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Abstract

Students with visual impairments (VI) miss out on science because of inaccessible visual
graphics (such as pictures and diagrams) of the phenomena that are the focus of curricula. My
project examines how efforts to translate these into non-visual representations, such as raised
line graphics, tend to be less effective than expected because they are perceived using “rules”
of haptic perception by VI learners but developed using “rules”' of visual perception by sighted
designers. In response, | introduce my recommendations, in the form of a decision aid,
informed by a series of interlinked concatenated studies consisting of user testing, workshops,
and co-design sessions composed of multi-disciplinary teams that included VI educators,
learners, inclusive designers, musicians, and domain experts from engineering and the cognitive

neuroscience.

Keywords: visually impaired, early blind, STEM education, accessibility guidelines, cross-
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Chapter 1: Introduction

1.1 Background of Problem

1.1.1 A Deeper Problem Underlying the Design of Policies and Resources for

Inclusive STEM education

Human rights-based accessibility legislation in many societies requires educational
institutions to provide equal access to education content (Ontario Human Rights Commission,
Government of Ontario, 2018; Quality education for all, 2018). This includes access to science,
technology, engineering, and mathematics (STEM) content, for students with visual
impairments. Existing guidelines, such as the Web Content Accessibility Guidelines (WCAG),
provide a roadmap for the comprehensive design of content delivered face-to-face as well as
online. Web Content Accessibility Guidelines (WCAG) require that digital information and user
interface components are perceivable, i.e., “presentable to users in ways they can perceive.”
While WCAG does not distinguish between less and more effective non-visual representations,
they do indicate that text alternatives will function to “at least provide a descriptive
identification of non-text content” (e.g., Guidelines 1.1.1 Non-text Content, Understanding
WCAG 2.1, 2019). They also recommend that “instructions provided for understanding and
operating content do not rely solely on sensory characteristics...such as shape, size, visual,
orientation, or sound” (e.g., Guidelines 1.3.3 Non-text Content, Understanding WCAG 2.1,

2019). Except for sound, the aforementioned characteristics, when presented digitally, would



not be available to sensory modalities other than vision. For non-digital resources, braille
explanations are used in place of text and images. Raised line graphic pictures and other
resources that aim to preserve the spatial properties of visually depicted objects, are much
more rare. For example, a non-profit organization, the Equitable Library Access Center (CELA )
provides library materials in a format accessible to 2.7 million people, 90% of Canada's visually
impaired (VI), through a national library network. In response to legislated requirements, most
Canadian educational institutions, including the Alternative Education Resources for Ontario
(AERO) at W. Ross Macdonald School and the Accessible Resource Center British Columbia
(ARC-BC), have large amounts of braille explanations and produce professionally-produced
textbooks with raised line graphics (Ontario Human Rights Commission, Government of
Ontario, 2018; Snow Inclusive Learning & Education, n.d.; see Figure 1). Optical magnifiers, such
as stand, electronic, and screen zoom magnifiers are types of assistive technologies that can
enlarge and amplify visual graphics for low vision and partially sighted learners but are not
sufficient for learners who are completely blind. In addition to these strategies, institutions
provide support from experts and volunteers. However, even with legislated pressure to
provide access for the totally blind, low vision and non VI learners, people with visual
impairments continue to be underrepresented in STEM careers and subjects (Basham &
Marino, 2013). Many attribute this under-representation to disadvantages fostered due to
current educational policies (Frost et al., 2015) and to how educational institutions lack the

design and technical personnel to implement solutions (Priscila, 2017).



Figure 1

Tactile Diagrams and Graphical Supplements

Note. Tactile diagrams and graphic supplements are created using Picture in a Flash (PIAF
(Pictures in a Flash) |Piaf Tactile by Harpo., n.d.), which expands the image by the ink in the
capsule or inflated paper reacting to heat The. Printing graphic image lines through a braille

printer is considered a quick and easy way.

In this paper | suggest that the under-representation of visually impaired (VI) learners in
STEM fields is rooted in sighted designers' heavy reliance on visual rather than haptic rules of
perception. If unredressed, this could impede rather than foster access to science education

even in the face of technological innovation, policy reform, and increased non-visual resources.



A mindset of a sighted designer may involve biased assumptions about how the sighted
and the visually impaired see and interpret external representations such as visual and tactile
pictures. Kennedy (1993, 1997) suggests that raised line graphics that utilize lines to represent
edges can be effective and this technique is commonly used in the production of raised line
graphics. Other researchers show evidence that VI learners understand the point of view of the
depicted object (Heller, 2002), but this includes the condition of touching the experimental
object in advance, so the same result may not be achieved in other experiments. A T-junction-
like form defined as "a road junction in which one road joins another at right angles but does
not cross it" (T-Junction., n.d.) is expressed through raised line graphics and reliefs. However,

this expression may not be understood by visually impaired people.

In line with this argument, the research | present here suggests that an early blind user
may misunderstand a perspective picture of an umbrella in which parts of the umbrella that are
farther from an observer are depicted as smaller in size ( more foreshortened) than parts closer
to the observer. An early blind user may also find it less than intuitive that lines representing
rings of Saturn continue behind the depicted planet. Lines breaking and meeting other lines at
T-junctions may indicate occlusion to someone who is sighted, but not to someone who is early
blind. This study is composed of a concatenated series of interlinked studies with expert science
educators of VI, researchers and developers, and visually impaired science learners, and co-
design with combinations of all of these. The following were the main findings:

® People with visual impairments tend to experience comprehension difficulties with

raised line graphics that use perspective (which includes vanishing point and



foreshortening) and occlusion (in which some depicted objects are obscured by others)
and in the absence of light perception, they are unable to perceive luminance and
colour.
o 3D models tend to be more effective relative to raised line graphics for
conveying spatial or topological information because depicted regions are
treated in tactile or haptic recognition as copies of the topology of the

represented objects.

e During haptic perception of surfaces in the physical world, changes in texture appear to
correspond to changes in material. For example, a symbolic use of texture to suggest
differences in color or luminance would not be readily understood by a person with
total blindness. This in turn could slow down the recognition of what is being depicted

or lead to comprehension difficulties.

e Comprehension decreases when the number of elements or “chunks of information”--
increases due to users’ limited working memory capacity (Luck & Vogel, 1997; Vogel et
al., 2001; Miller, 1956; Cowan, 2001). Abuse of texture to represent changes in
luminance can add to the perceptual load of a visually impaired learner, further

hindering comprehension.

e Comprehension decreases when the size of the object on the picture surface decreases

and some elements become indistinguishable by touch (while still being distinguishable



by vision). Thus, when depicting cell division it might be helpful to increase the size of

the images for the sequences that contain more details.

e Voice information labels, created with devices such as Pen Friends (RNIB PenFriend IlI
voice labeling system, n.d.), are sometimes preferred over braille labels because they
can convey information about 2D or 3D representations without tactilely obscuring the
content. However, the spatial distribution of the labels is not immediately clear.
Therefore, guidance or explanation of approximate locations of labeled features may be
necessary. However, the basic information must be clearly conveyed in braille. A speech

recognition label may be preferred for longer text descriptions.

1.1.2 Lack of Comprehensive Design Guidelines Considering Cognitive Abilities of

Visually Impaired Learners

There is a lack of empirically validated guidelines for the inclusive design of pictures and
diagrams for students with visual impairments. This seems to render some of the existing
resources ineffective and less likely to be used by educators and students, ultimately reducing
the demand for similar resources. The diagrams and graphic line supplements provided by the
resource team of the W. Ross Macdonald School for the blind (WRMS), for example, have
reportedly little practical use in class. Instead, science teachers have been creating their own
science materials. One advantage of this approach is that the teachers can use student

feedback and performance to adjust the design of resources to student needs, often in real



time. This approach, however, also has several disadvantages. In addition to the associated
costs such as extra time and effort, the sighted educators may struggle with identifying what is
exactly needed for their VI students. An example of a sighted educator's approach to design
was given by Dr. Mahadeo Sukhai, a co-author of Creating a Culture of Accessibility in the
Sciences, at a talk given to students enrolled in a graduate-level inclusive design course at OCAD
University (August, 2019). He shared an account of a sighted teacher who attempted to make
selected content accessible to her grade 11 totally blind biology student. The student could not
participate in a frog dissection. The teacher 3D-printed parts of a frog and had the student
assemble the pieces. Dr. Sukhai commented that the teacher would get an A for effort, but E for
execution because “She got it wrong: the act of doing a dissection is very different from an act

III

of assembling a plastic puzzle of that model.” One of the interesting findings in my project, for
example, is that materials used as part of 3D models can be misunderstood as resembling the
material of the represented objects. The metaphor of material may be intuitively understood by
a sighted learner, but not by a VI student. Based on these preliminary findings, educators and

designers are cautioned about their use of materials. A symbolic use of different materials and

texture may require a text description or explanation.

Ideally the inclusive design of STEM resources should enable all users, including VI
learners, to achieve the same learning outcomes. While this project does not anticipate all
possible learning outcomes and all opportunities for error, it provides a novel, empirically

driven and much needed (as cited in Topaloglu & Topaloglu, 2009) of resources. The guide (i.e.,



decision aid) is based on the findings reported in this paper as well as past research on non-

visual and cross-sensory perception as studied in Design, Psychology, and related fields.

The decision aid aims to facilitate valid, reliable, and efficient decision making for
instructors and developers who produce STEM educational materials for VI students.
Ultimately, the goal is to reduce the learning gap for VI students by not only increasing access
to images and data but also designing STEM resources with non-visual rules of perception in

mind.

1.2 Research Questions and Objectives

What are the rules of non-visual / haptic perception? In what ways are these rules
distinct from the rules of visual perception? How can the answers to the above questions

inform more effective and feasible designs for the visually impaired?

The purpose of this study is to better understand the perceptual-cognitive processes of
the visually impaired and to develop effective guidelines for the presentation of scientific data
for completely blind and low vision learners, which can ultimately improve their accessibility

and autonomy.



1.3 Target Users and Participants

While the stimuli used in user tests included Ontario's 8th, 9th and 10th grade
textbooks, the insights gathered in all reported studies are expected to be useful for STEM
learners more broadly, including, but not limited to, middle and high school students with any

visual impairments.

1.4 Approach and Method

This study is largely exploratory and inductive in nature. It starts with semi-structured
interviews, workshops, and user tests, and culminates in the proposal of a decision tree based
on past theoretical and ongoing empirical work on the inclusive design of STEM resources for
people with visual impairments. Quantitative data analyses are embedded in qualitative studies
in line with a mixed “concurrent nested designs” approach (Mixed methods research, n.d.). This
design is useful for gaining a broader perspective on the topic” (Hanson et al., 2005, p. 229).
Further, our inductive approach provides a more intimate understanding of the challenges of
STEM learners with lived experiences of visual impairment, which could be overlooked by
controlled experimental studies. Note that the work presented here is the first crucial step of
the ongoing research in our lab, which over time will incorporate both exploratory and

experimental approaches.



1.5 Significance of the Research

In philosophy, “Eudaimonia means achieving the best conditions possible for a human
being, in every sense—not only happiness, but also virtue, morality, and a meaningful life”
(Philosophy, 2018). From the Eudaimonia point of view, which is considered “objective,
comprehensive and morally valid” (Annas, 2004; Waterman, 2007b; as cited in Waterman,
2008, p. 219), inclusive developers can use their knowledge to continually observe and benefit
from the interests of groups. Efforts should be made to find a better solution (p. 245). In
addition, social participation activities that try to include socially marginalized people in basic
human matters make designers' lives valuable. This study specifically started with support for

equal learning rights of learners with visual impairments.

McCarthy (as cited in Sahin & Yorek, 2009) claims that although many students with
visual impairments have similar learning abilities as their peers, their support environment is
poor and their ability to improve is limited. Students with visual impairments can have equal
educational opportunities through learning materials written according to the rules of visual
perception, so they can understand the concept of abstract science phenomena and build a
worldview. In addition, effective image and data transformation guidelines enable governments
to fulfill their obligations to provide fair educational opportunities for students with visual
impairments. The availability of these guidelines has a positive impact on learning
independence and autonomy for students with visual impairments, and learning is expected to

alleviate psychological, economic, and social problems. In the long run, this will encourage

10



governments to develop educational policies that take into account the needs of the visually

impaired.

As argued by Ursula Franklin, these discussions can nourish the soil of change
(Remembering the Brilliance of Ursula Franklin: The Real World of Technology, 2016), helping a

comprehensive idea develop an environment for people in socially marginalized locations.

1.6 Scope and Limitations of Project

The “concurrent nested designs” used in this study is a qualitative study in which
guantitative studies are nested. In the absence of sufficient theories for VI learners, it is used
for inductive research to discover and generalize learning patterns of VI people through
observation. However, the limitation of qualitative research is that it takes a lot of time for
various prototypes to be produced and tested until the researcher discovers a repetitive
pattern to some extent. Quantitative conversion of qualitative data and showing objective
results is not an easy task, and it has the disadvantage that researchers' bias is easy to
intervene. Another limitation is that the process of recruiting students with visual impairments
and obtaining parental consent is not an easy task, so students are encouraged to do so, and
there must be direct or indirect benefits to receive. In this study, user studies were conducted
with adult participants instead of VI students due to various factors, such as the busy situation
of the WRMS and the large-scale strikes of teachers due to the government budget cuts. In

order to generalize more objective research, a larger sample size is needed, and it is necessary

11



to test the effectiveness of the proposed "decision aid" with actual teachers or developers.

1.7 Expected Outcomes

The purpose of this research study in terms of expected outcomes is twofold:

First, it is to identify and distinguish between haptic and visual “rules” of perception
through the analysis of various scientific learning models produced by the sighted teachers and

developers for VI learners.

Second, it is to propose a decision-making tool (i.e., decision aid) to help teachers,
learners, and developers of educational resources to select effective and feasible designs from
a set of options for non-visual communication and understanding of scientific content. The
decision aid is assessed through joint design and interviews with students and staff in
collaboration with W. Ross Macdonald School for the Blind (WRMS), CNIB, and Perceptual
Artifacts Lab (PAL) teams. One of its functions is to bridge the gap between research on non-
visual picture recognition and comprehensive design of pictures, diagrams and other

representations.

The ultimate goal is to close the gap between research on non-visual picture perception

and the inclusive design of pictures, diagrams, and other content.

12



1.8 Brief Overview of Chapters

Science curricula seem to be dominated by visual graphics, with realistic pictures (from
now on referred to as just pictures) being the most prevalent (Chapter 2.3.1). Students with
visual impairments access translations of these graphics via raised line graphics in braille
versions of science textbooks, according to expert science educators of a flagship middle school
for the visually impaired who | interviewed. These educators described various types of
comprehension difficulties experienced by their students when using these raised line graphics.
In response to these observed difficulties, they developed do-it-yourself (DIY) alternatives that
included 3D models of difficult-to-comprehend raised line graphics (Chapter 2.4). A strength of
these insights thus far is that they are derived from an extensive expertise of educators who

worked with large numbers of VI science learners over a number of years.

Having developed a provisional understanding that reflects perspectives of sighted
educators who work directly with VI science learners, | next turn my attention to strategies for
translating science graphics developed by VI educators for VI science learners they teach

(Chapter 3).

A blind informal science educator invited to a workshop organized by PAL employs
custom-designed bass relief carvings of scientific imagery. These are of particular interest
because of their potential to reflect strategies deemed to be effective by members of the target

audience that might have been overlooked by sighted educators, researchers, and developers.
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Three VI science learners also attended the workshop and, together, we explored the increased

effectiveness of the bass relief carving, but a small number of difficulties (Chapter 3.1).

At this point, | shift from pure induction to co-design in Chapter 3.2, bringing together
visually impaired and sighted participants in a co-design workshop to develop a representation
of anatomical structures (i.e., brain’s visual system), reinforcing what had been suggested in
prior phases of the investigation: VI participants produced full 3D models of the anatomical
structures in question, whereas sighted participants produced raised line graphic translations,
suggesting the possibility that 3D models might be preferred by VI learners relative to raised

line graphics.

To delve more deeply into this possibility, in Chapter 4 | review the results of the user
studies that suggest how raised line graphic translations of visual imagery were deemed to be
equally difficult to comprehend, even though they were of different levels of complexity. A 3D
version of the items represented via the raised line graphic was deemed to be easy to
comprehend. Strikingly, even with more knowledge of the item represented via the raised line
graphic (provided by exploring the 3D version) the raised line graphic was not deemed to be

easier to comprehend.

Chapter 4.5 reviews the results of our explanation for what was revealed over the
course of these studies: sighted developers follow rules of visual perception to design 3D raised

line graphics whereas learners with visual impairments follow rules of haptic perception; 3D
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models are more effective relative to raised line graphics because they align with the rules of

haptic perception.

Chapter 5 selects the findings of Chapter 4 related to the non-visual model translation
proposal, and categorizes things to be considered when VI people perceive images and data
based on other scholars' theories and user tests. Perspectives that act as pain points at all levels
of complexity, especially for VI people, can be converted to a plan view or elevation view in
advance. Next, the applicable criteria (picture, diagram, graph and table) for each type of
scientific visual data can be applied. The concrete concept and the abstract concept apply
different working memory limits to distinguish the complexity that VI learners can feel. It
measures the importance of a tactile spatial relationship and whether it is a concrete concept
that is considered abstract only for the visually impaired due to special circumstances. It is
suggested that other types of information be presented separately. It helps developers and
teachers who produce STEM materials for VI learners to create solutions that are supported by
clear theories and evidence using appropriate model types for each resource (text description,

raised line drawings, reliefs, 3D models, and the use of technologies, etc.).

Chapter 6 conclusion provides a condensed explanation of the key findings and
contributions of the entire study and the models presented as solutions in decision aid.
Recommendations for instructors and developers are followed by a discussion of the directions

for future research.
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Chapter 2: Literature Review and

Environmental Scan

2.1 Perceptual-Cognitive Barriers

2.1.1 Perceptual-Cognitive Processes of the Visually Impaired and Sighted

A design of accessible representations of scientific content should ideally build on our
knowledge of properties shared by the different perceptual and sensory modes (touch, haptics,
vision, audition, etc.). In this section, | highlight these “cross sensory correspondences” as well

as the unique aspects of haptic, visual, and auditory perception.

In translating scientific content, it may be useful to distinguish, early on, between the
so-called concrete and abstract (i.e., amodal) concepts (Barsalou, 2009; Coppin, 2014; Coppin et
al., 2016). For example, a curve of a coastline, depicted in a nautical chart, is an example of a
concrete object (Coppin, 2014; Coppin et al., 2016), as it is directly perceivable through sensory
modalities such as vision. A curve has attributes such as direction, and it can be depicted using

lines.

According to Kennedy (1993), both the slighted and the blind understand that raised
lines can stand for edges of surfaces. Like the sighted, users with visual impairments can detect
changes in angles or directions of raised lines. Thus both vision and touch process spatial

information. So does the sense of hearing or audition. By relying on information such as the
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differences in amplitude and binaural cues (e.g., the difference in the time of arrival of sound at
the left and right ear), listeners can localize sound in a three-dimensional space. This includes
the horizontal plane (azimuth), the vertical plane (elevation) and distance (depth) (Wallach,
1940). This information is obviously available to any listener with normal hearing, whether
sighted or blind. Biggs, Coughlan and Coppin (2019) used these principles in co-designing and
testing binaural maps for the blind. These maps enable visually impaired users to use the
binaural maps as the sighted would use corresponding visual maps. The capacity for the
perception of sound in depth was leveraged in the sonification of a famous infographic,

Napoleon’s march (Windeyer & Coppin, 2018)

Changes in direction are the underlying aspect of linear perspective, which is used in
navigation and actions such as pointing (Wnuczko & Kennedy, 2014). An iconic use of gestures
to convey spatial and topological relations among soccer players and the ball was utilized by a
VI soccer spectator and his sign language translator (Sarmiento & Copppin, 2018) Recognition
of perspective pictures is a different matter. According to Heller, McCarthy, & Clark (2005), late
blind individuals can understand perspective pictures after little experience. However, our
ongoing research suggests that the recognition of perspective pictures poses a consistent
difficulty, especially to blind subjects with no prior visual experience or a memory of such. Here
we anticipate a divergence between vision and haptics. What is perceptible to the sighted may

not be perceptible to the blind.

Properties that are imperceptible may be treated abstract. A rainbow is visible, but it is

not tangible. Abstractedness can be defined as “a measure of the degree to which a concept
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picks out entities that one can touch, see, hear or smell (Spreen & Schulz, 1966; Borghi &

Cimatti, 2009).

Attributes, qualities, or value judgments such as the concept of “sharpness” (a sharp
turn; a “sharp” tongue) are also examples of abstract concepts, because they are amodal. In
this instance, the processing of abstract concepts may be less influenced by sensory input and
more influenced by top-down factors such as past knowledge and experience. This may lead to
large variations across individuals in the understanding of such concepts. To avoid
misunderstandings, text descriptions may be more suitable than pictures in conveying abstract

concepts (Coppin et al., 2016).

Next, consider the cognitive load. Cognitive load refers to the amount of working
memory used to hold information. The more data is maintained in working memory, the slower
and more error prone we become in manipulating information. In this paper, | will refer to
representations that contain more data to be maintained and manipulated as more “complex.”
Working memory capacity refers to the amount of information one can hold in immediate
awareness for later use. Interestingly, the amount of time one can hold haptic information in
one’s working memory may not differ much from the duration of visual memories (Lu et al.,

1992; Baddeley, 1996; as cited in Harris et al., 2001, p. 8268).

Working memory correspondances for haptic and visual perception of stimuli carry
important implications for design. Hypothetically, if it was found that users could hold less

information at the given time if the information was acquired through haptics (or vision) then
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the complexity of haptically explored representations would need to be reduced. The goal

would be to optimize the speed and accuracy of information proces.

2.2 Addressing Barriers to Accessing Scientific Content

One challenge to developing techniques for making STEM curricula fully accessible could
arise from the lack of clarity regarding what exactly is being lost in translation from images to
text. To address this challenge, consider the existing classifications of content and the
proportion of images relative to text. Dimopoulos et al. (2003) systematically categorized
various types of visual science data on the basis of “type” and “function” (Table 1). The authors
also noted that there are 11.1 images per 1000 words in a science textbook or over 500 images

according to Ladner et al. (2005).
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Table 1

Classification of Visual Images From Dimopoulos et al. (2003)

Variables Features Examples
Type Realistic Photographs & Diagram
Type Conventional Codified visual images: graphs, maps, flow charts,

molecular structures, diagrams

Type Hybrids Co-exist: Realistic & Conventional

Function Narrative Used for an explanation of science or

technology or natural process

Function Classificational Classification of the relationship or middle class of

people, place or object (e.g. hierarchical order)

Function Analytical Inter-object relationship and detail description

Function Metaphorical Semantic symbols (e.g. cultural symbols)

| argue that it is the loss of critical spatial, topological, or geometric properties of images
that render aspects of STEM curricula inaccessible to learners with visual impairments (in line
with Coppin, 2014; Coppin et al., 2016). Larkin’s and Simon’s (1987) distinction between spatial
properties of diagrams and sentences can enable us to more technically characterize this
challenge. They define a diagrammatic representation as a “data structure in which information
is indexed by two-dimensional location” (p. 68). In diagrammatic representations, each element
is in a spatial, topological or geometric relation with every other item of that structure (Table 2,

left). They contrast these to sentential representations, characterized as “data structures in
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which elements appear in a single sequence” (p. 68). In sentential representations, each item is
adjacent to the items before and after it in the sequential list (Table 2, right). The text in the
body of a science textbook would align with the sentential definition whereas the visual
graphics of Table 1 aligns with the diagrammatic definition. Many are hybrids of the two (Table

2, middle).

Table 2

More Iconic, More Symbolic, and Hybrid Representations in Terms of Three Perceptual Models

Type More iconic More symbolic Hybrid

Seeing Pictorial graphics Text Pictures or diagrams

with textual labels, tables

Hearing Non-linguistic sonification Text-to-speech Tables
Touching Raised line graphics, 3D Braille Tables, pictures or
models, reliefs diagrams with braille or
audio labels

2.3 Visual Graphics of a 9th Grade Science Textbook

2.3.1 Science Curricula Rely on Graphics; Images Dominate

My initial analysis of Science Perspectives, a textbook for the Ontario Grade 9 academic
science curriculum and found that it contains 595 images (Table 3). Over 100 of these are

diagrams, graphs and/or tables. Among these, images account for 78.2%.
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Table 3

Classification of Images and Data Science Perspectives 9 Student Book

ID# Content type Usage count %
1 Image 462 78
2 Table 74 12
3 Venn diagram 2 0
4 Pie graph 5 1
5 Bar graph 0 0
6 Line graph 5 1
7 Tree diagram 3 1
8 Chemical structure 4 1
9 Electric circuit diagram 26 4
10 1&7 combination 1 0
11 1&9 combination 3 1

N/A Ambiguous classification 10 4

Total All visual materials 595 100

2.3.2 Reclassification According to Content Relevance and Composition

To examine the significance and content relevance of visual materials, | reclassified the
entire set of images and data such as diagrams, graphs and tables into a different taxonomy.
First of all, the content relevance was identified using categories of natural environment,

industrial artifacts, science experiment & material and living environment. Scientific
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information consists of a combination of text, arrows, and illustration diagrams, some of which
overlap with the images when they are applied to the visual materials. In addition, non-image
data is classified as “scientific information” itself, and thumbnail data that do not play a
significant role in content are separately classified (Figure 2). Ten of these data were duplicated

in two or more items, but no human activity and scientific information was added.

Figure 2

Reclassification According to Content Relevance and Composition
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2.3.3 Overlapping Perspectives and Other Information that Prevents Content

Delivery

Figure 3

Tertiary Classification Based on Perspective and Information Overlap
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| sought to better understand the problems expressed by experts about student
difficulties with raised line graphics. | found visual perspective cues in 66.8% of visual graphics,
overlapping text, arrows, and illustration diagrams in 12% (Figure 3b), and both perspective and
overlapping information in 5.6% (Figure 3c).
e From this analysis, | identified a need to better understand the effectiveness of
raised line graphic translations of perspective pictures in 9th grade science

textbooks (Figure 3) through the next phases of the study.

2.4 Experts’ Survey and Semi-structured Interview: Haptic

Translations of Graphics via Raised Line Graphics

2.4.1 Objective

The main objective of expert interviews and surveys was to understand how teachers
design or use existing STEM resources and how effectively students with visual impairments

access these.

2.4.2 Participants

| approached two teachers of general science, chemistry and biology subjects in grades
9 and 10 at W. Ross Macdonald School for the blind (WRMS). Classrooms at this school can

accommodate up to 10 students, but currently 5-7 students routinely attend classes. At the
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time of the interview, 5 completely blind and 6 low vision students attended biology class, and
15 low vision students attended chemistry class. The degree of disability among students varies
slightly from person to person, and most of the totally blind students were born blind, often
due to retinopathy of prematurity (ROP; Lattin, 2019). Not all students are familiar with braille,
but students who are congenitally and totally blind are very good at braille. However, students
generally prefer to use Jaws or Voice Over when acquiring information using technologies such

as cell phones, iPads or computers.

2.4.3 Materials

After a preliminary interview, | emailed a survey document containing 29 questions. The
guestionnaire consisted of 7 sections: "professional background, about