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Abstract
This report summarises an investigation into the challenges and opportunities
in supporting disabled students in chemistry with a particular focus on how
those challenges might be reduced though digital tools. Its key aims are:



to identify and critically appraise research into the accessibility landscape for chemistry education
and practical work at Key Stage 4 and 5 (age groups 14–18);
to present an accessibility benefit assessment that will recommend good practice in presenting
online resources for students with disabilities.
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Executive summary

This report summarises an investigation into the challenges and opportunities in supporting disabled
students in chemistry with a particular focus on how those challenges might be reduced though digital
tools. The key aims of the investigation were:



to identify and critically appraise research into the accessibility landscape for chemistry education
and practical work at Key Stage 4 and 5 (age groups 14–18);
to present an accessibility benefit assessment that will recommend good practice in presenting
online resources for disabled students.

This report included a wide range of topics, whose key factors are reported below:
The number and characteristics of disabled students at Key Stage 4 and 5 (age groups 14–18) were
evaluated. It was found that:



There is no evidence to suggest that, in general, disabled students are put off chemistry at
university level.
There is evidence to suggest that disabled students regularly have to deal with inconsistent levels
of support, resource, and equipment compared to their peers.

Recommendation:


It follows that the provision of accessible resources by a platform like Learn Chemistry (or other
digital platform) is more important to disabled students than it is to mainstream students.

The accessibility of chemistry practical work was considered. It was found that:



There is some confusion between teachers, academics, and exam boards about the learning
outcomes that practical work is intended to achieve.
If performed correctly, in some cases simulated experiments are capable of achieving the
educational goals of classroom practicals (where those goals are as recommended by SCORE).

Recommendation:


Disabled students are likely to benefit more from accessible online simulated experiments than
their mainstream peers.

The accessibility benefit assessment of digital resources was completed (using Learn Chemistry as an
example platform) and it found that:



There are many examples of good practice with Learn Chemistry.1
A range of design principles that should be foregrounded when making future decisions have been
made.

1. The author will be using it as an example of good practice in other work
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Chapter 1
Introduction
This report summarises work undertaken in 2015 to identify challenges and opportunities in supporting
disabled students in practical chemistry work with a particular focus on how those challenges might be Page | 6
reduced though digital tools.
This work is split into two distinct parts: a research report focusing on the ‘state of the nation’
regarding chemistry accessibility and an accessibility benefit assessment.
This chapter provides information on the Royal Society of Chemistry and on the overall disability
landscape. It discusses the motivation for the work, in terms of being able to shape how resources are
created and distributed in the future, and gives an overview of the rest of the report. It finishes with a
short discussion of some methodological aspects of the work.
1.1 The Royal Society of Chemistry
The Royal Society of Chemistry is the world’s leading chemistry community, advancing excellence in
the chemical sciences. The organisation was formed in 1980 from the merger of the Chemical Society,
the Royal Institute of Chemistry, the Faraday Society and the Society for Analytical Chemistry with a
new Royal Charter and the dual role of learned society and professional body. As the professional
body for chemistry in the UK, the Royal Society of Chemistry has the ability to award the status of
Chartered Chemist. The organisation also carries out research, publishes journals, books and
databases, as well as hosting conferences, seminars and workshops.
With particular regard to education, to implement its mission to advance excellence in the chemical
sciences, the Royal Society of Chemistry’s goals are to:




consider and provide guidance and information on content criteria (including scientific skills and
ideas) for chemistry qualifications;
consider and provide guidance and information on appropriate assessment models for chemistry
qualifications and advise on responses to external consultations on curriculum, qualification and
assessment matters;
advise the staff, Education Division Council, Science, Education & Industry Board and Council on
2
any matters associated with the chemistry curriculum.

It is with regard to these three goals that this report was written.
1.1.1 Learn Chemistry
Learn Chemistry is the Royal Society of Chemistry’s online platform for chemistry education and
contains almost 4,000 resources and exercises for both students and educators. A major focus of this
report is on how well Learn Chemistry and the Royal Society of Chemistry support learning in a
disability context.
1.2 Disability in Key Stage 4 and 5 (age groups 14–18)
Section 2.1 will go into a large amount of detail on how the number of students affected by disability is
estimated. However, it is clear that a large proportion of students are affected by disability.
1.3 Challenges and opportunities
The Royal Society of Chemistry have commissioned this report to examine the challenges and
opportunities in supporting disabled students in practical chemistry work and the accessibility of online
digital tools aimed at supporting chemistry education. As discussed in Section 3.3, the Royal Society of
Chemistry’s resources already reflect an organisation with an inclusive mind-set; however, it is also
clear to the organisation that this is a complex area, requiring specialist knowledge to properly direct
staff and funds.
2. http://www.rsc.org/campaigning-outreach/policy/education-policy/
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Some of the challenges are extremely clear: a number of the resources on
the Learn Chemistry site are all but unusable to a particular subset of
students studying chemistry and clearly such cases should be minimised or
eliminated.

The opportunities, although less obvious, are extremely valuable. As discussed in later chapters, there
are students who find studying chemistry in a traditional school setting extremely limiting due to
disability. By providing accessible resources for disabled students and their teachers, the Royal
Society of Chemistry would support them to move forward with their chemistry education. Through this
work the Royal Society of Chemistry can be more than just ‘accessible’ to students with disabilities, it
can be exactly the support they need to compensate for a lack of support in education (see Section
2.2).
Making the Royal Society of Chemistry’s resources as accessible as possible is likely to be a long term
goal; however, given the nature of the Royal Society of Chemistry as an organisation, it is unlikely to
be an expensive process because most of their existing materials are reasonably accessible.
With the current design process already incorporating consideration of accessibility , the
3
focus for future work will be on optimisation of these approaches.
This report represents one stage towards that goal; in addition to surveying the opportunities, it will
both make a wide range of specific recommendations and give general principles to allow the Royal
Society of Chemistry’s accessibility strategy to become more nuanced.
This report follows on from accessibility audits performed by the Royal National Institute of Blind
People (RNIB) who evaluated Learn Chemistry against the WCAG 2.0 standard of website design [10].
These audits assess websites against a specific set of standards for web-accessibility. These
standards are a vital part of modern web design and should be adhered to; however, they focus on
recommendations to designers and web developers rather than the people who lead and manage
organisations.
This report allows the process to progress further by taking a much more targeted view of disability
and drills directly down into the effectiveness of chemistry education within this population.

4

The report will also identify gaps in our knowledge of both prevalence of disability and of best practices
for education in the Royal Society of Chemistry’s specific context. Chapter 4 provides details of future
work, and elaborates on how this report might sit within a broader framework.
1.4 Overview of work
This work comprises four chapters:



Chapter 1 provides a brief background and motivation for the study, along with a detailed
description of the scope, requirements and intended outcomes of this study. It also deals with
administrative matters.
Chapter 2 focuses on the ‘state of the nation’ report and deals with such issues as finding an
accurate and useful assessment of the numbers of students affected by disability issues, the
context around which changes may be made and a literature search for processes that have been
successful in the past.

3. Here we include such factors as a relatively technically savvy workforce, a naturally accessible subject
matter, and a strong base of accessibility to build on.
4. The demographics of disabled chemistry students under 18 are very different to the broader population
of disabled people.
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Chapter 3 introduces a set of overall recommendations, grounded in data
and experience, for designers and managers to consider when producing
online resources. It goes on to produce a set of targeted
recommendations for online resources produced by the Royal Society of
Chemistry, including estimation of how many users each
recommendation is likely to affect and how significantly it is likely to affect
them.
Chapter 4 summarises this work and identifies candidate areas for examination by later studies.

1.5 Methodological factors
Readers familiar with disability research more generally can disregard this section as it provides
background to some of the relevant processes that were used whilst carrying out this work.
1.5.1 Models of disability
Initially coined as a term in 1983, the social model has gradually become the dominant model for
almost all activities relative to disability.
The medical model focuses on an individual – with the intent that curing or at least managing illness or
disability is the key target. The social model, by contrast, accepts the central tenet that it is the way
that society and the physical environment are arranged that is ‘disabling’. An example might be that
blind people are not disabled in the dark, nor are wheelchair users disabled while answering emails.
This manifests itself in terms of design strategies, methods of engagement and language – moving
from terms such as ‘wheelchair-bound’, which has an implicit assumption that it is the fault of the
individual for being ‘different’, to terms like ‘wheelchair-user’.
The social model of disability […] was a move against viewing disabled people as dependent and in
need of care. Disability was viewed as stemming from the failure of the social and physical
environment to take account of disabled people’s needs. The problems of disabled people were
therefore not seen as within the individual person, but within society. According to the social model, it
is not the individual with a disability that needs to be changed, but society. In the early years of the
social model, impairment as a concept or experience was rejected for fear of weakening the argument
that altering the environment would solve the difficulties that disabled people faced. There is now,
however, a growing acceptance by disability activists and those working in relative fields that
acknowledging that impairment does not necessarily undermine the social model.
Quote 1: The history of the social model from Seale [43]
1.5.2 Use of terms
This report uses the term ‘disabled people’ as a shorthand for ‘people disabled in the context of a
chemistry education’; it should be clear from context if it is being used in a more general sense.
There are several other cases where we unite somewhat confusing terminology. For example, what are
called web labs [6], virtual labs [20] or distributed learning labs [22] in different studies are referred to
by us, without loss of generality, as ‘remote labs’. There are several other instances in the report where
somewhat confusing use of different terminology has been unified for clarity.
1.5.3 Ethical issues
This report is largely based on desk research of publicly accessible research. In such cases there are
no ethical issues to be aware of.
A range of interviews with stakeholders were conducted to inform and direct the research. Each
stakeholder was informed in advance of the purpose of the report and approved any text relating to
them that appeared in the report. We defaulted to anonymity unless the stakeholder expressly allowed
their name to be used.
Registered charity number 207890
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Within disability, because of the small size of the communities it is extremely
difficult to anonymise effectively. For example, a layman might assume that a
subject described as ‘A 30 year old man with Cri-du-chat Syndrome in the
North of England’ is entirely anonymous. However, that information is
sufficient to precisely identify the author’s younger brother.
Where necessary, anonymisation in the report may include some reasonable simplification for the
reader. In Section 2.2.3 we refer to ‘Tom’ as having autism. This is factually incorrect but achieves the
balance of giving the reader enough information to understand the overall point while protecting Tom’s
identity. For more on the ethical aspects of complex disability see, for example, references [8], [34]
and [9].

Registered charity number 207890

 Royal Society of Chemistry

Page | 9

Chapter 2
State of the nation
As discussed in Chapter 1, the Royal Society of Chemistry possesses little information on the
accessibility landscape of its users as a whole. This includes both the number and requirements of
those users that identify as disabled, and also the most effective ways to meet those requirements in
the context of chemistry education.
For many institutions, organisations and businesses, disability awareness and accessibility are
relatively simple: the process of making a building accessible to wheelchairs or a handout available
electronically is known and understood. By contrast, the nature of chemistry education, particularly with
regard to practical experiments and what exactly students are intended to learn from them, is subtle
and complex. By being proactive about engaging students, the Royal Society of Chemistry finds itself
somewhat ahead of the wider community.
This chapter examines the nature of chemistry education in Key Stage 4 and 5 (age groups 14–18),
the proportion of practical work involved and the challenges inherent in that practical work for disabled
students. It goes on to examine the learning outcomes expected from practical work and evaluates if
these outcomes can be provided by digital online resources.
Following estimation of the size of the relevant population, a series of interviews with stakeholders is
conducted to properly contextualise the report in terms of the UK educational system, before
completing a full literature review of relevant academic research.
2.1 Disability by numbers
This section contextualises results presented later in the report by summarising existing information
about the numbers, demographics and choices made by students with disabilities in the United
Kingdom. As discussed later, there are a range of wildly different estimates that depend greatly on the
nature of the research being undertaken.
2.1.1 Measurement challenges
The wide spectrum of conditions that are encompassed by the term ‘disability’ make it difficult to
source accurate figures on the size of the relevant population – ‘disabled in the context of
employability’ and ‘disabled in the context of chemistry education’ are two very different populations.
2.1.1.1 Self-reporting compared with counting assessments
There are two obvious ways to assess the number of students with disabilities: by surveying students
(or a wider population) or by counting the students that are already receiving some form of assessed
support.
Table 2.2, which was compiled from survey-based census data, illustrates that 9.25% of
undergraduates are disabled, whereas Table 2.3, which was compiled from data on students receiving
Disabled Students’ Allowance [DSA], finds that 6.9% are disabled (these figures are discussed in more
detail below). While one should be a subset of the other, that doesn’t happen in practice (See Quote 3
for an example).
Similarly, students at secondary schools can be given an official ‘statement’ of their needs, and 2.8% of
5
pupils in schools in England have such statements of Special Educational Needs (SEN). These
figures look incompatible with the figures for university level (or at least suggest that disabled students
are much more likely to go to university) except that the majority of students considered to have SEN in
the secondary school age group (ages 11–16) are ‘unstatemented’ (discussed in more detail below).
5. www.gov.uk/government/uploads/system/uploads/attachment_data/file/362704/SFR262014_SEN_06102014.pdf
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2.1.1.2 Nongranular data
A second problem with gathering data relevant to disability in chemistry education is ‘granularity’. While Page | 11
there are breakdowns of subjects preferred by disabled students (such as Table 2.3), and there are
breakdowns of the nature of impairment amongst students – there is almost no information on the
relationship between individual subjects and individual disabilities.
At university level there is anecdotal evidence to suggest, for example, that dyslexic and autistic
students are much more likely to study subjects like Mathematics or Physics, while students with
mobility impairments are much more likely to prefer subjects like English or History that have very few
contact hours in a teaching week. Unfortunately, there is a serious lack of quantitative data on the
topic. Even if such data were available, the small sample size would make the results unreliable.
This is a particular problem in terms of creating educational resources. While it is possible to roughly
estimate how many students accessing Royal Society of Chemistry resources have special needs, it is
not possible to determine from available data what those needs might be, other than to assume that
they roughly follow the disability profile of a similarly aged population.
2.1.2 At secondary level
6

At secondary level there are three levels of identified SEN: school action; school action plus; and
statement.
Students in the school action category have been identified by their teachers or the special education
staff as benefiting from extra support. Students in the school action plus category have also worked
with, or been the subject of a consultation with, an expert outside the school. Statemented students
have been though a formal assessment process that has identified their needs and the best ways of
moving forward. School action is by far the largest category, partly because of the cost of going
through the process, but also because it includes a large amount of temporary issues: 10 and 11 year
olds are the most likely to be recipients of school action; however they lose this label after a period of
time. Students that are statemented very much stay within the special education framework. In
general, 15.4% of pupils in schools in England have identified SEN whereas only 2.8% of pupils in
schools in England have statements of SEN.
2.1.2.1 Nature of Need
Table 2.1 shows a breakdown of needs identified at secondary level. It includes only those students in
the school action plus and statemented categories as teachers are not qualified to accurately assess
need (indeed, a 2010 Ofsted review found that half of those identified by teachers at the school action
7
category did not have SEN )
The categories included in Table 2.1 are standard terms from education rather than disability. In more
detail:





Specific Learning Difficulty – a particular difficulty in learning to read, write, spell etc.
Moderate Learning Difficulty – achievements well below expected levels in all or most areas of the
curriculum, despite appropriate interventions.
Severe Learning Difficulty – significant intellectual or cognitive impairments.
Profound and Multiple Learning Difficulty – severe and complex learning needs; in addition, other
significant difficulties, such as physical disabilities or a sensory impairment.
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6. We focus on state funded secondary schools partly because they have the
richest data, but also because this is likely the area in which the resources
provided by Learn Chemistry are likely most effective.
7. www.gov.uk/government/uploads/system/uploads/attachment_data/file/35012
9/SFR31_2014.pdf
Table 2.1 State funding secondary schools number and percentage of SEN pupils by type of need
from [14]

Specific Learning
Difficulty
Moderate Learning
Difficulty
Severe Learning
Difficulty
Profound & Multiple
Learning Difficulty
Behaviour, Emotional
& Social Difficulties
Speech, Language
and Communications
Needs
Hearing Impairment
Visual Impairment
Multi-Sensory
Impairment
Physical Disability
Autistic Spectrum
Disorder
Other
Difficulty/Disability
Total

School Action Plus
Number
%

Statement of SEN
Number
%

Total
Number

%

30,060

17.3

6,505

10.9

36,565

15.6

38,410

22.0

9,180

15.4

47,590

20.3

630

0.4

1,385

2.3

2,015

0.9

60

0.0

220

0.4

280

0.1

53,340

30.6

9,230

15.5

62,575

26.7

15,625

9.0

9,995

16.7

25,620

11.0

4,995
2,410

2.9
1.4

2,130
1,465

3.6
2.5

7,125
3,875

3.0
1.7

140

0.1

125

0.2

265

0.1

4,870

2.8

4,495

7.5

9,360

4.0

11,645

6.7

13,445

22.5

25,090

10.7

12,050

6.9

1,525

2.6

13,575

5.8

174,235

100.0

59,700

100.0

233,935

100.0

Several of the larger categories in Table 2.1 are somewhat outside of the scope of this report. Students
with behaviour, emotional, and social difficulties benefit from a range of approaches; however, the
resources the Royal Society of Chemistry provides will not affect those approaches. Similarly, for
students with autistic spectrum disorder, the presence of the Royal Society of Chemistry’s resources is
8
probably extremely useful; however, there are few changes that are likely to be necessary.
These categories together approach almost a third of the students included in Table 2.1; however, it is
clear that there are a wide range of students whose needs are outside of mainstream educational
practices and who may benefit from the use of accessible resources.
2.1.2.2 Attainment
There is a sizable attainment gap between students with and without SEN. Of mainstream students,
70.4% achieved five or more GCSEs (C and above), compared to only 23.4% of pupils with SEN.
There were substantial differences between the various SEN needs. Those with visual (45%) or
hearing (42.7%) impairment performed very highly, whereas those whose primary need is behaviour,
emotional and social difficulties were much lower at 18.4% – it’s also worth noting that this latter group
is large enough to significantly affect the average [15].
2.1.2.3 Summary
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Within secondary education there are an extremely large number of students
with identified special needs, of which a large proportion could be helped by
the universal availability of accessible resources. No information examining
subject breakdowns for special needs was found; however, it is clear that
many of the impairments listed in Table 2.1 would have a direct effect on
chemistry education for both written and practical work.
8. The autistic spectrum should more properly be understood as an ‘autistic space’ given its size and its
variance but the remarks here are accurate for the majority of cases.
2.1.3 At undergraduate level
As mentioned in Section 2.1.1, Table 2.2, which was compiled from census data, finds that 9.25% of
undergraduates are disabled, whereas Table 2.3, which was compiled from data on students receiving
DSA, finds that 6.9% are disabled. There are several caveats to highlight with these data.
Table 2.3 merges chemistry and physics – the differing nature of the subjects may be masking some
results; however, given that biological sciences show an extremely similar proportion, we can assume
that it is unlikely to be significantly different. Furthermore, Table 2.3 is based on assessed students
rather than self-reported students. If taken at face value, it is tempting to conclude from these tables
that students with ‘milder’ disabilities are likely to avoid chemistry, whereas students with assessed
disabilities choose it exactly as often as mainstream students.
As a result of the lack of granularity in the data, the information we have is likely to be swamped by
particular signals. The prevalence of dyslexia means that far more students would be considered
dyslexic than any other condition. All of the movement in Tables 2.2 and 2.3 can simply be read as the
choices made by dyslexic students rather than any other condition. This is particularly difficult for this
work, as we would like to consider particularly those disabilities that affect practical work directly.
Table 2.2 Choice of subjects by disabled students from reference [12]

Disability recorded (2011)
General population

8.71%

Undergraduate population

9.25%

Chemistry undergraduate population

6.92%

The performance of individual students is also a factor. Table 2.3 illustrates that disabled students are
less likely to be high performing ones. However, those disabled students that are high performing show
almost half the variance in which subjects they take. Indeed, high performing disabled students are
more likely to take a physical science than average. Much of the choices made around chemistry
appear to be more closely related to its reputation as a hard subject rather than its purpose as a hard
science.
What should be drawn from this is not the difficulty of chemistry at university (see Chapter 4 for
relevant future work). Instead, as illustrated by Quote 2, we should consider this as a proxy for how
ready students with disabilities are to choose chemistry courses in the UCAS options. It follows from
the data we have examined that students are as likely to choose chemistry as any other similar
subject.
In my case [dyslexia], and I suspect for most others, for you to have got as far as university, you’ve
already learned to cope, you’ve learned the little tricks and you’ve managed to get though exam after
exam, coursework after coursework on your own. At that point, the DSA is like a parent who just
came back after leaving when you were five: “Sorry I wasn’t around when you needed me for all those
years, how about this shiny laptop?”. You take the laptop, but you’ve already made your choices.
Quote 2: A former undergraduate DSA recipient discusses its effect
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In conclusion, there is no evidence that disabled people in general are being
driven away from chemistry in particular. However, we do expect that
individual subsets of the population may have radically different experiences.

Table 2.3 Full-time first degree students in receipt of Disabled Students’ Allowance (DSA) by subject
and entry qualifications [1]

Entry qualifications
Medicine & dentistry and
veterinary science
Subjects allied to medicine
Biological sciences
Agriculture & related subjects
Physical sciences
Mathematical sciences
Computer sciences
Engineering & technology
Architecture, building & planning
Social studies
Law
Business & administrative
studies
Mass communications &
documentation
Languages
Historical & philosophical
studies
Creative arts & design
Education
Combined subjects
All subjects (Standard Deviation)

A level/VCE/Advanced
Higher grades AAAA or Scottish
Highers grades AAAAAA

All qualifications

3.2%

5.9%

3.9%
5.1%
3.0%
4.9%
3.8%
3.6%
4.1%
4.7%
4.1%
2.8%

6.7%
6.4%
9.7%
6.7%
4.5%
6.4%
6.1%
7.6%
7.6%
4.8%

2.8%

4.8%

5.0%

6.6%

3.1%

4.8%

4.7%

7.3%

5.4%
4.8%
7.1%
3.9% (1.1%)

12.0%
7.2%
8.6%
6.9%(1.9%)

2.2 Interviews
One of the key goals of this work was to map the accessibility landscape for chemistry education and
practical work at Key Stage 4 and 5 (age groups 14–18). This process is greatly aided by consulting
with the eventual beneficiaries of the process. This section begins by providing details of the
representatives contacted and goes on to discuss their points of view in more detail. Where
appropriate, names and some aspects of individual disability have been changed to protect
9
confidentiality.
Interviewees were selected from a range of backgrounds and groups to ensure triangulation of issues
to the extent possible. These included teachers and parents of students with special needs and
experts in examinations and accessibility of practical assessment.
2.2.1 Academic
Dr Martyn Cooper is a Senior Research Fellow at the Open University, with a research and internal
consultancy role on access for disabled students to teaching and learning, especially eLearning. He
was interviewed for this report both with regard to his well-known expertise in terms of education for
disabled students, and because he was the Project Director of the PEARL (Practical Experimentation
in Accessible Remote Learning) project, which was designed to examine ways of allowing students to
conduct remote experiments. His expertise in the design of remote interfaces contributed to the results
in Chapter 3.
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9. Due to the universe of one problem (discussed in Section 3.2.1)
anonymisation often has to be more drastic than simply changing names.

It is important to note that the PEARL project was focused at university level students. Unlike the
entirely simulated experiments in Learn Chemistry, PEARL gave students remote control access use to Page | 15
real equipment housed in a university lab. Such remote control experiences clearly trade expense for
accuracy compared to simulated experiments.
Experiments should be experiments in the real world – you learn from mistakes and you learn from
finding out what went wrong.
Quote 3: Dr Martyn Cooper on real world experiments
We demonstrate that all of the control necessary could be done by keyboard control. Even in partner
work (for example, blind people).
Quote 4: Dr Martyn Cooper on accessibility within remote experiments
From Dr Cooper’s point of view there are two key takeaways from this. The first (Quote 4) is that for
university level study, Dr Cooper believes all of the necessary control to conduct the experiment is
possible from the computer keyboard, meaning that effectively all science experiments can be made
accessible. The second is a more philosophical issue. From the perspective of Dr Cooper (and it is
understood to be broadly representative of university science as a whole), the fact that the experiment
was ‘real’ in the sense that the scientific principle was really being tested, was key (Quote 3).
2.2.2 Teachers
A selection of mainstream and specialist teaching staff was interviewed during this process. Teachers
are, as expected, in favour of more accessible science in general, although not necessarily in all
cases, and provision varies wildly, by school.
There are examples, such as Quote 5, of schools doing all they can to make experiments accessible,
and there are examples of students being gently moved to other topics; there are also examples of
students being ‘written off’ (Quote 6).
One of our year 7’s is a wheelchair user and we have a ‘working plan’ for science. We had someone
from the [a local special school] come in and examine the area and do a needs assessment; they
recommended adjustable height benches, clearing out a much wider space, a special chair for her to
use during the experiment and a Teaching Assistant to work with her for safety […] we’ll do a new
working plan every year because the setup changes.
Quote 5: A teacher discussing adjustments made for a wheelchair-using student
Something that is perhaps unexpected to readers but that came up repeatedly in conversation with
teachers is that some disabled students are often quite keen to avoid experiments as they are much
more stressful. A mainstream student knows that if they accidentally knock over a Bunsen burner, they
can jump out of the way. A wheelchair user knows that they can’t and that the classroom is set-up in a
way that assumes people can. For students with sensory disorders or autism, the nature of
experiments for chemistry, in particular, can be quite upsetting.
My kids don’t do science, they can’t.
Quote 6: A teacher in a non-mainstream school on the potential for science in the classroom
For year 7–9 experiments are fewer, you could go half a term without doing any chemistry at all but
you do some practical in physics. Lessons are generally more book-led....or should I say listen and
watch a PowerPoint/use computers to do own research and answer questions.
Quote 7: How often practical work occurs in a secondary school
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2.2.3 Parents
Parents were a key aspect of the interview strategy. The nature of disability is such that special needs
parents are, almost by default, much more involved in their children’s education. Moreover, parents
have
much more experience in knowing how their children learn effectively out of the classroom. The
parents of ‘Tom’ made an extremely interesting example. Tom has several learning differences
(without loss of generality the reader can assume autism) and has been outside of education for
several years due to the local authority being unable to provide services for him. Tom is now (largely
self-) educated at home, meaning that he must choose ‘book learning’ subjects like maths over topics
that require regular feedback or that require experimental work.
Tom’s case is far from an isolated example: Ofsted has reported there are 10,000 children ‘missing’
from the education system [29], and a large proportion will be for the same reason as Tom. As made
clear in Quote 8, such students are in a position of missing out on practical experiments in science due
to being educated at home and may be actively prevented from studying science at home. In such
cases there is a clear need to deliver (and even assess) the learning outcomes that students would
normally gain from experiments in some different format.
It was that Tom could not attend a practical exam in physics at some unknown point in the future that
the Council’s solicitors made long and aggressive opposition to our proposals for distance learning in
Tribunal.
Quote 8: A parent discusses the issues with practical work for children outside of mainstream
education
2.2.4 Exam expert
Andrew Harland of the Examination Officers’ Association (EOA) was consulted to provide a general
context of how students with disabilities are treated during practical chemistry exams. Two particularly
salient points stand out:



There are proportionally very few students being examined on their practical work.
The most common system for enabling students with disabilities to perform experiments under
exam conditions is to do so with a technician working as, in effect, a ‘chemical scribe’. For the
example of a visually impaired user, the technician is given instructions (‘Heat the solution with the
burner’), and asked questions (‘What reading is shown?’).

There are two tensions here. One is that experimental skills are perhaps overcompensated for. A
science technician can be relied upon to operate the equipment far more effectively than a mainstream
school student. The other is that this setup is only effective if the same system was used in teaching.
Because it is very common for a school/college to provide scribes, it is simple to transfer that method
over to an exam. Having a technician attend all science lessons is much less reasonable.
The exams system is exclusive rather than inclusive, and this means that in many cases disabled
students just aren’t given a fair chance.
Quote 9: Andrew Harland, of the Examination Officers’ Association on the accessibility of the exams
system
2.2.5 Interview summary
These interviews have given a broad overview of the landscape in terms of chemistry education. The
most salient points from the interviews are related above and their content was vital in shaping the
overall structure and content of this report. One issue that came up again and again is that almost no
two cases were alike; a topic we discuss in more detail in Section 3.2.1.
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The clear conclusion is that the presentation of accessible resources online
via platforms like Wikipedia, YouTube and Learn Chemistry may be the best
resource that some disabled students have in their whole education.
2.3 Review of related work
The combination of the evaluation of need carried out in Section 2.1 and the interviews in Section 2.2
gives a context into which it is possible to start looking at effective approaches in chemistry education
for disability.
Within this context the existence of a large population of disabled students has been established. In
addition, this report has found no evidence that chemistry lags behind other subjects in disability
access in terms of students arriving at university. Interviews have shown that these statistics cover
wildly varying levels of support from education (see, for example, Quotes 2, 9, 8, 6 and 7), with many
students getting very little support. It is clear that the provision of accessible resources is vital for the
education of disabled students.
This section examines academic research to identify best practice approaches for improving
accessibility in chemistry education.
Although there is a lack of research conducted on science teaching to students with disabilities in the
UK, the broader academic literature, mostly focusing on the United States, is much more significant.
Regardless, this is still far from ideal and sources from university-level education have been used
liberally.
2.3.1 Theoretical learning
As touched on in Section 2.2.2 and made explicit in Quote 7, chemistry in secondary education has a
wide range of teaching modes. Although much of the focus of this report will be on the practical
aspects of chemistry education, it is worth examining other aspects, particularly as that is where
students spend the majority of their time.
There is a clear tension here in that the disabilities that cause difficulties with written work (dyslexia for
example) cause few problems for experimental work and vice versa (powered wheelchair-users for
example). This would imply that chemistry may suffer more from a loss of disabled students than other
subjects simply because such a range of disabilities has problems with some aspect of chemistry.
Conversely, it may be the case that the subject has at least one area in which a student can excel,
which is much more motivating. However, the evaluation of need carried out earlier in this chapter
would suggest that any motivating element of chemistry as a subject for students with disability is
relatively small. Overall the subject will suffer more from a loss of disabled students unless special
provisions are taken by each school.
However, it does follow that by improving the accessibility of written work, a greater proportion of
students with disability may find access to chemistry improved even without changes made to practical
work.
There are many things that can be done within written materials to improve accessibility for disabled
students, and a wide range of sources are available (see, for example, references [41], [36], [4], [18]
and [2] for general examples and [24] for science specific recommendations).
Recommendations commonly include:







releasing handouts as early as possible, preferably at the start of term;
displaying information in multiple modes, such as with text and graphically;
checking that typefaces are accessible (sans-serif is often recommended);
using appropriate font sizes for both handouts and presentations;
aligning text to the left rather than justifying;
making handouts electronically available;
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using Microsoft Word’s styles to allow navigation by screen reading
software;
if a document is printed on coloured paper, choosing light blue, cream or
yellow rather than green, pink or red, which are less accessible for
dyslexic readers.

Many of the above recommendations were taken from Rodrigue [35]; however, there are many
equivalent sources.
2.3.2 Practical work
There is no doubt that lab-based courses play an important role in scientific education [22]. Their
proponents go as far as to claim that “hands-on experience is at the heart of science learning” [26] or
that laboratory experiences “make science come alive” [7]. This section examines the educational
value of different approaches to practical work, concentrating on the potential value that can be
realised from online resources such as those on Learn Chemistry.
[…] a review of the literature on engineering and science education and a survey of educators in these
subject areas within the four universities participating in the project were undertaken. This work is
available in public deliverables of the project and has been summarised in previous publications. This
confirmed that experimental work is a vital part of science and engineering teaching at all levels.
There were no dissenting voices from this.
Quote 10: Summary of the PEARL project [11] on the topic of practical experiments in science
Taking part in practical work is an integral and essential part of learning in the sciences. It provides
experiences through which students can develop their understanding, enabling them to make the link
between subject content and the physical and living worlds by experiencing and observing phenomena;
practical work teaches techniques and skills for handling equipment and materials safely; as well as
promoting the development of scientific reasoning, so that students can understand, through direct
experience, the importance of evidence in supporting scientific explanations and theories. Therefore it
is essential that practical work is properly resourced and that all students have access to the
equipment, facilities and opportunities necessary for a complete and authentic education in the
sciences.
Quote 11: SCORE [40] on the topic of practical experiments in science
Learn Chemistry has invested substantially into producing a range of online experiments. Intuitively,
such experiments should be an excellent resource for those students that have challenges with inperson real practical experiments.
However, there are two concerns with online experiments:



Is there any research supporting the ability of online experiments to deliver the same learning
outcomes as in-person real practical experiments?
Are the online experiments delivered in a way that disabled students can take full advantage of
them?

Chapter 3 is devoted to answering the second concern by recommending a range of improvements.
This section is devoted to answering the first concern.
It would be poor practice to compare ‘hands-on’ laboratory work with simulation without taking notice of
the intermediate option: remote access laboratories, which were introduced and discussed briefly in
Section 2.2.1.
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In general, there are not many studies available to inform decisions by
educators on the appropriate use of laboratory technology [27]; however,
there is enough academic work to begin to answer some of the most pressing
questions. Indeed, it is possible to find studies that show any one of the three
approaches are superior. Simulated labs were found to be effective by Shin
et al. [44]; Parush et al. [32] point out that “the students using a simulator are
able to stop the world and step outside of the simulated process to review and understand it better”.
Grant [16] is clear that data from simulated labs are not real and therefore, the students fail to learn by
trial-and-error. However, Sicker et al. found that students thought hands-on labs were restrictive, in that
experiments could not easily be re-run [45]. Realistic simulations are expensive to design and might
still fail to be accurate enough [31]. It is pointed out by Ma and Nickerson [22] that what students learn
from simulations is primarily how to run simulations.
Much of this apparent confusion is resolved by Ma and Nickerson [22] who performed a full review of
the area and found that the tendency of groups to favour one approach over another was largely
determined by what that group thought the value of experimentation was.
Ma and Nickerson found that the educational value of the different methodologies was assessed by
any of the following outcomes:





conceptual understanding (how much does the experiment help students solve problems related to
key concepts taught in the classroom);
design skills (how well can students solve open problems by designing their own experiments and
processes);
social skills (how well do students learn how to solve engineering problems in groups); and
professional skills (how do students become familiar with the skills they would be expected to have
as a professional).

Broken down in this way, the results indicate that hands-on labs are clearly superior at establishing a
student’s social skills. The three different approaches to experiments are effectively equal in terms of
developing a conceptual understanding and (somewhat unexpectedly) professional skills.
Hands-on labs showed a lead over simulated labs in terms of teaching experimental design skills,
although both clearly outperformed remote labs. Although it may be counterintuitive that simulated labs
outperform remote labs in this way, consider that Learn Chemistry’s simulated experiments contain
10
exercises that allow the user to select equipment for an experiment. By contrast, the PEARL project
discussed in Section 2.2.1 could only let students operate on equipment that had been previously set
up.
What are the requirements of the UK educational system?
The advantages and disadvantages of simulated experiments for various educational outcomes have
been established and it is now possible to compare with exactly what educational outcomes are being
tested for in the UK educational system. Unfortunately, this is less simple in practice.
SCORE is a partnership organisation between the main organisations for science in the UK, including
the Royal Society of Chemistry. It advocates for evidence-based science education policy. SCORE’s
guidelines state that effective practical work comprises:




Technical and manipulative skills: there should be an expectation that on completing the course
students are able to perform a range of scientific procedures with due regard for accuracy and risk
management. They should have hands-on experience of conducting specific technical and
manipulative tasks.
Extended investigation: students should be given the opportunity to undertake work in which they
make their own decisions, for example through an investigation of their choosing over an extended
period of time. They should be assessed on their ability to plan, observe, record, analyse,
communicate and evaluate through this activity.
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Development of conceptual understanding: a range of practical activities
should be incorporated into the teaching of scientific ideas to enable
students to develop their understanding through interacting with
apparatus, objects and observations [38].
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10. The correct equipment must be selected to move forward with the experiment, and the purpose of
each piece of equipment is explained.
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However, SCORE’s own reports point out that there is a wide range of skills
assessed by different exam boards [39].

In general, particularly given the use of scribes during examples (Section 2.2.4), we can assume that
simulated experiments are, if designed and used correctly, capable of achieving the educational goals
of classroom practicals. Perhaps even more so in the case of disabled students.
2.4 Summary
This chapter has, from a broad remit, covered a large amount of content. Its examination of the size of
the relevant population and the available information around university education found no evidence
that students were being driven away from chemistry as a degree choice, although it identified a
number of areas where further research was needed to confirm findings.
The interviews that were conducted painted a picture of a highly varied level of support for disabled
students, including those outside of mainstream education, and showed a clear and present need for
accessible information in education.
The third part of the chapter evaluated evidence that simulated experiments are increasingly becoming
a valid teaching technique at all levels. In particular, it has been shown that this evidence is much
stronger for conceptual understanding than design skills or professional skills. Following discussion
with educational professionals it has been shown that, in practical terms, students with disabilities are
indeed examined on their conceptual understanding rather than their professional skills. However, we
also note that it is unclear how many students with disabilities learn the skills that they are to be
examined on.
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Chapter 3
Accessibility benefit assessment
This part of the report contains an accessibility benefit assessment. An
accessibility benefit assessment examines a process, object or concept and
identifies any difficulties that users may have accessing it.
Unlike a typical accessibility audit (in which an object is measured against a set of standards), the
accessibility benefit assessment includes contextual information on each issue, particularly the
proportion of potential users that may be affected by the issue and how badly they are affected. In this
way, organisations that have limited staff time or funding can identify those issues that could create the
greatest improvement for their limited resources.
This assessment covers the whole range of resources using Learn Chemistry by way of example. It
concentrates particularly on screen experiments because they are an excellent case study and
because, by nature, they are slightly less accessible than other online resources.

Figure 3.1 The aspirin screen experiment from Learn Chemistry.
The screen experiments incorporate videos, activities, questions and scoring systems. Each level of the
screen experiments replicates an activity of relevance to the syllabus for students in full time education.
3.1 Framing
A key element of this research is to examine the online resources and consider their level of
accessibility, in general and in the specific case of users who may have difficulties performing the
original hands-on real experiment.
However, at this point, it is worth highlighting that we are framing the accessibility issue not in the
context of a stand-alone website, but in the general context of a high-quality science education. As a
result, more weight and consideration have been given to disabilities like manual dexterity and visual
impairment compared to examples like dyslexia and autistic spectrum disorder.
This chapter begins by outlining some general points that back this assessment and the suggested
courses of action, and then we deliver a set of possible improvements, concentrating particularly on the
online screen experiments within Learn Chemistry.
11

The Royal Society of Chemistry’s aspirin screen experiment (Figure 3.1) is used as the main example
to highlight issues found more generally with online resources.
11

http://www.rsc.org/learn-chemistry/resources/screen-experiment/aspirin/experiment/1/1
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3.2 Design principles

While the benefit assessment is the main contribution of the chapter, there are a wide range of issues
that are worth considering beforehand – both as general design principles for accessibility and to
contextualise later recommendations.
3.2.1 Universe of one
Disability assessments and disability research more generally must contend with what is known
colloquially as the ‘universe of one’ problem. It is impossible to pick out, for example, a ‘typical disabled
person’ because there is such a dramatic range of conditions, levels of impairment, levels of function,
levels of staff support and a wide range of other factors. It follows that it is also extremely difficult to
cover all of the possible angles for accessibility of any given resource. What organisations can do is be
flexible.

Figure 3.2 An extremely specialised communication device illustrating the universe of one problem.
It is difficult to overstate the nature of the universe of one problem. As an illustration, Figure 3.2 shows
an extremely specialised piece of accessibility equipment, the Dynavox MT4. This device is designed
to help users who cannot talk and is designed to service those users who also are preliterate and who
have very specific weight/battery life requirements. The T4’s software contains an extremely large
range of options to adjust every aspect of the interface to a user’s needs. Even given the intense
specialisation of this device, the family using it have had to make their own modifications including
removing the power button and adding new control hardware.
There isn’t necessarily any design response for the Royal Society of Chemistry to the universe of one
problem because the requirements are often specific to an individual. However, delivering content via
multiple methods, for example websites transferred to word or pdf documents, is increasingly
considered good practice.
Parents of children with special needs often need to make requests of places like restaurants that the
staff had not anticipated. This might include “can we have the drink half in a plastic cup and half in a
glass cup?”, “is it possible to have a seat where the sign with the fish on it is blocked from view?”, and
“there are four of us coming but can we have a table for six in a corner?” In the case of physical
facilities these are things that are easy to accommodate by allowing the staff a certain amount of
flexibility so that they can be responsive to customer needs.
For an online resource, where changes are far more difficult to make for a single individual, this
flexibility must manifest as providing as much of the information, both raw and final, as possible. Users
can then make use of the different formats in whatever way suits their circumstances.
 Royal Society of Chemistry
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In the case of screen experiments by the Royal Society of Chemistry, this
might range from providing a printable PDF version that models the
interactive approach as effectively as possible, to providing the captions for
the video as a separate file, to providing references so that users can track
down the materials that the original design was based on.
Page | 24

3.2.2 Open data
Something that has improved overall accessibility on the internet significantly in recent years is the
emergence of open source software, open data and the general ‘openness’ philosophy [13]. Open
source software tends to actively welcome people making accessibility improvements and information
released in open accessible formats has been a boon to internet users with accessibility needs. The
preeminent example is of course Wikipedia, which is highly accessible to both its users and editors and
is the most used educational resource in the world.
The nature of open data is such that many key elements to following an open agenda, such as
releasing resources in non-propriety formats, releasing the transcripts of videos and putting raw data
online, are all things that can only improve accessibility of a resource – often for users whose needs
are rarely met.
This approach has the advantage that it is intuitively understandable by technical staff who may have
no direct experience of disability but who are keen to make things accessible where possible.
There is a subtle tension here. While releasing all content on a site in a non-proprietary format would
allow many users to access the information in a way that would never have been possible before, this
can only be part of an overall accessibility strategy. It is always easier to use a properly designed and
accessible resource than download the raw files and process them yourself, and requiring disabled
12
people to do this for every resource is equivalent to treating them as second-class citizens.
Nonetheless, it is extremely difficult to make something less accessible by making it more open.
3.2.3 The end user and the first user
A guiding principle to bear in mind is that users who have accessibility issues with the web are much
less likely to ‘browse’ the internet for resources outside of a few sites that are known to be accessible
(Wikipedia, for example, and for many disabled students, YouTube).
The key fact to absorb is that, rather than many disabled students accessing the site and leaving due
13
to accessibility issues, students with accessibility issues simply aren’t arriving at the site at all.
Instead, they are much more likely to visit if someone else: a parent, a personal assistant, a friend and,
often in this case, a teacher, finds a website that they judge to be accessible for the student. Often it
isn’t enough to simply be accessible, one has to look accessible as well.
A clear overall recommendation for an online presence is to think not only ‘how can we make this
accessible to everyone?’ but also ‘how can we make it obvious to teachers that this is worthwhile for all
their students?’
3.2.4 Case-study: captioning
Captioning is included within the main benefit assessment; it’s been foregrounded here because it is
an excellent case study that often catches people out.
12. It also assumes a relatively high level of IT-literacy, which although reasonable for key stage 4 and 5,
is far from universal.
13. Although this does happen, particularly with sites that are failing to adhere to web standards; however,
this is precisely the issue that the Royal Society of Chemistry already addressed with its RNIB audit.
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Figure 3.3 Captioning in the aspirin screen experiment.
People unfamiliar with the area can be surprised to find is that there is a significant difference between
being deaf and being Deaf, including with regard to many aspects of education [30]. Almost uniquely in
the disability space, people who are Deaf and communicate with British Sign Language have strong
14
incentives to spend time with each other as part of a community. This community has its own
15
language and a rich culture, heritage and network. Members of this culture would consider
themselves Deaf rather than deaf.
Counterintuitively [d/D]eaf children often have difficulties with print media and the written word [46, 23]
as a result of language differences.
Across caption conditions, comprehension test scores of students who are deaf were consistently
below the scores of hearing students.
Quote 12: Lewis [21] on captioning for deaf students
Indeed, as Quote 12 shows, [d/D]eaf users may process subtitles less well than their hearing
16
colleagues. It follows that in addition to making sure that subtitles are available, they must also be
clear, as simple as possible, and allow the reader to process them in their own time.
There is a second key point in this example, which is that by making a transcript available in addition to
captioning you also support dyslexic children, and even visually impaired users may find it easier to run
though the transcript with high-speed text-to-speech rather than wait for the whole video. Moreover,
particularly with chemistry videos that use many technical terms (Figure 3.3), mainstream students
may find it useful to be able to find any terms they are unfamiliar with and copy/paste them into a
search engine.
In almost all cases, improving accessibility for one group will likely improve it for several others,
including mainstream students. For Table 3.1 we assume all videos have subtitles, the issue listed
focuses on improving them and making transcripts accessible.
For an excellent and easily implementable example of subtitles done well, the TED (Technology,
Entertainment and Design) conference uploads its videos with a full transcript below them. Clicking on
a sentence in the transcript takes the user to that point in the video and the text can be copied, saved
and manipulated at the user’s choice (See Figure 3.4).
14. Deaf scuba diving clubs are an excellent example of how disability is a function of the environment.
15. Along with its own controversies, such as cochlear implants.
16. There is, of course, a strong difference between people born without hearing and those who lost
hearing later; in the case of school children we are normally focused on the former.
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Figure 3.4 Transcript sections that can be copied and pasted and that link to specific sections of the
video.
3.3 Examples of good practice
The sheer amount of resources online via the Royal Society of Chemistry (Learn Chemistry) gives
opportunities to many who find chemistry education difficult, including children outside the school
system, students with social disabilities and a wide range of other groups. The platform in general is
extremely well designed and attractive, and the dedication to providing a comprehensive source of
information is impressive. Overall there is much to be said positively about Learn Chemistry, even in a
disability context.
There is some discussion on disability within the site, including a resource that provides chemistry
curriculum terms in British sign language (http://www.rsc.org/learnchemistry/resource/res00002161/british-sign-language-bsl-chemistry-signs) and a website also
provided via a Powerpoint presentation (http://www.rsc.org/learnchemistry/resource/res00001693/problem-solving-tutor), which exemplifies the consideration for
multiple delivery modes. Other than a few slightly old-fashioned terms, the discussion is nonpatronising and sensitively handled. It is clear that there is an overall willingness to engage.
In particular, it is clear that Learn Chemistry was put together with a view that it was intended to be
accessible to as many users as possible – while there are a range of improvements to make, it is
unlikely that they would have been identified by a layperson.
The online screen experiments themselves constitute an excellent, deeply involved resource with
beautiful design skills; although they attract the bulk of the recommendations made, it is largely as a
result of accessibility practices not yet being standard in a relatively new technology.
3.4 Potential benefit areas
This section gives details on changes that could be made to online resources and use Learn Chemistry
(or the screen experiments) by way of example to realise the most benefit. It accompanies Table 3.1.
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3.4.1 Keyboard shortcuts

The online screen experiments require the direct use of the mouse at all times; however, a large
proportion of users with accessibility issues navigate the web with help from the keyboard [37]
because use of the mouse causes significant problems.
This is an issue with many design-heavy sites, particularly those with animations or other interactive
elements. A common solution (taken by Google, Facebook, Twitter and others) is to provide a set of
keyboard shortcuts for navigating through the system. Figure 3.5 shows an example.
We estimate that including keyboard shortcuts on the online screen experiments would beneficially
affect students with manual dexterity issues (affecting 0.9% of the total student population) [28] and
visually impaired students (0.2% of the total student population) to a significant degree [19].
It is worth noting that the keyboard shortcuts in Figure 3.5 are useful for users with disabilities and for
people looking for a more effective way of browsing the website. This feature is presented as a natural
part of the website for people to access, rather than a ‘special’ thing bolted on for users with special
needs.

Figure 3.5 Twitter’s keyboard shortcuts.
3.4.2 Selectable text
Users are unable to select any of the text that appears on the online screen experiments. Many users,
particularly those with mild to moderate conditions such as dyslexia and mild visual impairment, find it
difficult to process text and will copy and paste text into a speech synthesis program or use a direct
screen reader to get the full meaning from text [17].
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Including selectable text in the Royal Society of Chemistry screen
experiments would beneficially affect students with dyslexia (7% of the total
student population) to a mild degree [33] and visually impaired students
(0.2% of the total student population) to a critical level [19]. Although outside
the scope of this report, it is worth noting that a significant proportion of
students at key stage 4 and up have English as an additional language and
often find it helpful to be able to copy and paste text into translation programs.
3.4.3 Fine motor control
Several sections of the screen experiments require extremely high levels of fine motor control: one
section requires dragging text to particular area; another requires dragging equipment into precise
unlabelled areas. In this particular example, it can take several attempts to get the equipment into the
intended area.
There are two issues here. Firstly, the action of dragging is difficult for users with particular forms of
physical disability, and secondly, the process can take a lot longer for such users – in the order of tens
of seconds rather than seconds. When it takes such a long time to complete an action, multiple
attempts to work out exactly where the item is to be dragged can be extremely frustrating. Of course,
given the keyboard shortcuts discussed in an earlier section, this would be a non-issue.
Altering the screen experiments so that there were alternatives to fine motor control would beneficially
affect students with manual dexterity issues (0.9% of the total student population) [28] and visually
impaired students (0.2% of the total student population) to a significant degree [19].
3.4.4 Inconsistent contextual clues
There are some design choices that might raise issues for users who are finding their way around the
design. For example, Figure 3.6 has a cross that closes the window and Figure 3.7 has a cross that
triggers no action at all; the window in that case is closed by the ‘Ok’ button. No prevalence information
is presented for this issue; however, it is noted that the more intuitive the design the better, particular
for students with common learning differences like dyslexia and autistic spectrum disorder.

Figure 3.6 Using a cross to close a dialog box.

Figure 3.7 Using a cross to decorate a dialog box.
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3.4.5 Flexible resource selection

Learn Chemistry, for example, has almost 4,000 resources online. This, of course, presents a problem
in the context of educators and students correctly finding the approach they are seeking. The current
design allows selection of only one option from each category so it is difficult, for example, to see
resources for several different age groups. Figure 3.8 shows a different approach: the online platform
eBay allows users searching for chemistry resources to select a wide range of options and select
several options at once for a more nuanced query. As above, no prevalence information for this issue
is presented; however, again, the more intuitive the design the better, particular for students with
common learning differences like dyslexia and autistic spectrum disorder.

Figure 3.8 Selecting chemistry resources on a popular online platform.
3.4.6 Sitemap
The wide range of pages that make up the Learn Chemistry online presence can be overwhelming,
particularly to users with an accessibility issue. Moreover, the somewhat confusing approaches to
reaching resources mean that vital ones may be missed.
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A common recommended solution is a ‘sitemap’, which shows as many of the
17
pages and resources as possible. An equivalent design would be from the
Royal Shakespeare Company, who also have a great deal of dynamically
updating resources – their sitemap is shown in Figure 3.9.

Adding a sitemap would beneficially affect students with manual dexterity issues to a mild degree (0.9%
Page | 30
of the total student population) [28], enabling them to navigate the website more easily with fewer
mouse clicks, and visually impaired students (0.2% of the total student population) – who would be able
to see the structure and content in one place in a meaningful way, enabling them to identify an activity
of interest with minimal navigation and effort – to a significant degree [19]. We believe this would also
have a mild effect on students with autistic spectrum disorder, but this is largely speculation.
17. The Royal Society of Chemistry website itself shows evidence of a sitemap as linked from, for
example, http://www.rsc.org/cpd/training but the sitemap link redirects to the legal guidance page.

Figure 3.9 A small portion of the Royal Shakespeare Company’s sitemap.
3.4.7 Clickable areas unidentifiable
As part of the design of the screen experiments, there are a range of areas that can be clicked on to
either provide more information (Figure 3.10) or advance the experiment. Unfortunately, many of these
areas are unmarked, which makes it extremely difficult for users of assistive technology to know they
are available.
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Figure 3.10 An example of an unmarked clickable area.
Making it clear which areas on the online experiments are interactive would beneficially affect students
with manual dexterity issues (0.9% of the total student population) [28] and visually impaired students
(0.2% of the total student population) to a significant degree [19]. It is expected that this would also
have a mild effect on students with autistic spectrum disorder, but this is largely speculation.
3.4.8 Structural formulae

Figure 3.11 Structural formulae as they appear in a handout from Learn Chemistry.
Figures 3.11 and 3.12 show structural formulae in both an online experiment and a PDF. Clearly these
diagrams are extremely inaccessible for visually impaired students. Equally clearly, structural formulae
are an integral part of chemistry education. The recommendation of this report is that, where possible,
resources should include (as Wikipedia does) the SMILES [3] format to describe structure. For
example, writing caffeine as:
CN1C = NC2 = C1C(= O)N(C(= O)N2C)C
Again, this has the benefit of being much easier for mainstream students to gather more information
about a given structure by entering the SMILES format into a search engine.
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Addressing this issue would affect visually impaired students (0.2% of the
total student population) to a critical level [19].
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Figure 3.12 Structural formula as they appear in one of Learn Chemistry’s online experiments.
3.4.9 Captioning transcripts
As previously mentioned in 3.2.4 as an example of good practice – please see this section for further
discussion.
Table 3.1 Accessibility benefit assessment
Issue
Keyboard shortcuts
Selectable text
Fine motor control
Inconsistent contextual
clues
Flexible resource
selection
Sitemap
Clickable area
unidentifiable
Structural formula
Captioning transcripts

Population
Visual impairment
Manual dexterity
Dyslexia
Visual impairment
Visual impairment
Manual dexterity
—

Size
0.2%
0.9%
7%
0.2%
0.2%
0.9%
—

Severity
Significant
Significant
Mild
Critical
Significant
Significant
Significant

—

—

Significant

Visual impairment
Manual dexterity
Visual impairment
Manual dexterity
Visual impairment
Visual impairment
Dyslexia
Deaf

0.2%
0.9%
0.2%
0.9%
0.2%
0.2%
7%
0.25%

Significant
Mild
Mild/significant
Significant
Critical
Mild
Mild
Significant

3.5 Summary
This chapter first discussed a set of design principles which are applicable to the design of online
resources for a diverse audience and uses examples taken from around the web.
Secondly it gave a range of examples of good practice found on the Royal Society of Chemistry
platforms, particularly focusing on elements that people may believe cause problems for disabled
students.
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Thirdly it produced a set of targeted recommendations for the Royal Society
of Chemistry’s online resources, including estimation of how many users it
was likely to affect, and the extent to which they would be affected. These
estimations can be used to effectively target developer time so as to have the
greatest effect on accessibility with a limited budget.
Page | 33

Registered charity number 207890

 Royal Society of Chemistry

Chapter 4
Conclusion

This report summarised investigations into the challenges and opportunities in supporting disabled
students in chemistry with a particular focus on how those challenges might be reduced though digital
tools. Its key aims were:



to identify and critically appraise research into the accessibility landscape for chemistry education
and practical work at key stage 4 and 5 (age groups 14–18);
to present an accessibility benefit assessment for online resources using the Royal Society of
Chemistry’s web education presence (Learn Chemistry) by way of example.

4.1 Research appraisal
Chapter 2 focuses on the ‘state of the nation’ report and deals with such issues as finding an accurate
and useful assessment of the numbers of students affected by disability issues, the context around
which changes may be made and a literature search for processes that have been successful in the
past.
The clear conclusions of this chapter included that:




there is no evidence to suggest that, in general, disabled students are put off chemistry at a
university level;
there is evidence to suggest that disabled students regularly have to deal with inconsistent levels
of support, resources, and equipment compared to their peers;
it follows that the provision of accessible resources online is more important to disabled students
than it is to mainstream students.

Regarding support for students excluded from practical experiments, a review of available research
leads us to conclude that simulated experiments are, when designed well and used correctly, capable
of achieving the educational goals of real classroom practicals. Perhaps even more so in the case of
disabled students.
4.2 Accessibility benefit assessment
In Chapter 3 we introduced a set of overall recommendations, grounded in data and experience, for
designers and managers to consider when producing online resources. It included a set of nine
targeted recommendations for the Royal Society of Chemistry’s online resources, including estimation
of how many users it was likely to affect, and how badly it was likely to affect them. Rather than
focusing solely on the users of the Learn Chemistry online resource, we contextualised these
recommendations in terms of students who were likely to be excluded from a mainstream chemistry
education.
The issues identified were, for the most part, relatively minor changes that are simple to make for a
programmer and that would make a large difference to users accessing the resource. Only one of the
recommendations (providing an alternative format to the structural diagrams) implies significant
alterations to existing resources. Given the cost implications, it would be expected that this is mostly a
consideration for new resources and resources that are periodically reviewed.
4.3 Recommendations for further work
This report represents one stage in an overall movement to greater accessibility in the production of online
resources. As part of our work, we evaluated a wide range of current research and identified a set of
open research questions that would inform future policy in this area. In addition, in this section we make
recommendations about the development of future resources.
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4.3.1 Codesign of resources

A key aspect of the development of modern accessible resources and assistive technology is codesign. This means involving end-users in the production of the resources as fully as possible. It is
important to note that sending a draft to a group of accessibility ‘proof-readers’ is, although useful,
different to co-design. Co-design is bringing the end users in at the start of the process and working
with them to develop the resource. Of course, logistical constraints often preclude this; a common
compromise is that co-design takes place on the first iteration of a new resource type, and future
resources work from a template.
4.3.2 University experience for disabled students by subject
Although we have information on the number of students with disabilities for any given subject (Table
2.3), this doesn’t tell us much about the actual experience of disabled students at university. It would
be informative to have the same information broken down by year of study so as to compare dropout/transfer rates between disabled and mainstream students.
4.3.3 A-level SEN data
Perhaps because of the wide range of potential post-16 qualifications available to take, and because of
the optional nature of post-16 education, there is much less information available on SEN at A-level. In
particular, future work to identify the subject choices of disabled students, and their success in those
subjects, would be extremely informative.

Registered charity number 207890

 Royal Society of Chemistry

Page | 35

Acknowledgements

This research would not have been possible without a large range of contributors, foremost the staff at
the Royal Society of Chemistry including Duncan McMillan, Lee Page, Nicholas Bailey, and Dominic
McDonald, but also staff at Examination Officers’ Association and at a range of contributing schools.
We thank Katheryn Cooper, Kate McCallum, and Sarah Moffet for expert reviewing from a range of
perspectives. We also thank wholeheartedly all of our interviewees including Paul Harlard and Dr
Martyn Cooper for their help assessing the landscape of chemistry education.
The advice of Michael Hausenblas with aspects of open data and transparency were invaluable and
the contributions of Dr Matthew Gill and Doug Taylor on accessibility in chemistry in shaping the
research were considerable. Most importantly we thank those representatives of data-using
organisations that responded to the study efficiently and effectively – this work absolutely wouldn’t be
possible without you. Finally we thank all of those who did not wish to be named in the report.

Registered charity number 207890

 Royal Society of Chemistry

Page | 36

Bibliography
[1]

Higher Education Statistics Agency, UKPIs: Widening participation of
students in receipt of DSA (table t7), 2014.

[2]

Allen, RL, Bowen, JT, Clabaugh, S, DeWitt, BB, Francis, J, Kerstetter, JP, and Rieck, DA,
Classroom design manual, 1996.

[3]

Anderson, E, Veith, GD, and Weininger, D, SMILES, a line notation and computerized interpreter
for chemical structures, US Environmental Protection Agency, Environmental Research
Laboratory, 1987.

[4]

Anderson, RC, Teaching (with) disability: Pedagogies of lived experience, The Review of
Education, Pedagogy, and Cultural Studies, 2006, 28(3–4), 367–379.

[5]

Belland, BR, Ertmer, PA, and Simons, KD, Perceptions of the value of problem-based learning
among students with special needs and their teachers. The Interdisciplinary Journal of Problembased Learning, 2006, 1(2), 1.

[6]

Burd, SD, Seazzu, AF, Conway, C, et al., Virtual computing laboratories: A case study with
comparisons to physical computing laboratories, Journal of Information Technology Education,
2009, 8, 55–78.

[7]

Clough, MP, Using the laboratory to enhance student learning, Learning science and the science
of learning, 2002, pp. 85–94.

[8]

Coles-Kemp, L, Reddington, J, and Williams, PAH, Looking at clouds from both sides: The
advantages and disadvantages of placing personal narratives in the cloud, Information Security
Technical Report, 2011, 16(3), 115–122.

[9]

Coles-Kemp, L and Reddington, J, Not So Liminal Now: The Importance of Designing Privacy
Features Across a Spectrum of Use, in Digital Enlightenment Forum yearbook 2013: the value of
personal data, IOS Press, 2013.

[10] World Wide Web Consortium et al., Web content accessibility guidelines (WCAG) 2.0, 2008.
[11] Cooper, M, Remote laboratories in teaching and learning-issues impinging on widespread
adoption in science and engineering education, International Journal of Online Engineering
(iJOE), 2005, 1(1).
[12] Royal Society of Chemistry Education Division Council, Widening participation, 2015, p. 10.
[13] Ellis, K and Kent, M, Disability and new media, Routledge, 2011.
[14] Department for Education, Children with special educational needs: an analysis – 2014, 2014.
[15] Department for Education. GCSE and equivalent attainment by pupil characteristics in England,
2014.
[16] Grant, AD, The effective use of laboratories in undergraduate courses, International Journal of
Mechanical Engineering Education, 1995, 23(2), 95–101.
[17] Hashey, AI and Stahl, S, Making online learning accessible for students with disabilities,
TEACHING Exceptional Children, 2014, 46(5), 70–78.
[18] Jackson, R, Harper, K, and Jackson, J, Teaching for accessibility: Effective practices, classroom
barriers, The universally designed classroom: Accessible curriculum and digital technologies,
2005, pp. 69–100.
[19] Keil, S, Children and young people with vision impairment: who’s counting? 2014.
[20] Ko, CC, Chen, J, Hu, S, Ramakrishnan, V, Cheng, CD, Zhuang, Y, and Chen, J, A web-based
virtual laboratory on a frequency modulation experiment. IEEE Transactions on Systems, Man,
and Cybernetics, Part C: Applications and Reviews, 2001, 31(3), 295–303.

Registered charity number 207890

 Royal Society of Chemistry

Page | 37

[21] Jelinek Lewis, MS and Jackson, DW. Television literacy:
Comprehension of program content using closed captions for the deaf.
Journal of Deaf Studies and Deaf Education, 2001, 6(1), 43–53.

[22] Ma, J and Nickerson, JV, Hands-on, simulated, and remote laboratories: A comparative literature
review, ACM Computing Surveys (CSUR), 2006, 38(3), 7.
[23] Mayer, C, What really matters in the early literacy development of deaf children, Journal of Deaf
Studies and Deaf Education, 2007, 12(4), 411–431.
[24] McGinnis, JR, Teaching science to learners with special needs. Theory Into Practice, 2013,
52(1), 43–50.
[25] Miner, DL, Nieman, R, Swanson, AB, and Woods, M, Teaching chemistry to students with
disabilities: A manual for high schools, colleges, and graduate programs, ERIC, 2001.
[26] Nersessian, NJ, Conceptual change in science and in science education, Synthese, 1989, 80(1),
163–183.
[27] Nickerson, JV, Corter, JE, Esche, SK, and Chassapis, C, A model for evaluating the effectiveness
of remote engineering laboratories and simulations in education. Computers & Education, 2007,
49(3), 708–725.
[28] Department of Work and Pensions, Family resources survey, 2013.
[29] Ofsted, Pupils missing out on education: low aspirations, little access, limited achievement,
2013.
[30] Carol Padden, C, Humphries, T, and Padden, C, Inside deaf culture, Harvard University Press,
2009.
[31] Papathanassiou, A, Oster, J, and Baier, PW, A novel simulation concept of reduced
computational cost for TD-CDMA mobile radio systems with adaptive antennas, in Vehicular
Technology Conference, 1999. VTC 1999-Fall. IEEE VTS 50th, IEEE, 1999, vol. 1, pp. 218–222.
[32] Parush, A, Hamm, H, and Shtub, A, Learning histories in simulation-based teaching: the effects
on self-learning and transfer, Computers & Education, 2002, 39(4), 319–332.
[33] Peterson, RL, and Pennington, BF, Developmental dyslexia, The Lancet, 2012,
1997–2007.

379(9830),

[34] Reddington, J and Coles-Kemp, L, Trap hunting: Finding personal data management issues in
next generation aac devices, Proceedings of the second workshop on speech and language
processing for assistive technologies, 2011, pp. 32–42.
[35] Rodrigue, E, The inclusive learning and teaching handbook, 2010.
[36] Roller, CM, Variability not disability: Struggling readers in a workshop classroom, ERIC, 1996.
[37] Schrepp, M, On the efficiency of keyboard navigation in web sites. Universal Access in the
Information Society, 2006, 5(2), 180–188.
[38] SCORE, Score principles: the assessment of practical work.
[39] SCORE, Assessment of practical work in science, 2009.
[40] SCORE, Resourcing practical science at secondary level, 2013.
[41] Scott, SS, McGuire, JM, and Foley, TE, Universal design for instruction: A framework for
anticipating and responding to disability and other diverse learning needs in the college
classroom, Equity & Excellence in Education, 2003, 36(1), 40–49.
[42] Scruggs, TE, Mastropieri, MA, and Boon, R, Science education for students with disabilities: A
review of recent research, 1998.

Registered charity number 207890

 Royal Society of Chemistry

Page | 38

[43] Seale, J, E-learning and disability in higher education: accessibility
research and practice, Routledge, 2013.

[44] Shin, D, Yoon, ES, Lee, KY, and Lee, ES, A web-based, interactive virtual laboratory system for
unit operations and process systems engineering education: issues, design and implementation,
Computers & Chemical Engineering, 2002, 26(2), 319–330.
[45] Sicker, DC, Lookabaugh, T, Santos, J, and Barnes, F, Assessing the effectiveness of remote
networking laboratories, in Frontiers in Education, 2005. FIE’05. Proceedings 35th Annual
Conference, IEEE, 2005, pp. S3F–S3F.
[46] Wang, Y, Inquiry-based science instruction and performance literacy for students who are deaf or
hard of hearing, American Annals of the Deaf, 2011, 156(3), 239–254.

Registered charity number 207890

 Royal Society of Chemistry

Page | 39

