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Abstract: Undergraduate mathematics courses in most universities would 
consist of numerous modules or subjects. The definitions, theorems and 
concepts taught in one module are very often based on what has been 
introduced in previously taught modules. This is especially true for the 
more advanced modules. Although there is usually a prescribed syllabus 
for each module, it is impossible to list all the details in the syllabus. This 
may lead to significant differences when a module is taught by different 
lecturers. One way to address this problem is to provide an easily accessed 
and linked set of notes for all fundamental modules in reasonable detail. 
This may serve to prevent omission of certain topics in earlier modules 
and repetitions in later modules. In this paper, we describe our experience 
in developing an integrated set of online undergraduate course notes. In 
addition, we shall also explain how Maple worksheets are merged into the 
system for students to explore the mathematical concepts dynamically. 

 
Introduction 

At the National Institute of Education (NIE), Singapore, there are currently six different 
Mathematics content modules taught to first and second year B.A./B.Sc. students. These 
are Algebra 1, Algebra 2, Calculus 1, Calculus 2, Statistics 1 and Discrete Mathematics 1. 
These modules provide students with the basic definitions, theorems, algorithms and 
skills for proof and computation. Basic commands for Maple are also taught at the very 
beginning. Most of the more advanced modules have these basic modules as pre-
requisites. The six modules are usually taught by different lecturers in different years. 
Although there is a prescribed syllabus for each module, the difference between what is 
taught by one lecturer could be rather significant from what is taught by another one. 
Furthermore, a lecturer could possibly repeat what was taught in an earlier module. It is 
also not uncommon for students at advanced levels to claim that they were not taught 
certain topics or concepts that were supposed to have been taught in the pre-requisite 
modules. In most of such cases, the students themselves have either completely forgotten 
about those topics or they need further revision on those particular topics. 
 
A lot of such problems arise because of a lack of a set of reasonably detailed and 
standardised notes which are easily accessible. We believe that an ideal solution is to put 
these notes onto a website, so that both lecturers and students can access them at any 
time. Furthermore, advanced students may need to refer to the many definitions, 
theorems or algorithms introduces in the fundamental modules. The logical nature of 
mathematics is such that very often, a definition or concept is based on several others. It 
would be very time consuming for students to look up several books simply to understand 
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one concept or theorem. Having such linked websites will help these students to retrieve 
past year notes more easily. The user can also move between several definitions, 
theorems and examples by clicking on the hyper-linked words or phrases in the websites.. 
 
In the last couple of years, a Computer Algebra System (CAS), namely Maple, is used in 
the teaching of some fundamental and advanced modules. We found that the use of 
Maple enhanced the students' understanding of the concepts taught. A well designed 
Maple worksheet provides students with new opportunities to explore the mathematics on 
their own. One way to facilitate such exploration is to attach related Maple worksheets to 
the notes on the website, so that the users can click open the worksheets immediately 
after reading about the concepts or theorems. 
 
In the light of the above-mentioned benefits, we embarked on a project to set up such a 
system that contains sets of first and second year undergraduate mathematics notes in 
reasonable detail. These notes linked within each individual module as well as between 
different modules. Maple worksheets are also attached to notes wherever appropriate. 
 

Some Technical Considerations 
In this section, we highlight some of the major technical concerns that we had to consider 
with in the course of the project.  While the solutions to some of the problems mentioned 
here may not be the perfect, they are the most appropriate at this point in time. 
 
One of the major decisions that we made was the platform that is used to present the 
notes online.  In making this decision, among others, one needs to consider the following 
factors: 

a) ease in producing or converting current lecture notes, 
b) size of resulting files, 
c) speed of download, 
d) ease in linking parts of notes, 
e) portability. 

 
Whereas HTML (Hypertext Markup Language) seemed the most logical, popular and 
convenient choice for publishing text and graphics material on the web, it may not be so 
for mathematical documents.  In mathematical documents or lecture notes, one would 
expect many mathematical formulae and equations.  Unfortunately, HTML does not 
handle mathematical formulae and equations directly very well.  Often one would need to 
convert them into images (for instance, via MS Word’s conversion to HTML).  This in 
turn may make the pages longer to download.  Furthermore, the resulting files will be 
huge because of these images. 
 
Although MathML (Mathematical Markup Language) is the recommended standard 
among the mathematical community for online delivery of Mathematics content, it is still 
in its infancy stage of development.  Furthermore, MathML’s verbose language makes it 
cumbersome to translate our notes quickly.  
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Alternatives such as using WebEQ and TexToHTML 1 (or TtH) did not produce 
satisfactory results.  Both WebEQ and TTH require the original document to be written in 
LaTeX.  While this is not a problem (as a number of our lecturers are reasonably 
conversant in LaTeX), the conversion is often not perfect.  There are certain LaTeX 
constructs (such as tables, etc.) which TtH cannot handle.  Moreover, TtH uses various 
HTML tags for constructing mathematical expressions.  Although the result is a file 
which can be downloaded very quickly, the display unfortunately is not satisfactory. 
WebEQ can produce equations either as a java applet, a gif image file or in MathML.  
However, it is tedious to use as this is strictly an “equation” converter – one would need 
to convert the mathematical formulae and equations separately from text, and then “cut 
and paste” onto the HTML documents.   
 
Majewski (1999) suggested the use of Scientific Notebook as a platform for publishing 
mathematical material on the Internet.  However, this requires the user to own a copy of 
the software, which not many undergraduates can afford. 
 
The team eventually decided on writing the notes to pdf (portable document format) files 
that can be read using the freely available Acrobat Reader.  The choice of using pdf files 
was made because: 

a) pdf files are very small, 
b) using Adobe’s Distiller, converting MS Word files to pdf files is a trivial process 
c) links between parts of the documents may be made fairly easily, 
d) pdf files can be downloaded very quickly. 

 

Construction of Webpages 
The main users are the students enrolled in mathematics courses  and all the mathematics 
lecturers. As mentioned in the introduction, these users have large potential requirements 
of these websites. The Acrobat reader for reading PDF files can be downloaded  from 
Adobe Acrobat's website. There is a campus  license  for Maple V, and  all students are 
requested to purchase a student version Maple V to use on their home PCs.  

 
The website structure is shown below in Figure 1. 
 
 
 
 
 
 

 
 
 
 
 

                                                           
1 Information on WebEQ and TtH may be obtained from the respective websites at http://www.webeq.com/ 
and http://hutchinson.belont.ma.us/tth 

http://www.webeq.com/
http://hutchinson.belont.ma.us/tth
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Figure 1: The website structure 
 

The following Figure 2 is the portal website.  
 

 
Figure 2: The portal website 
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The hover buttons are linked to the homepage of the indicated module. For example, by 
clicking on  "Algebra 1", the home page for the module Algebra will be opened. 
 
 

 
Figure 3: The homepage for Algebra 1 

                                                    
From this page, one can move to the homepage of any of the other five modules by 
clicking the corresponding button in the top frame. The main frame displays the titles of 
all the chapters and the attached Maple worksheets. The user can either click to move to 
the detailed notes of a particular chapter or to open a Maple worksheet. In some of the 
webpages for the notes, one can see many words or phrases in blue, which are linked to 
the pages where the concepts or definitions are first presented. 
 

Further Development and Improvement 
The conversion of the notes into the PDF format has its limitations, although this format 
is the most appropriate for our requirements at this time. Any amendments within a PDF 
file require the linking of the definitions and key concepts to be done all over again. We 
will be reviewing this mode of presentation in the light of better ways of presenting 
mathematical material on the web. 
 
The Maple worksheets are not used within the browser. When a worksheet is launched, it 
appears in a separate window. This may create some difficulty for some users. We need 
to address this problem in the future. 
 
At the moment, only a small portion of the notes is linked across the different modules. 
More links are found within. This is due to the fact that all the modules selected for the 
trial online integration are stand-alone fundamental courses. When the integration of the 
advanced modules online is carried out, we will see more interdependence between the 
advanced and fundamental modules. Thus it would be desirable to integrate the advanced 
modules on the same platform. This will serve as a better tool to enable students to recall, 
recapitulate and to revise concepts that may be needed in later years.  
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Conclusion 
As rightly observed by Tall and Vinner (1981), one of the learning difficulties faced by 
mathematics undergraduates is the inability to verify properties according to the formal 
definition. Instead, students developed their own image of the concepts. They introduced 
the notions of  concept definition and concept image to analyse students' conceptions. It is 
the hope of our team that on-line notes in linking basic concepts in mathematics would 
help the students to recall basic definition in the formal rather than intuitive setting. 
 
One of the beauties of mathematics is in its unification of existing theories. For instance, 
linear algebra helps to unify different pre-existing mathematical fields: geometry, linear 
equations, differential equations, optimisation, etc. In order to see the beauty of 
unification and generalisation, students should be given means to recall and compare 
various related fields. The on-line notes are a handy tool to this end. Furthermore. the on-
line notes may act as a summary of what students have been taught in their first two years 
of studies. By constantly referring to it, students may engage in the reflection of past 
learning and thus deepen their understanding of the subject. 
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