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Abstract 
This paper illustrates how the widely-available computer spreadsheet can become 
an effective tool for the teaching of mathematics in a developing nation. Based on 
the author's experience in Papua New Guinea, the discussion illustrates such 
aspects as the use of spreadsheets to develop of problem solving skills, employing 
societal issues in the presentation of mathematics, the study of mathematical 
topics from other disciplines, using spreadsheets for mathematical visualisation, 
implementing cultural illustrations from developing nations, discovering 
statistical applications, and creating professional opportunities for teachers in 
developing nations. 
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INTRODUCTION 

Computers can be extremely useful and creative tools for enhancing the study of 
mathematics at all levels of education. However, having convenient access to 
computers and to appropriate mathematical software in a developing nation can 
make the introduction of computers and other modem technology into the 
teaching of mathematics troublesome. This paper illustrates some of the ways in 
which the ubiquitous computer spreadsheet can help to overcome these 
difficulties, and how it can be used effectively in teaching mathematics in a 
developing nation. The approaches discussed have been used extensively in the 
author's teaching at the University of Papua New Guinea. 
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BACKGROUND INFORMATION 

Papua New Guinea is a nation of four million people located in the tropics of the 
South Pacific. The nation's high schools possess widely varying levels of 
technological capabilities and teacher qualifications in computing. Some have 
good computer laboratories, while others have minimal facilities. Since the 
schools also must follow a nationally prescnlled curriculum, relatively little time 
has been available for instruction in the use of computers. Moreover, the schools 
continually face serious financing stresses. Consequently, where it is taught, 
computing is typically a minor part of the curriculum. It is not usually integrated 
into the teaching of other subjects, including mathematics. Indeed, in the past the 
national mathematics curriculum has been aimed at preparing students for the 
national examinations that qualify students for further study. This has tended to 
discourage the introduction of computers into mathematics itself. Although this 
emphasis specifically on the preparation for university study is now being 
modified in order to better prepare high school graduates for the workplace, most 
students still arrive at the country's universities with relatively little or no prior 
computing experience. The nation's universities themselves have severe financial 
troubles, often causing them difficulties in providing technological capabilities as 
well. 

In the Department of Mathematics of the University of Papua New Guinea the 
spreadsheet Excel is employed as part of the Microsoft Office package as the 
initial and primary computing tool for use in mathematics. It is employed in both 
elementary and advanced courses There are at least four reasons why the 
spreadsheet is an exceptional tool for teaching mathematics, especially in a 
developing nation: 

• unlike most mathematical software, the spreadsheet is readily available and 
affordable, and it is extensively used in both the educational and the business 
communities; 

• the spreadsheet is an excellent tool for studying mathematical concepts, 
implementing algorithms, and developing problem-solving skills 
(Arganbright, 1992, 1993b, 1985); 

• the spreadsheet provides both students and teachers with an exceptionally good 
interactive graphing and visualisation tool; 

• being proficient in the use of a spreadsheet has an implicit value in providing 
students with computer skills that are required and highly valued in the 
developing nation's marketplace. 

Each of the following sections illustrates and discusses some aspects of the 
application of spreadsheets to mathematics. Of course, many of the strengths of a 
spreadsheet approach will exist for developed nations as well. Although the 
examples come from a university setting, the first year of university mathematics 
in this nation is still essentially at the high school level, and most of the 
illustrations can be used equally well in schools elsewhere. In addition, a number 
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of individuals in the Mathematics Department at UPNG are developing and 
writing materials that can be used by teachers nation-wide. Moreover, a number 
of in-service teachers have attended department classes in order to gain skills in 
spreadsheet modelling in mathematics that can be incorporated into their 
professional teaching careers. 

DEVELOPING PROBLEM SOLVING SKILLS 

Much of the emphasis in the teaching of mathematics at all levels within Papua 
New Guinea seems to have been concentrated on learning techniques rather than 
in developing problem solving skills. As a result, many students rely on rote 
memorisation, group collaboration, and undirected trial-and-error techniques 
when they do their assignments. Also, techniques that are used in one year tend 
to be forgotten in subsequent years. The solution of word problems or exercises 
that do not fit into a standard format generate great difficulties for the students. 
So do such seemingly basic concepts as compound interest, computing taxes, and 
solving geometric problems. As teachers confront this environment, the 
spreadsheet format can provide them and their students with a natural medium 
that allows students to set up, solve, and investigate a wide variety of problems 
largely on their own. Using a spreadsheet can contribute to broadening a 
student's outlook on how to approach problems, not just in mathematics, but also 
in other disciplines. 

A valuable example for students to encounter soon after their introduction to 
spreadsheets is the computation of compound interest. A typical layout for 
determining the growth of a one-time deposit (Cell Bl) in a savings account at a 
given annual rate (Cell B2) is shown in Figures 1 and 2. 

Computations are carried out in a tabular format much as would be done by 
hand, except that after the model has been completed the effects of changing the 
values of parameters can be easily investigated simply by changing cell values. 
For example, one can discover how the number of years required to double the 
initial deposit is related to the interest rate. Starting from an example like this, 
students can generalise the model for other compounding periods, create models 
for the repayment of loans, and study a variety of other financial concepts. Each of 
these activities will provide them with practice in problem solving and in 
changing a problem stated in words into mathematical terms. 
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A B c A B c 
1 P lnit0 = 1000 1 lrit AI = 1000 
2 Rate r= 0.05 2 Rater= 0.05 
3 Year Interest Balance 3 Yeer Interest Balance 
4 0 1000.00 4 0 =81 
5 1 50.00 1050.00 5 =1+A4 =B$2*C4 =B5+C4 
6 2 52.50 1102.50 6 =1+A5 =B$2*C5 =B6+C5 
7 3 55.13 1157.63 7 =1+A6 =BS2"C6 =B7+C6 

Figure 1 Savings output. Figure 2. Savings formulas. 

A wide range of practical problems can be investigated similarly. As an 
example, suppose that a village has a plot of land in which to plant mango trees. 
An agronomist estimates that a single mature mango tree will produce 500 
mangoes a year, and that for each additional tree on the plot the annual 
production of each tree will be reduced by 5 mangoes. What is the optimal 
number of trees to maintain on the plot? Similar examples from calculus or 
operations research books can be reworded into a local setting and investigated 
quite naturally on a spreadsheet. While these simplified problems are seldom 
completely realistic, they can provide a reasonably close approximation to the real 
setting, and allow students to generate skills at interpreting and setting up simple 
mathematical models. Thus, the spreadsheet can be used in standard mathematics 
courses, and the contents of mathematics courses can provide a source of 
examples for a course like Introduction to Computing. 

Teaching with societal issues 
In teaching mathematics in a developing nation it is very helpful to illustrate 
mathematical concepts and techniques by considering problems and issues of 
importance to the underlying society. Here we will look at some of these themes 
that are pervasive in Papua New Guinea. 

The issue of population increase is a serious concern in a country that is 
experiencing very rapid growth. Although it is hard to obtain a accurate figure, 
the nation's current annual growth rate appears to be about 2.8%. Few students 
seem to have a conception of what this implies. However, the implications of 
continued growth at such a rate can be easily investigated by using our earlier 
financial model, interpreting the deposit as the current population and the interest 
rate as the annual growth rate. The long-term numerical effects can be seen to be 
quite profound. 

The effects can be seen even more dramatically by using a spreadsheet to 
create graphical pictures of the situation. In Figure 3 an xy-chart provides 
students with a standard way of showing that if the growth is continued at the 
current rate, then in a relatively short time (152 years) the nation's population 
would as large than the current population of the United States, or eventually as 



Deane Arganbright: Spreadsheets for mathematics in a developing natian 259 

large as the today's entire world population! Alternatively, students can calculate 
that in l% years there would be one person for each 50 square metres in the 
country, including such inhospitable locales as the Fly River swamps and the icy 
peak ofMt Wilhelm. 
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Figure 3. Population view 1 

However, spreadsheets also support the design of other inventive, interactive 
displays. The chart of Figure 4 illustrates the "filling up" of available land that 
would result from the previous growth process. Each marker represents 1,000,000 
people. These markers are placed randomly in a rectangular grid by using the 
spreadsheet's random function. Initially there are only 4 points in the entire grid. 
Then a user-designed button is created so that each time it is clicked the 
population for the next year is produced and more points are added. One can see 
that after a slow start the area begins to get crowded very rapidly. 

Figure 4 Population view 2. 

Following the study of this model of geometric or exponential growth, it is 
easy to modify the ideas to include growth retarding features, and thereby generate 
the logistic and other growth models. Many of these models still need only 
elementary mathematics in their construction. 

Two additional issues of vital concern to Papua New Guinea are birth control 
and crime. Surprisingly, both of these topics can be addressed through a simple 
probability model. Suppose that the probability that a wife becomes pregnant in 
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any given month is P = 0.25. Also assume that she employs a birth control 
technique that is 94% effective, thereby reducing the effective probability of 
pregnancy in a month top = 0.06P = 0.015. When can she expect the first 
pregnancy to occur? It can be shown mathematically that the mean time will be 
1/p or 67 months. Yet, in these circumstances it would be observed that more 
than half of the women would be pregnant in 46 months, and that about 16% 
become pregnant in a year! How can this be explained? 

The model of Figures 5 and 6 provides a spreadsheet analysis of the situation. 
It is based upon the observation that the probability PI of a pregnancy in the first 
month is p, and that for each additional month until the first pregnancy occurs 
there will have been no pregnancy in the previous month. This event has 
probability 1-p. Thus, ifpn is the probability that the first pregnancy is in month 
n, thenp~1 = (1-p)Pn· This provides the basis for the formulas in Column B. The 
resulting distribution is quite non-normal, with a long tail that makes the mean 
time to pregnancy large even though many pregnancies occur in a shorter period. 
Column C calculates the cumulative probability that a pregnancy occurs within 
the first n months. This is seen in the graph of Figure 7, which also indicates that 
the median time is 46 months. 

A B C_ D 
1 Nat P= 0.25 Mean= 66.7 

_2_ Elf= 0.94 Median= 45.0 
_3_ Elf. p= 0.015 
__!_ Months Until First Preanancv 
6 n Pr(n) Cum n 
6 1 0.0150 0.0150 1 
7 2 0.0148 0.0298 2 
8 3 0.0146 0.0443 3 
9 _A 00143 0.0587 4 

Figure 5 Birth control output. 
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Figure 6 Birth control formulas 
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Figure 7 Cumulative probability for occurrence of pregnancy 
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Crime, especially in the forms of house break-ins and criminal assaults, is a 
major concern throughout the nation. To see that the estimation of a criminal 
encounter is mathematically similar to the previous example, suppose that P is the 
probability of a break-in occurring in a given month, and that a home owner 
employs protective devices that are partially effective in preventing break-ins, 
giving an effective rate of p. The previous model then determines the probability 
that the first break-in will occur in the n-th month. 

Sources of similar societal examples abound, including the mathematics of the 
spread of epidemics-especially in remote regions of a developing country that 
possesses few medical facilities (Hoppensteadt and Peskin, 1992), the spread of 
pollution from mines into the country's rivers, and the analysis of the 
mathematics of such gambling activities as Lotto and the 'Pokies' (poker 
machines). 

Models from other disciplines 
As was noted above, a good approach to adopt in teaching mathematics is to use 
models from diverse disciplines. This approach tends to create stndent interest in 
that it also provides them with insights into the other disciplines. Moreover, it 
enables them to make better use of spreadsheets in their stndies outside of 
mathematics. The range of possible examples is unlimited (e.g., see Sandefur, 
1990) and these can easily be adapted to the curriculum of any developing nation. 
Examples include: Genetics (Hardy-Weinberg distribution of genetic traits in a 
population), Physics (iterative solution to LaPlace's equation for heat flow in a 
plate), Sport (mechanics of a ball in flight as it encounters air resistance), 
Economics (supply/demand equilibrium), and Ecology (harvesting a renewable 
resource). Students generally are interested in seeing sources of applications that 
are presented at a level at which they can do the mathematics that is involved. 

Visualisation 
Because of the high costs ofbooks, most of the mathematics courses at UPNG are 
taught without texts. Thus, except for illustrations drawn on the board or viewed 
in library books, stndents encounter only a few good visual illustrations of 
mathematical concepts. However, it is quite easy to build good, interactive, and 
even animated, visual illustrations on a spreadsheet for many areas of 
mathematics-pre-calculus, calculus, linear algebra, numerical methods, 
operations research-to help the stndents to visualise concepts. These 
illustrations can be created to look just like those found in texts, but additionally 
they can be enhanced through the inclusion of user buttons and scroll bars. 
Students investigate visual representations by using these tools and by changing 
parameter values by hand. Thus, for example, one can create a curve with a 
tangent line drawn at a point that moves as the point is moved via a scroll. bar, 
draw n-rectangles or trapeziums to approximate the area under a curve so that n 
can be varied, show the effects of vector operations, illustrate some surprising 
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aspects of the convergence of Newton's method for locating the zeroes of a 
function, depict the 2-dimensional effects of linear and geometric transformations, 
and draw virtually all of the curves and many of the SUifaces that arise in calculus 
(Arganbright, 1993a). 

Cultural illustrations 
Like many other developing nations, Papua New Guinea strives to maintain as 
much of its traditional cultural heritage as possible. One can sometimes find 
components of traditional culture that involve mathematics. Here we consider two 
illustrations. First, most cultures incorporate traditional artistic designs and 
patterns, some of which are quite mathematical. Spreadsheets can be used 
creatively to construct tiling designs, such as that given in Figure 8, that come 
from Roman, Islam, and United States cultures, or to form the geometric designs 
of the ancient Celts. The traditional designs of Papua New Guinea tend to be more 
complex and less symmetrical, making them more challenging to compose on a 
spreadsheet. Still it is quite possible to find patterns that can be created 
mathematically, as in the traditional Morobe spear design, see Figure 9, which 
uses both the trigonometric sine curve and the translations and reflections of 
triangles. Inclusion of cultural aspects while presenting techniques for drawing of 
curves in a mathematics course can serve to open discussions that include 
comparisons of different cultures. 

Figure 8 Tiling pattern. Figure 9 Papua New Guinea spear design. 

Another remarkable cultural topic is that of traditional counting systems. 
Within Papua New Guinea there are well over 700 distinct languages and a wide 
variety of traditional counting systems. Unfortunately, most of the traditional 
number systems are dying out rapidly. Frequently these systems involve the use of 
the bases 2, 4, 5, or combinations of these bases. Aspects of many of the systems 
were complied by the late Glendon Lean of the PNG University of Technology. 
They have been published in a multi-volume set (Lean, 1991). Thus, a cultural 
aspect may be included when studying number systems encountered in both 
mathematics and computer science. Designing a spreadsheet model to change 
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from base 10 to base n provides another nice elementary example in problem 
solving. 

Statistics 
Another mathematically-oriented area that is of vital important in a developing 
nation is statistics. Most government offices produce publications that are full of 
interesting facts and data that students can use for research. The spreadsheet is an 
excellent tool for applying concepts studied in a statistics class, for creating 
statistical analyses, and for constructing charts from data (Arganbright, 1993b). 
Spreadsheets also contain a wealth of built-in statistical functions and tools. 
Again, students at UPNG lack texts or sophisticated computing tools to employ for 
these purposes, and spreadsheets fill the resulting gap very well. They are 
especially valuable in creating examples using local (see data in, e.g., Rannells, 
1995). For example, the xy-chart given in Figure 10 displays the primary 
population centres of Papua New Guinea. In creating such a chart from basic 
principles a student encounters many facets of mathematics, including the use of 
co-ordinate geometry to create the map, the ideas of translation and dilation from 
linear algebra to place the icons, and the statistical concept of the use of area to 
represent a one-dimensional numerical parameter. 

Figure 10 Statistical display of primary population centres, Papua New Guinea. 

SOME CONCLUDING OBSERVATIONS 

While this paper has stressed the use of spreadsheets by students, it should be 
pointed out that the spreadsheet also provides great benefits for mathematics 
teachers. It is useful in teaching, for creating mathematical illustrations, and for 
self-study. In addition, using a spreadsheet can be a good way of invigorating 
lecturers and teachers who have taught in a developing nation for a long time and 
may have become technologically out-of-date in the process. A spreadsheet 
presents them with a rather non-threatening tool that they can learn to use 
effectively in a short time. In helping to bring these staff members up-to-date in 
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the use of computers, mathematics classes can be team taught by combining an 
experienced spreadsheet user and a teacher who is in the process of updating his 
or her skills. The designing of spreadsheet models and applications also presents 
a great opportunity for a new kind of professional research, writing, and 
publication. At UPNG members of the Mathematics Department staff are 
involved in writing articles and books on the mathematical uses of spreadsheets. 
Projects include a book for the department's Introduction to Computing course, a 
book on Statistics for PNG, and a book on Creative Spreadsheet Graphics, 
designed for a world-wide audience. 
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