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ABSTRACT

This paper investigates the digital smart textbook platforms cur-
rently available and generalises these into a set of features that
are required for a digital smart textbook platform to be success-
ful. These features include visual metaphors, such as highlighting
and making notes in the margins, that users expect from using
hard-copy textbooks, and smart features, such as question and
answer generation, concept summaries and in-line definitions. A
digital smart textbook is backed by a knowledge graph and this
paper investigates ontologies as the representation used for such a
knowledge graph, guided by existing implementations.
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» Information systems — Enterprise applications; Digital li-
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1 INTRODUCTION

Textbooks have long been used in the classroom to convey knowl-
edge. With the progression of the digital age, textbooks frequently
have also become digital. However, these digital textbooks often
take the form of a scanned or typed copy of the physical copy and
thus, do not take advantage of new techniques that digital books
bring. These techniques include context-based navigation and au-
tomatic question and answer generation. Including new digital
techniques has been shown to improve students’ performance in
homework tasks by approximately 10% [5]. “Inquire Biology” is the
only example of such a knowledge-driven textbook. It is proprietary
and is very specific to a single edition of a single textbook.

Thus, there is a lack of a generalised smart textbook platform that
can be used to interact with a wide variety of textbooks. Creating
such a platform has two distinct sections: the textbook representa-
tion and the generation of questions and answers as required by
the user of the platform. This is a literature review into the existing
solutions and research around digital smart textbook platforms and
related fields.

A knowledge-driven smart textbook platform can be further
broken up into several components. Section 2 addresses displaying
the textbook’s contents such as text and diagrams. In Section 3, the
report addresses representing and storing the knowledge contained
in the textbook, while Section 4 investigates how students interact
with smart textbooks. The results of these components and what
they mean for knowledge-driven smart textbooks are discussed
in Section 5. Finally, Section 6 concludes what features a smart
textbook platform must have in order to be successful.

2 DIGITAL TEXTBOOKS

Textbooks have long been used by teachers and students alike to
cover material and plan lessons [13, 25]. They are considered as an
essential learning tool, no matter the manner in which it is used in
the classroom [30]. They have been shown to directly contribute
to students’ academic performance in developing countries. This
is because a textbook provides a more comprehensive coverage of
the content than a teacher has time to do in the classroom [22].

In recent years, universities are increasingly using digital text-
books to offer cost-effective, efficient and accessible resources to
students [31]. There have been many studies into how digital text-
books have changed education. South African students read digital
textbooks at the same speed as they read hard-copies, while main-
taining the same comprehension levels as when there were using
hard-copies [32]. However, Sackstein et al. (2015), hypothesized
that reading speed could be due to students’ prior exposure to the
medium that they were reading on [32].

Digital textbooks are easier to update and distribute via the
internet [7, 10]. Frequent updates are required for subjects such as
taxation tables and case-law where new standards are often being
set. This easy updating also reduces the number of different editions
of textbooks students’ need to purchase, reducing the cost incurred
while studying, potentially changing their preferences [11]. A web-
based platform is able to provide updates quickly to all its users
because all textbooks and associated data are located in one location
controlled by the maintainer of the platform.

2.1 Student Preference

Weisberg (2011) investigated the question of preference between
digital textbooks and hard-copies and found that students at Suffolk
University in Boston preferred the use of digital textbooks over
hard-copies [40].

However, Jeong (2012) found that high school students in South
Korea preferred hard-copies of textbooks over their digital repre-
sentations [18]. This difference suggests that preference may be de-
pendent on a variety of factors such as familiarity with the medium,
students’ cultural attitudes and how extensively the knowledge is
studied [31]. While both Weisberg and Jeong contrasted digital text-
books and hard-copies, they excluded the possibility that students
may use both types simultaneously. This gap was covered by Du
Plessis and Wiese (2014) in a study at the University of Pretoria.
They found that while only 15% of students preferred to use the dig-
ital textbook exclusively, 43% preferred to use both the hard-copy
and digital textbook concurrently [11].

While these preferences are important and should be accounted
for, the move to digital textbooks is inevitable with the increas-
ingly digital world. Thus, educators should account for and seek to
incorporate digital textbooks [9].



2.2 “Inquire Biology”

While there is a growing trend of using structured knowledge to
drive learning [1], the majority of these efforts are focused on the
personalisation of course content to match students’ learning speed,
such as ONTODAPS [27], and the search and retrieval of content,
such as the Curriculum Builder in the Federated Virtual University
of the Europe of Regions (CUBER) [29].

Chaudhri et al. (2013) investigated the use of a knowledge-driven
textbook “Inquire Biology” in answering homework questions. In
the study of learners answering homework and test questions, they
found that the use of the knowledge-driven textbook helped learn-
ers perform 10% better than those using a standard digital textbook
or the hard-copy. This knowledge-driven textbook includes many
smart features that aided students learning through active read-
ing. These features include concept summaries, navigation history,
asking and answering students’ questions, in-line definitions of bi-
ological terms, and extended note-taking and suggested questions
when highlighting text [5].

Active reading is the practice of summarizing, questioning, clari-
fying and predicting when learning a concept. Palinscar and Brown
(1984) found that active learning significantly improved students’
comprehension of the content being studied. Students were also
able to generalize these gains to class tests, thus improving their
academic results [28].

Another aspect of studying is active leaning, which Bonwell and
Eison (1991) defined as “anything that involves students in doing
things and thinking about the things they are doing” [4]. By this
definition, active reading forms a part of active learning. Active
learning is important as it enables students to develop higher order
thinking skills and engage in activities. It involves 4 steps: experi-
encing, reflecting, generalizing and applying [34]. When studying
a textbook, active reading enables students to perform reflection
(through summarizing), generalizing (through predicting) and ap-
plying (through questioning).

In “Inquire Biology”, a concept summary is provided for each
biology term. This starts with a definition of the term with key
facts and relationships extracted from the knowledge representa-
tion of the digital textbook. Concept summaries are independent
of chapters and pull knowledge from different chapters into a sin-
gle place, helping students to read actively. Active reading occurs
through enabling students to clarify and summarize the content
around a concept. These concept summaries are important as they
clearly summarize the content without requiring the student to
wade through a great deal of irrelevant information as they would if
they were searching through other resources such as Wikipedia [5].

A potential limitation of a generated concept summary is that
students lose any advantages gained by writing the summary them-
selves. Summarizing a piece of text is the first step of active read-
ing [28]. A generated concept summary does not prevent students
from creating a summary of the content themselves, although it
may make students less likely to do so.

While students type in questions, “Inquire Biology” attempts to
predict and suggest completed questions that they may want to
ask. This reduces the chance that the question cannot be parsed by
the system and reduces the variety of questions the system has to
manage [5]. The answers to these questions are formatted based on
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the question’s classification. For example comparison questions are
formatted into a table with similarities and differences highlighted
for various aspects of the two concepts [5]. This helps students
discriminate between two concepts more easily, leading to better
retention of both concepts [2]. The act of asking questions is a
part of active reading and further helps students improve their
understanding and retention of the textbook’s subject domain [28].
It also saves students time, thus potentially improving students’
ability to concentrate on the content as they can go through the
process of active learning while reading the textbook [4].

In-line definitions of biological terms reduces students’ cogni-
tive load when working through the textbook by providing easy
access to basic terminology [5]. Students experience high cognitive
load when learning new concepts through problem-solving. Reduc-
ing this load improves concept acquisition [37]. This is a form of
active reading and thus improves academic results [28]. “Inquire
Biology” provides these in-line definitions by underlining the term
and providing a pop-up dialogue containing the definition when
the student mouses over the term. This pop-up is useful as it al-
lows students to skip over the definition if they already know it,
while giving them the opportunity to test their knowledge of the
definitions if they so choose [5].

2.3 Interactive Textbooks

Miller and Ranum (2012) developed a different interactive textbook
to use in teaching a first-year undergraduate Python programming
course. This textbook took the form of a website with text inter-
spersed with videos, executable code snippets and an interactive
code visualizer [23]. Code visualizers and snippets are alternative
methods of clarifying meaning from a digital textbook for the pro-
gramming subject domain. These types of questions could be gen-
erated from the knowledge backing the smart digital textbook and
displayed for certain classifications of questions. This shows that
subject domains can have specific question classification that are
unique.

The video snippets were produced by the authors and all had a
duration of between 5 and 10 minutes. They were constrained in
scope and did not necessarily cover everything that was covered
in text portions of the digital textbook. These constraints ensured
that students were more likely to watch the videos, because they
were short, and engage with the text for the content lacking in the
videos [23].

Code snippets allowed students to run and edit embedded code
that was relevant to the section they were working though. This
enabled them to engage actively with the programming language
and thus exercise the questioning, clarifying and predicting por-
tions of active learning [28]. It also enables students to apply the
Experiencing and Applying activities of active learning [34].

The code visualizer enabled students to step through code exam-
ples, viewing the output and values of variables as the program ran.
When surveyed at the end of the study, students found this code
visualiser to be very useful as it allowed them to visualise the steps
the program executed to arrive at the final result [23].

When surveyed at the end of the semester, students reported
that they enjoyed using the interactive textbook and ranked the
interactive elements provided such as running and editing the code
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Figure 1: A simple graphical representation of an ontology created in WebProtégé [39]. The yellow dots are classes (concepts)
with the solid blue arrows indicating inheritance. Dotted lines indicate relationships and purple diamonds indicate instances

of classes. The purple lines indicate instances of a class.

as very important elements to their success in the course [23]. This
engagement is an important part of active learning, which is shown
to improve academic performance [28].

3 KNOWLEDGE REPRESENTATION

The backbone of any knowledge-driven smart textbook, is the rep-
resentation and storage of the knowledge encapsulated in the text-
book. This lends well to the use of an ontology which is what
“Inquire Biology” has done [5].

An ontology is a formal representation of concepts and their
relationships [15]. In the context of smart textbooks, the ontology
is a graph with nodes representing concepts and edges representing
the relationships between concepts. Figure 1 shows the basic idea
of an ontology represented as a directed graph.

A graph in this context is a set of points connected with lines.
These points are called nodes and the lines are edges [3]. In a smart
textbook ontology, the nodes are concepts with a set of slots con-
taining features of the concept. Concept relationships are defined
by edges with pre-determined relationship identifiers that describe
how the concepts are related [15].

3.1 Existing Ontology Creation Tools

There are several existing ontology creation tools that can be
adapted to fit the requirements for creating textbook-knowledge
graphs. These include the Automated User-Centred Reasoning and
Acquisition System (AURA) [16], which is used by “Inquire Biology”
and Protégé [26].

As the goal is to develop a platform for many smart textbooks, it
would be useful to be able to integrate existing ontologies around
the textbook’s subject domain into the ontology developed for the

textbook. However, this can prove to be difficult as there are of-
ten differences in schematics, semantics and scope. Differences in
schematics include how data are represented, labelled and gener-
alized. Differences in semantics involve differences between how
concepts are named and units of measure used. Finally, differences
in scope include how much of the domain is included and to what
level of detail. Software exists to combine different ontologies using
a variety of methods, however these usually require user screening
before they can be used [12]. Furthermore, including additional
information, like that contained in a generalised ontology, would
result in concept summaries and generated questions which con-
tained information that the student would find irrelevant [5].

Ontology creation is inherently skill intensive and thus requires
a subject matter expert (SME) to construct the knowledge repre-
sentation [16]. These SMEs are experts in their own fields and are
not necessarily very computer-literate. Thus, the creation tool’s
interface must be easy to use and not require much prior knowledge
about ontologies or, alternatively, be easy to learn quickly.

Protégé has a key advantage in its support for plugins. These
allow users to extend Protégé to perform any needed or wanted
functions that are missing from the core design [26]. Some of these
plugins allow ontologies created in Protégé to be exported as a flat
text file that can then be used in ontology-based applications [24].
This interoperable file format allows ontology-based applications
to be independent of the creation tool and allow SMEs to create
ontologies in any creation environment they are comfortable with
as long as the environment can export Web Ontology Language
(OWL) 2 files.



3.2 Ontology Reasoning

“Inquire Biology” interacted with the knowledge ontology using an
inference system (SILK) developed specifically for the task of work-
ing with AURA. SILK contains a knowledge reasoning language
and reasoner. It communicates with AURA as the back-end and
allows programs to query the ontology for forward and backward
inferencing [14].

The Knowledge Machine (KM) is the core reasoning engine
used by AURA [16]. KM is a knowledge representation language
implemented in the LISP programming language that is capable of
inference, is expressive and can include English-like justifications
of its conclusions [8].

Two other independent reasoners are the ELK Reasoner and
FaCT++ which both offer high performance reasoning with easy
use and extensibility. ELK is implemented in Java, while FaCT++
is written in C++. As they are independent reasoners, they both
support being used as a reasoning library in ontology-based appli-
cations [19, 38].

3.3 Text Annotation

Ontology-based text annotation is the process of detecting ontology
elements within the text, based on the provided subject domain
ontology. This is done through detecting metadata and structuring
the data for improved processing later [20]. It is important, as this is
how the textbook and ontology are combined to be presented to the
user in a smart digital textbook platform. The ontology provides
semantic interpretation of the textbook [36].

The main link between an ontology and its text is a terminology,
which maps concepts in the ontology to terms in the text. However,
usually there is no simple one-to-one mapping between terms and
concepts. According to Spasic et al. (2005), the probability of two
experts to refer to the same concept with the same term is less than
20%. Another potential ambiguity is when the same term refers to
multiple concepts depending on the context [36].

Laclavik et al. (2012) developed Ontea to link terms and con-
cepts using regular expressions. These regular expressions created
ontology elements that are then assigned as properties of the ap-
plied class. In their approach, each domain ontology required its
own patterns in order to achieve good results. These patterns were
incorporated into the ontology through a special extension class
Pattern with defined properties. This approach was effective, with
an average success of over 79% on recall (the ratio of correct positive
predictions to total positive examples) and 53% on precision (the
ratio of correct positive predictions to all predictions made by the
system). The low precision result came from the simplicity of the
regular expressions and thus depends heavily on how the regular
expressions are defined [20].

This terminology link makes the text annotation very sensitive to
the source textbook’s language. If experts using the same language
use different terms [36], then experts using two different languages
are very likely to so too. This is another reason for the ontology to
be specific to the textbook as argued by Chaudhri et al. (2013) [5].

4 USER INTERACTION

Digital textbooks need to retain the visual metaphors already famil-
iar to users of hard-copies [21]. These metaphors include breaking
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information up into pages and retaining the table of contents and
indexes. This is due to the fact that users approach digital text-
books with the expectations formed from their experiences with
hard-copies [41].

Simpson and Nist (1990) found that students who commented
text through highlighting and making notes in the margin per-
formed 6% better on average than students who just reread the
textbook. However, students required training to comment text
correctly in an efficient and productive manner. This training in-
cluded the background behind text notation, active practice, as well
as peer-evaluation and guidance using a checklist. After training,
students were given a 3 000 word excerpt and were tested on it a
week later. The students who used text notation while studying
reported that most of their study time was spent testing themselves
on their notations instead of trying to decide what was important
and what was superfluous [33]. This training would be made redun-
dant through the use of a smart digital textbook, as it can be done
through suggesting questions and definitions when the students
begin to comment sections of the text.

Landoni and Gibb (2000) found that digital textbooks need to
implement these notation features for them to be considered suc-
cessful. This is due to the fact that students expect the notation
visual metaphor from hard-copies [21] and this is a part of active
learning [33].

Henke (2002) corroborated these findings in his survey of 163
people which looked at their experiences with digital textbooks.
The results ranked opening the digital textbook to the last opened
page as the most important feature, with text search, bookmarks
and personalisation ranking close behind. Furthermore, easy access
to user defined notes (comments, margin notes and the like) and
highlighting text ranked 12 and 13 respectively [17].

5 DISCUSSION

Digital smart textbooks are changing the paradigm of textbook
use through the promotion of active reading [31] and their use
is only set to grow [9]. While there is no definitive study on the
preferences of South Africa university students, most have worked
with digital textbooks [11] and universities continue to promote
their use [31]. The addition of interactive and other smart features
improves student engagement and comprehension of the subject
domain [5, 23].

Access to digital resources in developing countries cannot be
assumed to be fair across the population. South Africa has a very
large gap between the urban areas with easy access to digital re-
sources and the rural areas where there is often none at all [10].
This poses a challenge to the adoption of digital smart textbooks,
as they can be inaccessible for those in rural areas. Universities
provide internet access to their students in order for them to access
resources critical to their success at the institution [6]. This can
aid their access to a web-based digital smart textbook platform. An
alternative option would be to distribute the textbook as an offline
application on a flash drive or mobile phone. However, both remove
the advantage of easy updating of content and prevent the large
processing requirements to be offloaded to more powerful servers.

The price of digital textbooks may also be enticing to students.
The majority of students would rather buy a digital textbook if
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it was cheaper than a second-hand hard-copy. This could be the
deciding factor for students to select using a digital textbook, as
opposed to its feature set [11]. This should be taken into account
when designing a digital smart textbook platform, as the per user
hosting and management cost should be less than that of a second-
hand hard-copy textbook.

Distribution of digital textbooks is also logistically easier than
hard-copies. Universities can provide online copies to students
which they can then download and access offline [10]. Online digital
smart textbook access also provides the possibility to use more
powerful remote servers to process the resource-intensive parts
such as ontology interaction and question and answer generation,
which allows users of less-powerful computing devices such as
mobile phones to access the same content making it more accessible
to the masses [35]. Thus, a web-based smart digital textbook would
need a mobile-friendly application as well as ubiquitous access from
other devices the student may have.

6 CONCLUSIONS

A generalised digital smart textbook platform would provide stu-
dents with a way of interacting with course subject domains in
a new way. These knowledge-driven features would ensure stu-
dents’ active reading of the subject domain with the subsequent
improvement in academic performance.

These features must include the standard metaphors associated
with hard-copy textbooks such as retaining the table of contents
and indexes.

The platform must include the following features to ensure that
students can achieve active reading and interact fully with the
subject domain:

allow students to highlight text,

allow students to make notes around specific sections of text,
provide generated answers to student asked questions,
generate questions for the student to practise with,
produce concept summaries,

define terms in-line of text, and

suggest questions around concepts when they are high-
lighted

In order for students to easily access the potentially computation-
ally expensive processing behind a smart textbook, the platform
must be online and web-based. It must also support importing of
ontologies in the OWL format to support a variety of ontology cre-
ation environments. This would hopefully ensure SMEs can create
ontologies in whatever environment they are comfortable with.
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