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TEACHING STATISTICAL CONCEFTS USING MICROCOMFUTER SIMULATIONS

liavid We Stockburder

The microcomruter sill soon become sbandasrd equirment
in a8 statistics laboratorwy because of its economds Fowers
and speed, Not bnlw. can statistical comrutations be rerformed on
these machiness but comrutenr simulations may illustrate
statistical concerts. Stratesies,for develoring rrodrams which
activels involve the student in stages of learning will be
discussed. An example simulating exreriments and the
F-distribuytion will be rresented. :

With the advent of microcomruters the daw of rowerful,
inexrensive comruters rredicted in the late 1940’s (Coolew
1969 ) are here. In this rarer I will first review some of the
various aserroaches that have been takKen in arrluingd comeruters to
aid in the tesching of statisticss presenting an examrle of one
arrroach  in detail. I will then discuss the necessars eauirment
to imrlement s statistics laboratorys I will conclude with a

discussion of the obstacles which must be overcome in the

develourment of instructional sustems.

During the late 1960’s and earlw 1970’s a number of
individuals attenrled to develor computer—assisted
instructional systems to @id in the teaching of introductors
statistics (Tubbs 1977). Before thew bedans most realized that
it would be Frohibitivelw exrensive to imrlement the rrodrams and
systems that Lhew develored on 3 larde scale. Many of these
arrlicstions were feasibilitly studies to Judde the imract of this

new technology on the teaching of statistics., It is worthwhiles

ERIC 3
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thereforer Lo review some of the successes asnd failures of
attemsts to interface larde and mini comruters uwith statistics
courees in order to hetter direct the develorment of

microcomruters.,

Attemrts to intedgrate the comruter . into statistics

courses may be rplaced into one af five catedoriest

I, CAl cuestion—-asnswer dialods,
I1. ‘As &8 Qﬁﬁns of teaching a3 com=uter landguade. ¢
111, As a comrutational tool.

IV, To denerate slatistics tests and homeworkK.

.-n—f-/

Ve As simulations.

These catedories are not exclusive but are wvaluable as a

reference roint.

I. CAI QUESTION-ANGUWER DIALOGS

Much of the earls CAI work done in Americs was in the
area o? tutorials {AtKinsony 19469} Wassertheil» 19495
Rosenbaumr» et. a8ler 1269). In an index to comruter-assisted
instruction (LekKans 1970) under the twenty racksdes described
with the headins of “"8Statistics" twelve were catedorized as

"tutoriala®,
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In almost all cases where student evaluation of the
syslems was rerformed, the results were favarable to the
comruter method (Tubbsy 1977), B Lhe middle and late 1970%ay,
howevery. rsscholodists and statisticians had become disenchanted
with this method of  instruction (Eltonr  1978). This

disenchantment came from two sources?
1o It Jas loog exrensive,

The exrense involved two asrects! the time it took to
develor the materisls snd the stucent time on the machines.
Tt takes 38 dreat desl of (lime and enerdgy to create 38 diaslosd
anticirating all rossible thoudght ratterns of introductory
statistics studentss This cost is relatively constant no matter
whiat Kind of hardware is used. These dialods reauired extensive
data bsses and are at this time difficult to imrlement on a3
microcomsuter, Thighﬂau chande in the fairly near future as

wilnessed by the availability of the FPILOT landuade on the APFLE

IT tm microcomruters If the cost of microcomruters continues to

decreases the moneblary exrense critism may also be un.ustified.

2¢ The caomrputer is not able to match its human counterrart for

range and subtlew of conversation.

Exceart, for situations whenre drill-and-rrasctice are
arrrorriater the comruter is a8 relatively roor conversationalist,
mindlessly reresatint sesments alresdys ccovered and not a@uite

realizing exactly what the student did nat understand. A human

ERIC 0
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teacher can do the Job fastel and better. As peychologists  and .

comsuter scientists obtain s drester understending of lansuadges
1

“dialogs and learning rrocessesy 8 more carable CAL nas  result,

It could also be imrroved dreatly by the addition of sreech
sunthaeasis. Until that time other svenues of comruter aided

learning (CAL) will #srobably be more sroductive,

There are sQme CAI Frograsns encomrassing
drat’ I~rractice which stand out as beind successful.
Andersan (1977 ) describes a8 sustem called CAPS {computerwassisted
rroblem-solving ssstem) which seéms to fit this bill., One rart
of CAFS asks students to estimate rarameters of distributions on
the basis 'of a drarhic disrlad. For examrles 8 scatterrlot is
itlhspratéd on 3 CRT and the student must guess .the correlation
coeficient within some srecified rande. This drill continues
until the student gets a certain number of estimates correct.

This erogram was written for 3 FDP-10 minicomruter and would

arrear to be within the rower rande of a8 microcomruter.

IT. STATISTICS AS A TOOL IN THE TEACHING OF A COMFUTER LANGUAGEx.

Some authors have attempted' to teach , students a
comFuter landuade such as FORTRAN (Luczaks, 1980) by havind
students Frodram Froblems in statistics. While this arrroach maw
be valuahle as a means Lo teach rrodgramming and rerhars revieuw
statistics at the same time, I doubt seriouslw whether it wou id
worKk in an introductorw statistics class. I sreak from the

Feirsonal wrerience of having a rroblem—solving class atlemrt to

6
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create simrle asldorithms in BALIC for & simulated rat to run 8

maze. }t takes a8 great deal of class and instructer time to make

students feel comfortable at a comsuter counsol with a low-level

landusse,

Other authors have  intedrated 3 - number of BAGIC
FrOsrans into an introductory statistics text (Price, 1979; .
Bulgrens  1971), These rrograms denerallu do  statistical
comrutations or  simulationse. Even with this arrroach I believe
1t would be difficult to teach encudgh about 8 low-level comruter
languade and still have much time left to rresent statistieal\\\¥

concerts.

TIT. THE COMFUTER AS A COMPUTATIU&AL TOOL « \

it i dironic that while most statisticisns find that
comruters are a8 fact of life in  the ﬁerformance. of their
Jobsy students are taught to use antiouated formulas designed for
obsolete machines. One arFroact to intedrate comruters into the

introductors statistics course? is as a8 comrutational tool.

For the rast sin wesrs I have taught wy introductory
statistics students how to use ‘“cenned" statistical racKases
to analsze data. The first threé years I used MINITABS and the
last three SFSS. I have found that while teaching G&F885 taskes
glightly more ciassqtime (about three to five hours total)s its
general availability and abilitwy to srow with the students 1is

worth the additional teachindg effort. ' I consider this to be an

integral rart of the course and SEneraléy gat verw favorable
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" gtudent reactionss as have others (Swansony 197646).

!
. '

The difficulty with this arFroach is. 'that the
university comsuter center has for the last few wears hecomé
inereasingly  crowded, It would be ideal i% the students eould
learn to use these canned‘ﬁtatistics Packgses on a microcomruter.,
Unfortunately, a "canned" statistics rackade such a SFGS  is  not
doing to fit on & microcomruter. In order to most fullw take
advantadge of the rower of microcomputers in this area I can

A

visualize three ortions?

p

1.7 The nicrocomruter is used as (g terminal connecied to a larger
swgtém uhich has -the ability to cowputé statistics }n an
interactive modes An examrle Of this twre oﬂl sustem -would be
conversational SFS8S or CADA (Comruter—assisted data analusisi
Novicky Hamer» and Chens 1979).

2, A small version of a larder statistical ' rackade resides in
the microcomruter. When I teach SPSS to introduetorQ students I
rresent onlw 3 few file crestion, file ‘modifications and
statistical commands such s BREAKDOWN» CROSSTABS» and FEARSON
CORR. It wopld arrear to be rossible to rut & subset of commands
such as this on a small machine such that direct transfer of
training would result when the student wished to run an analusis

outside the rower of the microcomruter.

The CADA sustem mentioned earlier is beindg modified to

run on 8 microcomruter -(rersonal communication» 1980). This

wnleractive sustem is directed toward 3 Bawesiap ‘analwsis with

g
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erecial attention diven to the Justification of the erior
digtribution, Miller (1979) and Anderson (1977) both describe a
microcomruter sustem which comrutes statistics interactivelw with

the student

3. The microcomruter writes rrodrams for the students which a;e
then run on a statistical =acKase which resides in a larder
macoines This hubred rroduct would‘interact with the students in
38 dialod in-\order t.o create 8 Ffrogram with the coarrect sunta.
When comrleted the rrosgram would automaticailu be sent to the
larder machines runs and returned. This would free the student
from .JCL. vodes etc. and reduce the wasted time waiting for a3
rrodram which has & small suntax error. I have nat found a

system such as this in muw literature search.
IV, COMPUf&R GENERATEN TESTS AND HOMEWORKN

~A number of software sustems described earlier have
rrovisions to dgenerate different homework and test rroblems
for students Miller (19793 Andersony 1977). A large #rodect
uncertaken at the University of New Hamrshire (Bugbee, Merrill,
angd Warrens 1979) is collecting 8 data base of auestions for
introductory statistics tests and -Prosrams for editing and
denerating tests. The doal for this sustem is comretencu-based
testing over a8 broad rande of statistics courses taught in 3
variety of dicirlines, The system is currently running on 3
PUF-10 and slans are underway to convert it to run on 3

micraocomruter (Budbeey rersonal communications 1980).

9



Tavid We Stockburger HICROCOMFUTER SIMULATIONS Fsge 8§

P

I have uﬂdertakenh 8 Frodect to write I Qdr ams Lo
denerste both homework and the- Frroblem  section of my tests
%ver the last six months and have been rleased with the results.
;n these Frogramns the instructer first selects the homework he or
she wishes to erint from 8 nenu of rossibilities which 3rrear on
the CRT screen (Fidgure 1). The BASIC rrodrams then denerate both
Froblems and answers» an examrle of which arrears in Fisure 2,
On  the basis of this. I can be sure that the student (or
somebods! ) has actuaslly worked the Prdblems instead of corwing
the answers from a neighbor or student from last semester. The
answers allow the student to observe the Froblem worked
covrecils. Gradind taKes slishtlu londgery byt I feel that it is
woirth  the additional effort. It takes between one and two hours
of comruter time to denerate and rrint 32 homegorks of four rades

eathy but this worh is done when the comruter would not otherwise

be used.
Ve THE COMPUTER AS SIMULATOR

This is the ares where the comruter has Dbeen  most

successfully.” wtilized " in aiding in the teaching of

| statistics.. Elton and Waterford (1978) ardue that comruter

simulations wmaw teach concerts which are virtuslls imrossible to
teach in any other manner. 0f the twenty rrodram sustems listed

by LeKan (1970)y five were classified as simulations.

Many of the fundemental comcerts iR statistics are of

the faorm "I wonder what would harren if +¢¢?"y esrecially if

N sam~led from 8 diven rorulation or rerformed the same

10
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exreriment rereatedlu., " A number of Frograms exist to i1llustrate
rrincirles of the samrling distribution and hyrothesis testing
(Pricer 19795 Luczaky 19803 Diedarts 19745 Moorey 1973y Tanisr
19733 Rubner» Behry a8nd Baker, 1974). UWhen a student review Was
rerformed on these rrodrams thed were senerallws favorabley with
nedative comnents centering asround the availabilits of a terminal

(Andersons 1977).

A sustem which deserves mention is one described by
Besudon (1970). Using an IBM 2250 terminal connected to a

larder [EM 360 comruters he wrote a Frogram which could disrlay a

- number  of different discrete and continuous Frobabilits

functions. A random samrle could be taken from these
distributions and disrlawed as an oaverlaw on the originsl
distributiono illustrating limit functions, This Frosramy
written in Basic Assembler Landuades occuried 30K witﬁ 8k
reserved far the screen disrlaw (1024 % 1024), This 1is bewond
the current limitations of microcomruters which turically have &
screen of 48 ¢ 128 and a much less rowerful instruction set, but

eresents interestindg rossibilities.

Another arrroach to comruter simulation is  that of
exrerimentsy as characterized bw the wversions of EXFER SIN
(MESS) and Codnitive Psucholosy (Brewlesy 1978). An exreriment
is described to the siudents who then g0 to the cowmruter and
Qenéﬁgte simulated reéults. This dgives the student an
orFortunity to manirulate variasbless collect datas and analuze it
in much the same manner as a8 rssucholodist without the exrense of

actually running subdJects. Snucer (1977 ) describes the

. - 11
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successtul arrlication of 3 version of EXFER SIM in 8 course on

research design, 8

I would now like to describe a8 simulstion rrodram I

- have written to  assist in- teaching an intermediate
statistics course on research and desidn (ANOVA). This rrodam

utilized asrects of both of the ereceeding aperoaches to

simulation. Theiprosram was written in BASIC on 2 FOLYMORFHIC 88

which at that time had neither 3 disc nor a8 erinter. This

Frogran 1s presented .in Fidure 3. The rrosgram could easily fit

“nto QK of memory =lus BASIC and the orerating sustem.

The rrogramy called 6MS (Score Model Simulation) was
used in condunction with Lee’s (1974) text on exrerimental

design and snalusis. Tha scoare model for a sindgle factor desidgn

>\J =u + ai + eid

\

was tiret euriained to the students. The sumbols in the score

model were diven the.-following meaninsd?

XiJ - score of subdect J arpearing in treatment i
u -~ porulation mean
ai - effect of treatment i
eid - erropr foir subdect 1iJ
The students were then asKed to do a number of simulatibns using

the Frogram,.

) ' LAfter loading in both BASIC and €MS on the cassette the

‘El{lC students were rromrted to resrand to a number of auestions

12
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about the simulationéﬁeins rarformed (Figure 4)¢ The cuestions

T

included the following?

1. The number of treatments (2-5)

2, The number of subJdects in each treatment (2-12)
3. The relative size of the error term (1-10)

4, The distribution of the error term (uniform or srrFroxinate normai).

The size of each of the treatment effectsc

i
*

o

The number of simulations

Uron comrletion of this task the simulations bedan .
Each simulation rresented the students with raw scoress
mesns and standard devitions for all drourss mean sauares betweén
and within» dfs» and the F-ratio (Fidure 5). The student then
#lotted the distribution of F~ratios on 3 riece of 4rarh rarer a;
they arreared on the screen (Figure 4). Derendind uron the ture
of error distribution this could take between 15 minutes tor Lhe
uniform and 45 minutes for the normal to rlot 100 F-ratios. At

the fastest sreed it reauired that the student work raridly while

the slowest sreed ran the risk of boring the student.

Each student was diven the assidnment of exrloring what
effect changind one or more of the model rarameters had on
the distribution of F-ratios. The first ster in this rFrocess was
to denerate a distribution where the null hyrothesis was truey
namelw that all treatment effects were =ero (ai=0), This
distribution was then comrared with values abtained from a

traditional table of F-ratios. This exercize had the effect of

o demonstrating the meaning of the F-ratio tables.

13
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By seleclind . values of the treatment effects otheruthan
zero Lhe students couid observe  the cr eation of 8
non~-central F-distribution., An  estimate of the rower and
srobabilits of a tu;: II error could *hen be e;timated from these

distributions.

The difficults with this arrroasch was that i1t recuired
a3 good deal of the students’ time. Observind two or three
distribdtions untold before their gues was 8 valuable exercizes
aliyd  mope and. it became drudderd., The solution to this rroblenm
came about with the scuisition of a doi—matrix Frinter  (Intesdral
Nata ;40): Nows after comrleting three different distributionss
the students mas enter the number of simulations thes desires the
values for each simu%atloﬁv and then g0 home. The comruter works
all nisht and the student picks up the regults the’ néxt " morning
(Figure 7). Even more economicalluyr the student maw rick ur a.
Fower analusis of each simulation the next morpins without the,

distributions themselves.

I found this exercize to be extremelw wvaluable 1in
> rortrawing the concerts behind the ANOVA model. It has a8

number of features which I believe contributed to its success?

1. It reauired student interaction with & disrlas which
chanderd auickly enoudh to Keer up their interest.

2, After a student mastered the concert it was ne  longer
necessary to continue reretitious activitua, i

3, Each student had somzthing to contribute to the class when

o he or she was finished,

ERIC 14
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4, It Preseﬁted the concewts in  a way that would not he
PO&ﬁlblé.UﬁiDS.B conventional text and lecture format. The
idea of ghe score model and the assumertions underlyindg it were
made clear to the student. EfiTects of the violation of the

sssumdtions were also demonstrated.

'Q; ®
. The sustem was not without faults,» however?
1. Using a8 tare recorder recuired a number of orerations to be
Férformed before the rrodram could be run. The tare reader was
also rrone to make ereors. This has been remedied with the
aceuisition  of of a8 disc drive which loads the rrosgram
automatically after hitting RESET.

2 [, takes a dood deal of time on the cpmﬁuter. More ‘than
once I could not do develorment work on the maching because
studdents were using it. Timesharing is a8 rossibilityr but this

i some distance in the future.

On the basis of this exrerience I believe that 3 number
of comruter rrograms could be written for a8 microcomruter which
would drestly enhance the teachind nf statistics, Not all
individuals are as enthuiastics. Tubb (1977) urités, “Verygs verw
rarelyy the comruter mas be used to generate rseudo-random data
fur subseauent analusis. Such data are useful for illustrating
the rrorerties of a8 Particular technicues thew do not illustrate
many  of the rroblems of less ideslized situations." This mauy be
truer but I believe thé comruter can simulate siwuations where

the assumrtions underlsing the analusis of data are violated.,

ERIC 15
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THE DESIGN OF A MICROCOMPUTER SYSTEM FOR A STATISTICS LARORATORY

Rather than extol the virtues of one microcomruter
manufacturers Procésser, bus structures etc. I would like
to rresent some suideline; on the rurchase of &8 microcomruter
system to be used in 8 statistics lab.,

I. A Minimum Ssstem

.In order for the comruter to be effectively used in the
statistics laboratorw I feel that the following eauirment is
necessarys

A. Central Processors Kewboards and CRT

The caracity for urrer and lower case will be asrpreciated b
the Jser as will 3 color disrlay.

F. Memors

A minimum of 32Kk is necessarwy to inrlement manw of the
comruter-asssisted learning sustems that were previously
mentioned. .

Ce Dige Drive R

A cassette tare drive only leads to frustration and wasted
times althoush it mau'Prove usaful as 2 back-ur suystem.

D, Seriazl Port and Modem

These are necessary to connect to the outside world,

The total cost of such a sustem would rrobabily cost
between $2000 and $3500 on todau’s market. One maJor
consideration in deciding to esurchase a dgiven machine is the
willingness of tne vendor to surrort the arrlication sou have in
mind.

e I¥: An Urdraded Sustem

16
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This minimal sustem will allow one user a3t a8 time to
aecess  the machines This suystem will rermit develorement
and testing of sé%iware, but has serious limitations., T would
sugdest the pruchase of the following items to urdgrade the
minimal suwstem!

A+ Printer

Hard coruw is an absolute must if anw Kind of serious work is
to be done on the microcomruters It is 8lso necessarwy for
the deneration of tests and homeworK.

E. More Memory

It seems as if too much memorw is imrossible.

Cs A Seconds rossibly Third Disc Drive

In this case the main drive maw contain the orerating sustem
anid lansuase overhead while the other drives contain sepecific
studen! informations overiausr etc.

e Terminals |

These maw be minimal sustem microcomruters themselvgs. The
main comruter Keers recordss stores srosiramsr etcr while the

students actuslly work at the terminals.

The cost for a8ll this hsrdware mew seem extravadgent.
One must remembers howevers the cost of a8 sindle Freiden or
Monroe calculator Just 15 wears ado. Miller (1979) argues that
it would cost more than half 3 million dollars to imrlement 38
terminals on an IEBM 360/158 using CMS» excluding the cost of the
terminals themselves. This cost is far greater than the cost of
38 mirocomruter sustems. This is not done without sacrifice,
however . The sacrifices include sreeds sof'twarer resale values

and high~sreed erinting. In most situations invalving comruter

17
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assisted learninsgy these disadvantades will not cause a8 dreast

dezl of concern.
ORSTACLES TO BE OVERCOME

I, Exrense

this can be calculsted in terms of the monetarwy cost of

rurchasing hardware and software and in the time it takes to det
it running correctly. The monetsrs exrense maw be Justified by
“the argument that this technicue rrovides a8 learning exrerience

that can be acheived in no other manner. The time enrense is

more difficult to Justifw. There are vers few rewardss financisl
~or otherwiser for develoring CAl or CAL rrosrams. FPerhars the

time has come to reevaluate rerformance criteria for facultw

members.
II. Transrortability

This i3 rerhare the dreatest obstacle to be overcome. For
examrley most BASICs share'eiements in common (Isaacsy 1976)y but
inFut/outruty dise storager etecs are often machine or orerating

sueclem derendent. Greaterhstandardization is clearly needed.
I1IT. Folitics

statistices courses are tausht in asny number of dicirlines! mathy
businesss msuchologuy sociologyy economicsy etce Each structures

the course around its own dicirline and ewmrhasises certain

Q concerts. Basic elements»y howevers are shared. It arrears that

: 18
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/)
very little information is shared across dicirline boundariesy
resulting in manw different attemrts to reinvent the wheel. The

effort seen in Bugbees» et. al. (1979) is 3 welcome excertian.
V., Communications

Even within & sinsgle dicisline many individuals are not aware of
develorments in this area. It is one thing to read a3 descrirtion
of 3 sustem and snother to actuallw have seen it work and use it.
Manwy individuasls will not rurchase softuare until thew have seen
it worK. Recause of the transrortabilily problem this is often

difficult or imrossible.

COMMUNICATION NETWORKS AS A MEANS OF OVERCOMING THE OBSTACLES

1 did not ademuately exrlain the need for 2 modem in'
the minimal sustem because I wanted to reserve it until now.
The modem is used to connect comruters using existing telerhone
lines., I believe that manw of the obstacles mas be reduced if
not. overcome by connecting comruters throudgh a8 communications

network.

At some centralized location 8 facilitey for storade of
rrograms and software sustems is rrovided. An individual at
another univérsity could dial ur the central facilitwy rerhirs
through an organization like EDUNET» tell it what Kind of
microcomsuter or terminal he was usindgs and then actualle use the

Q sustem., 1P it was suitable for his own rurroses he could buv the

19
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rrogram throush the service.

Thig wou ld reuire a8 central facility which had
accessability to and exrertise in many different machines
and which had an individual on their staff who understwuod the

rroblems  involved in  the teaching of statistics. FPerhars an

ordganization like CONDUIT maw fit this bill.

CONCL.USTON

The rotentizsl for the use of microcomruters as an  aid
in the- teachins of statistics is Just now being discovered.
If the obstaclés hinderind this'development mas be overcomer it

naw somedaw have a rrofound effect on the teaching methods in all

~ statistics courses. ' ' '
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Figsure 2

Exomele Howeworh - Student Version

i

1 fage 2

i T e M = S S HOMEWORK &

i Feucholosy 200 Stochkhurgenr Serinds 1980

2, Two individuals, Harold and Msudes start 8 eroursn of rmhusical fitness.
Each night for twents nights thew sttem=t Lo du a5 many sit-urs &s the:
rossibly can. The following is a record o

DAY 1 2 3 4 5 6 7 8 9 10 11 10 13 1413 16 17 18

19 2C
HAROLD 9 11 14 13 12 12 15 14 16 17 18 1o 19 18 17 20 10 20 18 21
HMAULE 11 10 11 9 9 12 14 11 16 17 18 17 18 14 22 17 20 22 23 2

(a.) lrauw scazttereslots of ithese data using sows means to differentiste
the two individusls. : "
(b.,) Comrute the best-Titling regression lines fTor botn indivicuals.
Liraw thew on the scatierrlols.
for- Harold Y/ = e b e X
for Maude Y = ceee- S S X
(c.) Wnhich model best fits the data® UWnu? )
{(d.) Discuss the MEANING of the differences betueen Lhese FelramElers.

a . -

0
)
1
'
1
)

_..-——.-....—--—.-.—--——.—-.—_——_-..—....———_—-—.—-—-—-........—..-_‘.--.-........--..-._...............-..—-—.—--—---.—-.....--.—..-_.—..........—._.
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Figure 2 C(eont)

Cuamele Homework - Corrected Version

Fage o
ATy BRE L HOMEWORK &

; rsycholoaw 200 HStockburdenr Sepringy 1989

2, Two wndividuaslss Harold and Mauder start a rrodram of whusical Tithess.
Each night for twentw nights thew attemrt to do &8 msnuy sit-urs 3s thes
possinly cans. The following is a8 record © :

h 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 181§ 20

’ DAY 1 2
HAROLL « 11 10 12 14 15 15 12 17 13 13 17 17 18 17 20 21 20 21 20 22
MAUDE 5 12 8 11 12 15 ¢ 11 12 12 17 16 18 18 16 18 22 19 22 20

(a.) Draw scatterrlots of these data using som@ means to differentiate
the two individuals.
(b.,) Comrute the best-fittind regression lines for both individuals.
[iraw thewm on the gseatterrlols. .
for Harold Y = 10.,373684 + 56217293 * X

’ . for Hmude Y/ = 06626316 + 78796992 X X
! (c.) Which model best fits the data? WhuT

Standard Error of Estimzte
for Harold Sg.x = 3.8976532
for Maude Bu.x = 3.8215807 ‘
(d.) IDliscuss the MEANING of the differences tetween these reramelerd.

”ye
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Figure 2
Frogram. 844 - Score Model Simulation
b
: 10 REM EBASIC rROGRAM TO SIMULATE ONE-WAY ANOVA CXMCRIMENT
i 20 REM COPYRIGHT 1979 - "DAVIR W STORREBURGER
< 30 REH PeYCHOLOGY LEFARTHMENT
40 REM SOUTHWEST MISSOURI OTATC UNIVEROITY
‘50 REM _ SPRINGFICL.Dy MISHSOURT 65802
60 REM ;
70 REM T(I) IS THC SIZE OF THE TREATHMENT EFFECT
s 80 REM X(I»J) TS THE AW DATA.MATRIX
90 REM X2(I) ARE THE MEANS ' .
o 100 REM S2(I) AREL THE VARIANCES
. 110 FILE$2HSLIST
120 REM :
130 DIM T1(S,20) . \REM IREATﬁENT EFFECTS
140 DIM F(6220) . \REM FARAMETERS s
150 REM {=% OF GROUFS
. 160 REM r=FRROR VARIANCE
170 MREM Z=RANDOM NUMBERS
. . 180 REM 4= OF- SULJFECTE
; 190 REM S=0TSTRIGUTION
1 200 REM &= OF SIMULATIONG
4 240 DIM [%C1:10) \REM TEHMFORARY STORAGE
“ 220 NIM T(5)!X(5!13)7X2(5)752(5) '
230 DIM F1(S00) \REM NCEREDR FOR DISTRIGUTION
240 REM - .
250 REM INFUT RUN FARAMETERS
260 PRINT CHR&C 12 3> \FLOT 024790 :
27¢0 INFUT "DO YOU WANT MULTIPLE SIMULATIONS (Y Ore NP " eDs
280 IF D3="Y" THEN 1150 '
290 INFUT "NUMBER OF CROUFS (2 1O &) "y N1
00 IF N1:x5 THEN PRINT "#%% ERROR %% NUMEER TOO LARGEY\GOTO 290
710 IF Ni<2 THEN PRINT "% ERROR %% NUMEBER TQO SMALLY\GOTO 270
730 INPUT "SIZE OF ERROR UQRIANCE {1 TQ 109 "yHS )
330 INFUT "ST&RT OF RANDION MUMBERS (0 TO 1) "y N4 .
740 IF nNds1 THER FRINT v ERRORK o NUMBER TG00 LARGE"\GQTD 2308
250 N4=RHU N4 ) :
160 INFUT "HUMBER OF SUBJECTE I cACH GROUr (2 70 129 "aiND
370 IF NZxig THEN PRINT - " %X CRIROM kek NUMDER TOO LARGENGOTO TG0
330 INFPUT "L TF UNIFORM DISTRIBUTIONy £ i1 AFPBOXIHATE NORMAL "y NI
3 290 INFUT "NUMEER OF SIMULATIONS THIS UM Yy b
400 PRINTNPRINT "SIZE O TREATMENT FRFECT IN CACH GloupP"
410 FOR I=1 7O NI
420 FRINT "SIZE OF TREATHENT CPFECT FOR GROUP e
430 INFUT " "LT(I)
L0 MNIAT

I e pgerAvmn.g
P O O e T N S

!
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WG o, ,r=t TO e
RO vty TR CLo N PLOT e a7

¢

\ .

G ws T i pdr LT D Kb wUTRTLEULET T
PETOR SRR P PR PV :
con [l GEOERS 1T DeT e s A Uddiuer WISTIEL LT G

~ . .
L

vy ourqpsage .. Y e iea. L ow o

cofe 1= To L INPOR G=d TO M2

PRSI I E Y £ DU NS L

S S L] s DAl 2 LO0ETCT
AT ML AT

GUTU &10 . ' _
K4 OENERATEL DATA FROM AN APTROY [HATE NORMAL CISTRIGUTION
FOl: I=L TO NINFOR u=1 TU'NE\leﬁ\YOR k=1 TO 116G
X15X1+RNH(0)\NEXT\X1=X1/JO ' :
¥ e )=X1RNOR10 '
XCTp =X Tl 041004TC 1) ' ’
NIEXTANEXT _
REH DIGPLAY RAW DATA .
ERINT CHRSO 12 2 n\FLOT Ora7:0
FRINT * RAw DATA GROUF"
ERINT "SURJECT"» :
Fofg I=1 TG K1
FRINT "« "yZélv 1y
NEXTNPRINT
Fok =10 T0 NO\ERINT %éTsdy" "y
ol I=1 TO N1 :
FrRIMT v, wgE Ly XU Ted ).
PN ST
NEETANPRTNT _ .
RCMONC FINDD MEGNS SNDN VARTANCES g
FOor I=1 TC NINK2( T =0
FOR J=1 70 NQ\XB(I)=X2(I)+X(17J)\NEXT\XQ(I)*XZ(I)/NQ
NEXT - '
PTNT  ME i )
Fir I=i TG ol
e Nt " By EF2yX2( Iy
TR INT
i IsL To NIAG2( TH=0\FOR J=1 T N2
®)=m¥eLeJ )=K20 1)
BR(I)=5Q(I)+(X1*X1)\NEXT
Sl Ty=5R2( T 3/(N2-12
MEXT -
FRIMT nYARTANCE" »\FOR -I=1 TO N1
[ Py n7F1 820 T )
NE TAPRINT
moe NOW F3ocfl MESN SRUARES
mep FIND mEAN SQUARE BETWEEN
My mOhmion 1=1 70 NI\M1=M14X2(I)\NEXT\ﬁ1=m1/N1'
PRIHT e MEAN veuAF2eM1y " Uy
Mr=O\FOR I=1 TO Nl\ﬁ?=ﬁ2+((X2(I)"Ml)?ﬁ)\NEXT
M:=42*(ﬁ2/(N1—1))
PRTNT "MS(RBET) = "y
~TH FIND MEAN SOUARE WITHIN
2=ONFOR I=1 TO Nl\M3=ﬁ3+32(I)\NEXT\M3=ﬁ3/N1
CPTINT Y Yy
ORINT "MS(UWITHY = "o M3
TR /M3
CRINT MFOORS ) = MeF " OFCRET )Y = "oNL-1s" LF(WITH) = "y NIX(N2~1)
=EM LDELATY

. FOR T=1 70 SOAFOR J=1 TO SONNEXTAWNEXT

HEXT

CPM DECTITONE AROUT RERUNS

SRINT “Io YOU WANT TO RUN ANOTIER STMULATION?"
FRINT " G = r0" 9
ERINT, " 1 = VESs NO CHANGES® 6

P L .
. .
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5 YY)
2140
J100
1} C.o!.l
{170
1I&O
1196
1200
,1210
1220

1230

1240

1250
1240
i270
128
1290
1300
21310
1320
1330
_ 1340
1380
1360

00
1510
R0
1530
1540
1550
560
V1570
1580
11590
=1 3600
1610
1670
$ 530
Ve )
A A3TS!
INAE

Yo T

. TO 1090

GO DG TNNTNG OF MULTIFLE SIMULATIONS

1REUT UNUMBER OF DISTRIBUTIONS TO KE GENERATED (12007 "Gl

For G=1 TO 61

=i I=1 70 500\F1(1)=0\NEXT

PRINT CHid (12 ) \PLOT Oy 47y ONFRINT nikkx SIMULATION & TR+ ¢ &
INFUT “HNUMBER oF GROUFS (2 T0 9) "L (1sG)

IF F(1+6)+% THEN FRINT “¥X ERROR %% NUMERER TOO LARGE"\GOTO 1200
IF P16 2 THEN FPRINT f*# ERROR %% NUMBER TOO SMALL"\GOTO 1200
THEUT "SIZE OF ERROR VARIANCE (1 TO 10) "yP(2+6)

INFUT “START OF RANDIOM NUMEERS (0 TO i) " yF(3y6)

TF P(BvG)%l THEN FRINT wkk -ERROR X% NUMRER TOO LARGE"\GOTO 1240
P(BvG)ﬂRNU(P(3vG))

INFUT "NUMBER OF SURJECTS IN EACH GROUFP (2 TO 12) "yF(4+G)

IF P(4sG )12 THEN PRINT “XX ERROR “%% NUMRER TO0 LARGE"\GOTO 1270
INPUT v{ TF UNIFORM DISTRIBUTION, 2 IF APFROXIMATE NORMAL VyP{(5»G)
TNFUT “NUMRER OF SIMULATIGKS THIS RUN “YyP(69G) :
PRINTAWPRINT "qIZE OF TREATMENT EFFECT IN EACH GROUP"

FOor I=1 T0O F(1»G)

FRINT “"SIZE OF TREATMENT EFFECT FOR GROUF "I

INFUT 1y Ti( TG

NEXT\NEXT .

FOR G=1 TO G1

PRINT CHR$C 12y \FLOT 047y ONFRINT "WORKING ON CISTRIBUTION “»G
FOR E=1 TO F(620G) :
FLLOT 0,44 O0\FRINT "SIMULATION - "yE

IF F(5y06)=2 THEN 1470

'REM GENERATES DATA FROM A UNIFORM DISTRIBUTION

FOR I=1 TO F(1yGI\FOR J=1 TO F(490G)
X(IvJ)=RND(O)*P(2vG)*3.1
X(IvJ)“X(IvJ)+100+T1(IvG)

NEXTANEXT
y GOTO 1530 :

HEM GENERATES DATA FROM AN AFFROXIMATE NORMAL DHISTRIRUTTION

LFOR I=1 TO P(1¥GO\FOR J=1 TO F(4,G)\X1=0\FOR K=1 TO 10

X4=X1+RNH(O)\NEXT\X1=X1/1O
W T s ] )=X LRy GO0
XfTvd)”X(Iyd)+100+T1(IvG)
NIATSNEXT
EF NOW FIND MEANS AND VARTIANCES
FOR It 70 F{1y (G ONX2(I)=0
Faf J=i TQ P(évG)\XE(I)=X2(I)+X(I;J)\NEXT\XE(I)=X2(I)/P(4vG)
HEAT ;
FoR I=1 7O Py GONS2¢ IH=0\FOR J=1 TO F(4+0G)
yim¥n Ted Y201
G2 T)H=62( I M XTAXL NNEXT
ol TI=62( T/ (F(42G)-1)
NEXT
REM NOW FIND MEAN BQUARES
REM FIND MEAN SQUARE RETWEEN
Mi=O0NFOR I=1 TO P(1vG)\N1=M1+X2(I)\NEXT\MiﬂMi/P(i;G)
iLo=ONFOR I=1 TO P(ivG)\ﬁ2=M2+((X2(I)—ﬁl)fﬁ)\NEXT
P4y BOIREM2/CF(156)=1))
REM FINDI MEAN SQUARE WITHIN
g7?0>§0R I=1 TO P(1;0)\H3=M3+82(I)\NEXT\N3=N3/P(1;G)
L A Ay R
S=ANTOR#SONIF F500 THER F=500
LOT 09412 ONFRINT Fos 27

=g IF- FoL THEN F=1
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ST TR

FRINT FoFI1{F)

NEXT i

REM ROUTINE TO DRAUW DISTRIBUTION
PRINT:Q:TAE(QO);"F—UISTRIBUTIDN SIMULATION"
PRINT:BvTAB(10);"Parameters for this simulation”
PRINT%BrTAB(iS);"Number of CGrours = "sF(15,G)y
PRINT!Q;TAB(46)v"Number of SuhJects/Grour = "yF(49G)
FRINT!2, TAK(1S )y "5Size of Error = "sF(2y6)y
PRINT!Q;TAB(46),"SLarL of Random Numbers = "y (39G)
PRINT:E;TAB(iS)»"Number of Simulations = " yP(H9G)y
IF F(5,G)=1 THEN PRINT:Z;TAB(46)y"UNIFORH ERROR DISTRIRUTION"
IF F(5,06)=2 THEN PRINT:Q;TAB(46);"NORMAL ERROR DISTRIRUTION"
PRINT!2+TARC1S)s"Bize of Treatment Effects = "y

FOR I=1 TOQ PC1:G6) -

PRINT$2, TLIC TGy ";\NEXT\PRINT:Q\PRINT:Q
PRINT:E;CHR$(31)’TAB(QO)v

?OE I=1 T0O 50\PRINT{2;"+"r\NEXT\PRINT:Q

.\‘:-_.

FOR J=1 TO 100

R=R+ a2

PRINT:Z;TAB(10);%5F2vRaTAB(20);"+"9

FOR I=1 TO Fl(J)\PRINT:Q:"#”7\NEXT\PRINT:2

NEXT

PRINT:2;EHR$(29);CHR$(12);

NEXT

GaTo 290
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Figure 4

Setur — Arrears on CRT Screen

N0 YOU WANT MULTIF.E SIMULATIONS (Y OR NP N

NUMBER OF GROUFS (2 TO 3) G
SIZE OF ERROR VARIANCE (1 TO-10) b

START OF RANDOM NUMEERS (0 TO 1)

862%

NUMEER OF -SUBJECTS IN EACH GROUF (2 TO 12) 8
i IF UNIFORM DISTRIBUTION, 2 IF AFPROXIMATE NORMAL
NUMEER OF SIMULATIONS THIS RUN 100 '

SIZE OF TREATMENT
SIZE OF TREATHENT
SIZE OF TREATMENT
SIZE OF TREATHMENT
SIZE OF TREATHMENT
SIZE OF TREATHMENT

Examrle SMS

EFFECT IN EACH GROUF
EFFECT FOR GROUF 1
EFFECT FOR GROUF
EFFECT FOR GROUF
EFFECT FOR GROUF
EFFECT FOR GROUF

a2
oNoRelolal

Figure 5

Outrut — Arrears on CRT Screen

RO TIATA GrROU

SURJECT 1 2 3 4 5
1 103.0 105.7 11144 11444 118.0
2 111.9 116, 4 102,27 107.0 101.7
3 108.5 103.1 10740 112.8 117.3
4 10645 110.9 116.7 115.7 100.6
5 100.9 11646 118.0 105, 7 10640
b 103.0 100.9 110,20 112.3 104,85
7 108.2 1161 100.7 115,46 11043
8 104 .6 11147 108.0 11141 100, 1

MEAN 105.83  110.19  109.84  112.1¢ 107320

VARIANCE 13.2 38.8 4,1 15,1 €. 4

GRAND MEAN "109.485 MS(EET) = 42.321408 MOCUWITH) =

FCOBS) = 1.,191598% DF(EET) = 4 DFCUWITH) = 35

T den. L

5452488



ase £6

. MICROCONMPUTER SIMULATIUNG
Figure 6

F-distribution Drawn b4 Student .

“tLochhuraer

1ot We

.
L /

-’ N
LT K Y R ,7

s g | b — =

. o eees weami e e e———— e Sree—e o -
i
1 1

30

C X

(1 Ly L€ 4% ¢ 23 29 20 Lihe 30

X

S

X

X

7

X

52

."

.4
e

S
P

4>‘
0%

XK

9

S

9
-

P
)

A
Z

2K

'-i".

<>

. (.0

XX

).

- 1.4..31‘!. i |




S

F-NTISTRITUTION -STMULATION
Farameters for this simulation
Number of Grours = 0 Number of Subdects/Grour = 14
Sire of Error = 1 gtart of Random Numbers = 9778332

Number of Simulations = 200 UNIFORM ERROR DISTRIBUTION
gize of Trestment Effecis = 0 ) O 0 0

R
W20 ESESREREBRRERSRRRERRRRREXXRREKERRRRIIXK
WURNRE 219118000ttt titiitit)
B0 HERSREBREERERRARRREERARIKRRRRARTRRR
W80 HERBRERRSRASERKEELIRY
1,00 SEBRRERERERKEKLRRIRNR
1,20 sk
1,40 $SERRRRRERERRS
1,60 HEREKERR K
1,80 HREEXERRRRS

2:00 HEREk
220 t3xg
2l 214
2060 12
2:80 1
300 t
3:20 i1
340 ¢
3460 1234
3.80 t
000
4,20 it
440 +
4,40 t
4,80 t
900 #
5.20 +
2:40 t
9140 t
3.8 ¢
600 ¢
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