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Introduction
Hope College is a four-year. under-
graduate, liberal arts college of 2,100

students. Most of the students who major in
mathematics or computer science and some
students who major in one of the natural
sciences, psychology, or economics take a
vear-long, caleulus-based course in mathe-
matical statistics and probability.

During the fast six years we have developed
an opfional computer-based laboratory that a
student may elect to take in conjunction with
the statistics course. Earlier papers [2.3]
described the development of the laboratory
and gave an outline of the topics that were
covered. At that time Hope College owned an
IBM 1130 computer. We now own a Xerox
Sigma VI computer which has timesharing

capabilities.
In this paper a summary of the earlier
papers is given. In addition. recent

developments and the availability of the
materials is discussed.

Background and Description of Laboratory

We began to develop the laboratory
materials and supporting computer software
during the summer of 1971. It was motivated
by students who had taken our statistics
course and were interested in using the com-
puter for research projects. The projects often
required some sort of simulation. In the pro-
cess of writing a computer program to prop-
erly perform a simulation. the student not
only had to understand the underlving
theory, he also gained a greater appreciation
for this theory. Webelieved that similar types
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of experiences for more of our students would
be beneficial. This prompted the develop-
ment of the laboratory.

Originally the laboratory was mandatory. It
is now optional because (1) some students had
scheduling conflicts, and (2) some students
did not fike a computer-based laboratory for
various reasons.

The laboratory meets for a two-hour block
each week for an extra hour of credit. The
first hour is spent discussing the previous
week's assignment and introducing the new
assignment. During the second hour the
students begin to write their programs.

It is now possible for students to run their
programs through batch processing or inter-
actively at a terminal.

Laboratory Manual and Subprograms

An instructional package has been
developed for a year-long laboratory for a
mathematical statistics and probability
course. The package includes a laboratory
manual and supporting computer software.

The laboratory manual has gone through
three revisions. It now contains more than
250 problems with complete solutions for
twenty-five of them. The manual parallels
the textbook Probability and Siatistical
Inference |1]. It can also be used with most of
the standard textbooks.

The students write their own programs for
solving the exercises. However over fifty sub-
programs are provided for their use. Among
these are:

1. A pseudo-random number generator.

2. Graphing routines for: (1) the empirical
distribution function with the option of
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superimposing the theoretical distribution
function. (2) a relative frequency ogive curve
with the option of superimposing the theoret-
ical distribution function, (3) a relative fre-
quency histogram with the option of superim-
posing the theoretical probability density
function. (4) a scatter diagram with the op-
tion of adding the least squares regression
line, (5} a relative frequency power function
with the option of superimposing the theoret-
ical power function. and (6) printing the
graph of any nonnegative valued function.

3. Programs that give the values of seven
distribution functions.

4. Programs that give the values of the in-
verses of four distribution functions.

5. Programs that select random samples
from the standard distributions.

It is possible to use all of these programs
interactively at a terminal. The graphing
routines use essentially a 100 x 30 character
grid when run through batch processing and
a 60 x 30 character grid when run interac-
tively.

Goals

Some of the goals of the laboratory are to:

I. Help the student understand and gain a
greater appreciation of the theory.

2. IHustrate that certain  probability
models are appropriate for particular ran-
dom experiments.

3. Show how the computer can be used as
an aid for analyzing data.

4. Expand possibilities for undergraduate
research projects.

Examples

In this section two problems with complete
solutions are given. These two problems were
run using the interactive versions of RFHPF
and CONIN. The subroutine RFHPF pro-
vides a Relative Frequency Histogram with
the Probability Density Function superim-
posed. The subroutine CONIN depicts thirty
CONfidence INtervals,

Problem 1

Let X,. X,. X, be a random sample of size 3
from a uniform distribution U(0.10). Thus
fix) = 1/10 and F(x) = x/10 for 0 < x < 10.

{a) Define g\ly). gfy). and g,iy). the
marginal p.d.f.’s of the 3 order statistics, Y, <
Y; < Y;;.

(b) Generate 200 samples of size 3, say
Xi,X2X;,  from the uniform  distribution
U@.10). For each sample let vy, =
min(x,;.x;,x3).y; = median of (x,.x,.x,), and y;
= max (X;,X,.X;).

(¢) Use RFHPF to plot a histogram of the
200 observations of Y, along with g,(y). find
the sample mean and sample variance of
these observations.

(d) Use RFHPF to plot a histogram of the
200 observations of Y, along with g.ly). Find
the sample mean and sample variance of
these observations.

(e) Use RFHPF to plot a histogram of the
200 observation$'Y; along with g,{y). Find the
sample mean and sample variance of these
observations.

Problem 2

Let X be N{16.4.2.9).

{a) Generate 50 samples of size n = 16
from this distribution. For each sample, find
the values of Ys and Y,,, the 5th and 12th
order statistics. Store these values in two ar-
rays. say Y5 and Y12, which have been
dimensioned to 50. (Use 30 for on-line ver-
sion.) Hint: You may use the subroutine
ORDER.

(b} Verify that (vey,2) is a 92.32% con-
fidence interval for m. s = 16.4 = .

(c) Approximately 92.32% of the 30(30)
confidence intervals from part a should con-
tain the median. To illustrate this, use the
subroutine CONIN(14.0,18.8.Y5,Y12.16.4) to
depict the confidence intervals.

(d) What proportion of the confidence in-
tervals contain the median?
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« SBLUTION FOR PRODBLEM S0Rd) .

» DIMENSIEN X T8 HOLD EACH SAMPLE AF BIZE 3, Y TH HALD THE

+ ORDERED SaMPLE G8F SIZE 3, Y1,Y2,Y3 TH HELD THE 200

« BESERVATIENS OF EACH ORDER STATISTIC.

s DEFINE G150G25G3: THE PeDeF 15 OF THE THREE ERDER STATISTIC=
« Y1:,Y2,Y3: RESPECTIVELYs AS STATEMENT FUNCTIONS.

DIMENSION X{31, YI3is YIL200)s Y2(200%1, Y3I(2001,s NOBSi2C)
Giitid = 3esflle = Usr10+ 222180171041

G2lUY = 6ed{U/10e)8lle = U/1I0I211+/100)

GIIUT = e {U/10 18218 134/104)

s GENERATE Z0DC PABSERVATIONS BF Y1,¥25Y3« FIRST GENERATE Threr
s BESERVATIENS BF X. USE THE SURRBUTINE SRCER TA HBTAIN THE
« VALUES 8F THE BRDER STATISTICS.

DA 20 x=1,200

0of 10 J=1:3

X{J} = 10s%RAN{L]
CHNTINUE

Call ORDERI(3sXsY)
vy1i{K} = ¥{1}
¥y2iK) = Y2}
¥Y3IKE = Y{3)

CANT INUE

PLOT HISTEGRAMS 8F THE PBSERVATIHNS 8F ¥1, THEN Y2,
THEN Y3, wITH THE RESPECTIVE PWDF+1§ SUPERIMPASED. aLS5e
CALCULATE, USING SMASV, AND PRINT THE WESPECTIVE SAMPLE
MEANS AND SaMPLE YARITANCES.

WRITELICHE,BREO)

FERMAT (111, //7,:8%'OUTPUY FBR PREBLEM 5.5=1C',//}

Call RFHPF{1220s0+0s10:0,0+375,200,Y1s0BRS:G1)

WRITE(1D8,2G0)

FARMATI 107 ,8%: 'HISTEGRAM AND PDF FHR THE SMALLEST BRDER STavIisTiC!

5,/

Cabl SMASVIYIBAR;YIVAR,Z200,Y1)
weITE(108,825%) Y1RARSYIVAR
FERMAT (' 1 ,8Xs "THE SAMPLE MEAN 1S5':F843, /8% "' THE SAMPLE Varlan(E

#1St,F8.3)

wRITE(108,860)

FRERMATI "1,/ /58X 'BUTPUT FHR PREALEM S.h=1N1yr/1)
Call RFHPF11,20:0+0,10:0,0:375,200,Y2:N885,62)
WRITEL108,B05)

FARMAT(10' ;84 'HISTBGRAM AND PDF FAR THE MEDLIAN', /)
Call SMASVIY2BARYZVAR,ZOC,YE!}

WRITE(IOH,B25) Y2BAR:YZVAR

WRITE(108,870)

FERMATI Y41,/ /28X 'OUTPUT FBK PRABLEM S«5={E's//1
CALL RFEPF{1,20:0:0010¢050¢375:200,Y3sNAKBSHG3)
WRITEC108,810)

FORMAT{ 10,8, "HISTEGRAM AND PDF FAR THE LARGEST BRDER STATISTIC?

#. /)

CalLl SMASVIY3IRAR,Y3IVAR,Z00.Y3)
WRITE(10B,825) Y3BARLY3IVAR
STHF

END
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1 C s o o SOLUTIBAN FOF PRODLEM
2 C
3 C « s , DIMENSIOW £ T8 HBLD THE SRIGINAL SAMPLE AND Y T8 HALD
Ha C s » o THE BRDEREL SAMPLE OF SIZE 16+« DIMENSIEN Y5 AnD Y12
s C ¢ o 5 TH HULD THE STH AND 127TH BRDER STATISTICS FOR THE 30
& £ o o 4 1850 IF USING BATCH VERSIAN) SaMPLES BF SIZE 16 FREM
X C ¢ «  THE NERMAl DISTRIBUTIEN N(16:4,24%)
B c
Fe DIMENSION X161, Yi161, Y51301, Y12130)
10 t
11 C s+ s« « LET ™=30 F8R TIME SHAKING, 50 F8R BATCH.
12 (=
13» Moo= 30
1% ne 10 KeiM
15 C
16- C » + « USE EITHER THi SUBRSUTINE NBRM BR THE FUNCTION
17 C s SUBPREAGRAM XNRML T8 GENERATE THWHE SAMPLE %F SIZE 16
1R C v « o FREM THE MOA#MAL DISTRIBUTION NI16«%22:9)
19 C
200 CALL NOREM({16+%822:9016:X%)
£1s C
£2s C +» s » USE THE SUBRBUTINE BRDER T8 ARUER THE RANDUM SAMPLE.
23 E
2he CALL DRDERI1SaX,Y)
25 L
26 € + o s FILL ARKAYS Y5 AND Y12 WITH THE 5TH AKND 1Z2TH ORDER
27 C » & &« STATISTICS»
28, c
29 YEIK) = Y%}
30 ¥i2iK) = Yiig!
3% 10 CRNTINUE
38 C
33 € s «» o USE THE SUBREBUTINE CHNIN T8 DEPICT THE CONFIDENCE
34 C ¢« o« o INTERVALS.
35 C
36 WRITE(108,%50)
37 B850 FRRMAT('1',8X,;'BUTPUT FHAR PRUOBLEM &sl=1's//1
38 CALL CENIN{1#:0,18¢8sY5sY12,16+8)
39 WRITEL108,800
40s BOG FRAMAT(10',%X, 'EACH INTERVAL IS & 92¢32% CONFIDENCE INTERVAL ')
41 C
La-2 C & s » CHUNT THE NUMBER 8F [NTERVALS THAT CANTAIN THE
43 C ¢ o« o MEDIAN {MEAN) léebe
44 =
45 NiiM o= O
abe DE 20 K=ls™
a7e IFIYS(K)aLlEs16oasANDelbeaa EoY 21K} NUM = NUM +
4B 20 CanNTINUE
'S 5 PROP = FLBATINUM)I/FLOAT (M}
S0 PERCENT = 100«%FPROP
-5 B WRITE{108,805) PERCENTY
B2 BOS5 EFRRMATII0',5X,F5:2s' PER CENT 6OF THE INTERVALS CBNTAIN THE MEDIAN
53 Bty
4 e sTEF

55 £nD
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Conclusions and Recommendations

This laboratory provides a worthwhile ex-
perience for the student. The inferactive
capability is beneficial for class demonstra-
tion and it also allows a student to obtain im-
mediate output. Some students using teletype
terminals that print at ten cps have a tend-
ency to tie up the terminal, especially when
several graphs are required. Thus batch pro-
cessing is still the best for some solutions and
for some students,

Graphics terminals could have a positive
impact on this laboratory. Unfortunately,
Hope College does not yet own a graphices ter-
minal. although proposals have been written
which include the purchase of graphics ter-
minals.

Distributions of Materials

The laboratory manual and subprograms
have been favorably reviewed by CONDUIT.
Copies of the laboratory manual and a tape
containing the subprograms are available
from CONDUIT, P.O. Box 388, lowa City.
lowa 52240.
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