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Abstract 

 
We evaluate the technical feasibility of 

creating pedagogically valuable, highly 
interactive content in eTextbooks for the 
purpose of education in computationally intense 
fields. This research was motivated by the 
observation that emerging eTextbook 
technologies could help enhance the education 
of engineering students. Engineers often want to 
experiment and to be able to quickly see 
meaningful results. They want to receive 
immediate feedback or response for their inputs. 
They want interactive learning tools. Engineers 
want trial-and-error with a realistic system, with 
which they can interact, even if it is a virtual 
one. The most interactivity in many eTextbooks 
is clicking links, resizing and rotating images, or 
pausing/playing audio/video. Currently, 
emerging technologies associated with 
eTextbooks, and eBooks in general, are 
approaching a developmental level where it is 
possible to provide realistic virtual systems 
embedded in an eTextbook environment that 
could help build students’ physical intuition. 
Since students may wish to interact with 
simulations in real-time, one of our feasibility 
tests involved the real-time rendering and 
simulation of different example cases of fluid 
flows within a sample eTextbook chapter. The 
simulation comes with controls the student can 
use to manipulate key flow parameters to see the 
response of the flow field to student inputs. 
Ultimately, the goal is to enable the creation of 
universal learning tools where the student can 
selectively use the interactive modules needed 
to complete said student’s education and 
physical intuition. 

Introduction 
 

Modern  Technology-savvy Engineering 
Students and eTextbooks 
 

Consider the modern technology-savvy 
engineering student going through an eTextbook 
and interacting with an embedded simulation of 
concepts of interest. The student’s technological 
background most likely includes experience 
with video games but how much of a ”gamer” is 
uncertain. However, student technological 
background can vary. The modern student has 
likely used the internet - searching, blogging, 
instant sharing, instant messaging, social media, 
etc. Different students may expect different 
levels of interaction from an eTextbook with 
embedded simulations but first, what is the 
technological readiness level to produce such an 
eTextbook? 

 
In this paper, we examine the feasibility of 

highly interactive eTextbooks with 
computationally intense content to enhance 
student learning and understanding, and help 
build engineering intuition. The level of 
interaction with simulation embedded within the 
eTextbook should enhance pedagogy. An 
eTextbook with embedded simulations should 
help the professor trying to get the engineering 
concept across and help the student make the 
engineering connection. 

 
While the degree of technological background 

of the modern engineering student can vary, the 
impact of technology in the education 
environment cannot be underestimated. Studies 
have shown that games have considerable 
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impact on training pilots [1-5] and surgeons [6], 
building language-learning skills [7], etc. These 
studies suggest that the technological 
capabilities of the modern engineering student 
should be incorporated into the learning 
environment of said student. In fact, the 
technological background of the student should 
be more and more integrated into the modern 
engineering curriculum and pedagogy. 
 
Motivation  of  Emerging  eBook  Technology 
 
It may appear to be self-evident what the 

purpose of e[lectronic]Books (eBooks) and 
electronic publication (EPUB and often written 
as simply ePub) are: to be able to peruse 
through a book on electronic devices like 
tablets, laptops, desktops, etc. One can zoom, 
scroll, rotate, etc. One can have embedded audio 
and video. Better still is having links to web 
resources. Even better is the ability to search for 
key items of interests. Modern engineering 
textbooks emphasize the strategic use of colors, 
sketches, figures, plots, chapter outlines and 
summaries, realistic situations, etc., to improve 
pedagogy [8-11]. Furthermore, the tools for 
producing eBooks should not distract the 
professor from pedagogy [12-14. The eBook 
readers should not be distracted either. 

 
The eTextbook concept should not interfere 

with emerging plans for transforming 
undergraduate engineering education [15-20]. 
An eTextbook with embedded simulations may 
complement changes envisioned throughout 
undergraduate engineering curricula but 
assessing that is beyond the scope of this study. 

 
We cannot take for granted that the 

engineering eTextbook should offer more than 
the abilities of eBooks mentioned earlier. 
Indeed, why should the plot just change size or 
orientation? Why not change the parameters and 
see the plot change? Why just watch physically 
realistic situations? Why not interact with them? 
Being able to interact provides a just-in-time 
(JIT) teaching moment that should not be 
missed [21-25]. 

The advent of the smart-phone and tablet 
includes many applications or ”apps” available 
for them. These are tools with which the modern 
technology-savvy engineering student may be 
familiar. In fact, given the existence of many 
software packages for engineering analyses that 
have migrated from desktops to mobile devices 
such as tablets and smart-phones, there may also 
be simulations that can be embedded within an 
eTextbook to enable the student to interact with 
plots, sketches, physically realistic situations, 
etc. Engineers already have a wealth of 
simulation tools at their disposal. The question 
then is can they be embedded in an eTextbook 
in a manner that enhances pedagogy? 

 
The key here is to embed the simulations in 

the eTextbooks as opposed to remote 
simulations over the internet or cloud [26,27], 
virtual laboratories [28-31], or remote control of 
real experiments using the internet [32,33,] etc. 
This could allow some independence from the 
internet just like existing textbooks do not have 
to depend on the internet. This has its 
advantages and disadvantages, but the students 
would have access to the eTextbook just like 
access to print textbooks, the most important 
difference, that we wish to exploit, is that 
eTextbooks can have a lot more interactivity, 
like simulations. Print textbooks are large and 
sometimes difficult to attain while eTextbooks 
can be downloaded. Print textbooks do not 
require anything else while eTextbooks require 
a computer or similar systems. Print textbooks 
can be easier to manage while eTextbooks 
require specific types of maintenance and 
support (such as battery life, easily broken, etc.) 
It is simple to take notes in the print version, but 
it can be a bit more difficult to write notes on 
the eTextbook although that is also a desirable 
capability that we wish to expand for the 
students. In this paper, we focus on the 
feasibility and technological readiness level for 
bringing an eTextbook with embedded 
simulations to fruition. 
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Approach 
 
Engineering  Field  Needs 
 

Engineers often want to experiment and to be 
able to receive immediate feedback or response 
per their inputs. They want interactive analysis 
tools. Engineers want to perform trial-and-error 
experiments with a realistic system, with which 
they can interact, even if it is a simulation of a 
real system. 

 
Many current engineering analysis tools are, as 

intended, best for analyses and not education. 
None of the analysis tools easily allow 
incorporation of simulations for education with 
an eTextbook. The popular MATLAB is heavily 
used in engineering and is integrated with some 
textbooks but as a separate software, e.g., 
MATLAB source code is provided to use with 
MATLAB [34–37]. Mathematica offers a 
Computable Document Format (CDF), akin to 
the Portable Document Format (PDF) used for 
computer representation of static textbooks 
[38,39]. That has a considerable learning curve 
even for those already familiar with 
Mathematica. It requires a CDF reader, a feature 
that can help protect proprietary simulation 
code. It is not as polished as a typical textbook 
and still needs some refinement. Maple and 
Maple TA are also promising but have similar 
advantages and disadvantages [40–43]. Maple 

TA, in particular, provides a very promising 
system for assessing the actual learning of the 
student[43]. Scientific Workplace has been very 
good in integrating use of LATEX [44], which 
is already familiar to many scientists and 
engineers, and some of Maple, in a desktop 
publishing environment [45]. However, the 
level of interaction is not there despite some use 
of a Maple compute engine. Furthermore, it is 
optimized for only one operating system which 
is limiting. 

 
Since the ultimate goal is the creation of a 

learning environment valuable to students in a 
computationally intense field, it is necessary to 
consider what students want. Our sample 
chapter was for an Aerospace textbook so the 
needs of Aerospace engineering students were 
primarily considered. 

 
Current  eBook  Technologies 

 
eBook  Formats 
 

The important factors considered for the 
eTextbook format were Platform Independence, 
Market Prevalence, Ease of Use, Ease of 
Creation, Cost, and, perhaps most importantly, 
Performance. Very quickly it was narrowed 
down to four formats, of which the resulting 
winner was the ePub 3 format (see Figure 1). 
 

 
 

 
 

Figure 1:  eBook Format Comparison.
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The four formats that stood out were: ePub 3, 
iBooks, Kindle Format 8 (KF8), and a custom 
hyper-text markup language (HTML) 
implementation [46–51]. An initial example 
began with iBooks. However, the only way to 
create content was through iBooks Author 
which had extremely limited options for content 
with the level of interactivity desired. For 
example, while you could provide an HTML 
widget, it could not be directly embedded in the 
page. Instead, it was treated as a picture-link on 
the margin. At this point, we were aware that 
iBooks is a derivative of the ePub 3 
specification. As such, we eliminated iBooks in 
favor of just adhering to the ePub 3 
specification. 
 

The Kindle Format 8 (KF8) was quickly 
eliminated due to several technical restrictions. 
It was limited to a small subset of Kindle 
devices, as well as having a file size cap that 
would make it virtually impossible to embed all 
of the media and content that a self-contained 
interactive eBook would require. Further, 
JavaScript1 (JS) [52] and Canvas2 [53], the two 
components required for anything beyond the 
simplest Cascading Style Sheets (CSS)3[54] 
interaction, particularly simulations, were not 
available. 

eReader  Support 
 
Figure 2 shows the technologies supported by 

the eReaders that students would likely be 
using. While the ePub 3 specification supports a 
huge feature set, only a small number of clients 
supported even a fraction of its features at the 
time of this work4. A large majority of available 
readers are still using ePub 2 specifications 
which support relatively little more than text, 
images, and a small amount of CSS [54]. A 
large number of readers were tested for support 
of the basic features we needed. Many readers 
were discarded at this step, while a few went on 
to further testing. Another small fraction were 
not discarded, per se, but could not be tested as 
they did not allow side-loading5 of ePubs 
through a non-official source (i.e., Google Play 
Books). Initially, the reader thought to be most 
compliant was iBooks, however we discovered 
the open source reference implementation of the 
Readium Software Development Kit (SDK) 
[55,56]. There was not enough time for full 
testing, but it appears to be as ePub 3 compliant 
as iBooks, if not more so despite being 
aesthetically rough around the edges. 
 

 

 
 

Figure 2:  Many readers were still using ePub 2 specifications at the time of the writing of this paper. 
 
1JavaScript, not Java [52]. This is a common mistake. 
2An HTML5 element that allows raster-based, scriptable (through JavaScript) graphics. 
3Cascading Style Sheets - a way to style structured web content. 
4as in a client process (e.g., a computer running a browser following a specification) initiates a connection to a 
remote server where the software resides. However, the server may follow a different specification. Some setups have 
the client and server on the same computer. 
5loading electronic files, data or app via what used to be via a card on the side of a computer but is more and more 
done wirelessly between any types of devices. 
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Once we decided to move forward with the 
ePub 3 format, we found that not all of the 
readers tested passed all the tests for feature 
support. The minimum features required for real 
interactivity (JavaScript, Canvas, and Document 
Object Model (DOM) Manipulation6 [57]) were 
either absent or incomplete in the majority of 
the readers tested [51]. 
 

The features that iBooks provided that many 
others did not were a mostly complete 
JavaScript environment with DOM 
manipulation, Web Storage7 [58], and Web 
Workers8 [51]. Only slightly less important than 
JavaScript, the Canvas tag was not supported in 
a large majority of readers. These two feature 
sets are the minimum required to make effective 
interactive eTextbooks. Without Canvas, certain 
simulations and visualizations would simply not 
have the performance necessary to run9. 

 
An additional oddity that had to be checked 

was whether the readers supported input tags 
well. While iBooks supported them, it did not 
bring up a virtual keyboard for typing into text 
input fields. Buttons, sliders, radio buttons, and 
check boxes all function well enough, but not 
text input fields. This is one of the few things 
we were not able to overcome. Even attempting 
to manually get focus in a text field and type via 
a JS touch keyboard failed. 
 

This was not an issue with the Readium 
Chrome Web App. As an almost fully featured 
reference implementation across all desktop 
platforms, it bodes well for the future of ePub 3 
readers. While ePub3 support is currently poor, 
with only two mostly effective readers, it should 
only get better with time. It will get better even 
quicker if content begins to be made for ePub 3. 
 

Developing an interactive eTextbook is 
actually no more difficult than developing 
individual interactive web pages designed with 

the mobile browser in mind. This is not to say 
that web development is particularly easy, but it 
is further along. As such, efficient ePub creation 
is nothing more than an extension of that 
process (see Figure 3). 

                    
 

Figure 3: ePub Flow. 
 

 
Developing a Sample eTextbook Chapter 

 
Needs  of  Interactive, Computationally Intense  
Content 
 

At the time of the writing of this paper, the 
central processing units (CPU) of most tablets 
are adequate for two-dimensional (2D) 64 × 64 
computational fluid dynamics (CFD) 
simulations, as desired. The flow simulator or 
virtual wind tunnel embedded in the sample 
eTextbook chapter displays from known 

 
6Manipulation of elements of a web page programmatically using JavaScript. 
7Web Storage is a new, simple JavaScript API. 
8JavaScripts that perform computationally expensive task in the background without interrupting the user interface. 
9This is due to the fact that manipulating the DOM tree incurs significant overhead in addition to calculating and displaying 
the graphics. On the other hand Canvas is essentially a blank window of pixels without any DOM overhead. 
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results of classical textbook closed-form 
solutions and is simulated by a 2D CFD solver. 
The CFD solver uses the Lattice-Boltzmann 
method (LBM) [59–65]. The LBM solver was 
originally implemented in C++ then ported to 
JavaScript for integration into an eTextbook. 
The simulation then ran like any other 
embedded JavaScript code (see Figure 3). The 
simulation embedded in the eTextbook is shown 
in Figure 4. 
 
Server  vs.  Client  Computation 
 

As will be demonstrated through our 
performance benchmarks, it is viable to port 
existing code to JavaScript in order to achieve 
high-performing computations on the client 
machine. There are two viable techniques to 

port to JavaScript: a handwritten port or a 
compiled-to-JavaScript port. 
 

Since the majority of modern computationally 
intense code will be written in C/C++, a 
handwritten port is quite simple. With a 
rudimentary understanding of JavaScript and 
C/C++, anyone can port the code, and quickly, 
due to the syntax similarities. This is our 
suggested method of embedding existing code 
bases due to the small file-size footprint and 
resulting fast code. Also, this enables the 
JavaScript engines to take advantage of their 
years of work on optimizing human written 
code during the execution cycle. This 
optimization is not always available with 
compiled-to-JS techniques. 

 

 
 
Figure 4: Flow simulator or “virtual wind tunnel” embedded in eTextbook chapter, showing velocity 

vectors and colored pressure contours for cross-flow over a circular cylinder with vorticity. 
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If, however, the existing codebase is written in 
a language too dissimilar to JavaScript to be 
easily ported (say, Fortran) and there is no 
desire to rewrite the code in a new paradigm, the 
code can be compiled to JavaScript using a 
relatively new tool called Emscripten [66–68]. 
Emscripten works by compiling Low Level 
Virtual Machine (LLVM) bytecode to 
JavaScript [69–71], normally into a subset of 
JavaScript called asm.js.10 

 

Now, the unfortunate consequences of 
compiling LLVM bytecode to JavaScript is that 
it results in extremely bloated, inefficient, and 
completely incomprehensible JavaScript code. It 
still runs fast, almost as fast as the handwritten 
code with no optimizations by the front-end 
compiler (usually the gcc C/C++ Compiler), but 
it takes up several times as much disk space. 
Further, the API exposed to the JavaScript code 
in the ePubs can be awkward depending on how 
easily the code is compiled to JavaScript. In 
short, there are many caveats for the price of not 
reimplementing the original algorithm. 

In an educational setting, we suggest 
reimplementation of the algorithms in 
JavaScript. This way they are ensured to be 
quick and can be made available to curious 
students who wish to delve deeper into the 
subject that way. 

 
Results 

 
Sample  Chapter 
 

To demonstrate the efficacy of ePubs for the 
more usual content of a textbook, a sample 
chapter was made. Figure 5 shows the creation 
of a sample chapter. The word ”simulator” in 
the sample chapter is a live link to the 
interactive ”virtual wind tunnel” in Figure 4, 
placed after each case discussed, so that a 
student may go right to it as a just-in-time 
teaching moment. In the sample chapter, the 
main things used are CSS accordions that the 
students   can   open   for   more    details   on   a  
subject,    as     desired,    the      embedding    of  

 
 

 
 

Figure 5:  Part of the sample chapter demonstrating HTML editing of document with LATEX and 
MathJax used for equations and hyperlinks to the embedded flow simulator (key word). 

 
10asm.js is a subset of JavaScript that allows for JavaScript engines to execute it quicker than normal. 
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instructional HTML5 video elements, and the 
use of LATEX mathtype through MathJax [72] 
put together via an ePub editor [73]. 
 

Finally, there is the displaying of math in the 
chapter. This is obviously an important feature. 
Originally we attempted to use MathML (which 
ePub 3 is supposed to support), but had great 
difficulty getting this to work. Having used 
LATEX and MathJax in a similar project [72], 
we tried it with great results. We used the 
Scalable Vector Graphics (SVG) [74] option in 
MathJax exclusively which allowed us to trim 
MathJax down by deleting some unused 
resources that come bundled with it. 

 
Performance 

 
The primary concern in creating interactive 

eBooks for computationally intensive 
applications is obviously performance. A test 
case computed is that of an inviscid, uniform, 
incompressible cross-flow over a circular 
cylinder with circulation. This case contains 
many calls to math functions and checks for 
cylinder boundaries to ensure that flow inside 
the cylinder is not shown. This case is called 
3000 times on a laptop using Chrome’s 
Developer’s Console. 
 
Port Version Test Case ms/call 
Hand Written 2273.543s 0.757847 
Emscripten Comp. 6098.333s 2.032777 

 
Porting unoptimized C++ code into JavaScript 

yielded a module that feeds input to a (canvas) 
element to visualize the pressure and velocity 
fields of various fluid flow cases. Hand written 
code is roughly 2.7x faster than the default 
compiled code produced by Emscripten. This 
particular code could not be compiled with the 
optimization flags turned on due to certain 
limitations of Emscripten in dealing with 
pointers used in the C++ code. It is likely 
possible that if the original code was structured 
differently we would see near handwritten 
speeds when using optimization flags. 

 

With the observed performance, the student 
could easily interact with 2D cases simulated in 
real-time at high resolution, particularly as 
hardware accelerated hcanvasi elements become 
more common across platforms. Even a 643 case 
would only take 48ms per call to complete 
(assuming 64x time for each 643 call). This may 
not be fast enough to be viewed in real-time, but 
given a small buffer period it could still be 
extremely pedagogically valuable. 

 
In addition to the power available through 

JavaScript in the main thread, ePub 3 supports 
the Web Worker JS API which allows for 
threading of JavaScript applications [51]. In this 
way, it is possible to attain faster computation 
and increased rendering speeds through 
parallelization of computation. 

 
Discussion 

 
Open  Questions 
 
Simulation – Intuition  Connection 

 
Are we making better or more physically 

intuitive engineering students? Are we getting to 
an adequate level of engineering intuition faster 
or is it really slower? These types of questions 
will need to be answered by education 
professionals and by observing actual results of 
students using this technology. 
 
How much content interaction 

 
It is unclear how much content should be 

interactive. Many elements could be made 
interactive, but would they needlessly 
complicate the book? Further, how can you 
present all of the content to the student while 
not overwhelming them? i.e., how can we show 
them what they minimally need to learn and 
give them the freedom to choose when and how 
to interact with more? 
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How should they be placed 
 

How can we optimally place content to 
reinforce the lessons from the texts? Should 
there be no more than one featured module for 
any given block of text and simply provide 
inter-eBook links to other optional modules? 
 
How to handle non-compliance 

 
The best thing an author can do to ensure 

readers are able to properly display content is to 
use native JavaScript where possible and native 
JavaScript polyfills11 elsewhere. Authors should 
also take the opportunity to report these 
instances of non-compliance to the developers 
of the eReader to fix similar future non-
compliances. 

 
Adhering to an ePub specification should 

address non-compliance but that is not 
guaranteed [46–48]. Items like Canvas and 
advanced JS APIs are not necessarily required 
in the specifications. They may simply be 
incidental as the developer was trying to support 
the Web Engine that is used to display ePubs. 

 
Some amount of JavaScript coding time may 

have to be invested on the part of the eTextbook 
author to ensure that the content is delivered in 
the manner that they feel properly goes with 
said content, or just plainly gets the concept 
understood. Authors would certainly prefer to 
spend most of their time on content. The amount 
of time is subjective as it depends on the author, 
the content, the level of interactivity, etc. 

 
Optimizing  Simulations 

 
Due to the availability of Web Workers, 

calculations can be parallelized. For non-trivial 
calculations this is highly encouraged despite 
the additional complexity. Of course, 
optimizations should take into account whether 
they are on a mobile device or a desktop PC. A 
mobile device will not be able to sustain as 
many parallel threads  as  a  desktop PC.   In any  

case, it is also best practice for non-trivial 
computations to take place in a Web Worker so 
that the thread running the user interface (UI) is 
not blocked by the computation. 

 
Conclusion 

 
Interactive eBook technology is perfectly 

viable in computationally intense applications 
and offers great possibilities to ease education 
and cognitive barriers to learning in these fields. 
The available technologies exist that can be 
combined to produce an eTextbook with 
interactive embedded simulations of engineering 
concepts. Combining these technologies is not 
always easy. There are hurdles, variations in 
eReaders, with or without their platforms, 
versions, hardware/software systems or sub-
systems, etc, but they may be overcome. 
Further, the ease of development will only 
increase as ePub 3 readers become more 
prevalent. 

 
Future  Work 

 
Assessing  Effectiveness 

 
While it would seem that these techniques 

could only help students, testing with an 
educational professional is needed to hone in on 
areas that actually benefit from these interactive 
techniques. We acknowledge the needs to 
include student user feedback, learning 
outcomes, etc., but this paper primarily was 
investigating what was feasible. An eTextbook 
needs to be tested in a classroom and compared 
to a classroom that uses conventional textbooks 
to quantify eTextbook effectiveness. Other 
evaluations and assessments would also need to 
be conducted. We need to ensure that 1) we do 
not distract the student and negatively impact 
their education and 2) do not sacrifice a 
thorough understanding of the subject for a 
minor increase in physical intuition. We also 
want to eventually assess if such an eTextbook 
is complementing other efforts for transforming 
undergraduate engineering education. 

 

11using native JavaScript to mimic missing native JS API’s. 
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Suggestions  for  Technological 
Developments/Developers 

 
Interactive eBooks on a large scale can be 

looked at as a special class of web app. It should 
be possible to design a general purpose 
framework for designing interactive eBooks. 
This could greatly enhance the quality of code 
and speed of development during creation. The 
real key is for future ePub developments to 
avoid an engineering eTextbook author having 
to become an ePub expert over the engineering 
content expert. 
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