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Building a better eTextbook

M. L. Hollingsworth, N. H. Narayanan

Abstract— ETextbooks are increasingly more common in the
classroom, yet no consensus on the best eTextbook design has
emerged. There are several features that characterize eTextbook
products currently on the market. This paper will describe six
adaptive and intelligent features that we believe, based on an
extensive survey of commercial and research-based eTextbooks,
are important to learning. This is supported by the existence of
research-based results in the literature showing that these
features improve student learning when implemented in
eTextbooks or other learning systems. The paper concludes with
a discussion of what research challenges need to be met to build a
next generation eTextbook.

Index Terms— E-textbook design; Electronic publishing;
Artificial intelligence; Natural language processing; Knowledge
representation; Computer aided instruction

I. INTRODUCTION

As part of a research project on designing and evaluating
the next generation of eTextbooks, we undertook a
comprehensive review of eTextbooks, some of which are
products of academic research while others are commercial
products. This effort is the first step toward envisioning a next
generation eTextbook that relies on existing technology but
addresses technological and interactional gaps of current
eTextbooks.

One of the earliest visions of an interactive, electronic
learning resource for children was presented by Alan Kay as
the “DynaBook.” We live in the world Kay envisioned where
we would use these devices and, “... a global information
utility such as the ARPA network ...” [14] would bring the
information of the world into our homes and offices. Modern
tablets have moved well past Kay’s original goals of storage to
hold, “...about 500 ordinary book pages...” or “...several
hours of audio ... files” [14].

This article focuses on five features that emerged as
important from the aforementioned literature review. tour
selection was influenced by the fact that research conducted
on the teaching efficacy of these features is available in the
literature. The features are concept maps found in the
eTextbook CoOMPASS [1], peer collaboration and assessment
used by the WileyPLUS Learning Space package [8], dynamic
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Document Format [2], adaptive learning featured by
CogBooks [10], and Inquire: Biology’s capability of
answering student questions using natural language [11]. In
the next section, we discuss each of these features followed by
a discussion of the limitations of the tools we have and what
innovation could propel future eTextbooks to a new level. We
conclude the paper by presenting a vision of the next
generation eTextbook. It should be noted that the features we
describe are not the only features offered by each of the
systems; reviewing all features of each system or reviewing all
systems that contain a specific feature goes beyond the scope
of this paper.

1. CONCEPT MAP

A concept map is a graphical way of organizing information
to show how each concept relates to another concept, which
allows students to approach the subject matter in a nonlinear
way. This is different from a traditional textbook, which
presents information in a linear fashion one chapter after
another.

CoMPASS is a non-commercial research project developed
at the University of Wisconsin, and its topics target 7.8t
grade science subjects (the project is currently undergoing a
rework and has been renamed VidyaMap.). CoMPASS
presents the learning material in the form of a concept map,
which shows relationships among concepts using a directed
graph. As of now, CoOMPASS only covers small subsets of
science subjects: simple machines in physics and composting
in biology. CoMPASS also features simple natural language
query processing, which allows the students to interact with
the eTextbook in a more natural manner. For example,
students ask a question in English and the system will show a
concept map showing concepts in its knowledge base that
matched words in the query.
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Fig. 1. A concept map from an early version of COMPASS [6] showing how
gravity interacts with drag, force, acceleration, and mass.



Bulletin of the IEEE Technical Committee on Learning Technology, Volume 18, Number 2/3, 2016 15

The knowledge base that is at the backend of COMPASS is
quite complex. It requires a domain expert to construct it.
This knowledge base takes a significant amount of time to
construct, yet the instructor cannot modify it in anyway.

Studies suggest that students learn the material better when
using COMPASS over a traditional textbook [1], [6].

III. ASSESSMENT

Assessment is typically implemented as a posttest that
students take after reading a section of the material. This
posttest can be used by either the student, instructor, or both to
determine if the material should be reviewed. Using this
information, the instructor can detect trends in the class to find
areas that need reinforcing. Students can instantly get specific
feedback on the extent of their understanding of the material
for personal review.

WileyPLUS is a commercial product that uses assessment
to reinforce learning. WileyPLUS is a learning program used
with several textbooks, specifically for high school and higher
education students. Numerous topics are in existence ranging
from architecture to science to foreign language.

WileyPLUS’ user interface is a familiar social media like
interface. It presents the student with a dashboard. Among
the features of this dashboard are ‘feeds’ where students
and/or the instructor can highlight topics from class for
everyone in the class to read and comment. The dashboard
also contains class rankings, so each student can see how their
grades on the posttest questions rank among their peers.

WileyPLUS does not allow for custom knowledge base
creation.  The particular textbook is the basis for all
knowledge base information for the particular WileyPLUS
module. It does allow the instructor to highlight topics for the
class and construct assessment quizzes.

Studies have suggested that WileyPLUS improves the
grades of the student who use the product over those students
that use a traditional textbook [8], [9].

IV. pynamic WIDGETS

Wolfram Research developed the Wolfram Computable
Document Format (CDF). Wolfram CDF is a document format
which allows embedded dynamic widgets. CDF positions
itself as superior to other document formats such as PDF,
JavaScript/HTML, Flash, and Microsoft Office.

Figure 2 shows an example widget. The student can input
different data values using the sliders and buttons, and the
graphs are dynamically redrawn by the eTextbook built using
the CDF. These widgets allow authors to incorporate dynamic
simulations that students can manipulate and interact with
while reading the eTextbook.

There have been no studies directly linking a book based
on CDF to improved learning; however, studies suggest that
using simulations can improve learning [12], [13].
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Fig. 2. An example widget from CDF [2].

V. ADAPTIVE LEARNING

Adaptive learning is defined as the ability of an eTextbook
to change (adapt) the way it selects and displays the content
material to the student. An adaptive eTextbook should contain
the logic to detect when a student has a strong grasp of the
basics of a subject and push the individual further than other
students who are behind. Alternately, if a student is struggling
with a topic, the eTextbook should be able to detect that also,
and present earlier material to help the student catch up. Thus,
the material presented is personalized for each student.

CogBooks [19] is an adaptive eTextbook. Unlike other
systems discussed, CogBooks also allows the instructor to
create the knowledge base from scratch. The knowledge base
is structured as a graph, and the instructor can create nodes
and edges'. The nodes will contain snippets of text from a
textbook or the instructor’s custom text. The edges are
posttests to assess how well the student understands the
information in the node, which works much like the
assessment in WileyPLUS.

Another interesting aspect related to adaptivity is that
CogBooks do not present information in a linear fashion. The
instructor-created directed graph allows the system to guide
students along different paths through the graph depending on
how well they do on each posttest assessment. For example, if
a student starts in node A and scores a 30% on the posttest, he
is returned to A. A 60% score might move the student to node
C, whereas an 80% score might move the student to node R.
A 100% would take the student to yet another node Q. The
way the student navigates is determined by a combination of
CogBooks machine learning algorithm as well as the
instructor created graph.

There have been no studies of effectiveness of CogBooks
per se, but studies of other learning systems have suggested

' Nodes are defined as “modules” and edges are defined “outcomes” in the
CogBooks knowledge base creator
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that adaptive learning leads to better student outcomes than
traditional linear teaching [10],[11].

VI. INTELLIGENT QUESTION ANSWERING

Inquire: Biology is a product of Project Halo®. One
powerful feature of Inquire: Biology is that it allows students
to pose natural language questions and to receive a natural
language answer even if the answer does not exist anywhere in
the text. Inquire: Biology can infer the answer and
dynamically construct natural language text due to the
combination of a complex knowledge base and powerful
Artificial Intelligence (AI).

Inquire: Biology is based on the ninth edition of the
Campbell Biology textbook. It only contains a small subset of
the entire textbook. This is probably due to the immense
amount of work needed to convert human readable text into an
Al readable directed graph. Much like the CoMPASS
knowledge base, this work must be completed by a domain
expert. Each sentence from the textbook must be broken
down word by word to create a graph with nodes that contain
a single concept and edges that show how one concept relates
to another.
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Fig. 3. An example showing how one sentence from a traditional textbook is
transformed into a concept map that becomes part of the knowledge base of
Inquire: Biology. [5]

An example of a question a student might ask is, “What is
the structure of the plasma membrane?” The answer to this
question is not directly in the textbook; however, due to the
powerful Al and complex knowledge base, Inquire: Biology
can infer the answer, give additional facts about the plasma
membrane, provide figures from the book about the plasma
membrane, and give examples of how one concept interacts
with other concepts (e.g. how a plasma membrane facilitates
cell-cell recognition) [11]. Thus, the power of this feature is
that the eTextbook is able to piece together various facts and
figures from the underlying knowledge base to dynamically
construct a cohesive answer to a student question.

A study compared a traditional text, an electronic version of
the text, and Inquire: Biology in a course. Student grades
were consistently the highest with Inquire: Biology. Also, no
students in the Inquire: Biology group received a grade of D or
F, while approximately 33% of students in the other two

? Project Halo started in 2004 sponsored by Vulcan Inc. with the goal to
create a “Digital Aristotle” i.e. a system that would have a broad scientific
knowledge base. The combination of this knowledge base and Al could infer
the answer to novel questions that people could ask. Project Halo is
currently called Aristo. It is being developed by the Allen Institute for
Artificial Intelligence. Project Aristo seeks, much like Inquire: Biology, to
answer novel questions. It covers more topics than just biology.

groups scored either a D or F [4]. It appears that Inquire:
Biology is no longer under further development.

VII. THE MISSING PIECES

The benefits of Al and powerful natural language querying
and answering in eTextbooks are almost entirely absent in
current eTextbooks. The ability for a student to ask a book a
question using natural language and to receive a dynamically
generated answer to this question is the holy grail of
eTextbooks.  Perhaps, the reason that we do not see this
feature in more eTextbooks is due to the complexity of the
underlying  computational  problems of  knowledge
representation, inference, and natural language processing.
The other significant lacuna is that the knowledge base
undergirding an eTextbook must be manually constructed for
each subject, which requires many hours of highly skilled
labor. The answers provided by Inquire: Biology are the type
of answers a student would expect from an instructor. With
powerful Al, these answers would be available to each student
in a way similar to each student having his/her personal
instructor on call at all times. This underscores the work that
needs to be done in order to transform a textbook into a
machine-readable, graph-structured knowledge representation.
This may require the creation of a universal standard for
eTextbook knowledge representation. Once such a standard is
established, a tool to turn any piece of text into this
representation needs to be designed. This would open the
door to turn any textbook into a machine-readable knowledge
representation upon which the aforementioned features of
question answering, personalization, assessments, dynamic
interactions and learning analytics could be built. Addressing
these challenges would signify progress toward the ultimate
goal of adaptive and intelligent learning systems - giving
every student access to a virtual instructor embedded in an
eTextbook any place and any time.

VIII. CONCLUDING DISCUSSION

WileyPLUS and CogBooks both have a self-assessment
tool. From the instructor side, WileyPLUS requires the
instructor to evaluate the scores and make adjustments based
on these scores. From the student side, WileyPLUS requires
students to compare their scores to that of the class and make a
decision as to what they should review. CogBooks’ Al uses
the self-assessment scores to tailor the material from the book
displayed to the student.

However, both are not using all available data to its full
potential. The instructor should not have to manually review
the scores of all the students in the class to find trends. This
task should be handled by learning analytics. The instructor
should not be limited to pulling this data from a single class
using the eTextbook. Instead, trends should be computed,
displayed, and acted upon (automatically) from the aggregated
results of all their classes using the same eTextbook.
CogBooks uses the assessment results to construct a custom
book for the user. This information could be used to find
trends in the class where the text is lacking or unclear to the
students. This kind of feedback would free up the instructor to
make modifications to the content and to make learning
objectives clear while the eTextbook takes on the task of
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automatically tailoring itself to meet the needs of individual
students.

CogBooks, COMPASS, and Inquire: Biology all allow the
student to interact with the material in a nonlinear fashion, but
this feature is enabled by an underlying knowledge base,
which requires a large amount of manual effort from a domain
expert to build. In the case of CogBooks, the instructor is
tasked with, essentially, writing a textbook. In the case of
CoMPASS and Inquire: Biology, a complex directed graph is
constructed by a domain expert from an existing textbook.

Two improvements could be made to this process. One,
CoMPASS and Inquire: Biology lack the adaptive learning
experience offered by CogBooks. They already have
knowledge structured as complex directed graphs but do
nothing to exploit this structure to customize the learning
experience based on feedback from students. Two, the
process of transforming an existing textbook into a machine-
readable directed graph could be semi-automated through the
use of natural language processing and Al. This would
eliminate the need for a domain expert to create the graph (in
the case of CoMPASS and Inquire: Biology) or write a
textbook (in the case of CogBooks). Instead, the expert’s role
will be the less labor-intensive, which is one of reviewing and
revising the knowledge base constructed by the machine. This
is a nontrivial task, but currently, it appears that no one is
looking into this problem.

Having interactive games/simulations in eTextbooks seems
to an important feature. Decades of research suggests that this
improves student learning [15], [16], [17], [18]. While there
are dozens of eTextbooks available, very few offer this
feature.  Facilitating rich interactions with the learning
material in the form of games and/or simulations should be a
standard feature of future eTextbooks.

In summary, we have identified the following features as
essential for the next generation of eTextbooks:

1. Learning Analytics: The ability to collect, store, and
analyze student assessment and interaction data over
time. use it to both adapt/personalize the student
experience, and to display trends and student progress
to the instructor.

2. Knowledge Engineering: The ability to automatically
or semi-automatically construct a structured knowledge
base that captures the learning topics and content by
processing existing text-based resources.

3. Learning Interactions: Provide a rich learning interface
to the students that include nonlinear navigation,
natural language question answering, interactive charts
and graphs, simulations and learning games, as well as
traditional forms of self-assessment.
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