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ABST:IACT

The purpose of this study was to cornpare the

eff ectiveness of two methods of Dril-]- and Prac bice

procedu.res. The methods tested were:

a) Workshee bs

The students involved in this projecb were etrroll.ecl

j-n Grade Seven at West St. Paul Schocl in Winnipeg" Al.l-

sub¡ectsr oil the basis of their pasb performance and the

pre test, were' considered beJow average in mathemaL,ical,

abil-1ty" A total" of 24 sLt.¡.dents were diviried randomly

into two ma.tched groups. Both groups received regular

c.l-assroom ins'truction supplemented by tC rnínutes, per da.y,

of drill exercises in the mod.e desrgnated for the group.

During the month of 0ctober, I975, both groups ccnpJ-etecl a.

program deal-ing with:

a ) t{ultip}ica tion of Integers,

b) Multiplication of Decimals,

c ) Division of fntegers ,

d) Division of Decimals.

The instrument employed" for Lhe pretest (before Lhe

commencement of the project ), postbest (irnmediately

af ter bhe conpletion of Lhe taught toprc ) a.nd the retention-

test (after !h. Christmas recess) was the Brueckner

Diagnostic Test anrl the test on i,(ultiplication cf Decimals

devised by the author.

l\{a.trix of Intercorrel-ations and 2X3 Analys is of

b) Computerized Drill and Practice Programs.

ltt



Variance for Iìepeabed Me¿l.s;r.rres were used to anal.yse the

data.

The a.nalysis indicated that there was no signi-ficant
difference between the two groups.
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The objectivc of bhis sLudy was to

seven level, the etfecbiveness of two me

menb of a. learner,l rna.the;n:.rtrcÍì materiaÌ.

being compared were: a ) V/orkshee bs

b) Cornputer direcl,

progralns.

CI{APT iilì I

INTIìODUCTION

Tlh cr

fac I tha b

portion (J

l,o driII.

aul,hor's interest, in bhis Iielrl sbems lrorn lhe

in bhe present educa Lronal sys tem, a. collsiclerable

f Lhe Uobal class 'b.Lrne in mathematr-cs l* devobecl

tt rnay be c'Jnsidered a, "nccessary evi.L. " [{ucir

of Lhe tLmer o€iLher bea.chers nor pupils enjoy t,hLs

repetitious ta.sk, however, it must be done in order to

achir: "'e any tle¿;r'ee of mas t ery of Lhe lna tc¡'ia L, Any

innova l,ion l-eacling l,o improvernenI of the presen[1y used

rne thods is bound bo be lvelcome,l by ¿¡ll parties L-nvoÌved.

Thcre a.re a. nnmber of reasons why the authcr has

chosen worksheel,s ancl cotitput er direc beci llr LII anri Prac tice

i)rograms as the locus of his study. The firsL methcd rs

probably lhe most t'requenlly used. 
-The 

second bype ho Itls

promise I'or bhe fubure. It seems'logical that ccm.cl.lters,

which in a relaUively short, perrod of Lirne have Lnv¡¡cled

pra.c bic:rlly all face t s' of our lif e, will sooner or lr¡ter

make a.n impac t on our educa bional system.

Tþc authcr'S main interesf lies in Cornputer Asslstecl

InstrucLion(CAI). lle Ls convincerl tirat Lhis is tlte rnr:Lhcd

cornpare,

LÌrods of

T'hc' two

al a grarle

re Inforc e-

me LhorJ s

ed Drill and Practice



of Lhe near Lu Lure.

Govr.rnments and privabe businesses Ìrave invesLeil boo

rnuch lime ¿lnri rnoney in educa bional research ancl ma Lerl-¿,1.1s

to leL the whol-e -tj-elrl. of ClrI s-Lip int,o coLi,,Lon. F,)r.

exam¡11e, Internationa.l- i3usiness I,{achines (fntil) Aeveloped

a student terminal which allows the student to receive

audio messages and slide projeclions, in addition to

teletype or Cathode Ray Tube (Cttt ) output. I{itre
Corporation developed a system which, for relatively low

cost of $450, OOO , (L972) , off ers a compì-ete computer system

serrring f28 intera.c bive student terminals ( Lncluded in the

price). There r-s a. good possibility that 1;his O.r"e wil.l
go even lower. Science Research Associates (Snn¡, a. company

specializLng in production of educational materials, invested

hundrecls of thousands of do.l-lars ih .the Ari bhnre.tic Prof i.ciency

lra.ining Prograrn which i-s currently a.varfab-Le for rent

(Krcrtochvil , l_972) " Ford i¡oundat j.on¡ as eerrly as L964,

started provrcling financial assistance to projects involving

computers in education" fn the following six years as

much as fril,O9O,OOO had been spent by the foundation for

that purpose. Universities and colLeges across the United

States and Ca.na.da for some time have been invol-vecl in

research dea.Ìing wrth CAI and have obtained many dramatic

and encoura.ging results.

The above mentioned a.Te only some of bhe examples which

imply that the Computer Directed Drilt and Practice programs

hold a great promise for the future, and which prompted the



author to do research in tiris field.

In this study the author has tried to answer bhe fol-low-.

ing ques bions:

I ) Are Computerized Dril-l- and Practice programsj as

effective as worksheets?

2) Can we, in Manitoba, with our present resources

duplicate some of the positive results obtarned in the

United States?

3) Is it possible to conduct meaningful CAI ab a ratio

of ten students to one computer tersninal?

. 4) Does the mode of drilt exercises have any bcaring on

the retention of the taught material ?

Defivritions of Terms

For the purpose of this study, the following definitions

will be used:

f. ) Intera.ctive Terminal An Input/Output rlevice linked

directly to a computer via a telephone line or coaxial cable.

The input on such a device is achieved through a teletype

keyboa.rd and the output is obtained on an electrical

typewriter or CRT"

2) Datacom 100 - A type of interactive terminal in the

form of a teletype"

3) Porta.com - A brand name of a. portable interactive

t erminal- .

4) Dril-l_ and Practice Program Self-governing compgter

program provicìing probl-ems to be solved for the purpose of

reinforcement of learned lnaterial-.



5) Worksheets

problems pertaining to a given topic used for reinforcement

and practice of learned ma.terial-.

6) Achievement - A numerical score obtained on a

given test , in this case -Bruecirner Dia.gnost ic Test and the

test on l,{ul-tiplrcation of Decimals devel-oped by the author"



Sumlna.ry

There i-s little doubt in the authorrs nind that the

great techno LogicaJ- a.dvances being mad e conbinuously in

the field of el-ectronícs a.re bound to, sooner or later,
affect the process of education, When this happens, new

methods will supplemen-t¡ or even replace, old procedures.

This line of reasoning l-ed the author to attempt to
'compare the eff ectiveness of an olcl and tri.erl method,

of drilling students in new material-, such as worl<shee Ls,

with a. relabively new way srrch as computer assisted drill

exercl-ses.

The quesLions which the author tried to att=unur were:

f ) how ef f ective are the cornputerized cirill and practice

exercises compareri bo workshee ts?

2) ar:e we in Ma.nitoba capable of provicling oltr sLuclents,

at the present time, wi- th ef f ec bive com,outer assisted

drilf ancl practice exercises'?

The proceclures fclloweci and the results obtained

in this project a.re stated in c)rapber three and four of

this thesis. In cha.pter f ive the ar.ithor cliscusses his

findings and gi-ves recommendations for the future

c onsidera.l;ions .

Chap ter two presents the results of some o-f bhe

publ-ished empirical resea.rch, perf ormecl at various

universities a.nd. colleges in Ca.nada., England and the

United States"



fntrodue bion

Srnce the introducbion of computers inbo the fielcl of

educabion in 195C's, scores of researchers ha.ve written
reports on aspects of this relationship. The primary

purpose of this chapter is to provide an nninj-tiated

educator with some insights into the real-m of Computer

Assisterì Instruction with respect to the folloliirg four

area.s:

CHAPTER II
REVIEW OF TIIE TITERATURE

I ) why cAr?

2) How is the

3 ) The opposi

4) Results of

Why CAI?

Every year, more and more schools in Canada and the

United States turn to computers f or administra Live a.ncl

instruc biona.l purposes. How d.oes one explain this trend

rn view of the relatively high cost of implementation and

mai-ntenance of a computer sys'tem? OrNeil and. Pytlik (L972

tist a. number of reasons which cast some lrght on this

Ìrhenomenon:

f) Computers make it possible to offer individualized

ins bruc t j-on to a targe number of s budents simultaneously.

Consequently the student may work tnuch more nearJ.y a.t his

own pace than in regular classroom

2) Much of the teacher's routine classroom work such as

computer used in CAI?

tion to and support of CAI"

some pro j ec t s c onduc b ecl in CAI .
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drilJ-ing, reviewing, ancL frcrìen'bing stralght forvr,ard

material can be transferred bo the computer.

3) Once an instructionaf progran has been clevefoped it can

be used by rnany students ancl for rnany years.

4) Comput,ers can continuousl y recorcJ and provicle inlortna-

t ion on the achi evemen'b and prcgreris of anlr' s Luclen b pro-

c eeding bhrou¿;h a CAI course.

,) Since ea.ch st,udenL works inclivicluaÌly, he I'eels free bo

mal<e rnistakes wi bhout f ear of public einbarrassment.

6) Correcting mist¿lkes and misconce¡:t,ions irnrnecliateJ-y

af ber a stuclenl, has macle them reinl'orce,s ¿¡nd improves F_)

studen b 's learning proc ess "

7) The computer is impa.rtral and consistent j-t has no

f avourites. It never becomes impa bienb wi th a student's;

lack of progress.

Atlcinson and V/ilson (tglZ ¡ pp . 3-4 ) c rte sonte fac bors

which explain why this trend is more noLicable in r.ecent

years. These are:

a ) Grea t strid,e s ma.d"e by elec troni c t echnology re-
flec ted in better, more compact ancl cheaper computer

sys L ems .

b ) Greater eLnphasis on ind j-vidualizabion r:f instruc-

bron resultrng in inc¡'e¿rsecl develoilrnenb of progranrrned

ins t,ruc Lion

) fncreased financial aid

from various levels of governmen

A gooci example of a pro j ec b

to educa Lional resea.rch

t ancl private fcun<laLions"

which in a ver.y short



time deveì-oped from a. "hunìbÌe" beginning to a gigantic
operation is the system developed at the University of
Illinois (Layman, l,{ay l9'70). T}re ob jectives of Lhis

under bal<ing were:

1) To investigate the potential of CAf,

2) To clesign an economically viabl-e sysLenr.

The pro jec b called I,LATO I began in June, L96C with ¿)

singl-e s b¡'r bion. In January, f 96l- the second version
(t''lnf O f f ) hacl alr.eacly trryo terminaLs and in i,T¿lrch of t,he

siame yea,r bhe f irsb remote terminaJ-, Iocated l0 miles

f rom the comput er, was used. The sprr-ng of I96l s¿ìw

implernentabion of the f irst instruc biona.L t-.roéjr'årns (French

and l,fathematics). lVhen in faf I of f 963 the thircl sLage

of PLATO wenL into operation, 32 stations siere possible,

this number' Éjrew to ICO by L964. La Le in 1964, bhe systern

was improvecl to allow on-line eciitin¡; of progratns. Tlhis

meant tha.t rt was possible to upgrade a lesson whj-le j t

was, acbua.Ily, being used. The firsb compleLe college

course was a.v¿lilabl-e on PLATO in falt o:f L965, A grant

from the Na.tional Science t¡oundatron, received in hI¿rrch

f 968, Éjave inpetus bo the f ourth ecli Lion of the sys tem

(llAtO IV). The pro jecbed number cf st,ations possible in

bhj-s syst;em v,r¿:ìs 4r096. The ciisLance.lrorn the cornputer

cenLre, r¿t'¿'hi.ctL those st;aLions cou-l.cl Lre lrJ.¿rcecl, grei^/

from 3C to l5) niles.

B

Itr airproximalely I0 years, the PLA-10 pro j ec b develop-

ed frorn a single s1;ation sys;Lem 1;o r ne'Lwo.r'lt oI over LO:l']



terlrtitla.ì.s;. The nunber of ì,lrr; t,r'nc l;ionirl pr-ogrnrns .jr-e\¡/ f.'r,om

two, in 1!6.1., to 9CC _in I97O ancl nov,/ encompassles such

variecl subjects as: Biology, chemistr.¡r, corn¡lrter science,

Demography, Engirìeering, Irrench, Chines;e, English, Li,Ltin,

Ji:-1.)a.nese, ll.ussiirn, spanish, Pol ii,icaL science, Il¡rthern¡,rtics,

Physics a.ncl Experimenta.r PsychoJ-ogy, to mention only some,

Kears.J-ey (tglO ) in fris stucìy of CAf , f ound ilrat
there were 183'/ programs in Ì j7 sub j ects originating fro¡n

2I9 srources" These prograrns were vrritten rn 76 euthor

languages and rvere conbr:o_l-led by l-16 bypes of celrLraL

llrocessorsi " In dura bion these proÉj.räms rangecì from a f ev¿

minut,es to 695 (U"S. Army progra.rn) hours. figuies I,?- ¿rnc1

3 represent a brief gra.phical summar¡r 6f sorne of Kea.rslely's

I rncl l_ngs .

There is an indication o.t increasecl computer iiaseti

Brjucation (C¡n) ac tivity in the devel-oping nations ¿rs

shown by the growing number of their delegaLes present at
confer"eirces cleal-ing r¡¡ith this to1:ic (Kearsley, f976).

Table l, tists the countries, ancl the number'of ilreír
delegates present al the conferenceu deaÌing wrth computers

in education, held in li[arsei]-l es tn L975 .

Hol.¡ Are Compu!ers Use¿ tn Cnl3

There seems to be a general agreement, among the

parbicipa.nl;s i.n CAf, that aII compuber proéjrams wj.ll fal-l
into one ofl the following categories, "instructicnr.rl. modesi"

as they arq sometimes ca1Ìed, (Sto]-ui:ow, L9'12)z

a )Prob.lenr Solving,
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b ) Simula-tion and Garncs;,

c) Drilt and Practice,

d ) Tutori.ir-1,

e ) Incluiry or Di-aÌogue.

I{owever, sonle educators consider combinations or var

of Lhe above categories as sep¿rrate nocles arrcl ar-rive

higher nurnber. I'igure 4, Irsts ten of the seventeen

iclentified by Kearsley (tgle) rt h-ls research about

Other researchers (O'iVeil and Pytl-iÌ<), arltirou¿;h

they accept, t,he five previousJ-y ¡nentioned c:'rte¡lorics

subclivi-de ther¡ inLo tvuo groups accorcling to the w¿ry

computer is being used. These tlvo ca.te¿Sories ¿rie:

f) Programs where the computer serves as an aid

instrucLion.

2) Prograns in which bhe computer assists instructicrr.

The f irst sc L inclucles such morles as:

a) Problem Solving,

b ) Sirnulat i on ancl Garning "

Tn the second. category we find:

a) Dri-lt a.nd Practice,

b ) Tutorial,
c) Inquiry or Dialogue"

In the fcllowing section the autlior will- a.ttempt to

give a brief description of each of bhe bef'ore mentionecì

modes ¿rnd the benefi-ts derivecl from their use.

Problem SolvLn¡4

13

iations

¿rt a.

modes

CAI "

,

the

In bhis method the student wrj. bes a computer prograÌn

tc>
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labl-r: 1

I'lumber of d e.ì erga t,c.:s by cou.ntry at l,he seconcl
IFIPS lvorld colrference .Jn cotnputer eclucat;i.cln
lreld in l,i¿rrseil.Ies in 1915. (Kearsley, 19'16)

COUIITRY

France

Great Brltaln
V/es t Ge rnlany

U.S.A.

Nctherlands

Svre cle n

llunga ry

Sr,ritzcrlancl

Denma rl<

Japan

Canada

Italy
Be lg i Lrrrr

Australia
Czechs ìovaki a

Spain

Runran i a
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Poìancl
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Finìancl
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I raq
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to solve a. quantitative pr.cbl en. Ilooper and Toye (f975)

mention this mode in their stud.y of CAI in the United

Kin¿;dorn. The benefits, which resul'b f rorn t,he use r)f ilris
me thocl are :

a) fo u¡rite a program a stuclent r,rust make a s;Lep-b;;-

ste¡r logica.l analysis of the problem and in so cìoing,

a.cquires a better unclerstanding of bhe prrnciples involved.

b ) Problerns which normatty woutd be tqo cliff icult or

too long may be solvecl in a short peirlod o.t time"

c ) The compuba"tion itself rloes; no l, cve.rsh:lclow Lhe

inrportanb principles being s1;udied"

d ) The time which would be consuined perf orrnin¡; ledioìr,s,

routj-ne calculaLlons may lte usecl for mo¡'e construcLive
"b a sÌ<s¡ .

Sinrula t ion ¿:nc1 Gaming

In thi-s nrode, tlie computer ii,; being used t,t crea.be

situations which would otheir¿,,i-se be impossible to achieve,

The stuclenL is expec becl to supply dif f eren'b v¿¡riables aird

obse.rve the outccrne. l]raun (f gZL) suggests the to-LlowLn;

cril,eria when simulation shoulcl be usecl:

L ) tVnen f¿¿citi- t,ies or equipment needed to concluc L an

actual experj-menb are cos b1¡. or complex irurl , ils ¿r

consequence, where the experirnenb woul-cl proba.bly not

o Lheru¡ise be ¡rerf ormed (e. S; cornplex chemrs t ry ex¡reriments )

2)'l¡/hen t,he actual experiment is haz.::rdot-x; and mighL

enda.n¡4er the experiment er ( e . S. sc i enc e ex¡reriments which

invol.ve ra.cli¿rtion, hi¡çh temperatures, explosive gases )"



3 ) when bime sca.l-es involved are ei bher too shor-t tc
arl-ow easy measurernent or too J-ong to fit into the school
y.ear (e,S. bioÌogica.1 studies in genetics observing

successtve ¡;enera_bions of a, pa.r bicnlar species ) "

4) When the s:rmple siz-e ¿rva.ila ble i.n the rea.l. rn¡orld

is. too small to permit generaLtzations (e"s. the sludy of
rare diseases by medical students).

5 ) When the experimenta.l- technique is compl-ex ancl

must be developed over an extendetl ¡leriocl of tinc.
6 ) When it is impossible to ex¡reriment direc tly

(n.g. studies of polibical, econ,)inic, and socral s;ystems,

huma.n gene t ì- c ss ) .

0ne exarnpl-e of a scientific sirnulation prograrn,

mentionecl in the L.A.C. E. c:rtalogue of Secondary llclucation

Prograrns o is LIIÏLAND which simula I es a. lun¿rr lancling.

rn the area of ecology one rná-ìy be interestecl in the

progra-rn POLUT, devel-oped for the tluntington II project

(Drgita.1 lìcluiprnent Corporation, 19'71) " POIUT simulates

the effect of certain variabl-es on the quaì-ity of'water
resource.

17

Clos;er to home , here in WinniÌleg ¡ John Cowtan

developed a program called WIIIIAT lvhlch very appropr.iaLtely

plac es a student in a posi t,ion of Ð f armer ¿rnd a V,'he¡rt

lJc¡arcl agen b " The student must f irs t, clec icle how nluch

wheat to plant, later when the computer calculates ¿r

yield (using rarndomly selected weatìrer conditions ),
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the stuclent must reach a conclusion on how much wheat to

sell and how much to keep in reserve.

l,,lri L1 and Pra,c b i c e

As the name implies, in this mod.e the cornputer is
used to supplement re¿;ular ins truc tion by supplyì.n¡3

practice exercises to dri]1 previously baught nraterjal.

The benefits derived from this mocle are:

a) The. student worl<s at his ovln ra'te.

b ) The Ieve.l of the problems is estrteciatly selectecl

f or th.e stuclent ' s level of ab.j-ti ty "

c ) Since the student is intera.c ting with. a machine,

f ear of riclicule by his peers, caused by a *rong response,

is el-imina.becl "

and reinf orc erl .

d) The stud.ent's responses are imrnecliately evaluatecl

0ne .¡f the best known drill- ancl pr'Ðctice s.ysterns ,is blre

system rler¡eloped at l;he S'tanford University by Patriclt

Suppes arnd iìichard Atlcinson (E]l-is, 1974, 1r.,14). The

syst,en h¿rs been u,sed for somÉt bjrne througÌ'roul, bhe Uniberl

Si;a1.;es ¿rnr1 in e¡.¡ch c¡jse wi1;h ¿;cclaiiii" Ib lvas cles;i¡;nec-l lrl

rJrill an(l rerriew stu.cìents (tn nì¿lthr:ln¿rticel. cotlcepts

pre\/ious;1y inbrorlucecl in clas.;sroomrì by the 'bea.cher'; The

program covers grar.des one through six ând the mat,erial

for e¿rch ¿;racie is arrangecl in SeqttenLi¿r-l- concept ilì-oclts.

There a.re a ppr.oxirna tel¡r twenty-f ive such b'l oclts [cr e¡lch

¡Jrade. Fcr each da.y of drilI or review there are f i'/9

leveLs of dif'ficul't,y and the sttirting point of a st,urlent



depends cn his previous pe,r'formance.

The Universi-ty ol' AlLrerta cleveloped a system lvhich

consists of f6 student termi-tral-s and one l)roctor terminal

(Fitzgeralci et â1, June L97c, p " 89 ) . The proigranÌs.i trsecl

in this sysf,en a,re riesignecl to clrilI studelrts in b¿rsj.c

nathematic¿rl operat,ions. Froln his termin¿rl. bhe proctcr

can control the proceerlings on any stuclenb terminaL.

The form of l,Ìre problens is:
tr a x b = ctt where x = x, s, +r or

There are. three Lypes of' qìres tions:

T¡r¡t e I

Type II

fn every case the student is askecl to supp.ly i;he missirr¿ç

number. Irorins of reinf orc ernen L are the cortîec b ¿rnswer' ¿.lnti

an aucli o message. The student has 3C seconds; Lo res¡:ond

to a question or prom¡:ting and a new question lvjll [o1Ìow"

Tut o ri al

Type III ?xb=c

1g

a.xb=?

¡X ?-n

In a. tutorial- system, bhe computer aÍlsumes l,he res-

ltonsibrlr-ty for beachirig new naterial-. The j.nLer:acLion,

betlveen a sbuclent ¿lnd the colnpu'ber, is suppos;ecl bo resernble

tha.b between a patient tuLor and his pupil.

Early tntorial syst erns were of "linear" tyIe . Tha t i s

bhere was only one way of getting lrom sl,art tc the finish"

E¿rch s tuclent hacl to folIow the salne series of sleps.

Presenb prOgralns aîe "brenching" in naturc r^¡hich mr''ans;

thart tÌte sfl1rlenb, ilepencllng on his; ¿tbilrlyr ÍjrÍj LnclicaLecl



bJr his responses, may be rì

achi r¡ve the s¿.tme goal. A

pa:rts o l the progl"¿lm y¡hi1e

cic remed ia I rna l;c rÍa l.
An examp-le of ål coìnmercially avi¡ilab_l e tul;ori¿_r1

system is 1;he Stanford Tutorial Systeni developecl by Ilichar-cj

C" Atlcin.son (ALl<inson and !'/ilscn, I972, p.t45). The

systen wasr developed at stanforcl university with the

co-operation of rBIIT. r l, consiErts or a cenl,rar pr-occssor

corn¡ruter, disc-storage unit, ¡rroctor statio¡ a¡cl -Lf: student

Lermj-na.rs, Each s Ludent termina_L consists of er. picture Ì)r1o-

ject,or, a clir, a light pen, a moclified ty¡.lewriter'ìceybo::rd

ancl ¿ìn audio sys't ern. Each pro jector permits a. clispla.y of
over IOCO irrlages which may be accessed ranclomly by bhe

compu'ter" Audio rnessa.ges are synchron:-z-ed. with visu¿rf

images and may last frorn a f eu¡ seconcls to over t5 minut,es.

This systern is used to teach re¿¡rling skil-ls.
Dia logue

Thrs is bhe most complex o-t a.l-I systens. In this mode

the sturl enb can carry a ¿;enuine clialogue vu,i th the computer.

The coniputer must a-ccept the students; response a.nä usin¿1 the

l<ey words, determine r¡¡hether it is satisfactory. The

ultim¿lte cb j ec tive of such i) sys benr j.s to clevelo¡r i t to ¿r

point where the cornputer wrfl recognize the sllolcen r¡¡ord

and respond audibly" 0'Neil ¿rnd Pyblik list some

ch¿rracterist ics of a dialogue system lvhich designers ,¡¡ould

Lrected into ¡:lLer-nabe r(lutes to
good s tucl en L ntay by-pa ss c er ba in

¿iì po.)r s'l,uden1; tn:rJ¡ be lorced bo

20
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l-ike to incorporate into l,heir progr¿.Ìrns. These are:

1) The computer can ta.ke into account not only the

current question but al-so the ¡rrevious portion of bhe

c onv ers¿rt i on .

2) The user has the freedom of makì.ng any response,

even if it is irrelevant.

3 ) The computer itsetf a.lways responcis with something

r-elevant.

4) The conputer c¿ln decicle whebher to delay inforn¿,r-

tion reques b ed by bhe s L;udent ,

5) Cornputer answers nay be basecl on conplex ccnrpuLa-

Lions

6 ) Verbal interac lions should t¡rke place in conmorl

Engl i sh .

7) ,Juest j.ons or interactions äre pernriss Lb-l.e by f;he

computer oÌ' tÌre stuclenb aL ¿lny time.

B ) l,lon-verbal exchanges can inclu<i.e tables, graphs,

pictures and sound"

An example of a dialogue sysbem is the progranl BLIZA

created by Joseph Weizenbaum a.t the lila.ssachusetts Insti-

Lube of Technology. In this system the compu.ter simulates

the questions ancl responses of a psychother:lpist. Although

this Ì)r:ogra.m is only in the cleveJ-opmental stage, it i.s a

good inclicabion of the future possibrl-ities "

The Opposi bion To Ancl Support 0f CAI

The optirnistrc tone, of the firs;t part of this cha¡tter,

ma.y have su¿jges ted a whol-ehearted acceptance of ChI by all



.¿¿
teachers and parents. This, however, is not the case.

l{any eclucators resist the "encroachment" o.f coml:ube.rs into
the fielcl of educ¿¡tion. Sorne of their rerìs()nrì are:

a) IÌigh cosb ol im¡rì-etnent,¿rtjon ¿rnrl m¡rrnlel'l¡ìn(Ìr: o.ll a

c orI)u l, er sy s b erir ,

b ) Short,lge cf hrgh quali l,y CAI corìr"se rn¿ì berial.
c) Teachers' jobs being tal<en ovelî bj'coÌnpuLers"

d ). J-tehur:ani:¿a bion oll erllrca h.i-orr.

e) ¿¡ rrunrber of ec'lueat;ors rJre itoL conv.Lncecl ,:t the

ef .[ect ivenesí:i of C,¡rI as alt ins't rr,rctiona] Lecl-iniqrre "

The llroponents of CAI counter t;hese criticisms b.y

pointing ou t tha L:

a) The cost of a systern is rela.tive ¿rnci tlepencìs on

the e.fI'iciency of nse. The more effectivr: tlLe use, the

lower the cos l,, The cost per stuclenb hour i n t,hr: PLATO IV

system wa.s founcl to be 34ø, which llavor:rably cornpares

v¡i th the cos t; of 36Ø requ j recl I'or tracli bional ins bruc l,Íon

(Stertus of PLATO f V, Iriarch f972) " A.Lso , nevv deve't opnentsr

in tt're computer technology snch as TICCIT (time-sharerf

Interac t;ive Com¡:uter-Controlled Informa.tion Television)

developecl by lr{ITtìE Corporation r¡il-l nos't Iikely recluce the

cost to a.n acceptable Ievel (lteport of the Comput er/
Communications Task Force. Vol. 2t L972)"

b ) The extensive use of CAI rvill increase the

ex¡rertise of erlucators in the frel-C of corn¡tnter programing

and will generate more high querlity course materiaL

c) The primary goal of CAI is not to replace a



cla.ssroon teacher but to i.lrovide

which if used to advantâge, v,rill

zaLton of instruction.

d) Ilesearch clone by v¡rrious ecluc¡rtors seenls bo r-nrljc¿¡te

very favourable.response o.fl sturienLs -l,o'¡¡ards cAr (tti-rr, 19,16;

Hooper ancl Toye , L975; I,{rt zeL, 1968). In a pro ject carr,Lecl

out by s. Ilunka at the universì.Ly of Alberta llclmonton

(tgl+ ) it v/as f ound that oub of 268 elernentar-y stuclents,
2-ü of them likecl worlcing on a corn¡ruter l,r,-,rminal. The

te¿:chers involved noticecl treb ber at titucle t,or¡¡arcl rn¿¡thema-

ticsr especially in poor stuclenbs" There seemerl to be

greater motiva-tion. out of 12, paren't s, 1r6 r"it it was

a valuab-le experience, The mos'L startling resul Ls were

obta.ined by lless ancl Tenezal<is (1971) l-n their experiment

designed Io expl-ore s Lucient at t i-tr.rcies; t orv.rrd cAr ¿¡nd tc

comp¿rre tìrem wi th at ti Ludes tow¡¡rd other sources cf
in[ornra L,ion rncl ins Lrlrction. The two ye¿]r pro jec b Lnvolv-

ed 1tJ9 gracle l-g sturlents o t preclonrinantly l,lexican-

American working cla.ss background . The r-esults inrl icat e

more favourable irnage o t the com¡:uter tha.n the teacher'.

The cornputer Ìras outscored the teacher in ¿rll. respects

even in such 'r,human" characteristics as "softness" a.nd

"warmbh". Iri¿;ure 5 provicles the grarphical surlnary of' the

find ings.

Results of Em¡.lrrical Studies

^a¿j

hím with another.tool,
alfou¡ greater individuali-

To do jiistice to

f iel-d of CAI w<¡ufrl be

a.ll researchers involvecl

¿L ta.sk urorthy of doctor¿:l

in the

dissert¿¡tion
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I{owever, t}re purpose of t}. i-s rev-iev¡ is to provicle l,he

rearier r,vith information on va.rious aspects of comp,..rterized

education. I'1ence, the authcr decided bo present in tiris
section soilìe representaLive sbudies, i.ncLr-rclt-ng birose in
v¿hich the CAI u/as f ound ine f l. ec Lu¿rl-.

Almos b all studies of CAI r1r'i11 and ltractice have

shown it to be effective when compared r¡¡ith traclitional-

cI¡¡ ssroom instruc t.Lon

Suppes atrcl i[ornings Lar (tglZ ) report t he rer:ul t;s of ¿]

sturJy in l^¿hich SL¿:nf'ord llrill and. Pr¿rc tice s¡r 5:it €n vííls r-rs:ed.

to sr-rpplemen't, instrnction in arithnle bic in Californi¿l anci

lrTissir;r;i.¡r¡ri. Fif t een hunrlrecl stt-tdents in Gradei;- .l -G

p::rbicípatecl in bhis study. The resu.l. bs of this progr¿rn

have been aLmos'L sl)ect¿,icul¿-rr. In l\1is;sis;l;ipFj, Grarle une

students gained l. f 4 gracle levels in jutst l,hrr:e nont,hs o I

worlr irs com¡r:rred wj-th "26 grade leve,ls for t,he conl,r'ol-

group" Gracle l,hree stuclents in CaIi.[ornia ¿ind I'{i.ssissip¡ri-

gainecl, respec ti.vety 2 .28 a.nti ?-.C3 ¿;rarde l-ervels in

coÍtpu t;atioual- aLrility,

In a sbr-rcly in Wa"terford, litlichiga.n ít vv¿rs f ouncl

(Ar:nolcì, -197C; Scrivens , L91c ) ttrat s1;udenbs whose nortn¿;.1-

c1¡¡.sslioom ins'tru.ction in ari thrnetic r,vas s;upplemen t ed by

CAI Drj l l and -F-rac Lice, gained signi f icantly i-n achLevement,

more th¿rn s bu.dents who received norrn¿il cl,-rssroort ins bruc bion

only. The dj.fference in gaj-ns beLween the CAI ancl non-CAI

students were " 3 grade l-evels f or gracie two u

three , , 4 lor grad e f our, and "5 f or gracles fiv

for grade

e ancl six.
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In a projecb nln in ,lle summer of L96i) j-n K:¡nr:ras CLty

I,lissouri, a group of 5C0 grade eighb students was ass;igned

Lo two rno<irrl-es of CAI per lveelc. The objecbive of ì;his

stucìy was to evalua'te the ef f ect, Lveness of rernerli.¡.rl ln¡l f h

dril-..1 s, The results, reported by Ta,ylor (lr)lZ) inclì-cat;e

that the¡' were ef f'ec bively incre¿.lsing I:asic slct-Lls.

The same researcher reporbs the resul-ts¡ of ano t,her

s bucly" This one wa.b conduc bed in Ïr'alculla County, -F'l-orida "

The study, conducted in a poor district, invo_Lverì a ¿Jroì-t[)

of elemen'l,ary stutlents who v/ere 1..5 ye¡lrs bel o,,v slan,lard'

grade l-eve-l- in ma l,hematics ¡'.¡nd rearìing. The stuclents

we.re assi-gnr:d to three sessiorLs each ,,veelc, of It-2-)
rninlrtes, on bhe computer l,erminal. The st;ucly which ran

from 1968 bo I97O indicates improvement in performance

which was most signif icant in the 2nd a.nd Jrd grade.

In. a sturly conduc bed in ldon't;gorncìry 0oun by ELernenl,ar';r

School, (Iloclcvi 1-1 e, I,{arylirnd ) 5ij rna Lchecl pa.irs of ¿¡ra11e

six st,uclenLs worlced on operations rvit,h WhoIe Nuntbers,

Sign-on ¡'ra,ct j-ons, and. Pe.rr:ent " Tne e'xperirnent¡¡l gror.lp

rece ivecl bheir cir¡-I1 via computer Lermina L (å trour per

weel<)" llhis '¡¡orJ< was a parrt of rcgular cf¡rssl,ime:. Tlre

resull,s inclLc¿rted srgnr-ficanLly hi,gher achievement f,'oi:

the experi.men ba"l group (Dunn , L97 4) .

Supirers anci lhrke (I969) reporL bhe results of ti

project which invofved a group of 32 Llrigltb four ¿;raders.

The s budents receiverl a pproximateJ.y Lr--25 minutes of

compu.ter ¿rsslsted clrilI problelts per day. The ]lroßram !ïas



in the form of concept blocks each conta.ining exercises
at f ive revels of dif f icuJ-ty. The resurts of the pre Lest

d.etermined the starting point of the compuberized drill
f or that da.y. The results have been very satisfac bcr.y.

tiost scores were abov e BO/" correc L. This group wa.s f . 5
yea.rs above their grade level on computation and z.B years

above on concepts. The comparison group wa.s at the grade

lever f or computa.tion and 1.6 years above on concepts.

tsrightman (tglZ) summarizes si,xt,een studies iLr., which

the effecbiveness of the cAr was being evaluated; in every

case, withoub exception, the cAr was sìrown superior to the

traclitional- me bhod

There seems to be a direct relationship between the

number of sessions on the terminar and il-Le achievenent of
a. student" This is the conclusion from a study conducted

in l-5 schoors f or the cieaf in the Dis bric L of corumbia

(Suppes, and othersu Ì7 May 1973). The participants
in this sbudy were 385 hearing-impaired stuclents

enrolled in el-ementary and secondar¡r schools (grades two

to six). The ob jective of Lhis pro ject ,¡/as bo determine

the ef f ec t.i-veness of a computer ass j-sted elementary

mathernatics program on the acquisitíon c¡f computa.l,ional

skills" The students were drilleci rn their areas of

deficiency. The curricul-um was composed of r4 sec¡uent.Laì-

ma.thematical- strands, 1,'ive srouJ)s of 17 s Luclents each were

a.ssigned to 10, 30, '7O, 100, and IIC six to ten minute

sessions on bhe computer.

11al



The results inciicatecl tha i; t he conrpr.rter' ¿,tssis berl

curricLrlrim erra.bled bhe hea.ring-irn¡.larirecl s LudenLs to

a.chieve ¿;ains expeclr:11 of norma.lly hearing pu¡r_Lìs; ar-rd

tha t, ijlc)a ber nu.mbe r of sessions on t; he co;rr prr.L sr'. \¡,'ere

'l¡enei-ici¡¡l to ¿,r.1-l s buclenbs.

Atl<inson .ancl Suppes (1967) have f ouncl tha t rn

re:r11ì-ng, stuclents of higher al¡ili,ty progressecl rnoìîe

rapiclly than sl-ou¿er sLuclenl;s nainly bec¿:use the -qcreening

test,, inherenb in the protr¿Jm, a1.Lo,,i,ed Lhe students 1;o

slclir en Iire ]-essorrs.

Su¡rpes arrd Lrior:ningstar (L972) founcì that t_'.AI .:lppeirrs

ho be most ellfectrve n,ith low a.bi1i'by pupÍJ-s. This

corlclusion wa.sì frrrbher corra.boratetl by L{arbLn (f 9/3).
Iiooper ancl Toye (1975 ) in tlieir reporL on Cornpu'br:r

Assi s becl learning in the Unitecl liin¡5c1on s Late " . , "sonte o.ll

bhe lower perf crrnance grou¡rs rnacle ¡nost s t rikin¡; gains ancl

Lhey were ,¡¡orlcing more quickly, as well- ¿rs tnore accur¿ttely"

fnteres Ling, though confusingu resrrlts are re¡lorted

by researchers atl,empting to correl-ate students' sex with

their achi evernent

1O
¿O

' I,lartin (L973) in his summary of TIES iìesea.rch .L'roject,

reports an int er.esting obser'¿a Lion in CAI: boys ga Lnerl

more than girJ-s; under normal teaching, girls tend to rlo

bet t er than boys. The results, however', are no t conclr.rsive

becar-rse Streeb (September, L972) also stnclied the teachin,S

of a.rithmet ic thror-rgh CAf and f or-rncL that ¿;irl s ÉIained rìcre.
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In reading, Atkinson (A¡:ri1., I96B), ancl .0letcher and

Aticinson (Decernber, I972), founcl Lhat boys a.ncl ¿;irts
achi everl a.bout the sa.me. Under: ncrrnla-l- conditions girl s;

usuaJ-ly achi-eve be bter.

Not ¿:ll- resul.Ls of the i;tuclies concluclerl in CAI l'avour

the computer groups

In a project conductecl in the lrTontgomery Counby Hrgh

School (Dunn and others , Lg74) , 137 studetrts enrolÌecl in

Geometry classes were divicled inLo two grrJups. The CAI

group cons.istecl of 67 stud ents anrl t,?re control grcup 7O "

In evalua bing the results, j t w'as llound 't,ha L bh.ere was rlc

d¡-fference in achievement between the tv'¿c groups. IIowever,

there was one var-iable y¡hj.ch was not controllecl ancl that

wí.rs the cl-a.ss size. In ex¡leri.mental sample the s tltdents

were clivicled inbo two cl-¿lsses of ll and 3,1 stuclents,

u;here¿ls, the control group consi-sterl of three c.l-asses of

23 students.

The same author reports the results of the a.lgebra

study in u¡hich the ob jec bive urâìs lo bes;t the drf-f erÉlnce

CAI may na.ke be tween f ow i'rnd hi¿;h achievcìrs " One cl;lss

of each a.bì.lity level l/ras taughl, in t,he traditional

tnanner whrle a second class of the Same level used OAI.

The siJrne teacher u¡¿ts involveri in aI1 caf:iesi. Tlie r-esults

incli-ca-L e Lha t there was no clif f erence be Ltn'een the CAI and-

the control groups"

Street (lglZ) reports the flinclings ofl a large study

in 1íentucl<y l-n vyhj.ch a group of l6r-)l studenl;s rcceivecl CÀI



drill and practice as a. supplement to normal instmction
j-n arithmetic. This group was compared with IOOO pupils

who had their instructíon supplemented with prograrnmed

j-nstruction, fiIms, filrnstrips and obher rnedia. The sltne

amount of moneyr Fer student, v/as spent for supplementary

materia.ls as for CAI. At the end of the year, there was

al-most no difference in achievement between bhe two groups.

In a study mentioned earlier in this chapter (p.32-14)

Suppes and Morningstar (lglZ) ."po{t thab jn a project

comparing the e.ffectiveness of CAI vvj-th regular cl-assroom

tea.ching, the a.clministrators of' one of bhe non-CAI schooJ-s,

decided to grve their students a better chance by providing

them with 25 tninutes of extra classroom drill t,irne per day.

These students a.chieved be bter tha.n the CAI stuclents, wlrrch

seems to inclicate that 2, minutes of classroorn clril-t is

more ef f ec t,ive than 5-B mrnutes of computer assisted

program

Crawf ord (tglO) stucLiecl the eff ec biveness of CAI as

a remedia.l ma.th techniclue f or und erachieving stuclents.

Two groups of students received regula-r classrcom j.nstruc-

tion but the experrrnental- group also receiverl CAI.

Al thoughu a. sígnrf tcant gi:i n was shown, there was no

si¡;nif ican t, clif f erence between. the pos b bes t scores of

the tr,ryo groups. The rna jor weaknesses of the study

mentioned \/ere:

30

a) fnsufficient staff preparation.

b) Absenteeism of sturcients"



c ) Frerluent equipmetl L ttreal<clolvns.

d) Short period (eighL weeks) of evaluation.

Berthold (lgl+) compared bhe effectiveness of ilre

following me t hods:

a ) Teacher alone

b ) Teacher-Cornputer.

c ) Com¡tr-rt;er alone,

The sarnple consisted of eleven minì-nra1ly brain clarnar.ged

chil-cl.ren. llach inethod u¡a.s userl f or a perì ocì of i;r,vo li,eeJ<s.

iìïost srgrrific¡rr:rt ga.ins were record-ed af ber [;]re instrucl;ion
by teacher ¿r.l-one and teacher-computer cornbination. floth

methods wel'e judged to be superior' (p 1.C5) to "ilre compuher

al-one. The Ì'ea.sons for the inferi.ority of the compul,er

alone were;

1) The tea.cher was more .f lexible rn h Ls modes o f
instruction th¡n te.Letype "

2 ) fne fu.lt a.daptability of the program was not

utilized betv,¡een sessions to meet the neecls of the

stuclents.

Surnrna ry

3l

Frcn the review of Iiteralure, it is

CAI ls a, credible means of Lnslruction.

The resul-ts of the st,uclies indicate

of this mel,hocl and the bene.fi-ts i.nlrerent

outvieigh the dr¿¡wbacks,

The fe¿r.r, expressed by soìne educal,ors

d.elrrrmani zLng nature of CAI, appea rs Lo be

apparent that

the effectivencl:s

i.n ib seein bo

, of the

ar¡eli or¿l t ecl.



by the results of th'e research in that a.rea,.

rmprovements in electronics and computer technorogy

Ìceep lowerj-ng the costs of computer systems. This m¿:kes

cAr more economica.l and more acceptable to the t:rx¡x:.yer.
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'1'Ìre -Problem

Thrs study triecl to answer ilre forfoiv-Lng qllestions:

I) Are corn¡.rrrberized Drill ¿rncl practice proiirarns a.s

eff ec bive as wor]<sheets?

CI]APTEII I II

2) Can we in l,[anitol¡a, uriilr our p.esent resoÌ].rces

duplic¿rte some of the posì tive results obl¿rined in Compgter.

Assis;tecl f nstruc lion in bhe Un lterJ St;216,.:':

3 ) f s r L porisibte to condur: L me.¿lnj.ngftrJ- UAI a.t ,
rati o of Len sl,udenbs bo one cr:m¡ru ber- ternina.l!.

4) i)oes bhc mode of dr.Lll exerci.ses h¿rve anJ, bearLn¡3

on the -Le:¡rni-n¡g ancl rel,enl;ion of' Lhr: l,rrught; nirt cri¡l'?
Thr: S¿lmpl e

Tlre sr-rbjecl;s involvecl in this s;l,uriy \¡icre gri:dc seven

sLudenls; -.rtt,endLrr¿ the \.iest, Sì;" Patrl Schort_l in Seven Oalcs

School Il.Lvision /itO j-n \'/innipeii" Al-l bhe s,rl¡Jectl;, on l,he

b¿rsLs of t,heir past perforrnilnce ¿rnrl bhe scorrìLr ù'ot,¿rinccì

on ¿Ì serj-es of l,esbs given jn Septernber I)/';, vvur'.

plac'eiì in tlrr--'l,r)ri'rJrjl, qr-rarl;i1e cf, l-Ìre Lcta.l popu-Lr-ì tion

INVESTIGATION
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of ¿;rado seven stuclents in the r;citoc-1,

s tuclen l,s 'r'rrrr¿ie11 frorn 12 to -l-4 years.

TwenIy-[or.rr sbuclen'bs were cl.r-vLded Lnto Lrnrr) ¡nat,<:hec1

gl'(lu,Ðs rll Ltre f'clllowr-ng rnirnner" f¡irsb, a--1.ì Lhe sLr.rrlenùs

sJere gj-ven bhree sec Lions of t,he lJrr-rccl<ner Diagno:: Lic

Test and an especLally preparecì best on l{ul-tì.¡rlj-cation

The :,Jiicr,; of



of Decinta.ls.

topics:

r4)

The three sections dealt v¡:ith t,he fol.lowing

a) I,4ultiplication of Integerso

b) Division of Integers,

c) Divisi.on of Decimals.

The test on L/iultipJ-ica.tion of Decj.ma.l-s lvas prepared by the

author especially for this study" 0n the basis of the

tota.l- score obta.rned. on the above nlentione<l tes bs, the

student,s were arranged in order of decreasing actrievelnent.

The f irst s Ludent in the column was ra.nd omly assr¿5nec1 to

one of bhe two groups, the second stuclen b was then

placed in the other group. The thLrd sbr-rdent *"* again

ra.ndomly a.ssigned to one of the groups anrl bhe fourth
\/as placecì in the other group. Thrs proceclure was

f ol-lowect down the list " f n this manner L,¡¡o groups of'

twelve studenbs each were obtained. llowever, during the

pro j ect, two sub j ects from the "Computer'r group rnoved out

of the disLrict leaving that group wj-th onì-y ten members"

The results of this firsb series of tests were used

as a. prebest , The mean score was calculated for groì.lp

and a t-test wa.s performed bo insure tha.t the means front

the total- pretest scores of the two groups were not

signif icantly dif f erent (p <" 05 ) .

S l,atistical ll.ypotheses

If two groups of grade seven

accorclingly to their mathematj-cal

classroom ins-bruction in:

students, matched

aLbitity, rec eive regular



a) I,Tultì pli-ca.tion of fntegers

b ) IiTultiplica.bion of IJecirnals

c ) DÍvisron of Integers

d ) lli vi si on of IJec imal s

ancl if tirj-s ins bruc Lion is suppleme-.n'tec.L by ten rn.inute s/per
dily of alrprcpriate drill exercises rvhj ch membersr of one

group (Computer) would receive in a form of computerized

d.ril-} and practj-ce programs whire *¿he members of the other
group (Workshee b ) via worksheets then:

f ) There wi-lI be no si¡;nifica.nt, rlit'ference in
achievernent bet'¡,,een the two groups in mulLiplicabion of

int egers,

?-) There will

a-chi-evement between

of decimal-s "

3 ) There will

a.chievement betv¡een

4 ) There r,.¡j lL

ach L evemenL betlveen

qI T'Ìrpnp vvi-lI./ I Ifl9r u

achlevr:menb between

Li nri t¡r.bions
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be no significant diflference in
the two groups in multipLic¿:tion

be no significant

the l,wo groups in

be no signi.ficant

the 1;r,.ro iiroulls Ln

be no signific¿rnt

the 'two groulrs on

A number of

si¿;nLficance ofl

t,ne ¡es11,l l,s íl Ì:"e

into tr¡¡,: cl¿lsseii

clif flerenc e in

division o.[

difIerence in

cliv.Lsi.on of

cliffe¡'ence i.n

'bo bal sicor:{ls

Iimi ting

each limi-

r,: t¡ ¿r lr-ia. t e d

fac to rs wil L be

t¿r Li on slrolrlcl be

. These lacl,i't¡'s,;

rnt egers .

rlecim¿rls.

d i s cr.r.s s; r: cl

<; on si- r'l ere rl

iììnJ' oe rj.l_v

ancl t he

wlt -^n

id r:rl



1) SampIe lrmitatioit,.:

2) Pirysical limitations
íJarnpll I,inr it¡¡tions

The r:jm¡Jl I si:re of' the itol;rrì at,Lon i,es:terì lna].lel¡ Lt

un'l iì<ely l,ha'1, l,he concfuslons would be :ippì_i.clb.le .l,o

general po prrlertion.

l'h'¡sica L Limi La I ions;

There are a. number of fac t ors vrhich coulcl be placed

in t, hi s c,r b ,:ßo ry i

a) Com¡ruber Lerm.i.na.l- bei-ng locaterl j-n the phys.;ical

educ¿¡ti on of f i ce.

b) Only one coìmputer ter"rninal for ten subjects.

c) 0nly one teacher to supervr.se the project, on tcp

of iris regular dulies;"

d) Onìy one nonth's binre bo ct)nclucti the sturly

At Lhe very onset o.t the stud¡' j-t'/'ras cl.Lscoverecl bhal,

bhe only pl-:rce where the conputer ternrinal worlted withoub

any-flaiv lvas t;he physical edurca.tion office located in

the gymnasium. Since the Syrtnasium was occupied ¿rt

all tirnes, even closing of Lhe of f ice cloors; coultl no t

ellirnina.te the clistraction causer:L by blre uoise of'physrcal

¿rctivi'by in t,he hall

The t'¿rcb tbat bhere lvas only one terrnin¿11 ¡lv¡,¡i,la.ble,

f or this pro ject, macle i t rlecess¿rry bo schecltrle the str-rrlenl,s

tlrroughou t tLre clay (f aUt e 2). That meant pulling stutlents

ou.t of therr reËjular cl-asses. Tþe teachers aff ected lvere

very co*operativeu hovyever, the students frequently arrived

36



Ia.te or forgot tc come aì l,ogether.

The problem of sbuclents coming l¿¿te or no.L coming

ztL all for bheir apporntecl t_ine, coulcì ìrave Lreen solr.ecl
if bhe,:re w¿is a frrll titne sÌ.tf)cl.r'vi_sjtt.r., llov,,(ìvç1 ¡,, t,ìre aul,hcr
w¿rs Lhe only person crverlooÌ<rng this project ¡¡ncl tìraL .vv{Js

done on top of his regular duties, Tlie remote roca.t.Lon

o-[ the terrninaf made it impossib]-e to checlc quiclr-Ly

whether everything wa.s proceecììng a.ccorclin¿j bo schecl*-l-e"

The aubhor feels that Lhe resu.lts of this sbr-id;,

would h¿.Lve been more relrab-l-e i f the sturÌy couf cl have been

conducl;ecl over a l-onger periocl cf time. lrïore tinle, woulcl

ha.ve a.l1ou¡ed bet,ter l¿rmiliariz-ation of students wibh the
r og-in and I cg-of f proc eclure we ll a s elimina ting bhe

novel-by of bhe. experience

Ins Lruc tion¡ll l,rograrns
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The two crornputer drill
thi.s s tucl¡r were written by

was preparecl especì-alIy for
are very s-Lmilar in nature

oppos:'. te operations

I,ruL'iJii

This; is a drill- prograrn ¡trovicling ext:r.ci:;es in
¡nu-l1;r plication. It is self-governing. The pr.ogratn

allows the studenb lo choose:

¿lnd pr¿lc t,ic e prograns; usecl i¡

the author" Prograrn I,lUtTJlJ

this pro ject. The t;v1'c proíjlFr.iTls

although bhqy deal r¡¿ith

1) the number of pro.blems to do froln I to 20

2) how many cligits in each number

l) integers or decimals



4) if clecimals, how riì.lny clec.Lma-l pl.nces each of the

numbers shorrld conta l-n.

Al-l numbers are ratnclomly éjeneraLed. If a studetrt rnaltes a

mistake he or she wil-l- receive a b¡'icI r-nstrucLion on bhe

o pera bion j-n question ancl bhe s.¿lrne prìobl etn vt'ill be repe:¡tec1.

Af t;er a second rnistal<e on bhe saÌrle ¡.lroblern the correc b

a.nswer rvil--ì be providecl, the studenl; v¡ j ll L;e crerl it cci ',i'i th

an er'l:or ancl a new quest ion wj I I be typed. In ¿-r case

v','here a :¡tudr:nI makes thrcc e-r'r()rs Ll] Íjì ìîc,// hc r'¡j l.-L ll('

ej-ther senl, to consul b his Leilchel or vYill be ¡liverl

p::,obIerns ¿r b a l-ower level- of d j.J'f j crrlty. llha , if tlre

u¡.srtcccs:;I'ully irtternptecl prolllents; hacl t,tvr¡ Or more cli-gil,s

in bheir nulLiplier the nex'b seb of' pr.oblcnts r¿i1l ccn-[¡¡in

rnrrl.lipliers r,n,ith one less digrt. fn a c)írìsie 'n'h(,-t'e t;ire

rnul bì plier h¿.ls onì.y orìe drg L L thc s; t,t.rc'len L rvLll lte re f errerì

l,o l,he sr.rb.jccb teache¡' llut' I'lr.r'bher ins;1;t'uclion. Il- :J

s; Lu¿ent ;ìlrrj,¡/aj¡s correc bly 1; il¡e(:) (l(.).1ì:jtlcut ive qì-l(j:j [,rons, he

or she r¡¿ill be alfo'¡¡ecl tO eithcl" l)l"oceelcl'¡'ith llrobJ..t.:ms

¿r t Lhe salìre lr:vel of dif f j.crrJ,ty or l,ry Íjolil(:-- lnrJ¡e

cha Ll-engin¡; prob.lents, in ,¡¡h j-ch cal.ie the s Ludetr [; u'¡ j.]-l- ir[:-r j,¡r

have to rletern.ine the char¿.lcteristl-cs rtl e¡lcir nllntb,.:r. At

the encl of bhe session, the stnclents are Lnfo¡'lnr-',:l al-rolrl;

Lhei:: perform:lnce: Ilow rnauy quesl,i-ons '¡rere i:bl,etnpLed,

¡cry¡ in¡.rny !.,,erc answered correc b,Ly, ¿l.nd lvirat wíls bhc st;utlun.l,'s

pcroi:nta¡1e sco're. An .important f ea Lure c-,f thi:; l)r'ogr¡rn1

is the [a.c 1; that j.f l;]re lntrl b LpIi er consrsts of rnore t'tr:¡n

3B
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one cli¿li b then each part )f the ¿:rnsl¡/€rr is juclged

inclivirlual-Iy, allorving the student 1;o pinpoint 'vvhere lhe

lnist¡:ke u¡¡-rs macle" For exilrnple:

IJIVI]]E*

This is a self-governing progr'¿rm ¡rr:ovicling,e4ercises

in rlivision" Liice I'ruLTJIl, ib ¿¡.llows the stnclent to choose:

f ) 'bhe nurnber of probJ-ents to cio fi:oln t bo l5

2) how tnany cligits in each tturrtì:er

3 ) how many decirnals in ea.ch ntrrnber

4) how many decimals in the :.ìnsiwer

Unfortunabely, Ìrowever, the auLhor could tincl l1o v/ay to

ma.ke the progr[Irn check bhe j.nt ernleci i at e st r:p:; , so the

student's response w¿ìs juciged by the f ina.l- answel'i

326x 12--T52-
326
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first check
second che-:c',<

-tinal checl<

Exarnpl e :

With respec I to bhe treatment of s buclents who nec;d

extra help or find the cltosen erxercises t;oo ea.sy, this

p.ro¿jram rs rtrui be simila.r t,o i,IUT,TJil" The onl;¡ (l if terence

lies in the t'act that where¿l.s ITTULl'JIl ¿rb firsb clecrea.cies

the nqmber of clrgits in the multipJ-ier and refers bhc:

stud,ent to consuÌt his teacher only when the multiplier

contains ar single riì git; DIVIDE cloes it .as slool'l irs the

studenb ¡nalces l,hrce mistakes in a rovf- AnoLher cìitference

-?

"6)--T-



may be found. in the treatrnent of wrong answers.

MULTJII a sturlent rec eives brr ef instruc tion a.ncl

a chance to ansvver the sanle cluesti on. In DIVIlllt

no ins'truction, the col:recl ¡1 ¡11;uJrJr i:; gíven atlrl

nexl, clur,:sbjon vr'ill be cornp-LeteLy c'litfercni; fror:t

which u,'as answered- incorrectly.

lVorl<she e t s

Four sets of worksheets were used tc provide the

dr j- l-I exerclsìeS f or the second experimeir t;ul- ijl'olll), Eacþ

set, rl eal L r,ryith one specif i-c oluer¿ì t,ion ' Tho ques l, ions

\ïerÉt of v¿,rri-ousj degrees of cìrffrcult,l' ancl welle-llrranged

in sequenbial order. Iiach worlcsheet had rìore questions

than coul-d be a,nswered" rn l.C minute periocl r:f trne" This

wF-rS clone bo prevent better sbudents fror¡ f inishing elrrly

anil then sit bing idly f or the rernai ning tinle " Ll¿rcil dir.y

a cli.fferent worl<sheet from ¿ln ¿lppropriate Set was; usecl to

eliminate the possibiJ-ity of memo rLzatLon of e;(ercises;-

Examples of the computer programÐ ancl fiorÌe of the

worlcsheets¡ ntay be f ound in Apllenclices I3 ancl A resipec t-i veI;' "

i'ie ir suri ng Ins l,rument
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In

then has

there is

the

tirr: one

aclriÉrverrcnL v;¿-r.sr t,he iJr'1,lec)ltnei:'1-)ìagncl-:1,ic'1'esr t,, This; tr-lsst'

\,vas ernployecì hrecatrse ib was Lhe only orlrÌr bo Lho aut,hor''s

knctr'leclge, wÌrich has entrt'e s;c:ctltlns-r cleltìin¡1 v';Ll,lt orÌe

ri¡rcc L fli,c arl)erir Lion' l{ovreve¡', Llterc vïas rì'-r s'r'lc L i.olì il e'i I LrlJ

vril,li Iiul Ì,i¡r1 r-cat,ion c¡f Decirlraì.ri, t,hnrei'r)I'€, the irtrtÌtor

The i,est th¿lt w¿rs chosjtjn to É)Sislesir:: t, ll e sutljerlLs'



developecl that test. The auttror c,¡uÌcl not finri any

in.fr-rrmation about the vaJ-ìclit¡r or rr:l-rabrILty of bhe

tesL. ii.,', r,./or-, 5[,itz-er (Srrros' The ii'r,JrLir llent¿r L

I{e¿r s:rrrclnen t, Yc¿r..rbo.o }< , ll +l I ) i-n hi s revi ev'¡ o ll 3ruc.c:kn e r"

Di-i:1-;nostj.c Test sLates; "...fjoorl test for. abiliL;r to

work witLi funclanental processes ancl aocur¿lcy of

contputation". Since bhe purpose of Lhis sburly'rriìs to

cornpare the achievement of the two Élroups of sturlents,

'¡¡i-bh respecl; cf the ¿:bove mentioned flac1,ors, ano th-.

sarrne bes l; war:ì usecl by bo bh groups Ior ¡rretest
¿tncl retenbion;test, the a.uthor clec,i decl to use

1tll t,es1;s nray be found in Appenclix A.

Apprrla Lr¡s;

The computer used in this stucly i.s ownecl by bhe

Province of I',lIaniLoba at Cybersha.re Linij-1;erl" IL j-s ¿ì CL,tC

65OC Inorlel" 'One !o,rb¿lcom int,eracLive l,crm.rna-L vi¡s n¡lrJe

availa.ble by the Cornputer Services Branch of the

Depa.rtrnent of Eclrrca bion.

41

The term-Lnal was placed in the Physic:ll Eclucation

off r-ce located in the gynnasium kraÌl in West St. -Lraul

School" Since in tha b schocl l,he ¿jynur¡rsi'¿m is; l-oca bed ¿¡t

one enrJ of 1;he b,-rilclin¿j ,¡rhile tbe arrt,hor'r: cl¿rsr:iï'()orn rs

si-tua.te.f ¿rl'bhe opposite encl, 1,his arrangernenl ntarle cLose

ancl. con'Linr-rous sìupervision of st,uclents uior^lting on the

berrninal irnpossible. ThLs¡ unlavoul'¿rble lccation hacl to

be ¿rccepted simirly because, that vr,¡¿rtì ilre onJ-y ¡l1irce, .rn

the entire schr¡of , where tìre berininâl- rryorlced r'vi Lhout any

, posttest
Lr.
LL.



r roÌìoI e .

Cost

The total cost of this project y/a.Éì sh¿recl jointly bJ'

the Coml:utet" Services Br¿lnch of t,he J-.te¡;arl,rnent, of iÌducaLior-l

ancl the f/est St " Pa.ul School. The school pai 11 f or l,he

Central Proc essor's time which amounLecl to i]i65. 5I. The

Depa-rtmen L of Educa.tion providecl cne Port.rcom terlninal

ancl pa.id a1l other expenses. These expenses consi s t,ecl

of ri,bl¡on ¿¡nd pa.per f or thr: lerminal, 'which r'¿as

aplrroxima bely ,ii5. C), and the connec b b.ine which cosLs

thc-: Depa.r'LrnenL ol IJducation liil"CC per hour of use. Srnce

tlie t,errlina-1. wa.s us;erl approxima te.Ly I hours ,rnU 4! minr-rtes

per day f'or 20 c1ays, this ccst amounLed, to ,i,75" ToLal

cost of bhe enbi-re project vvas ,11145"tI" 0n 'bhe avelrage

there \¡1ere 15 s buclents per day who ltsecl t,he -Lerntinill,

bheref ore, the cost per s t,uclcnt per c'lay ¿,rtnoltnted l,o

a.ppro xima.t ely î " 48 .

Tire a.uthor realiz-'es that !he cos b o f' simila-r

undert¿rlcings cond,uctecl without such ext ensive suppcrrt

o f l,he Ðr:parbmenb of Eclucation wotrlcl h¿rve bo be hi¿;her..

T?re cos.b ol bhe Ç onnect time woul d rise lront :i|f bo ü4 per

hou,r (lhis; price r-ncl-ucles .bhe clisÌ< space) anrl t,he cost;

of renti.ng Lhe computer t ernin¿¡1 t'voi;1d be an er.ddi l, j-clna-l-

Ji55 per mcnth. This would m¿il<e the cost per str-rden.b

hour higher', rrncl only more ef l'ic; Lent use of the let'rnin¡rl

worr-Lcl lov¡er i t, to a rnore acce ptabl-e Leve.l-. 
.:,:.:-:.::,.,:::..::.,:::::.

.:;'.: ,', 
: 

- .. | ': - ")i !:'' i 
': ';:
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AdministraLion and Procedure

Pre test_

The study commenced on 0ctober l-, 1975, .It
until the end of the month. The project was prec

bat tery of tests, f our in all, each dealrng wi'bh

bopic. The operations tes'bed were:

a.) Il{ultipJ-icatiori of Integers,

b ) lv1ultipl-ication of Decirnals,

c) Division of Integers,

d) Division of Decimals"

bhis thes;is this f irs b set of

pre test

In

the

A1t students wrote the

time in one classroom. The

subsequent tests (post test

as bheir rnea.ns and Standa.rd,

f ol-l-owj.ng chapt er "

P.roc edure

43

continued

eeded by a

a single

Following the first seríes of tests the stuclents were

divideci into two ability mabched. groups" The procedure

employed in this proc ess \¡,ras describeci earlier. The

t'¡¿o groups, for the purpose of this stuclyr were named the

"Computer" ancl the "Worksheet".

Al-l- studen'bs rec eived their instruc tion f rom bhe same

teacher at the same time" The daily period of 40 rninutes

was divided Ínto four parts as follows:

1 ) Correc bion of asslgnmsnt,

results is referred to as

sanìe test and at the same

raw scores of t,his and

ancl re bention-t,est ) ås wel.l-

Deviations inay be.founrl in the
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2) Introclucbion of neiv topic,

l) Answe.ring of quesìtrons and assigning new homeworlc,

4 ) r//orkshee ù groull ,,vorks on r¡ror-Ìcshee bs.

',4/hi-l.e the student;s in the Wor'}cs;heet groltp wcre 
"'ror:lci-n¡; 

cn

theiL: ririLl ¡rroblerns, the stttclents in the Cotn¡.tuler' Él,roup

were all-ov¡ed Lo work on other sub j ec ts not relatecl to

the newly introduced Lopic"

Since there was only one computer ternlin¿ll- the

sbudents iu the Coin¡tr.ttcr SroulJ hacl t;ir be scheclule,l i-n ¡l

slrecir l l,irnetak¡Ie. Each si,r-Lclenb \'riìs rrst;i3ned t;o ¿ì clail;'

s-l.ot of time L') minutes in dura.tion. The aul,Ltot'has

e:;timabed tLia.b out of these l5 mi-ntt'tes, five rninrttes wer.e

s pent on logging-in and logging-or.rt proc ec.lure a s well a s

w¿ritin¿5 f'or 'the computerf s responses.

The author was pleased witil the co-operaLion of ot,he¡'

te¿rcÌre,r's in the school" They ¿i1]orvecl the student

scheduLecl f or bhat pa-rticul-ar t,ine 1;o leave the Lr

regula.r cl¡rss a.nd go to work on bhe cottt¡lu'Ler ternin¿rI.

Viithoul, sr-rch lLelpfut ¿lttitucles this r¡rho1e pro jec L wor-tl tl

have been itn_¡rossible.



AM
Subþc t

I
2

3

4

5

TabI e

DaiJ-.y Time

To mj-nimize any Hawthorne Ef f ect , the s tud ents in
the lYorksheet group were a.llowed to use the terminal any

tinle when it was not scheduled, horn¿ever, they were not

permitted to lvork on any math progralns. l,{any students

took advantage of this. arrangement and tried the va.ríous

programs available in the compu'ber memory"

Post test -

Tirne
B:40-8:55
9: C0-9:15
9z2o-92 j5
9:4O-9:55

10:00-l-0:15

2

Schedul- e

Subject
6

1
'o

O

o

t0

Iininecliately after the cornpletion of each topic all

stuclents were given the sa.me test as in the pre test.

Since the students were nob informed about their resul-bs

in the prevì-ous test, and both groups of stuclent's received

the same tesbs at the same timeu bhe a.uthor f eels that

any "Test Learning" tha.t would. tal<e place rvoul-d be 
j

equì-va.lent f or both groups " Thrs secontì set of results,

45

PM
-Time
l: CC-l

1: 20-Ì
1: 40-1
2 z OO-2
1.îiì ')a . L\)-a

L'
35

55

L5

35

in thj-s s tudy, .is ref erred

Retention-test

Approxima.t ely two

study, a.f t er Lhe "Chri

Lo as the "Posttest",

rnonths af:ter the

stmas Break", all

cornpletion of this

sturlents wrote



the same Ilrneckner -Di a.gnc'l;t;j-c Test iìt.lLl LÌre

by the author f or the thj rd anci f ir-ral t j.rne.

set of scores is ref errecl Lo as the "ile ten t

St¡rtistical P¡'oc edure

A sintple correlation program was employed to see how

the fcur parts (liuttrplica.Lj.on of Integers, I,lul-[iplrc¿rt;ion

of' Lec.Lrnals, DivLsion of Inbegers, ancl Div Lsion ,-rf

Dec-ima.ls ) co.rreL¿lterJ wi th one anot;ìrer.

A 2.>i3 Analysi.s of Varilnce f. or iìr:peLrterl I,1e r',¡¡,rr'a,t

Des ign w(:rÍr usccl h:rvirr¿; one tte bwccn-l;ull ,.; er: l,s [¿:r: lol,,

threer within-sulr jec Ls Iactors and an inter..lc Lion tac Uor"

The between-sultjecl,s (VartaÌ¡l-e A) f'actor harl tivo levels

corresponding l,o tl're two gl'oups (Computer ¡-:nd Worksher: t, ).

The within-sr,rbjecb fa.ctors (VariabLe B) represent,erl bhe

Fre ¡ por;t, ancl re t ention t es ls nreasuring ncadem j c

achreveurent JVer birne,

46

tes;b rler¡isecl

Thi s; f Lnal

ion-bes-L ".

This analysis was used for each of'the follo'r,,ing:

a) L,Iuliiplication of lntegers,

b) I',[u] tLptrca.tion of Decimals,

c ) i,lurlLiplic¿rtion (fntegers and Ðecintals),

cl) Divj-sion of Integers,

e ) Di vi sion o f Dec imals ,

f ) Division (fntegers and Decima.ls),

¿l) Total (Ltuf.brplic¡.¡tion ancl Div,i siorr).

The results of this a.nalysis rnily be found in the

f ol-lolving' chapt e::,



rn this chapter the auuhor will present the resul-ts
of this sbudy

The original- intent of this study was to compare

the cornputer and worl<sheets groups on their to baf scores,
however, once the data was availabre, the authcr felt ib
may be interesting to see how the two groups colnpared

on individual operatrons. since the correl-ation matrices
(tables J ancl 4) indicated that there was no signrfi.cant
correlation between the pretests on various ope4abions,

the author felt satisfied that the analysis of indiviclual_
.operat-j.ons wrll not l-ead to the duprication of results.

The raw data babfes may be found in Appendix D"

The tables a.l-so indicate bhe mean var-ues and standarci

devia.t ions

Figure 6 gives the graphica.Ì represen-bation of -bhe

rela-tionship between the means on pretest, posttestu

and retention-test in each of the studied operations

for the Computer and the V/orksheets groups"

Another examinatíon of the correlation coefficients
produc es rather surprì-sing resul bs " One rryou1d expect

that since mul-tiplrcation of integers is crosely reÌatecl

to the multiplication of decrmals and the rjivision of

integers to division of decimals, there vuould be

significant correla.tion between the posttests and the

retention-tests for both pairs of operations.

CIJAPTEiI IV

RESUTTS

4'.|
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a)
L)

6

2

2

(c, )

¿1.

(tr.)

40

lc

20

3

10

12
(cl.)

Conrputer grouD

V/orksheet ¿;rorrp- -:i
b)
c)
d)

1-

l-

,¿

(e. )

Liultiplic:Ltion of integers
l/lul tipl,ica t j-on ol çl cc ilutl.r,;

l)ivision of inLc¿;crs
Di.vision o[' c]ccin:rl s

Total scoresl
Pretest
post t est
Relention-t,est
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This is true in case of the Computer group where the

correlation coefficients of "Bl- between posttests in
muttiplication and "75 in drvision reinforce this
expec bation, However, corresponding coeff ici-ents

obtained by the Worksheet group are " j5 and " 6I

respectively" The d"ifference is even more startling
j-n the ca.se of re tention-tests. For the Computer group

the correl¿lti-on coefficients between the two retention-
Lests are .93 for multipJ-ication ancl .64 in division,
fn case of the Workshee b group the.y are " 18 and .64.

The possibl-e explanation of these results is glven

in Chapter V.

Analysis of Variance

The analysis of varia.nce summarJ¿ tables, f or alf
operations tested, are located on the fo.Ilowing pa.ges"

The cribical value neededo to rndicate a

significant dr-fference between the means, ât the "C5

level is 4.35 and at "01 level rt is 8.00 (Af=t,ZC)"

The results indicate that there was no significant
difference bebween the means obbaÍned by the Compuber

and the V/orksheet groups in any of the operations, thusu

none of the f ive nu1l hypotheses were re jecterl 
"

Both groups have shown a significa.nt difference

in achievement over time in all opera.tions"

The table representing the Division of Decimals

indica.teil a signif icant (at the . Ot level ) interaction

between the two groups"



Analysis of Va.riance Summary Table

Design

Tab Le I

I'{ulti plic¿r.Liorr of Integers

Sourc e o.[
Varratiorr

A (Treatment )

Subj. w. groups

B ( Increase over

52

for Repeated l/leasures

AI]

BX sub j. v'r. éjroups

To t¿rls

1

20

2

2

4C

65

t .;)

(1,20) x

xx

(2,4c) o

vv

12 "272

2341 " 6,\

429 " 69

7 .71

92)"32

3725 "81

¡4(:l,tù

p 4.05
p *a_ 

" O'l

p L.05
p¿-.1'1

1C )'7

1n ,ìoI l.\-/U

14"84

3. 86

')) ')')L)õt-, )

1

2

F
iìaticr

0.105

,f=4.35
F=8, 0

iir-ì ))
L-)aL)

l'=5. 1 I

9.24on

J"166



Analysis of Variance

53
Tabì c 6

Sunma;:y Tabl e f or tìe pea b ecl i,Te¿: sures

Design

Ifurl.t LpIiq¿: bion of Decirna-l s

Sourcê of
Variation

A ( îrea t;ment )

Subj. w, groups

B (tnatn scores)
ADtìu

llx sub j. r,v. groups

To.b a 1s

1

2C

2

2

4O

65

(t,zc) x

XN

(2 ,4'¡ ) x

YV

tj.g1

191.31

951 "56

2"86

314"9,+

1679"25

ç: zi , r)'2

p{.or
p{.05

P¿-,ut

B" 9l
't o E-7

,+78 "78

1 .41

lì-

I "ö I

f¡-

ñI=

L;1 _
t-

4"35

B.c

) ,)

,"1ti

c. 45.;

6 J . tìil9x

c"181



Analysis of Variance Summar'.¿ Table for ilepeated. I,iie¡¡sllres

Des ign

Division of fntegers;

Tal:1 e J

Source of
Varia tion

A (Trea L;nrenb )

Subj. w" groups

B (matn scores )

AI]

BX subj. w" groups

1lr-¡ta1s

tr,4
)'1

1

) t'\

2

2

4C

65

(1,20) x

XX

(z ,4c) *
)(X

B"6l

1196.31

349.18

2'94

513.63

207 tl "'u 1

p < "05

f/-"ut
p d"05
pi"or

8.61

59 "82

174"69

1.47

12 "t\4

l¡-

F-

i¡-

n-

4"35

8.0
) ,)
)"c)

5.18
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Anal-ysrs of va.riance summary Tablb for. Ilepeatecl l/le¿rsures;

' Design

Source of
Varia bi on

Division of Decirnals

A (Treatment )

Subj. w" groups

B (l'ferth scores)

AB

I3X sub j " w. élroups

Totals

55

1

20

2

¿

4C

U)

(t,zo) * p1"c5
xx p <.C1

(2,4c) * p1"o.t
*x p <.01

IJox' ConservaLive

J\)

158"14

fJ79 "5(:

2359 "29

197.43

732"61

4214"94

I

I

i

i1

158.14

,+3 " gB

179 .64

98.'.t 1

. O r^I|J. J¿

(1,39) + p<"oj i¡- 4.09

++ p¿",)1 F= 7"33

¡'
lìa t, r- o

F- 4"35

I¡- B. O

t¡- 3.23

¡'- 5"18

Tes t

3"596

64"

r

4c6*x

ì -l,lx x
1
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Analys;is of Variance Summar'7 Table Ior Iìepeateci i,feasures

Design

Iotal ( t,,Tultiptica Lion ancl Ilivisr-on )

Sourc e o I
Variation

A (Treatment )

Sub¡. w" gnoups

B (t,tatrr scores )

Atl

BX sr"rbj" w"

To t¡¡ ls

bb

1

¿,J

¿

2

40

tJ)

(t,zc) "
XX

(z ,40) n

Y.V

groupS

541 .o3
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That intera.ction is graphica.lì-y shown by figure 6d.

The graphs showing the progress of individual students
in this operation may be found in Appenclix E, Box

(rgr¡ ) iras indicat,ecl that "the he'Lerogeneity of both

the variances and co-variances in a design having
correrated observations will- generally resurt in a

positive bias in the usual F test,,, that ls, the l¡

value determined from the .F' babl-e rvill tend to be

somewhat higher than the exact value (vliner , l-962, p. t2.l ) .
To minimize Lhe effect of such biasu the a'thor
administered the Box' conservative Test and f ounrl that
the interaction wa.s now signifrcant only at the .05 level"

rn orrler to determine the caLrse of bhis interaction,
the test for sirnple main eff ects was used. rn this
a.nal-ysis the author tried to find answers to the

following questions: a) f" there a sì-gnificant
dif f erence betu¡een the groups a.t: r ) the pre bes b level

2) the posttest level

3) the retention-test
Ievel

b ) In bhe Computer group is there a. s.lgnif icant
dif f erence between z 4 ) pretest a.nd pos btest

5) Post bes t and Retention-test
c ) In the Worksheet group is there a. significant

difference betrveen: 6) pretest ancl Fosttest

7) Posttest ancl R,etention-test

The resul.ts of this a.nalysis are shown in Tabì-e B.
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a) there wa.s no signif icant dif f erenc e between the

two groups at the pretest and posttest levels, howeveru

there wa.s a significant difference in retention-test
scores (.Of level)" The possible explanation of this
result is given in the following chapter.

Exa.minabion of the da ba reveaf s that:

b) Although both groups have shown a. signi
gain over time this increase is greater for the

group.

retention-tests, however, even though the difference
between the post and retention-tests is not sta.{istically
signifi-cant for either of the 'bwo groups there is a

grea.ter drop change in case of the Worksheet group"

Summary

The results of this sturly inclicate, thia t although

both groups have shown significant increa.se in achieve-

ment over tirne u there was no signif icant dif f erenc e

between the means obtainecl by the Computer and the

Worksheet groups in any of the operations tesbed.

.Significant interaction between these two groups

occurred. in division of decimals" To determine the

cause of, this interaction, bhe test for simple ¡na-in

effects was used. (faUfe lC)" The tes'b revealed. a

significanb (.O1 l-evel) Aifference between the means

obtained by these two groups on the retentiorr-test"

c) Ilobh groups have obtainecl lower scores on
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Introduc t i on

This stucly was conduct ed to answer two basic
questions:

r ) Are compr-lterized drirt and practice programs

as effective as worksheets?

2) Can we in lrlanitoba, ciuplicate scme of ilre
posiLive results obta.ined in computer Assisted rnstruction
els ewhere ?

CI]APT ER V

DISCUSSION

' Trventy- Lwo grade seven studen'bs were divided ranciomly

into two groups. Both groups received regular classroom

instruction fotlowed by 10 minutes of drill exercises in
ãxr âppropria.t e , f or the group, mode.

The author approached this experiment wrth a hypothesis
that bhere will be no significant difference in acLrjeve-

ment between these two groups on any of the operations
tested.

Di sc uss i on

6O

The statistical analysis of the da.ta obtained in
this sbudy supporbed acceptance of all null hypotheses"

There was no significant drfference, in achievement,

between bhe computer and the v/orksheet groups, in any

of tl-re operations tes bed in the overarl performance.

Hovgever, looking at these results from another point

of view, the results have demonstrated, that even with
our present resources, the computer d.irected dril l. and
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practice programs are as effective as worl<sheets.

As one might have expected, both groups have shown

very signl-ficant increase in a.chievement, in all
operations, over time (between the pretest and posttest)"

It i.s interesting to note tn-at gra.phs ilarr and,,c11

in figure 6 indicate, that whll-e in the computer group

there was practrcaÌly no difference between the means on

the posttest and retention-test, the corresponding means

obta.ined by the v/orksheet group showed rnarkecl. decrease.

rn division of integers (graph 6c), both groups show

increa.se in cornpetency between the post and retention-
tests, however, in case of the conputer group, iti=
increase is more prominent"

Onl-y one o.peration has shown a signif icant ( " or level
interaction. This occurred in division of clecima-Ls. To

pinpoint bhe cause of this intera.ction, bhe a.uthor has

empLoyecl a. test for simpre main effects" The result of
this analysis indicates that this was due to the

signif icantly higher ( , or tevel- ) r:esult u obtaÍned by

the computer groupr or the retention-test. This resul-t
is in agreement with the previousry stated observation
that the scores on the retention-tests are genera.lly in
fa.vour of the Computer. group" The author ca.n see two

possible explana.tions of these results:
a) One reason may be the fact that there.is a great

similarity in appearance between tests and worksheets.

Students working on r¡¡orksheetsì v/ere doing this paper
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and pencir work 28 times prior to the retention-Lest
as compa.red lvith only eight times for the members of the

computer group (pretest and postbest). Th¡-s repetition
ma.y have caused boredom and a lax attitude on the part
of bhe Vi orksheet group.

b) The second reason could be higher motivationat value

of conputer assisted dritt exercises. The a.uthor tried
to avoid the llawthorne effect by al-lowing the nembers of
the v{orksheet group to use the terminal whenever rt was

not in use. flowever, the novelty of the experience could

have mo tiiatecl the students in the computer group to
greater e.f f ort, which was ref Iec ted in higher re tention
of the ,l-earned material.

Conc l-us i on

The resul-ts of this study ha.ve shown educational

rel-evance ¿rnd support for the use of CAI as a possibl e

means for providing reinforcement drilI and practice

exercises " Some of the f indings suggested by the results
are: a) Computer Directed programs written by teachers

and university students are eff ec Live enotrgh Lo procluce

posrtive resul't s.

b ) Tea.chers a.re wiÌling to

al1 owing students to leave

such projects

c ) V/rth ver"y short instructions, students ¿ì.re capable cf

perf orming their own logging-in a.nd J-ogging-of f proc edures.

co-o¡.rera-te when .i1; comes'Lo

their class to t;a ke par l, in



d) Although cAr is rrot the chea.pest way of providrng
reinforcement exercíses there a.re cerbain beneficial
factors which may justify this expense. These are:

I ) S tud ent s working a t their ovvn pa.c e ,

) fne .l evef of difficulty of provided exercise
problems is suitable for each student,

3 ) Irnmedia.te f eedback on perf ornance,

4) Iìemedial instruction provided when and where

needed.

Recomrnenclations

0n the l¡asis of his experiences derivecl from this
study, the author feels that there a.re three important
recommenda.ti_ons that shoul-d be considered by anyone

trying to perf orm similar experirnents. Thes;e are:

a) the sizes of samples should be ì.arger

b) bhe computer terminaÌ should be locaLed in a place

which does not provide any unnecessary distracti.ons
c ) there should be a ful-l-time supervisor (a teacheru

volun'beer or a. senror student ) who overl-ooks such

projects. rmplernentation o.f these recommenclations would

make the resufts more reliable"
Summary
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Over all, the resul bs

statis bica-l signif rca.nce.

Graphica.l representatt

existed between the means,

a.nd the retention-test, ancl

of this study cird not shol

on of the relationship which

on the pretest, posttest,

the Computer and the S/orksheet



groups, indicates better, al.though not sta.tistically
signif ica.nt resuì-ts, in favour of the computer group.

rn view of numerous physicar rlmitations, faced
by the,computer group, the fact that its' achi"rr"*"rrt
was a t least as good as th¿rt of the v/orr<sheet group,
raises hope for the future.

The sma.Ìl size of the s-mples as well as other
physical limitations, make the resurts of this study
unrel- iabf e .

The a,uthor f eel.s that
terminal combined with the

of CAI such as:

a ) high motivational
menb,

b ) hì-gh ciegree of individual-iz:a.tion of instruction
c ) imrnediate f eedback on perf ormance,

d) reinforcement provided when and where needed,

ma.ke this method of presenting drrrl exercises a.

possible arternative to worksheets anri a viabre change

to the tra.ditional- methods of provr-c1ing reinforcement
ma.t erial.
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rnore effici-ent use of the

inherent positive char-acteristics

value of this mode of reinforce-



New Developments and Theír fmplic¿Ltions

UntiI recently the two major obstacl-es which

prevented widespread use of cornputers were:

a.) hrgh cost,

b) large size"

New developments ín microelectrcnics, reported i-n

the september (tgll ) issue of scientif ic American such ¿ìs:

1) Large Scale Integra.tion

2 ) pho botitography

3) Ilatch Processing of \Vafers

4) Dry Plasma Etching

5) Iìefinenent in Circuit Structure
removerf these obsta.cres and pì-aced the cornputer lvj-thin

the reach of not only small businessesu but also priva.te

i-nd ividuals,

EPILOGUE
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Thrs great step forward in conpu'ber technoì_ogy is
reflecbed in the dramatic cost reduction. A computer

which l-5 yea.rs âgor sold for 20 million dollarse ca.n be

purcha.sed now for q}ICOO. By I9t35, a medíum sized

comput er rvill cost about $IOC (Holton, Sc i entif ic
Americanu September, L91J, p.B4). tsy 1980, everyone

will be able to own a personal computer with the

ca.perbilrty of present rnini-computers a.nci the size of

a large textbook.

A good example of this trend toward cheaper ¿"nd

smaller data processors is the AppIe II computer.
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ft can be purchased for $129g. It is O.o*."n*able in
IIASIC, has Bt< Uyte memori- with the possibiJ_rty of
addrng more" It has a cassette interface, keyboa.rd ,

speakers and composite video output.

John Burry in his article ,'Here Come the (Uome )

Computers" (A Canadian. Fa.mil.v_i{g!g??rng, Volume 'j,
Number 5 , -[¡all 19'17 ; t: " 32) predicts that in two years

everyone will be able to purchase a mini-computer""..a_t

your l-ocal- department store for jusb a f ew hundred

dollars.", This computer wrl1 be abl-e to control the

home physical environment (temperature and humiciity),

store such information as mailing lì_sts, financlal
transactions, birthda.ys etc " , provide entertainment

in lcrm of musi c and/or games, and be used asi a teaching

tool, Ilurry f eels u that the only reason why cornpul er

ma.nufacturers clo not put them on a lna.rket at this
time is the general publicfs mistrust of computers"

To overcome this problem the proclucers decirled on a

gradual approach. First they want the consumer to get

use to the i dea of playing with computers (tnis is rn¡here

all those video games come in).

fn the nea.r future, Commodore Business lr{izchì-nes, a

ma.nuf acturer ,of hancl-hel-d calculators, int ends to

Lntroduce a home/business computer c¿¡lled PET (PersonaI

Electronic Tra.nsla.tor). This comput,er should retail

in Cana.da for about $7C0. It wiÌl consist of a keyboard

input; video output,. and a built-i11 casset te recorder

which will serve to store programs and. d.ata.



with 4000 bytes of memory built in for programming, it
ca.n handl-e 12,000 bits of information. rf necessa.ry,

the user will be able to pl-ug in optional 16,cJO bit unrt s.
As recently as two years a.go a cornputer of eqr-livalent
capa.bility would have cost approxima.tely l$1C,COO ancl

required a spacg of an a.verage size bedroom. pET is a

l-rttle larger than a. breadbox,

These are onJ-y sotnê examples of the general_ trencl

Low¿.¡rd cheaper and more compact cor,lputers.

It is ac Lual ly at present less cos tly ancl less

trou'olesorne to own a minicornputer than to rent the I east

expensive intera,ctive computer terminal- " Thr" f ,-," b makes

it possible for schools to acquire a rninicomputer using

the funds from their regular budge tary al_lotmenl; .

Ga.rcLen city cotregrate rnstitute in the ser¡en oaks school

Division j-n \',rinnipeg purchasecl a PET computer as part of
their Auclio-Visua.l- equipment. If pET performs; up to the

expectations west st" Paul may be bhe next scþee1 rn the

division to br.ry one. And thenu it l.s possible tha.t there

will be at Ìea.st one minÍcornputer in every sclrool.

When thrs happens tea.chers wj 1Ì have a. very powerful tool'
to help them in their task to prepare their studenls for

the lubure lífe in a computerized sociebty"

bt
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of tligi Ls. Stutlents ','/erc tù L.l to
dccim¿rI ¡roinL

36fi
7S

0070
30f;9

$46.00
46

s16.40
80

628
705

8053
4609

7E65
23û{)

s.t 0
00

2597
8000

7659
s53

4005
7000



2;3
---! 2-

3.62
.0r

2;Ot+
,o2

I.002
2.2

35,2
T"2I

,o25
_ "01-

25
t

.09
.p2

75

2,3t+
.001

There','ias no test dcal-ing r:xclusivcly
o-[ dccim-.rIs, therelore, the zqli1¡¡ :';:rg
this test.

2,O25
tt)

15 
" 
010

. ?0r
,423r
2.o5J

r',,r- th nul L -
f¡r'c ir.i L .

. t i_ )n



llorr l': to (c

o

trr\ t.\t('\ I'll()('l;ss

t:\ \ \: I't.I:S

(ìrr1, ¡"ta,., r' l)irrriou
sf-: t t --

bc

l)t; I

3)316 :¿)8r6

¡4.
I

I

Ito,o,
I Scu.o
I

F._-_

2) tH'j

:J)Í)()l

76

sli'l' l¡ -

.l)li¡l :l)ùl:,

d

:; ) t1 rì rì

l.

l)l.J; 3r3nÍ

.)

20).ro

e

Il $0rì

SD I_

20).r.r

3)'JS:r

4rl)16()

r)2,r6

.lllitì

4.

35)r0t

:t00){;00

'f('t.^ì
licorc

2l ) .t'¿

r;)u?2

tì () (r-) ,l tì 0 0

SI|'T II _

r00)s.t0

29)2i i

8)3?2i'

il 2)69

320)1600

fiÍÌ).12s

32C))t; I()

2{))fr,l

583)l¡ì î?

2t'J)iì3C

1.1

36J)23{;{)

131)C?5

ll¡2) l:13:l



t.

ll

I

!

A. Dividing by rvholc numl.'cls.

Can-yott tuork ull fh¿s¿: r/irtrsio¡

1. 4) 8.4

4. 2) .8

7. 4, -.12-'--

I)IvISfON PII0CNSS

t0:

c,Íil ìtL p! /'s ?

st-4 11. 8)- 6

13. 26)-61-

lr) 7.17

4) .?(l

(; ) ,tl.l'f

B. Dividing b1, dccintals.

3.

16. .3) 3.6

77

1e. .3t--6

22. 3f '4-

14. .i3) 87

25. .11) -3.3 -- - -

sì ) I iì.¡i')'i

(;).1ì'7!

:l I r r.'j

r,-

r7. .3 ) 1 8.6:|

.2) 10

.r I ) 1.21

llr):

16. 25i -.q.î2,;

.lll) r;

18 .,1) 1.1r

.,1 ) :j

.tl) 1;il:

.r 1

Jt-

S3¡) 1rl.7,l



IO

Sample Computer Programs ¡¡ncl iìesulbs

APPDNDTX B



HELO MY ¡:AME

'dHÂ T l s Y0uR !-Âsf N,ll'18 CHUCK? CLARK

'dH,1 f GRÂDt ,1 tìE YOU lN CllUCl\ ? 7

I A¡I VERY PLEÂSED YOU CAI'1T, CIIUCf.

USE PâPEiì aND PINCIL I0 CÂLCULÂTE IH! 1\S¡¡ü
IyPE lT lN oNE L liJ[ al ¡ T l¡E iiilE^. I l3( Y:..i

H0þi vÀNY PR03LtlqS ''i0ULD YCU Lli(t IC lfil ? ô

lS XR0iiûS ri{t1AI

79

li0uLD you Ltt([ 10',{0RK IlTil DiClr4rL9? Yi3 Cr(

HO.À MANY DICIIS DO YCU ''iÂIìT TO T4ULTII,LI
??

HOH MA\Y DIGITS DO YOU I{ANI TC IIULTiILY (.]Y

?1

CIIUCK

f Nll
F Cir

Itrli
lT.



VERY ',\tLL :llljaK , 11[li[ i]l iu'

7'"

x_ :_ _

? e7i

VE\Y GCCD Illt ::iSdEA IS

ûôÊâ*ûÊ Pr.i!1)Lti: g ?

ÊftnÊrt

TXCELLE¡If

93
C

X------:----
? 558

THE 
^\SiiE 

R IS 558

rì75

ÊûâÊ*Éû PR0rL[íl d 3

h0

x----- ?

?92

EXCELLET.IT Il-lt '1-ishtiì lS'
tXCtLL[NI CriU\"¡' rCU HAVE

0U't Ct- IHESE Y0U ÀiiSiìERED

BO

ó: ÀÈ{tt

YOUH VÂ IìX I S 'I ¿': PE ICE Ii I "
ââÈr**À*Ê:â**tÈeÛ*ÈÈâÉ*Éê

ÊúiÊnqÈ

lT ,ñaS I f'LttSutìt TC '{CPl il tl; Y0lj

lI S[[t45 TC irl IHAI Y0U;('iC/i îrl5 0/iiì¡i

HOULD YCU L I KE IO IRY SORE
Y[5 ()R NO 7 Y!S

IÈ ttD 3 t'Î0,j1!i\ 3

3 COÊiRÊ;ÏLY

HCH I'i;'.r,tY f,R0CLE¡1S !{CULD Y0U LIK[ l0 IRY ? 5

Vt Ry llt LL C rtuC¡ I lt[ rrt h'E 00"

ÞlBS¡ r-Ð$6Ê I t[ 6 I 0 Ê r\G0 r-(:'Iii i]



Êûâe:iÊ PRCTJLE'l I 4 ôâtÞÊqÈ

93

x-_-__ 1:
? 4?78

S0íìRY CHUCK' lHlS lS I'l0T C0RRECI
CHECK YCUi( P.ULIIPLICATION Ài\IO IRY ÁGAI¡I"

93

x_ _ ___ 1:
? 4?78

IHE ANS/E R SHOULC BE 558

ûÂáûÊâô PR03L[M ! 5 ÉÈnÈôÊÈ

55
64

x-----
? ??ø

? 33Ø

8i

? 55ll
N0 CIIUCK¡ IHlg lS:'lCT C0RR¿CI"

CHECI,( YCUR ÂDOITICN ANO TRY lGAI¡I'

? 33??Ø
NC CHUCK, lHlS lS N0T C0RRECT'

I HE A¡iSl{E R Sll0ULD Ût 3'r2?'

Êrêrûo* PR0BLEU , ! áûôeÈÈt

õ?
ur

32
v- - - - - -

? 164
? ?aa

0'-"1 cf: slGllT IllE ANSTEfì i: ?6?4

^ aclt



ôÊ4r PHOELtiq r f aûánÂt*

75
81

x-----
? 75

? 6tçJ

? 6ø75

RIGHÌ O\ .IHT TNSTEq
'dELL'CrluCì(. I Ï CCUL0

YOU H.1Vt
YOU 5 O T

YCUR ¡JIlI(

IItED 7 tî0BLEVS ar\D CUI 0f 'ÍHESE

5 COqREîTLY.

YCU SHCULD CO '/C RE

1O STE iIE ÂGAIN'

OCOD BTE CHUCK"

COT1T. IÙ SEI VE ôGA

IS
8E

IS

Òulu
.JE I t: Î.

i 1. 409
+-t -+ - +- + - +- +-+-+- +-+-+-

H0îK 0¡'l sucH f-R0BLEltS 50 çç,'i¡

B2

Itl .



HEL0 MY NÄME lS KR0N0S rttil,lT l3 youn F tRsr NÂyt ? ![\\y

H}IJÏ IS YCUî L^SI iIÅI,JE 8:NNY? II

,dll,1t GRADT ÀRt Y0u tN SErit,tY ? 7

I nr¡ Vcnl r Lcccru i,.,

USE PA}-TIì Â¡iO PENCIL IO CÀLCULÂII IHt rI.] 5
TYPE IT IN CNE LII'iT ÂI A IIi4E KHEN I ISK

H0l{ f',tÄNY PR0'lLEnS çpL,¡¡ y0U L tKE T0 f Ry ?

!{CULD YOU LIKE IO CORX
HOh I,1ANY DIOITS OO YCU
??

H0r{ FANy 0tGtts Q0 yOu'dAt.tI I0 ;,tulItpLy
?2

VERY WtLL ùENNy 'itERE,rE GC.

¡1 .(

'À'll'l D[Clr.'l '115? yES

WÂNT TO MULTIPLY

"r lì
YJU

ÊâÊ**** PRO.lLi'.,|

ô'iD I rl['J
FOR II"

96
14

x----
? 2436

S0iìl{Y 9Eti¡iyr Trr¡5 lS:lCt
cHtcl( Ycuq r4uLI IPL tCâT trJ.,l

¡ 1 ÈÈiÈÈå*

JY

? 56¿
rHE ANS'/[ R SIIOULD IJE J84

c0lr!ìtc r
A'JD Tt.Y 10-lli'j"

96
14



o*ùûÊ** PRCtsLE!a ¡ 2 **ûût*Â

65

x---- ---:i--
? 6ò

s0âRy tstr;¡l y. ll'l lS ls \01 c0lì iiEcl
CHECK Yc}UIì I¡ULl IPL ICAT IclN ôÑD f RY ÂOÀ IN.

65

x- ---- i1 -
? 6"1

IHT ANSþ¿ER SHOULD 8E 26'¿,

rââòâäÊ PR0SLEl¡ ¡ 3 ââÊåÂ*â

6ø
94

x- - - - -
? ?4ø

? 54C

B4

?0
7Bø

ll0 9il'lNYr THIS lS N0I C0R!ìtCl,

CHTCK YCUR ÂOO IT ION ÂNO IRY Âû.1 Ii.I,

?- 
- - - - - - -

No BEN1y, rHrS ¡38fi11 rcñÍìECT.
IHE aNS'ltî SllCULC iìE 564u{

lHIS IS ÑJOT IOO OO4I+NNYO YOU I]ÂVE üADE THR[E ¡'' IST,\I'ES
lr, À ñ^,.1I r .. ....,

Y0U HAVE l0 3E N0RE CÂREFULL lN Y0UR 'ri0Ri('

LEIS TRY SOMETHING [/tSltHo

øâûêâr" PR08L[l¡, I 4 tûôÈûÊû

43
,9

x-----
a 

^ 
n1

t- qL I

N0 3t l¡r,i Yr I lrl 5 | 3- ;lOI CCRrìEC I.
lllt ANSrrit R Sll0UL0 B[ 387



IHIS h'A5 NOI SO GCCD TIENNY'

YoU MISSED Illlllt 5lr':lLE OUtST l0NS ll{ '1 R0¡
Y0 SIIOULD 66 t'rD f aLl Â80UT Y0UR D lFl- ICULf IES 

"r 
lÏH

YOUR IE ÀCHE R.

GCOD CYE 3tNNY"

. CCÍE TO SEE I{E AGAIN"

B5



IIELO I'IY NÁME IS KRONOS IHH.ÀT IS YCUI-ì FIRSI NÀ}tE ? KEVEr

b,II{AT IS YOU{ LâSÏ NAME HEVE¡/? KI\ÂSCHUI(

liHAI CRrD[ 11[ Y0U tN KEVE¡1. ? 7

IÀÈ4 VERY PI..EÀSEO YOU CÂ¡15 KEVEI'1 o

USE PÂPER Â';l Pt\C lL TO C,1 LCULllt IHE afJ5,l5R r\D Irltl
IYPE II I¡i ONE LI\E AT ^ TIME hIIEN I ôSX YOU FCR IT"

HOH È1ANY PROBLEI.lS I{OULO YOU L I(E IO IRY ? O

B6

HOULO YOU LII([ TO ;"3ÎIí I{IIH DECI¡'I¡LS? YES OR ¡iO ? \O
HOw HANY 0l0lIS D0 YOU !í¡1NI I0 EULTIi''LY
??

Ho'd r'4ÂilY 0 ¡G I I5 00 Y0u htaNT
??

VERY IrELL KEVii.i rtl[RE rlE GC"

ÊâÊr*.*r PR0BLEM Ë

TO I'{ULIIFLY LIY

q?

27
x-----

? 644
? 184

ÊÈú*târ



VE RY GOOO II][ ôNShE R I S

ûÊ**ûáû PR0ELE¡1 r ?

14

x---- :i--
? ?811?

? 2484

L.1 ôC

EXCELLENï IHE ÀNS'rfER lS

âáÊââûr FR0ELEu å 3

. 37
?C

x-----
? ?2?

? 74

døûÊô*ô

? 392

Õ/

3 92

TXCTLLENT IIIT I']Sh]ER IS 962
EXCELLE\f KEVEI'1 YCU HAVE IRIEO 3 PROîLE!iS
OUI OF THTSE YOU i\STEFEO 3 CORRICTI_Y

Yg¡t¡ rlaRK lS 1u,1, PEñCE\1,
t û à ê È a â ú * ô È â: ¿ â.Ê I Ê t + Ë f ê Ê Ê

I.t dAS A PLEASUCE TC HORK ''l ITII YOU

ll 3EEFS I0 ME Tilal YOU KtJOl IHIS CFiRÅll0¡i VEiìY 'ì'ELL"

HOULD YCU LIKE TÛ iíìY I{ORE I)RÚ3LE;4S? Y[S OR NO? I']O

GOCD 3YI I{TVE.M"

COME TO Stt I'1E AGâ IN.

È û È r û.á â

? 96 2



(J/lv/øJø l7øtúøùts
PROO RÂH HUL T J8

HEL0 HY NAHE lS KR0N0S eHHÂT lS Y0UR FIRST NÂHE ? CHUCK

HHAT IS YOUR LAST NAHE CHUCK? CLåRK

WHAT ORADE ARE YOU IN CHUCX ? 7

I ÂH VERY PLEASE0 Y0U CAHE CHUCXo

USE PAPER ÂND PENCIL TO CALCULÀTE TiTE ANSHER ANO IH[èI
TYPE lI lN ONE LINE af A llHE HHEN I aSK Y0U F0R lI'

HOW HANY PROSLEHS BOULD TOU LIKE TO TRY ? 5

lTOULD YOU L IKE TO HORK V ITH OEC IHALS? YE S OR NO ? YE S ^

HOH HÄNY OIOITS DO YOU WANT TO HULTIPLY
?2

HOH HANY OEC IHÂL PLÂCES. OO

HOH HÂNY O IG I IS DO YOU HANT
?1

HOH MAI{Y OECIHÂL PLÂCES DO

BB

VFRY WELL CHUCK ¡HERE HE 60"

øø66øø@ PR0SLEH ø 1

8'6
el

X- - -t - -- ----
? '86

VERI OOOD THE ANSHER I S

YOU WANT IN THIS FIUHEER
TO HULIIPLY BY

YOt} HANI Iî'¡ THIS NUþI8ER

É6øø6øø

66øôóÈÈ PR0BLEN d 2

7"6
' o6

?1

?1

@86

øøÊÈAûå

x----"



EXCELLENI lHE ANSHER tS 4E56

ø6ÊáâøÊ PRCBLtl.i # 3 66øø€øø

5.1

ã--F-----:9-
? 4o56

? 4"56

EXCELLENI THE aNSvi[R tS 4"56
EXCELLENI CHUCK y0U HAVE IritED 3 pROELEHS
OUT OF ÍHESE YOU ANSI{ERED 3 CORRECILY

YOUR }IÀ RX I S 1ø,N PE RCE N T"
@øøâô4Ëó@É6ûú4átÉê*ûù6Érå

I T WAS A PLTASURE TO WORK b I TH YOUIT SEEMS IO qE THÀT YOU HNOW THIS OPER¡IION VE.RY HTLL"

HOULD YOU L IKE TO TRT HORE PROBLEHS? YES OR NO? YES
WOULO YOU L IXE TO TRY SOHE HORE O IFF ICULT PROELEHS?
YES OR NO ? YES

88¡¡¡ !t rlrt: tr tt!rt!¡ ¡¡rtrrr¡
@sêûá* NÊXl TRy oûÊârøøaÊ

88¡ttE$¡g¡t!ttrrtr!r!r8E8E!tr

B9

}TOW ffANY PROSLEHS WOULD YOU LII{E TO TRY ? 3

VERY HELL CHUCK ¡H€RE Ht 0C.

66øÁøÉø PRoBLEt{ ø 4 6Êû*ÉÊÈ

3eB
6' 7

x-----
? 2s2

? 216

OUT OF SIGHI ThE ANSWER IS 24"1?

. ? Z4u1?



75/ 1Ø/ 16ø 14ø?5s41'
PffOONAH Ot FIOE

ItllS l5 À ÐRILL lH 0lVlSl0Ê{ FOR ffEAEDlaIl0N"

Hlo îHEREø WHAI lS YOUR FIRSt HAËE? Ð0HAL0

HHAÍ lS YOUfl LASI NÂHEç D0NALD? YOUNG

}I€H HANY PROELEÈ1S (FROH I TO 15) 60I}10 YOU LIKE TO OO ? 5

DO YOU WANT TO HORK H IIH ÐEC I}IATS ? YEs

HOH HANY DECIMåL fLåCES (F8ûH ø TO 5) WIL{. YOU

HA VE IH YOUR AI{SHE R ? A

HûU MÀHY }{GITS {FROX 1TO 9)

HOH flAI{Y O€C IHAt PLAC€5 (F ROE

HOW EANY O IG I TS {FRCIH 1 TO 2

}IOH HANT OEC I HAL PLÅCE S (FROH

90

3)53
¡ ? 176€@66

VERY 00tÐç E&ëALDø THÂï

Ð0

ø

)

ø

YOU ÞANT IN DIVIDEND ? ?

T0 ? ) ril Drbl0END ? ø

IN ÏHE

f0 1

E?g

D IV ISOR? 1

) tN 0tvts0R? ø

EXC€LLENïs D0NAL0e IHAT
IHE ANSUER lS I ø

l5 C0RR€CIs THE ÅNSHER lS 17ø6667 o

36

Ê ? 59

IS ÂESOLUIELY CORRECf.

s9



E XCELLEHIo 00NÂ10' IÞ*AI
llE ANSH€R l5 59 o

'!17

E XCE LLENI+ 001ìÁLD' THA I
ïlf€ ÁNSHER lS 7 ø

lS ABS0LUIELY C&ffREClo

7

e ? 13"85

EXCELLEMTE
ïr+€. åN'sHE R

rSE DR I Lt

NUHBE R OF

HUE8Efi OF

PEsCENTÅ68

5&

lS ABS0LUTELY C0RRECIø

97

00NÂ10ø I*h{T l3 ABSOLI.}IELY C0Rf,ECT.
l9 13o8571 e

I S OVE R¡ 00NALDo

PROELEHS ATTEHPIEO ' 5

PROSTEHS CORffiE'T O 6

s 1Érø

HOULO YOU LIKE TO Dû sOÑE øOftE PROSLEHS ? YES

HOH HANY PROBLEHS (FffOA 1 TO 15) WÛUID Yûd LIKE IO OO ? 5

91

OO YOU HANT TO HORK BIf I,I DEC IäALS ? YE$

+IOW HA¡iY DEC I*AL PLACE S (FROH ø IO 5) H ILL YOU
HAVE- {H YOUR ANSWER ? E

J08 ACIIVEo

HOH

HOH

+l0u

HOH

&ANY D IO ITS

HANY DEC IHÂL

HANY O I6 I iS (FROH 1 TO 1

MANY OEC IHÄL PLACE S (FROH

(FROH 1 TO 9)

PLACE S {FROÞ

ø6'

a | 1"16

00

ø

)

0

You vANt te Dtv t0EN0 ? 1

I0 1 ) lru DtvlDEr,¿0 ? 1

IN

TO

ø7-

TH€ OIVISOR? 1

1 ) tm orvls0R? 1



EXCELLENIT Qg¡¡¡¡" Il{Âl
ffi€ ANSHER I S 1o 1667 o

a ? ol

S0RRYT 00NALDo THÂ I

ø'l

I S ABS0LUfELY C0RREC Io

ø7

ø7

='l lo14

If,EHEND0USo

I S þ'R0$t0o THE ANSHER lS 1 "

oS

DONALD" THA T

s?1

VERY G00Dt D0NÂLDø THÂI

92

s9

lS RIGHI" THE ANSdER lS 1,1429.

o9

a ? ø1

€tRRY¡ B0NALDE

od ) "4

trHE OR ILL lS 0VERr 00t{ALDo

NUÞ8ER OF PROELEilS 4i TE.ilPJED ¡ 1å

HU}4BER OF PROELEHS CORRECI' 8

PtRCEtJIÀ6E 3 8ù.

lS C0RRECIo

IHAI lS ÞR0N0u T'ftE.AMS'dER

Th€ ANSdER IS 1 "

HOULD YOU L I KE TO DO SOHE HORE PROSLE¡IS

000D-BYEr 00NÅLD. HAVE A NICE 0Ày"

IS 1"

?NO



75/16/ 1Ø" 13ø54o23o
PROORAH OIVIDE

THIS IS A DRILL IN OIVISION FOfi REHEOIÂTION'

tlu IItEREø HHAT I S YOUR F I RSI Nû#E? CHUCK
WH-Aï lS YOUfi LÂSI HÁHEe CHUCK ? CLÂRHK

HOH

00

HÂNY PROELEHS (FROH 1 TO I5)

YOU HANI ÌO WORH W I TH D€C IBALS

HOH HÂNY DECIH L LACES (FROH ø iO 5) WILL YOU

HAYE II{ YOUR ANSWER ? I

owHANY 0tGtrs (FRoH 1 r0 9) 00
CH00SE H0RE CÀREFULLYø

HOU HAHY DIGTTS (FROH 1 TO 9)

HOW þ åfi T OE C-I gAL 9LåC€ S ( F FOH

HOH HANY DIGITS {FROH 1 TO 3

HOH HANY gECIHAL PLACES (FfiOH

93

HOULO YOU LIHE

? YES

4

a ? 67ø76

E XCE LIE N Í E

TÞTE Aî{SHER

IO DO ? 5

YOU WÅH T IN D IV IÐCNO ?

DO

ø

)

ø

YOU HAf+T IH OIVIOEND

T0 3 ) r¡{ 0rvrDEND ?

) 2:t1

CHUCX" ïllAT
lS 67ø75 "

IH ÏHE

ï0 1

I

= ? 37"37

E XCELLENTT
rHE ANSHE R

0lvts0R? ï

) lft 0lvrs0R? ø

33

?3

@

lS ABSOLUTELY C0RRECT"

) zse

CHUCKq IHAI lS ÂES0LUTELY C0RRECIu
lS 37.375 "



5

: ? 49o8Ø

E XCELIEHTI
-THE ANSÞEq

) a49

CHUCKo tHA
l$ d9"8 s

I

= ? 97ø56

E XCELLEHTs
T}€. ANSVE R

f lS ÀES0LUIELy C0fifiECI"

I laø

CHUCHo TItAI
lS 97a5 ø

I

= ? 16'ØØ

IHEHEN00UST

TltE DfiILL tg gyER¡ CHWHa

HUHSER OF PROULEHS ATTEHPTEOI 5

NUÀ88 R OF PROSL€HS CORREC T S 5

PE RCE ¡+T*OÈ S 1øø

l5 ABS0LUIELy C0RRECIo

l6

CHUCK" 1HÂT

o/)a

HOULD YOU LIIE IO DO SOøE g9P6 PROBLEHS ? NO

0000-8YEs CHUCK" HAVE Â NICE 0Ay,

lS RIGHTo IHE ÂNSWER tS

a - ê 4 O CC 
^ 

c -

16 ø



RUN

75/1Ø/ 17" l0c58o 17o

PRCGRÀH OIVIOE

IHIS lS Â 0RILL lN 0lVlSl0N F0R REHEDIÂIl0ho

tlls Iù+€R6.e HHÂi tS Y0UR F lRSr NA&E? K€VEH

dHAf lS YOUR LÀST h¿AHE¡ KEVEN ? KINASCHUK

HOU HAþIY PROSLEXS (TIOP 1 I() 15) hOUüD YOU LIHE IO DO ? 6

DO YOU þÂNi TO UORX WIIH OECIþALS ? YES

HOH MANY DECIHAL FLÂCES (FROH ø TO 5) HILL YOU

HAV€ IN YOUR ANSHER ? ?

HOH È4ANY OI6II5 (FROH 1 IO S) OO YOU h'ANI IH OIVIO€ND ? 3

HOHHÅNYDECIMALP[ÁCES(FROHøTO3)INOIVIOEND?1

øOH HANY OIOITS (FROF 1 TO 3 ) IN THE DIVISOR? 1

HOU HANY OECIþAL PLÀCES (FROH ø IO 1 ) IN OIVISOR? ø

95

e' ? 2ø5
THAI lS N01 C0RflECI" THE ÁNSHEH lS 2e75 u

x

ø ? 94ø2

€ XCELLENIP
THE ANSbER

2e
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0'.10c OIM Â( 101,N(101 rF.( l0l,L(1ûl
0r11C LET t1(1,=-:VERY G00D:
0f 120 LEr Ct (2 ) =:IÊ :f'Ef.lD0lJS-=
Ofi 13C LET Cß (J l=iEXCELLINT :
ON lqO LET CS (I+) =:OUT CF SIGHl:
0n15C LET C1(5)::eIGHr ùrl=
0[ 160

,0f- 17c
00180
0i:19t
00 200

LET Cfi(6)==H0hl=
L!T CÊ(2)=lSxCELLîNT!
L:T ¡41=:ÞÞ09LEl.1S=
LET rB=lTH',SEl
LÊT J=(l=K2=K3-K4=1

0r'210 LET v=i
0tZ¿A LtT C=Cl=C2=C3=C
0tZJC LET C5=C6:C7=C8=0
0t2¡{0 LET C¡*=l
Ci25C FPINT=I-'ELO HY NAM- IS
05260 INPUT NT

T K¿r=1C0i

0c270 FpIt',I
OC28O FRINÏ
(]iUgC FqINJT:I^JHAT IS YCUì LAST I'IA11:
()f 3(]C TNPUT L$
(]C 31C FRINT:WHAT GRADE APE YOU IN
t]C32O I¡I FUl G

(]f:33C PPINT
0i 3q0 IF G>3 TH:N C 037t
390 LE'f Kq=6
0t 36c FR,rt,ir
01370 FqINr= I Ar'1 VEpY pL:ÂS:-D Y0U CAHa -:r.l ¡:.=
0r 38û trpINT
0t390 FqINr=USe PAPEP ANrl Fr-'ICIL T0
0C t+00 FRINI:TYPE IT IN 0N: L INE AT Â

OT q1O FRINT

KPOÀ.ICS ,HHAT IS YOUR FIFST'{I"IÍ:;

(]C42O ÊRINT:HOH I,IANY PFOBLEYS HOULC YOU LIK: TC TCY :;
0ltr30 INPUT C

114

r-¿+4t IF C=l Tl-rãN l¿6¿.1
0, r+50 IF C <1 ïHF-N 0 135ir
0r.t60 IF C>13 THc'{ 01qúJ
(]Î 470 PRI NT
0tqBt LET C6=C6+C
0[, t+90 IF Cl*=0 TH--N 0062J
t]iSOO FRIl.'T:HOI,] fANY CI;ITS

:N$:

:r'¡ô

(1J5lC ]NPUi K1

0a5?A LfT P=0
0C530 IF Kl>5 TH;N 01'+50
(]! 54C FRINT
530 IF K4=6 IHçN 62C
0F960 pqINT=ri0r.r HA¡JY CICITS
O:57C INPUT K2
0t580 LET F=l
OC 590 FqINT
0f 60C IF K?>r: THõN 01¿+5J

OT61O TRINT
0:620 t RItiT

¡6¡¡aTl
TIHE HHEN

1630 r-RINT
0i64C FR. INT:OK. :Nîl V(.lUo HISH IS HY C0HMAN0'H:P: HE GC.-

Oç 650 FRINT
0c 660 LET c?=0
()C67C FRINT.

TH:- ÂN:14: ì qfl')
I ASK YCIJ FO]

II] YOI,' HANT TO 'lULTIOLY:

L68f: LET vl=lNT (RNDf-11 Þ11+rK1+.5)
,,Ði690 1F Ml<t0"+((1-l) T'.{EN l:68rJ
00700 LET q2=INT (eN0(-1)+104+!(Z+.5t
0,t210 'Í.F y2<10Y+(K2-11 IHlN C.'7C.1 cybershare ltd.550 berry street, winnipeg,
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715 lF H2>K4 THE¡t 700
7?0 IF Kr{<>6 f|'lgt¡ 7¿{¡
0:730 IF H?>6 TH:N 007C1
0;740 IF u2>!.1 1 THEN 0C6.ìl
oi-758 LET c-i1 t+H2
r7

0L770 F0R J=l T0 Kz
0r780 L5I ô(J+11=INl lAlJl /1C+{ (KZ-Jl)
0ti790 LET L(J)=Â(J+11
0t80û LET A(Jr?.l=A(Jl-Ä(J+1t 410rÉã(K2-J)
01.610 LIT A(Jl=A(J+1)
0iB2t LET A(J+l)=A(J+2)

rT ô ( 1) =P

0t'830 ÒttxT J
01840 LET A( J+1):A(Jl
0C 850 F0R J=1 r0 Kz
0r860 LET ç(.J)=Pi l+L(K2-J|1)
(]C87O NEXT J
0C880 .LgT C3=C"+l
t'89

OT 9OO PR,INT
OC91(] FRINI
0c920 FRINT= +++++++ PCOBL:1.¡1 çlC3i ++.Y+4+s:
()I 930 FP.I NT
t]C 940 PRINT

C.-r>C IH:N t232ù

0c95û FRIr'ir
0C 960 F0a J= 1 T0 ( 2 q -K1,
OC 97C FRINT: 

=:(]O98O NEXT J
0t990 FRIr.iT H1
01 00U F0P J= I rC (?0-R2l
01e10 FRINT= :i
t]1(]2O NEXT J
01c3c FqINT v2
O1O4O FRINÏ= X

01û5C F0F I=l T0 Kz
01060 tr0q J:1 '0 (1fl-K1-I)
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01070 FRIf,r= 
=01080 ¡jEXT J

OT()9O INPUT A1
0110t IF At<>R
0111C IF K?=l
t]1lZO I.EXT I
(]ll3C'PFINT:
011t+0 F0R J= I
0115C FqINT-: :
01160 NEXÏ J
01170 ]NPUT A

01180 IF A<>Q

(L THEN 0151C
IH:N q727)

119C FRIN
01200 FRIt r
01210 PCINT: :-Ct("1 ): THa ANSr'{EP IS
0IZZ¡t LET,.{=r,,f}l
0r230 IF r'.{<7 THtf't 01300
0lZqC LEï M=1

T0 (18-K1-Il

ïH:hl 01591

01260 IF C7>: TH:N 01280
01270 LEï C7=0
OTzBC FRINT
t]lZ9O FRINT
01300 LET C1=C1+1

EI C7=C7-l

01320 IF.CI=I+ THtN 0176t
0133C 1F C1<C THEN 00680 cybershare ltd. 550 berry slreel, winnipe(



013r+0 G0 T0 02320
01350 FqINI:SOF-FY :N$: YCU HqVi
0136C FRINT=P,LF_ASE TRY AGAIN-:
0137C FqINT
OT38O PRINT
01390 G0 r1 00420
01I+00
01t+10
011+20
01¿r3G
01 ¿{¿+0

FRINT=l'i0'.lr THATS TC0 MIJCH
PRI NT:ANT,I ¿O:
FRIT.i T

FRINT
GO TO

I
ù1r+60 IF P=3 THÊN C05er"
01t+70 PRINT
(]1q8(] PqINT
01t{90 60 ï0 û0560
01500 IF C?=1 THiN AttTJ
01510 pRINr:S0qqy :N3:, rHIS IS \1T CC?qaCr:

Í-o
0 

'"2 
c

01520
0r 530
01540
01550
01560

3D

1O TRY SOHE PROqLTI,fS=

PRIt"f=CFiDK Y0UÊ YULIIeLICAIICN A\0 TaY ôGùIN.:
LET C ?=C2+L
PRINT
FR I L T

0r580
01590
0160 0

01610
C L62C
01630

:N6= TRY A NUI',|fIE,ì I]ETI,I:.:\

TDY

G0 TC :093l]
PoTNr:ilo:Nt:
G0 r0 ú1700
FRINr=È1C,:¡.1¡:? THIS IS N0T C0RRECT"=
lF C7=1 rHEN 01690
PQINI

016¿+û
0 r 65 0

0166c
01670
01680

FÊi¡JT:CHTCK YOUF AODTTION AND TRY AGAIN,:
LET 12=C?-l
LEI C7=C7+7
IF C7>2 rHi\ 01690
ÊRI I'if
PRI¡iT
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01700 Ltï C5=C5+1
0171C IF C5<3 rHEN 00650
01720 Itr K¿.=3 TH:N 02ft,0
0173t IF x2=1 TH:\ 021t+l
017r{0 LET K2=.K?'I
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G0 T0 !1130
INT:TH- A

L:
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OlBOO PRINT
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R S'J

0182C
0183C
018'+0
01850
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lP 70

UL

FPINT='.lOULD YOU LIK' T1
IÀIPUT A3
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LÉT C1=0
LeT C=1.

IF ¡1¡=!l'l0l THíN ??10
01880
0189C
01900
0t910
0L92e

LEl, Q=l
1F n ¡=aYES:
c.0 T0 û1960
FÞ. IÀIT=HOULO
PPII'i f:YES Oq

0193
'{19¿.}ú IF At=lY:S: THEN l20aj
01950 IF A6=:NOI THEN IJZC5tl
01960 FRINT=SCRRY:Nt= I CAN 0NLY

NPUT T¡

THEN rl l9l0

YOU LI<E TO TAY SCI'1E HORE OIFFTCULI rl-'.OqL'..IISI:
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