A way of computer usein mathematicsteaching -Thedfectivenessthat visualization
brings
Shuichi Yamamoto and Naonori Ishii
College of Science and Technology, Nihon UniverSilpmabashi, Chiba, 274-8501, Japan
syama@penta.ge.cst.nihon-u.ac.jp

Abdract
We report a class of the mathematics in which anagion technology (calculating and plotting caliteds) of the
softwareMathemetica is utilized. This class is taught for universitydents in a computer laboratory during a second
semester.

Itis our purpose to make a student realize tHalmess and the importance of mathematics easiydh visualization.
In addition, we hope that students will acquirewa power of mathematics needed in the 21st ceRtargeveral years,
we have continued this kind of class, and havenceat to investigate the effectiveness that owhieg method
(especially visualization) brings in the understagdf the mathematics.

In this paper, we present some of this teachingadetvhich is performed in our class. From thetiumegire survey, it
is found that our teaching method not only congistiedents that the mathematics is useful or iaidatit also deepens
the mathematic understanding of students more.

Introduction

Mathematics plays evidently an important role @n2fst century. However, it is very difficult fondents to realize the
significance of learning mathematics in a traditiaass. We think that computer use gives stuttenisiotivation for
learning mathematics. In particular, the remarkaladution of animation technology enables studenisualize a lot of
formulas and mathematical concepts. Through thisakzation, we can lead students to realize thfisance of
learning mathematics. In addition, it is expedted $tudents will acquire new mathematical alsiliieeded in the 21st
century.

We report a class taught for university studengssGomputer laboratory during a second semestenich animation
technology (calculating and plotting capabilitiefghe softward/lathemeticais used.

The characteristic of our class is as follows:

(1) We first teach the contents of the programdtaients will execute diathematica. Our class is designed so that
students can learn the program step by step. iioadd watching a picture on the monitor of a poiar, the learning of
this program helps students understand the matbelnahcept.

(2) We present the mathematical properties whichamnot explain on a blackboard, but which welalesto explain
more easily if using a computer. This makes stadeatize the utility of mathematics better.

(3) We present the problems of mathematics whiatlests can solve on the monitor of a computer mgus
mathematical concepts without a pencil and a gaemportant for students to solve these kafgisoblems in order to
promote their conceptual understanding of mathesnati

In this paper, we introduce a teaching methodegiiation and give examples of the above (2) gntiMBalso report
the student evaluation for our teaching.

A teaching method of integration

In our university, most students can calculatarttagral of a function such 2, but they do not know what the
integration represents. Our aim is to teach whdbllowing formulas mean.
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Ixzdx:%3+c, j:xzdx:%.

For the purpose, the students are provided thavoty two examples.

1
Example 1: Compute the Riemann sum which getstddise definite integr | x%dX.
Example 2: Observe how a primitive functiot} /3 is obtained from a functiox” on the closed intenD/1] .

In Example 1, lef (X) = x> be a function defined on the closed intef@L] and for the sake of simplicity, we

consider the Riemann sum
n-1 | 1
S(n)=)» f(—)x—.
(n) ZO‘, (n) -

According to the program, the students define then@in sumS[N] on Mathematica. First, let students evaluate
S[L0], S[20], S[50], J10Q using calculating capability dflathematica. Next, for a largen , let students
evaluate[N] . As N gets larger and larger, the students observiléhadlue of N] gets closer and closer to the

definite integral of x> over [0]1]

.[lezdxzz—lg.

In order to make students understand the conctiet définite integral, it seems to be importanstiodents to compute

the Riemann sum directly.
In Example 2, letf (X) be the same function as in Example 1. We cortsideaccumulation function defined by
f (X) to be a primitive function of (X) . By definition, the accumulation functiokr (X) is given by

F(x) = joxtzdt.

In order to observe hov (X) is derived fromf (X) , we put X, = K/n and approximate the valbe(X, ) , the

Riemann sum
k-1 | 1
= E f(=)x=.
Yk Z (n) N

Using Mathematica, we produce an animation of line graphs, whictcerated by connecting the poir(txk , yk)

(k =01,...,n=1) in numerical order, and run. Then students findirse which the line graph gets close to as
n — oo, and visualize this curve as the graph of theitrafunction of f (X) .

At the last of the class which we did on 19th Ddmsrim 2007, our teaching on the integral calomsinspected by
the questionnaire surveys to 30 students. Theangeand results are as follows.

Question 1: Do you think our method which makesfia computer is a better way than the traditapgroach which

607



utilizes a textbook?

The result is Table 1 which shows the indicatedsead the number of students who agreed toatee sc

Tablel

Strongly think so.

Think so.

Neutral.

Do not thaak

Do not think so at all.

6

18

6

0

0

Question 2: Why do you think so? Choose a suitelat®n (multiple answers are possible).
The result is Table 2 which shows the chosenmeasa the number of students who agreed torthe ite

Table 2
| can imagine the contents by watching a graptaamsehimation. 22
Itis easy to understand the contents becauséngiutisp by step through a program. 9
The typing operations make me concentrate in tearni 3

Trigonometric functionsand connectionswith waves
In the class that trigonometric functions are thumily many formulas are emphasized and the ftitese formulas is
not explained so much. It is effective from an etional view point that students learn the conmestbetween
trigonometric functions and waves and discovardiesof formulas for trigonometric functions. Faemple, what kind
of wave motion phenomena does the funcn XCOSt give by changing the valuetd? What kind of behavior
does the addition formulgin(X +t) = sinxcost + cosxsint give by changing ? By helping students
visualize the changes, which can hardly explaih wiblackboard and chalk, they realize the signifie of using
mathematics.
The students learn the following.
Example 3: Observe how the graph of the surgitfX and COS X is drawn.

Example 4: Observe how the graphgin(X +t) shifts whent moves.

Example 5: Observe how the graphgin X COSt  shifts whent moves.

Example 6: Observe how the graphgifi X COst + COSXSint shifts whent moves.

t ]
E— 3 )

Figurel: An animation of graphs afin X cost ,cosxsint and sinxcost + cosxsint whent
moves.

The graph in Figure1 shows the case in vihigh/ . The students can observe the movement by cliekitangle key.
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The animation in Figure 1 shows graphically twoegashifting up and down combined to become the slaftimg to
the left. From these observations, students relaéiz¢he trigonometric function plays an importafe in wave theory.
Moreover, students can understand the formulallyisuaonnection with the behavior of waves.
Conceptual under ganding of derivatives
The students learn the relationship between tipe sifithe graph of a function and the sign ofitsvdtive. The graph of
the derivativef '(X) represents the instantaneous growth rafe(ef) at a pointX . When the value off '(X) is
negative, the graph of (X) is going down. When the value df'(X) is positive, the graph of (X) is going up.
Here we consider the following problem which isiin [3].

Problem 1: Figure 2 shows the graphs of two fumgti@ne is the graph of the derivative of the dibetermine which
is which and explain your reasoning.

3
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Figure 2: Graphs of a function and its derivative.
The solid line represent$ (X) and the dotted line represefit{ X) , but no equations are given, so students have to
rely on their graphical knowledge of functions t derivatives.

We requested the students who took the tradititas to solve this problem in 2007. Most studsrike time were not
going to use the relationship between the shafte graph of a function and the sign of its devedbr solving the
problem. The answers of students who chose thastiofis correctly were based on their knowledgetbalerivative
of SINXiSCOSX .

We believe it is important in the new century tseastudent’s ability to solve problems through grephical
knowledge of functions and their derivatives. Vinapt to raise this ability by using animation tesbgy. In our class,
the following examples and problem are given fatestts.

Example 7: Let  (X) = X(X —t)(X— 2) . When the vale of moves from-1 to 2, observe the relationship
between the shape of the graphsfdfx) and the sign off '(X) by watching the graphs of (X) and f'(X).

Example 8: Let g(X) = Sintx. When the value of moves from 0 to 3, observe the relationship betwee
shape of the graphs ofy (X) and the sign ofg'(X) by watching the graphs @(X) and g'(X) .

The students who studied the above examples casobrothe following problem by the graphical krexge of
functions and their derivatives.
Problem 2: Figure 3 shows the graphs of two fum&ti@ne is the graph of the derivative of the difetermine which is

which and explain your reasoning. Figure3: Graphsof afunction and itsderivative




Theperformance of thesudentsand summary
We conducted a student survey at the end of thessemT he investigation items are as follows.
1: The feeling that mathematics is more usefubaszd.
2: | brought myself to study mathematics further.
3: | realized the importance of mathematics movegty.
4: Being able to visualize mathematical conceptpavperties, | have understood mathematics deeper.
5: Getting free from memorizing formulas, | coutjbg learning mathematics.
6: Others
The following Table 3 shows the performance obthstudents who took our class in 2008.
Table 3: The performance of the students

1 2 3 4 5 g

In Table 3, the numbers of the horizontal axissspond to those of the investigation items aboddhanvertical axis
shows the ratio of the student who agreed todime $tudents could choose the multiple items.

From Table 3, we found that about 74% studentshigitthe mathematics was useful or important bodt&/3%
students understood mathematics more deeply Igstiistance of visualization. Most students betieseto learn
mathematics is the same as memorizing ways ofigaiien problems. We want to pay attention tdetbigthat about
40% students could learn mathematics enjoyablyte@ching method appears to produce improvemtre attitudes
of students learning mathematics.
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