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Abstract. This paper illustrates how the level of accessibility of e-textbooks
can be evaluated using a process developed by Human Factors researchers. We
report the results from accessibility evaluations of 140 publically available
e-textbooks from the California Open Online Library for Education (COOL4ed).
Each textbook was evaluated for adherence to 15 SkillsCommons accessibility
checkpoints developed by the MERLOT (Multimedia Educational Resource for
Learning and Online Teaching) project using accessibility manuals and a
scoring system developed for e-textbooks. Some books were made available in
more than one format (e.g., EPUB, HTML, or PDF), and each e-textbook was
evaluated in the formats that it was made available. Moreover, each book was
evaluated for accessibility using assistive technologies (AT) and using
non-assistive technologies (NAT). A total of 166 evaluation reports using
non-assistive technologies and 163 evaluation reports using assistive technolo-
gies were produced. We found that e-textbooks in HTML and EPUB formats
were more accessible than PDF. We also examined how the technical content of
the textbook differed in terms of accessibility. There was no difference in
accessibility scores between books with STEM versus no STEM content;
however, when examining the “passing rate” of the books, there were differ-
ences depending upon whether the evaluation was performed using NAT or AT.
Overall, this project provides evidence that methodology for evaluating
e-textbooks can be applied to a broad library of books. Providing accessibility
scores rather than simply whether the e-textbook is compliant with the American
Disability Act (ADA) can be useful to a variety of stakeholders.
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1 Introduction

A majority of universities in the United States are adopting online components in their
education curriculum. Some of these components are designed to supplement the
traditional material that students receive in the classroom, and other components are
designed to replace them. E-learning has been a growing area since the 1990s [1].
Many studies have shown that online courses could produce equivalent learning
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outcomes compared to traditional, face-to-face courses [2]. A major benefit from online
learning is that it provides greater access than traditional classrooms [3]. With the
proliferation of computers and laptops, and the introduction of e-readers and tablets,
many printed books are being replaced by e-books. The growing use of digital learning
materials such as e-textbooks and their integration into the educational system have
created a need for evaluating the accessibility and usability of such resources.

When textbooks are converted into an electronic format, the e-textbook can simply
be a digital copy of the printed material (e.g., a pdf file of the book) or it can be
converted into a more interactive form (e.g., web-based book with hyperlinks and
multimedia). Regardless of the format, the content should be accessible. Federal reg-
ulations provide minimum accessibility guidelines that need to be followed
[e.g., compliance with the American Disability Act (ADA); compliance with Web
Content Accessibility Guidelines (WCAG)] but as human factors practitioners, we
should advocate going beyond meeting minimum accessibility requirements because
increasing the accessibility of e-textbooks can also increase their usability [4].

Making e-textbooks more accessible can help benefit people with disabilities by
allowing them to better perceive, understand, and navigate/interact with the materials. It
has been shown that improving web accessibility not only benefits people with dis-
abilities, but it can also benefit other groups of people, including older users and users
accessing information under restrictive conditions or even on mobile devices [5].
e-textbooks that are rated higher in accessibility can be more beneficial to a variety of
different users compared to e-textbooks that are rated lower in accessibility. Thus, there
is a need to evaluate the level of accessibility of an e-textbook rather than just a check
to ensure that the e-textbook is ADA compliant.

E-textbooks are particularly beneficial for students because, in comparison to
printed textbooks, e-textbooks cost less and can be accessed from different locations
and from various web-enabled devices (e.g., desktop computer, laptop, tablet, or
mobile device). The prospect of affordable and accessible education has led to a col-
laboration of several California school systems (e.g., California State University,
University of California, and California Community College) in the promotion of the
use of free or low-cost e-textbooks, with the goal of “making higher education in
California more affordable by providing faculty and students access to free and
lower-cost instructional materials” [6]. We use the e-textbooks in the COOL4ed col-
lection to determine the level of accessibility of current e-textbooks.

2 Practice Innovation

The purpose of this paper is to illustrate that e-textbooks vary in the level of acces-
sibility provided to students. By providing students, faculty, and publishers with an
accessibility score for different e-textbooks, faculty and students can use this infor-
mation to select textbook for adoption/use, and publishers can direct development
efforts to make the individual e-textbook more accessible. We used the e-textbooks
from California Open Online Library for Education (COOL4ed) collection because it is
a large and freely available resource. We employed the methodology and scoring
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system developed by Sun et al. [7] and Chan et al. [8] to perform the accessibility
evaluations of e-textbooks in different formats (i.e., EPUB, HTML, PDF, and WORD).

Each e-textbook evaluation consisted of a score on 15 SkillsCommons [9] acces-
sibility checkpoints that were tailored from Section 508 standards to address the
content found in college-level textbooks. The SkillsCommons accessibility checkpoints
were developed by the MERLOT (Multimedia Educational Resource for Learning and
Online Teaching) project and Web Content Accessibility Guidelines (WCAG) 2.0 of
the Web Accessibility Initiative (WAI) [10], which have been used for evaluating the
accessibility of electronic learning materials and web content [7].

Assistive technology (AT) and non-assistive technology (NAT) manuals [7] for
each of the four e-textbook formats were used in the evaluation. Assistive technologies
refer to specialized software designed for use by people with disabilities (e.g., Kurz-
weil, Zoomtext, etc.). Non-assistive technologies refer to tools that can be used to
assess the accessibility checkpoints that are not designed specifically for people with
disabilities. Assistive technologies often incur more costs to the users to employ
compared to non-assistive technologies. Thus, evaluations performed with both types
of tools can provide evidence regarding whether it is necessary to use assistive tech-
nologies in the evaluation of e-textbook accessibility. The manuals provide
step-by-step procedures for each checkpoint. For each checkpoint, there is a description
of the checkpoint, instructions to obtain specific tools to be used, procedures for using
the tools, and instructions on how to evaluate and score each checkpoint. Scores for
each of the 15 checkpoints ranged from 1 to 10; a final score was obtained by using a
weighted-average formula [8]. E-textbooks were considered to “pass” with a score 7 or
higher, but the individual scores are made available for each book. Six trained raters
evaluated all 140 available e-textbooks in the COOL4Ed library. A total of 329
evaluation reports (166 reports using non-assistive technologies, 163 reports using
assistive technologies) were produced, and each report included an accessibility score
based on the evaluation.

3 Findings

As noted earlier, accessibility scores could range between 1 and 10, with 10 being the
highest score. Scores for each book and the evaluation reports are posted on the
COOL4ed website: http://cool4ed.org/courseshowcase.html (see Figs. 1 and 2 for
example screenshots).

We submitted the accessibility scores to a 3 Book Format (HTML, EPUB, or
PDF) � 2 Evaluation Type (NAT or AT) between factors ANOVA. We found sig-
nificant differences between the accessibility scores for the different book formats, F(2,
328) = 23.98, p < .001, where HTML and EPUB e-textbooks scored higher in
accessibility compared to PDF e-textbooks. There were no significant differences
between NAT and AT evaluation type, and evaluation type did not interact with the
book format. For HTML e-textbooks, the mean score was 7.33 and 7.20 when using
NAT and AT to perform the evaluations, respectively. EPUB e-textbooks yielded a
mean score of 7.04 when using NAT evaluations and 7.18 when using AT evaluations.
PDF e-textbooks yielded the lowest scores of 6.19 and 6.22 for NAT and AT
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evaluations, respectively. There were only a few books available in WORD format;
therefore, the results from WORD format are not analyzed. The correlation between the
NAT and AT scores was r = .312, p < .01.

Chan et al. [8] indicated that e-textbooks with a score of 7 or higher are considered to
“pass” the accessibility test. That is, these books are likely to offer an adequate level of
accessibility to students (see Fig. 3). Based on this criterion, the passing rate was 64% and
55% for HTML e-textbooks when evaluatedwithNAT andAT tools, respectively. EPUB
e-textbooks had a 50% and 59% passing rate using NAT and AT evaluations. For PDF
e-textbooks, the passing rate was only 26% when using either NAT or AT evaluations.

One possible reason for the lower passing rate is that EPUB is still fairly new
compared to HTML. The International Digital Publishing Forum (IDPF) [11] stan-
dardized EPUB as the official e-book format in 2007, and it is only in its third iteration.
HTML has been around for a much longer time period, and the higher passing rate for
HTML is likely due to the versatile nature of HTML, which allows Internet users to
modify and customize websites coding and their content to fit the users’ individual
needs. PDF format tends to be inflexible, yielding the lowest accessibility scores and
percentage of “passed” books.

Fig. 1. Screenshot of two books from the COOL4ed collection [6]: http://www.cool4ed.org/
courseshowcase.html. The accessibility evaluations are highlighted by the arrows.
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We also examined how the passing rates changed with each e-textbook with the use
of AT versus NAT evaluations. For EPUB, we found no difference: half of EPUB
e-textbooks received a higher score in AT evaluations compared to NAT evaluations

Fig. 2. Screenshot of part of an evaluation for 1 e-textbook from the COOL4ed collection [6]:
http://www.cool4ed.org/courseshowcase.html, illustrating the overall accessibility score for the
AT and NAT evaluation.

Fig. 3. E-book passing rates by format.
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and the other half higher scores with NAT evaluations compared to AT evaluations.
When comparing passing rates for HTML format, we also found little difference: 53%
of the time, HTML e-textbooks received a higher score in AT evaluations compared to
NAT evaluations. When comparing the scores in PDF format, we again found little
difference: 52% of the time, PDF e-textbooks received a higher score in AT evaluations
compared to NAT evaluations. Thus, passing rates did not differ much when using
assistive technologies to perform the evaluations compared to when using non-assistive
technology.

To determine whether e-textbooks with more technical content are more or less
accessible compared to e-textbook with less technical content, we looked at the
accessibility scores of e-textbooks with more technical content (STEM- science, tech-
nology, engineering and mathematics) or less technical content (non-STEM). We found
no significant differences between accessibility scores for non-STEM (M = 6.96) and
STEM (M = 6.60) books, F(1,332) = 2.45, p > .11. Furthermore, there were no sig-
nificant differences in scores for e-textbooks with STEM or non-STEM content when
evaluated using NAT or AT tools, F < 1.0.

When comparing the passing rates for STEM and non-STEM e-books (see Figs. 4
and 5, respectively), we found different patterns of results. For STEM books, NAT
evaluations led to higher passing rates for EPUB (56%) and PDF (33%) formats
compared to the AT evaluations (passing rates of 22% and 18%, respectively). The
opposite pattern was found for e-textbook with non-STEM content, as NAT evalua-
tions produced lower passing rates for EPUB (47%) and PDF (21%) formats compared
to AT evaluations (85% and 38%, respectively). For HTML format, the passing rate
differed depending on book content (STEM and non-STEM). For STEM related books,

Fig. 4. Passing rates of STEM e-books by format.
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HTML books yield a similar passing rate when using AT (52%) and NAT (48%). For
non-STEM-related books, though, HTML books evaluated with NAT had a higher
passing rate (74%) compared to books evaluated with AT (62%).

4 Discussion

We have demonstrated how accessibility evaluations for e-textbooks can be used and
implemented in a large digital library. We found that HTML and EPUB e-textbooks
scored higher in accessibility compared to e-books in PDF format. Evaluations per-
formed using NAT or AT did not yield significantly different accessibility scores, but
resulted in differences in passing rates.

The accessibility scores and detailed evaluation can be beneficial to a variety of
stakeholders. By evaluating the accessibility level of the e-textbooks, faculty will be
able to use this information to select e-textbooks for course adoption. Students will be
able to gauge how much accommodation will be provided by the e-textbook, and
publishers can help prioritize where to direct their resources for making e-textbooks
more accessible. For example, examining the detailed evaluation captured in Fig. 6,
publishers may decide that color and contrast problems may be easily fixed and doing
so would increase the accessibility scores of the e-textbook.

Sun et al. [4] conducted a validation study to examine if the scores we assigned to a
small sample of books in the COOL4ed collection resulted in differences in user
performance and user experience with the e-textbook. Sun et al. found little differences
in reading comprehension performance between e-textbooks that scored higher or
lower in accessibility, but the e-textbooks that were given higher scores resulted in
better user experience across a number of metrics. Thus, the accessibility scores pro-
vided by this project are useful in practice.

Fig. 5. Passing rates of non-STEM e-books by format.
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Fig. 6. Screenshot of the detailed evaluation from the COOL4ed project [6], http://www.
cool4ed.org/courseshowcase.html, where readers can examine the scores for each checkpoint and
reasons for why the e-textbook passed or failed each criterion.
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