpful for designing technology solutions to interaction problems involving visually
impaired people) which the participants from the Other Method rated higher than other
questions.

It is because developers might find the technology solution rating quite complex
as they need an easier tool to help them rate solutions such as low, medium, and high
levels. It might be a way for them in help differentiate the differences between
solutions.

The one sample t-test statistic was used to help answer research question part
3. There was a significant difference between “3” (p<.001) and the mean ratings on
questions 1-5.

The independent sample t-test statistic was used to help answer the questions
part 3. There were no significant differences on the mean ratings of questions 1-5
between both two methods.

The results above showed that participants thought that the TEIF Method had
helped them to:

e evaluate requirements for technology solutions to interaction
problems involving visually impaired people

e cvaluate the technology solutions to interaction problems involving
visually impaired people

e improve their understanding of how environment context affects
interaction when visually impaired people are involved

e Improve their awareness of interaction issues involving visually
impaired people

e The TEIF Method was helpful for identifying requirements
involving visually impaired people and would be also helpful for
other disabilities
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e The technology suggestion table in the TEIF Method was helpful
for identifying technology solutions involving visually impaired
people and would be also helpful for other disabilities

e The whole TEIF Method for designing technology solutions to
interact with visually impaired people was better than just using a
part of it

This research study has shown that the TEIF Method helps developers with little
experience evaluate technology solutions for visually impaired people and suggests it
should also help them design solutions through evaluating their own designs.

The TEIF Method involves providing information about existing available
technologies and which requirements they can address. This information therefore
would need continuous updating to reflect the latest technologies.

It was suggested that it might be more helpful if information was provided about
how well the technologies met requirements (e.g. not at all, low, medium, and high
levels) rather than a simple binary ‘yes/no’ tick/cross classification.

A limitation of this research study was that in such a controlled experiment and
with the time and resources available it was not possible to ask the developers to
interview visually impaired people to gather requirements and actually develop
technology solutions for actual barriers faced by specific visually impaired people who
would evaluate these solutions in the actual situations.

Future work could therefore involve a case study where developers use the TEIF
Method to actually develop technology solutions for actual barriers faced by specific
visually impaired people who would evaluate these solutions in the actual situations.
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Appendix



Appendix A
Interviewing Questionnire



This document presents questions used for the in-person interview. The interviews will be
conducted in order to acquire information regarding behavior of visually impaired and blind people
while navigating inside buildings. The interview would take 30-40 minutes to finish.

Direction: Please put a tick [X] in the box next to the answer that all apply interviewee or write the
answer in the space provided. In some questions, please choose the letter of the best answer.
SECTION 1: Basic Information

1. What is your gender?

a. Male

b. Female
2. Please specify your age range?

18-29 years old (Young adult)
30-49 years old (Middle-aged adult)
50-64 years old (Older adult)

65+ years old (Elder)

e. Prefer not to say

o N o Y

3. Which of the following describes your sight?
a. lam blind, BUT I had sight before. When did you lose it?  years old
b. Iwas born blind
c. lam visually impaired. Please check all that apply
[ 11 can see LIGHTS

|:| | can see SHADOWS
[ ] can see COLORS
[ ] can see MOVEMENT

d. Other
SECTION 2: Behavior and Indoor Navigation

4. Did you attend a mobility training course, e.g. orientation and mobility?
a. Yes
b. No
5. Which assistance do you use when you navigate inside buildings by yourself? How often do

you use the assistance for your daily routines?

< >
~ *E' =
> <5 b ] g
Assistance 3 ¢ 2 E 2 Never
> < ] ] ©
] z g g 9
& L o o o
White Cane HHIENIENIENIERINTY
Guide Dog L L || || L || Why
Sighted Guide L L || || L || Why
Tactile Map L L || || L || Why
Other || || || || || || Why
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6. How do you estimate the distance while navigating inside buildings by yourself?
a. By foot steps
b. By length unit, e.g. feet or meter
c. Bytime, e.c. 5 seconds
d. Other, please specify
SECTION 3: Unfamiliar Spaces

Definition: Unfamiliar spaces are places that you rarely visit or you have not learnt to navigate by
yourself. For example, university, hospital, museum, department store or airport.

7. How often do you navigate by yourself inside unfamiliar spaces, e.g. university, hospital,

department store, museum, and airport?

L] 8|2
Example of _§\ g é g .g i Why?
Unfamiliar Spaces P < o o © o
gl &8558 |82
University |:| |:| |:| |:| |:| |:|
Hospital |:| |:| |:| |:| |:| |:|
Department Store |:| |:| |:| |:| |:| |:|
Museum |:| |:| |:| |:| |:| |:|
Airport L O B 00 0
Other HEIngingIngingin
8. What is the level of difficulty to navigate the following unfamiliar spaces?
Example of Level of Difficulty
Unfamiliar Spaces Easy (E)/ Moderate (M)/ Hard (H) Reason

University
Hospital
Department Store
Museum
Airport
Other

9. Are you comfortable to navigate inside buildings by yourself through the following unfamiliar

Spaces?

Example of
Reason

No
sure

Unfamiliar Spaces

Wide-open spaces without any landmarks

Hallway

Room (e.g. office)

Large room (e.g. auditorium, conference room, movie

O] ves
I
N

theatre, and exhibition)
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10 Inside unfamilar spaces inside buildings, how do you know where you are?

11.Inside unfamilar spaces inside buildings, how do you reach your destination?

12. How can you find your orientation or the direction you are heading to? Orientation means

knowing which direction you are heading to, and where landmarks are located.

13. What landmarks are you looking for in order to learn or to help you to navigate by yourself

through unfamiliar spaces?

14. Have you ever asked anybody (e.g. reception and local people) for directions or instructions
to reach the destination?

a. Yes, | have
b. No, I have not

15. Have you ever found any directions or instructions from local people has been confusing or
ambiguous?

c. Yes, | have. Please give example

d. No, | have not
SECTION 4: Obstacles and Dangerous Areas

16. Have you experienced any problems or challenges while navigating by yourself inside
buildings? For example, ground/body/head-level obstacles, noise, silent, or light.

e. Yes, please give example
f. No
17. By navigating inside buildings by yourself, have you ever experienced hitting or being hit by

the following obstacles?
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Obstacles

Always
Rare

Ground-Level Obstacles e.q. Curb, drop-off, sloped floor, hole

Body-Level Obstacles e.g. Furniture, wall-mounted equipment

Head-Level Obstacles e.g. Stairs and hanging objects

Noise e.g. Too much noise in the area

Silent e.q. Too silent in the area

Light e.g. Too much lighting

Moving Obstacles e.g. People, pet, trolley
Other e.g.

0000
0000000 o
00000000 soreome

EEEEE

00000000 ve

L]

18. What obstacles can you detect by your assistance (e.g. white cane, guide dog, tactile map)?
Please select all that apply.

|:| Objects on the floor

|:| Edges and holes

|:| Other, please specify

19. What obstacles are you not able to detect by your assistance (e.g. white cane, guide dosg,

tactile map)? Please select all that apply.
|:| Slippery and sloped surfaces
|:| Objects above waist (body and head level obstacles)
|:| Other, please specify

20.While navigating inside buildings, how do you sense or know any dangers in your way? Please

select all that apply.
|:| Using assistance (cane, guide dog, sighted guide, or tactile map)
|:| Using hearing sense
|:| Using odor sense
|:| Other, please specify

21. Have you ever found that using stairs, escalators, or elevators is difficult and dangerous? For

example, the handrail is difficult to find or installed at a level too high or too low. Another
example is that the stair width is too wide and non-standard.

g.  Yes, please give example
h. No
i.  Not sure

SECTION 5: Accessibility

22. While navigating inside buildings, is any accessibility information available to you? For
example, tactile maps, tactile pavements, Braille, audio or haptic feedback?

j. Yes, please give example
k. No
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23. Have you ever used any accessibility information from Question 22 to help you to navigate
inside buildings?

. Yes, please give example

m. No
24. Do you know that there is a tactile map available in some buildings for visually impaired and
blind people which provides you with information about the buildings and spaces such as rooms,
corridors, and landmark that help you to walk by yourself?

n. Yes

o. No
25. Have you used a tactile map to help you find directions to your destination?

p. Yes IF “YES”, GO TO QUESTION 26

g. No IF “NO”, GO TO QUESTION 28
26. Did the tactile map take you to your destination?

r.  Always

s.  Sometimes, why

t.  Never, why

27. What is the most important information you look for while using a tactile map in order to

reach your destination?

28.To help you navigate by yourself inside buildings with safety awareness, how can you rate the

following information in terms of importance to you while you are navigating?
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Information

Very
Important

Somewhat
Important

Not at all
Important

No

Opinion

Building profile (e.g. opening hours)
Floor Plan (e.g. rooms and layout)
Floor Number

Room Number

Toilet and Bathroom
Entrance and Exit

Door

Emergency Exit

Lighting

Wi-Fi Coverage

Walkable Path

Tactile Pavement

Stairs

Steps, Drop-off, and Curb
Elevator

Escalator

Event and Exhibition
Furniture

Dangerous Areas

People are walking
Weather

Reception

Noise

INEEEEEEEEEEE NN ..

OO meortant

OO OO e e

INEEEEEEEEEEE NN ..

OO OO e e
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29. How important is it to you to know where landmarks are located while navigating inside buildings by yourself?

u.  Very important

v. Important

w. Somewhat important
x.  Not at all important

y.  No Opinion
30. While navigating inside buildings by yourself, which of the following are important to you in order to learn and remember the buildings? Please select all that

apply.
_H_ Landmarks (e.g. escalators, elevators, pillars, office plants, and statues)
_H_ Sound and noise
_H_ Floor texture

_H_ Smell

_H_ Other, please example
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Interview for Visual impaired students: A study of Teaching and Learning, Doing

Exam, Shopping, crossing roads.
Privacy Information

What is your gender?
[ female L male

HOW Old @r@ YOU? ..o

What is YOUr FACULLY? w.oeveieieeee e

What is your department? ...

WHICh YEar are YOU IN? ..ot

What is your telephone nUMDEr? ...
WHhO IS YOUI SUPEIVISOI? .ottt

DO YOU KNOW Braill@? ..o

Where did you graduate?

O graduate from normal school ] graduate from blind school

What is your level of seeing?

[ blind since was born [ blind after ...... years [ can see some of it
Teaching and Learning

1. Do you have any problem in studying? How?

Using Technology in teaching and learning

1. Do you use any technology to help you in leaning in classroom?

Do your teachers use any technology to help you in leaning in classroom?
Do you use any technology to help you in leaning outside classroom?

Do you know about screen reader software?

Have you ever used any screen reader software?

Do you have any problem in using screen reader software?

Ny RN

Who do you ask for help if you have any problem in using technology to support

learning?

*®

Do you use voice recorder in a classroom? Why?

How can you cove if teachers ask you to read a book? Do they have any support?
10. Do you have any ability in using word, pdf, and powerpoint files in learning?

11. Do you have any problem in access to those programs?

12. Do you have any problem in access to picture? How?

13. Do you have any problem when teachers write on the board?
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Doing assignment / single assignment / group assignment

1.

4.

Do you have any problem in doing single assignment?
Do you have any problem in doing group assignment?

Which information resources do you use in searching information for your assignment?

] Library [ internet [ asking people who know about it

Do you have any problem in searching information from the Internet? How?

Doing exam

—_

0 0 N o RN

H
©

11.
12.

Do you have any problem in doing midterm exam?

How do you do midterm exam?

How many score will you give for satisfaction of midterm exam system from 1-10?
How do you want midterm system to be?

Do you have any problem in doing final exam?

How do you do final exam?

How many score will you give for satisfaction of final exam system from 1-10?
How do you want final exam system to be?

Do you have practical exam?

How do you do the practical exam?

Do you have any problem in doing practical exam? How?

What should the university improve in any exam system?

Other suggestions

Do you

have any other suggestions? Please explain

Shopping

1. How do you normally shop?

. Do you have any problem when shopping on your own?

. How did you solve those problems?

. How do you recognize note banks or coins?

2
3
4. How do you want shopping system to be?
5
6

. What should the department stores or shops improve in any shopping system?

Using Technology in shopping

1.
2.

Do you use any technology to help you in shopping in department store?

Do department stores / shops use any technology to help you in shopping?

Do you know about technology that have been available to help you in shopping
process?

Have you ever used any technology to help you shop?

Do you ask for help if you have any problem in using technology to support shopping?
How can you cove if you have problems in shopping? Do they have any support?

Do you have any problem in access to information?

Do you have any problem in access to picture on products? How?

. Do you have any problem when buying food in order to check expired date?
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Appendix B
Interviewing Results



Interviewing Results — 20 Visual impaired students
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Appendix C
Printed Questionnire for
Accessibility Experts



Experts Validation and Review

Participant Information Sheet
Study Title: Technology Enhanced Accessible Interaction Method for Visual Impairment
Researcher: Kewalin Angkananon

Please read this information carefully before deciding to take part in this research. If you are
happy to participate you will be asked to sign a consent form.

What is the research about?

The purpose of this study is to evaluate the Technology Enhanced Interaction Method for
Visual Impairment which can help people design technology enhanced interactions
particularly in complex situations involving visual impaired people. This evaluation is to be
achieved by asking participants questions about the materials presented.

Why have I been chosen?
You have been approached to participate in this study because you are an expert who has
relevant knowledge.

What will happen to me if I take part?

You will be asked to read and evaluate a scenario and answer questions about requirements
and then comment on the feedback provided. You will be asked whether you understand the
suggestions offered by the tool and whether they are correct. You will be asked to check
whether the example solution meets the scenario’s requirements. You will be asked if you can
follow the explanation of how the solution was derived

Are there any benefits in my taking part?

By taking part, you have the opportunity to assist the development of a new method to help
design technology in complex situations involving disabled people. You may also view the
study as an opportunity to find out about alternative design techniques, and to meet other
participants.

Are there any risks involved?
There is no risk involved in taking part in this study. It is important to note that you are welcome
to pause for a rest, or fully withdraw from the study, at any time.

Will my participating be confidential?

Yes. Your personal details will not be included on any written materials which you are asked
to provide. Any audio recordings will be edited to maintain anonymity. For example, if a
person’s name is mentioned; the stored data will remove this detail.

What happens if I change my mind?

You have the right to withdraw at any time without your legal rights being affected.

What happens if something goes wrong?

If you have a concern or complaint, please contact k.angkananon@gmail.com 062-3249853
Where can I get more information?

Feel free to get in touch with Kewalin Angkananon: k.angkananon@gmail.com
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Expert Evaluation of Technology Enhanced Interaction Method for Visual
Impairment

Section 1. Name
Question 1.1
Please provide your name:

Section 2. Evaluate the Scenario, Questions, and Answers

Instructions: Please read and analyse the following scenario which should provide
all the information required for you to be able to answer the following questions.
What we think is the correct answer is shown in red. You will be asked to suggest
improvements to the questions, answers and explanations. The answers to the
questions will help determine the requirements of the technology solution for the
scenario. The requirement numbers shown next to the questions are also used in
the Technology Suggestions tables in the following sections.

Non is a blind person who visits an in situ shadow puppet museum in Nakhon
Si Thammarat, Thailand which is run by Suchat Trapsin who only speaks Thai. There
are exhibits of puppets, folk art, and pottery, inside the museum. There is some text
information provided in text format inside the museum to explain puppets’ names and
where they are from to help tourists explore the museum by themselves. Unfortunately,
people are not allowed to touch exhibits so Non cannot gain information from touching
the puppets, folk art, and pottery exhibits. Therefore, Non required someone to explain
the information for him. Moreover, for the fragile exhibits like pottery and glass,
navigating around the rooms without vision could damage them easily as the museum
has not been well designed for blind people, and so would require a staff member to
lead the way but providing someone to do this would be too expensive for Suchat.

Normally, Suchat will give a puppet show to visitors behind the screen by
talking to the visitors. Non can only hear the story of the show but cannot see the
movement of the puppets and cannot tell which puppet actor is on at the moment of the
show and cannot imagine the appearance of each puppet as each puppet will have
different characteristic e.g. “Teng” is tall, thin, long body and short legs and receding
hair. Therefore, Non would also require someone to explain the appearance of each

puppet.

Develop requirements into questions and multiple choices

The Technology Enhanced Interaction Method helps developers gather or evaluate
requirements by using multiple-choice questions developed based on the Technology Enhanced
Interaction Framework (TEIF). The questions help identify issues for which a technology
solution is required.

For the following example requirement questions [1 means more than one answer can
be chosen and O means only one answer can be chosen. The example requirement questions
which are shown below only include the ones that are related to the correct answer to the
scenario provided.
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21) What is the main purpose of the technology solution?

O a. improve communication and interaction

[0 b. make the service more interesting and exciting

O c. improve the service efficiency in terms of time and ease of use

[0 d. improve the storage and retrieval of information

LI e. improve the service more realistic and authentic

Answer: a. improve communication and interaction

22) Where and when does the scenario take place?

O a. same time / same place

O b. same time / different place

O c. different time / same place

O d. different time / different place

Answer: a. same time / same place

23) What main roles do people have in the scenario?

[J a. presenter - audience (the presenter gives information to the ‘audience’
which could be only one person or many people and so controls the
interaction. The audience can ask the presenter questions).

LI b. peer - peer (any person can give information or ask questions to any other
person and therefore no one person controls interaction)

LI c. interaction with technology or objects

Answer: a. presenter — audience and c. interaction with technology or objects

24) How many presenters and audience members are there?

O a. one presenter — one audience member

O b. one presenter — many audience members

O c. many presenters — one audience member

O d. many presenters — many audience members

Answer: b. one presenter — many audience members

25) Does the presenter have a disability?

O a. Yes

O b.No

Answer: b. No

26) What language does the presenter use?

O a. English

O b. Thai

[ c. other language

O d. Ido not know

Answer: b. Thai

27) What language does the audience use?

[0 a. English

O b. Thai

[ c. other language

O d. Ido not know

Answer: b. Thai

28) Does the audience have a disability?

O a. Yes

O b.No

Answer: a. Yes

29) What kind of disability does the audience have?

[0 a. hearing impaired

O b. visually impaired
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[0 c. physically impaired
Ol d. none
Answer: b. visually impaired
30) What level of visual impairment does the Audience have?
O a. blind
O b. has some useful sight
O c. I do not know
Answer: a. blind
31) What interaction types occur in the scenario?
L1 a. people to people
I b. people to objects
O c. people to technology
[1 d. people to technology to people
L1 e. people to technology to objects
Answer: a. people to people and b. people to objects
32) What type of technology would be appropriate for the solution to the scenario?
O a. online technology (Internet)
O b. off-line technology
O c. either
O d. I do not know
Answer: c. either
33) What type of technology devices would be appropriate for the solution to the
scenario?
O a. mobile devices
O b. non-mobile devices
O c. either
O d. I don't know
Answer: a. mobile devices
34) What media is used to provide information?
] a. Non-text image
1b. Printed text
] c. Handwritten text
1d. non accessible electronic files
"] e. accessible electronic files e.g. pdf
Answer: b. Printed text
35)Is live human support available?
O a. Yes
O b. No
Answer: b. No
36) Is there “Deixis™? (i.e. referring to person or object by pointing)
O a. Yes
O b. No
Answer: b. No
37) Where does the situation take place?
O a. indoors
O b. outdoors
O c. both
O d. I do not know
Answer: a. indoors

181



38) What are the main environmental considerations identified that impact the
scenario?

] a. noise (Background noise affects everyone’s ability to hear and understand
what is said.)

[ b. room acoustics (surface (e.g. walls, windows, tile) and objects within
every room interact to produce reverberation in response to sound.)

[ c. distance (How far is the audience standing from the presenter? The further
a student is from the presenter or sound source, the softer the sound they
receive.)

O d. visual access (How well can the audience see everything that is happening
in different locations?)

O e. lighting (Inadequate lighting or large banks of windows can be challenging
for deaf or hard of hearing audience because they cannot see the speakers
face well or an interpreter may be located in shadows)

Answer: a. noise

39) Does the customer require a low cost solution?

O a. Yes

O b. No

O c. not mention

Answer: a. Yes

40) Should the technology solution work on a smart phone?

O a. Yes

O b. No

O c. not mention

Answer: a. Yes

QUESTION 1: How can the scenario and questions be improved?

QUESTION 2: How can the following technology suggestions tables and explanations be
improved?
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Section 3: The Technology Suggestions Table

Please read the technology suggestions, descriptions, and explanations are provided in

Tables 1 —X to explain why each technology meets (or does not meet) each requirement.
Then, please answer the questions that follow.

Table 1: Audio description

Audio description

la improve communication
and interaction
2a same time / same place

3a presenter — audience

4Db one presenter — many
audience members

5b No disability

6b Thai

7 b Thai

8a Yes audience has
disability

9b visually impaired

10a blind

11¢c P-O

12c¢ either online and offline
13a mobile devices

14a Non text Image

14b Printed text

14c Handwritten text

14d no accessible electronic
files

15b No human support

16a deixis

17 a indoors

18a. noise

19c. low cost
20c. work on smartphone

Tick
or

Cross
v

v
v

ASRNEN

SN N N N N SN

x N X X

<

Explanations for ticks and
crosses

Can understand audio

Press button

Can also help when presenter
uses puppet as can hear
description of puppet

Can also help when presenter
uses puppet as can hear
description of puppet

Can also help when presenter
uses puppet as can hear
description of puppet

Thai speech

Thai speech

Blind

Blind

Blind

Provides P-T-O solution
Can be online & offline
Can be mobile device
Works whatever the format
Works whatever the format
Works whatever the format
Works whatever the format

Independent of support

No help if someone points
Works indoors

Difficult to hear if background
noise

Low cost app

Works smartphone
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Description

Audio description to
explain the
information about
puppets by providing
number to press on
mobile device e.g.
No 1 explain “Teng”
(Puppet’s name)
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QUESTION 3: Are the descriptions of the technologies in Table 1 clear?

Ja. Yes
[ b. No

QUESTION 4: How can they be improved?

QUESTION 5: Do you agree that the ticks and explanation correctly identify the
requirements met by the technology suggested in Table 1?

[Ja. Yes, [ agree
1 b. No, I do not agree

Please explain
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Tactile graphic for
puppets and folk arts
la improve
communication and
interaction
2a same time / same
place
3a presenter —
audience

4b one presenter —
many audience
members

5b No disability

6b Thai

7 b Thai

8a Yes audience has
disability

9b visually impaired

10a blind

11c P-O

12c¢ either online and
offline

13a mobile devices

14a Non text Image
14b Printed text

14c Handwritten text
14d no accessible
electronic files

15b No human support
16a deixis

17 a indoors

18a. noise

19c¢. low cost

20c. work on
smartphone

Tick or

Cross
v

ANER SR SN

SERNENENEEN

Table 2: Tactile graphic for puppets and folk arts

Explanations for ticks and
crosses
Blind person can follow tactile
graphic

Touch graphic

Can help when presenter uses
puppet as can feel shape of
puppet

Can help when presenter uses
puppet as can feel shape of
puppet

Can help when presenter uses
puppet as can feel shape of
puppet

Works in any language
Works in any language
Tactile graphics can be
understood

Tactile graphics can be
understood

Tactile graphics can be
understood

Provides P-T-O solution
Usually offline

Can be moved but not normally a

mobile electronic device
Not usually for text

Not usually for text

Not usually for text
Doesn’t use file

Independent of support

No help if someone points
Works indoors

background noise has no effect
Low cost app

Does not work on smartphone

Description

“Tactile graphics are a
means of conveying non-
textual information to
people who are blind or
visually impaired, and
may include tactile
representations of
pictures, maps, graphs,
diagrams, and other
images.”
(http://www.pathstoliterac
y.org/tactile-graphics)

QUESTION 6: Are the descriptions of the technologies in Table 2 clear?

Ja. Yes
] b. No
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QUESTION 7: How can they be improved?

QUESTION 8: Do you agree that the ticks and explanation correctly identify the

requirements met by the technology suggested in Table 2?

[1a. Yes, I agree
[1b. No, I do not agree

Please explain

Table 3: Tactile model

. Tick or Explanations for
Tactile model R
Cross ticks and crosses
la improve v Blind person can
communication follow tactile model
&interaction
2a same time / same 4 Touch model
place
3a presenter — v Can help when
audience presenter uses puppet
4b one presenter — v Can help when
many audience presenter uses puppet
members
5b No disability v Can help when
presenter uses puppet
6b Thai v Works in any
language
7 b Thai 4 Works in any
language
8a Yes audience has 4 Tactile model can be
disability understood
9b visually impaired v Tactile model can be
understood
10a blind v Tactile model can be
understood
11c P-O 4 Provides P-T-O
solution
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Description

Tactile model: “Blind people can
recognize the shapes of 3D objects by
touching them; however, it is quite
difficult to recognize the shapes of 3D
objects from 2D tactile plane figures.”
(http://www.icchp.org/content/tactile-
graphics-and-models-blind-people-
and-recognition-shapes-touch) 3D
printing, enables visually impaired
people to learn so much more through
touch and feel it and move it around,
sparks much more imagination than
when something is described
(https://ultimaker.com/en/stories/2020
1-using-3d-printing-to-help-the-blind-
and-visually-impaired)



Tactile model

12c either online &
offline
13a mobile devices

14a Non text Image
14b Printed text

14c Handwritten text
14d no accessible
electronic files

15b No human
support

16a deixis

17 a indoors
18a. noise

19c¢. low cost
20c. work on
smartphone

Tick or

Cross
v

v

N X X X

<\

Explanations for
ticks and crosses
Usually offline

Description

Can be moved but not
normally a mobile
electronic device

Not usually for text
Not usually for text
Not usually for text
Doesn’t use file

Independent of
support

No help if someone
points

Works indoors
background noise has
no effect

Low cost model
Does not work on
smartphone

QUESTION 9: Are the descriptions of the technologies in Table 3 clear?

[Ja. Yes
[ b. No

QUESTION 10: How can they be improved?

QUESTION 11: Do you agree that the ticks and explanation correctly identify the
requirements met by the technology suggested in Table 3?

[Ja. Yes, [ agree
[Jb. No, I do not agree

Please explain
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Table 4: Screen Reading Technology & OCR

Screen Reading Technology &

OCR
la improve communication
&interaction
2a same time / same place
3a presenter — audience

4b one presenter — many audience

members

5b No disability

6b Thai

7 b Thai

8a Yes audience has disability
9b visually impaired

10a blind

11c P-O

12c either online & offline
13a mobile devices

14a Non text Image

14b Printed text

14¢ Handwritten text

14d no accessible electronic files

15b No human support
16a deixis

17 a indoors

18a. noise

19c. low cost
20c. work on smartphone

Tick or
Cross

v

v

IR NN RN NN x

SRNE RN NEEN

< S

Explanations for ticks
and crosses
Can understand audio

Real Time Response
Helps when no presenter

Helps when no presenter

Helps when no presenter
Thai speech

Thai speech

Blind

Blind

Blind

Provides P-T-O solution
Can be online & offline
Can be mobile device
Only works with text

Works best with printed
text

Can work with clear
handwritten text

Works whatever the format
Independent of support
No help if someone points
Works indoors

Difficult to hear if
background noise

Low cost app

Works with smartphone

Description

Screen Reading
Technology (SRT)
which automatically
reads displayed text
aloud and allows
blind user to
navigate screen of
text created by 4)
Optical Character
Recognition (OCR)
which converts a
text image into text
e.g. FingerReader: a
device designed by
MIT, providing an
ability to read the
book/text by
scanning text with a
finger.

QUESTION 12: Are the descriptions of the technologies in Table 4 clear?

[Ja. Yes
] b. No

QUESTION 13: How can they be improved?

QUESTION 14: Do you agree that the ticks and explanation correctly identify the
requirements met by the technology suggested in Table 4?

[Ja. Yes, [ agree
[1b. No, I do not agree
Please explain
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Table 5: OrCam MyEye

OrCam MyEye Tick or Explanations for ticks and Description
cross crosses

la improve communication 4 Can understand audio OrCam MyEye: An
&interaction intuitive wearable
2a same time / same place v Real Time Response device with a smart
3a presenter — audience v Face recognition camera empowering
4b one presenter — many v Face recognition people who are
audience members blind, visually
5b No disability v Face recognition impaired, have a
6b Thai v Thai speech reading disability or
7 b Thai v Thai speech other conditions
8a Yes audience has disability v’ Blind from any surface.
9b visually impaired v Blind
10a blind v Blind
11c P-O v Provides P-T-O solution
12c either online & offline v Can be online & offline
13a mobile devices v Can be mobile device
14a Non text Image v Face recognition
14b Printed text v Works best with printed text
14c Handwritten text v Can work with clear

handwritten text
14d no accessible electronic v Works whatever the format
files
15b No human support 4 Independent of support
16a deixis X No help if someone points
17 a indoors v Works indoors
18a. noise v Difficult to hear if background

noise
19c. low cost X Not low cost

v

20c. work on smartphone

Can work with smartphone

QUESTION 15: Are the descriptions of the technologies in Table 5 clear?

[Ja. Yes
] b. No

QUESTION 16: How can they be improved?

QUESTION 17: Do you agree that the ticks and explanation correctly identify the
requirements met by the technology suggested in Table 5?

[Ja. Yes, [ agree
1 b. No, I do not agree
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Please explain

Table 6: Indoor Navigation

Indoor Navigation

la improve communication
and interaction

2a same time / same place
3a presenter — audience

4b one presenter — many
audience members
5b No disability

6b Thai

7 b Thai

8a Yes audience has
disability

9b visually impaired

10a blind

11c P-O

12c¢ either online and offline
13a mobile devices

14a Non text Image

14b Printed text
14c¢ Handwritten text

14d no accessible electronic
files

15b No human support

16a deixis

17 a indoors

18a. noise

19c¢. low cost

20c. work on smartphone

Tick
or
cross

<<

SR SR NENENENEN

x

VRSN NE RN

Explanations for ticks and
crosses

Can navigate

Real Time Response
Navigation not
communication
Navigation not
communication
Navigation not
communication
Navigation not
communication

Thai speech can be used
Blind

Blind

Blind

Provides P-T-O solution
Can be online & offline
Can be mobile device
Navigation not
communication
Navigation not
communication
Navigation not
communication
Navigation not
communication
Independent of support
No help if someone points
Works indoors

Works in noise

low cost

use smartphone

Description

Using indoor navigation
systems or indoor maps
to navigate the way in
the museum e.g. Google
Indoor Map, Indoor
GML, audio-tactile
maps, tactile pavement,
commercial products
(Indoo.rs, and Wifarer)

QUESTION 18: Are the descriptions of the technologies in Table 6 clear?

[Ja. Yes
[ b. No
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QUESTION 19: How can they be improved?

QUESTION 20: Do you agree that the ticks and explanation correctly identify the
requirements met by the technology suggested in Table 6?

[1a. Yes, I agree
[Jb. No, I do not agree

Please explain

Table 7: Braille Compass

Braille Compass

la improve communication
&interaction

2a same time / same place
3a presenter — audience

4b one presenter — many audience
members
5b No disability

6b Thai

7 b Thai

8a Yes audience has disability
9b visually impaired

10a blind

11c P-O

12c either online & offline
13a mobile devices

Tick
or
cross

x

NN NENENENEN

Explanations for ticks and
crosses

Can navigate

Real Time Response
Navigation not
communication
Navigation not
communication
Navigation not
communication
Navigation not
communication

Thai Braille

Blind

Blind

Blind

Provides P-T-O solution
Can be online & offline
Can be mobile device
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Tick

Braille Compass or Explanations for ticks and Description
crosses
cross

14a Non text Image X Navigation not
communication

14b Printed text X Navigation not
communication

14c Handwritten text X Navigation not
communication

14d no accessible electronic files X Navigation not
communication

15b No human support v Independent of support

16a deixis X No help if someone points

17 a indoors v Works indoors

18a. noise v Works in noise

19c. low cost v low cost

20c. work on smartphone X Not use smartphone

QUESTION 21: Are the descriptions of the technologies in Table 7 clear?
[Ja. Yes
[Jb. No

How can they be improved?

QUESTION 22: Do you agree that the ticks and explanation correctly identify the
requirements met by the technology suggested in Table 7?

[1a. Yes, I agree
LI b. No, I do not agree

Please explain

Table 8: Speaking Compass
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Speaking Compass

la improve communication
&interaction

2a same time / same place
3a presenter — audience
4Db one presenter — many
audience members

5b No disability

6b Thai

7 b Thai

8a Yes audience has
disability

9b visually impaired

10a blind

11c P-O

12c¢ either online & offline
13a mobile devices

14a Non text Image

14b Printed text

14c Handwritten text

14d no accessible electronic
files

15b No human support
16a deixis

17 a indoors

18a. noise

19c¢. low cost

20c. work on smartphone

Tick
or
Cross

X X

NN x X

X X x x SN

NN

Explanations for ticks and
crosses

Can navigate

Real Time Response
Navigation not communication
Navigation not communication

Navigation not communication
Navigation not communication
Thai speech

Blind

Blind

Blind

Provides P-T-O solution

Can be online & offline

Can be mobile device
Navigation not communication
Navigation not communication
Navigation not communication
Navigation not communication

Independent of support
No help if someone points
Works indoors

Works in noise

low cost

use smartphone

Description

Speaking Compass
to tell the direction

QUESTION 23: Are the descriptions of the technologies in Table § clear?

Ja. Yes
] b. No

QUESTION 24: How can they be improved?

QUESTION 25: Do you agree that the ticks and explanation correctly identify the
requirements met by the technology suggested in Table 87

[1a. Yes, I agree
LI b. No, I do not agree
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Please explain

Table 9: Bumps on ground

Bumps on ground

la improve communication
&interaction

2a same time / same place
3a presenter — audience

4Db one presenter — many audience

members
5b No disability

6b Thai

7 b Thai

8a Yes audience has disability
9b visually impaired

10a blind

11c P-O

12c either online & offline
13a mobile devices

14a Non text Image

14b Printed text

14c Handwritten text

14d no accessible electronic files

15b No human support
16a deixis

17 a indoors

18a. noise

19c. low cost

20c. work on smartphone

Tick
or
Cross

x

NN NN NN

CERNENENE AN

Explanations for ticks and
crosses

Can navigate

Real Time Response
Navigation not
communication
Navigation not
communication
Navigation not
communication
Navigation not
communication
Language independent
Blind

Blind

Blind

Provides P-T-O solution
offline

not mobile device
Navigation not
communication
Navigation not
communication
Navigation not
communication
Navigation not
communication
Independent of support
No help if someone points
Works indoors

Works in noise

low cost

Does not use smartphone

Description

bumps on ground a
blind person can
feel through their
feet

QUESTION 26: Are the descriptions of the technologies in Table 9 clear?

Ja. Yes
I b. No
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QUESTION 27: How can they be improved?

QUESTION 28: Do you agree that the ticks and explanation correctly identify the
requirements met by the technology suggested in Table 9?

[1a. Yes, I agree
[Jb. No, I do not agree

Please explain

Table 10: Rail with braille labels

Rail with braille labels Tick or Explanations for ticks and Description
Cross crosses
la improve communication v Can navigate Provide rail with
&interaction braille labels to
2a same time / same place v Real Time Response tell a position of
3a presenter — audience X Navigation not the exhibits
communication
4b one presenter — many audience X Navigation not
members communication
5b No disability X Navigation not
communication
6b Thai x Navigation not
communication
7 b Thai v Thai Braille
8a Yes audience has disability v Blind
9b visually impaired v Blind
10a blind v Blind
11c P-O v Provides P-T-O solution
12c¢ either online & offline 4 Offline or online
13a mobile devices 4 mobile device
14a Non text Image X Navigation not
communication
14b Printed text X Navigation not
communication
14c Handwritten text X Navigation not
communication
14d no accessible electronic files X Navigation not
communication
15b No human support v Independent of support
16a deixis X No help if someone points
17 a indoors v Works indoors
18a. noise 4 Works in noise
19c. low cost v low cost
20c. work on smartphone x Can’t use smartphone
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QUESTION 29: Are the descriptions of the technologies in Table 10 clear?

Ja. Yes
[ b. No

QUESTION 30: How can they be improved?

QUESTION 31: Do you agree that the ticks and explanation correctly identify the
requirements met by the technology suggested in Table 10?

[Ja. Yes, [ agree
[Jb. No, I do not agree

Please explain

Table 11: RFID sensor to tell the position of the exhibits

RFID sensor to tell the Tick or Explanations for ticks . L
. . Description
position of the exhibits Cross and crosses

la improve communication 4 Can navigate RFID sensor to tell the

&interaction position of

2a same time / same place 4 Real Time Response the exhibits “RFID

3a presenter — audience X Navigation not system consists of a
communication reader and tags. The

4b one presenter — many X Navigation not module is flexible that the

audience members communication number of objects to be

5b No disability X Navigation not identified can be altered
communication according to the number

6b Thai X Navigation not of items present in the
communication museum.”

7b Thai 4 Thai in RFID (http://www.isaet.org/

8a Yes audience has disability 4 Blind images/extraimages/

9b visually impaired 4 Blind IJCSEE%

10a blind 4 Blind 200101320.pdf)

11c P-O 4 Provides P-T-O solution

12c either online & offline 4 Offline or online

13a mobile devices v mobile device

14a Non text Image X Navigation not
communication

14b Printed text X Navigation not
communication

14c Handwritten text X Navigation not

communication
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RFID sensor to tell the Tick or Explanations for ticks

position of the exhibits Cross and crosses Description

14d no accessible electronic X Navigation not

files communication

15b No human support 4 Independent of support

16a deixis X No help if someone points

17 a indoors v Can navigate

18a. noise 4 Real Time Response

19¢. low cost 4 Navigation not
communication

20c. work on smartphone 4 Navigation not
communication

QUESTION 32: Are the descriptions of the technologies in Table 11 clear?

Ja. Yes
0 b. No

QUESTION 33: How can they be improved?

QUESTION 34: Do you agree that the ticks and explanation correctly identify the
requirements met by the technology suggested in Table 11?

[Ja. Yes, [ agree
[1b. No, I do not agree

Please explain

Section 4: Scenario Technology Solution and Explanation
Please read the scenario technology solution suggested and then answer the questions.

The following Table shows the relationship between problem action, Interaction Issue Type
and possible solutions that were used to develop the overall solution.

Inaccessible Interaction Interaction Type Possible Solutions
1. Non cannot see a text P-O Provide audio description to explain the
format to explain puppets’ information about puppets by providing
names and where are they number to press on mobile device e.g. No 1
from explain “Teng” (Puppet’s name), or using
Screen Reading Technology to read text
aloud.
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Inaccessible Interaction
2. Non cannot touch puppet
exhibits.

Interaction Type
P-O

3. Non cannot get access to
all parts of the museum
independently as he required
staff to help navigation

4. The fragile exhibits like P-O
pottery and glass, when
navigating around the rooms
without vision could be
damaged easily when the
museum has not been well
designed for blind people

5. Non cannot see the
movement of the puppets and
cannot tell which puppet
actor is on at the moment.

P-O

Possible Solutions
Provide tactile graphic for puppets and folk
arts, and tactile model for potteries, 3D print
models that can be touched.
i) Using audio-tactile map to navigate the way
in the museum
ii) Speaking Compass to tell the direction iii)
use bumps on ground a blind person can feel
through his shoes
Provide rail with braille labels to tell position
of the exhibits
use bumps on ground to indicate safe path as a
blind person can feel these through their shoes

i) Provide audio description to explain the
characteristic and appearance of each puppet
ii) Use Screen Reading Technology to read
text about puppet aloud from interactive

content management system and interactive
handheld device providing the information in
accessible form

QUESTION 35: Is the method of identifying the solution from the inaccessible
interactions easy to understand?

[Ja. Yes, [ agree
[1b. No, I do not agree

Please explain

QUESTION 36: How can it be improved?

Possible Overall Solution and Explanation

An audio tactile map helps Non navigate to all parts of the museum independently. The
tactile map has braille numbers on it (1) which tell Non (2) which number to press on the
smartphone app (3) which explains where he is and what is there (4). The Speaking compass
helps Non know the direction he is facing (5,6) and bumps on ground (7) indicate the path (8)
to navigate (9) around museum

Since Non cannot see a text format to explain puppets’ names and where are they from
a Smartphone app explains this to Non (13) who knows which number to press (11) on the app
(12) from braille labels on a rail (10) which stops him from damaging the fragile exhibits like
pottery and glass, when navigating around the rooms without vision. The app provides audio
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description to explain the information about puppets e.g. No 1 explain “Teng” (Puppet’s name).
Tactile graphics and 3D models are available positioned on/by rail as Non cannot touch fragile
puppet exhibits. RFID and OCR (e.g. Finger Reader or OrCam MyEye) were not used as they
were a more expensive solution as some sort of tactile information would still be required for
Non to know where to position the RFID and/or OCR technology

Suchat has a smartphone app where Suchat presses the name (14) of the puppet on
stage (15) and this is announced to Non on his smartphone (16,17) because Non cannot see the
movement of the puppets and cannot tell which puppet actor is on at the moment.

QUESTION 37: Is the scenario solution and explanation clearly described and does it
meet the scenario requirements?

Ja. Yes
0 b. No

QUESTION 38: How can the scenario solution description and explanation be
improved?
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Section 5: Interaction Diagram

Please look at the Interactions Diagram and then answer the question.
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QUESTION 39: Does the Interactions diagram help understand the scenario solution?

Ja. Yes
[ b. No

QUESTION 40: How can it be improved?
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Section 6. The Use Case Diagram

Please look at the Use Case Diagram and then answer the question.

Oper ste s peaking
COMmpass

Aetar
1Man]
Oljects
{Exhibiis,
Press buttan an
mabile ghane
LAY
Send infa rmation
using message alen Pretentef

Figure 5 Use Case Diagram

QUESTION 41: Does the Use Case Diagram help understand the scenario solution?

Ja. Yes
] b. No

QUESTION 42: How can it be improved?
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From the Scenario Technology Solution, Non can touch a tactile map to get the
information about the museum and exhibits. He can operate a speaking compass to get the
direction to each point of exhibits and walk following the bumps on the floor. There is rail to
protect Non from walking into the exhibits at each point. Non can read brail at the rail to get
the number of information. Then, Non presses that number on to his mobile app to listen to the
information of each object. Moreover, Non can touch tactile graphic and 3D model which are
provided at the rail in order to get information about objects.

A presenter has a role in the communication which is important because he can control
technology to send an instant message to Non’s phone to notify when he introduces or moves
a puppet. The technology solution selected to enable this is instant messaging which was chosen
over SMS. Instant messaging is suggested because it is free of cost using wireless and
smartphones

QUESTION 43: Are there any other comments you would like to make about the method?

204



Appendix D
Results of Experts
Validation and Reviews



Reviewer 1 Suggestions

QUESTION 1: How can the scenario and questions be improved?

The scenario should say this is the first time Non has visited the museum so it is clear he hasn’t
memorized the layout etc. It should also mention that he uses a cane that helps him avoid
obstacles.

There is no explanation of the interaction types and what the definitions of People, Objects,
Technology are for this method so really this need to be included

QUESTION 2: How can the following technology suggestions tables and explanations be
improved?

Provide URLs for further information/reference

16a should be 16b

QUESTION 4: How can they be improved?

Provide more detail in explanation for somebody who doesn’t know anything about blindness
e.g. Audio description to explain the information about puppets/exhibits to a blind person who
cannot see the puppets/exhibits. This can for example be achieved by providing the blind person
with a number to press on a mobile device corresponding to each puppet/exhibit e.g. No 1
explain “Teng” (Puppet’s name)

Provide URLs for further information/reference

QUESTION 7: How can they be improved?

“Tactile graphics are a means of conveying non-textual information to people who are blind or
visually impaired, and may include tactile representations of pictures, maps, graphs, diagrams,
and other images. A person with a visual impairment can feel these raised lines and surfaces in
order to obtain the same information that people who are sighted get through looking at pictures
or other visual images.” (http://www.pathstoliteracy.org/tactile-graphics)

QUESTION 13: How can they be improved?

Add URLs for further info and remove 4)

QUESTION 16: How can they be improved?

Explain it does face recognition and OCR and Include URL for further information
QUESTION 19: How can they be improved

Needs more details and URLs

QUESTION 21: Are the descriptions of the technologies in Table 7 clear?

LI b. No

How can they be improved?

Need to explain what is braille and how a braille compass works and give URL

QUESTION 23: Are the descriptions of the technologies in Table 8 clear?

LI b. No

QUESTION 24: How can they be improved?

Needs more detailed explanation (e.g. is it a standalone device or a mobile app) and URL
QUESTION 29: Are the descriptions of the technologies in Table 10 clear?

I b. No

QUESTION 30: How can they be improved?

Need to explain why a rail (e.g. to guide blind person and stop them going somewhere they

shouldn’t go) and what is braille
QUESTION 32: Are the descriptions of the technologies in Table 11 clear?
Lb. No
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QUESTION 33: How can they be improved?

Need to explain RFID stands for Radio Frequency Identification and the distance it works from
and whether it is stand alone or a mobile app

QUESTION 38: How can the scenario solution description and explanation be improved?

Explain that the numbers refer to the numbers in the interaction diagram
QUESTION 40: How can Interaction Diagram be improved?

‘4,13, 17 listen to get information’ arrow pointing wrong way
Reviewer 2 Suggestions
Scenario:
There is some text information provided in text format inside the museum to explain puppets’
names and where they are from to help tourists explore the museum by themselves. (Just text,
no implication mentioned this text is whether tactile or not.)
Non required someone to explain the information for him. (Sighted people)
navigating around the rooms without vision (obstacle avoidance)
2) Where and when does the scenario take place?
d) It could be different time in a day (there would not be only one blind in the museum), and
also different places (e.g. exhibitions, museums, and others elsewhere that required this
framework)
3) What main roles do people have in the scenario?
b) Chaperone/friend/others may give information about the puppet, although they are
not a presents. Note that they may study in the history, and may have a good insight
rather than the presenter.
4) How many presenters and audience members are there?
d) Don’t you think there might be two more? Some exhibitions may require two
presenters.
5) Does the presenter have a disability?
a) What if the presenter has motor disability or ambulant disabled?
6) What language does the presenter use?
a), ¢) depending on the audiences nationality and primary (mother tongue) language
7) What language does the audience use?
a),c) depending on the audiences nationality and primary (mother tongue) language
9) What kind of disability does the audience have?
How about deaf-blind?
10) What level of visual impairment does the Audience have?
To be specific, you need to classify it into:
1. Normal (no assistance needed)
2. Partially sighted impaired (need helpers e.g. magnifier)
3. Severely sighted impaired
13) What type of technology devices would be appropriate for the solution to the
scenario?
c¢) Excluding the mobile devices, three alternatives are shown as follows:
e Copy of the puppet with feature of tactile would be required and helpful to
blind people to touch by themselves.
e (optional) with touch sensor on the copy of the puppet would be helpful to
blind to learn what part of the body is.
e Stationary-audio-feedback device for blind would be required.
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e) If state-of-the-art devices come into play, why we don’t need the accessible electronic one?
14) What media is used to provide information?

a)How about Tactile image?

17) Where does the situation take place?

18) What are the main environmental considerations identified that impact the scenario?

b) some museums have exhibitions outdoors

b ) echo may be counted as a noise

2a same time / same place I don’t understand this term

It is totally different from what mentioned in the Q2. This term refers to an incidence of audio
description will be used.

Q3 Description is clear,

but the table is quite hard to read and understand, e.g.

what is 1a, 2a, 3a, 4b,.... You may need to put another column e.g. “Question”

to avoid the confusion.

Q4 Explanation may need to be revised. The table is hard to read and understand as it
made me confused.

QUESTION 6: Are the descriptions of the technologies in Table 2 clear?

b. No

QUESTION 7: How can they be improved?

Braille may be taken into the consideration

QUESTION 10: How can they be improved?

Maybe you should make the definitions clear between 2D and 3D

2D: Tactile graphic

3D: Tactile model

Table 6

3a presenter -audience - This could be presenter-technology-audience

Navigation not communication : Some indoor navigation have used people to tell blind
people remotely telling which direction to go. Technically, navigation communicate to blind
people which direction to go.

QUESTION 18: Are the descriptions of the technologies in Table 6 clear?

b. No

QUESTION 19: How can they be improved?

IndoorGML is the representation of indoor map rather than the indoor navigation.

Thus, IndoorGML cannot navigate blind people

QUESTION 20: Do you agree that the ticks and explanation correctly identify the
requirements met by the technology suggested in Table 6?

b. No, I do not agree

Some indoor navigation have used people to tell blind people remotely telling which
direction to go. Technically, navigation communicate to blind people which direction to go.
Therefore, presenter is indoor navigation, in this case.

Table 9: Bumps on ground

QUESTION 26: Are the descriptions of the technologies in Table 9 clear?

b. No

QUESTION 27: How can they be improved?

Tactile pavement is better off to call

QUESTION 37: Is the scenario solution and explanation clearly described and does it

meet the scenario requirements?
b. No

QUESTION 38: How can the scenario solution description and explanation be improved
Bumps on ground may be changed to “tactile pavement
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QUESTION 40: How can it be improved?

Changed

9 navigate/walk >> technology can’t navigate to go directly from Non to museum
rather than from technology to museum

Remove Line/Arrow/Text by the highlight COLOUR (I think this meant the arrow is in the

wrong direction for 4, 13, 17 listen to get information

Reviewer 3 suggestions
QUESTION 1: How can the scenario and questions be improved?
Two lists would be helpful.

e List 1: Problems encountered eg. Background Noise

e List 2: Potential solutions eg. Smartphone using headphones
QUESTION 2: How can the following technology suggestions tables and explanations be
improved?
It is not immediately obvious that P-O (P-T-O) is people to object. Replace ‘11¢ P-O’ with
11c People to Object (P-T-O)
a multiple choice question (MCQ) header and column would be helpful.
QUESTION 4: How can they be improved?
2a same time / same place — press button (is this to press the button on a mobile?) If so, a
blind person using a mobile would use a screen reader to move focus to the button and single
or double tap the screen to activate the button.
“Works whatever the format” does this mean the solution will need to work whatever the
format?
What electronic formats are you considering? For example, PDF has different issues with
accessibility compared to ePub3.
Also a multiple choice question (MCQ) header and column would be helpful.
Noise cancelling headphones exist for mobile devices. This is a technology that may also
need to be considered.
QUESTION 5: Do you agree that the ticks and explanation correctly identify the

requirements met by the technology suggested in Table 1?

Yes, but what happens when a user is blind but also has dyslexia for example?

QUESTION 7: How can they be improved?
Separate refreshable tactile graphics displays and braille smartwatches are available.

QUESTION 13: How can they be improved?

There are apps like Claro Scan, but OCR is not 100% accurate. Intelligent Character
Recognition can recognise hand written text but this is also limited, especially in low light
and if the users device has no flash light. Also glossy or reflective surfaces that have text on
them can be difficult for a mobile phones camera to pick up.

Screen Reading is difficult to hear only if noise cancelling headphones are not used.
QUESTION 19: How can they be improved?

Have you come across NavCog? https://www.youtube.com/watch?v=nUucN_X7x24
The only problem with apps like this is, what happens when there is an unexpected item
overhanging or in the way. You’ll notice the lady in the video walks into an unannounced
column. NavCog also works for going up stairs, so detects altitude changes indoors.
Could the presenter send a time and location notification to the audience?

QUESTION 26: Are the descriptions of the technologies in Table 9 clear?

a. Yes (except one: 13a)

b. No

QUESTION 27: How can they be improved?

You have a tick for ‘not mobile’

QUESTION 30: How can they be improved?
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Although it might be more helpful to specify ‘hand rail’ rather than just ‘rail’.
QUESTION 33: How can they be improved?

RFID needs to have a definition.

QUESTION 36: How can it be improved?

Provide an overview diagram that shows how the method works.

QUESTION 38: How can the scenario solution description and explanation be
improved?

Can 3D models be manufactured locally at an affordable price to Suchat?

QUESTION 40: How can it be improved?
It would help further if the interaction diagram was more clearly separated between the

audience and the presenter. Perhaps by using two square boxes that surround the interactions
of the audience and separately those of the presenter, it would then have just two lines
connecting the boxes for ‘Non’s mobile phone with Mobile App’.

Braille was misspelt
QUESTION 42: How can it be improved?

The use case diagram is helpful to get an overview of the method but a walkthrough would
also be helpful. So for example, what is the sequence and exact tasks that Norn has to take
when moving through an interacting with the space, the audience and the presenter?
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Appendix E
Blind Focus Group



Focus group 6 blind people.

Nong has been to the shadow puppet museum. The other 4 people haven’t been there but have watched
the live shadow puppet show before.

The problem when Nong visit the museum, the ladder wasn’t strong enough when he walked on the
ladder, it moved a bit. At the museum, there is an exhibit shows how to make a puppet. Nong cannot see
how to make it but he can listen to the present telling the process how to do it but in a very brief summary
and he also can hear the sound of an axe push to the nail. He also has been to the pottery room which
show the pottery and fragile objects. He nearly broke the objects because he cannot see it but his friend
leads him out from the way.

Peak and Bank told that the problem in listening to the live puppet show is the presenter ignored to
explain the scene of the show just focused on the speech of the puppet. The sound of is puppet is very
similar, made it hard to the blind listeners to tell which voice is which character as only one presenter
played all character.

Peak also mentioned that he is interested in listening to the story but sometime it is difficult to know
what is going on along the sound music e.g. the sound of gun but he didn’t know who shot who.

Toto suggested that in the show should mention the name in the conversation so blind people know who
is talking to who without have to send the massage to mobile phone.

He normally remembers the voice of each character.

Five blind expert all agree with the five interaction problem that would occur in the shadow puppet
situation.

Peak used the OCR technology before on his laptop but he mentioned that the OCR technology wasn’t
compatible with Thai. However, he doesn’t know about OrCam MyEye and Finger Reader technology.
He knew about the smart glasses technology but has not used it.

Peak, Too and Bank weren’t sure about indoor navigation will work in door because he thought it is not
giving a great detail of how to travel from point to point e.g. if the distance is quite far away what measure
the navigator will tell e.g. meter or the number of footsteps.

Five of them have discussed about it and all agree that the number of footsteps will be more useful for
them.

The expert need more explanation about how RFID and speaking tactile map can tell the position of the
exhibits. They could not imagine how to use it. Peak used the speaking compass on iphone to tell the
direction before and he confirmed it works the other have not got the iphone so they haven’t use it before.

Non suggested that using bump on ground with cane will be more effective in independent visiting the
museum.

Toto suggested that audio description should distinguish the voice of each character of puppets then they
can remember the voice while the live puppet show on because it is more enjoyable to follow the story.
Nong more pays attention on the post of the puppets while showing but Toto disagreed before he more
fun to follow the story by listening and not focusing on the post.

Peak wasn’t clear what mobile app will do need more explanation and he also suggested that in the
mobile should have menu to listen to each character. He is confused how can Non in the scenario press
number on mobile app before the solution scenario is not connected.

212



Appendix F
TEIF Method Material



nsnaasdlagldnszuiunis TEIF Method

Aoufl 1 n3diAnwn
Ftiuas

s unsdAnwseluil wardadulduseloaivinuanindullamuazguassalunsviesilen
WS AT vDIUUN
nIgiAnY

wuigfinisniansifiudanddndad B suvuiisdusivins g guianinddu fmia
uAsAISIINTIY Usemalng melufifisfusidnsihiinlnenseuniivesnendgunasaduaulneazidy
Auusseadunwlng aseuaianilidanuunnsedle doansidunmwilvewiniu dalngldniuau
lunsdeans nelufifisfausidnisuansinssaninfesafundenegs vedldiutuluatedeu fnns
thiauedeyaiiiutonnumwilneussensdo nm ussuvdaiiuvomdsnggs vide vadldfiutihu Fuae
usseinvieaiedlvimnuluvasiithvisufisndonvninssansienuies uiuuvillanmnsasudeny
wazifiugunimmaiild

undemeifitmilaildueyaaliduiasmiimeqeiidauans uuildannsaudoyaannns
Susfadvilinggs uRaUsiutuuaseiosufusniidauands fafuuuidesnisautasesuetoys
13 9 Widuen ilvuuildaninsadisuyndiuvesifisdusilaeg1edaseienuies uenniinelu
fifsfuriinsdananideesiiszun 1wy indesiiufumuas Yagiviiainuia nisiduseu « es Tne
uwienaiursuAmesvariurwiaaudsmennffisiut uazerldsuuaduld mndfissasidulalls
funiseanuuudmiuginismnanindiu fduuuidaosnisdinind vie waluladlunisdmis §e
weluladusiazsintuogiuauaiialunisldvosfinisaudu q

TngunAuddluiifisdaueiviimeasanininddursiaunine aan iU gauaIen1suand uazne
UsIEIEMdITanIn nieutudununiusTiaslsznou uwiamnsaldfuiFessniuandd uw liarunse
Jununmsgudnuaivesiinzqausiardald ilesnuilinzqeusazioeiidnwasiunneieiu wu “wie” &
sUS19geUEdaem eduuaginin daluuuidafeamsteyaiieduneguiednvmzveiasiuudaze
wielyidlanouiinisuansazBu Afsiusivdnggs guAnindaudomnismaluladiunum Adeusendn
Aldanelnegidldgunsalinsdmviansvlvuvesmuedunsnnilvanmelulagiiien

d' o dl L% R
ADUN 2 ANDIULAYINUNIUANE
o &
ANYLLRAY
o a ' ~ e a v P v P | ° A / v v A
PAIINNVINUBUNTAN WIS BUSa8La Tiinunauausuaslneyiesemung v nindefing
fuarudaiuvewinu Tne O wuneds anunsaneulduinnin 1 9o waz Q wunedweuldiiiesdaifen

1. a¥lshodnguszasAndnvaanisléinalulaglunisuitam
L1 . usuussnsfioansuasnsufdaiug
[ o gaelifusnistianunaula uasisgaanuala
[ . Usuussusnmslifivssansnm uasdiesionsldnu

&y v oy

L1« vsuugsusmaiiiedniv uasdududoya

v v
o

[ 2. vsudssusnmavieldfuanuidu o vasdy

L1 . vsuussmsuiduiuslianmnsodnials
2. ignsaiAnduitluy elvs

Q n. ety | ooty

Q 2. andieariu | deanuiidy

214



Q . a nawnety | @auiifendu
Q . At | @aauiisnsiu
Wetaslumgnisaifiunumezlstng

'
=]

3.0
Y

U

Y Huiaue - Jils inauelideyaunsils Faileeradidiuiu 1 au vseunnimienuly

mﬁmuamaé’uﬁuéﬁﬁwﬁu AlsenunsageuauAnugausls)
[ o wiou - viou (aseulanunisannsalideya ude awauiudnauni feuliidlas
JuaumupuUfdumug)
[ o lifinsaunun szuing ditoglumnnsal fiflsudufdumiusseniautumelulad vie
09

naueuaziilsiuauiay

o

4. 35
Y

Q a fiaue 1A - gils 1 Ay
Q a. Hiaue 1 au - Hilaianeau
Q . Anaueviatea - Jila 1 au

© ) Aaueviatea - Jila 1 A
5. qunawelianuiiniviely

Qg
Q . lldl
6. funaueldnwieglslunmsinaue
Q n. awidangu
Q . nwlne
Q a. nmwdun
Q 1 ladnsw
7. ffildldmwelslumsdeans
Q n. awidsngu
Q . nwlne
Q A nwdug
Q . livswv
8. filafimnuunnses vieli
Qn.
Q . luldl
9. Hiladlmnaunnsasnulating
Q n. evwunwsesmadiunsladu
Q . mmunwsomas ULy
Q a. muUnNToIMIIUIIINIY
Q . lifimnuuanses
10. filafimnuunnsesmemsiiulussaule

O . A1UBDA

Q 9. agaunnsesudIy
Q a. Linsu
11. Yfduiususznmlafinvulumnnisal

Q . sgmineau fuU Ay
Q 2. szwieau fu Tag

215



Q a. sgmieau fu welulad
Q 4. sgwieau walulad wazau
Q 9. szuie Au walulad waying
12, weldladussiala wanefunsuitymiluaaunisalfiiagu
Q n. welulagesulay Gumesiin)
Q 2. walulageenlat (ideusedumesiin)
Q a. wmaluladesulad uaz weluladeenlal
Q 1 lainsw
13. qunsafedioln wnzaulumauttaymivaniunisaiiinaty
Q n. gunsaifadoudild
Q 4. gunsaiithianusaindeudls
Q a. gunsnifirdeuild uay dewuilalls
Q ¢ lains
14, deUsznvladililunsiausdoya
L] . %’ammﬁagﬂugmwugﬂmw
[ «. demnuifanieenunluguuunszany
O a. dearnufideusieansiie
[ «. deyadidnnseinditliannsadniold wu i pdf
[ 1. foyadidnnsednditanunsadniield wu Td word
15. Avsnsanutiemvdenioll

Q 1. doenns

Q v. liidaanis
16. in159198¢ing w30 AU visell
Q. #
Q 2. 14dl
17. ignsaiifnduitlny
Q n. anglueans
Q v. agusnams
Q a. anelusasuazusneians
Q 1. linsw
18. o¥lsAedundeundniidsmansenusoinnnisol
Q n. Heesunmu (Fessunmudsdmarennuanunsavesaulunislady LLauﬁﬂﬂu?‘iﬁwﬁ)
Q . msazvoudsslurios @uweda Wy mune nsvan nseides was gl %&a&uima‘[,uﬁaq dana
RIGENIT
Q a. szezns (szogieigilsduisanndiiiaus viie @osiuiiia Jedamadeideigildlasy
FlvdiFssiivunas)
Q ¢ madhilsteya (mmmmsmaaﬁﬁﬂummamﬁu%@aﬂﬂuﬁﬂmeﬁl,mﬂsmﬁu)
Q 2. uas (wasldiileane vde Muntinsdudimadonisasiouveinszan)
19. QmﬁﬁGTENmﬁ‘%m'ﬁuﬁ{]zymﬁi%ﬁﬂ%ahw?m%alﬂ
Q n. 1
Q 2. uile

Q a. lallgnanda

216



20. Bnsiltwalulaglumsuitymarsazyiaulauulnsfaiannsvinulaniel

Q n 14
Q . laila

Q a. lailgnanda

AIUT 3 YUABUNMTABNAUABINITTUNITA UM L Tsyn
AU
TUsndugmnudusiusseninianudesnsuazmnauannnsddnu Taviiesesng v ludedi

AssiuAMUARIiuTeWL Tnevituausadenseuld 1 99 fo 1 909 inuazviiademuy v ifigs 10

o %
)
ATILNIUU
-

(=3 e {E ' =
& < s =
Bl G & >
2 = e @ =z o
g 5 5 2| =2 & [ad
= ® - G & = = =4
<« = @ = 2 L
o7 L S W & D | o =

< G s =% = 33 &=
fad 8 = e ol = Il @D 2
= = @ (o I~ 1 . Ry T
3 @ | 1@ < o & [ @ <

2l 3,

® < @ o « I =

=] = S a @ = = =
= 2| 1= @ z | 1@ jad S| ‘e

3 © - [y el < «
[ s = < A @ s 5 = s
@ = = v = - - ]
NG — [ ad e s
2 [ o 33 = = oz —
c <3 S =) @ ot < bl & ot
= = fary @ =3 = fary L > 7
. . . . . . . - & ®
< > « < < < < < < EEcN
= — o )l < © ~ [} o =1
— — — — — — — — — N

1. fesnsfeyaidesiianunsnesungeazideaineliuing

3

18 (Audio Description)

2. fimansseuuthmeanntulugsins et (GPS)

3. fosnshiiisdaueiusulssrnusvesdygiadaln

4. feanslusunsueuniinge (Screen Rader) Tun1seu

Joyadidnnseiind

5. fipansliuSuugisahfauniauuANTomIInIg

Wivanunsawnnsle

6. fimansliuTuuenvensadmIugiinis

P2
A

7. fpansmuduniiiuRavesylunsimengluenans
(Braille Block)

8. ARIN1TAAUNTI1ITU (Rail)

9. fpsnsteyadidudoninu wazgunmiuduiieeduie

fadoyaiiietes wu judnual Audnuuzlanzveml

10. ApsmsmAlulagnmiuemsntnanan

Ll

11. fpsmsmalulagndreiuselalwnfis e

12. fpsmamalulaglunmsudasnmssnes Tidudeya

Sidnnsafind (OCR)

13. ARdN1ITEUUASAUANENNSawUsuUssaunsally

MsvipagsErINainviaaneala

14. fosnsluna 3 TR levrelunsduifa (3D Printing)

15. fimsnsmalulagnaunsanansnwilala

217




~
g = £ & £
£ 2 5 = 2
| = B 5| - -
S @ 3 = = < <
= S N G [ = = P
« <Y = @ = 3 <
7 x| =2 e @ | .= =
Z = | = = = S FERN
e 2 = & o = e ) -
= = @ g & M . < T
39 @ 1G « o & < @ G
B} =
s o fe @ & «< 2 =
Rl | 2| 2| @ R
= 2| 1= ® 7 | IS el & [=
& E| 2| S| | NG i 5 Pl s
= : @ c =) s
® =3 I = a3 o i P
S| ®|=| £E| 8| &| & B| ¢| &
<3 z
c = 2 [ o = ) & <
= =] = @ = | = S| o | N2 z
I~ = [ I~ I~ IS < I~ < | =
S — o ) < O ~ oo o oS
— ~— ~— — — ~— ~— — — ~N

16. spansmalulad QR-Code Tumsuanulugsdoya

LNLRY

17. ARIN15LAS 0 ee

18. ApemsAedunesng 9 iludnusiusad

19. dmamswmaluled GPS Tunsimeneluiinsiaue

20. Aa9N15WALLlag NENUNIAVIEANYSDULINVBS

F9nYs

21. daanswaluladnanunsoulaniwiiiala

22. fipensivinlunsimg

23. fimansdegunnlunisesuiedeyasii

24. fanslusunsulunsveneIon N

25. feamsfeyasduredideuunnseamenisiiuly

. P
Saa =

nsainfinsalugaing

26. fpaniswaluladniglunisanddes

27. fioenslUsunsa Eye Tracking lieAIUANNTT

<
ndoulnvesaen

28. fiRanayila

29. fimansgunsaigaeilsdiuynna wavgunsaivenedes

druynna

=

30. fipannsterdu SMS Tunsiteyadiasasvilmeqei

AR

a & = 14 . aa o ) ¥ 4
ADUN 4 YUADUNITLABNAINUADINIT (Requirements) TunnseanuuunisAunliuun

Y = %4

daunsardngla
ALY : RADNAMUADINTT (Requirement) VO VBINRSAMY 91uau 10 90 Tun1seenuuuuay
Wannszuumaluladidieliuwilunsiddsteyandnuandufiissusils Tnoviiasemny v %
wihdendumaeuiignies
1. fiesmsteyaidesiianinsaeduieseaviduninediuingla (Audio Description)
. fosnsszuuimsanUulugaiissuet (GPS)

U YVaa o L3 U @ o
. maamﬂwwwanm%ﬂiwiammLiasuaqaigzymiﬂw
. foenslusunsugumiinge (Screen Raden) Tunseudeyadidnvsetlind
- fosmsliusuussieshfiaunifiaruunnsemaniswivamsadifald
. fioansliuSulavensad mIuLing

v a dad a ° .
. maams‘mqLmumuwumm'g‘ﬂiﬂumimmqmEf[,ummi (Braille Block)
. ADINIITMIAUNTTITU (Rail)

0o N O 1 AW DN

N nREEN

218



O e O

9. fosmsteyaiidudenny wazguamiinfnilessuiefsdoyaiiieitos 1wy gudnwal
AMANYULIANZVBINTINE R

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.

dosnsmaluladiimiuensilndiian
fosnsaluladfigaiiuselaliunifis e
sosnsmalulaglunisulaanindidnes Widudeyadidnnsedind (OCR)
Fosnssvuvasaunaianunsauvsiiuuszaunisallumsvieadisnszninsinvieadiesls
Foansluea 3 iR Wevaelunisdulia (3D Printing)
Fosnsmaluladfianunsanansniwniiols

#osnsmalulad QR-Code Tumsuanulugdeyaiiuiy
Fosnsin3ostneil

FoanseSunesing o Mdusnusiusad

foansinaluled GPS Tunisumneneluiifissue
Fosnsmaluladfiansnsavenen S evLNATe IS Ny
Fosmsmealuladfiawnsaudaniwilold

foanshilylunisdimg

Fosmsdegunnlunsesuedeyasiis 4
foansiusunsulunisveeaanin
ﬁaﬂﬂ’li‘ﬁamﬂaa%uqEJéﬁﬁﬂ’i’muﬂ‘Wi'E]dﬁ/]’]\‘iﬂ’ﬁLﬁuI‘lmiiﬁﬁﬁﬂ’ﬁ%lﬂE"JJQ’QJJG]Q
Fosnswmaluladildlunisansdes

fp9n15LUsWASH Eye Tracking LﬁaﬂQUﬂuﬂﬂﬁLﬂﬁauiquuaqaw&Jm
Aoan1Tile

feansgunsaitieilsdiuunna uaraunsalvwedesdiuynna
Fosnsteru sms Tumsliideyasasasmismeqaiiindaany

noudl 5 Junsumsszydumaluladiinsfinssaanudasnis (Requirements)

F1tuas : andenwluladfivnngedlumnanaluladilasathuuitaymniadfeboyaluffisfus
Tituuuii Tasssyfovounaluladiu 1 faenndestuaudosnis lutesiidmuald Tns 1 wealulad
annsotluldldunnd 1 ads wesudazanudosnisanmsaineluladuinnds 1 walulaglusae

Aty

walulaglunis

ANUADINT v
unteymn

1. flosmsteyaidesianansnaiuteseasiBunifeiuingla (Audio Description)

4. fpan15tUsun N UnnTe (Screen Rader) lumseudeyadiinnsednd

7. feamamaiuiniinuRasrsglunisiimianieluens (Braille Block)

8. HPINITMLAUNLT1ITU (Rail)

12. sipsmamalulaglunisulasnnsisnys Whdudeyadidnnsedind (OCR)

14. fiosnnslanna 3 37 ietnelun1sduda (3D Printing)

v o a ! P ) s
18. A9INTITAIDIVIUA MUUDNYILUTAR

22. #an15liwinlun1sdinig

25. fipsnstayassunegniinnuunniaminisiiulunsdindnistlugaing

o

9

28. fpan1syils

219



J £ e =
g 'z & € z
e G - —
2 %" ﬁ; @ L »ﬁ
< = 3 = = < c
2 3 [ € 5 = 2
[ s = @ & 3 @
Z| w=| 2 e R| = =
S| & E 2| =S| § n| s
A S| 2| 2| & g ws| T 2 ®
walulag ALY Rl 3| <@ €| & & < gl &
Y Il B @ & = 2| 3
2= ‘Bl B el Z ‘§ el gl ‘e
(3 = = a| @ a5 pas > v =
e 3| I v 3| " & & £ &
2 W) v [t 3 c & = s c
| & g 2 © [~ = o] 3 o~
= e i @ 2| 1R S| T ag 7
oo =2 8 2| 2| B el 3| =
«< @ [ < «< «< < < «< g a
S| 4| o «d | 8| | & & o B
— — — — — — — — — N [
1. wielulaBuvasnm | walulad OCR Aewmaluladlun1sudasnimdu VIVIVIVIYVIYV|YV|YV|YV|Y 0
Jushdnws (OCR) s annsouvadidsunmandulnddon
15
2. wmalulad GPS GPS fie seuuszyshuwsuuiiulan Saiawsauiy | V[ X [ VIV x x| x| x|V |V |5
Aflauenduiaianin 24 aag dulvgfldly
o A & o &
msmniiniedadniinils
3. wAlulad QR wialulall QR Code Ao dydnuaiifguiadu X | VIVIVIVIVIV|V|IV| Y]
Code sUnsedmaey lildnsdwifletielunisaunu
Fydnwaliiiioenlesluds URL vosiuled wie
IWddidnnsednd
4. Wsunsugnu Waunsusuminaednsuginsmensiiu VI | VIVIYV|YV|YV|%|V|Y]s
wihaedmIugfin1g | (Screen Reader) nausauiuiasesnoufiamesdan
NSkl (Screen | yapavisUszavadfzuaznamy uaglnsimiinaoun
Reader) lHdiudedunseildnanvaisnim
5. Tama 3 §@ (3D WumaluladiifnduiusitotuguiunuTaensts | v | V| V[V X [ VIV [ V[ x| % |7
Printing) waawesluvureunal Wislivewnadluusasdu
Y v _a gy '
wias InedmgAvdldasegluguns Wy lany
waradn widn wazuin
6. wlumadd sy | wiunavihdwmsuginsnianisdiu fe nssdesens | V| X [ VI X [ x [ x [ V| x| V[ x|
ARnsmensiiu fdudla Jumaduauiinis vaduauniven e1aiy
(Braille Block) au nswosensdmsudiinimsanem
7. foyaidesiiedute | \dususserenm (Audio Description) fie 1des VIVIVIVIYV| Y| YV|%|YV|Y]5
Seazidunieiu ussgenmiiegfinssanen i lidie
Tmglst (Audio usteeTeasdeanidAgvenin Tudaeiilidfinig
Description) AUNWY WU NSLERIDBNNEINUWEN NsiARBue
g vive SnuMYYRIUTIIINIATOUY LiTBLiuAIY
Whlaliuagiinismisenen
8. Snwslusad dnwsiusad Usenauimieqn 6 dunts Juhunda VIVIVIVIYVI V|V V%]
(Braille) aduiuldufusiaunudnused wio dydnval
meadarans Ingrmans Waaued 1a Madeu
inTesdlolanziZun dian (Slate) uazAua
(Stylus)
9. Wiviam White | lfwhamndvaresiin uasviantagiiuandatuld | Y| V[ V[ V| X | % [ V| Y[V | x| 7
Cane) whindmastiimdniun ulause uwasdieudaneu
anuemvadliiviusgiugldingariils aum
i v & - & o X4 o
wmsguAlinily fe arsgeaniiuisdulves]ld
10. S04V sowhiifidumeinsradeu Adavns Gauwidde | V| V[ VIV x [ X [ V|V | x| x|

< <
LYULYD I

e ldhudinusgdriu mnddfneney
funtihAvziimsduieunsearin ietesiunisvu
dafnvang

220




d' A d‘ a d’{
AAUN 6 f\]\‘iLaaﬂLL‘LAW}NI‘LAﬂ’]iLLﬂ“ZJﬂEQWVlLﬂmu
o
ANYLL
ssuuumsluntsudledam 3 wwamns Auevnnely waglirsuuunsudledamilinduves

LHRTLUINNG tnelazuuu 0 - 10 AzLuY NSaunsdndulausslonflinywuy

. WU WUINS WU
AAFRINT
msuideyun A | msuiteyn B | msuAtgyin C

1. dosnsfeyaidesiiodunesvasiBuaieaiuingld (Audio

Description)

4. flesnslusunsusumtiiae (Screen Rader) lumssuteya

Sidnnsefind

P}

7. fRansmafuniiiuRavusylunsineneluenans
(Braille Block)

8. ARIN1IMNAAUNTS1ITU (Rail)

12. sieanswelulaglunisuvasnimsisnes iludeya

Sidnnsaiind (OCR)

14. doansluna 3 0@ Wietaelunsduda (3D Printing)

18. fimamsmedunenng o Mldudnusiused

22. fpaniskaivinlunisuinig

25. feansfeyaeiuredideuunnseanisiiulunsdid

nsgludeing

28. fimanayila

wUINNITHAUYN A

nafifisAudtlFeenuuunisiimsludingsanisene 4 Adauansnisluenastagldsatula
wionthouanmednusiusariorisuenymauuilugsqasine 4 seufiisAmsildednedass uuiinsyans
dusauiridaliamsoeafutoyaiieglusunuutonnuld Tasmsfifisfasifinslruinmsluuswen

NAATUNUUTANNITOANULNAANITITINUINNLATDIINSANNAUSNINUVBIAL  wannaLATunananaieluy

a

nsesueteyanie q lnsuwisunsudeyanunaiavaniesnusiusaifnegsdulaiivisifissoe

Y

gonuwuuld ilviuurinsiuiasnananeavlavusenndinduiiiesuilsdeyaainuilesinueunsouly
yanandsnduladerlredesdulaliuuiiusuidnssanisninld Feoratinanudemele 1wy su
WA3BITUAWNT 938 JARNTIININLAT ISIEINuWRUTIRRsSusAuRelaeUsIANSYImEee1a

AngURmnuld wenmdnduiiamunduiinissadeussenetoyadineg sudvazidonieiunimeas

q

WU NAMUNELaY 1 aSUnelfgniu “wis” (For0amntlinead) LazAndnylyYawIvilangas 1 N

v a

T7 flvugy 1Judu wenanilfdlseaziBeaiearduingdu 4 wu vesldaielutu nefiniseduie

T188¢8ATDINURIVINVULUABLTU 19U RITEU 195958 MneiifisduellndnwSeugunsansmiinuuy

Ya

3 @5 WAusnisungfinismansiiiuassiuniavessiiulavesusasgnueiingsanis Jeuuviaiunse

Ly o

Haesuidayavasingla

t&

Wansuanantiinggusuy uuiauisasuilenisuanslaegislifidym Wewinfnwdeya

1Y

nezveIitazaTIINLENNAIATUL UMD nlruezuezeanifazaslamasantey ninee1nniy

JoyaiiniAnfasadeununentslindninnsuanuasadu dmsuianssunsunzadnuiinggauun
221



anansaiiTldlaelanisussenedunousing o lumsunegadnangussens niouvisenunsaaumnnusing
q 1ot

14
wuamansuidenn B

fifisfninilinzaaud ninddu Bavledlilivsnsteyaieaniuiiiisdoe laun Yseiinnu

¢ 1Y o o '

Jusnvesiifissioue dvssensfidauansneluiiissiun audnvazvsswmimeaunasii uazkdndoe

q

o o 14

vasldutumng q swdesgazidennisiiunsndainssue 1 udy Fauuidnrieisanuenfaus

Allnannsadnisdeyandnwienl iuuivledvesiifisdindlaneunasnanisiBenvuiinsdiu lngld

= v ¢

Tsunsuguminge (Screen Reader) lun1sidnfstoya uwiausauaniauAnLiy wie aud0nu

o ¢

NEINURNS AU UV S AU NS U LA TN DULAL YIS INSLEUBUANS AU WU LT NUNNSINANAT]

desduralunisiimaneluiis o

o
< '3 a

YaNANTUUNTIAINT BN NTLTULIBINTIABY A9NAVINT FIUUNAITNL AU b LU

FinUszdniu minddsiavnsegiumihfazinisdusounseni iedesiunisyudeinus wie ng

a '

WARS 0 NSAUI bADEN9DaTE UUNANLNTONIAILELYNIUBINITHTIVADUVBAT UBSNRABE TUTDITN LS

U

Fdeanslinsaaduasiavindussozmarlug Wy 50 wWas 100 WA 958 200 WAS
uennivafifisAsitinisliuinistoyaifeaiufiis A usiHiums Facebook Page B3

TnvieadiaunsanunsuUsiunmey wasuesiszaunmsallunsvieadiendnge
donsuanamdingguiuiy uwiannsofuilimsuansddesslifigm Wesnfnudoya

Snwazvosiarasaniuleduntnuds mnesramsives lsiiudufaunsaaeuaulénd@innisuans

sy dvsuianssunisungadnuianeqe uwianunsadnsuld laeilanisusseneduney 69 9 lu

¥
v A A

NSUNEATNINEUTTNY AsAvTmeqaudinismeduiiisean laun dmidwmegs FHeda uaz

9

o

nanAgiudewns q Fudutemdunsmaelalunisvinginseiiissue

9

v
wuamansuidegnn C
yurinviesieinvenfwaniattmalulad GPS vulnsdniaunsninuewynedtunisiimig
INTIULITIRNS A9t 1889911 T UNITAUNIIASILINVDIUUA TUNITULE B UIURNS A9t Lilau1Da

v =

s fusiioransvesiiisAnsiduoraslifliqugedsndonmuinssanisdiuiuy 2 uds wuildsn
Suladuihmetulugsinenis iefuindsioiasuuildszuutimanislueraslumstmalugs
fnssan1svessing 1 lnsendeifufindnusiusadiiovendiamns meluffisfurilddawssuthednusiusad
ileuansumisyesnisinuansinssanisusassiumisliuinig

aeluriesinssansiinisesnuuumalulad QR Code ilaafunadoyasdnusuaznmsoides
FefiiBonvafifisAusianansauany QR Code Mnlnsdmsianinlnuvesau ioidfsdoyasieazidon
vosinqusiazadsluifisinsils sanfedeyaidusiiliosusnudnuuruassuiwemidmequdazin 39
meluesinssansusiasiesasilinea 3 iR Wuuilddutaietuidoyaieituingdu 4 neffissiost
finnseenuuue uazfivensadmiudfinislivinig uasdifruemslivinisdmsviinres i
Aoen1slduUINsBneae

s Ansiladnuanmiingqdlitugfundeusldiurn uasdinsuimsdedureieaivun
azasvesFosiasuandliuinisdmiudinismensiiu Weuwiindeasdeiieiudsiuningqauun
annsolfimalulagnsgunthaemdnsdwitiofievenuifiosiudamesusunazasifuduld vonani

didrvudsanunsadiisiiioulungy Line uaz Facebook Page tiasuiv1ia1sn1suseduiusvesnig

222



@

A Surild 1y Fegradalontingaainandulonasie o Aanssunisungadndmianggs uuvianunsn
furirauRuesawnveanalulaglay (Line) wae Facebook ilaiindeasdeiedfufifissnu
Tnevsfifisfusiaznoumanusiutesana iy mnuwisesnstslunsimuaresuetayanie 9
Vieafuinssanis wazAanssufidanansnnelufifissusiannsaaesusnisaudmsutiomisld udl

AN RLLAL I uEIUN

BuuUdauad
= Y] : @
nauil 1 Yoyaduda
1. pafiszaunsallunisesnuuussuuansaumealuszezianty
2. angiivszaunisalluniseenuuumalulagdmsudinmiela
L8 TUSASEUUSEAUNTION oo
[ sidd
aaufl 2 ANAAIUAYAIU TEIF Method

a 1

1. AufnI1 TEIF Method dunaulatneiifianiueienn mindlgeenagnls Wnesune

q

TR YT Vet

] it
2. nszuumsldiansves TEIF Snsesuneedautunou aansadilaldine
] 3
[T TUSRISEY oo

faudl 3 AnuAawiulun1sd1 TEIF Method TU1lusunan
Tsaviua3esne v Tutesfinsetuanudamiuvewinu Tag 5 nunedadumeduog1ide uay 1

= ] v I3 I a
NRUYA leILWu@’JEJL‘LJu@EJ'NEN

< v < v < v < v < v
AUNY UMY UMY AUNIY AUNIY

.. RPLERY wn | dunans | des oy
Usziaunnany - 4

84 @ (3) 2 old

(5) (1)

1. AuAni1duneuves TEIF uil 1 9relunisiden
ANudeInIstunmsiaunalulagdmiugiinig
answiuliiedu

2. AuAndITURBUYeY TEIF 9ufl 2 9iglunisiden
welwlaglunsuidamdmsudinismienisiiu
lineay

3. puAndinsiTunouves TEIF Meaasdunousn
drglumsidenmaluladlunisuiteym fusylemd
snninhtuneuladunsunisnldnu

4. AUANIIAINNTININTEUIUMIAINABINISIUNIS
sanuuualulagves TEIF lUUssendldiuaiu
ANTDU 9)

223



5. AuAnIaansadinsyu lumaden welulagly
nswAtwves TEIF lussendldiuanuiinisdu

1

JDLEUBUUZDY

224



Appendix G
Other Method Materails



nsnaaadlagldnszuiunsdu g (Other Method)

= g
MDUN 1 NFUANTN

o

X
ANULLAY

weunsafnwsolul wasdndulsvssloaiinuanindulymuazguassalunis
710N INNEAUNUDIUUN

==

NSAANEN

WUNEANITNIINISIUAwAnwdadnBsuvuiis S ugindingge gu1aninddu
JaninunsAssssusy Usemalng agluiiisdusiiinsdiiiealagaseunsiveiunevig

act < I~ I~ [ Al 1 | =

wagaduaulngaziluauussereiunwilng aseuaiiguiakiianuunnsedda q Foans
= ] | 9 v a A Aa o & ’N
Wunrwlvewindu dulugldnvndulalunisdeans neluiiisiusiinisiansingsmnis
Aeaunilinzgs veddiuiuluaioney dnsiausdoyandudennunivilneussens
P9 AN Uasunasnuvemtiingg e vadldiudnu Feheusseretneaedlimsuly
YugTitinvieendeuvuinssanismenues winuvldannsasiudeniny uaziugan
Wiaule

1 = dl v v 1 b2 R-Y) Vv U L% L dl 2 1 U

undsmengidvuldlasveyginlidudadiimlmeqadanans wuildaiunsasy
Toyannsduiadimiinggs nufavziuduiasasesludumndauandls dauuuids
AeansAUYIBesUIetayanie 9 Tituwl vilruwldanansadisuyndiuvesifisioeita
DY19DATLAILAULDY WNINUN18TURNSTAUNTN1TIALAAIAIVDINUTIZTUNT bTU

LA3ITUAUNILAZTEANYINAINLAY NITLAUTOU 9 199 IBUUIIAAUTURITDILUAITUY

9

[

Ananudovsuniiiss et wazoraldfuuiaduld mniissausiuldlésunisesnuuy
d1m5ugn1INI9anIsiY Fauuuvisefeansidning uie waluladlunisimie &
weluladuseziintuagfuaruatalunisldvesiinizauiiy q
lngUnfndrluiinsfnannidnggeguanindduasiauntmegeanlviguidourmenis
LAY LaTAUTTENENAIIBNIN wlonaduauniussiaslseney uwiannsalddudessnd
wanald uel llanunsadunuinissuanuaivewmilinausaziale Luaqmﬂmqmyamma o)

v

zﬁé’ﬂwmzﬁummﬂﬂu LU L NiUi’NﬁQU’NaWG\?Eﬂ’J ‘U’]ﬁ‘ULLauWJLﬂﬂ @Q‘L!L!UL!VI?UQ

)]

#eanisdoyafiosuisguirsdnuuzvesiuusazdiiielfidrladousinisuansazisu
WilsAaevianas guiansndgausesnismelulagaunuin Nheusendaldinelaesiiny

9

T¥gunsallnsdmiasnminuvesnueslumsaniiivanmeluladiuien
AU 2 AnUNgINUNIAIANEY

o

&
ATYLLA

226



PAINNAVINUBIUNT AN S IUSDULAD IVINUABUDINAUAILAETINLATBINUNE
v pihdefinsstuanudasiuvesinu Tae [ vuneis amnsaneulduinnit 1 9o waz QO
= Y 24 al
ynefanaulAfisslawme

1. aglsfoinguszasananvaanisldmalulaglunisuitam

LY 5

[ n. usuusamsioansuasnisufdusius
L] . deliuimstimnunaula uasfagannuauls

[ &, vsuussusmsliiussansam uazdiesionisliau

= Y v

L] . vsuuseusmaiiedauiv wardududoya

Y

[ 4. dsudgensiiteldifuaniuti a vy

[ 2. vuugamsufdusiuslianansadngals

2. wansalinduinluy Welns

Q n. a vanieau | dauilieat
Q 2. o anReau | ssaanuiid
Q A. et | aouidendu
Q . a ey | anudisei

3. fAordedlumnnisaliiunumeslsths
LI n. fuinaue - gila Grinauslideyaungile Fefilsenadidruou 1 au wie
wnniwmilseulunsmuauuiduiusiietu dilanunsoaounusniudiniaueld)
[ «. iilou - ey (asaulaaunisanansalsideya 3o anudauiudnaunis
deulaiflanfuaumuauufduiug)

(% s

L] & Lifinsaunun sewing diteglumgnisel fifiesudujduiusseninsauiy

[y

walulad 13 g

q

TauakareTIuIUAAY

o

4. il
Q . finaue 1 au - il 1 oy
Q . fiweue 1 Au - dilovaneau
Q a. funauenarsau - gils 1 Ay

Qs Aniaueviateay - {ile 1 Ay

227



o

a a b=} 1
aueilmnuiin1srs ol

Qi
Q «. lis

Tausldnwezlslunisiaus

5.

o

6. i
Q. ANDING Y
Q 2. nwlne
Q A awdun
Q . ldnsu

7. fitdldnweslslunsieans
Q. AN Y
Q v. nwlne
Q A, mwdue
Q 1. linsw

8. filaimnuunnses visokl
Q. §
Q 2. 14l

9. fitalaruunnsesiulatig

Q n. mwunwsosmeiunsiadu
Q 4. ANUUNNTBINFIUNITIIY
Q A, AUUANTBNIAIUTIINE
Q ¢ liflauunnses

10. gilsdianuunnseanamsilusgivla
Q n. muen
Q 2. angaunnosueEI
Q a. linsu

11. Ujduiusussnvlafiadulumnnisel
Q . sgwiau fu Ay
Q v. symineau fu Tag
Q a. sgnineu fu wealulad
Q ¢ szvieeu walulad uazau

(Y

Q a. synie au walulad wazdng

228



12. walulaguszavla wnzdunisuatymilugaiunisaiiiniu

Q n. wmaluladesulay BGumediin)
Q 2. welulageanlay (uWeuredumesidn)
Q a. waluladesulail way waluladesnlal

Q 1. lunsu

13, gunsaisdala sangavlunisudtymfuaonunisaifiiniu
Q n. gunsalfiindouiild
Q 4. gunsaiilslanansoindoudls
Q . gunsaliledoudils way Ldoudilslly
Q 4 lins

14. Feuszianlanldlunisiiavedeya

'
= 1

L] n. demnuiteglugunuusunn

[ «. denuiifisnieenunlusuuuunsgany

O a. dernuiideuseansile

[ . ﬁﬁaaﬂaﬁLé‘ﬂmaﬁﬂﬁﬁiﬁmmimﬁwﬁﬂé’ W e pdf

[ 5. GﬁagﬂaﬁLﬁﬂmaﬁﬂéﬁmmsm%ﬁﬂﬁ wu T8 word
15. ABIN1SANUTILLUADNID LA

Q n. fosns

Q 2. lddpens

16. in1591984301) Y38 AU WIB LAl

Q.3

v

17. wnnsalinyunlyu

Q . meluenans
Q 2. megusnaAg
Q A Haneluemsuazusnennns
Q ¢ linsu
18. aziiﬁa?ﬁLmé’awé’ﬂﬁdamaﬂswuGiams;miai
Q n. Bessunu (Fossunudsdamasoanuaunsavesaulunsiady wazdilaly
ﬁqﬁmm)
Q 9. msazoudsdurios Musils Wy Muns nszan nszites was Tng ?Ti'qaaui

eluvias danasieldesmn

229



Q a. sy (szezvnadigilsdduinanniiaue vie desiuiiin Jsdsuasio
Faitgilalasu vilitidsiiunag)
Q 1 msuidsdeya (rrwanunsavesdilslunisuoadiudeyaludumisiiuansing
M)
Q 9. uas wadhiviioswe vi3e suvdsnsBudsmasonsaziounesnszan)
19. gnéndesmsIBnsuitiyiildaldaeduioll
Q .l
Q v il
Q a. Lildnanis
20. FBnsfildinaluladlunsuddgmensazvihanulduulnsdmiaunsninuliviol
O n
Q . lully

Q a. lldnannias

230



Aaudl 3 LAENAINABINTT (Requirements) Tun1seanuuuiiisAaailruuiansangala

ALY : UADNAIUADINTT (Requirement) VBALANVINNSA I 91UU 10 T8 Tun1s99nuUULaY

(3

mwnsyuumalulagtieliuwilunsidifleyaninuansluiiisfoils Inevinasewmaneg v Pwihde

< o = v
L“UUF’]’]WPJUV]QﬂG’]@ﬁ

=b

1. fiosmsteyaideaiianunsneiuneeazidenieiuinglé (Audio Description)
- fiosnssyuudmnsantulugsiissiae (GPS)

- fosnshiis i sulssnnuivesdyaalali

. foeslusunIusumiinge (Screen Rader) Tunsemudeyadidnvsetind
 fasmsliiulsonifiaufifiauunniomnenaituaansadddls

. #oamslyiusuussiiaensadmiugiingg
 Fosmmaduiifituiavgusslunsdmanigluenans (Braille Block)

. HDINTMBAUNTT1ITU (Rail)

O 00 ~N O U B~ W N

. 5aqmﬁéﬁa;ﬂa17‘itﬂu°ﬁamm LLazgﬂmWLﬁuLamﬁaa%maﬁﬁau“aﬁLﬁ'm%’aq i Udnwal
AMANYULIANZVBINITINE R

10. &'aqmimﬂiuiagﬁm%f’mmmimﬂé’ﬁqm

11. Fasmswaluladfidrewfiuseldliunfins ot

12. fipaniswaluladlunisudasnwdisnus Tiiludeyadidnnsednd (OCR)
13. foenssruvasaumafiannsanUsiulszaunisallunsviendisnsswinadnvioadiedls
14. fiosnnslanna 3 37 ietmelun1sduda (3D Printing)

15. fosmanaluladfiannsanananieiiols

16. flpsnsmalulad QR-Code Tumsuanulugstoyauiad

17. Foansinsesieils

18. fosnsdesuiesa q iusnusiusad

19. apeniswaluled GPS Tunsumeneluiiiisdue

20. fimsnswaluladitanunsavers s evunvesiasnys

21. fosmameluladitanunsautanteiiols

22. fipanshiwinlun1siinig

23. fipsnsdegunmluniseSunedeyasa

24. aasn1slusunsulunisaengannIn

25. é’aqmiéﬁa;ﬂaa%m&JQ’ﬁﬁmmuﬂwéaq‘wwqmil,ﬁuﬁluﬂizﬁﬁﬁmi%lﬂé'fﬁm
26. fosmameluladildlunisansdes

27. A9en15iUsunsu Eye Tracking Lﬁamu@umim?{aulmsuaamam

28. fpan1syils

29. fipan1sgunsaldiefisdiuuana uargunsalvunadesdiuyana

o o

30. fipanstenu SMS Tunslideyadasasnimgaaniidauans

OODOooodoOoooodododod doodododo

231



=] A A a d’{
fDUN 4 '“Nl,a’e]ﬂLL‘LJ'JV]’]QEL‘Uﬂ'ﬁLLm“U{jQJJWWVILﬂ(ﬂ“ﬂu

[
o Ao

ATYLLY

8 UwwImstumsuAlalam 3 wwans Aneuvanels waglinzuuunisudlatymiiadu
YOdUsazLINIg laedlaziui 0 - 10 Azuuy wSounsadulaussloniliazuuu

. WIS WU WIS
AUADINTT
msuiteym A | nsuAteun B | nsuideynn C

1. dlesnsfeyadesiiedunesvasiBuaiediuingld (Audio

Description)

4. fpanslusunsueuniinge (Screen Rader) Tun1seu

Joyadidnnselind

7

7. fpansmaduniiiuRavusylunsinengluenans
(Braille Block)

8. ARIN1IMAAUNTI1ITU (Rail)

12. sieanswelulaglunisuvasnimsisnes iiludeya

Sidnnsaiind (OCR)

14. doansluna 3 0@ Wetaelunsduda (3D Printing)

18. fimamsmedunening o Mlusnusiused

22. daanslwinlunisdime

25. fesnsfeyaeiuredideuunnsesmanisiiulunsdi

fnsludaing

28. fipansyita

wuanen1suitdeynn A

nafifisAuatlFeanuuunsiimsludingsanisens 4 Adauansnisluenaistagldsatula
wionihguennisdnusiusaiiietasuenmeuusilusgan q seuiiiisfusildessdase uuiinsmanis
LﬁuéﬂLLﬁiﬁﬂLﬁﬂlﬂiﬁ’]ﬁﬂiauaQLﬁu“a’ayjaﬁaﬂiugﬂLLUU‘?J’E]PYJ’HJIG?T TnenesinsAauaidinisliusnsiuuieLean

NAATUNUUTANNITOANULNAANITITINUINNLATDIINSANNAUSNIN UYL wannaLAdunananaieluy

a

nsesueteyanig q lnsuwifunaudeyaningiavanihednysiusanfnegnstulainieiins s

e v

pankuUly vinlruuYins1uImsnanuneavlavukannaLATUL i aSUNsTauaa nrilaNinue wnS ety

U Y

yanansvuladerlrsdesdulaliuuiiusuinssanisnanld Feoratinanudemele 1wy su

o a o 1

wwzostuAu v3e Taqinunanui sgmnuuiiiuiiisiuiaufelag U AN Iemaeea

AngURmnuld wenmdnduiiannduiinissadeussenetoyaingg sudvazidonieiunimeas

WU AAVINELAY 1 5UNeREItU “wit” (Weveanilinea) wazAmanyMrYeIRIvtingge 1 vianvide

v A

T3 fvudy Wusu wenvinfifadisivaviBeaifeaduing  au 9 wu vedldangludiu lnedinisedue
T8 8UAVDINUEIVDINITULUARLTY 19U HASEU RIT95e aiiiisiaeiladnwsensunsansmiinuuy

3 @i Vliusnisundfinisnamsiiunssiumiavessniulareswusasgnueeiingsanis Jauuviaunse

Haesuidayavasingla

Y

EE

donsuanamdingguiuiy uwiannsofuilimsuandddesslifidym Wesnfnwdoya

dnwazvesiiazasnnuennaladuinthaud viliwezuereeniidazaslaiduanseg mnosnns

fﬁa;gaLﬁmLamﬁ'am15aaaumumwﬁﬂiﬁmﬁﬂmﬂmil,l,aml,a%a??u dwsuRanssunisuneainuilmeqauum
232



aunsaitsulalagilenisusseretunaudi 9 lun1sungadnangussens nSeunsaInsanIuAnIm
Ag o 1o

1'%
wuamansuidenn B

s Asindanzgegud nindau Diuledliliuinsteyaiferiufifisfas 1iud UszRnn
Dusnvesiiiis st dnssansfidauansmelufifisdog audnvuzvowivilmeauuasia uazndnsioe
vasldutusng 4 saudessanideanisiiunandifissan Judu Sauuidnvieadioinvendaus
fudinanansaddsteyaidnmielivuivledvesiinsiusildnoutarndsnsiBonvuifissas Taold
TUsunsueumninae (Screen Reader) lunisidndsdoya uwianusouansanudniiu wis a1ud1ay
RenfufifisfasihuiuvesavesifisfusiliianeuuasndnisBouvuifisfus uuilfunuiinsniingid
desdudalunisihnenegluiifissoe

wonanfuwidiansoniiifiiugesnsieasy dsfinane Fauuidedefiavunldly
FinUsziriu madldRnvnaegiumihiazinsdudeuiseari iiletestunsvudainung vie Tagi
uan o it Ifeenedasy uuwiannsndisrogimenimnaseuesiumeiiRnogfusourily
Tdesmslinsadudsiavnduszogmaniilug Wy 50 was 100 R e 200 Ling

uennivafifisAsidinisliuinistoyafeafufiisfusiiiuna Facebook Page B
tivioafigaunsadunsiuutstiunimae wasuriszaunmsallumavieaiisdnie

donsuanamdingguiuiu uwiauisaduilsnisuandldedidlddtam iesandnuideya
dnwazvosinazasaniuledunthauds mnesnnsverlsiiudnAaansoaeuanlivdsminnisuans
\a9Au dsuianssumsungadnudinzas uianansadsuld Tnedtsnsusseeduneusing 4 Tuns
uneadnaIngussens Afsfasivdinzquguainissmineaudiisean 1iun favdmeqs Fodn was
wanfusiiuilosing 4 Fadudesmdumamaeldlunsvingiiedfisius
wuINNISHAUYNI C

uwinieadieamuendaudiiinldinalulad GPs vulnsdwiainsvinuvonanedunsiims
Mt sifisdudt WesnnnduniafunisafiusnvesuuilunsuiBeuvufifis Sl iilounds
s fusiiorasvesiiisAnsiduoraslifliqugedslndone dnssanisdmou 2 nds uuildsn
tuladuhmetuludaineias etuunfneiasuuildszuuihmanielueieslunisdmisluds
fnssan1svessing 1 lnsendeifufindnusivsadiiovendiamns meluffissnrilddnwseathednusiusad
ilevondumiseansinuansinssamsusazsiumidl iuins

aneluriesiinssanisiinisesnuuumelulad QR Code Lilaasunadeyadidsnusuaznmdedes
BaffidBouvufifisfausianansouanu QR Code anlnsnsiasnsvlnuesmy LﬁaLﬁz’J’wﬁasﬁamaﬁwavLé‘am
Gummmmawuum‘[,uwwmm%“lm mmmuaLamvflsuaﬁmaﬂmaﬂwwLLaviﬂﬁwwamumvmLLmavm B
melutesinssmsusaiesaziilung 3 i Tmuﬁlmmamasmmauammﬂmmmuu 9 Nefiisiou
finnseenuuuriei uasfivensadmiudfinislivinig wazdiuemn sluinsdmivinvieudlend
foanslduinisdneie

s Ausiladnuanmiingqdlitugfundensldiurn wasdinsuimsdedureieriuun
azasvesFosiasuandliuinsdmiudinismensiiu WeuwiAedeasdeiieiudsiuningqauun
annsoldmelulagniseunthaemslnsdwitiofove s niiosudameduisunasasfisduld vonand
frivudaaansafisiiieulungy Line uag Facebook Page 1iia3usinansnsussvdusiuguemg
s Saunildl 19U fegrdinlontanzqainandulonasing o Aanssumsunzadndmianzas uuvianansa
Aueauunstesmanemveanealuladlal (Line) uag Facebook Lileiindoasdeifeiiufifissousi
Tnevnefifisfustagnoumnukiutemaatu mnuwvidoanmsgtaslumsimasaresuisdeyasi 1
Aeafuiingsants uaghanssuidauansnigluiisfusiainnsosesuinisaudimiutiomaols ued

AlgIneLALluaIUT

233



Ans19nalulad

walulad

AUKUY

1. melulagulasnwdusisnys
(OCR)

walulad OCR Aewealulaglunisuvammdudsnes aunsoudadlidsunm

ydulnatannuls

2. malulad GPS

GPS fio sruusrysiuwrisuuiulan Fwhaunuiuaiiieuvendumiavianun

A = o

24 13 dndluglalunisihmeaniiviled Bniinds

3. wialulad QR Code

caa ]

welulall OR Code fe dydnualfifisusiadugunsdmaey Jlald

il
%

Insfwvitlofiolunmsaunudgydnualiiiiedenlosluds URL veaduled vie wa

Bidnnsotind

v

4. Wswnsueuminaedmsus

U

#AN15N9NISIY (Screen Reader)

Wsunsugrunthved miuginismanisiiu (Screen Reader) iausaufiu
irsasRRNInBsEILYARANIUTTIANATRz AT AN Waslnsdniindeun T4

fuldssduasgilanainalsniw

5. Tuwma 3 &i@ (3D Printing)

Junaluladiifnduduaifietuzuduanu lnensbuanawesivuuveana
dieliveunadluusazdundi InedngAuildazeglugune wu Tave warasin

WIIHN LaTw

6. WNUMATIAMSULANITMN9NTS

Wiy (Braille Block)

A mSUdRinisnenisuiu fie nesilesensiaduda Yumafuauiing

VafuauIuen 819iuau nssilesensdmiuginismeangm

7. Jayaifusiedueseazidun

Lﬁmﬁ’ui’mlﬁ (Audio Description)

& a

\de9usI81800 (Audio Description) fie (dBsussenenmiiegin1sn1saeni
W luiieussenevaBuafidfguesnin 1neagiinn1sussenenig
Weslugrnlidfinsaunn wu msuanseenifeafiunth n1sindeudedng wie

ANYaEraIUTIEINIATEUY Wiaiiuaud R liuigAin s Meanenn

8. 9nwsLUsad (Braille)

SnwsuIad Usenaumen 6 s Jahwundeasuiulunndusfaunusnes
715 w30 dydnvalnendinaans Ienmans linaues v1a1 nadeuld

Wsasiinlanziien dan (Slate) waghuas (Stylus)

9. 3w (White Cane)

liwhanaivangyila uagyhanTanfiwanseiu lvhadassiiiminiu
wlauss uazdieudangu muenvedlivihduegiudldigails aum

ARl Ao Arsgeaniiuiaautvesyld

v Ao s
10. IDUMNULLULYDT

o

s wesaTiaday Ainuine Fauund@eniewunldludinusesniy

e o ‘v v & o~ o A A DI | o a
MNUENNAYINBYATURUINISTUNTAURDUNTDIUN Wetlsiunssugnaving

nauil 1 Yayaduda

LuUsiauaidl

3. pailuszaunisallunisesnuuussuvansaumeluszeziaint

4. aaueeiivszaumsalluniseensuuimnalulagdmsudiinisviely
= '3
(4 TUTATEUUTZAUNTTON wooevrrveerrneeesssess s

[ i

naufl 2 AuAniIUAYiU TEIF Method
6. AMAAI TEIF Method tumeaulatenilaugeenn vndlgeeatnals Tsnedune

(18 seeSue.......

[ i

7. nSTUUNSIEISNT5Yee TEIF dnnsesuisesradudunau anunsatnlalade

3

[ Wsaszy ...




aaudl 3 AnuAawiulun1sd TEIF Method TUl4lusunan
Tsaviupdesng v lutesfinsetuanudamiuveswinu Tag 5 nunedadumeoduog1ads uay 1

= )] v 13 I a
VUIYO vLNLWu@nEJLUu@EﬂQEN

< v < < v < v < v < v
Wiunelu UMY AUNY AUNY UMY

Uszihufny ag1aBa gl Uiunaw | tes | vesilgn
(5) @ (3 @) (1)
L. @mﬁmw%umuﬁuaa TEIF $ufi 1 9glums
Wonanuseemslumsiamunmealulagdwmiuy

Anrsnmsiulaaedu

2. AuARduneuYes TEIF Ui 2 Yagluns
donmalulaglunsualymdmsugfinag

Mansiuladedu

3. auAndnsihduneuves TEIF visdosduneu
wntglunisdenmaluladlunisuidgm i

Usglgatannninihdunaulatunounilaanldanu

4. AuAnTasainszuIumALdesnsly
nseenuuuwmalulagues TEIF lUuszendldiu

ANANITDY 9

5. AAnTEsadInszuIl Tunisiden

walwlaglunsuidaymives TEIF Tudssendld

fUAUANITOU 9

% E
UDLEAUDLLUSDU 9]

235




Appendix H
Publication 1



IExtending the Technology Enhanced
Accessible Interaction Framework Method
for Thai Visually Impaired People

Kewalin Angkananon' and Mike Wald™"®

' Suraithand Rajabhat Ulniversily Thailand, Sural Thani, Thailand
pla_u@hotmalil, com

BCS, University of Southamplon, Southampion, UK
m, wilidfisolon, oo, uk

2

Abstracl. This paper focuses on exlending the Technology Enhanced Acoes
sible Imeraction Framework Method Tor visual impaimment based on interviews
with people with vissal impairment 0 help developers develop  accessible
lechnology solutions o belp people with visual impairment o inleract wilh
people, lechnologies and objects,

Keywords: Accessible interaction - Visual impairment - Thaland

1 Introduction

No method helps developers with gathering or evaluating requirements and designing
or evaluating of technology solutions 1o accessible interactions between people, tech-
nology, and objects in [ace-to-lace siluations involving visually impaired people in
Thailand. Nearly 11 % ol Thailand's registered disabled population had a visual
impairment in 199 and the National Statistics Office 2007 data estimating nearly two
million women and men in Thailand, or approximately 3 per cent of the population,
had a disability would suggest 220,000 people had a registered visual impairment’.
There are 20 visually impaired stodents at Suratthani Rajabhat University Thailand
with problems accessing information presented visually (e.g. difficulty reading from a
board or screen and understanding what is being pointed at). To reduce discrimination
in aceess redquires accessible lechnology solutions, an accessible leaming environment,
accessible documenis and ieaching accessibly,

2 Literature Review

Quek and Oliveira [2] trained blind sindents o use a hapiic glove with a mised line
diagram and compuier-vision-based racking o provide awareness of deiciic gesires io
inform the user where on the diagram on the board the leacher was pointing as they
spoke. The tactile diagrams was pre-prepared however tctile touch screens could be

U hitip:fiwerw dlo.orgiwemspSigroupsipublic/—ed_empl—ilp_skillsfocuments/publication/wems
1123077 plf.

i3 Springer International Publishing Switeerland 2016

K. Micsenberger ef al. (Fds.): IOCHP 2016, Part 11, LNCS 9759, pp. 555-559, 2016.
DO 1O AD0TTE-3-319-41267-2_78
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uscd in real-time. Freire et al, [3] used a mediator o add screen reader acoessible iexi
annodations o the electronic images transmilled from teacher inleractive whilchoard
drawings. Technologies can assist disabled people and suppont some inleractions
between people (e.g. |4, 5)) however, until Angkananon et al’s [6] Technology
Enhanced Interaction Framework (TEIF)Y and Method there had been no consideration
of all interactions occuring al the same time and in the same place and no method 1o
guide the development of technology solutions for complex face-to-lace situations [or
people with disabilitics. The TEIF Method was only developed and evaluated (or
hearing impairment becaose of (me limitations and this paper explaing extending the
TEIF Method for visual impaimment. The TEIF and TEIF Method were developed by
analysing, adapting and extending Dix’s framework for Compuler Supporied Coop-
crative Waork [6]. Table 1 shows the live TEIF sub-componenis for the inferactions and
communication main component.

Table 1. Intersctions and Communication in the lechnology enhanced imeraction framework

Muin componenl Sub-componeni Explanation and example
Inleractions and People Peogde (1°-1%) People communicale verbally (speak,
Cosmumuni -cation listen, ask, answer) and

non-verbally (lip-reod, smile, wouch,
sign, gestore, nod). When
communicating, people may reler
{speak or point) o paticular objecis
o technology — this is known as
‘dleinis”
People- Ohjects (1P03) Peophe internet with objects for two
muin purposes: controlling (e.g.
iovuch, hold or move), and retrieving
information (&g, look, listen, read,
in onder (o ged information or
construcl personal understanding,
and knovwbedie)
People- Technology (P-T) Poople contmol lechnology, (o, hold,
W, SE, Iype, sean, make image,
press, swipe) ransmil and store
information (eg. send, sove, siore,
sirarch, redrieve)
People- Technology - People People use technology (o transmil
(P-T-Fy informalion b assisl communicalion
with {e.g. send sms, mms, email,
chat, instant message) other people
People Technology -Ohjects People use wechnology (e.g. poin,
(P-T-H mwee, hiold, scan QR codes, scan
AR tlag, use cameri, use compass) L
transmil, shore, wnd retrieve
information (send, save, siore,
search, retrieve) o, in, and fmom
objects

238



Enhanced Accessible Interaction Framework Method 557

The TEIF Method was successfully validated by developer and accessibility experts,
and an HCI professor and supports other methods by providing multiple-choice ques-
tions to help identify requirements, the answers to which help provide technology
suggestions that support the design stape. An experiment with 36 developers showed
that the 18 developers using the TEIF Method evaluated requirements for technology
solutions to problems involving interaction with hearing impaired people better than the
18 developers using their preferred Other Methods. The TEIF Method also helped the
developers select a best solution significantly more often and rate the best solution
significantly closer o expert ratings.

3 Research Methodology

Requirement questions and answers and technology suggestions and example scenarios
for visually impaired people have been extended and developed based on a literature
review and interviews with visually impaired people in Thailand e.g.:
“Golf is a blind student in the law faculty. In the class, when the teacher wrile or draws on a
blackboard Golf needs the teacher or another student to read it aloud or explain it to him. Also

when the teacher refers 1o material by pointing at the board he does not know what the teacher is
pointing al.”

The following relevant questions help elicit requirements and the corresponding
answers for this scenario aspect are given:

1. Question: What media is used to provide information? Answer: (1) Non-text image,
(b) Printed text, (c¢) Handwritten text

2. Question: What live in-class support is available? Answer: (a) None

3. Question: What interaction types take place? Answer: (a) People to People (ie.
speech) (b) People to Technology to People (i.e. writing/drawing on board)

4. Question: Is there Deixis? Answer: (a) Yes

Table 2 describes a few sugpested technologies (some at prototype stage) with a
tick indicating whether it could address the identified requirements.
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Table 2. Technology Sugpgestions

Technology Suggestions Technology Description iu 7
A
& 2| 8 ‘B
7| E| 2| 2|&| &
= = = a2 F
Screen Reading Technology | Automatically reads displaved Wl e | |u
[SRET) text alowd and allows blind wser
L navigile sereen
Optical Charcter Converts o text image info 1ext w | e | V| ¥ |
Recognition (CHCR) that can be read by a sereen
reader
Handwmiting recogmition Converts a handwritten image I I B B B I
(HWE) into text that can be read by a
sereen reader
Diagram mediated text Adds text to a diagram lw e | v |
annotation
Camera focused on board Enables text ona non clectronic I I B B B
with OCR/HWE o read board in class 1o be read by a
text & SRT screcn reader
Electronic whiteboard with | Enables text on an electironic AR
CHURHWER to read text & board in class to be read by a
SRET sereen reader
Pre-prepared paper tactile Statie 3D representation of a L L L A B
diagram diagram that can be explored by
touch by a blind person
Live electronic factile Dynamic 30 representation of a S I B
di=play diagram that can be exploned by
touch by a hlind person
Camera and haptic glove Information is provided abou o R I A B
tracking of teacher’s what the teacher is pointing at
pointing used with tactile using vibration in an electronic
diagram/display glove

4 Conclusion and Planned Activities

Through interviews with visually impaired people the TEIF Method has been extended
to help developers develop technology solutions to help people with visual impairment
to interact with people, technologics and objects. Future work is planned 1o evaluate its
use with developers and visually impaired students.
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Abstract. This research sddresses the lack of o method 0 help with the
evaluation of the sccessibility of Thai websites and web applications by
developing and evaluating an online ool with developers, experts and disablbod
users, The results suggest it is reliable and vabid. Future work will extend the
evaluation criteria lor mobile accessibility.

Keywords: Web sccessibility < Check - Thailand

1 Introduction

The motivation for this rescarch s the lack of o method o help vsers, managers and
developers with the evaluation of the accessibility of Tha websiles and web applica-
lions, The National Statistics OiTice (NSO estimated the number of disabled people in
Thailand as over 1 million in 1996' and a majority of these could benefit from
aceessible websiles: a reporl commissioned by Microsoll in 2003 estimated that 62% of
people in the US of working age could benefit from accessible technologies”. Research
in 2006 meporied that ninely seven percent of websiles in Argenting, Australia, Bragil,
Canada, Chile, China, France, Germany, India, Japan, Kenya, Mexico, Moroceo,
Russia, Singapore, South Africa, Spain, Uniled Arab Emirates, United Kingdom and
United States of America did not provide even minimum levels of accessibility” and
while there are no published figures for Thai websites it is very unlikely that they are
more accessible as many of the countries tested have web accessibility legislation,
Another benefit for making websiles accessible to disabled people is that they are then
also more likely to be usable on mobile devices.”

! hiipefsitcresources, seorldhank, oy TS ARILITY MesounosMegionsFausd- Asin-Paci i ICA
Thaikand, 1.pr.

® haitpsweww . microsofLcomdenablefrescanchphise L asps,

* Tbtpcfmews. b co. wlal | Tafechoobogy 62 LKGH . sim.

1 hibtpdfwwer. thedrm comnews 201403049 | -sme-websiles-are-nol-accessible-mobile-acconling -
hamekil-survey.

i Springer Infemational Publishing AG 2007

. Stephanidis (Bd k RO Posiers 2007, Past 1, OCIS 713, ppo 310, 2007,
DOL: 10 I0TATR-3-319-58750-9_1
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2 Literature Review

Tim Berners-Lee, W3C Director and inventor of the World Wide Web stated “The
power of the Web is in ils universality, Access by everyone regardless ol disability is
an cssential aspect.™ The Web was therefore invented (o be used by everyone, irre-
spective of their ability, echnology used, or cullure and has ihe poleniial 1o remove
barriers for people with disabilities, but only il websites are designed accessibly,
Acoess W information through the Web is a basic human right acconding o The UN
Convention on the Rights of Persons with Disabilitics.” Making the web accessible can
help eliderly people and ihose in poorer countries as well as people with disabilities in
many aspects of their lives including education, employment, health care and social
lives. Accessible websites can provide social, technical, linancial, and legal benefits for
companics, government and education [1].
Corporation benelits include:

® financiol gains amd cosl savings due 1o increased potential market share, search
engine optimization (SEO), and usability’.

reducing risk of legal action, high legal expenses, and negative image”,

public relations demonsirating corporate social responsibility (CSR)

an inelusive workplace thal supports employees with disabilities

increased productivity supporting and retaining older experienced employees

Ciovernmenl ministry or agency benelits include:

laws and policies requiring public services available o all

provision of information and services that are accessible o all citizens
savings from improved server performance and decrensed site maintenance
enabling people with disabilitics and older users (o interact with them online

An educational instiuiion benchis from:

s students, faculty, or stall with disabilities

s students with different learning styles, older computer equipment, or low bandwidih
Internel connections

* increasing percentage of older employees wilh age-related impainmenis

& legal or policy requircments

When web pages are nol designed accessibly, many people cannot use the Web,
For example, people who cannol use a mouse need keyboard aceess and people who
are blind need allernative text Tor images and this aflfects many people as they get older.
There are estimaled (o be aboul two million people in Thailand, the majority in raral
areas with 65 per cent unemployed and over 50 per cent working in agriculiure and
fishing and although there are anti-discrimination laws and guidance Tor disability

* hipelforww w i orgstandand sivechdes gnfacoessibility,

" bt Farwrwy . o felisalvil i e che Gl asp Tmwid = | 28epad=1 50,
T hiipelfarww . w i org™WAVbcaseliesco-case-siady,

8 hitipefarwer. w S org WAL beasesocog -case-siady .
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development praclice there are no specilic laws or regulations Tor websile accessibil-
ity.” There has been a great deal of international research on the aceessibility of
websites resulting in the web accessibility guidelines' which have been adopted in
some countries.'’ However these guidelines were developed for English and simply
translating them would not address all the localisation issues of Thai Language and
context. Web2Access [2] was developed with the view that check-lists and tests for
usabilily and accessibility are not an ideal way 1o address the issue of how casy il may
be o wse on-ling learning materials or software in general, and that a more holistic
approach is needed.'” The Web 2.0 Services checks were developed based on the work
of W3C"', Web Accessibility Group University of Washingion' and WebAIM',
A variety of tools were used for evaluation: AIS Web Accessibility Toolbar'® for
Internet Explorer and Web Accessibility Toolbar'” - for checking web site accessi-
hility: document structure, colours, HTML, CS5, links, images, Mozilla Firelor with
WebAIM WAVE toolbar'™®, Web Developer Toolbar', Accessibar Project toolbar™,
Ilinois Firefox Accessibility Extension”’, WebblE text-only browser™, Zoom leatures
in major browsers, Colour Contrast. Analyser™, VisCheck™, Thunder™ or NVDA™
sereen reader, Documentation included Testing Forms™, and Criteria for Tests™, The
Web 2.0 Service Tesis included ™:

1. Aceessible Login, Signup and Other Forms: covering all aspects of registering with

a service or sile, then returning o sign-in and lnally 0o work with forms.
2. Image ALT Adtribute: so that a sercen reader user can hear aboul the image.

" hbtpefiwwwr. o o womspSy groupapublicf—oed_omp'—ilp_skills/doou micmtspullicaton/soms
20T el

" hbipeffwwew. w b ong W Alfinim/woag phip.

" hiipelfwwew. powermapper.comfloglporvemmeni -accessibility-siandardsy

" hiipeffopus. bath se.uk/ 121114,

% tgdwowew.w b org W AL introdweag. phip.

M e/ fweew. washingion edufsceessibilityweb.him.

" e fwewew. webaim.ong,

% hiipeffweew. visionmstralia, orgfinfouspx Tpape=6 14,

" hiipeliwwew. pacicllogroup.comdresources'wal-ie-wboal_himl,

s hibpe/twave, woehamuong.

"t achdbons. ol onglen-US firefox/addon/60.

" hitpfaccessibar. mowedey. ongl.

it fox.cita i cdw,

= itpediwwrw. webbie.ong.uk/,

u hittpfiwwrw. pacic llogroup. comresounces/contret -amalyser html,

M hitpfwerw vischock.comd,

B hitpfweew screenmeadennel/,

 hiipfwwes vl projecaong,

I htpedfwww. webZacoess ong uk/media/Test_Form.doc,

= hiipfiwww. webZocorss ong ukimedin/Cnteniafor_Tests.doe.

" httpfiwwrw. wehZacooss ong ukficst,
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Link Target Delinitions: which necd 1o be understandable when used withoul a
surrounding sentence or butlon,

Frame Tites amd Layout: il the frames do not have o tde the sereen reader user
may nol know where they are in the page or which picee of content (o read nexi,
Removal of Styleshect: as it is important (o check how o site looks with and
withoul style sheels,

Aundio/Video Features: for those who have sensory disabilities such as dealness or
a hearing additional lext transeripls, caplioning, and sign language can be very
helpiul.

Videofanimations - sudio descriptions: for those who have visual impairmenis
offering aliernatives Tor animations or videos where there are long scenes with no
descriptive dialogue is essential.

Appropriate use of Tables: the order of content within the able and the use ol mow
and column headers is importanl,

Tab Orderings Correct and Logical: when you cannol use the mouse the onder in
which the main navigational elements and links appear in o webpage is very
important.

Page Functionality with Keyboard: afler log-in.

Accessibility of Text Editors: many of the siles that allow users (o contribute lexi,
images and other multimedia also provide an editor that allows users (o change the
look and fecl of itheir lexi as they would ina wondprocesser application.
Appropriate Feedback with Forme: once o user hos submitted text or an answer (o a
gquestion or multiple choice ilems il is important that correct feedback is received o
prevent confusion,

Contrast and Colour Check: Tor everyone (o have an enjoyable experience when
reading web sitles content should have good levels of colour contrast and no
distracling elemenis,

. Page Integrity when Zooming: allowing text and images o be enlarged through a

woom lealure or lexl-resia,

o Text sive, siyle, blinking clements and Readability: avoiding items that Mash or

blink at o rate it can couse scizares and small tlext and seril fonts and complex
language that can make ext harder o read Tor some people.

Research Methodology

There is no oflicial translation of the Web Accessibility Guidelines into Thai and no
rescarch into whether the puidelines require any localisation Tor the Thai language and
culre, An interactive Thai websile WebThai2 Access was therelore developed o help
manually test any Thai Web 2.0 sile using a checklist based on Web Conlent Acoes-
sibility Guidelines (WCAG 2.0, In addition it explains the tools which can be used lor
the evaluation. It has been designed 1o be easier o use and score as the checklists for
Web2oceess are all developed from the WCAG 2.0 guidelines and have been sum-
marised and compressed into 15 erileria. The scoring has 4 levels corresponding 1o the
WOAG 2.0 conformance levels, where 0% would be Tl condition, 33% would be
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equivalent o an A, 67% would be equivalent o an AA, and T00% would be equivalent
o AAA, The phases of the research were:

Phase 1@ A lilerature review was conducted o identily where Thai accessibility
guidelines differ from English guidelines and tools 1o evaluate Thai Websites, The
resulls of this activity helped identily changes o web accessibility guidelines for
Thai tools that could be used o evaluate Thai websiles,

Phase 20 The guidelines, lests, wols and documentation were localized into Thai for
the Thai Language and Colure o develop Thai guidelines, tests, wols and docu-
menlation. An expen review was conducted and validation pilot siudy of the lesis
and puidelines and wols and documentation involving aceessibility expens o
validaie the Thai guidelines, tesis and tools and documentation,

Phase 3: Bascd on the resulis of the expert validation and review a Thai version of
Weh2Aceess was buill and tested, A user evaluation pilol study of WebThai2 Ae-
cess was carricd oul and based on the resulis the experimental design was linalized
and a wser evaluation of WebThai2 Access condueted with 30 developers and
groups of 30 Visually Impaired, Elderly and Hearing Impaired users.

Phase 4: The resulis were analysed for how well developers could evaluate Thai
wehsiles 1o predict how disabled vsers will use the websiles.

4 Results and Analysis

Based on research [3) erteria 15 text siee, style, blinking clements and readability,
wis changed from sans-senl fonts (o senl and 14 16px instead of 10-12px to soit Tha
websiles, Three experts followed instructions (o evaluate the website hip:/fwww.lab.or,
th by using a sereen reader program such as NVDA, JAWS or Voiceover and also a
specch Thai synthesizer program (Tatip, VAJA) by inserting an Outcome (%) which
they believe o be appropriate in the “Evaluation” box and in addition o this, answer all
the questions in the “Technigue® box. An Example for the 15t test is as (ollows:

1. Login, signup, and other forms accessible, such as contact us, feedback form and
help form,

Cheek the process Tor the signup Torm, i there is aceess o the websile or nol, check
how accessible the Torms are, and il they can be accessed (hrough the use of a
keyboard and sereen reader (NVDA, JAWS, and Voiceover) and cheek il the
labelling has a meaningfol name which can be undersiond by the users.
References: (W3IC WCAG 2.0 2.1, WAC WCAG 2.0 2.4, CAPTCHAWIC WCAG
2.0 1.1 and W3C WCAG 2.0 3.3).

Target Audiences: Those with Blind and severe visual impairment.

Technigue

1.1 Check if it is possible 0 access any forms through the use of tab key and
sereen readers (INVDA, JAWS, Voiceover).

1.2 Onee you have access o a Torm, check il the label is given a meaninglul name
by using WAVE look al “Features™ and “Form Label™.
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1.3 Check il it is possible 1o access the inpul aspect of the form through a logical
order through the use of b key and sereen reader. 15 the inputted information
is incorrect, such as ype wrong password, then check o see il the sereen
reader reads the ermor message or nol,

1.4 Check CAPTCHA (WAC WCAG 1.1.1) if there is an option (o change the
capicha i.e. the oplion to change from text o sound or from image o sound or
text. Check if these are able 1o be changed through the use of keyboard or not
and also check if the sereen reader is able 1o read the changes,

1.5 Check if there are time limits (W3C WOCAG 22,10 in the Torm.

1.6 Check sending the form whilst pressing the button (o send the form, 1o see il
the sereen reader reads the send button,

1.7 Check il it possible to exit the form through the use of a keyboard and sereen
reader.

One of 4 ratings are possible:

O0%: Unable w access the form and CAPTCHA through the use of keyboard and
sereen reader, Unable o access the form in time, and there is no label,

33%: Hard 1o access the CAPTCHA, the majority of the forms can be accessed by
the use of & keyboard and the screen reader program can read the some ol the Torm.
There are a few labels used, the form has a time limit.

67%: The majority of the form can be access through the vse of keyboard and
sereen reader, however there are some errors i.e. does not read the label or feedback
and label identified by sereen reader is not the same as displayed on the website,
There is no time limit and there is an option for an allernative CAPTCHA.

100%: Forms can be accessed easily through the use of keyboard and screen reader,
clear labels, no CAPTCHA, and there is no time limil,

The WebThai2 Access website has tabs in the navigation linked o the following pages:

o products reviewed and approved by the system administralor

list of disabilitics with deseriptions and associated lesis

list and short description of the 15 evaluation criteria. Selecting each crileria dis-
plays o papge with further details

Entered review information reviewer's name, email, platform and website. 1T the
wehsite that they want o evaluate is nol already listed as having been reviewed they
will be required o add website name, URL and short description

Six developers were asked (o use the WebThaiZ Access system at ip:/138.68.21.192/
and answer questions using a 5 point Likert scale and the average scores are as follows:

e o ool

The content in the main page is casy 1o understand: 4,67

The links from the main page (o the products page are all functioning: 5,00
All the links in the products page are Tunctional: 5,00

The calculations for the products is commect: 4.33

The contents Tor the disability page is easy (o understand: 4,33

All the Tinks in the disabilitics are Tunctioning: 4.67

The user is able o enter their name and email in the evaluation form: 500
The user is able o select the platforms option: 5.00
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17% and lor the hearing impaired was 2% (ignoring the direction of the dilference) and

1%, —17%, —7% when the sign ol the dilference was considered. The greatest dil-
ference between developers and blind users were 54%, 52%, —58% respectively lor
criteria 1, 2, (www, pantip.com) and 4 (hitp:/Aabgroup.tab.or.th). Looking ai the mode
values there was agreement between the developers and the blind users apant (rom
crileria 1, 2, 4 where the mode ratings for blind users were 33%, 0%, 1009 and lor the
developers were 1009%, 67%, 33% respectively. The expert ratings were the same as the
maodde ratings by the blind users for all criteria suggesting that the experts were belter
that the developers sl predicting how the blind users would perform. This might be
becanse the developers were nol expericnced al using a screen reader. The greatesi
difference between developers and elderly users were —23% and —32% respectively for
eriteria 12, and 13 (www.pantip.com) and the only difference in the mode ralings were
for eriteria 13 where the elderly mode was 100% and the developer mode was 67%.
The expert rating Tor erileria 13 was also 67% suggesting that the experts were nol
betier than the developers at predicting how the elderly users would perform on critenia
13, The average dilferences between developers and the hearing impaired people were

12%, —12%, 2% for criteria 1, 12, 15 respectively and the mode ratings were the
same, suggesting the developers predicted the heanng impaired people’s performance
quite well,

5 Conclusion and Future Work

The resulls showed thal WebhTha2Aceess was very accessihle and could be used
relinbly by developers and their evaluations predicied the sceessibility of woehsites for
disabled users reasonably well. Fulure work will investigale how o improve ihese
predictions and also develop criterin and technigues Tor evaluating accessibility on
mobile devices,
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Technology Enhanced Accessible Interaction Framework Method for
Visual Impairment

Abstract

Introduction: This research addressed there was no software development process to help
developers with evaluating or gathering requirements and designing or evaluating digital
technology solutions to problems visually impaired people encounter. For example, some 20
Suratthani Rajabhat University visually impaired students encounter barriers learning from
visual information in lectures or classes, or; such as difficulty reading from board, screen, paper,
book or video or understanding what object is being pointed at.

Methods: This research took place from 2017 to 2018 and The Technology Enhanced
Interaction Framework (TEIF) Visual Impairment (VI) Method was developed through
literature review and interviews with 20 visually impaired students, 10 visually impaired adults
and five accessibility experts. Four accessibility experts and three developer experts reviewed
and validated the TEIF VI-Method. It was then experimentally evaluated by 18 developers
using the TEIF VI-Method and another 18 developers using their existing ‘Other Methods’ to
identify the requirements and solution to a scenario involving barriers for visually impaired
people. Following completion of this experiment the ‘Other Methods’ group were shown the
TEIF VI-Method and both groups were asked their opinions of its ease of use through a
questionnaire.

Results: The mean number of correctly selected requirements was significantly higher (p <
0.001) for developers using the TEIF VI-Method (X = 8.83) than the Other Method
(X = 6.22). Developers using the TEIF VI-Method ranked technology solutions closer to the
expert rankings than developers using Other Methods (p<0.05). All developers found the TEIF
VI-Method easy to follow.

Discussion: Developers could evaluate requirements and technology solutions to interaction
problems involving visually impaired people using the TEIF VI-Method better than existing
Other Methods.

Implications for practitioners: Developers could benefit from using the TEIF VI-Method
when developing technology solutions to interaction problems faced by visually impaired
people.

Keywords

Technology, accessibility, requirements, development, evaluation

Introduction

This research was motivated by there being no method to help inexperienced developers gather
or evaluate requirements and design or evaluate accessible technology solutions to visually
impaired people’s interactions. In 1996 almost eleven percent of people registered as disabled
in Thailand were visually impaired and the Thai disabled population was estimated at over 1
million by The National Statistics Office (NSO), suggesting the number of people with a visual
impairment was around 110,000 (Japan International Cooperation Agency Planning and
Evaluation Department, 2002). The National Statistics Office in 2007 estimated 3 per cent of
the Thai population, almost two million people, had a disability which would suggest 220,000
people were registered as visually impaired (International Labour Organisation Inclusion of
People with Disabilities in Thailand, n.d.). This would appear to be an underestimation of the
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actual problem in Thailand which has the third most rapidly aging population in the world
(HelpAge, n.d.) and also has problems with obesity and diabetes (Yoon et al. 2006).

The president of the Blind Association of Thailand (2015) revealed that there were 1,918,867
registered disabled people in Thailand. There were 181,821 people with visual impairment
which was 9.48 % of all disabilities in Thailand.

Twenty visually impaired Suratthani Rajabhat University students encounter barriers learning
from visual information in lectures or classes, such as difficulty reading from screen, board,
paper, book or video or knowing which object the teacher is pointing to.

For reducing discrimination in access to information, particularly in face-to-face situations,
accessible solutions need to be created by technology developers. Many useful technologies are
available for helping visual impaired people accomplish tasks independently (e.g. reading or
navigating) often using alternate modalities such as speech or touch or by sending photos to a
sighted person to describe. The iPhone is very accessible for visually impaired people and has
many apps that can help with many simple tasks (e.g. identify colours, currency, bar codes etc.).
Artificial Intelligence technologies are improving in their abilities to identify objects and faces
such as Seeing Al (Microsoft 2019) which was created by a blind developer and can speak out
the name of recognised objects as the blind user moves their finger over the on-screen image.
Although such useful technologies are being developed by talented people with a deep
knowledge and understanding of the needs of visually impaired people, most technology
developers do not have such a deep knowledge or understanding and do not learn about
disability and accessibility on their university courses. Also visually impaired people can have
complex interactions with other people, technologies and objects which present barriers not
overcome by the use of one or more simple apps.

The only framework and method specifically designed to support developers with developing
accessible technology solutions for complex interactions for people with disabilities is the
Technology Enhanced Interaction Framework (TEIF) and its ‘Method’ developed and validated
and evaluated for hearing impairment by the authors (Angkananon et al. 2014).

This article describes how TEIF Method content was created to help developers with
developing digital technology solutions to help visually impaired people. To distinguish
between the TEIF Methods for hearing impairment and visual impairment the terms TEIF HI-
Method and TEIF VI-Method will be used.

The TEIF HI-Method research used a new methodology for comparing software development
methods and this approach will also be used for this TEIF VI-Method evaluation. Rather than
compare the TEIF VI-Method with any specific other software development method it will be
compared to whichever method(s) the developers prefer to use and this will be referred to as
the ‘Other Method(s)’. The technology developers evaluations using questionnaires and
experiments demonstrated the TEIF HI-Method offers support for developers to gather and
evaluate requirements, and evaluate and design accessible solutions. Developers used the TEIF
HI-Method for evaluating technology solution requirements for interaction problems
encountered by hearing impaired people better than any of the Other Methods they chose to
use. Developers selected a best solution significantly more often than the Other Methods using
the TEIF HI-Method and also rated solutions significantly closer to the experts’ ratings than
the Other Methods. Answers to questions by developers’ also showed how the TEIF HI-Method
assisted with the tasks in the experiment and how the TEIF HI-Method could also help people
with other disabilities than hearing impairment and also support requirements gathering and
solutions design. The TEIF built on the work of previous interaction Frameworks and
particularly those of Dix (1994, 1995, and 1997) who was also one of the experts consulted in
the TEIF’s development.
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Figure 1 shows the TEIF architecture while Table 1 explains the five TEIF interaction types
(Angkananon et al. 2014).

direct o direct
communication _ — —- - - -—---J€XI8 _interaction

/ . T~ -~ —

/ = =~ ~
AN T N
! \ control, information transmission & storage |/ \

| People | i X " Technology|

\ ) Information retrieval, technology-mediated- | /

communication

direct '\
interaction

technology-mediated-
interaction

Figure 1 TEIF Architecture

Table 1. Interactions and Communication in the Technology Enhanced Interaction
Framework

Interaction Explanation and example

People communicate verbally (speak, listen, ask, answer) and

People-People non-verbally (lip-read, smile, touch, sign, gesture, nod). When

(P-P) communicating, people may refer (speak or point) to particular
objects or technology — this is known as ‘deixis’.
People interact with objects for two main purposes: controlling
People-Objects (e.g. touch, hold or move), and retrieving information (e.g. look,
(P-0) listen, read, in order to get information or construct personal

understanding, and knowledge).

People control technology, (e.g. hold, move, use, type, scan,
make image, press, swipe) transmit and store information (e.g.
send, save, store, search, retrieve).

People-Technology
(P-T)

People use technology to transmit information to assist
communication with (e.g. send sms, mms, email, chat, instant
message) other people.

People-Technology-
People (P-T-P)

People use technology (e.g. point, move, hold, scan QR codes,
scan AR tag, use camera, use compass) to transmit, store, and
retrieve information (send, save, store, search, retrieve) to, in,
and from objects.

People-Technology-
Objects
(P-T-O)

The early plans for this TEIF VI-Method research study before any evaluations or
experiments were conducted were outlined in the short conference papers by Angkananon &
Wald (2016 & 2017).

Methodology

The TEIF VI-Method was designed to support developers designing technology solutions to
inaccessible interactions involving visually impaired people through helping developers
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consider user requirements, the design of interactions to accessibly address these
requirements and the related requirements criteria for evaluating interactions. The TEIF VI-
Method is not a replacement for other design and development methods but a support for
them through the provision of requirement-questions and answers examples to help the
identification of requirements and linking the answers to technology suggestions for the
design stage.

This research study was approved by the Thailand Research Fund, Office of the Higher
Education Commission, and Suratthani Rajabhat University

TEIF VI-Method Development Process

Five visual impairment experts with at least five years’ experience, 20 visually impaired
students and 10 visually impaired adults were interviewed to gather information about visual
impairment for the TEIF VI-Method to develop appropriate questions and multiple choice
answers, requirements, technologies, scenarios and solutions.

In order to ensure that the TEIF VI-Method could be applied in various situations, five scenarios
and their technology solutions involving a blind person were considered during the
development process: shopping for groceries, crossing the road, finding rooms and buildings,
problems in studying at the university, and visiting the Shadow Puppet Museum. The TEIF VI-
Method was reviewed and validated by four visual impairment accessibility experts and three
developer experts and refined based on their comments and any changes confirmed by the
experts.

Table 2 shows the multiple-choice requirement questions and answers for five scenarios
which demonstrates how the questions can be applied.

Table 2. Multiple-choice requirement questions and answers for five scenarios.

Scenarios for Blind Person
Requirement | Grocery Crossing road | Finding Studying at Visit Shadow
Questions Shopping rooms or | University Puppet
buildings Museum
1) What is the | a. improve f. improve f. improve | a. improve a. improve
main purpose | communicatio | interaction interaction | communicatio | communicatio
of the n and accessible n and n and
technology interaction interaction interaction
solution?
2) Where and | a. same time/ | a.same time/ | a.same a.same time / | a.same time /
when does same place same place time / same place same place
the scenario same
take place? place
3) What main | b. peer - peer c. no a. a. presenter - a. presenter —
role do communicatio | presenter - | audience audience
people have n between audience c. interaction
in the people only with
scenario? interaction technology or
with objects
technology or
objects
4) How many | b. one a. one a. one b. one b. one
presenters presenter — presenter — presenter presenter — presenter —
and audience | one audience one audience —one many audience | many audience
member member members members
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Scenarios for Blind Person

Requirement | Grocery Crossing road | Finding Studying at Visit Shadow
Questions Shopping rooms or | University Puppet
buildings Museum
members are audience
there? member
5) Does the b. No b. No b. No b. No b. no
presenter
have a
disability?
6) What b. Thai b. Thai b. Thai b. Thai b. Thai
language
does the
presenter
use?
7) What b. Thai b. Thai b. Thai b. Thai b. Thai
language
does the
audience use?
8) Does the a. Yes a. Yes, user a. a. Yes a. audience has
audience has disability audience disability
have a has
disability? disability
9) What kind | b. visually b. visually b. visually | b. visually b. visually
of disability impaired impaired impaired impaired impaired
does the
audience
have?
10) What a. blind a. blind a. blind a. blind a. blind
level visual
impairment
does the
presenter
have?
11) What c. people to b. people to a. people c. people to a. people to
interaction objects objects to people | technology people
types occur in c. people to b. people d. people to b. people to
the scenario? technology to objects | technology to objects
c. people people c. people to
to technology
technolog d. people to
y technology to
d. people people
to
technolog
y to
people
12) What d. I do not d. I don’t c. either c. either c. either
type of know know online or
technology offline
would be technolog
appropriate y
for the

solution to
the scenario?
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Scenarios for Blind Person
Requirement | Grocery Crossing road | Finding Studying at Visit Shadow
Questions Shopping rooms or | University Puppet
buildings Museum
13) What a. mobile d. I don’t a. mobile | a. mobile a. mobile
type of devices know devices devices devices
technology
devices
would be
appropriate
for the
solution to
the scenario
14) What a. non-text d. non b. Printed | a. non-text b. Printed text
media is used | image accessible text image
to provide (touching can) | technology b. Printed text
information? | b. Printed text c. Handwritten
text
d. non
accessible
electronic files
15) Is live aYes b. No b. No b. No b. No
support
available?
16) Is there a. Yes b. No a. Yes a. Yes a. Yes
“Deixis”?
17) Where a. indoors c. both c. both a. indoors a. indoors
does the
situation take
place?
18) What are | a. noise a. noise a. noise a. noise a. noise
the two main | b. room
environmenta | acoustic
| c. distance
consideration
s identified
that impact
the scenario?
19) Does the | a. Yes a. Yes a. yes, low | c.not a. yes, low
customer cost mentioned cost solutions
require a low solutions
cost solution?
20) Should c. not c. not C. yes, c. not c. yes, visitors’
the mentioned mentioned visitors’ mentioned mobile devices
technology mobile
solution work devices
on a smart
phone?

The scenario of visiting the Shadow Puppet Museum is as follows:

Non is a blind person who visits an in-situ shadow puppet museum in Nakhon Si Thammarat,
Thailand which is run by Suchat Trapsin who only speaks Thai. There are exhibits of puppets,
folk art, and pottery, inside the museum. There is some information provided in text format
inside the museum to explain puppets’ names and where they are from to help tourists explore
the museum by themselves. Unfortunately, people are not allowed to touch exhibits so Non
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cannot gain information from touching the puppets, folk art, and pottery exhibits. Therefore,
Non required someone to explain the information for him. Moreover, for the fragile exhibits
like pottery and glass, navigating around the rooms without vision could damage them easily
as the museum has not been well designed for blind people, and so would require a staff
member to lead the way but providing someone to do this would be too expensive for Suchat.
Normally, Suchat will give a puppet show to visitors behind the screen by talking to the
visitors. Non can only hear the story of the show but cannot see the movement of the puppets
and cannot tell which puppet actor is on at the moment of the show and cannot imagine the
appearance of each puppet as each puppet will have different characteristic e.g. “Teng” is tall,
thin, long body and short legs and receding hair. Therefore, Non would also require someone
to explain the appearance of each puppet.

Table 3 shows and explains whether The RFID technology is appropriate (tick) or not (cross)
with respect to the answers to the questions for that scenario. A similar table was created for

every technology.

Table 3: RFID sensor to tell the position of the exhibits

RFID sensor to tell the position of | Tick Explanations for ticks Description
the exhibits or and crosses
cross
la improve communication 4 Can navigate RFID sensor to tell
&interaction the position of the
2a same time / same place v Real Time Response exhibits “RFID
3a presenter — audience X Navigation not system consists of a
communication reader and tags. The
4b one presenter — many audience X Navigation not module is flexible
members communication that the number of
5b No disability X Navigation not objects to be
communication identified can be
6b Thai X Navigation not altered according to
communication the number of items
7b Thai ¥ | Thai in RFID present in the
8a Yes audience has disability v Blind museum.”
9b visually impaired v | Blind (http:/www.isaet.org/
10a blind v Blind images/extraimages/
11c P-O v Provides P-T-O solution | WCSEE%
12c¢ either online & offline v Offline or online 200101320.pdf)
13a mobile devices v mobile device
14a Non text Image X Navigation not
communication
14b Printed text X Navigation not
communication
14c Handwritten text X Navigation not
communication
14d no accessible electronic files X Navigation not
communication
15b No human support v Independent of support
16a deixis X No help if someone
points
17 a indoors v Can navigate
18a. noise v Real Time Response
19c. low cost v Navigation not
communication
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RFID sensor to tell the position of | Tick Explanations for ticks Description
the exhibits or and crosses
Cross
20c. work on smartphone 4 Navigation not
communication

Figure 2 shows an interaction diagram for a possible solution for the Shadow Puppet Museum
scenario interaction barriers, followed by the text explanation. Interaction diagrams and text
explanations were also created for another 2 possible solutions.
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Figure 2: Interaction diagram for a solution for Shadow Puppet Museum scenario
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An audio tactile map helps Non navigate to all parts of the museum independently. The tactile
map has braille numbers on it (1) which tell Non (2) which number to press on the
smartphone app (3) which explains where he is and what is there (4). The Speaking compass
helps Non know the direction he is facing (5, 6) and bumps on ground (7) indicate the path
(8) to navigate (9) around museum. Since Non cannot see a text format to explain puppets’
names and where are they from, a Smartphone app explains this to Non (13) who knows
which number to press (11) on the app (12) from braille labels on a rail (10) which stops him
from damaging the fragile exhibits like pottery and glass, when navigating around the rooms
without vision. The app provides audio description to explain the information about puppets
e.g. No 1 explain “Teng” (Puppet’s name). Tactile graphics and 3D models are available
positioned on/by rail as Non cannot touch fragile puppet exhibits. RFID and OCR were not
used as they were a more expensive solution as some sort of tactile information would still be
required for Non to know where to position the RFID and/or OCR technology. Suchat has a
smartphone app where Suchat presses the name (14) of the puppet on stage (15) and this is
announced to Non on his smartphone (16,17) because Non cannot see the movement of the
puppets and cannot tell which puppet actor is on at the moment.

Figure 3 shows a Use Case Diagram for the scenario solution
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Figure 3. Use Case Diagram

From the Scenario Technology Solution, Non can touch a tactile map to get the information
about the museum and exhibits. He can operate a speaking compass to get the direction to each
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point of exhibits and walk following the bumps on the floor. There is rail to protect Non from
walking into the exhibits at each point. Non can read braille at the rail to get the number of the
information. Then, Non presses that number on to his mobile app to listen to the information
of each object. Moreover, Non can touch tactile graphics and 3D models which are provided at
the rail in order to get information about objects. A presenter has a role in the communication
which is important because he can control technology to send an instant message to Non’s
phone to notify when he introduces or moves a puppet. The technology solution selected to
enable this is instant messaging which was chosen over SMS. Instant messaging because it is
free of cost using wireless and smartphones.

User Evaluation Experimental Study

This study’s aim was the evaluation of the new software engineering TEIF VI-Method for
helping technology developers who are not experts in accessibility with designing technology
solutions to interaction issues involving visually impaired people. This evaluation was achieved
by asking the developers questions about the presented materials.

The experimental study took between one hour and one and a half hours for each developer.
The experiment sample size was 36, divided into 2 groups of 18 developers who each had 1
year’s experience of digital technology development and no experience of accessibility or
assistive technologies. One group used the TEIF VI Method and the other group used their
preferred Other Method. The sample size was determined using the G Power (McCrum-Garder
2010) calculated values of:

effect size: 1 — This represent a relatively large effect size
e alpha error probability: 0.05 — normal convention
e power: 0.8 - normal convention
o test family: t test — two independent means
e tails: two — is appropriate when a difference in any direction is expected (it
could be higher or lower)
e number of group: 2
e statistic test: means: difference between two independent means (two groups)
User Evaluation Experimental Design

The developers were asked to read a scenario identifying the issues faced by a visually impaired
user at a shadow puppet museum, and then evaluate requirements for a technology solution to
visual impairment related to the problems they identified from the document. This was analysed
using an independent samples t-test between the two groups and through a questionnaire. Next,
participants were asked to rank the three provided technology solutions A, B, C. in order of
best meeting the requirements.

One group of the participants used the TEIF VI-Method to complete both requirements and
solutions tasks. The other group of participants used their preferred Other Method to complete
these tasks.

For the requirements task, participants selected the best ten requirements from 30
requirements provided for a technology solution to the visual impairment related problems
they identified from the scenario.

For the solutions task the three technology solutions (A, B, C) were presented in a balanced
design order. For each group three developers rated the solutions in the six solution orders
shown in Table 4.

Table 4. Balanced design order for presenting the solutions
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Solution order TEIF Method Group Other Method Group
AB,C 3
A,C,B
B,A,C
B,C.A
C,AB
C,B,A

W W |W W [W
W[ |W W |[W W

TEIF VI-Method Group

The 18 developers in the TEIF VI-Method group used the TEIF-VI Method to read a scenario
and analysed how interactions were affected by visual impairment through answering multiple
choice questions. Where possible they underlined the words in the scenario that assisted them
for each answer.

For the Requirements Task, the developers selected the ten best requirements for a technology
solution to disability related problems found in the scenario and underlined the keywords for
each answer in the scenario.

For the Solutions Task, the developers used the technology suggestions table to identify
technologies that met the provided requirements. This table had information on whether the
technologies in the table addressed the issues identified in the questions and answers about the
scenario. Then, the developers were asked to give rankings for how well each of the three
solutions met the requirements and where possible underline words, that helped them with their
rankings, on the technology solution sheets.

For the Questionnaire Task the developers gave responses about TEIF VI-Method steps clarity
of explanations, evaluating if and how the TEIF VI-Method helped, imagining how the TEIF
VI-Method might help in the future, and any other comments about the value or usefulness of
the TEIF VI-Method.

Other Methods Group

For the Requirements Task the developers selected the ten best requirements for a technology
solution to disability related problems found in the scenario and underlined the keywords for
each answer in the scenario.

Then, the developers gave rankings for how well each of the three solutions met the
requirements and where possible underlined words, that helped them with their rankings, on
the technology solution sheets.

The technology solutions sheet had the same technology information provided to the TEIF-VI
group but without the Yes(tick)/No(cross) information on whether the technologies addressed
the issues identified in the questions and answers about the scenario provided to the TEIF-VI

group.

For the Questionnaire task, after completing both the requirements and solutions tasks the
developers in the Other Methods group were shown the TEIF VI-Method and then were asked
to give responses about TEIF VI-Method steps clarity of explanations, evaluating if and how
the TEIF VI-Method helped, imagining how the TEIF VI-Method might help in the future, and
any other comments about the value or usefulness of the TEIF VI-Method.

Results
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The TEIF VI-Method was successfully validated and reviewed by 4 visual impairment
accessibility experts, 20 visual impaired students and 10 visual impaired adults. Suggestions
from experts and visually impaired people regarding explanations and -clarification
improvements were implemented and confirmed by the experts.

This section reports the statistics analysis and results for the experiments to show whether the
TEIF VI-Method helps developers evaluate technology requirements and solutions for visually
impaired people

The TEIF VI-Method helping in evaluating requirements

Developers in both groups had to select the best ten requirements from the thirty requirements
provided for a technology solution that solves the related problems identified from the scenario.
The number of developers in each group selecting right requirements is shown in Table 5.

Table 5. Number of developers in each group selecting right requirements

Number of TEIF-VI Number of Other
. . developers who Method developers who
Right Requirements selectecll) the right selected thepright
requirements requirements
1. require audio description that can explain
details about the object 18 18
4. require a screen reader program to read
electronic data 15 5
7. require block that has a textured surface for
the navigation of the building 13 9
8. require a walkway with a rail 17 15
12. require technology to convert text images
to be electronic data (OCR) 14 8
14. require a 3D printing to help with touch 17 12
18. require various explanations in braille 15 16
22. require a white cane in navigation 17 10
25. require detailed information describing
people with visual disabilities in the case of
pointing to an object 18 16
28. require headphones 15 3

An independent samples t-test was used to analyse the differences between the TEIF VI-
Method group and the Other Methods group in evaluating requirements. Tables 6 and 7 show
the mean number of correct requirements was significantly higher (p < .001) for participants
using the TEIF VI-Method (X = 8.83) than the Other Methods (X = 6.22).

Table 6. Basic statistic of the two groups in evaluating the right requirements

Basic Statistics

| method N Mean Std. Deviation Std. Error Mean
Right TEIF 18 8.83 985 232
requirements Other 18 6.22 1.060 250

Table 7. Results of the Independent Samples Test
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Levene's Test

for Equality t-test for Equality of Means
of Variances
F Sig. t df Sig. | Mean | Std. 95%

(2- | Differ | Error Confidence
tailed) | -ence | Differ | Interval of the
-ence Difference

Lower | Upper

Equal variances
Right assumed
requirements  Equal variances

not assumed

155 696 7.654 34 .000 | 2.611 341 1.918] 3.304

7.654| 33.818| .000| 2.611 3411 1.918( 3.305

The TEIF VI-Method helping in evaluating solutions
Experts’ rating on solutions A, B, and C
The experts rated the solutions in the order A: 1, C: 2" and B: 3™,

Thirteen participants in the TEIF VI-Method ranked the solutions in the same order as the
experts. Five participants in the Other Method ranked the solutions in the same order as the
experts.

A ‘1’ was awarded if the developer ranking was the same as the expert ranking of the solutions
and a ‘0’ if the developer ranking was different from experts’ ranking of solutions and an
independent t-test was undertaken.

Table 8 shows the basic statistics of ranking on solutions A, B, and C of the TEIF-VI and Other
Methods developer and Table 9 shows a significant difference at the p < 0.05 level between
rankings by the two groups and so demonstrating that the TEIF VI-Method helps participants
rank technology solutions closer to the expert rankings.

Table 8. Average rankings of the two groups

Group Statistics

method N Mean Std. Deviation Std. Error Mean
TEIF 18 .67 485 114
Score
Other 18 28 461 .109
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Table 9. Independent Samples Test of average rankings between TEIF-VI and Other Method

Independent Samples Test

Levene's t-test for Equality of Means
Test for
Equality of
Variances
F Sig. t df Sig. 2 Mean Std. Error 95% Confidence
tailed | Difference | Difference Interval of the
Difference
Lower Upper
Equal variances | 4931 4871 2.466 34| 019 389 158 068 709
assumed
score Equal variances
qu 2466 33.911 .019 .389 158 .068 .709
not assumed

How the TEIF VI-Method helps developers

The questionnaire asked developers their opinions about the TEIF VI-Method (Table

10).

Table 10 Developers Opinions about the TEIF VI-Method ease of use

TEIF Method | Other Method
Questions
N | Percent N Percent
1. Do you think the TEIF VI-Method is complex and difficult | 2 11.11 1 5.55
to understand?
2. Do you think the TEIF Method was explained well and 18 100 18 100
easy to follow?

Table 10 shows only 11.11% of developers in the TEIF VI-Method group and 5.55% of
participant in the Other Method group thought TEIF VI-Method steps are complex and difficult
to understand. All developers in both groups agreed that the TEIF VI-Method was explained
well and was easy to follow.

Developers in each group were asked to rate the TEIF Method out of 5 for how it helped them
evaluate requirements and solutions (see Table 11)

Table 11. Ratings for how TEIF VI-Method helped evaluation.

. Std. Std.

Questions Method N Mean Deviation Error
1. The TEIF VI-Method helped you evaluate TEIF 18 4.22 0.43 1.00
requirements. Other 18 4.28 0.46 1.01
2. The TEIF VI-Method helped you to evaluate TEIF 18 4.11 0.32 0.97
technology solution designs. Other 18 4.39 0.50 1.03

The one sample t-test statistic showed there was a significant difference between the neutral
value “3” (p<.001) and the mean ratings (Table 13) demonstrating how helpful the TEIF VI-

Method was.
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Table 13. One Sample T Test results for helping evaluations

Test Value =3
95% Confidence
¢ df Sig. 2 Mean Interval of the
tailed | Difference Difference
Lower | Upper
1. The TEIF Method helped you to evaluate | 17.078 |35 .000 1.25000 1.1014 | 1.3986
requirements.
2. The TEIF Method helped you to evaluate | 17.078 |35 .000 1.25000 1.1014 | 1.3986
technology solution designs

Discussion and Conclusion
The TEIF VI-Method was successfully validated and reviewed by 4 accessibility experts, 20
visually impaired students and 10 visually impaired adults.

Developers used the TEIF VI-Method to evaluate requirements for technology solutions to
visually impaired people’s interaction better than the Other Methods.

All developers in both groups agreed that the TEIF Method was explained well and was easy
to follow and thought that the TEIF VI-Method helped them to evaluate technology solutions
and requirements.

This shows that the TEIF VI-Method helps developers with little experience evaluate
technology solutions for visually impaired people and suggests it should also help them design
solutions through evaluating their own designs.

The TEIF VI-Method involves providing information about existing available technologies and
which requirements they can address. This information therefore will need continuous updating
to reflect the latest technologies.

It was suggested that it might be more helpful if information was provided about how well the
technologies met requirements (e.g. not at all, low, medium, and high levels) rather than a
simple binary ‘yes/no’ tick/cross classification.

A limitation of this research study was that in such a controlled experiment and with the time
and resources available it was not possible to ask the developers to interview visually impaired
people to gather requirements and actually develop technology solutions for actual barriers
faced by specific visually impaired people who would evaluate these solutions in the actual
situations.

Future work could therefore involve a case study where developers use the TEIF VI-Method to
actually develop technology solutions for actual barriers faced by specific visually impaired
people who would evaluate these solutions in the actual situations.
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Appendix K
Activities



User Evaluation
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Expert Validation and Review
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Training to people who are interested in using the TEIF Method
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