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A STUDY ON THE TEACHI NG MODEL IN STATISTICS WTH THE USE OF MAPLE

Yong- sup Eom

Graduat e School of Education

Pukyong National University

Abstract

The purpose of the study is to establish a teaching nodel with the use of Mple, a

syniol i ¢ mani pul ation conputer program

The expected effects are:

1) to notivate passive students to get involved in the class activities.

2) to notivate students to explore nathematical objects by transfornmng abstract and fornal

concepts into visual and intuitional ones.

3) to notivate students to formnathenatical concepts of the learning contents for

thensel ves by the use of interactive worksheets.









(Doing Mathematics)

Maple

Maple



(National Council of Teacher of Mathematics

NCTM) Standard series(1989, 1991)

Standard 2000

¢ (Work- Sheet)’ : Maple

M aple ¢



[6].
(1982) ,

(Stephen Krulik & Jesse
A Rudnick, 1987) : (process) :

: (understanding)

(reflective abstraction)

(Jean Piaget)



[7].

. ITs(Interactive T exts: ), (Worksheet)



[2].
Piaget
70
Bettencourt)
constructivism), (Hypothetical Realism),

(Trivial constructivism)

(fitness)

1960
(A.

(Radical



[14].



CAS

(CAS: Computer Algebra System)
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CAS
, CAS

3. CAS

(Guy Brousseau)

NCTM

(Symbolic Manipulation T ool)

, NCTM
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CAS

[31]
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[16].
CAIl(Computer assisted
instruction) - -
CAl

CAl

CAl
CAS(Computer Algebra System) :

. CAS

CAS
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Maple

- 14 -
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1>

6

15

6 15

15 -




2>

P(A)

()
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3>

1997
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4>

177

179
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=

181

183
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189

BN
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192

193

194

195

198

199

200

201

202 203

204

O [©|00 |00 0| N

- 18 -

10




5> 7
6 7
10
136 136

1 1 o

2. 2.

3. 3. o

4. 4.

5. 5.

*5 © 6 <1 10
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3. Maple

. Maple
Maple program
Maple 1980 20
source code ,
, memory ,
3000 math routine , humerical
mathematics , sSymbolic mathematics . , 2

, 3 graphics
mathematical notation

Maple Macintosh, MS Windows, MS DOS, UNIX, VMS, NeXT,

Ultrix, UNICOS operating system

Maple
Maple CAS(Computer Algebra System)
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M aple

Maple

f(x)=2x*+3

> £(x)=2%x"2+3;

flx)=2x+3

, Maple (Symbolic computation)

Maple

, , (unlimited
precision)

M aple

M aple

- 21 -



, Maple web Excel

software
Microsoft Excel 2000 Excel 2000 Maple
, Excel 2000 Maple
data Maple
Maple W eb
, Maple (ICT : Information & Com

-munication T echnology)

CAl(Computer Aided Instruc
-tion) CAI

(C, FORTRAN, COBO

- 22 -



add- on packages

Maple

(1)

(+), (-), (*), ), ")
() ()

()
Ditto(%,%%,%%%)

7 - [Unfitled (1) - [Server 111

49 File Edit Miew Insert Fommat Options  Window  Help 18] %]
FECEEIEDEIEE N EE S E RN [®]
x[&]| [] ! [1]

[>

- 23 -



<

2> TEXT

- [Untidled {13 - [Sarvar 111

& E_Ili Edit Miew |ngert Format Dptions  Window  Help

OeREE [ = 5] ] [ZTE] =6 [=2] O] [R2R] [1] =] 2]

[ Nomal =] [inestiewroman =] 12 =] [B]Z U] [E[E][F]

[

(2)

(*)

. 3+ 6x°- XYy - 7+7 0

> 3*¥xN3 +6¥y"2 -T¥xry- x/y+7=0;

3652 T ay— T T

&q:

abs

> abs(sin(x))-tan(x) ;

|sin(x) |- tan(x)

s ED
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HEE
(Ctrl + C),

windows

V]

15

TEXT

(Ctrl + X),
(Ctrl + V)
. Maple 7
TEXT ,
([>) TEXT ([)
)
enter
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4. Maple

NCTM 1990 ,

1)

3)

Computer Algebra

System Maple
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Maple

(Work - Sheet)

1)
2)

Maple

3)

4)
5)
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Maple

) A ()
152.5 1
, . 157.5 3
162.5 4
167.5 10
172.5 15
, , 177.5 17
182.5 3
53
J— 1 n
X = N I=1xifI

> Hah:=(1/53)*(152.5%1+157.5*3+162.5%4+167.5*10
+172.5%15+177.5*%17+182.5%3) ;

H = 1717452830

[ B-Ab:=(1/53)*((152.5-171.7)"2 *1+{157.5-171.7)"2
*3+(162.5-171.7)"2 *4+(167.5-171.7)"2 *10
+({(172.5-171.7)"2 *15+({177.5-171.7)"2 *17
+(182.5-171.7)"2 *3 ) ;

P AF = 45.65886792

.} Ei‘_-‘hi}:=sqrt{]€:ﬁ ;
HFH A= 6.757134594
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f(x) [a, b]

{»b
f(x)=0 J oo d=1

E(X)= bef (x) dx

b 2 bZ 2
V(X) = L{x- E(X)}2f (x) dx = fo(x)dx- (E(X)}

S(X)=\/ bezf (x)dx- {E(X)}?

( )o=xx<1 X f (x) = 3x°

'U
~~
W]~
IA
>
IA
wlN
~—

'U
~~
w|~
IA
>
IA
N
~—

< 3> y=3x°
[> plot (3*x"2 ,x=0..1) ;

] L ] -
a1 =
i 7
2,54
2 F
1 o
5 £
- -
0.69
o [ 04 056 08 1
X
n | ]
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Maple [0, 1] X

2 1
y= 3x ) fo3x2dx

> Int (3*x72,x%=0..1)=1int (3*x*2,x=0..1) ;

1
Jax%ﬁzl

0

1
" 3 3
I:(X):=J3x cirz;

[> E(X) :=3/4:
> V(X) :=Int (3*x™4,x=0_.1) - (E (X)) ~2
=int (3*x™4 ,x=0..1)-(E(X))"2;

V(X) jll PR WL
=\| 3x =
. 16 &0
[.‘:r V(X) :=3/80:
> 8(X) :=sqrt(V(X)) ;
1 —
S(X) =—4/15
20
P(%éXé%) x x=+,x=%

- 30 -

[> E(X) :=Int (3*x"3,x=0..1)=int (3*x"3,x=0.

i b -




Maple
[> P:=Int (3*x"2,x=1/3..2/3)
=int (3*x*2,x=1/3..2/3) ;

JQJB i =
P= 3xdv=—
27

173

1999 2001 P

99, 00, 01 10

W eight (140..150,8) 140 150 8

> transform[tallyinte] (7]9%, [140..150,150..160,
160..17¢,17¢..180,180..150]) ;

[ Weight{ 140 _. 150, 8), Weight( 150 . 160, 126), Weight{ 160 .. 170, 224, Weight{ 170 .. 180, 118),
Weightf 180 . 190, 16)]

> transform[tallyinte] (F]100, [140..15C,150. . 160,
160..170,170..180,180..1301) ;

[140 .. 150, Weight( 150 .. 160, 133), Weight{ 160 . 170, 221), Weight( 170 .. 180, 117),
Weight( 180 _. 190, 16)]

> transform[tallyinto] (7] 01, [140..150,150..160,
160. .1'?0,1']"['. .130,180..190]) ;

[ Weight( 140 . 150. 7), Weight( 150 .. 160, 167), Weight( 160 .. 170 192), Weight{ 170 .. 180, 108),
Weight( 180 .. 190, 16)]

.3
> desaribe [cocunt] (#] 99) ;describe [count] {(F]00) ;
describe [count] (F]01) ;
4932
488
490
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Maple

(> describe[mean] (7] 99) ;describe[mean] (7] 00) ;
describe [mean] (7] 01) ;
165.1306911
164.5125000
164.1183673

(> describe[variance] (7] 99) ;describe[variance] (7] 00) ;
describe[variance] (7] 01) ;

38.84598890

56.12400615
606.46105037

[> describe[standarddeviation] (7] 99) ;
describe[standarddeviation] (7] 00) ;
describe [standarddeviation] (7] 01) ;

7.671113928
7.491595701
8.152364710

1999
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< 4> 99

[} with (stats[statplots]):
[> histogram (7] 99,area=count , color=cyan) ;

99 3
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<

5> 99

[»> ztatplots [boxplot](Z]|929, axes=framed, color=red) ;
= =
1504

6> 3

> statplots[boxplot] (#]99,7]00,7]01,axes=framed,

color=red) ;

1801
1704
" 1601
1504

1404

o4 o2 o 02

0.4

185

140

180

170

- 34 -
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<

<

7> 99

[> statplots[boxplot] (7]99,7]00,7])01,format=
notched ,axes=framed, color=red) ;
1904

18D+

IZZ — =

1501 1

140+

8> 3
> histogram(”]99,7]00,7]01,area=count ,color=yellow) ;
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99

> transform[tallyinto] (& 57 ,[35..45,45..55,55..65,65..75,
[75..85,85..95,95..1051}) ;

[Weight(35 .. 45, 47), Weight(45 .. 55, 198), Weight( 55 .. 65, 165), Weight(65 .. 73, 64),
Weight({ 75 .. 85, 11), Weight{85 .. 95, 3), Weight{ 95 . 105, 4)]

< 9>

> gcatterplot (7199, 2 57 ,color=black) ;

140 160 160 170 180 160
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X 1 , m+g 68.3 %,
m=+2¢ 955 %, m=+3¢ 99.7 %

< 10> 10, 1 2 3

[> pr=x-rexp(-{{x-10)"2) /(2% 1°2))/(Ll*sqrt (2%pi)):
[} ppi=x-raxp(-{{x-10)"2) f(2* 25231/ (2%sqri (Z*Pi)):
[> E:=x-Zexp(-{{x-10)"2) /(2% 3°2))/{I*sqrt (2*Pi)):

[ plot{[p(x),ppi(x),fix)], x=0..20, color=hlack)
L] L|
0.4
0.3
II:IE- L
01
0° 0 12 14 16 20
-: L
Maple ,
< 11> 10, 1 3

> animate{exp(-({x-10)"2)/{2* zigma~2))/{sigma*sgqri(2*Pi)), ==0.. 20
sigma=1..3);

041

0.3

021

011
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< 12> 1 4 16

[ > animatef{exp(-{{x-m)° 23/ /(2% 1°2))/(1*sqrt(2*Pi)), x=0..20, m=4..16)
0.4
0,31
0.2
0.1+
|
07734 B 8 10 12 14 165 1@ 20
L}
N(m, ¢%) m=0, o= 1 N(0, 1)
1 )
f(z)=—F—7—c¢
(9= Voz
N(m, o) (="5") N(0, 1)
N (0, 1)
< 13> N (0, 1)

> plot{exp(-2"2/2) /sqrt (2%Pi) ,z=—infinity,. .infinity) ;

-infinity infiney
Z
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[> Int{exp(-z"2/2)/sqrt(2+pP1i),z=—infinity..infinity)
=int (exp(-2"2/2) /sqrt (2%Pi) ,2=-infinity. .infinity)
-]
= |
S =
].H - -‘.Ifw.:. o
2
—0o
( ) 100 164 8.2
N (164, 8.2%) ,
172.2 ?
N (164, 8.2%)
T
f(x)= e ¥ m= 164, o= 8.2 Maple
%)= Voo P
m o
< 14> N (164, 8.2%)
[Z-'*- fir—x-roxp(-{(x-164)"2//{(2%8.2723)/(8. 2*%aqrt(2%P1i)):
[ plot{f{x) ,x=130..200) ;
0.04
.03
0 02 y
.01
D% 140 150 16D 170 180 180 200
=

- 39 -



x 172.2 P(X =172.2) flf(x)dx

72.2
(X tm, o)

M aple

(= withi{plots):
x plot = proo{x, mean, sd)
local xvalue, [, p, della, index, n, area, Left, Right;
f:= u -> exp{ -{({u-mean)"2)/ (2%3d"2) )/{sd¥*sqrt(2*Pi));
Right := fsolwve({ fimsan) /100 = fl{xvalu=), xvalue,
maan. . ((l+maan)*4) ) ;
Left := mean {Right-mean) ;
Print{Left, Right):
n = 120; delta := {[(Right - Left)/n; index := 1;
for xvalue from Left to Right by delta do

if{ xvalue >= x)
then plindex] = polygonplotf [[xvalue, 0],
[xvalua, fixvalua)],
[xvalue + daelta, f{xvalue + delta)],
[xvalus + delta, 0]],
color = coral, style = patchnogrid ),
aelse plindex] := polygonplot{ [[xvalus, 0 ],
[xwalue, Fixvalua)],
[xvalue + delta, f{xvalue + delta)],

lxvalu= + delta, 0]],
color = khaki, style = patchnogrid }

£1;
index := index + 1;
od ;
area := intf{ f(u), w = x..infinity};

plots [display] (seqf{ p[i]l, i = 1..n-1} )

end:

x_Plot(x, mean, sd) X , mean , sd

- 40 -



<

15> x_Plot(x, mean, sd)

> x plot{172.2,164,8.2);

0.04
a.nsi
002
0.01
'3-150 150 160
X ?
2
x_Plot(x, mean, sd)
172.2
172.2 100x f;:zf (x) dx Maple

[> £:=x-exp(-(x-164)"2/(2%8.2°2)) /(8. 2%sqrt(2#4pi)):

o

100*{Int (£{x) ,x-172.2. . infinity))
=100%(int (£{x) ,x=172.2. . infinity)});

{—-ﬂﬁ?4360499?0{x-—16432}

100 06097560975 — dx = 15 86552539
Jn
1722
172.2 16
_ X-m
X (z == ) N(1, 0)

- 41 -



P(X=172.2)= P(Z=1) , P(z=1) Maple 2z Plot(z)

> ;-."-_Plﬂt. = proc{z)
local x, zvalue,

f, p, delta, index, n,
f:=

area;
x - exp(

{ —x™2)/2) /sqre{2%pi);
n = 120; delta := B/n;

for xvalue from
if{ xvalue = z) then pl[index]
0 1, [xvalue,fixvalual],
[xvalue + delta,

index := 1;

-4 to 4 by delta do

plots [polygonplot]{ [[xvalue,

[¥value + delta,fi{xvalue + delta)],
0]], color = red, style = patchnogrid );

alse
plindex] := plots|[polygonplot]( [[xvalue 0], [xvalue,f{xvalue)}],
[xvalue + delta,f{xvalue + delta)], [zvalue + delta,0]],
color = blue, style = patchnogrid ) | fi;
index := index + 1; od ;
area ;= int({ f(x), x 2. . infinity) ;

plots[display] (seq{ p[i], i = 1..n-1),

textplot([-2,.1, cat{convert{ evalf(l00%*{1
string), "%")], align = [ABOYE, LEFT]
textplot([2,.1,

area), 6),

font = [HELYETICA, BOLD, 147},
cat {convert{ evalf{l00*{area),
align = {RHOVE, RIGHT} font =

6), string), ™%")],

[HELYETICA, BOLD, 147)):
end :

z_Plot(z) z 1 P(z=z=1)

< 16> z_Plot(z)

>z plot(l);

B84.1344% 15.8656%
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P(Zz=1)

172.2

100% fl f (2) dz

[ f:=Z-axp{-Z°2,/2) (sqrt(2%Di)):

100*Int {£{£) ,2=1. . infinity)=—evalf{100¥*int (£(2) 6 2=1.

172.2

z Plot(z)

(2

e 42 .
N r o 1586552539

l
0| —
i '.l.||‘.E

16

z
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M aple

LAnfinity) ) ;



[21]

Maple
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Maple

1)

2)

3)

4)

5)

. Maple

Maple
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|

( (Worksheet) >

2002

1. Maple

M aple

[> with(stats): with(plots):

(x- m)®
26°

(0= e

m= 10 o c=1 o0=2, ¢=3
[} plei=x->exp (- ((x-10)*2) /(2*172) ) / (1*sgrt (2*Pi) ) :
[} p2i=x-=exp (- ((x-10)*2) /(2*272)) / (2*sgrt (2*Pi) ) :
[} p3:=x->exp(- ((x-10) "2} /(2*372)) / (3*sgrt (2*Pi)) :
> plot([pl(x),p2(x),p3(x)],%=0..20) ;
o 5 4
03
 02] . 1 2, 3
a1
1
e A e
077274 6 8 10 12 14 16 18 20 ?
i \_
m= 10 1 3 ,
M aple

> animate(exp(-((x-10)"2) /(2% sigma™2))/(sigma*sqgrt (Z*Pi)),

x=0..20,

> with({plots

animatel{expl(-{({x-m)*Z) /(2% 1°2))/{1*sqrit{2*Pi)) , x=0.

sigma=1. .3) ;

o=1

Jis

16

- 48 -

Maple

.20, m=4..16);




X m- g=X=m+ g

Lllpl(x) dx  Maple

[> S:=evalf (int (pl(x), x=9..11)) ]

evalf
x=9..11 x=8..12, x=7..13

m- 20=X=m+ 20 m- 3c=X=m+ 30

p2(x) ;X
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[ ] < (Worksheet) )

| 2002

( ) 100 164 ,
8.2 . , 172.2
[N ) |
Maple
1
0= s ©
m = 164 o =8.2

[ [i=x-rexp(-{x-164)"2/(2%B8. 2"2) ) /(B. 2%sqrt (2%Pi)}):
[> plot {f{x) ,x=130..200)
0 0
003
002

0011

U%30 140 160 180 170 @0 190 00

X = 172.2 , P(X 2172.2)

Maple x_Plot(x, mean, sd)
x_Plot(x, mean, sd) x=172.2, mean=164, sd=8.2
P(X =172.2)

|1‘=~ X plot(172.2,164,8.2);

X

172.2 Maple

- 50 -



(x- 164)°

(e¢]

100x P (X = 172.2) = 100x fm zme' 2:(82° gy

> Li=x-rexp(-(x-164)"2/(2%8.2"2) ) /(6. 2%sqrL (2*%Pi)):
100%Int (fi{x)  x=172.2. .infinity)
—100%*int {f{x) ,x=172.2. . infinity);

N(164, 8.2%) (z= - )

P(X =2172.2) ’ ]

2

f(z)=f;”e 2 . Maple
> fi=z->exp(-z°2/2) /sqrt (2*Pi):
plot(f(z) ,z=-infinity. .infinity) ;
1

P(z21) 100x P(Z=1) = 100% fl me'sz

Maple

[} 100*evalf (int (f(z) , z=1..infinity));

Maple z_Plot(z)

z_Plot(z) z=1 P(zz1)

[> z_plot(l);

z

- 51 -
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