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Investigating Transformations in the Cartesian
Plane using Spreadsheets
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Abstract—The link between coordinate transformations in the
plane and their effects on the graph of a function can be difficult for
students studying college level mathematics to comprehend. To
solidify this conceptual link in the mind of a student Microsoft Excel
can serve as a convenient graphing tool and pedagogical aid. The
authors of this paper describe how various transformations and their
related functional symmetry properties can be graphically displayed
with an Excel spreadsheet.
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. INTRODUCTION

HE myriad uses of mathematics in scientific and

technological fields lay varying emphases upon a great
variety of different mathematical techniques and topics.
However, there is a core of essential mathematical topics that
are common to all these fields of activity. One such topic, or
skill, is to be able to make connections between graphs of
functions and their associated equations. Students studying
towards a  college level qualification in a
technological/scientific discipline are usually initiated into the
subject using simple (for example linear) functions as a basis
to investigate:

e The nature of a graph of a function by means of hand-
drawn and calculator graphs.

e Solving equations both analytically and using graphing
calculators to find solutions via the x-intercept method
and/or the intersection of graphs technique.

e Analytical and graphical methods of modeling in applied
settings.

It is not a trivial matter for students to appreciate the
connection between a certain mathematical coordinate
transformation and the symmetry properties possessed by the
graph of a function.

Prior to the information technology era a student’s
introduction to the topic of coordinate transformations and
functional symmetry properties was necessarily restricted to a
pencil-and-paper approach. This made the exploration of the
subject matter error prone and tedious. The onset of computer
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revolution in the shape of the Internet, multimedia resources
and educational software supported and enhanced the delivery
of course materials at all educational levels, from junior
school through to university [1-5]. However, it is fair to state
that the impact of this technology has been greater within the
higher education sector [6-8]. In support of this view the
National Council of Teachers of Mathematics (NCTM) has
issued what it refers to as its “Technology Principle” [9]
which states that:

“Technology is essential in teaching and learning
mathematics; it influences the mathematics that is taught and
enhances students’ learning.”

The response to this call for technology to be used in
mathematics teaching has been strong and widespread [10].

In a recent paper [11] Baker & Sugden describe the variety
of ways that spreadsheets have been useful in the teaching of
technological subjects. Today there exist a number of
specialized software packages that can aid technologists
implement mathematics in their research; for instance Maple,
Matlab and kindred packages. These packages are also very
helpful for the teaching of mathematics, especially at college
level. However, the humble spreadsheet has tended to be
overlooked as a medium for the transmission and exploration
of mathematical concepts. Spreadsheet use is one of the most
popular personal computer activities, second only to word
processing and Internet browsing, in frequency of use and
variety of applications. But it seems that relatively few
computer users are aware of the mathematical problem-
solving powers inherent in spreadsheets. Microsoft’s Excel
spreadsheet is one such program that can be an effective tool
for a variety of purposes:

. Sorting and manipulating data.
. Data presentation.
. Mathematical and statistical calculation.

When it comes to mathematics the Excel spreadsheet has
certain features that make it useful for math-based tasks such
as the numerical evaluation of integrals and the handling of
interpolation problems — this is despite the fact that the
software lacks built-in special purpose subroutines to automate
such computations. However, the software is especially suited
for the presentation of data sets by means of graphs, charts and
tables. This quality is important because these days students
are more visually orientated than previous generations were.
Responding to this state of affairs the authors of this paper
have developed Excel-based instructional tools for the
communication of mathematical concepts in a graphical
environment.
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In previous papers [12-23], the authors described how Excel
can be effectively deployed in the classroom as a teaching tool
for pre-calculus and calculus courses. In the current paper we
continue the theme, focusing on the ability of Excel to
efficiently generate graphs of functions useful for the
exploration of their symmetry properties.

This paper investigates how spreadsheet software can help
the student visualize what happens to the graph of a function
when it undergoes certain elementary transformations [24].

The transformations are of the following types:

i) the x-coordinate in the domain of the function is
replaced with —x, and a new function f(-x) is generated.
The graph of the transformed function corresponds to
reflecting the graph of f (x) about the y-axis.

ii)A new function g(x) is generated from f(x) as
follows:
g(x)=—f(-x)
The graph of g (x) can be obtained by rotating the graph

of f(x) about the origin half a turn, or 180°.
i)
A new function h(x) is generated from f(x) as
follows:
h(x)=-f(x)
The graph of h(x) can be obtained by reflecting the
graph of f(x) about the x-axis.

Il. THE SPREADSHEET

In this section of the paper we shall describe how Excel can
be used to illustrate what happens to the graph of a function
when it undergoes transformations of the types described in
section .

The spreadsheet can be used as a supplementary aid for use
by instructors and students in college level mathematics
courses.

What follows are some typical screen shots showing the
effects of the transformations on the graphs of various
functions.
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Fig. 1 illustrates the graph of the function f (x)=(x —1)2 +1

A typical sample point (ab)lying on the graph is
illustrated, which will serve as a reference point when
demonstrating the transformation f (x) — — f ().
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Fig. 2 shows how the reference point undergoes the transformation
(a,b) —(a,~b), and both the graphs of y = f (x) and

y =—Tf (x) are displayed together by the software

The effect of replacing the independent variable x by —x
in the function f(x) is given in Fig. 3, where the graph of
y="f(-x) is shown in conjunction with the graph of
y=f(x). It should be noted that the spreadsheet renders

each separate graph with a different color in order to help the
user distinguish between them.
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Fig. 3 where the graph of y = f (—X) is shown in conjunction with

the graph of y = f ()
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Fig. 4 shows the graphs of two functions, one being the original

function y = f (X) and the other corresponding to the transformed

function y =—f (—x)
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Fig. 5 The relationship between the three functions
f(x)= (x—l)2 +1, f(—x) and —f (x) is on display in the
screenshot corresponding

Again it should be noted by the reader that three different
colors are utilized for the curves to distinguish between the

different functions.

The next function to come under consideration is linear:

f(x)=2x-2.

Fig. 6 The relationships between the graphs f (x) , f(-x) ,
—f(-x) and —f (x)

Fig. 7 shows the graphical relationship between f (x), f (—x)

, —f(=x) and —f (x) for the case when f (x)=sinx+2

Fig. 8 has the graph of f () =X° —X being shown by the dashed

curve, and the graph of its companion function f (—X) shown by the

solid curve

f(x) = x"2
f(x) = x|
f(x) = 2x-2
f(x) = sin(x)
f(x) = (x-1)"2+1
f(x) = sin(x)+2
f(x) = x"3-x

Fig. 9 The spreadsheet allows the user to select one function f (X) at
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