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If I asked people what they wanted, 
they would have said “faster horses.”
 —Henry Ford

O ur goal in educational de-
velopment is to stimulate a 
systemic change in college-

level curricula, in which science and 
computation are better integrated, 
which in turn better prepares students 
and improves learning. By creating 
textbooks in computational physics 
(CP), we can advance the integration 
of modern computational techniques 
into physics courses.1 Because faculty 
members often report that they don’t 
feel knowledgeable enough to teach a 
multidisciplinary subject like CP, our 
textbooks provide adequate materials 
to help them teach courses incorpo-
rating computation even with varying 
levels of experience.

Figure 1a illustrates the problem-
solving paradigm of science at the 
core of computat ional research, 
which is used to structure our books. 
It symbolizes the essence of compu-
tational scientific thinking (we must 
understand the mathematical and 
computational basis of algorithms as 
well as the physical theory to have all 
three work together successfully). We 
encourage students to be creative as 
they work on a series of projects. In 
this way, students become actively 
engaged and emotionally involved 
with the materials as they experience 
the excitement of personal research.  

This approach also helps them take 
pride in their work, become familiar 
with a large number of techniques and 
tools, acquire confidence in making 
different project pieces work together, 
and learn valuable job skills. From a 
pedagogical perspective, education 
following the problem-solving para-
digm is a more balanced, effcient, and 
relevant approach than often found 
in standard physics curriculum. Al-
though students might have to take 
fewer physics classes to make room for 
computation, they learn the physics, 
CS, and math better when placed in 
context, which increases the learning 
process’s efficiency and effectiveness.

Individual students learn in different 
ways, so it’s essential for learners to 
form mental models to understand 
abstract subjects, such as physics.2–5 
Using multiple senses to interact with 
the materials improves the ability to 
form these mental models (the read-
er’s brain is more activated when there 
are more ways to view the material), 
resulting in better learning.6 Thus, 
an eTextBook makes sense for learn-
ing computational science. It’s been 
shown that interacting with a com-
puter and a textbook in a trial-and-
error mode—as opposed to lectures 
and readings—is a better way to learn 
how to compute, think reflectively, 
and write.7–10 Because our textbook is 
about computational science, it’s par-
ticularly effective for our eTextBook to 
integrate the simulation, multimedia,  

and networking capabilit ies of a 
computer.

Factors and Processes  
for Creating an eTextBook
We began considering the creation of 
an electronic textbook in 2007 when 
we completed our paper-based text 
for A Survey of Computational Physics.1 
That text, which already had many 
electronic enhancements on an ac-
companying CD, included program 
listings in Java and other languages. 
Python had become very popular, 
particularly for physics education, so 
we created another version of the text 
in this language. In light of the eco-
nomic realities of nonprofit publish-
ing, we realized that an eTextBook 
was the best way to proceed, with the 
inclusion of a separate Python edition.

We first realized the potential of 
electronic textbooks much earlier—
in November 1994—during an early 
meeting of the Undergraduate Com-
putational Engineering and Sciences 
(UCES) program. Then, individuals 
interested in computational science 
education shared ideas and placed 
HTML versions of their develop-
ments on the UCES computer, which 
resided on this new thing called the 
World Wide Web. Although it was 
clear from the start that HTML had  
problems with mathemat ics that  
LaTeX did not (mathematics on the Web  
is still an issue), it was also clear that 
the “hyper” part of hypertext meant 

Taking advantage of emerging technology, a free eTextBook is discussed that will improve college students’ 
learning. The eTextBook is platform-independent and highly useable, with multiple executable elements.
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that a text could use multimedia 
(such as animation, sonification 
of data, simulations, and com-
puter visualizations) to enhance 
education.

We assembled a model of 
what a future eTextBook might 
be like, while still using cur-
rently available, free, and com-
mon technologies. The entire 
500 pages of it (700 in paper 
with its larger margins) are now 
online in a number of reposito-
ries associated with the National 
Science Digital Library (http://
nsdl.org; we list some of the 
repositories in the “Contents” 
section).11 We adopted a Cre-
ative Common license (http://
creativecommons.org) for our 
eBook with the belief that ma-
terials developed with public 
funding should be available to 
the public. However, we’re also 
developing a business model in 
which there are fees for extra 
features such as a printed copy 
of the text, a DVD with multi-
language codes or lecture mod-
ules, source codes for the slides, 
mobile versions of the text and 
lectures, and an instructor’s 
guide. (The LaTeX source files 
are available for readers with 
sight disabilities to read even 
the equations.)

We designed the eTextBook 
for viewing with a PC featur-
ing a large screen, the ability to 
run Java-based applets, and a Flash-
enabled browser (see Figure 2). We 
also produced alternate versions of 
the text that are readable on tablets 
and Kindles, though with reduced 
functionality. These mobile versions 
are excellent supplements to the PC-
based text. They’re also PDF-based, 
since the nat ive Kindle format is  

inadequate for equations and compli-
cated tables, and we’ve produced “app” 
versions of the text that can provide 
functionality similar to that of a PC.

Blended Courses
Over the past decade, we’ve heard var-
ied and often strong opinions regarding 
the efficacy of online versus traditional 

university classes. Regardless of  
the opinions, each passing 
year continues to see an increase 
in online enrollment (up 17 per-
cent in 2009).12 More than a de-
cade of literature has shown that 
measurable learner outcomes 
result more from the quality of 
an entire course and its delivery 
than from the specific delivery 
media.13,14 In general, online 
courses are capable of working 
as well as traditional ones, and 
blended or hybrid courses might 
be superior.15,16 In the latter, 
faculty blend the course compo-
nents, with each containing vari-
able degrees of face-to-face, or 
face-to-computer learning (see 
Figure 1b).

We find that the effectiveness 
of a course is improved signifi-
cantly when we can vary the de-
gree of the blend to fit the local 
educational environment and 
students. Likewise, an eText-
Book that contains video-based 
lecture modules, laboratory ex-
ercises, problems, and in-depth 
reading can be used as the core 
of an online course, in a blended 
course, or for a standard course. 
eTextBooks are thus more 
flexible than printed ones, but 
they take more work to create, 
as does an online course com-
pared to a face-to-face one. The 
amount of work is reduced if we 
incorporate the creation of the 

eTextBook—or at least its major ele-
ments like video lectures and slides—
into the development of a course.

There are multiple variables when 
comparing online to offline and blended 
courses, as well as when comparing tra-
ditional to fully electronic textbooks. 
In either case, isolating one element 
might not be reliable. Many students 

Figure 1. To help students learn how to think 
like a computational scientist, we use a variety of 
tools. (a) Our scientific problem-solving paradigm 
encourages students to be creative as they work.  
(b) A 3D space with projects, lectures, and lab 
axes—in which the degree of blend varies from 
0 (all on computer) to 1 (all face-to-face)—uses 
multiple senses to activate the student’s brain in 
more than one way.
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excel using online courses in which 
they can set their own hours and paces, 
but online courses don’t work as well 
for students who are less motivated and 
who view the computer as a device for 
entertainment and socializing. These 
students often lack the self-discipline 
needed to sustain effort on a regular 
basis without a formal class structure. 
However, this is less of an issue with 
students already specializing in compu-
tational science, who are more likely to 
view the computer professionally.

Contents
To make the materials widely available, 
we posted the eTextbook on Compadre  

(www.compadre.org/psrc/items/ 
detail.cfm?ID=11578), Merlot (www. 
merlot.org/merlot/viewMaterial.htm? 
id=604391), the Computational Science 
Education Reference Desk (CSERD;  
www.shodor.org/refdesk/Catalog/
Item/2490/summary), and on the  
Oregon State University (OSU) sci-
ence server.11

Video-Based Lectures
The eTextBook contains around 60 
lecture modules covering almost ev-
ery topic ("VideoLecs). The lecture 
modules are a mix of Flash, Java, 
HTML, and MPEG files. Each mod-
ule opens a webpage containing a 

video picture-in-picture of a profes-
sor demonstrating the material in his 
office, coordinated dynamic slides 
(sometimes with red scribbling on 
them), a dynamic table of contents, 
and links to codes and applets (see 
Figure 2a). The modules are based 
on Greg Moses’ eTeach develop-
ments,17 and they use the Camtasia 
Studio commercial screen capture 
package. In the face of rapidly chang-
ing technologies, we relied on Cam-
tasia’s regular updates to keep our 
book current. It took five years for  
Sally Haerer (our director and pro-
ducer) to produce the modules. Ex-
cellent sound quality and legible 
slides are essential for an eTextBook, 
but they create large file sizes, with 
the video modules occupying more 
than 14 Gbytes.

There’s a great improvement in 
quality when we produce lectures in a 
studio setting with controlled sound, 
lighting, distance, and video monitors 
as opposed to live lectures where the 
subject moves and often faces away 
from the viewer. In preparation for 
our recordings, our CP group viewed 
a number of online university courses 
and lectures, including some from 
the commercially successful “Great 
Courses” collection (www.teach12.
com). We concluded that a scripted 
lecture is rarely engaging and fre-
quently boring, although it sounds 
polished with few speaking errors. 
In contrast, our recordings feature a 
professor speaking in his office, as he 
normally would speak, referring to 
slides which contain only key points 
and equations. We find this to be 
more engaging and personal because 
of the natural spontaneity, depth, 
and imperfections that occur when a 
knowledgeable person speaks about a 
subject about which he obviously 
cares.

Figure 2. Samples from the eTextBook. (a) Screenshot of a video lecture module. 
(b) A Python code listing.

(a)

(b)
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Python Codes
The eTextBook contains many sim-
ulations as downloadable Python 
codes. As a computer language, Py-
thon is attractive: it’s free, available on 
essentially all platforms, and object-
oriented. It’s the easiest language to 
learn and can be extended to serious 
scientific computing via more than 
19,811 packages (https://pypi.python.
org/pypi). It’s also a scripting lan-
guage that can run or be integrated 
with legacy codes, and its arithmetic 
operations and control structures are 
similar enough to C and Java, making 
the numerical computing parts ap-
pear standard. All of the programs are 
also available in Java, C, and Fortran 
versions (available either in the com-
mercial books or by purchasing them 
from the publisher).

As an example of our Python codes, 
consider the screenshots of a code 
listing in Figure 2b. Note that there 
aren’t many lines of code. Half of 
these are used to solve Laplace’s equa-
tion, and half are used to produce the 
surface plot of the resulting potential. 
The book’s simulations are an invalu-
able learning resource due to their in-
teractivity, visualization capabilities, 
direct connection to the physical the-
ory and algorithms, and the straight-
forward programming style preferred 
by practicing scientists. Our goal was 
to have readers not only execute the 
codes, but also to examine the codes 
to see how they function and how 
to extend them for their own proj-
ects and research. (Feedback indicates 
that many researchers find the text 
and especially the codes valuable.) In 
this way, the codes constitute a virtual 
laboratory, adding another dimension 
to the eBook.

Another exciting possibility for 
textbooks is the ability to run simula-
tions without having to leave the text. 

In our original version of our eBook, 
the hyperref package’s run command  
(http://en.wikibooks.org/wiki/LaTeX/ 
Hyperlinks) in the LaTeX source file 
resulted in a PDF output that ran the 
codes directly. However, recent up-
dates to Adobe’s PDF readers forbid 
code execution. Although we recog-
nize that there might be a concern 
for document security, forbidding 
executable codes in documents limits 
the potential ways in which scientific 
and educational materials can be 
communicated and used. Indeed, 
Elsevier Publishers has recognized 
this as a problem and has sponsored 
an “Executable Paper Grand Chal-
lenge” to improve future operating 
systems and document formats (www. 
executablepapers.com).

Although it’s possible to copy and 
paste the eBook’s PDF code listings into 
a Python development environment— 
such as the integrated development 
environment IDLE—it’s unreliable 
because the different levels of in-
dentations used to define the codes’ 
structures might not be preserved. 
Accordingly, the caption of each code 
in the eTextbook links to a Python file 
that displays in a browser’s window 
(for example, "Codes/PythonCodes/
LaplaceLine.py). That listing can 
be copied reliably or executed directly. 
(Opening a saved copy of the code 
with a recent Firefox browser actually 
runs it!)

Executable Equations and Figures
Equations are wonderfully succinct 
and meaningful representations of 
mathematical relationships; it’s a 
shame for electronic documents to in-
clude them only as pictures, because 
bitmaps can’t be read by screen readers 
and don’t contain information about 
the equation’s meaning. The equa-
tions in our eText-Book convey their 

meanings well enough for a computer 
to process them with symbolic ma-
nipulation programs—such as Maple 
or Mathematica—or search the Web 
for other related documents. Whereas 
this would be more straightforward if 
our entire book was in a markup lan-
guage like MathML, we’ve at least 
explored the possibility of executable 
equations in our PDF document by 
linking many of the equations to their 
corresponding MathML versions.

We demonstrate the effect here. 
The following equation for Lagrange 
interpolation would be linked to  
"/xml/Equation2.xml:
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To open a window displaying an 
XML file (MathML is written in 
XML), click on the equation. If your 
computer associates XML files with 
Mozilla Firefox, the browser win-
dow should display a beautiful and 
scalable version of this equation. If 
you click on Tools/Web Developer/
Page Source, you’ll see that this really 
is a MathML file and not a bitmap. 
This MathML source code can now 
be copied to and manipulated by 
symbolic manipulation programs. 
We would prefer a direct transfer 
execution of the symbolic program 
within the text, but again the cur-
rent technology doesn’t allow this.

Because every use of a numbered el-
ement in our eTextbook is linked to an 
original equation, figure, listing, and 
so on, another possibility is for equa-
tions to be linked to their derivations, 
or to a fuller explanation of their 
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meaning (or both). This could make 
texts less threatening to those readers 
who feel mathematically challenged 
or who need review, which would oth-
erwise interfere with the text’s flow. 
Of course, this concept requires a 
text that can adapt to the knowledge 
level of the reader by accessing text 
materials included at different levels. 
Although this isn’t technically hard 
to do, it’s challenging to maintain the 
coherence and planned logic of a well-
designed text. However, publishers 
such as Princeton Press have moved in 
this direction, permitting educators 
to assemble text by combining pieces 
from different text sources.

Sonification
Over the years, we’ve experimented 
with sound as a vehicle to involve an-
other sense in visualizing data—a 
process known as sonification. One 
of our Web enhancements, “Visual-
izing Physics with Sound,” explores 
sonification as an aide to sight-impaired 
readers, while another applet, Hear-
Data, converts a user’s data into sound 
("/Applets folder of the eTextBook).

We’ve found sonification particu-
larly useful in our spontaneous decay 
simulation (which produces its own 
sound), and in the study of nonlinear 
oscillations. Specifically, the algo-
rithm that simulates spontaneous de-
cay (if RandomNumbe < rate, then 
decay) is so simple, and the physical 
origin of spontaneous decay so subtle, 
some convincing is helpful. So when 
the reader hears the simulation pro-
duce sounds like those coming from 
a Geiger counter, he’s more likely to 
draw the correct conclusions. You 
can hear the simulation at "/Sound/ 
geiger.au.

We’ve also found that sonification 
is effective when teaching nonlinear 
oscillations. Some of our techniques 
are collected at "/Sound/sound.html 
(see Figure 3). Although a graph of a 
nonlinear oscillation may look like a 
sine wave from a harmonic oscillator, 
it has higher-frequency overtones that 
sharpen the corners. You can see some 
differences in the graphs (Figure 3) or 
hear the differences in the sonifications 
as a “richness” of the nonlinear oscilla-
tor’s sound. In contrast, the sonification 
of a driven particle in a square well 
sounds like noise (chaos).

Adobe Acrobat can read text out 
loud, which is another positive feature 
of PDF. Although the text doesn’t 
have an automatically linked diction-
ary that searches for words as the 
cursor passes over them—as does the 
Kindle—the eTextBook has many 
specialized words linked to its glos-
sary. And (for fun) if the reader doesn’t 
wish to leave the page being read, she 
can click on the speaker logo near the 
linked word and hear the word spoken.

Accessibility
eBooks and their multimedia and 
multisensory enhancements can pro-
vide improved access for learners with 
various sensory challenges. We’ve co-
operated with projects on this subject 
and have tried to make our eTextBook 
accessible and open to improved ac-
cessibility. So, even though PDF isn’t 
a standard World Wide Web Con-
sortium (W3C) format because it re-
quires a plug-in, Adobe has recently 
improved PDF accessibility.18,19 We’ve 
also made our LaTeX source files for 
the text and slides available as needed 
and the equations accessible with spe-
cialized readers.20

For obvious reasons, video isn’t use-
ful for some learners with visual im-
pairments, but high-quality sound and 
LaTeX slides are. We’ve printed mate-
rials and slides for hearing-impaired 
learners, and all learners benefit from 
the ability to replay lecture modules 
and from attending lectures on their 
own schedules and at their own paces. 
Given the funding and need, we’d like 
to create an alternate, fully accessible 
version.

Take a Look for Yourself
Now that we’ve walked you through 
some of the features, we invite you to 
check out the current version. Visit  

ht tp://sc ience.oregonstate.edu / 
eBookWorking and download the PDF  
book file to a local file.

Open the PDF file with a stand-
alone PDF reader (a browser plugin 
might not show the page numbers). 
Go to page iii for the table of con-
tents (ToC) in bright blue. We use the 
standard blue to indicate links both to 
other parts of the text within the book 
and to external websites. Click any 
place in the ToC to jump to that part 
of the text. Return to the ToC (Alt + 
leftarrow returns to the previous text).

Jump to page 4, where you will find 
Section 1.2, using the “Feature of This 
Book.” Click on the 1.1 in Figure 1.1  
in the first paragraph. This is an ex-
ample of how every figure, equation, 
code, section, and so on. is linked. Re-
turn to page 4 and click on the tiny 
image of a person in a blue shirt. This 
will take you to one of our video lec-
tures, which you can explore or watch 
in its entirety (about 20 minutes). See 
"VideoLecs for a listing of all the 
lectures.

On the bottom of page 4, there’s 
a yellow “Applet” icon, as well as the 
words “Chaotic Scattering.” Clicking 
on either of these will take you to an 

Figure 3. Linear and nonlinear oscillations. (a) Harmonic oscillator, (b) realistic 
pendulum, (c) anharmonic oscillator, and (d) particle driven in well. Links to their 
sonifications are at "Sound).

(a) (b) (c) (d)
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applet on “Classical Chaotic Scatter-
ing.” See "Applets for a listing of all 
the applets.

At the top of page 5 is a listing for 
the code Walk3D.py. Click on the 
caption to open the code in a browser 
window. Copy and paste this code into 
IDLE to run it. You can also save it 
and open it again in Firefox to run it.

On page 6, click on the single equa-
tion and an XML/MathML version 
of it will open in a browser window. 
(We recommend Firefox for proper 
display.) Find the appropriate menu 
on your browser to view the “source.” 
It’s a rather lengthy MathML file in 
which each element of each symbol is 
defined.

Again on page 6, click on the word “al-
gorithm” to jump to the glossary where 
the word is defined (Alt + leftarrow).  
Now click on the little picture of a 
speaker to hear the definition without 
leaving the page. Click on the icon of 
a movie projector at the bottom of the 
page to view a movie in an external 
player.

On the top of page 7 is Figure 1.2. 
(If you don’t see a double pendulum, 
you might have to tell Acrobat that 
you “trust” this document to load a 
file.) You should then see a picture of 
a double pendulum. Click it to play a 
movie embedded within the page.

Evaluation and Assessment
Evaluating cyber-enabled learning is a 
challenge, involving multiple variables 
and an environment in which the role 
of computers and communications 
is seeing historically rapid change.21 
For example, we’re working with the 
first generation of Web2 students, for 
whom electronic interaction is natu-
ral, who read news online more than 
from paper,22 and who buy—and pre-
sumably read—more electronic books 
from Amazon than paper ones.

Our eTextBook evolved from our 
paper textbook, which in turn evolved 
from over a decade’s worth of class 
notes for our CP courses. The courses 
grew from an original two quarters 
into an entire curriculum and under-
graduate degree program in CP.23 
Several professors taught the courses, 
with one of our authors (Rubin Lan-
dau) leading the developments. The 
video lecture modules were developed 
over a period of five years and have 
been used in both blended and online 
classes. We’ve taught the courses since 
the late 1980s and published paper 
textbooks in 1997 and 2008. These 
texts have been used throughout the 
world in at least 50 schools. Both 
books have won prizes. We designed 
the courses, texts, and lecture mod-
ules around well-developed student 
learning outcomes.23 We’ve had ex-
tensive assessment of the courses and 
lecture modules using student evalu-
ations, pre- and post-course student 
interviews, and surveys conducted by 
an external evaluator (the Wisconsin 
Center for Education Research; www.
wceruw.org/about.php). The texts 
have had pre- and post-publication 
reviews, market surveys conducted 
by several publishers, feedback from 
faculty and students using the ma-
terials at other schools, and multiple 
discussions with collaborators. As 
we’ve mentioned, the general format 
of the lecture modules was adapted 
from the successful eTeach project,17 
with the delivery style (nonscripted 
lecture plus slides) similar to the com-
mercially successful and academically 
respected “Great Courses.”

We first used a draft of the eText-
Book and video lecture modules in a 
blended course, in which the instruc-
tor lectured from the lab. The evalu-
ation was surprisingly positive in 
terms of student learning objectives 

and attitude. The only significant 
complaint was related to difficulties 
in reading the DVD we used to dis-
tribute the draft and lectures. The 
students commented on the effec-
tiveness of being able to repeat parts 
of the lecture and were thankful that 
the professor’s breaks to “sip tea”  
(a deliberate design element) also gave 
them breaks to gather their wits. 
More than once we’ve heard com-
ments such as “this is what you told 
us yesterday in lecture”; to us, this 
indicates acceptance of the electronic 
lecture as part of the student’s real-
ity. At the end of the first term, the 
students were disappointed that we 
would return to live lectures. In re-
cent times, one of our authors (Rubin 
Landau) has taught the CP courses 
purely online, which fits in well with 
his emeritus status, but is less effec-
tive for some of the students who 
need the face-to-face interaction.

The instructors for the blended 
course felt that the students were bet-
ter prepared for lab than in the live lec-
tures, although this could be due in part 
to our requirement that the students 
view the lectures before the lab. The 
instructors also concluded that the stu-
dents’ projects were at least of the same 
quality as before, with student ques-
tions and discussions of higher quality. 
Landau taught the course the next term 
in the traditional format and found the 
students to be as well prepared as usual, 
if not more-so.

Landau has recently taught work-
shops at various schools and at Super-
Computing conferences using and 
distributing the eTextBook. Many 
schools have used the developing 
forms of the eTextBook and have pro-
vided feedback. This is very prom-
ising. Usually, it’s a slow process to 
change physics curriculum to include 
nontraditional topics (such as those in 

CISE-15-3-Edu.indd   7 5/28/13   9:51 AM



E d u c a t i o n

8 Computing in SCienCe & engineering

our texts). Generally, a small number 
of early adopters catch on, but insti-
tutions and organizations are slow to 
change.

Here are some of the results of our 
detailed external assessment, which 
surveyed how much use each of the 
different features of the book received 
and how helpful each was:

•	 Students used the free eTextBook 
about 80 percent of the time and the 
paper textbook about 20 percent; all 
students used the eTextBook at least 
some of the time.

•	About 40 percent of the students 
didn’t read the instructions on how 
to use the text.

•	Hyperlinks to figures, equations, 
and codes were used about 50 per-
cent of the time, rarely with techni-
cal problems.

•	The students consistently found the 
applets to be useful.

•	None of the students printed pages 
from the eTextBook, although code 
listings were printed 10 percent of 
the time.

•	They all agreed that the format was 
portable and worked on a variety of 
devices.

•	About 30 percent of the students 
used the commenting, bookmark-
ing, and highlighting features.

•	All of the students reported that the 
written pages of the text were essen-
tial or fairly essential.

•	Ninety percent of the students said 
that the lecture modules were es-
sential or fairly essential.

•	The shaded code listings were con-
sidered essential.

•	Ninety percent of the students re-
ported that the ability to run and 
see the results of simulations was 
essential or fairly essential.

•	 Students gave the eTextbook a rat-
ing of four stars out of five.

Overall, these assessments show that 
our eTextBook is successful in its goals.

A good book has no ending.
 —R.D. Cumming

The eTextBook we created con-
tains a wider variety of executable 

elements than is available currently in 
most eBooks. Some of these elements 
are essential, while others are explo-
rations into what future texts might  
be like.

Textbooks have been around for a 
long time—a reflection that they’re a 
highly adaptable literary genre. Nev-
ertheless, we believe that books and 
textbooks must evolve with education, 
technology, and society. Even while 
education changes to include workshop 
approaches that emphasize student 
discoveries, reading textbooks—in 
their various forms—remains essen-
tial for true understanding. And while 
tablet computers are very attractive 
for viewing content, it still takes a 
computer to truly interact with con-
tent via universal tools, and especially 
so for learning a discipline involving  
computation. 
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