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Digital Accessibility for Chemical Sciences Students

Abstract

Digital accessibility is the inclusive practice of ensuring that all people can equally access digital
information. However, this good practice has yet to be fully embraced by practitioners and educators in
the chemical sciences. This article will describe and explain the key requirements of digital accessibility
and how they apply to educators in the chemical sciences, with the emphasis on supporting visually
impaired students; it will illustrate a case study of training students in adopting digital accessibility good
practices in order to enable a culture change of greater inclusivity for the next generation; and finally
illustrate low cost laboratory adaptations that were found to aid a visually impaired student in the
laboratory.

Keywords: Chemistry, chemical sciences, education, visually impaired, blind, digital accessibility,

universal design
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Introduction

Digital accessibility is the inclusive practice of ensuring that all people can equally access and
navigate digital information and platforms, such as websites, electronic documents and mobile phone
applications, irrespective of physical, situational or socio-economical impairments'. Content, which can
include text, images, and sound, should be accessible and comprehensible without discrimination.
Individuals who may be negatively impacted by poor digital accessibility practices include people with
visual, auditory, motor/mobility, and cognitive impairments amongst others®. Furthermore, impairments
can be fluxional or temporary; the physiological functional capacity of individuals decreases with age,
for example in the United Kingdom (UK), one in five people aged 75 or over live with sight loss®.

It is important that chemistry practitioners and educators have a good understanding of digital
accessibility best practices, and this article will focus on approaches to supporting students who are
blind or visually impaired. Chemistry is regarded as a challenging discipline for such learners, its
complex and abstract nature relies on a range of different chemical representations* and visual
interpretations’. There is a macroscopic level of interaction, including laboratory manipulations and
observing physical changes in reactions or processes (e.g. colour changes, recrystallisations); there are
graphical representations for orbitals, atoms, molecules, lattices and macromolecules; and a further vast
array of graphics including formula, spectra, graphs, equipment illustrations and chemical models, all of
which students can find difficult to interpret®=®,

Chemists with disabilities remain significantly less likely to be employed than their non-disabled
peers’!!. In the UK, less than 13% of students on a HE degree in the physical sciences have declared a
disability compared to 16.6% for the sector'? against a background of 22% of disabled people in society

and 18% of adults of working age'®. In the UK, chemistry degree entrants declaring a disability are
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estimated at 9%, and there is evidence that students with disabilities have to cope with an inconsistent
level of support'. Approximately 1.1% of all undergraduate students who declare a disability have

a serious visual impairment and this represents 0.1% of all students'? compared to 0.5% of the
population and 0.2% of young people'>. In the US, it is estimated that there are over 55,000 blind pupils,
students and adult learners'®. Worldwide, over two billion people need corrective eyewear!” of which
624 million require corrective lenses so strong that they are classed as visually impaired or blind without
glasses. Corrective glasses are estimated to have a greater impact on academic performance than any
other health impact as it is estimated that 80% of learning occurs through vision, and not addressing this
issue leads to serious educational and economic consequences'®.

There are many aspects of digital accessibility to consider and the guidelines and regulations
surrounding these are extensive and here the author wishes to share approaches from the perspective of a
chemistry academic at a UK institute with years of experience of supporting students, including with
visual impairments!'®. The framework of digital accessibility requirements also holds true for non-
English speaking countries and guidance has been translated by the Web Accessibility Initiative®®, and
adopted by many governments>!. A full consideration of all facets of digital accessibility is beyond the
scope of a single publication; instead, this article will focus predominantly on the physical aspects of
digital accessibility, primarily aimed at creating practices which are equitable to people with visual
impairments and also hearing impairments - so called universal design. This is not to diminish the
importance of other perspectives of digital accessibility which are not covered, such as the digital
divide?.

Assumptions are often made that to teach chemistry to visually impaired students, specific
adaptations to notes, experiments, and laboratory set-ups are the major hurdle, and for decades blind

students °...have been advised against taking chemistry...”**. To some extent it is true that bespoke
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adaptations can be time intensive as for example an excellent low-technology instructional approach for
teaching a blind student required hand-making non-commercially available aids and one-to-one
interactions ahead of classes for the student to learn how to interpret new tools and adaptations®*. But of
course this just reflects the fact that our educational system does not integrate blind students and it
remains the case that approaches that overcome any of these barriers are very valuable>™>*. Using a
simple and ingenious method, Pereira and co-workers®® converted infrared spectra signals in to non-
speech sounds using open source programs, which allowed students after training, to analyse infrared
spectra and identify the functional groups present. The power of this approach is that it can be easily
integrated and adapted by other institutes and it can also be made available alongside visual spectra for
non-visually impaired students who might prefer this interpretation. Poon and Ovadia®’ describe from
the perspective of a visually impaired students how standard imagery description can be confusing eg
describing p-orbitals as dumbbells, which is in fact only a loose approximation, and showcase some
model and tactile representations that they found to work in practice with visually impaired students. A
valuable article by Yezierski and co-workers?” highlighted from the perspective of a blind student the
inaccessibility of educational material and the lack of training that educators have in overcoming
barriers created by teaching materials. For example in teaching gas laws a cylinder is drawn with
molecules inside and pressure gauge. The molecules are shown to be moving by the common place
convention of straight lines ‘behind’ the particle represented by a circle, whereas the gauge is
symbolised by a circle with an arrow inside it. A tactile rendering of the apparatus drawing was not
helpful to the blind student who could only decipher the cylinder but was confused by the symbolic
imagery for particle movement and the gauge. Power point slides that relied on drawings were equally
inaccessible and it was clear that an alternative description explaining what was happing was required.

Tactile renderings has however proven very useful but does require a certain amount of understanding
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and engagement with new equipment and tools from instructors and students alike*’!. Wedler and
coworkers*® describe laboratory arrangements that rely on a visually impaired student having access to a
laboratory assistant and emphasise how important it is that laboratory assistants are initially trained on
how to interact with and assist visually impaired students. It is also critical that laboratory assistants are
sufficiently experienced chemists>>*®. These examples show that laboratory practical adaptations and
tactile models for instruction are important elements for greater inclusivity of visually impaired students
but what is also required is better training of educators and assistants and a greater appreciation of the
barriers that our current educational materials and approaches pose for visually impaired students>®. In
addition, the reality is that for all students, the greater part of the modern education process is interacting
with computers and accessing information during both the lecture and the self-learning phases, and this
can prove to be an extremely frustrating experience when what are known as universal design practices
are not followed by content providers>’>8. The tenets of universal design were originally described by
North Carolina State University in 1997 led by the architect Ronald Mace®® and can be summarised as
the principle of creating products that can be used readily by as many people as possible regardless of
physical ability. The availability of lifts and ramps in buildings is an example of a universal design
solution which aids wheelchair users and removes the barrier created by stairs. Universal design is
closely related to and sometimes conflated and used interchangeably with accessible design®, which is
the principle of ensuring that from the onset there are no barriers to accessibility for all people including
those with disabilities. Staying with the example of lifts and ramps accessible design would allow for
other types of disability and for example extend to including braille signage and audio directions.
Inclusive design principles often lead to a greater benefit for all people, lifts and ramps again being
useful features in a building beyond wheelchair use. A greater realisation is needed from society that

accessibility should be in built in all activities and products and not an after-thought.
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Therefore, for chemical education to be accessible, the following will be required: digital
accessibility of educational materials; educators or assistants who are trained in adopting good practices
and supporting all students; and the creation and sharing of examples of successful laboratory
adaptations.

This article will describe and explain the key requirements of digital accessibility and how they
apply to educators in the chemical sciences, with a focus on supporting visually impaired students in
particular; it will illustrate a case study of training students in adopting digital accessibility good
practices; and finally illustrate laboratory adaptations that were found to aid a visually impaired student
in the laboratory.

However before discussing examples of good practice it is useful to appreciate that not all visual
impairments are the same, why this might be, and why therefore some inclusivity practices suit some
people better than others.

Not all visual impairments are the same

Aside from uncorrected refractive errors, such as myopia and astigmatism, the majority of visual
impairments worldwide are caused by: cataracts; glaucoma; age-related macular degeneration (AMD);
and a range of retinal diseases®!. AMD is the leading cause of loss of vision in elderly people with
European ancestry and it is estimated that it affects 30-50 million people worldwide®®. Many of these
conditions cause restricted vision, for example individuals may lack peripheral vision. People with
perceptual processing disorders may also have good visual acuity but the brain struggles to interpret the
information presented, making activities such as reading difficult, an example of this is dyslexia. Others
cannot distinguish colour and colour contrast within documents and websites. Chemist rely on colour
differences for safety data sheet information and of course for describing chemical reactions®. Because

of this variance within visual impairment, in so far as is possible it is often important to know what may
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be the requirements or preferences for individuals with visual impairment or visual processing
difficulties when preparing teaching materials or documents for them. For example documents with
extremely large text may benefit some people with low vision but would be a hindrance to people who
may have a small area of good vision in an eye, as the latter would have to read text one letter at the
time. A document that starts with a generous text size and further allows the reader to adjust the text size
as required would be a good solution but care should also be given to ensuring that the text justification
is adjusted automatically to fit to the screen size and does not now require a user to additionally scroll
left and right, which happens if a simple magnification feature only is available, as this creates an
additional usage barrier. Similarly a document that has a soft off-white coloured background can help
people with visual processing difficulties but allowing for this background to be easily changed can be a
useful feature as different people respond differently to colour contrasts. As stated previously accessible
design practices can ideally not only be anticipatory of any eventual needs but often result in wider
reaching benefits, for example colour background changes have been shown to improve the readability
of text for all people®.
Digital accessibility requirements

My institution, the University of Kent, has developed a comprehensive guide to making content
accessible® which include the following: 1) documents, PDFs and text; 2) websites, blogs and social
media; 3) images, graphics and photos; 4) videos; and 5) presentations. The guide also includes a policy
on digital accessibility and instructions on how to check the digital accessibility content of material.
Digitally accessible text, documents and PDF's
There is little about chemical education text that requires special consideration over and above standard
digital accessibility guidelines! apart from any images which may be present, and these are discussed

separately in a section below. The guidance on making text documents accessible relies on having a
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document with the following features: navigability, ie a well-organised hierarchical structure of
headings created using in built software functionality; use of bullets and numbering functionalities
offered by the software rather than numbers or symbols manually added; use of sans-serif font size 12
minimum; ensuring that the text is selectable so that it can be read by a screen reader; avoiding long url
links but editing these so that they describe and signpost their destination; if tables are required consider
how these will be read by a screen reader, use header rows and don’t complicate the structure with
merged or split cells. If these steps are taken in creating text documents then it is usually possible to
create PDFs from these that are also navigable and readable.
Correct close captioning, audio descriptions and transcripts for all video and recorded material.
Videos, including recording of lectures and other classes have been identified as valuable

7,66—-69

educational tools , also allowing for improved inclusivity benefitting a range of disabled students

(plus students with different language backgrounds and those with caring and other responsibilities).

How videos are created has a bearing on their educational value’®">

and good videos include good
descriptions of visual content which benefits all students including disabled students®’. Digital
accessibility compliance requires that videos are close captioned. Automated close captioning software
services are readily available and often standard with common software packages (e.g. Zoom, Microsoft
Teams and PowerPoint). However, as yet these are not 100% accurate or reliable. Chemical terms in
particular are not mainstream and so are often mistranslated by the software and require checking as
even small errors can be confusing (e.g. sulfate vs sulfite; alkene vs alkane or alkyne or alkyl or
alkyline) and as has been found by others induce a high error rate”>. The level of accuracy from
automated close captioning is improved by the use of a good quality microphone’ and in the author’s

experience was found to range between 80-95%. Manually correcting automated close captioning

transcripts was found to take between three to five times the original recording lengths depending on the
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content, with chemical terms being incorrect the majority of the time. Overall, the correction time was in
keeping with a study by the University of Kent for all degree subjects which found that the time required
to correct close captioning to a compliant level was four times the original recording length, but could be
up to six times for more difficult recordings’®. The University had recorded approximately 20,000 hours
of lectures of which 4,500 were attended by deaf and hard of hearing (D/HH) students. The current rate
for a professional close caption service provider at >99% accuracy is in the range of £50-60 per hour
depending on turnaround time.

In trial events by the author, the option of subtitles was provided to accompany live lectures
(these were pre-Covid and not online), to a class of 120 students, and it was found that on average 65%
of the students engaged with the software to access the subtitles indicating the potential benefit to all
students, and supporting the notion that less than perfect captioning remains useful to a majority of
people even if not legally compliant.

As aresult of the Covid pandemic, the University of Kent like many others, provided online
lectures, which were timetabled for synchronous teaching. In addition to the lectures, the author
prepared short videos of the various lecture subtopics and made these available on the learning platform
(Moodle) but with no indication that the students were required to view them. By the end of the
academic year, user data showed that in all cases the shorter videos had been accessed more frequently
and viewed by more different people than the corresponding lecture recordings. For example, a final
year lecture (40 students on the module) on stereochemistry had been viewed post lecture 39 times by 22
different people, whereas the average for the shorter videos was 78 views by 34 different people. This
trend was observed across several lectures at different stages of the degree programme. The greater
popularity of the shorter videos compared to longer recordings is consistent with the findings of other

groups who have also discussed the associated pedagogical values’®">7®. From an accessibility

Journal of Science Education for Students with Disabilities 9/13/24 Page 11 of 52



Digital Accessibility for Chemical Sciences Students

standpoint, the advantage of these prepared recordings is that the close captioning was corrected and
these remain available for future cohorts.

Chemical sciences videos: An example of good practice, with respect to hearing impaired
inclusivity at least, in freely available - short chemistry videos for higher education can be found at the
Khan academy website”’ where the videos contain close captions which are accurate. The fact that
digitally accessible media is available means that these can be signposted in degree programmes as part
of alternative formats. One way to solve the disproportionate burden problem would be for all academic
institutes to make freely and readily available to other institutes their recordings which have been
prepared to be inclusive, even if this represents a relatively small subset of their teaching materials.
Ideally these would be organised to be short in length, rather than hour long lectures. It may be that
these recordings address some inclusivity issues better than others, nonetheless this would still represent
an invaluable resource to provide accessible teaching materials worldwide.

In the Khan Academy-style videos mentioned above, instructors often draw free hand on a
digital tablet. This approach however is not suitable for many visually impaired people. It would need to
be backed up by other resources such as 3D models, tactile graphics and/or audio descriptions (ADs).
This extra consideration of accompanying resources applies to sciences in general but especially so to
the chemical sciences which, as discussed in the introduction, relies so heavily on visual representations.

Chemical Sciences AD videos: ADs which have a long history in the theatre, film and
broadcasting industries’® are a well-established educational practice in settings such as museums but are
not routinely used in universities for chemistry education. Central to the pedagogical value’ of ADs to
all students is that they can help to call attention to key information. It would be preferable if inclusive
design is present from the onset®® such that good descriptions of apparatus, models, graphs and so forth

are provided within the narrative. Existing videos can however be augmented to improve accessibility
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with added ADs. In the example referred to below (Figure 1) there are two versions of the same video,
one is the original and the other has had an AD added with descriptions of the set up and practical

manipulations®!.

Figure 1 Screenshot of a video walkthrough adapted with an Audio Description®’. Transcript is in the
Supplementary Information.

Sign Language

For many D/HH individuals, sign language is their first language; and for example in the UK
approximately one in a thousand people use British Sign Language as their preferred language.
However, D/HH people are almost always expected to have to use close captions at best. Allowing lip
reading is encouraged as far as possible. Worldwide there are estimated over 130 sign languages®* and
probably more than twice that number as even amongst countries that share the same spoken language
there are different sign languages, for example American, Australian and British sign languages differ
from each other.

Chemical Sciences Sign Language: There is much work still to be done to create a lexicon of

73,83

chemical sign language and for this to be globally consistent — excellent examples of such an
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approach have been demonstrated by Quantum ASL3* and also by the Scottish Sensory Centre®>. The
ongoing creation of inclusive digital resources by educators presents the opportunity for these to be
accompanied by sign language translations that will help address the underrepresentation of D/HH
learners in the chemical sciences®® and chemistry educators are strongly encouraged to be more inclusive
in this regard. Again, open sharing of recordings that have been translated in to sign language would be
a very welcome practice from the chemical community.

Alt Text - Alternative text for all images, including reaction schemes, graphs, spectra and
equations.

Arguably the most challenging aspect of universal design is the alternative text or “alt text’
element. Alt text essentially is a description of an image when that image can’t be viewed. As discussed
earlier, there is a pervasive and heavy reliance on the visual within the chemical sciences and it may
therefore be difficult to rationalise how this barrier can be overcome. For an excellent riposte and a
perspective on how, in chemistry, visually impaired individuals can visualise without vision the reader is
referred to a review by Wedler and colleagues®” highlighting a wide range of methodologies and
adaptations that are inclusive of blind and visually impaired individuals. A number of articles by Supalo
and co-workers deserve special attention as they highlight how instructors can improve their

effectiveness in teaching blind chemistry students®~!

. With respect to alt text, the reader is directed to
a first-rate example®” of constructing useful descriptions of complex molecular structures from the
perspective of a blind chemist. As educational best practice there is no reason why many spectra such as

those found in infrared and NMR analysis (see Figure 2 for an example) cannot use the standard written

notation used in research articles as the alt text.
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Figure 2 Alternative text description: >C NMR of N-(exo-himoyl)-glycinoyl chloride, showing peaks at
39,1, 42.8; 45.4, 48.1; 76.7; 77.1; 77.4; 138.0,; 171.7; 177.3 parts per million (ppm). The reference
peaks for deuterated chloroform are also visible as a triplet at 77.1ppm

Chemical structures and equations remain a significant challenge but again it is worth noting that often
what is being represented may actually be a small change to a large molecule (e.g. organic functional
group interconversion) and so a useful alt text can still be created and indeed organic chemists, when
teaching, often use the ‘R-group’ notation to denote parts of the molecule that are not involved in a
reaction to avoid visual confusion. Optical character recognition when applied to chemical structures,
known as the Chemical Literature Extraction and Aloud-Reading System (CLEARS)®? has made great
strides in converting graphic structures to chemical names and whilst this is not yet sufficiently accurate

to be automated, as this would require a 100% success rate, it is highly promising.

Example of universal design practices in a chemistry PowerPoint slide
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Figure 3 PowerPoint slide highlighting accessibility features

In Figure 3, the PowerPoint slide is shown with the navigational view showing a title for each
slide in the presentation. This makes it easier to navigate using a keyboard. Each slide has a unique title.
The image in the slide has an alternative text description. Whilst the use of the words ‘image’ or
‘picture’ in the title are discouraged as they are superfluous and distracting, the word ‘structure’ may be
appropriate as it clarifies the representation of 1,3-cyclopentanediol. The slide itself uses sans serif font
of no less than 20 point and the presentation has been checked for accessibility issues using the inbuilt
functions. The slide has a plain pastel blue background in keeping with readability best practices, which
currently are not checked with the inbuilt functions. The slide is free of distracting logos and
background effects. The slide number also has not been included as most people use the navigational
section to find a slide. However if the presentation was large and was to be printed then slide numbers
may prove useful. A feature that may not be obvious from the image in Figure 2 is that the slide has
been prepared selecting an appropriate template such that the reading order is unambiguous, i.e. ‘title’
followed by ‘subtitle’ followed by ‘text’ followed by ‘image’. This is important for people who navigate
using keyboards. Additional content can subsequently be added but it is important to manually check

that the reading order is correct. The alt text does repeat a point covered in the notes and sometimes this
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may be difficult to avoid as not all students may access the alt text or the notes. An aspect that may
create inaccessibility however is the term ‘2" meaning ‘two to the power of n’ which many automated
assistive readers will convey linearly as ‘2n’ i.e. ‘two times n’ and this point is discussed below.
Mathematical equations: Conveying mathematical notations to visually impaired people is yet another
challenge that has not been satisfactorily solved®*. Mathematical notation in Braille for example does not
have a global standard, it varies across different countries. In addition, not all visually impaired students
practice Braille and there is evidence that students who do use Braille notation are less likely to
participate at higher levels of education®. There is evidence that assistive technology does not yet
reduce barriers sufficiently to achieve educational parity between visually impaired and non-visually
impaired students, and furthermore visually impaired students tend to perform below their potential
ability when compared to other subjects such as social sciences’®. Comparison of assistive technologies
or approaches is difficult as it is not always clear what the level of assistive technology is and how they
serve different educational stages’. What does seem to hold true is that students with visual
impairments can be ‘as successful as other students in sciences and mathematics given knowledgeable
and supportive teachers’ and furthermore, the ‘adaptations provided benefit the entire class’®’.

There are approaches to convey mathematical equations linearly for example by conversion to
LateX but these require a level of learning the coding language from the students and the resulting
expressions can be very cumbersome’®. The other problem with LateX documents is that these are not
accessible to automated readers. The requirements for textbooks to improve their mathematical
accessibility has been eloquently argued®® and is reflective of the challenges faced in the sciences in
general including chemistry to provide inclusive description for non-word material. The solution which
is currently just out of reach is for automated readers to describe equations linearly using unencumbered

coding methods. This would also require reading the secondary graphics often used in mathematics (for
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example strikethrough lines when fractions are simplified) and be based on a good understanding of how
people actually read mathematical equations in order to interpret them®*. In the absence of such
technology being mainstream and readily available, educators should consider providing alternatives
such as voice recordings describing equations linearly, with the associated transcripts.
Websites

When creating website and webpages international guidelines relating to digital accessibility
should be adhered to, and in many countries these are now a legal requirement for public bodies'®.
However, compliance does not automatically result in usability. For example learning management
systems such as Moodle are also considered as websites and the organisational and navigational
structure can affect how easy or otherwise they are to navigate to retrieve teaching content even if
compliant.

Key aspects that should be regularly reviewed include

e Fully navigable without using a mouse, i.e. using a keyboard or voice recognition tool. In
practice many users do not know how to navigate without a mouse and therefore to check for
compliance.

e Ensuring a good organisational structure particularly for learning management systems - that is
repeated systematically across modules - will facilitate navigation for all users.

e Able to be magnified up to 200% without losing text from the screen. A note of caution. As
stated previously, whilst magnification helps — for some users who have good acuity but it is
restricted to a small area only, a larger size will lose the context of the image or text, so for
example they would have to read text one letter at the time when they could read the same text
one word at the time.

o All text and images to be read in the correct sequence by a screen reader.
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e Any hyperlinks to be readable and self-evident without automatically hyperlinking unless
selected.

e Any documents to be digitally accessible.

e Any audio-visual information to be close captioned and/or a transcription provided

e All teaching material to be available at least 24h before a class but ideally from the start of term.

From the perspective of a chemistry educator it is invaluable if the teaching materials can be
supplemented by electronic textbooks which can provide a valuable alternative format for the topics
being covered, in which case lectures should be carefully mapped to the textbook. Some publishers are
now supplying material with good quality alt text for the imagery which is available to use for
educational purposes and academics are encouraged to support these best practices from publishers, and
insist that their institutions adopt textbooks which have digitally accessible versions.

A periodic table has been created by the American Chemical Society (ACS) which is keyboard
compatible and can be read by assistive readers'®'. The Royal Society of Chemistry (RSC) has a
periodic table which includes podcasts with transcripts and videos with corrected close captioning'%.
Both of these periodic tables, as well as other periodic tables designed for accessibility by blind

103 are freely available valuable resources that do not need to be duplicated by others and

people
underline the fact that a range of resources may be required to provide breadth of inclusivity and
usability.
Summary and solving the disproportionate burden problem

As discussed, achieving compliance with digital accessibility regulations, means that a number
of criteria need to be addressed, some of which require significant additional resources in either time or

other costs to achieve. This has led to some organisations claiming that meeting these resource costs to

achieve compliance is too detrimentally impactful and creates what has been termed'** a
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‘disproportionate burden’. For chemistry educators who create teaching materials these fall into the
following main practical issues:

e Correct close captioning, audio descriptions and transcripts for all video and recorded material

e Sign language

e Alternative text for all images, including reaction schemes, graphs, spectra and equations

e Mathematical equations

The best way that this disproportionate burden can be overcome is if institutes and organisations

make freely available their resources and materials. As we have seen in the previous section examples of
accessible periodic tables are freely available!®'~1% but each of these would have taken considerable
time and care to construct, and each caters to a slightly different audience. Broadly speaking most
universities will have a great overlap of topics and it should be possible therefore to ‘borrow’ and ‘lend’
to each other with respect to resources that have been specially prepared for greater inclusivity. A
greater awareness of accessibility requirements and training of people in good practices is also required.
As an example, the next section outlines the outcome of training student cohorts to embed digital

accessibility in their work.
Case Study: Student training and development

Three separate cohorts of students at the University of Kent enrolled on Chemistry or Forensic
Science degree programmes were given training in universal design best practices relating to
PowerPoint and asked to incorporate these in their presentations. The requirement to include these best
practices was not mandatory and no marks were associated.

The training session itself was light touch and consisted in a 20 minute presentation on how to

prepare PowerPoint slides where the following was emphasized:
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1. Keep a simple uncluttered layout - as this is less visually distracting and less time needs
to be spent trying to distinguish information from background design

2. Use standard templates with software generated title headings — this helps a reader to
quickly search or ‘navigate’ through the slides and ensures the correct reading order

3. Each slide to have a unique title — again this helps with the navigation of the presentation,
and ideally no two slides should have the same name

4. Use 24 point font minimum and use sans-serif font — to aid readability

5. Choose suitable colour contrasts — this again is related to readability and it can be linked
if appropriate to a further consideration of ensuring that information is not contained in
colour alone

6. Use web links that say what they are — this prevents someone having to click a link to
find out if it important or can be ignored

7. Provide alternative text for images — assume that the user can’t see the image. Alt text

should explain the same information that the presenter is wishing to convey

Student take up: The take up was excellent and from a total number of seventyone students all
but one student engaged with at least one aspect of best practice — students recognizing the value of the
employability skills gained. Students in the main addressed the following usability best practice criteria:
navigational preparation of their documents, appropriate colour contrast and font size (Table 1).
Automated accessibility checkers were used to evaluate the student submissions. Blackboard Ally is
used at the University of Kent and checks for colour contrast, images with alt text, tables without
headings and documents without titles, and produces a percentage accessibility score range of low (0-
33%); medium (33-67%) and high (67-100%). The result was that the students’ documents scored well

on Blackboard Ally with a high average percentage score. As a note of caution in using Blackboard Ally
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scores, these can be used to give an indication but should not be relied upon for a meaningful score as
the checker produces a score based on the number of errors not the type of errors. The submissions were
also individually examined by the author using the in-built Microsoft accessibility checker (key checks
include navigational layout of documents, alt text, tables without headers and PowerPoint reading order)
which however does not provide a score. Finally font size was checked manually as neither of the
automated accessibility checkers has font size as a criterium. In order to provide a meaningful
comparison, results from previous a cohort that had not received accessibility training were also
analyzed. The untrained subsets submitted presentations which received a medium Blackboard Ally
score, and there were other faults also picked up by the Microsoft checker. Of the two submissions that
scored well, one was because no images had been included, whereas the other submission the student
was already knowledgeable in constructing slides with good navigability and had applied good practice
as standard, which was positive to note. In summary, the cohort who did receive training significantly

improved the average accessibility profile for their submissions (Figure 4).
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In respect to the note of caution in using Blackboard Ally scores, in the cohort of
students who had been trained on universal design, there was one submission that scored poorly
because the background contrast was poor throughout, even though the navigability was good
and the font was sans serif and no less than 20 point. A simple change of background would have
raised the score to very good. It should be noted that students did not have access to Blackboard
Ally (this is available for staff only) but were trained to use the Microsoft accessibility checker,

which currently does not pick up on luminescence contrast. Neither the Blackboard Ally or

Microsoft systems check for font size, this was done manually.

Navigability Low <5% 70 99%
Large font Low <5% 64 90%
Colour Low <5% 59 83%
contrast
Alternative High 20-80% 9 13%
text

Table 1 Summary of student engagement with universal design criteria

Alternative text adjustments were in the main not addressed by students (Table 1), with
only a handful of exceptions across all the cohorts. This reflects the discussion in the previous

section that alternative text provision is one area where students from the chemical sciences face
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a discipline difficulty and indeed it can be difficult at times to provide meaningful alt text for
complex structures or visual representations. One student who did engage with the alt text stated
that for her 15 min presentation (thirteen slides) it probably added over 30 min of preparation
time but that she did it as she went along and found the process useful as it made her focus on the
value of what was being included; a screenshot is shown in Figure 5 and the presentation

returned as perfect on both Microsoft and Blackboard Ally accessibility checkers.

UK STATISTICS

141,000 received treatment for opiates
during 2020

72% male : 28% female

Median age 42 years: large proportion
started usage in the 80s/90s crisis

1,337 heroin or morphine =
dlemths tecorded in 2020 and on an Death rate due to opiates, per million people between

upward trend? 1994 and 2020

Approx. £19 billien in costs to UK
economy*

Figure 5 A PowerPoint slide prepared by a student using digital accessibility best practices.
This case study of training the students underlined the fact that many adjustments are
easy to make and are perceived as valuable. The feedback from the students was overwhelmingly
positive: This is useful knowledge for after we graduate, It is so important, It makes it clearer
and easier to follow, why would anybody not do this? ... Feedback from a graduate: /am
grateful and happy that I am using it [at work] and I only learnt about it through your project; it

really does help'®.

Specific laboratory support
As outlined in the introduction, the last part of inclusive chemistry education involves practical

work. Computers are not typically associated with organic or inorganic wet lab environments,

however they can form an integral part of assisting visually impaired students.
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'Experimental Résults A
Weight of evacuated flask '

Wciglr]t of flagk + helium
Weioht ol helium

Figure 6 One screen is a digital readout from a weighing scale that has been captured by a
webcam and magnified. The other screen shows an excerpt from the lab manual that the student
is following. The text has been magnified and the student has chosen the desired contrast but the
text can also be read automatedly. The student can also input notes using a keyboard if desired.
Adapted from reference 19.

A set-up as shown in Figure 6 was used at our institute, and allowed for a visually
impaired student to readily access lab manuals, notebooks and other information which had been
prepared using digital accessibility universal design features and enabled the student to attend
and complete undergraduate laboratory classes.

Bespoke adaptations were made using web-cams which enabled the student to use his
residual vision to safely perform and follow a reaction. The example shown here is a titration
(Figures 7-12). The student’s residual vision was limited to a small area in one eye only, and
only if the object or screen or paper is placed very close to the eye. The adaptations shown are
relatively low cost and non-specialized. The student had access to a PhD chemistry level

assistant who could report observations if requested and could assist with locating equipment or
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reagents but was careful not to perform the experiment for the student. The laboratory area

required was roughly twice that of a sighted student. Technical staff and instructors were briefed

on how to engage with a blind person!'%,

Figure 7 Using webcams to enhance visual feedback. A webcam is clamped on a retort stand
such that it can view a burette. The webcam image will be magnified on to a screen (not shown
in the image) such that it will allow a student with visual impairment to better see the start and

end points of the titration. Also, the burette, which is clamped to a retort stand, is placed inside a
large spill tray.
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Figure 8 Contrast on the burette. The burette has black tape applied in the critical area where a
reading will occur. This is to allow for better visual contrast between the tape and meniscus of
the solution.
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Figure 9 End-point visualization. A webcam is focused on the burette, set-up inside a splash tray,
to visualise the burette reading. A separate webcam is focused on the titre flask to observe the
endpoint. To the left of the splash tray is a screen showing the titre flask magnified for better
visualisation. This also means that the student does not have to get close to the chemicals in the

flask.
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Figure 10 Webcam display. Image of the titre flask captured by a webcam and displayed on a
screen allowing the student to observe the endpoint of the reaction without needing to get close
to the flask and chemicals.
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Figure 11 Notebook input. The image shows a laptop connected to a larger display screen. This
makes it easier for the student to input data.
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™

Figure 12 Magnifying readings. Image shows how the digital readout of a weighing scale can be
captured by a webcam and displayed on a laptop with the image magnified to improve its
readability. It also allows a student to get close to the screen without impediment, to better read
the digits.

Conclusions

The advancement of digital teaching resources and associated pedagogies has been
shown to contribute positively to education but it has bought its own challenges and failings with
respect to inclusivity and accessibility, particularly for the chemical sciences. Meeting these
challenges however results in universal design best practices which bring advantages to all
learners and to educationalists. There are significant challenges for chemical science educators
in that the subject is heavily reliant on the visual and there are no simple automated solutions for

providing alternative formats to the complex range of visual information, including mathematical
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notation. There is no standard sign language for chemical lexicons, which does however
represent an opportunity for the community to develop an internationally agreed chemical sign
language. Students are receptive to both training and engagement in universal design practices
but take up on providing alternative text remained low. Finally, this article is a call to arms
asking that material that is created in-house by chemistry educators worldwide, whether it be
videos, spectra, graphs, etc., can be made publicly available such that over time it will offer full
coverage of chemistry topics. We share here an example of how webcams can be used to include

a visually impaired student in a laboratory practical.
Associated content
Audio description transcript for reference 81 is provided after the references
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Supplementary Information: Audio Description

Transcript for Reference 81

Experimenter: So in this third video we're going to look at stopping the reaction and
precipitating our polystyrene. So we've got the reaction here just approaching 45 minutes. And
there we go, as it gets to 45 minutes, we are going to stop the stopwatch, get that out of the way,
and we're going to remove each of the reactions as quickly as possible and give them a little bit
of a wipe to get the oil bath oil off, going to remove all of them at pretty much the same time and
put them in our rack to cool down.

We should be able to see here that the viscosity of the liquid in the tube has increased
quite significantly. And that's because there's a high proportion of polystyrene in the tube now,
whereas before it was just dissolved Benzoyl Peroxide and Styrene. Because the viscosity is
increased, what we need to do is we need to add some solvent, which in this case is
Tetrahydrofuran to dilute our reaction mixtures down, this is going to help us arrive at a much
nicer final product when we get to the precipitation stage. So I'm going to remove the lids, the
little cork lids of each of the vials, and I'm going to use a glass pipette to do this transfer. I'm
going to place a few drops of tetrahydrofuran into each of the tubes, I'm going to make sure that I
don't put the pipette into the polymer because I do want to avoid cross contamination.

So I'm adding about 20 drops of THF to each of the tubes at this stage. And I'm trying to

keep it consistent across all 3.
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So once I've finished with the THF I'm going to get rid of that pipette and put it in the
sharps bin in the fume cupboard and I'm going to add the lids, the little cork lids, back to all of
the 3 vials. We need to agitate these solutions at this point to get it to mix well with the THF.
THEF is a good solvent for polystyrene that dissolves it quite readily. We just need to make sure
that it's homogenous before we move on to the next step.

With added Audio Description (AD)

AD: Stopping the reaction and precipitation of the polystyrene.

AD: The setup is a magnetic stirrer hot plate with a thermocouple set to 90 degrees
Celsius and containing 3 reaction tubes securely placed within an oil bath. Each of the reaction
tubes has a cork sealing the opening of the tube and a sticker with a number.

Experimenter: So we've got the reaction here just approaching 45 minutes. And there
we go, as it gets to 45 minutes, we are going to stop the stopwatch, get that out of the way and
we're going to remove each of the reactions as quickly as possible and give it a little bit of a wipe
to get the oil bath oil off.

AD: The experimentalist removes each tube, one by one, and wipes the excess oil from
the bottom with a cloth.

Experimenter: Going to remove all of them at pretty much the same time and put them
in our rack to cool down.

AD: Each of the 3 tubes is placed in the corresponding numbered slot on the tube stand.
The experimentalist picks up a tube and tilts it sideways, left and right to see the liquid moving
inside.

Experimenter: We should be able to see here that the viscosity of the liquid in the tube

has increased quite significantly. And that's because there's a high proportion of polystyrene in
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the tube now, whereas before it was just dissolved Benzoyl Peroxide and styrene. Because the
viscosity is increased, what we need to do is we need to add some solvent, which in this case is
Tetrahydrofuran to dilute our reaction mixtures down.

AD: The experimentalist picks up a large bottle labeled Tetrahydrofuran: flammable,
hazardous, systemic.

Experimenter: This is going to help us arrive at a much nicer final product when we get
to the precipitation stage. So I'm going to remove the lids, the little cork lids, of each of the vials.
And I'm going to use a glass pipette to do this transfer. I'm going to place a few drops of
Tetrahydrofuran into each of the tubes. I'm going to make sure that I don't put the pipette into the
polymer because I do want to avoid cross contamination.

AD: The experimentalist drips 20 drops, 1 drop at a time, into each of the reaction tubes.
Experimenter: So I'm adding about 20 drops of THF to each of the tubes at this stage. And I'm
trying to keep it consistent across all 3.

Experimenter: So once I've finished with the THF I'm going to get rid of that pipette
and put it in the sharps bin in the fume cupboard. And I'm going to add the lids, the little cork
lids, back to all of the 3 vials. We need to agitate these solutions at this point to get it to mix well
with the THF. THF is a good solvent for polystyrene it dissolves it quite readily.

AD: The experimentalist lifts each tube individually and rocks the tube back and forth
and then shakes them up and down before returning them to the rack.

Experimenter: We just need to make sure that it's homogenous before we move on to

the next step.
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