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ABSTRACT ’ . ' R
: ’ A pro;ect concerned.w;th the modlflcatlon of a

I themat;cal probability and statistics course is described. .The }
rse was redes;gnea 40 include aaweekly -£wo- hour - labaratgry session

which students use an IBM 1130 computer to. verify empirically the
retlcal proofs_learned in the classroom...This project xeport - !

.§ ‘the subroutines furnished to:the students -and the -taopics of

h of the 15 lab sessions,.In addltlon,,aescrlptlons of three- -

oratory -exercises are given by way of. illustration, fngpyed by a

. ary "of student reactions and faculty attitudes toward the use of
the computer for lahoratory work. . (LB) . .
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a’ number of years the juniior-seniosr level mathematical probability and statistics’ -
course at Hope Collegs was a two semester course. meeting for Jecture and discussion three .

pariols pérjgggkm This,project%;concernsﬁitself vith a modification of the=course so-that a
laboratory which meets +two houts each wesk is an integral part of it. One hour of dredit is -

given-each semester for this laboratory which makes “extensive use of our IBN 1130 computer, T

The development of the laboratory” materials is taking Place over a 27 month period, °* o
i June, 197.7, through August, 4973. At the 1972 conferénce on Computers in the Undergraduate v
: Curnis@Iq*tbisiprojeCE,gas describéd and a listing of the labecratories for the first semester L 1
<4 £ was givep [1]. We are nowv abls to 1ist the laboratories for the ,sSecond semester, desc¢ribe

' . i. some >f them, and give a better overall evaluation of the laboratory. . . : ¢
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S - . laboratory Description " : S
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In” the laboratory the students ifiuétrate énpirically many of the theoretical concepts
"¢hich are :proved in the classroomn.

{ By writing computer -pregrans  they gain a  better -and i
dreper understanding of the theory.- In addition they become aware of the capabilities of .the * :
coaputer for: analyzing data.- - - - « -
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We ' generally -spend +he first hour of the laboratory discussing the assignment of the
previsus veek and introducing the nev assignment. The second hcur of the lakoratory is used .
+5 design and.write the prcgram. -The format.of the laboratory, would probably be ‘different if -
the students had access to-terrinals, = - - " =

Several subroutines are furnished for the students.”

These jnclnde: s 7 T
. ) (1) a randow .nuwber generator,

i (2§ plotting .subroutines for {(a) empirical-and theoretical distribution fgnction%, -
P T (b relative frequency histograms and probability density. functions, and {c)

scatter diagraws vith the option of
) . {3) programs which give values of a number of distribution functions,

adding the least squares regression line;

and T
- (8) subroutines.which select randos samples from the standard distributions. .
The following listing gives the topics covered_in

{ .in each of the 15 laboratories during ths T
- s2cond senmester. In section 3 ve shall describe” three - .

experinents,
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Laboratory . o - Topics

-

, 1 *  Transformations  of Random  Variables, Cauchy Distribution, in(o'g'
Distribution Using Box~H#uller Method. ) .
2 Chi-square and Beta Distributions, - ) ‘ .
3 Punctions  of Inéeéenéent and Identically Distributed Normal Randoy
’ Variables, . . . )
: 4 _Tbe’t:aﬁd F Distributions, 7 ‘ ‘ . ]
: § Convergence in P;:babilityziConveggence‘in Dis{ribntion.
6 Céntrel Limit Theorems. T ’ . ) ‘m,é;%‘i !
. formal Agpr;xilations for the Binomial Distribution. . )
) 8 gEstilatiogi - ) S . ‘
; 9 . confiae;ce Intervals-for Means and Vaciances: . i
10 ° . confidence ;ntervals.forsproiortié;s. ’ o i . . ) .
s 11 “mests of Sinple:ﬂypothésesi ﬁ;ﬁ - : : )
. 12 ?Thé Pover Funetion. . : . .
13 * Analysis of variance, l -
’ 14 A Test of the Eaualigy of Multinomial Distributions. ‘ .
) 15 . Oraermstatisgiés. ] S B : : T .
) S . Labordtory Exasples . .

42 shall give a brief description of . parts of three Iatorgtorigs. .
: L ty 4 - The t-and P Distributions: A t randos variable withr = s,degr;es of
freedos is f ) . T .
- T = - . ST ) <

® vyug, . , :
where Z has a normal distribution with mean u=0 and variance g2=1 [hereafter N(0,1) ], U has a
chi-sjuare distribution .with r=8 degrees of freedom ([hereafter 2(8)], %z and U are
indepander - < : - - . - . .

=
- s

The students are able to simulate saaples from both the normal and chi-square
distributions. Thus they are able to simulate n=300 observations ¢f I and obtain a histograa
similar to that- shown in Piqure 1, ~ This is a . relative.frequency histogras vith the .
jrobability density function for the t distribution .with r=38 degrees of freedonﬁsuperilposei.
The importance of the t distribution is its use in normal saspling. To illustrate this,
let Xl; xz} o b . ,‘19 be a randos sample from a distribution which is ¥(30,16). Then :

- -

X =-30
I
(9) (8) .

has a t distribution with r=8 degrees of freedom. A random sample of size n=300 observations

=

of T, generated using this relaticnship, yielded the Kistogram in Figure 2. -

1

-

Studgntsr are :able to raise and partiallf ansver questions concerning the hypotheses of
certaia theoress. Por-example, vhat if the random sample in the above exercise does, not cone
from 3 normal distribution. Does T defined above still have a t distribution?

Jr supposQ the saiple does come from a norsal distribution. What effect does rounding
off the observations have on the distribution of T? This question vas investigated by one of
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Labora*orz 6 ~ The Central Lllit Theornl. {(This particular example vwas motivated by the

. rais _experiment -illustrates the cnntral Lisit Theoren and gives s*ndents some faeling
€or detiding whan n is M"sufficiently largen for using the normal approxiaatlon. This §
paft;:ular exampla also helps to emphasize that thﬂ Central Liait Theorol is applxcable to :
con*lnuous, ‘discrete, and mixeqd dxstrihutions. -

ol

Zonsider tha follovxng game., FPlip a coin. If the outcome is heads, ¥in $2; if the
outcoz2 is tails, spin a balanced spinner which has outcomes between 0 and 1 with the payoft
*equal to <the outcome on the spinner. Let X denote-the payoff for this game. "Then X has a-
sixad distrzbn*lon,)x—S/u, oz=29/48. Llet X, X3, - . . , X, denote the outcoses on n

a

A R IR O R SR B e b g

independént plays of this game. Then . . . ) N L - E
g . K-sm- — - . :

- ™ J257 {48n) ' L . - i
converges in distrlbu “ion to the randon vari aole H vhich 'is N (0,1} . . -

. =In t}e 1aboratory ve vould illustrate that ¥n has a -distribuntion wvhich is approximately
3(0,1) wher n is sufficiently large. In this paper we shall use two values of o, n=1 and
n=13. Thkis gam2 was =1¢nla+nd 200 times yielding 200 observations of " The histograa of
..£hése data is plotted ih Figursz 3 with the probability density function .for the pormal
1ictribution, u =0, . o2=1 superisposed. An observation of the random variable W13 is simulated
using-13 independent plays of the game. Thus 200 observatxcns of H13 are- based _upon 2600
plays of the game, The histogram of 200 observations of #)3 is giver in Figire 4 with the
¥ (9,1 probability de051ty fun-t‘on S“pEIIIPOSFd- The enpzrxcal distribution  function for
the first 25 observations of W13 is plof*ed along with the ¥(0,1) ixstributton function in
Figur2 S. . -

—ni s

A S

1 Ml B 8

N Rt M

Let X,, X3, .° ., X; denote a randos sampl2 of size n from a dﬂstrlbntion vhich has

m2an and varianczg2. Let . - -
An u . , . i
S 5.7 . L.
L2 . ) - . H

"
-

A vcale of thumb® gavem 1in w@many - textpooks °‘is = that W, -has a distripution wanich is
approximately N(0,1) vher n is greater than 25 or 30. Using the %achniques 1learned in the
abovys> and similar exercises, a =tudent is able to test *hlsg{tulﬂ of thusb® eapirically for
sérveral *distributions. .

o

. Laboratory 12 -~ The Power ?unctiou- Thls 1abora+ory illustrates the pover function both -

*hno:etlcally and °=p1rically. We shall describe the particular exercise which uses a  test
on thz variance._;

= -

L2t X have a normal distr1bution vith mean u and variance g2. We shall test the null
hypo*h951s-ﬂozdz=a7 5 adainst the alternative hypothesis- H20%<47.5.

If the ‘test is based upon a sasple of sizé n=10, a critical r2gion for a significance
level of - ) - ) B .

g C L .
a0, .05 is <:=uxl e e ey Xyg)t Z(x - T)2/47.5 <3.325). -

rbe p:wer function for th;s test 15 defined by

xw) =p ;‘xi""-) ‘< (3.}é5)447.5") :
.—-————-—-ﬂ .=

q-ﬁ = N v;a
vhere {x -X)iléz has a- distribution which is X2(9). A subrontine for the chi-square - ‘s
distribution function pernits us to graph this power functica. . iy,
i35
Ts illustratz the " pover function espirically, for ¢g2=2.5, 47.5, 5, we generated 50 - g;
randos sasples of size 10 from a distribution which was N({O, of). Por each of the 10 values 3¢

of o2, we countad the number -of times that Hg was rejected. The. relative frequency of
rejactions for a particular value of 02 shauld be close to x(cﬂ).
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. In TFigure 6 the power function is graphed along with.th2 relative frequencies of 3
rzjections for the 10 values of g2, ) . . : . .
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functions for the Samej@est which differ only in the size of the critical region. A student
_ is' also able to define’a pover function empirically when he is perhaps not able to defins it
theora%ically. - .
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#ith the techniaies learned in .this example, a student is‘able to compare two power
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. i This laboratory has be2n taken by two classes of junior and senior mathematics ang
.scienzs majors. The general reaction of most of the students -%*o ‘the laboratory has been-
favorable., 0f +he -25:students in this year's class who -responded ‘to the gquestion "Did the
laboratory help you understand more clearly the theoretical concepts?", 13 said yes, 4 saiq
no, and 3 said somewhat.. * : . . ) . .-

. r4 -

Jne student thought thes -laboratory was very helpful in highlighting the material in
class. Another said it took a lot of time but was interesting and helpful. $till " another
s«udert.felt that many of the theoretical principles of.statistics ware reinforced by the lab
sork. A feow students suggested that the use of more data which had been collected -in science
laboratories would have been.interesting. For one siudent the laboratory was not beneficial - -
because she generally ‘believed the theoretical concepts without the eapirical printout. . L
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I believe +hat in gemeral the reaction of a student o the 15hor$¥ori depends largely  -i
upon his-1like or dislike of th2 computer. i :
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=
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Faculty Evaluation . . i

AP 1 1 R

August 1u-13, 1972, e held a confersnce at-‘Hope_College for S1 college teachers of -
statistics-froa the midvest and east., During this cenferenze we described our use of the i N
coaputsr in oOur statistics -curriculum. From this conference we raceived both written and :

varbal comments, some of which I wculd like t> summarize. = - -
t+. is not always - possible to a2dd a laboratory -because of insufficient staff time or !

. inadaguats ceaputer facilities, “In such cases it is perhaps possible .for the stddents to 1
write only a fev computer programs while the instructor illustrates most of the ideas with . !
printouts or transparencies. However mathematics majors might be less ‘intrigued with Just
saeing others' , ra2sults wvithout "actuvally being able to perform the exercises on their own,

Also s:ndents seem tc¢ gain intuition when they use the computer.
£ - A valuable by-product of the statistics laboratory is the opportunity for students-to do
H some research as. undergradaates, Their mathematical. maturity -and background way not be :
: suffizient to “prove certain <Tesults _theoratically but they ~are able to obtain ansvers ;
§ 2apirically. - -, ) . . B

o

.some Of our conference participants are using part of our materials during the 1972-73 |
azademic year. We hope to rzc2ive summaries of their experiences by the end of this acadesic
year, . )

-

> = - = =

“summary

A computer laboratory in statistics provides new and interesting .challanges to both
- - student’and teacher., 1A lot of extra time 1is reguired. However if the exercises are,
meaningful and not just busywork, the time'is well spent. - : - .
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