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Abstract In the last few years, open textbook development
has picked up dramatically due both to the expense of com-
mercially published textbooks and the increasing availability
of high-quality OER alternatives. While this offers a tremen-
dous benefit in terms of lowering student textbook costs, the
question remains, to what extent (if any) do open textbooks
influence the amount and method in which students engage
with their open textbooks. The answers to these questions
should provide useful new insights for all involved in open
textbooks and aid in their continued development and propa-
gation. Despite seeming difficulty in gathering data to answer
these questions, the digital nature of open textbooks, makes it
possible to enable a learning analytics system for open text-
books to track how exactly students are interacting with their
open textbooks. To date learning analytics for open textbooks
has received relatively little attention. To this end, this paper
proposes a framework that can act as a useful guide for setting
up learning analytics system for open textbooks also applica-
ble to other digital textbooks. The paper concludes by
outlining directions for future work.
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The pace of open textbook development is speeding up in
comparison with conventional textbooks as open textbooks

offer tremendous potential for lowering student course text-
book costs while, most importantly, avoiding negative impact
on students’ learning outcomes. Many have cited open text-
books as an ideal alternative to expensive commercially pub-
lished college textbooks, which, due to their high cost, are the
bane of students’ success (Baker et al. 2009; Hilton andWiley
2011; Okamoto 2013; Prasad and Usagawa 2014; Senack
2014). In essence, open textbooks are a subset of open educa-
tional resources, being similar to traditional textbooks in terms
of content; however, they are generally available free of
charge both in a variety of digital formats and low-cost print
copies (Hilton et al. 2013). Current demand for and produc-
tion of open textbooks are growing exponentially as college
students continue to feel dissatisfied with the cost/benefit ratio
provided by textbook publishers.

Interestingly, in spite of the growing demand and enthusi-
asm for open textbooks and the large amount of money and
time spent on their creation and development, little is known
regarding exactly how deeply students engage with their open
textbooks, or even whether they use them at all. Do students
treat open textbooks differently than they do traditional text-
books? Are there aspects of Bopenness^ besides access that
benefit student learning? The answers to these questions
should provide useful new insights for all involved in open
textbooks, as well as provide important insights in their eval-
uation and iterative improvement process. Most involved in
open textbooks—authors, teachers, learning designers,
funders, activists and policy makers—desire studies resulting
in effective methods to gain genuine insight into such
questions.

Nearly all past studies on open textbooks usage or student
perceptions was conducted using surveys, interviews, or both
methods (see for example, Bliss et al. 2013; Feldstein et al.
2012; Petrides et al. 2011; Robinson et al. 2014). The trouble
with these data collection methods is their vulnerability to
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Bsubstantial limitations in terms of cost, time requirements,
scope, and authenticity of the data^ (Greller and Drachsler
2012, p. 42). In addition to these problems, Savage and
Burrows (2007) argued that such conventional methods of
data collection are increasingly supplanted by user transac-
tional data, which is Bgenerated routinely as a by-product of
their own transactions^ (p. 891) with various digital technol-
ogies. The authors here point out that this does not necessarily
mean that researchers should disregard surveys and question-
naires. Accordingly, in their conclusion, the authors have in-
dicated that coalescing data collected via surveys and/or ques-
tionnaires with users’ transactional data will provide highly
authentic information in terms of disclosing natural user be-
havior, which will expand understanding of and uncover pos-
sible inconsistencies between users’ perceptions and their ac-
tual behavior.

From Savage and Burrows (2007) vantage point, it is ob-
vious that it would be useful to supplement current open text-
book research practices with computational platforms capable
of handling student’s transactional data with their open text-
books. Such platforms when applied to education are referred
to as learning analytics (Baker and Siemens 2014)—one of the
newest buzzwords in education. Learning analytics is basical-
ly about collecting learners’ transactional data and using those
data to improve learning, which is comprehensively defined as
Bthe measurement, collection, analysis and reporting of data
about learners and their contexts, for the purposes of under-
standing and optimizing learning and the environments in
which it occurs^ (Siemens and Long 2011, p. 34). At the same
time, learning analytics also Bprovides the ability to ask new
questions and to ask old questions in new ways^
(Haythornthwaite et al. 2013, p. 1374). Hence, in the context
of open textbooks, learning analytics holds the potential to
offer new insights into open textbook usage by answering
questions such as how much students are reading and how
they are engaging with their open textbooks, or whether they
are using them at all.

Despite its newness, learning analytics has been steadily
making inroads into education over the last few years.
Several recent international conferences, research articles,
and textbooks on learning analytics are a testament to the
growing popularity and interest in this area. While the excite-
ment surrounding learning analytics is encouraging, the tech-
nology to deliver its potential is still very much in its infancy
(Dyckhoff et al. 2012). Much of this lack of progress is due to
the fact that the Bfield of learning analytics is at the intersec-
tion of numerous academic disciplines^ (Dawson et al. 2014,
p. 231), which in turn limits advances of learning analytics
systems since development of such systems are heavily influ-
enced by techniques of other disciplines. For instance, accord-
ing to Larusson and White (2014), learning analytics systems
installed within educational settings are often built using
frameworks inherited from numerous fields including

machine learning, learning sciences, sociology, computer sci-
ence, and statistics.

However, current literature contains no specific framework
to guide the development of open textbooks analytics systems,
and therefore, analytics systems for open textbooks has so far
remained largely undeveloped despite its central importance
for understanding the usage of open textbooks and for their
evaluation and iterative improvement process. Nevertheless,
because all open textbooks are created digitally, it provides
opportunities for setting up learning analytics systems.
Considering the current situation of open textbooks analytics
systems, it is urgent to develop frameworks to guide the de-
velopment of such systems. To this end, this paper proposes a
novel framework that can act as a useful guide for setting up
learning analytics system for open textbooks with the ability
to collect data for both online and offline usage, automatically
synchronize online and offline data, and provide tools for data
analysis and presentation. In addition to open textbooks, this
framework is applicable to other digital textbooks. The section
that follows outlines the technical background on which this
framework is based.

Technical Background

Open Textbooks Structure

Open textbooks, by their very nature of being digital, offer the
potential to enable development of learning analytics system
to track students’ interactions with their open textbooks.
Essentially, an open digital textbook consists of three ele-
ments: digital content file, software to read the file, and a
reading device for viewing (Cavanaugh 2002). The digital
content file can exist in a wide variety of formats including
PDF, EPUB, and MOBI. However, of these options, EPUB
(Belectronic publication^) format, which embraces XHTML,
CSS, SVG, images, and other resources that are compressed in
a single-file with the file extension ‘.epub’, is considered by
many experts as the most common digital textbook file stan-
dard. On this score, the proposed framework focuses on open
textbooks in EPUB format. A further strength of the EPUB
format is that it functions Bvery much like a website^ (Ream
2012, p. 106), which expands the opportunity for digital text-
book analytics. In fact, EPUB resemblance to websites opens
up the possibility of applying web analytics (the analysis of
logs of activity on the Web) techniques to textbooks in EPUB
format. Recently, it has been suggested that this potential can
be realized through EPUB reader application that incorporates
analytics (Adobe Systems Incorporated 2014). Although there
are several EPUB reader applications both commercial and
open, none include analytics capabilities (Adobe Systems
Incorporated 2014). Building an EPUB reader application to
support analytics is therefore an important first step towards
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open textbooks analytics. Naturally, some students will use
paper versions of open textbooks; however, those who are
using EPUB materials would qualify for inclusion in this type
of analysis.

Learning Analytics Process

As mentioned in the above introduction, the technology to
deliver learning analytics is still in its infancy; however, sev-
eral models have been proposed to explain its process.
Understanding the process of learning analytics is an essential
prerequisite for the development of successful open textbooks
analytics systems. Although many different learning analytics
process models have been put forward in various contexts, all
(Brown 2011; Campbell and Oblinger 2007; Chatti et al.
2012; Clow 2012; Daniel 2014; Dyckhoff et al. 2012;
Kallenborn 2014; Siemens 2013) agree that learning analytics
requires three linked steps: (1) data collection, (2) data analy-
sis, and (3) data reporting. Brown (2011) describes these steps,
which is abstracted as follows:

& Data collection: Entails the use of programs, scripts, and
other methods to gather data. This can be data from single
source or variety of sources, and the data can be structured
(e.g., server logs) or unstructured (e.g., annotations). The
specific design of the collection activity is informed by the
goals of the learning analytics project.

& Data analysis: Unstructured data is usually given some
kind of structure prior to analysis. The data is subjected
to an appropriate combination of qualitative and quantita-
tive analysis.

& Data reporting: The results of the analysis are reported
using a combination of visualizations, tables, charts, and
other kinds of information display.

By and large, Blearning analytics is (a) data-driven^ (Clow
2013, p. 692) field in which these three steps serve as the
foundation of learning analytics systems. Hence, the proposed
framework presented in this paper is formulated around this
three-step procedure.

Proposed Framework

Figure 1 below illustrates a holistic view of the proposed open
textbooks learning analytics framework, which could be used
as a guide to implement open textbooks analytics system to
gather data, analyze it, generate reports and enable actions.
The framework is built to support textbooks in EPUB
standards.

The proposed framework as depicted in Fig. 1 includes
nine stages together with their associated constituents that
form the building blocks of the proposed open textbooks

analytics system framework. Framework implementation is
subject to a few guiding principles. The following paragraphs
describe each stage and their associated constituents alongside
requirements to guide the development and implementation of
an open textbooks analytics system.

Stage 1

Open textbook is created in EPUB format. A custom Web-
based EPUB reader application is developed to collect analyt-
ics data. EPUB reader application for the open textbook can
be accessed online or offline, or both. For online access, the
students can access the textbook via an URL. The online ver-
sion of the text is placed on the server within the analytics
platform. For offline access, the student can download the
offline version of the open textbook from the analytics plat-
form. This option allows students to access the textbook later
without the need for an Internet connection. The download-
able version of the text could also be placed on a portable
storage device (memory stick, CD-ROM, DVD, etc.) and dis-
tributed to the students or made available for download from a
Web-based site such as a virtual learning environment or so-
cial networking site (e.g. Google+, Facebook, etc.). Both on-
line and offline versions of the open textbook are exactly the
same, and as aforementioned, the only difference between the
two versions is in their accessibility (i.e. online access and
offline access). Offline version temporarily records analytics
data within the user’s browser when no Internet connection is
detected. Online version directly records the data on the serv-
er. For the purpose of this stage of the framework, there are
two technical requirements related to the structure of the open
textbook. First, the open textbook has to be in EPUB file
format (for the reasons outlined in open textbooks structure
section above) and should include a digital code to uniquely
identify the textbook from other textbooks on the analytics
system. Second, the EPUB file of the textbook must be em-
bedded into a Web-based EPUB reader application so that all
students can use the same Web-based EPUB reader applica-
tion to view the textbook. It is important for all students to use
the same reader application because different reader applica-
tions offer different capabilities, and the different types of data
that can be collected largely depend on the capabilities of the
reader application; therefore, using the same reader applica-
tion will enable standardized data collection.

Stage 2

Authentication is used solely to identify students and is thus
optional. Educational institutions may use this function to an-
alyze individual student parameters; however, if there is no
need to identify students or if there are concerns regarding
privacy (i.e., only collective analysis needs to be done), this
step may generate a random ID number to uniquely track

TechTrends



individual students without providing identifying information.
In cases where authentication is needed, students should be
presented with an information page outlining the purpose of
the analytics project, disclosing in particular that their interac-
tions will be recorded, and including a link to a consent form.
If students do not agree, they should be automatically assigned
a non-identifying login ID.

Stage 3

The interactions are records of student actions that occur on
theWeb-based EPUB reader application. Student actions such
asmovements to a next/previous page, jumps to a chapter, link
clicks, bookmarks and annotations are recorded.

Stage 4

When accessing the textbook using the online Web-based
EPUB reader application, all interaction data is directly re-
corded onto the analytics database. For offline access, data is
temporarily recorded within the browser when there is no
Internet connection.

Stage 5

As soon as the browser detects an Internet connection, it sends
all local offline data to the analytics database, where both
online and offline data are synchronized. All subsequent data
arising from offline usage are stored in the local storage of the
browser until the browser is online again.

Stage 6

Analyses are done on the raw interaction data stored in the
central database. Depending on the goals of the analytics pro-
ject, analyses could be performed in real-time or periodically.
Textbook interaction data could be analyzed in a variety of
ways, including number of times the textbook is accessed both
in online mode and offline mode, device type used to access,
access frequency and recency (gap between each access), time
spent per access, hypertext links accessed, total views per
chapter, time spent per chapter, total bookmarks per chapter,
total number of annotations done in each chapter, and annota-
tion notes taken in each chapter. Based on such kind of anal-
ysis results, a number of fundamental questions can be an-
swered (and acted upon). These include but are not limited
to the following:

& What is the association between amount of markups (for
example, annotation and highlighting) done and the rele-
vance and difficulty level of content areas?

& Which content areas have feedback (annotation notes),
what is that feedback, and how can these be used to im-
prove the content?

& Is there a connection between when and how (device used,
online/offline) an open textbook is accessed and the level
of student engagement or performance?

& Is there a connection between time spent and the clarity of
the content?

& What student behaviors, content composition and learning
design principles produce the desired learning outcomes?

Fig. 1 Stages and constituents of open textbooks analytics system framework
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Stage 7

All of the results of the analyses could be made available to
various open textbook stakeholders—authors, teachers, learn-
ing designers, funders, activists and policy makers—for their
appropriate actions and decisions.

Stage 8

Analysis of the data can be put to use in a variety of ways.
Different stakeholders can use them in different ways.
Possible uses, by different users, are outlined below.

& Authors: Using analytics information, authors (either by
themselves or together with teachers) can make any nec-
essary alterations or improvements to the content of the
open textbook for the next cohort of students.

& Teachers: By drawing on the analyses of analytics data,
teachers can: (1) identify and improve vague textbook
content; and (2) track down and detect less active
(potential at-risk) students and discuss with them to better
understand their textbook usage behavior, and if required,
put extra measures in place to help them succeed in their
studies.

& Learning designers: The analysis results can guide learn-
ing designers to make appropriate changes to improve
design and accessibility of the textbook.

& Funders: Those who fund open textbook projects can use
textbook analytics reports to verify if their funding into
these projects are worthwhile, and worth continuing.

& Activists: Reports from analytics data can be used as ev-
idence by open textbook activists to build their case.

& Policy makers: Open textbook usage data can help policy
makers understand and evaluate outcomes associated with
open textbook policies, and it can help them formulate
holistic open educational policies.

Stage 9

The updated and revised textbook is packaged with the Web-
based EPUB reader application and made available to future
students.

Conclusion and Future Work

With the growing popularity surrounding development of
open textbooks so as to lower costs for students, information
regarding how much students are reading and how they are
engaging with their open textbooks, or whether they are using
them at all, is valuable. Different ways in which different open
textbook stakeholders could use such information were

presented in this paper. Overall, information regarding how
learners interact with open textbooks is crucial for open text-
book evaluation and iterative improvement process.
Considering the potential of learning analytics systems to de-
liver such vital information and paucity of literature on the
development of analytics systems for open textbooks, this
paper proposed a framework to guide the development of
open digital textbooks analytics system. Our immediate future
work will involve prototyping the proposed framework, the
outcomes of which will be disseminated through future
publications.
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