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A BSTRACT

This study investigated the use of computer-assisted

Ìearning in mathernatics as a drill- and practice program for

low and average-achieving grade five and six stuclents. Stu-

dents were divtded. into three general arithmetic achievement

groups (l-owe average, high) by means of the computation sub-

test of the Metropol-itan Achievement Test. Three groups of

randomly selected students fron the low and average achieving

groups of students v¡ere assigned to a controlu a tutorial¡ oI'

à computer-assisted learning situation" Atl groups received

regular classroom instruction, The computer-assisted Ìearning

group received additional computer-assisted learning programs

for a period of three rnonths at three twenty-minute periods

each six-day cycle, The tutorial group received extra group

tutoring in mathematics from a resource teacher for the same

amount of time three twenty-minute periods per six-Cay cycle

for three months. The resource teacher used computer generated

drill sheets for this tutorial program, the subjects were ad-

ministered the Metropoì-itan .A.chievement Test (¡rithmetic Compu-

tation Subtest) before (pretest Iu pretest 2), after (post-

test) and two weeks after (retention test) the different learn-

ing programs.

The resul-ts shovred that there were no significant dif-
ferences in arithmetic achievement between the three groups'

However, there lvas a significant difference over time for aÌl

tii



groups. The Newman-Keuls probing procedure was used for de-

scriptive purposes to determine where the significant effects

over time occurred' This procedure v¿ith the results of the

combined group of students, and the low-achieving studentst

indicated that there vlere significant differences at the '01

level betrr¡een pretest (1) and, the post-test and retention testsu

and between pretest (2) and the post-test and retention testsu

The results of the average-achieving group of students differed

in that the tevel of signifieance achieved betvueen the means of

the pretest (2) and the retention test reached only the .0!

level instead of the , Ol level. These results suggest that slgni*

fieant learning took place over iirne with all groups and that

this can be said, with more certainty in reference to the low-

achieving students"

Further descriptive tests revealed that the control

group of average-achievers did not show significance over tirne

while the CoA,"L. groups for both average and lorv-aehieving

groups showed 'r,he greatest gains over tíme"

The results of this study, while failing to demonstrate

statistically significant differences between groups, have

provided some statistical support in favour of C.Â..Lu as a use-

ful educational tool especially when used lvith low-achieving

students,
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CHÁ.PTER I

INTRODUCTION

If the development of computers continues as it is
at presento then it is clear thatr âs Martin and Norman (I97O0

p" 16) state in The Compuleriaed_rgpc._isrtyr

"Children starting school today are
going to o. q spend almost their
entire working lives in a world

iii5;,' l{ ,Îi íí" il3"1r'iåi= I "å3'í*1"

Ë!i¡1:;-l:*åt3"ä:*ãtl"îtå :"iitnicate
today. "

In the nine years sínce the statement above luas made,

computer-assisted Ìearning (C".4..L. ) has mushroomed. Patrick

Suppes (L97L) predícted that by 1980, about f5/" of students in
the United States at al} grade levels will be in daily contact

with a computer for some aspect of their instructionu especial-

Iy in elementary reading and mathematics" Recentlyo Cunningham

(19?? o p. 450) reported that the American Institute for Research

recorded that between 19?0 and L975 there was a L?"]y'" increase

in the number of secondary schools that use the computer for
both administrative and instructional purposes, Äpproximately

ZZ/" of those secondary schools surveyed used the computer in
some way for computer-aided i-nstruction,

Expansion of C.AuLu was made possible by the recent deve-

l-opment in computer technology which has made the use of com-

puters ín education economically feasibleo À second important
reason for the expansion of C"A"L" is the growing amount of
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research which has índicated that Programmed fnstruction
(P"I") and CnAuLo are effective methods of teaching arithme-

tic, l-anguage and reading skills. This research will- be re-
viÞwed ïn the next chapter" Further, the interest in C.AuL"

among teachers has contributed tremendously to this growth as

it promises an effective form of indlvidualization and an ac-

companying change of role for the teacher, "A.s Hansen and Harvey

(L969) point outu the teacheros role can potentially change to-
wards ínvol-ving nore individual eounselling, diseussing, and

díagnosing functions¡ and fewer correctingr lecturirg, and disci-
plining functions. The advantages outlined above have been parti-
eu1-arly attractive to special education teachêrse

In the field of special educatione P"Iu and CoA.L, have

shown potential in teaching the culturally disadvantagedo the

mentally and emotionally handícappedu the physically handicappeda

the hearing and visually impaired. Little of the researcha hov¡-

er¡er, has been conducted with intact classrooms in regular public

schools or with loeally prepared teacher-made programs, There-

foreo there is a need to evaluate any new application of C".&oLo

rvhich attenrpts to assl-st slow learning and average learning stu-

dents,

Obj_ectives of the Stydy

0f particul-ar interesto at the time this study was con-

ducted (t9?6), vras the effect of teacher-made C..{"Lu programs

on the academic achievement of low-achieving and average-

aehieving studentsn In atternpting to make CuA"f,. an effective

educatlonal tool, several questions must be asked¡
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1" Can Co.A."T,u be used effectively in a regular

elementary school?

2n Is it rnore effective with Iow-achieving groups

than average-achieving groups of students?

3. .{re locally available CoAoL" programs sufficiently
developed to be a valuable teaching aid in a modern

elementary school?

4, Will the use of CuAoL. directly or as a tutorial
aid effect student achievement?

5" Can any gains in aehievement be retained after the

experimental phase?

It is the thesis of this study that C"A"L" can be an

effeetive and practical i-nstruciional tool for assisting

teachers ín providing the optÍmum individualized program for
students with learning problerns"



CHÁ,PÎER 2

REVIEW OF ],ITERATURE

Tntroduction

A fundamental premise of education is that all child-
ren shall have the opportunity to develop the knowledge, skills
and attitud.es that will enable them to lead a satisfying and

productive adult l-ife, Edueators have long sought ways to im-

prove the educational process and to correct the schoolos past

failures in providing the performahce standards and appropriate

learning activities wh:-ch develop the full potential of each

individual"
ûne innovatiori r,*i recent years which shows great poten-

tiat for furthering individualized education is computer-

assisted learning (C.Â"Ï,. ). Generally statede C.AuT,. is the

use of a computer to provide or assist the instructional pro-

cess. Specific uses of C"AnT,n and defínitions will folLow short-

ly. First¡ however, in order to appreciate the potential of CoÂoLn

it is necessary to indicate some of its theoretical base. It
is the merging of several developments in education and the utili-
zation of newer media and technol-ogy which offers hope that C.À.L"

wilL contribute to the general upgrading of education. Major

developments vsere made in the psychology of learníng and instruc-

tiont programmed instructiont compu-r,er-managed and computer-

assisted instruetion. Other contributing developments were t

the articulation of behavioral objectives and the specification



of learner goals¡ the

references testing and

d.evelopment of diagnostie

flexible sche.duling and

5

and criterion-
staffing"

Computersineducationhaveseveralspecificappll-
cationsuToavoidconfusionthissectionwt}}firstmention
briefl-y the use of computers across the field of education'

This study however, is conce¡¡led with a narrower definition of

CnA"I," as will be outlined shortly'

HaIl (Lgl:-) lists the fotlowing four uses of computer-

assisted. instruction, He suggests that eomputers in education

can be used in the following wayss

J.. La.boratory. Computing Devlce' HaIl states that
0 high schools in the

-U"itãa St;iå; wãre *äkltg- use of classroom terrn-
inals to allow students ¿irect aecess to a com-
puter"

2, Record Ke.eper and' Retriever' Computers-provide
school -nffiith a very efficient
svstem of-rãcor¿in* and retrieving student data'
õí.,i;"ä=;i*tð-*iiñ- Etu¿enr program plaruningo cur-
riculum dã;ig"-;na-"au"^tiðnaÍ adm1nistration.

i. simulation. The computer presents real-liferc ffi or probreirs for- students to solve'
iñ ini" "õtirr"- 

problem-solving situation the
student "*pãrirãnts 

witn alteinative solutions
thatwouldbetooexpensiveorimpracticalin
real life' -rvie¿iõaf äna gPace resèarch has made

extensive use of simulation.

l+. Tutor. This is the most conmon use associated¡ c çffilfre terrn C 
" 
A" L. The most common f orm of

C..4."T.," is as a tutor which provi-des drill-gnq
;Ë;Ii"ã-p"ãul"rl .o " ituaênt at a Tãffiãj:
A more coñp1ex view of CoA.T,o aS a tutor involves
tn" terminäi presenting a sequential exposition
',rfri"n p"oïlã"ã- tfre primary source of instruction
for thä student. Ii this form a relatively
complete source is presented to the learner
by means of a comPuter.

ter Àssisted Learni
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Þlore recently researchers have considered tutorial
systems and drill and practice systems as separate systems.

Taylor (L9?4) distinguishes between the two as follows¡
Drill and Pfactice
The drl}I and practice mode of CoA..Lo involves
the use of the eomputer to dril-l students in
facts or to assist the student in practicing
skilIs. With dritl and practice, facts or
skills are taught through some other mode or
means. The students then use C,AoL, dril1 and
practice to memorize those facts or to pract-
ice those skills"
Tutorial
The tutorial mode of Co-AoLn is intended to
approximate the interaction which occurs between
a skilled patient tutor and an individual pupil"
Â tutorial system is used to initialLy present
a concept and to develop a student's skill in
using the concept.

This research is concerned with the use of C.A..L. drill
and practice. For this purpose the description of drill and

practice used by Fiorentino (L977, p. 5) is the most appropri-
ate.

[As a remedial tool to reinforce previous]y
taught concepts, the computer has a never-
tiring approach to the repetitious job of
drilling concepts and checicing answers.
Often built into the drill and practice
program can be checks as to whether the
pupil has reached a criterion leveÌ ofproficiehclr before advancement to more

ii{:åiååi' d;i i:: "*åi;:ii;:isi':iln*åä"åå:" 
-

to help in the job of memorization,,,

lfore recently -Computer-Managed._ T,earning (C.M"L" ) has

been referred to in the literature, Finch (lg?2, p, 46)

describes c.þ1'f,. as a system for educational management that
integrates student information¡ cumiculum data, and informa-

l.

2o
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tion on resources in order to assist the teacher with indi-

vidualizing instruction. A comprehensive approach utilizing

C..A.l,,andC"MuLowouldgoalongrvayinimprovingi¡¿lvidua-
l-lzed education"

For the purposes of this research, the studies refer-

red. to will- be those using c.À"L" as described above by

Fiorentino (t9??) 
"

PsyghologJ gf l,eagring-an-d. fnslruct.Lon

we have learned much about the teaching and learning

processes from various teaching modeLs developed in the past'

Historieal models such as the socratic model or that develop-

ed by the Jesuits very early taught us the importance of follow-

ing a teaching model if we are to influence learning.

|l{ore recentlyo the models presented by people such as

Thorndike (1913), Gagne (L962), Flanders (1960)' Camoll (L962)

and Stol-urow (Lg65) have stressed the poínt that a model is

necessary if r,te are to keep all of the facts' concepts and

principles of the teaching/Leatning processes organized. The

modification of a basic teaching model (Gtaser ¡ L962) by De

cecco (1968) has provided us with an uncomplicatedc Yet fairly

adequate, conceptualization of the teaching processo De

Ceccoss model has divided the teaching process into four com-

ponents, (a) instructional objectives (b) entering behavior

(c) instruetionat procedures and (d) performance âssessmento

This model is important to the recent j-nnovatj.ons in educa-

tional technology for two reasons, Firsto âs mentioned earlieru

a model allows uS to organize the great body of factst con-

cepts and prínciples which make up any field of educational
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stud.y" Second., adequate teaching models allow innovations

Such as educational television, programmed instruction and

computer-assisted learning to take their proper place in the

te achíng /LearnLng Proce s s o

Basic Learrring Conditions and Jnstructional Procedures

programmed ínstructi.on and computer-assisted instructions

aS compared to educatíonal televisionq ere two recent educa-

tional lnnovations which have taken a model of teaching seriously'

Both these methods have made an attempt to consider some of the

basic conditions necessary for learningo De Cecco (1968, p.2l+B)

defines external conditions of learning to include the follow-

lngr' continuityu practice, reinforcement, generalization and

discrimination. ',Vhite all of these conditions are important to

varying degrees in most learning, only the concepts of practice

and reinforeement will be diseussed in this paperc This discus-

sion is inportant as it relates to one major use of C.A.L.

drill and practj-ce"

School subjects such as arj-thmetic and spellíng provide

good examples of the importance of practice rather than on ini-

tial presentatl-on" Àusubel and. Robinson (1969, p. 2?4) esti-

mate that as much as ?5 percent of aL elementary school teacherus

tirne is spent not in the initial presentation of new ideas' but

in the arrangi-ng, eonducting, and evaluation of practiee sessions.

In the first four years of arithmetlc instruction, comprising

more than 400 hours of worko students learn at most a few hund-

red, number combinations" Most of the student0 s time is spent

in rehersing these facts ín various setting¡ committing therr to
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memory and applying them in simple probl_em situations,
In applying his *Law of Exercise" to the study of arith-

metic, E.Lo Thorndike (1922, L92)) argued that the frequent
coupling of a response, such as uo5n u with a stimul-use such âs

"3 + 2u would lead to the gradual- strengthening of their con-

necting I'bond" so that ultimately the stimuÌus would acquire the

power of eliciting the response, A.usubel and Robinson (t969,

p. 275) point out that as a result of his own research, Thorndike

went on to revoke his La.w of Exercise. He found that there was

improvement in blindfolded subjectss performance on drawing

three ínch lines only when they were told after each trial the

magnitude of their error, with this result, Thorndike (rgjL,
1932) concruded that the frequency of pairíng the stimulus and

response had in itself littte or no irnpact on the 1earning pro-
cessr and that its supposed influence must be attributed to
reward or lmowledge of resurts" This positione borstered by

other theorists (cuthrie, L952) generarly red to a distinterest
in and denunciation of the value of drill (the most highry
structured and repetitive kind of practice) and practice in
general.

Many educators continue to minimize the value of dril]
and practice. rn faetu the term "drj-11" evokes unsavory conno-

tations with many educators. A.s a result, there is not a great

deal of current research in this areae Ðrilr and practice, how-

everr are a neeessary and indispensable part of classroom teach-
ing, Stroud (L942, p, 36?-364) statesr

"In ?ppraising drill as a teaching proeedure,
it i-s well to remember that it is ñot mere
repetition but repetition of the conditions
of learning that is effective" Drill can be
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effective, ineffectiveo oF positively detri-
mentalt spirited or spiritless" Pupils do
not necessarily J-earn just because they engage
in drill * o In the best educational practice,
pupils are engaged in drill after the need
f or it has been demonstrated"nn

Thorndikeos (L93L, Lg)Z) observations that knowledge

of results was as important as the frequency of pairíng the

stimulus and response led to considerable research on how this
"feedback" vrould facili"cate l-earning" The benefits of hrow-

Iedge of results can be presented from a variety of theoretieal
orientations reilrforcemento rnotivational or purely cognitive
grounds. fn continuing rvith the behavioristic orientation of

E.Ln Thorndike (191f), many other theorists (J.G, Hollando 1960;

HuIl, 1943; Skinneru L93Bu :..95B) tend to attribute the effects
of feedback largely to "reinforeement* or to the direet strength-

ening effeet of drive-reduction on the responses that are instru-
mental ín obtainíng a reward and gratifying a drive, Informing

the learner that a given response is correct presumably gratifles
cognitiveu affiliative and ego-enhancing drlves motlvating the

response and henee, accordj-ng to such theori-stsu increases the

probability of its recurrance (tnat is, "reinforceso' the response)

(Ausubel and Robinson, Lg69, p" 299),

More recent research on the benefits of the Ìmol'rledge

of results has ansr.rered questions on the 5-mportance of the com-

pletenesso the frequency and the ímmediacy of feedback, Ausubel

and Robinson (L969u p, 301) provide a good review of this re-
search"

^As Stroud pointed out (1942, p" )62-361+), dritl and.

practice does not alr,rays insure that students vrill- learn, He
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suggests that it is best used after the need for it has been

demonstrated" This advice is stitr very appropriate v¡hether

traditïonaÌ teacher instruction ís beÍng used .or an alternative
instruetional medium such as c".{"L" is being employed. rn this
studye C.A"L" is an adjunct to regular teaeher instruction" The

planning of the sequence of materiats and initial presentatíon
of the materiar is handled by the teacher, The need for dril1
and practlce is identified by the teacher and then the c,A."L"

is usedo

Individualiza!åoq and Altenna,t_iye In.Þ.tructional Med.ia

Educators, begirrning in the late nineteenih century
(P'\^I. seareh, 189þ), have been interested in the goar of indi-
viduarizationu Between 1920 and L93o educators, infl-uenced by

the work of Frederick Burk (Brubackeru Lg66) devised and imple-
r,rented several iaboratory-type plans for self j-nstructïon in
the lower school" whire these prans required, a great deal of
support and. versatility on the part of teachêrse they were self-
paclng and concerned with individ.ualized. achievement; Further
early interest came from the mental testing movement, Early
intelligence tests (ginet, l-916) clearly demonstrated differ-
enees in speed. of task completion among pupilso differenees
easlly confirmed. by a teacheres owyr observations, .At the timeo

a great deal of individualized education took place i-n rural
one-room schooÌs" Twenty-five children spread unevenly through

ages 6 to 14 neeessarily committed the teacher to individual
pupil direction, recitation and. evaluation"

Unfortunatelyu populatíon increases and sehool consoli-
dations brought a number of educational practices which d.ampened
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the zest, enthusiasm and the obviousness of the need for

individualized, lnstruction. large classes brought about

,,trackingo' and. *streamingo and. many of the teaching practices

that stil} generally connote u'teachingm as an inherently rrperson-

mediated.'o activity" Separating children into homogeneous classes

according to measured, mental abirity within age groups is an

educational practice still with us even though studies have

conclusively demonstrated that this practice fails to increase

the achievement level of groups as a v¡hole (J' Goodlad, 1960)"

During this same sixty yearsu a number of alterrnative

instructional media were developed to supplement traditional

classroom ins'uruction -- instructional radioø instruetional

televisions progranrrned. instruction and most recently, computer-

assisted instruction" the initial application of this alterna-

tive media was primarily at the university tevel and was directed'

at developing mass communication methods of instruction' l'arge

group lectures and the adaption of closed-curcuit television

are examples of alternative media initially being directed away

from individualization.
Interest in individualization had a surge about 20

years ago when B.F. Skinner (1958) advocated, an educational

technology built around the use of teaching maehines' Teach-

íng machines at the time were basieally IÍ-near series of ques-

tions and answers to word problems called' uoframes"o Ski-n¡erns

teaching machines and Presseyo s (L926) earlier concept of

immed,iate confirmation soon developed into "programmed instruc-

tion" "
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In discussing individual-ized tutoring and programmed

instructionu Skínner (L958) outlines several important find-
ings that are directly relevant to CuA.oLo programs"

lo The most important aspect of instruction was
the arrangement of the instructional material
and not necessarily the teaching machine
itself.

2. Instruction should begin v¡here the pupil is
and should not move beyond what the'pupíl can
comprehend"

3" Instruction should move at a rate consistent
with the ability of the pupil to l-earrr.

4, There shoul-d be immediate positíve reinforce-
ment for correct responses and incorrect
responses should be comecteci immediately"

C 
" 
4." T," has great potential f or f urtheri-ng individualized

education. Care must b'¡ taken howevero to errsure that the ex-

perience gained by the worlc of Pressey, Skinner and others is
not lost and that the'cheoretical base remains ín all of the

applicati-ons of C o A. Ln in education"

fhe use of alternative instructional media has tremend.ous

potential in the area of special education. In order to under-

stand better the potential of C,A.Ln in educationn it is
important to examine and review the li-terature associated with

programmed instruction and C"A..L. with many different groupings

of exceptional children as v¡e11 as with regular educational

programs.

Programmed Instrus:tion (P"I" )

In L926 Sidney Fresseyu (Noc,T"M" I9?3, p, I3?) of Ohio

State Uni-versityu developed a device by which hís students
might be tested and shown the results immediately. Pressey' s
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work remained relatively unlçnonn in ed,ucational circLes until
the principle of immediate eonfirmation vJas exploited in the

military trainers used during World \'{ar If . Since that tine

prograrnmed instruction, whether presented by machine or text,

has demonstrated its effectiveness in most areas of education"

De Cecco (1968, p, I+87) describes P"f" by listing four of its
ma jor eharacteristies ¡

lu The material is brolien down into small
. steps ( or frarnes ).

2, Frequent response is required of ihe
student"

3. There is inrmediate confirmation of right
answers or corrections of vurong ansl{ers for
each response the subject makeso

4. the content and sequenee of frames were sub-
jected to an actual tryout with students and
were revised on the basis of data gathered
by the program author"

Malpass (f966) demonstrated the effectiveness of P"T"

in teaching reading to slow learning, cultttrally different
young children, Students vrere divided into a control group

(traditional instruction) and experímental group (teaching

machine and programmed workbooks). There were signlficant
gai-ns in voeabulary development for the machine taught over

controlo and workbook over eontrol.

Pu Jacobs (1968) also demonstrated the effectiveness of

P. Io with culturally different groups, Dífferences in mathe-

matj-cs achievernent v,iere eliminated between high and }ovt ability
students 

"

mme d Instructi_o_p an{_!_pg gLAl Ed qcetï on

Leslie Malpass (L967) reported on the use of P,I. rvith
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educable mentally handicapped students" students from insti-
tutions and publie school systems were assigned to three matched

groups' One group received ínstruction from a teaching machine,

another from programmed workbooks, and another by conventi-ona1

crassroom methods" After 20 hours of lnstruction over five
months on the same rnateriaL the groups using the p.r. material-s
(nachines and workbooks) showed. significantly higher gains,

Other researchers have demonstrated the effectiveness
or P. r" with many dífferent groups of exeeptional chirdren"
Holden and Roberts (rg73) used p.r, and programmed tutoring
with slow learners" Donald ELdred (L966) conducted, a three-year
investigation to determine the effects of P. I. with ernotionally
disturbed and under-achieving adolescents. pfau (Lg?l+) in report-
Íng on the GE/Life P:rogram stated. that the program was being well
received by every populatíon of the handieapped as well as the

non-handicapped,

Þograrnmed instruction has been the forerunner to C.AoL.

and the impl-icati-ons of P. f . with exceptional children are c'l ose-

Ly related to the development of C.A.oLo

Cgmputer-.4.s-sisted Learning -- Rglated_ Research

PnL and C.AoLo have several characteristics ín conunon

which account, in partn for their effectiveness, Sandals (Lg?j)

has listed eight points showing how the use of individualized
instruction (uotn Puro and c.A.oL. ) benefit the handicapped. child
in comparison to traditional methoris of instruction,

1. Small logical steps. fnforrnation is presented.
ffit is easy to mastei before
going on to the next small step.
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2n Seff:peqi4g, Handicapped children learn to
ffie -TËeir learnlñg and pace themselves more
constructively and thus can worlc at their own
sPeed"

J. .å.ctive Student P-þrticipation- -and Immedi?te Feed-
bact, Â cause ánd effect relationship is es-
ffiTisfred because if the student recelves immediate
feedback, he wil-l respond actively in order to get
the reinforcement again. Such active participation
and reinforcement enrích the learning envj-ronment
for the students,

4, A.ttention spanc The use of sma1l steps accommodates
ffitention span of handicaþped learners"
Thus the students ean leave an individualized 1n-
struction sessíon and return later without having
to re-read much of the material.

5" Reductlon of qm@. The use of

-

indäi.-duáflzéd teChniques helps the student by
providlng the feedback but without the emotional
connotationsu praise, attention, encouragementt
frrnnathV et.cete5?, that are usually experienced
in the hañdiõ-apped student and ieacher situation"

6" Patience of machíne and programo The individu-
of upset the handi-

capped student emotionally" That isu it does not
scold the student if he makes a mistake, and it
never forgets to provide positive reinforcement
when appropriateo Thus, the program establishes
a consistent form of reinforcement which is not
always true of the teaeher"

?" lutorial role of the teachern The individualized
teacher of routine

choreso and thus, enables hirn to establish a cLose
rapport with each of his students,

8. Motivatign" The handicapped student appears to
be mõre hiehly motivated when worliing with individu-
alized techniques in cornparison to traditional
teaching technlques. This increased motivatíon
often is observed in the form of improved behavior.
(Sandals u L973, p. 36-38),

William Norris (l-977) suggests that after industry, the

next area where C.À,Lo wiII become cost effective is in specl-al

educationo which today is very costly" In discussing the PLATO

system of C.B.E. he lists several ad,vantages of CoÀoÏ-,u r
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*,""infinite patieneer the epitome of personali-
zatione nearly timitless versatilityr and del-ivery
of uniformly high quality" But ites much nlore than
that" Itus a lmowledge, faeto informatlon and
educational delivery system of the first ordere
using many media and structures, It offers the
promise of profound and beneficlal irepact on the
d.eIívery and appllcation of lmowledge in ways that
free us from the fetters of an educational process
virtr¡ally unchanged from the days of its great name-
sake teaóheru PIáto, (Norris u Lg?7, p" lv52),

Norris6 optimism for CuÅ.oL. is supported by numerous

research findings, Whil-e C"-4.L. is effective in a number of

subject areasr this review w111 focus specifically on C.AuI,n

and lts application ín arithrnetic to low-achieving students"

CoÂ"T,. and Mathematics Instruetion
Computer-assisted instruction offers many advantages

to the teaehing of mathenatics. Glbson (:.'97L) summarized

these as folLows¡

1, CoA,f,, can provide highly individualized
mathematical instructlon to a number of
pupils daily.

2o C.A,L. can perform an immediate analysis
of the accuracy of pupils mathematieal re-
sponses, making possible individualized
instructi.on"

3, It can keep each pupil and his teaeher in-
formed of the individual pupil progress.

4" It can provide reports to the teacher on
class perforrnance and item reliability for
use in-daiì.y planning" (Gibsono 19?1, p, 11)

Patrick Suppes (1971) in reviewìng C"AuT,o programs

developed at Stanford from l-963 to l9?O' was optimistic about

the continued potential of Cnå"L, especially ín the areas of

elementary reading and mathemati-cs. fn 1975 Jamisone Suppese

and \'Iel1s concluded that although there were often no signifi-
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cant differences in achievement, drill and practice on the

computer took less time and did not require an additional ef-

fort from the teaeher. They also concluded that v+hen small

amounts of CoAoL. l'{ere used as a supplemente achievement ap-

peared to irnprovee particularly for slov'¡er students"

Capasso and Laehat (L971+) in a UoS" national surrey of
unmath programs that workn state that Cu.À,L. demonstrates statisti-
cat evidence for its success at all grade levels, These authors

provide a directory containíng comprehensive descriptions of

diagnostic*preseriptive rnathematj-cs programs used successfully

in New Jersey School Districts"
The general effeetiveness of C"3-,I,o drill and practice

mathematies programs was reviet'¡ed by Henry Palmer (1973)" Drill

and practj-ee programs were provided to elementary students in

14 districts of a T,os A.ngeles county as a means of improving

students0 math abilÍties, Both the Cali-fornia Test of Basic

Skills (C.T,B"S" ) and the California Arithmetic Test (C"A"T")

were administered before and after to both the experimental

group (C"A.L. ) and the control groupo In general, the results

indicated that¡ I) the mean post-test scores for the experi--

mental group exceeded those of the control groups 1 2) a higher

percentage of experimental than eontrol students exceeded their
expected growth rates for the period; and l) the students re-

ceiving C".4..1. experienced grovtth rates substantially beyond

normal expeetations, This programc ãt moderate costss Promoted

student learning, reduced teacher's remedial rvork and aided in
the diagnosis anð. prescription of student academic needs'

Generallye research on C,Ào1. in larger centers show
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statistically signifícant differences in support of CuA"Ln

Jamisonu Deano and others (1971) found that elementary arithme-

tlc prograns developed by the Institute for Mathenatical Studies

in the Social Sciences at Stanford Universitye performed welÌ

with under-achieving children" The authors acknowledged the

difficulty of making C".4."f," available in rural areas as well

as urban areas.

Earlj-er, J" Frince (tg6g) fraA attempted to use the

Suppes-Stanford C"A"Io Mathematics drilt and practice programs

in l'{cCombu Mississippie an area remote from where the programs

li'ere developed. The study reports significant educational dif-
ferences betr^reen groups of ehildren receiving C,A.Lu and the

control group whieh received only traditíonal instruction, The

report states tlrat the lvlcComb Sclrool trdmínistration, while agree-

ing that C"é."f," appeared to be a feasible vray to close the gap

bet¡çeen disadvantaged and more affluent youth, felt there were

too many problems with C.A.nL. to continue the program, Problems

lísted included the cost of the project, the lack of sufficient
programs r the plurality of computer languages and the doubts as

to its widespread implementati-on"

Other researchers are much more optimistic in their point

of viewe even though they do not get statistically significant
results" Lynne Durward (1973) describes C"å,.L" in arithmetic

at South H111 Elementary School. Grade six and seven students

were divided into three groupso [he o'computer group' each re-

ceived 5 minutes of C.A.oL. in arithmetic per day in addition to
regular classes" fhe 6he1p group" received five mínutes of group

instruction per day in addition to regular arithmetic classes.
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The 'ozero group'o received no additional instruc'cion" Fre-

and post-tests lrere administeredo Results indicated that
there r{ere no statistical}y significant differencese An atti-
tude questionnaire v¿as also administered" The researcher

reports however, that although not statistically sígnificant,
the results shovred that C,Áuf-,. improves arithmetic skills, and

that C"A.f,. in addition to regular ínstruction is superlor to
an equivalent amount of regular classroom instruction in im-

proving aríthmetic skllls.
Not all studies of C"-&."T-," projects with eler¡entary ar-

ithmetic have produced positive results" Abramson and t{einer
(L97l-) reporled negative results i-n evaluating the New York Gity

C"3"L. Project in elementary arithmeticu The authors list the

foll-owing possibl-e reasons for v;hy the dritl and praetice pro-
gram was not successful, They v{ere¡ I) the stud.ents vrrere

exposed to about one-third the number of lessons originally
intendedu 2) the softvrare did not appropriately compensate for
índividual differenees, 3) achievement test results showed no

cons j-stent pattern favoring C,.4, Lo or non-C.Àn Lo groups u and,

4) the amount of drill and practice in CoAuT,n and non-C.-A"Lo

classes was not observabty different" This study suggests

that there is a contlnued need for research on C.A"Ln

Ç . =$.. 
L- j¡ith low-Achi.eving. Studenlg

Several research studies diseuss the effectiveness

of CoA"Ln wíth low-achieving studentso These will be present-

ed to support the position that more research is necessary in
this areae
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Litman (Lg?)) reported on a C"A.L" system that has

been implemented in ?L elementary schools ín Chicago" The

system runs. on a Univac 418-111 computer rshich proeesses coÐ-

currently the readinge language artso ârrd. mathematics drill and

practlce strand programs of the Conrputer Curricul-u.m Corporationo

All students partieipating in the program qualified for compensa-

tory educatl-on in that they vrere at least one year below grade

level when enterlng the programo Results reported indícated

that the program was very successful r,¿ith students gaining near-

ly one monthss academic gain for each nnonth in the programo

This was considerably better than the national average for com-

pensatory education students, whieh this study reports as being

5.6 months for every I months of instruction" Litmans ín the

same reportn states that teachers were freed from drill activi-
ties for more creative worko

Several studies indicate that more research is requiredo

Demshock (1968) in examining C.Á.uf-,o use ín teaching spelltng to
grade 5 and 6 students recommends that additional research is
needed to study the use of CuÀuLn, particularly with low-abílity
students. Dunrvello Stephens and others (L972) coneluded that
C.AnLo was an efficient means of teaching spelling, that it v¡as

sensitive to indi'rÍdual needs, effectíve v¿ith wealçer students

and useful for remedial work. Shaw (1968) demonstrated the ef-
fects of three instructional strategies on achievement in a reme-

dlal arithmetic program" fhe three strategies presented vi-a

eomputer were driIl, drill with feedbackp and mixed drilI" .4.1L

strategiesu including the eontrol groupu produced statistieally
significant differenees on both the post-test and delayed post-
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test (retention test)" The author suggests that these results

indicate some effects other than those of the treatment may

have been operating"

Fiorentino (tg??, p. 30) summarizes tvrenty studies

that involved C"A,"f-," and mathernatics, His reviewu in general

indieates that C.A"L. is lüost effective when i& is used by

pupils who are below grade level or more effectively for low

ability pupils than for average or high ability pupils. Eighteen

of the twenty studies reviewed reported that C.A..L' students

aclrieved better than non-CoAo L. FiorentinoB s summary(L977 r P.30)

is reproduced ln Appendix .ê..

C ompgter-.&ssi_sted l,qarning in itÍ3rn i Lo-ba

Sinee I'{ay of L974 there has been an ongoing study in
\¡¡innipeg which investigates the uses of CuA.Lu in schools

havirrg children and adolescents r'*ho have physícal handicaps'

hearing impairments, emotional or behavioral handicaps and/or

i-earning problems" This study has involved eight different

schools, each adapting the use of C"ÀoL, to the special needs

of a handlcapped group of students" fhree of these studies will
be revierved. HiIL (L976) investigates the use of CnAuLo with

the physically Ïlandicapped, Fiorentino (L977 ) investigated the

use of CoA,L, for pupils with learning disorders" Reeves is
investigating the use of CoA"L" with children and adolescents

rvith hearíng ímpairments. .ê" review of these studies is import-

ant to this study in that simllar research designs and the same

C"A..L. programs have been used, These studies have used the

same C".[,Ln programs through the use of remote terminalsu they

have shared the same program developrnent staff and made use of
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símilar ínservice and training programso

Hill (f9?6) reported on a two-year study of C".À"Lo and

the physícally Trandieapped" During the first year of the pro-
jectu the students and staff of the school \,rere given a seven-

nonth perlod of orlentation during which staff and students were

given training in computer use and c"A"Lo programs were adapted

to the unique needs of the physicalry handicapped students" A

five-nionth study was then earried out in which two groups of
randomly selected students were assígned to eontrol and experi-
mental situations, Both groups received regular classroom in-
structlon ín mathernatics, and the experimental group rece j-ved

additional c.A.L. in mathematics for two days a weeku for a

period of three months" Alr students were administered the

stanford A.ehievenent rest in mathematics beforee during and

after the CuAnT,. sessions. Statisticallye no significant dif-
ferences were shoiçn between the two groups. Howeveru there
\$ere signifíeant differences shown over time between the pre-
tests and post-testu and pre-test and retention-test. Âlthough

statistical sígnificance was not shorryn, HiIl (lgZ6) states that
the educational relevance of the C,Â"I," was apparent to teachers

and administrators. HilI (Lg?6) supports this educational signifi-
cance graphieally by disptaying a seven-month gain for the experi-
mental group during the three-inonth period versus a three-month
gain for the control group during the same period, Hilt (19Z6,

pu 6)) in presenting future consid,erationsa eu€stions the experi-
mental design and suggests the use of an additional experimental
groupe Thisu she states, would provÍde a more robust model from
whieh to draw more general eonclusi_ons"
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Fiorentino (l???) reported on a study v¿hieh investi-
gated the effectiveness of using C,Å.uL" programs as a vray of

individuallzing instruction for pupils v¡ith learning problems,

The study took place from September Lg74 to June Lg?s Ín a

junior high school which operates special education programs

for pupils who have a long history of failure and difficulty
in functloning ín regular school programs, The sanple of pupils

included those who have specific learning disabilities p 1ow

mental ability, behavlor disorders, soci-al difficultiesu and

eniotional and psychological problems.

As with tTre Hlfl studyø students and staff i'¿ent through

a five*month orientatlon phase during whieh time students were

familiarized with conputer and C,,Â."Ln programs wetre further adapt-

ed to provide appropriate dril-I and practiee exercises for the

basic skills needing to be improvedo Seventy-five siudents

were randomly seLected to take part in the study" From this
sample three groups of tiventy-flve were randomly chosen and

randoml-y assigned to receive regular classroo$r instruction as

weII as C. A u Lu treatments, One group reeeived C,.4., T,o r:iathe-

matics while the second group received C,A,Lo in language arts.
The third group received only regular classroom instruction.
,4.ssessments were made by using the Stanford .ê,chievement Test

in all three groups on pre-tests, post-test and a retention
test. The study ran ten weeks during which time each treat-
ment group received a fifteen-minute C"ÀoL. session once every

two days. Each session was supervised by an older student

proctor.
Fíorentino (I9?7) reports a significant difference be-

tween the three groups over time in their performance in math
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skills. The C.A.L, math group showed a five and one-ha1f

month gain in math skills for the three and one-half month

period" The other two groups reported approximateLy zero gain

in mathematies for the same period, There were no differences

beùreen groups as a result of C"ÂoLo language arts, Sandals

(L9?6) in commenting on the non-gains with C.A"L. language

arts suggests that at that tirneu available C.A.f,. programs in
language arts were inadequate and not as extensive as the math

programs. Fiorentino (Lg|?, p. 94) coneludes in his study that
pupils with learning problems can manage the use of a computer

terrninal and CoA.Lo with very little help¡ that pupils with

learning problems were able to improve their basic skilIs in
arithmetic and spelling¡ and that C.À.L" is a promising means

of individualizing instruction,
The third centre for the Winnipeg study is the l'lanitoba

School for the Deaf, a combined residential day-school for severe-

1y and profoundly deaf students. C.A.L. has been used in this
school since October, I9?4" Several CoA"T,. programs, especially

in language arts, employing the Rhode Island Language Curriculum

were developed. Â formal studyr üsing a sirnilar experimentaÌ

design as the studies by HilI and Fi-orentino was conducted in
19?6-7?. The results provide further information on the effect-
iveness of C.AoLu in mathernatics and language arts achievement

with hearing-handicapped children"

Future studies of the Viinnipeg project will report on

the effectiveness of C.AoLo with trainable handicapped children
and the study of the effect of information retrieval and manage-

ment systems.



26

This thesis reports on the effect of C"A"Lu on arithme-

tic achievement ín 1ov¡*achieving and average-achieving students,

It reviews the experiment conducted at a fourth síte of the

l'finnipeg Project in L976"
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II'{VESTlG,A TI ON

The Problem

the research studies reviewed have demonstrated that

C.ÅnLo is an effeetive method for teaching aritÌrmetic skills

to elementary school children' Both PuIo and C"L"Lo have been

sho',,''n to be effective rt'ith many kinds of exceptlonal chi-ldren.

At the seme time however, most research studies suggest that

C.A"L" is still in the ínitiation stage and many basíc questi-ons

need to be asked.n this is especially true of locally-prepared,

teacher-made C..å."L0 programs and the use of these programs in

a regular elementary schoolo

The underlying problem represented in this study comes

from the concerrts indieated above. Can locally avail-able C.A."Ï,"

Drograms have an effect on the arithmetic achievement of grade

5 and grad.e 6 stud.ents? i[ore specificallyo the questions to

be answered in this studY ares

1o Can the arithmetic computation skills of low and average

achieving students be increased through the use of C,AoLu

drill and practíce exercises?

Zn Can the arithmetic cornputati-on skill-s of low and average

achieving students be increased through additional tutor-

lng by a resource teacher using C..å"Lu produced drill
and practice materials?

3" Ts CuÄoLo more effective than additional tutoring
from a resource teaeher?
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+, Can the slcills gained by C"Â"Ln or extra tutoring

from the resource teacher be retained over time after
the experimental phase?

Re"s_e arclr Hypgtþe si s

If tirree randomly selected groups of low-achieving and

average*achieving students received regular classroom instruc-
tion in mathematics and additionatly received either¡

l) extra het-p in mathematics from C"AuLu t

?) extra help ln mathematj-cs from a resource teaeher

using eomputer generated drill sheetsø opE

3) no additional help¡

then there v¡ould be a difference in performance of the three

groups over tinre on a standardized achievement test in nathema-

tics,

Tþe Sanple

The subjects in the study v,tere fifth and sixth grade

students attending Britannia Elementary Sehool in the St. James-

Assiniboia School Divísion, The school population totalLed t+J)

students of whom 62 puplls were in the fifth grade and 84 pupils

vrere in the sixth grade. All of the 16? grade five and six

students from v¡hich the sample was drawn lived within the sehool

areao

Britannia Elementary School is located in the eastern

section of the St, James-Âssiniboia School Division" The school

neighbourhood is surrounded by a large j-ndustríal area to the

north and a large commercial area to the east. The soeio-

economi.c status of the area is a mixture of working class and
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single parent families" There was not a disproportional number

of immlgrant or native/metís children in the neighbourhoodu

Grade flve students were assigned to teachers on a ratío of 2I

to 1o Grade six students vüere assigned to teachers on a ratio

of 28 to l-o there \¡tere three special education teachers on

staff¡ I resource teachera I behavioral resouree teacheru and

one special class teacher (educabl-e mentally handicapped)"

Special class students (E.M.H.) used CoA,L. programs but were

not part of thís study" Several disturbing and emotionally dis-

turbed students were mal-ntained in regular progrems through

the assistanee of a behavioral resource teacher, These students

were part of the study"

.å"I1 grade five and six students (16Z) v"ere initial-Iy
tested twiee with the Computation Subtest of the alternate forms

of the Metropolitan .A.chievement Test, Intermediate form" Using

the mean Scores of these tno pretests all students were then

randomly assigned to groups of low-aehieving students0 average-

achieving stu.dents or high-achievíng students"

T,ow-achieving students for thls study were defined as

those students whose mean arithmetíc achievement on the two pre-

tests of the Metropolitan Achlevement festu fntermedíate form

was more than one year beloty the current grade placement. .q,

simllar definition was used by Litman (Lgn) when he studied

C"A"Ln ln elementary schools in Chieago" Average-achieving

students were defined as those students p¿hose arithmetic achieve-

ment was pLus or minus one year from their current grade place-

ment. High-aehieving students vrere defined as those students

achieving more than one grade level above current grade place-

ment,
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Random asslgn¡nent of students to experlmental groups

was then made by using a standard table of random numbers and

the method. outllned by Downíe & Heath (L965, Þ. Lzl)" High-

achieving students iqere not Íncluded ín this experiment and

were used as proetorg!

The subjects used for this study were those students

whose scores on the Computation Subtest of the l4etropolitan

Achievement Test pl-aced them in lov¿-achÍeving or average-aehievíng

grÐups, The subjects under study ranged from l0"l years of age

to I2.3 years of age v¡ith a mean age of 11.3 years. The subjectsu

I"Q. rã.ngeo âs measured with Lorge-Thorndike group testsu ranged

from B& to LL6 (Appendix A)" IoQo scores triere not avail-able on

eÍ-ght subjects" There vras lrery little confidence placed in the

group I.Q. seores available for the students" Therefore, these

were not a pÌacenent variable.
Thirty subjects from both the Low-aehieving group and

the average-achíeving group were randomly assigned to groups

20 in a control groupu 20 in an experírnental group (C".å.L" ) and

20 ín a second experimental groupe A repeated T-Test was per-

formed to ínsure that the means from the pre-test seores of the

three groups were not signifieantly different (p .05)"

Six of the subjects assigned to the eontrol- group were

accidently assigned to a computer proctor group rnaking them ü1-

suitable as control group ca.ndidates, fhe control group dropped

to N = 14 and the two experlmental groups each had 20 partiei-
pating subjects,

Subjeet infoi:mation ean be found in .Appendíx B, ft
should be noted that subjects 31u 32u 33u 3l+u 5? and JB were re-
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moved from the control group for the reason stated above"

ligitations of the Sample

A. number of límitations of the sample wil-l be discussed"

The generalization of results must be viewed in the context of

these limitations.
Alt subJects in this investigation, prior to the formal

investigationn experienced three and one-half months of famili-
arlty training with the same computer terminal and related pro-

cedures, Thus none of the subjects were naive to CnAuLo and it
was safe to assume that the results obtained wouLd not be affect-
ed by the novelty of the computer"

The general operat5-on and scheduling of the regular school

program put several constraints upon the study" During the early
part of the study the school was subject to a major supervísory

overview of all facets of the schoolcs operation and instruction"
Vlhile this shouLd have effected a}l members of the eontrol and

experi-mental groups equallyr it may have caused all teachers in
the school to devote more attention and preparation time than

normal, especially to low-achíeving students" AII students came

from intact cLasses of students, therefore the scheduling of
students to the C"A.L" program had to be secondary to regular
school programs,

The control and experimental groups were randomly as-

signed, However, beeause of unique neighbourhood variables and

school staffing variables the resul-ts could not be generalized

to all low-achieving or average-achleving students in the Flinnipeg

areao
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Ins trus t i ona l_Pr ograns

The programs that were used. in this study were drill

and. practice programs in mathematics" These programs v{ere all

written and developed by teachers and were in the "BASIC" language"

BASIC is a porverful hlgh-leve} ì-anguage that was used on a CDC

6500 computer at Cybershare Limited" Five programs in mathernatics

were used. in this study' Examples of each program can be found

in .Appendíx B" À short summary of each is as follows¡

Addsub I
Àd,d.sub 1 is a drill and practice program for either

addition or subtraction, The largest sulne or remaindero can be

r1o larger than 1þ, lhe program8s objectives ares

l-. To give the student practice in additiono

2o To give the student practice in subtractlot'

3" If specified by the range of numberso the drill
will give the student practice in carrying in addi-

tion and in o'borrowing" in subtracti-on"

Addsan

.A,d.d.san is a program that provides drilt in addition for

remediation, Ihe program provides a choi-ce of how many digits

(from 1 to 5) in each number and how many numbers (from I to J)

with whieh the student requíres practice" The objectives of

the program ares

1o To give the student practice in adding.

2. To give the student practice in carrying'

3" To give the student practíce in adding numbers by

eolumns,
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Subsan

Subsan is a program that provides drill
for remediation" Problerns with up to 5 digits
are randomly generated" The objectives of this

lu To provide practice in subtracti-on

2o To provide drill in borowing"

3. To provide practice in using concepts of date and

time,

Multsan

Multsan is a program that provides drill in multiplica-
tion" The student has a choice of the number of digits in the

multiplícation (f to 6) and also a choice as to a fixed or random

muliíplier. The objectives of this program are s

1" To give the student drill in multiplication.
2o To provide programs lvhich can be varied in their

instructional 1evel as the student progresseso

3" To provide a program v¡hich can also be used as a

te sto

Divide

Divide is a program that provides drill in divisíon.

The student has a choice of the number of questi-ons to be done

(f to 15) from randomly generated questions. The student also

has a choice of the number of digits in the divisor and divident

or whether decimals are to be used" The objectives of this pro-

gram ares

In îo give the student drill in division"

2o To give the student drill in division involving
decimals,

in subtraction

in the top number

program are 8

for remediation,
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MeaEuring. Instrument

The tJietropolitan Achievement Test (L97O) -- Mathematics

Computation subtest was used for atl measures of arithmetic

achievement throughout the study -- alternate forms of the test
(F and C) were used for the first two pre-testso scheduled one

v.reek apart. These same al-r,ernate forms were used again fifteen
weeks later for the post-test and retention test, This test was

used in this study because it was used in the division on a regu-

l-ar basis and therefore familiar to teachers and students. AÌI

examination of tl're questi-ons in the nathematics computation sub-

test showed that they were very similar to the skills that are

drilled on the computer programso In generalo Finley (Buros,

L9720 p, 67) summarizes the Metropolitan Achievement Tests as

follows ¡

"To be applauded for scope, both vertical
and horizontalr for the measurement of im-
portant outcomes, for careful standardiøationt
lor a clear and attractive format.""this is a
superior test series representative of the high
quality and useability of modern aehievement
tegt, ot

Finley (Buros, l-9720 p, 6?) in the same review of the

M.A.l. suggests cautions in interpreting the scores of 'poor

l-earners, due to the operation of chance grade scores'

The test was administered as directed in the leacheros

Directions by two resource teachers and the experimenter who as-

sisted with the testing portion of this study. 4.11 testing rvas

done in the first part of the morning using class periods which

had been scheduled for either mathematics or language arts. Test-

ing directions were reviewed prior to testing sessions and the

testers were cautioned to be aware of student responses which
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would indicate excessive guessing, such as

qulcker than was possible" A1l students in
gardless of whether they were a part of the

on each occasion"

finishing the test
grades5and6re-
study were tested

The computer hardware used in this study was a CDC 6500

computer that was owned by the Province of t'{anitoba at Cybershare

Ltd. The instructional terminal in the schoor was a model 33

hard-copy teretype which produced a carbon copy of arr student
work" The cost of the project was shared by the participating
school divisions and the Manitoba Department of Education" A

breakdonn of the eosts invoLved is in A.ppendi_x G,

the termínal was situated in a rarge classroom which

served as a resour'ce room for students in the i-ntermediate grades,

The terminal was partitioned visually from the instructional area

of the classroomo Regurarly schedured tutorial programs took
place in the same room although these students were not visable
to the students using the terminal,

Ädministration and Pro.c.edure

The study began in 0ctobero L9Z5 and continued until June,

r976, The actual experi.nentar phase using c..A,.Lo in mathematics

began on February l5ths l-976 and continued for thirteen v¡eeks"

The pretesting and post-tests took place before and after this
thÍrteen-week experimental phase, .4. cornplete schedule of the pro-
cedure is available in Figure One,

fntroductory Phase

ratus C ter Esuípment and Facilities

This phaSe was a very important part of the study. For
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four months prior to the experimental investigation students

and teaehers in the school had an opportunity to become famíliar
with the operation of the computer terminal, All teachers and

the school adrninistrators received a half-day inservice on com-

puter-assisted learnlng and how the terminal operated, During

this period all students from grades three to six had an opportuni-

ty to use a C"A.L" programo This was done to assure that experi-

rnentaL bias effects such as the Hawthorne Effect would be opera-

ting at a minimurn during the experimental stage. This introductory
period v¿as necessary to allow the teachers sufficient exposure

to and experience with CoA.Lo so that it would be considered as

an adjunet part of the sehool programs" The time was also neces-

sary to train student proctors or volunteers and to modify the

programs to fit the curricular needs of Britannia School students.

Recording and charting procedures were established during these

periods.

ExperimentaÌ Phase - Pretest

4.11 subjects were given two pretests" îhis was required

to assure that all subjects were farniliar with a formal testing
situation,

the first pretest MoA.T. Computation Subtest Forrn F

was administered on February 2 and J to all 64 grade five stu-
dents and all BZ grade six students. The second pretest -- M"Â.1.

Cornputation Subtest Form Gu was administered one week later on

February 9 and 10" The tests were randomly assigned to the classes

to be tested. All tests were scored by the experimenter,
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Fi nrre 0ne

Flov¡cha,rt of Procerlu.¡"e

. A . L. General lls e , June L97

f,i¡¿] uati on Phase

Retention Test June

retest I, Feb

Fretest 2. Feb. I

i'leek 1 Feb.

\'leek 2 Feb.

i,feek j l,í;ar

r,,/eek b l!ar.

S¡rine tsreak

\'{eek 6

Weel< 7 Anril
lYeek 8 Anril

I ,¡'nril

\'Ieek 10 I'iarr

\{eek 1I l,'iav

l'Ie ek

Posttest June
weeks )
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Cgmputer Sched uling .Arra_ngenen:ls,

Scheduling of computer tirne for those students in

the CoÂ.oLo group was arranged so that each subject received

three or four fifteen to twenty-rni-nute sessions per week" Varj--

ations in the school progranming due to field tripsu corrcerts'

illness and corrputer faiLure resulted in students averaging ap-

proximateiry 3"2 sessions per vreek" During the 13 weeks of the

investigation the students received from 37 to 45 sessions (av-

eraging 41)" Student proctors and the supervi-si-ng teacher super-

vised the movement and logging in of subjects so that maximum use

of the terminal was made, Students were scheduled so that they

did not miss regular mathematics classes, Sessions missed due

to special events vrere not made üp, Caution was exercísed to

see that no student missed sessi-ons on a regular basis. The times

of CoA."Lo sessions varied for each student"

T.utorial Scheduling Arrangepents

Scheduling of tutorial time for those students ln the

tutorial group was amanged so that each subject recelved three

twenty-minute periods of group tutorials per weeko Subjects

were provided with eomputer-generated drill and practice materials

according to their instructional Ieve1. .4.11 materials were seLf-

scoring with computer-generated answer keys. Tutorial sessions

were held for subjects ln groups of 10 students" these were aI-
ways held in the afternoono Sessions rnissed due to special events

were made üpo All tutorial subjects received three twenty-

minute sessions per six-day cycle,
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fnstructíonal Level of C.Â.oL. and Tutorial Matería].q

Both C"A.L" and lutorial programs were seen as adjuncts

to the regular math programs designed jointly by the classroom

teacher and the resource teacher. lhe resource teaeher then

chose C.A."L. programs or computer-generated dri11 and practice

materials that best fitted the instructÍonal needs of the stu-

d.ent, C.A.uL" programs were generally provided according to the

hierarchial- levels established for these programs by C" Hill
(L9?5) (refer to Appendix H). Howeveru it was not possible to

follow this hierarchy faithfully as the individual needs of the

student often dictated a different ordering of programs. kogram

selection v.tas teft up to the supervising resource teacher" A

profieiency leve! of 9V" at each level was chosen" This is sup-

ported by Johnson and Kress (1972) who state that an independent

level of achievement no lower than )O/" mastery should be used,

The C"A"L. group, the tutorial group and the control

group all received the same amount of classroom mathematics in-

struction. This amount of time was equal to the Department of

Education requírements 
"

Student proctors from high-achieving grade six groups

asslsted the C"AnT,, group with "logging-in* and with fÍling
student records, These student proctors were traj-ned and super-

vised by the supervising resource teaeher" lhe use of student

volunteers to assist with student programs was not novel to this

program, although the use of student volunteers for this extended

period was unusuaÌ, This will be discussed later in the limita-
tions of the study.
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Popt-tes! anÈ Retention Tgst

The post-test was administered in the first week of

June and the retention test was administered two weeks later.

The procedures used for these tests were the same as the pre-

tests, These tests were seheduted in the norning using mathe-

matics or language arts cl-asses.

Research gesigE

This study has employed a time series deslgn. Campbell

and Stanley (L966, p,3?) state that the essence of the time-

series design is the presence of a períodic measurement process

on some group or individual and the introduction of an experi-

mental change into this time-series of measurements, the results

of which are indicated by the discontinuity in the measurements

recorded in tkre time series. Fn Kerlinger (I964u p" 3L7) has

represented such time designs as follows¡

YlY2XY3Yþ
He continues, (1964, p. 3L7) stating that the most seríous pro-

blem in this design is that of u'history", that is, the specific

events occurring between the measurements in addition to the ex-

perimental variable.
This major problem with this research design has been

controlled for by the add.ition of a control group, This is
represented as follows ¡

11. Ye Xl Y3 Y¿r

Yl Y2 X2 Y3_ Ytl,

YL Y2 _Y3 Y4

(c. -å.. L. Group )

(Tutorial Group)

(Control Group)

Â.s mentioned by Kerlinger (196¿1, p, 318) the Hawthorne

Effect could pr'oduce change in this research design. This has
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tioning as an adjunct to regular programs for a

months prior to this experiment, All students

the school were exposed to C"A."Lu prior to the

study.

Statistical Procedure

4r

programs func-

period of four

and teachers in
beginning of the

.Ânalysis of Variance

The test for significant differences over the repeated

measures of pretest (1), pretest (2), post-test and retention
test administration was performed using a 3 x 4 .Analysis of
Variance for Repeated l,{easures design.

îhe following are the statistical hypotheses of the

.Analysis of Variance for Repeated Measures, Wine (lg?t) offers
a complete explanation of these procedures.

l. Null Hypothesis

HO=41=%=o,=0
If three groups of students are administered

aehievement tests both at the beginning and at the

completion of the study, then there wil] be no signifi-
cant difference between treatment effects (means) of
the levels of factor A (i,e, experimental groups control
group means).

A t te rna t ive_ Hyp ojhgs i s

HI - not HO

ff three groups of students are adminístered

standardized achievement tests, both at the beginning

and at the completion of the studyu then there wi]l- be

a significant difference between the treatment effects
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2"

(means) of the levels of factor A. (i"e" experi-

mental groups vs. control group means).

Nul1 Hypothesis

Ho = ÞI =Þ?=Pj = P¿* = o

Tf three groups of students are administered

standardized achievement tests both at the begin-

ning and at the completíon of the study, then there

wilL be no significant difference between levels
of factor B (over a period of time).

.A lternative Hypothe sis

Hl - not HO

If three groups of students are administered

standardized tests both at the beginning and at
the completion of the studyu then there will be a

significant difference between the treatment effects
(means) of the levels of factor B (over a period

of tine ).

3, NuII Hypothesis

1Br= 
ql 

Fz = \.F3 =hP4 = Þ F r= %Þz = % P j=%F +=\Þ1= $ Pz =S Þf =% Þi+ = 0

If three groups of students are administered

standardized achievement tests both at the begin-

ning and at the completion of the studyu then there

will be no significant differences betvreen the ex-

perimental groups and control group treatment ef-
fects (means) in respect to mathematics scores

over time"

Â.I-ternative Hypothe s i_E

Hl = not HO
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If three groups of students are administered

standardized achíevement tests both at the beginning

and at the completion of the study, then there will be

a significant difference between the experimental groups

(C"A.I,, and Tutorial) and. control group treatment effect
(means) in respect to the mathematics scores over a

period of time"

Â. post hoc examination of the results was made by

using an aposteriori nultiple comparison test. The

Newman-Keurs method was used for deterrnining whether

signlficant differences existed between the pretestsu

post-tests, anð,/or retention tests. Vtiner (L}Zi-) states
that it is convenient to work with treatment means,

For each group thene using Newman-Keuls, the follow-
ing means overtime were tested for significant differ-
ences at the ,0J and .01 levels,

Ho Ht

rt/
Ír/.

Ît= Tz (Pre 1 - Pre 2) x

x

x4Tr= 14 (pre I = retention) or l, /
r.2 / T3

T?/xu

\ /r'4
For descriptive purposes, the resul-ts were further
investigated by using the test for sirnple main effects"
Normally. this woul-d only be done if a significant inter-
action effect was indicated, However, due to the small

lf= ï3 (pre I = post)

Tz= 7j (Pre 2 = Post)
Íe= T4 (Pre 2 = Post)

Ï3= 14 (Post = retention)
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sample size it was felt that this further investi-
gation was warranted and would be valuable for descript-
ive purposeso

A.lso for descriptive purposese the inter-
correlations between the pretests (1) and (2) u and

the post-tests and between the pretests (1) and (2)

and the retention test were caleulatedo These inter-
correlations vrere calculated for the experimental groups

(C..4.,L" and Tutorial- and control group). lthese scores

wíll i-ndicate whether the increased scorese íf any,

between pretests and. post-tests could be attributed
to overalI treatment effects,
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RESUT,TS

The results of this study will be presented in this
chapter. A discussion of these results will be presented in
a later section of this thesls,

The raw data tables are found ln A"ppendix E. The

scores are represented ln the form of grade point scores (year/

month) " The means and standard deviations can also be found in
.Appendix E.

Analysis of Var-iance, _ComÞlned Groups of Studggls

The A.nalysis of Variance summary tabl-e for combined

groups of students ean be found in labl-e One. For llypothesis 1,

the critieal value needed for significance at the "05 leveÌ was

3,18 (af = 2054), There was no significant difference between

groupso thereforee Hypothesis 1 was accepted,

The critical value for Hypothesis 2 was 2"67 at the 
" 

05

leve1 (df = 3n150), The F ratio was significant at the ,OS Ievel"
NuIl Hypothesis 2 was therefore rejected and the Alternate Hy-

pothesis accepted, This indlcates that there was a significant
difference between the means at the levels of factor Bo

The critieal- vaÌue for Hypothesis 3 was 2.L6 at the .Os

level (df = 6uL50), the F ratio nas not significant indicating
that there was no significant ínteractlons" lherefore, NuIl

Hypothesis 3 was accepted"
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Analysis of Variance Summary Table

for Repeated Ji,leasures Design

Combined Groups

Source of
Va¡'iat i on

Surns of Deqrees of l,1ean F
Sauares Freedom Squ.are F.atio

A (Treatment ) 5, 53 2 2,?? 1. 09

Subj. w groups L26,52 50 2,53

ts (i¡atf' scores) 33,82 3 LL,z? 35,64,,
AB 2,!6 6 ,36 1. r4

BX sub j . rv groups 4? , t'l'U 150

TOTAT,S 2L6.3o ?rL

-)r p ,Os
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Analysig_of_ Variance u Low-Lchieving St_udepts

The Analysis of Variance sunmary table for low-achieving

students can be found in Table Twoo For Hypothesis le the

critical value needed for signiflcance at the .OS level was 3"¿e0

(df = 2ø24)" There was no significant difference between the

C,Â"L. groupu the tutorlal group or the control group means,

Thus NulI Hypothesis I was accepted"

The critícaL value for Hypothesis 2 was 2.?l+ at the ,O5

level (df = 3172), fthe F ratio was significant at the ,OS level.
Null Hypothesis 2 was therefore rejected and the alternative Hy-

pothesis accepted, The computed F ratio revealed that there was

a significant difference between the means of the levels of factor
Be but does not indicate where the difference waso

The eritlcal value for Hypothesis I was 2"2) at the

.A5 level (df = 6r??), The F rati-o was not significant indica-
ting that there vras no significant interactions. Therefore NuII

Hypothesis 3 was accepted,

Anal-ysis of Variance, Aver+ge--A.chievíng Students

The A¡lal-ysis of Varlance summary table for average-

achieving students is found in Tab1e three, For Hypothesis I
the critical value needed for significance at the ,05 level was

3,1+2 (df = 2123), There was no significant dífference between

the C.A"L, group¡ the tutorial groupo and the control- group means.

Thus NUII llypothesis I was accepted.

fhe critical value for Hypothesis 2 was 2,14 at the

,OS level (df = 3169). The F ratlo was significant at the "Os
level. Null Hypothesis 2 was therefore rejected and the Âlterna-
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tive Hypothesis was accepted, Accepting the Ålternative
Hypothesis means that there was a significant difference be-

tween the means of the level-s of factor Bo but does not indicate
where this difference waso

lhe critical value of Hypothesis 3 was 2"23 (df = 6n6g),

The F ratio was not significant indicating that there v¡as no

slgnificant interactions" Therefore e Null Hypothesis J was ac-

cepted,

Àn aposteriori probing technique explained in the

investigation section was usedn The data for the Newman-Keuls

procedure is presented in lables Four, Five and Six" In each

table in part (1) the means of the levers of B are arranged in
rank order from low to high" Differences between the pairs of
ordered means are computedo rn part (iii) tne critical values

for the ordered differences betvreen pairs are computed. The

pairs of means which can be considered different are indicated
by asterisks in part (iv¡" The computed values in (ili) are eom-

pared to the differences in ordered means (i)" If the values

found ín step (i) are greater than¡ of, equar to, the values found

in step (iii) a significant difference is indicated,

Newman-Keuls Procejlure witL Combined Groups - Tab1e For¿s

Levels of significance at the " 0I level were found be-

tween pretest (1) and the post-test and retention test and pre-

test (2) and the post-test and retention test"

Ner.¡man-KeuI.s Plocedure with J,ow-S,chievers - lable Five

Leve1s of slgnificance at the 
" 
01 leve1 were found be-

tween pretest (1) and the post-test and retention test and pre-
test (2) and the post-test and retention test"
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Analysis of Variance Summary Table

for Repeated I;ieasures Ðesign

Lov¡-Achi eving Students

Source of
Variation

Sums of Degrees of lilean F
Squares Freedom Square Ratio

A (Treatment) L.99 2 1. o L,46

Subj. \{ groups L6,42 2+ 0.68

B (t'tatti scores ) 16. Bl 3 5,60 z? .4? t'

Ats 0,6? 6 0.11 o" 55

BX sub j . r{ groups l'4, 6g 72 o ,20

TOTA],S 5r. t8 Lo7

-)r Ìl ,05
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Analysis of Variance Summary Table

for Repeated l',íeasures Design

Average-Achieving Students

Source of
Variation

Sums of Degrees of iriean F
Squares Freedom Square Ratio

A (Treatment ) B. oB 2 4, oU L, 87

Subi . vr qrou,ps +9,?? 23 2,L6

ts (i,latl^r scores) 18.33 3 6,11 l-3,?6

AB 2.o5 6 0.34 o.?7

.B,{ sr:.b j . w gr.ou.ps 30,64 6g 0. 44

TOTALS 1o8.8g 103

-:i p .05
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,i,A.ts-T-,E FOIIR

Test on lleans Usi-ne l'ler,¡rnan-l'íeu1s Procedure - Cornbined Grouns

orCered
means

b1 1-uz b4 }a

)

5,4L 5. 58 ^"R
6,t6

(i)

difference
betrveen
means

bt bz b4 b^)

,1

bz

bk

b^)

,L7 ,97

.80

.75

,58

22

(ri )
9'95

studerrt iz ed
range 9,99statist ic

(r,150)

(r, 150 )

2,80

3 ,70

3,36

4,zo

3.69

4, Sa

(iii)
"B =.lo

e_'89,95 (r,
ss9. 99 (r,

150 )

150 )

.40

,)(

,34

,+2

.32

, 116

(iv¡ Pre (1) Pre (rr) Retention Posttest

Pre (1)

Pre (1r)

Retention

¿Ë p '05 Ìi-ri p .01
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le
lAruE- J]VJ

st on iLeans Usinc ItTe'.vman-lieuls Procedlrre - Low-Ächievers

ordered
means

b2 bt br,+
h
)

4.95 5, 03 6.6t 5,87

(i)
dì fferences
betr,¡een
means

lii)
stu,dentiz ed
-t 2'a¡¡è
statistic

b2

bt

b4

3,74

lL Aa

9 ,95

9 ,99

bz

(r,6q)

(r ,69)

bt

.08

2.83

¡nA

b¿r

.66

b^)

o2

olt. i )y

.ao

3.40

Lza

(iii)
Jn .!vb

e_
"ts9.

tuç.
(r,69)

(r ,6Ç)

2q ,34

)t1

95

oo

aq

LLI'\

( iv)

Pre (rI)
/- \-t're ( I l

Retenti on

Pre (11) Pre (1r) Retention Posttest

-:.-x- p , 01
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TABLE SIX

Test on iieans Using I'lervnan-l{euls .Procedllre - Averaee-Achievers

ordered
rneans

bt b
¿̂ b4 b)̂

5. B0 b. Ib 6,69 6.69

(i)
d ifferenc es
between
tleans

(ii)

studentized
f t'rlCtê

statistic

]a

"2
1^U

b

4

bt

(r,69)

(r ,69)

1-uz

,36

ate)

3.?6

b,.+

Ro

.))

3, +o

IL 2F,

o3

l_. 10

.74

.2r

3.71+

4.60

oo<

ooo

(iii)
e- rlr
Js ¡IY

.ÌJ

a_''89,95 (r',69)
ssç. çq (r ,69)

.40 .48

.60

.52
/ l.
II LL

( iv¡

Pre (r)

Pre (2)

Retention

ì!-Ì'- D " 0I

Pre (r) Pre (2) Retention Fosttest

-/¡_ _ñ

-'"'- D , 05
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Nervman-Keuls Procedure with Averaåe-Á.chie.vers - Table S.ix

Leve]s of significance at the .01 l-evel were found be-

trveen pretest (I) and the post-test and retention test' Level-s

of significance at the "O5 leve} were found between pretest (2)

and the retention test and. at the ,01 level between pretest (?)

and the post-test"

Test for Sirnple ivlain Effects

For descriptive purposes, the test for simple main effects

was used to answer the followíng questions ¡

(1) Is there a difference between atu aZ and a, at bt or

ãlu aZ and at at b, or

"I, aZ and at at b, or

â1, a? and a, at b4?

fs there a difference between bro bZ and b, and b4 at at or

between brr bZ and b, and b4 at a, or

between brr bZ and b, and b4 at at?

(2)

The questions above were asked of combined, low-achieving and

average-achieving groups. The results are presented in Tables

Sevenu Eight and Nine. (Also refer to Appendix E)

The intercorrelations were calculated for the Co.A..L. groupt

the tutorial group, and the control group for the combined groups

of scores, the low-achieving students and the average*achieving

students. These results are presented in lab1es Ten, Eleven and

Twelve "

Graphs of the results showing the mean scores of the

C.A.L. tutorial and control groups can be found in Figures twoo
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three and. four, Graphs of the learning curves of individual

subjects and an analysis of group data are presented in Appendíx

ru
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i¿3],E SEYEJ

Analysis of l/aríance Table f or. Simple ìiain Eff ec-ts

Con'oined Groups

S ourc e SS df I'iS F

1. Betv¡een Sub j ecis :

2, Betn'een À at Bt ,L3 2 ,07 .08

3, Beti^¡een A at BZ ,32 2 ,L6 .18

4, Betrveen A at E- 4,26 2 2,L3 2,45)
5, Setv¡een A at B!- ,77 2 ,39 "87

6 , i'tithin cer _"t s L?3,9s zoo ,87

7 , i'íi thin Su.b i ects :

8 . Eeiv¿e en B a.t At 22 ,78 3 7 , 59 23 , ?2 -:i-x-

9, Ijetrveen B at A-Z l-l-. 07 3 3,6q 7L,50 -)i-).'

10. Betv,'e en B ai l-. 5 " 62 5 L, \? 5 . 84 ;,t:.
)

I l. tsri subject rvith
Êroir.Ds t+Z ,44 f 50 .32

-)'¿ p .05 = F cr.iiical = 3.18 (df - 2,50), 2,67 (df = 3,150)
;3')'¿ p .Ol = p crit_ical = 3,9L (0f = 3rL50)
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?,4.B],E EIG]iÎ

. nalysis of Variance Table for Sinple i,iain Effects

Lov¡-Achi evi ng Stuclent s

S ourc e SS df i'TS F

1. Betrveen Snbjec-bs:

2, Setrveen A at Bt .30 2 ,L5 tâl ,47

3, Beirveen A at BZ ,37 2 ,Lg fþ ,59

4,3etr,,,een A at tj Z,oU 2 L,oz ftl 3,Ig
( Eafr,roan l. -+ Ð 2Q 2 1 

(
)t rçurvÇcj:.1 6Lr, tb .LU 2 .1Il' (á) ,4l.+

6 , l'/ithin celrs 3l_. Ir 96 , 32

? , 1'lithin Sub j ects :

8. Betrveen B at A, 8. 90 3 2, 97 f 1f I f +, n5 -:i-x-

g, BetrveenBat Ãz 5,o? 3 L,6g fdl B,t+5 -x--x-

10. Setrveen B at oj 3,Bi 3 L,zB (+t) $,þs ':r'x

1I. BX subject rvith L4,69 72 ,20
groups

-v'- p "05 - F critical = 3,tl'0 (0f = 2,2+), 2,7L (df = 3,72)
ìi-rí p .01 = F critical = 4,08 (¿f = j,72)
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T,'1_tsL3 i'iIi'iE

Analysis of Variance Table for Simole ila.in Effects

Average-Achieving Stu.dents

S ou-ree SS df I,iS F

l- , tsetwe en Sub j ecis :

2. Betr,,,een A at Bt ,54 2 ,27 t?l ,31

3, Betrveen A at tsz ,49 2 ,25 ti¡l ,2g
It4. Betrveen A at uj 2.7+ 2 t.3? G) L.5?

5. Eetrveen A at B4 2,55 2 1zB f|l I.47
6. i'tithi n cerrs 80. jt 92 , BT

7,';'lithin Sr-rbjects :

8. Bet,,veen B at A, 2,Tz 3 4,24 (f) 9,64 -v,

9, Between B at A, 6,90 j z,3a fdl 5,23')í
Io. Betr,,,een B at Ã j 2,75 j , gz t*ll z, 09

1l-. BX subject v¡ithgroups 30,6+ 6g ,+4

-)t p ,05 - F critical = 3,42 (af = 2,23), 2,?+ (df = 3,69)
;'¿-x- p .01 - F critical = 4.OB (df = 3,69)
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TARLE TE¡I

Correlation ir'latrices f or C. A. L. u Tutorial
ancl Control Groups - Combined Groups of Students

C. A. L. Group I (Pre I) 2 (Pre 2) I (Post ) 4(netention)

I (Pre I) I
2 (Pre 2) .74-Y'-x I

3 (Post ) . (7+rx ,66'x'x I
+ (Retention) .?Z'Y'x ,7J':i'* ,7J-:,+ l-

-x- p .05 critical = ,30 df (38) df = ttr-2
-)e-.'r p 

" 01 critical = "39 df (38)

Tutorial- Group I(Pre 1) 2 (Pre 2) l(Post) 4(netention)

1(Pre r) I
2 (Pre 2) . Bgx-'x I
3 ( Post ) . 65'*';t .l¡5x'x- t
4 (Retention) .??'Y-tt .5lxx .85-x;e I

-Y p ,05 critical = " 30 df ( 38 )

-Frr p . 0l crit ical = ,39 df ( 3q )

Cgntrol- Group 1(Fre 1) 2(Pre 2) l(Post) 4(Retention)

l- (Pre l) I\^.-L/

2 (Pre 2) ,zl)t:i I

3 (Post) .43* .J3;t;r I
4 (R et ent i on) , 5\-r,-x' ,74-x-'x . 64-\L::- I

-x p .05 critical = ,39 df (26)
-)+-)í p .01 critica] = ,49 df (?6)
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TAtsLE SLEVEÌ\J

Correlation i.latrices for C.A.L., Tutorial
and Control Groups Low-Achieving Students

C.A.L. Group I(Pre 1) 2(Pre 2) 3(Post) 4(Retention)

1(Pre r) I
2 (Pre 2) ,lQ'n'it I

3 ( Post ) .z+ ,2r I
4 (Retention) . (6*+ .68 +'+{' .48-:"^- I

'ì.¿ p . 05 critical = ,44 df (f e I

-v.--)r p " 0l cr j tical = , 56 df ( le ¡

îutorial Group l(Pre I) 2(Pre 2) l(Post) +(Retention)

t (lre 1) 1

2 (Pre 2) . ?Iìç-)$ I
I (Post ) . lt .49 l-

l+ (netention) .1/a .2o .69 -:t-x- t
-x- p .O5 critieal = .44 df (fn¡

-F-x- p .01 critical = .56 df (fa1

Conlrol G¡oun l(Pre I) z (Pre 2) I (Post) 4(Retention)

1 (Pre 1) I
2 (Pre 2) .40 (note) I

3 (Post) .¿r9 ,24 I

4 (Retention) .37 .46 .65;r r
-* p ,O5 critical = ,53 df (fZ;

-F'x- p . OI critical = ,66 df (f Z ¡

I'iote: Siqnifi-cant prior to the removal of contarninated
control S's,
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TAts],E T',,JELVE

Correl-ation I',iatrices f or C. A. L. ¡ Tutorial

and Control Grouns - Average-Achieving Studenis

C.A.L" Group t(F're I) 2(Pre 2) l(Post) 4(netention)

I (Pre I) I
2 (Pre 2) ,S$-;'+i I

3 (Post) "72'x-:- .58xx I
+ (Retention) . $l¡+tx .60'"-r' ,5)-*-* I

+.' p ,o5 critical = .44 0f (18)

vr-É p ,0I critical = .56 df (fA¡

T.utorial Group l(Pre I) 2 (Pre 2) I (Post) 4(Retention)

t (Pre 1) 1

2 (Pre 2) G55'";'i I

3 (Post) .$2'o-:. .ol I
+ (Retention) "32 -"o3 "t+o 1

-x p ,o5 critical = .44 df (18)

-x--,'.- p .Ol critical = ,56 df (IB)

Control Group 1(Pre I) 2 (Pre 2) l(Post) 4(Reiention)

I (ere r) I
2 ( Pre 2) .73 -F-x' I

3 (Post ) .¿9 ,65 I
4 (Retention) .79.r-x .84x-rs .90 I

')s p ,O5 critical = ,53 df (fZ)

-)s-* p . 01 critical - ,66 df (fZ;
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cHAPTER 5

DISCUSSION AND CONCLUSIONS

I^Iith respect to the basic problemu this study has

demonstrated that c,A.T,. and computer-generated drirl sheets
can be a useful teaching tool to an elementary resource teacher.
Both were seen as a practical and inexpensive way to provide
remediar instruction to low-achieving and average-achieving
students. This study, however, has failed to provid.e statisti-
cal evidence that locarly produeed c"A.L, programs can make

statistically significant differences in arithmetic achievement
in elementary grade children in comparison to the other experi-
mental treatments used. in this study" Further exproration of
the statistical results do allow several supportive statements
to be made about the educationar significance of co.A..Ln even

though statistical significance was not demonstrated. This dis-
cussj-on follows in this chapter"

Statistic.al .Analysis

For each abirity grouping - the combined ]ow and

average achieving students, the low-achieving students and the
average-achieving students the nulr hypothesis, was accepted.
lndicating that there was no significant d.ifference between groups
due to treatment effects. with each abirity grouping null hy-
pothesís2 was rejected indicating that there was a significant
effect over time. The nurl hypothesis, was accepted. for each
grouping indicating that there was no significant interactíon"
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The Newman-Keuls probing procedure was used to deter-
mine where the significant effect over time occurred, Results

of the combined group of students, and the lovr-achieving students

showed that there were significant differences at the .01 level
between pretestll¡ and the post-test and retention testso and

between prete"t(Z¡ and the post-test and retention tests. The

results of the average-achieving group of students differed in
that the 1evel of the significance achieved between means of the

pretest, and the retention test reached only the .o5 level in-
stead of the 

" 
0l revel. The Newman-Keuls results suggest that

signlficant learning took place over time with alr groups and

that this can be said with more certainty ín reference to the low-

achieving students.

The test for simple maln effects was conducted for de-

scriptive purposeso An examination of the results (Tab}es Seven,

Eight, Nine) reveared that for combined groups of students and

the low-achieving students, significant results over time occurred
for the c..A.L. group, the tutoriar group and the control group.

The average-achieving group showed significant results at the

.O5 level for the C"A..L" and the tutorial groups on1y. The control
group of average-achievers did not show significant gains over

time. For the average-achievers theno the two experimental groups

showed superiorlty over the control group when compari,ng group

means over time"

Examination of the correlations (Tables Teno E1even,

Twelve ) revears that gains in learning over the period of the
study were not highly consistent" There are several possible
reasons for this' Removal of resuLts of contaminated. control Sfs
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affected these results, Scheduling the post-test and retention
test late in the academic year (June) may have produced.low cor-
relations between the post and retention tests" overallu the
results of the study'did not show statistical significance. This
failure to achieve statistical significance, while disappointing,
does not mean that the results are not educationally significanto
Exarnination of the mean scores over time reveals academic gains
for all cases except for the control group of average achieversu
This examination also showed that the groups receiving c.À.L.
assistance made greater gains (r'igures Two, Three, Four), Exam-

ination of the correl-ation matrices also indicated that there was

greater consistency over time with the c"A..Ln group, rndivídual
scores of all subjects are graphed and d.iscussed in Appendix r.

General Comment

As mentioned earlieru F" Kerl-inger (Lg66o p. 3L?) states
that the most serj-ous problem in a tirne-series design of research
is that of "history"o that is, controlling the number of specific
events that oceur between the measurements in addition to the
experimental variabLe, This study attempted to control for this
problem by including "controlr' groups in the d.esign. Unfortunate-
ly the number of variables affecting scores in elementary schools,
do not seem to be controlled for by the simpre add.ition of a

"control" group. Thereforeu in the opinion of this experimenter,
uncontrolled "history" is the main problem of this research
project. Statistical significance will continue to be difficult
to achieve in using intact elementary school classrooms, l{ow_

ever' it is in these settings that such questions need to be
asked.
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This study and previous research has shown that CuÂ.Lo

can be as effective as traditional instruction" In addition
to this, several observations from this research suggest inter-
esting edueational implications"

Through the use of Co.A"of,. and computer-produced dritl
sheets, the resource teacher was able to provide remedial ar-
ithmetic dril1 and practice to forty students three times per

week for three months while continuing with other assigned teach-

ing duties" What has traditionally been a rather burdensome

chore for both teacher and students became a much more meaning-

fulu exciting exercise, Not required to provide this amount of

neeessary remedial drill and practice, the resouree teacher was

able to attend to the more professional duties of a teacher such

as individual student programming.

The use of high-achieving students as o'proctorsff to
assist with the daily operation of the computer terminal
produced several interesting observations, The proctors were

extremely responsible and responsive to their assigned duties.
They were very excited and proud of their ability to explaino

and assist with the calling up of computer programs, The proctorse

attitude towards the project remained high for the duration of
the project. Most lnteresting thoughe was the fact that their
arithmetÍc achievement on the M,A"T" rose more than expected.

General teacher interest in thís project developed

slow1y, All teachers and schooL administrators were provided

with a one-day j-nservice prlor to the experimental phase begin-

ning and all elassrooms of chÌldren ín the school were given

demonstrations of the programs, Significant teacher interest
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and concern for C.ÀoL" developed after the project demonstrated

that a minimum of teacher effort would be required to operate

the terminal. Interest was further developed after a demonstra-

tion that computer-generated dri1l sheets could greatly reduce

the teachersû workload and free them for more professional in-
volvement in the education of their students.

In presenting C.4..L," as an ad junct to regular classroom

instructiono all the grade 5 and 6 teachers had to re-examine

their present use of drill and practice exercises in the mastery

of basic arithmetic skil-ls" This consideration of the teadning/
ì-earning act is a positive resul-t of coAoLo which generally re-
sulted in better individualized instruction throughout the school,

Over time this increased awareness of the importance of proper

drilL and practice would contribute to the general effectiveness
of C.A.L, by fostering a closer relationship between classroom

instruction and C o A.n L. drills.

Implications and Future Considerations

The results of the study showed that C.A.L. can be a
powerful educational tool for teachers. VJhile this study failed
to show statistical significance, it did demonstrate that C.A..1,.

can operate usefull-y as an adjunct to regular classroom instruc-
tíon" The study has hotr¡evers pointed out several limitations
both of research design and termi_na1 operation"

Reference has already been made to the problem of a time

series design experiment" An al-ternative research model should.

be investigated." Perhaps, a design employing a N=l form might
be most productive for in-school research, Individ.ual scores
of all subjects are graphed and. d.íscussed in Appendix r.
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More emphasis should be placed on demonstrating

edueational significance rather than statistical significancee
This vrould be possible through the use of criterion-referenced
assessments rather than norm-referenced achievement tests.
Criterion-referenced student assessments would strengthen the

use of C"-4..L" by allowing the instructors to match C,AoLo drills
more closely to needed areas of instruction,

Further studies employing a time-design should pay close
attention to scheduling. \r¡hile a ful-l three months is necessary

for the "treat¡nentor phase u having the post-test and retention
test occur during the month of June is a mistake" The test-
taking ability of elementary school stud.ents does not appear
quite as productive as it is at other times of the year. Final
scheduling of tests had to accommodate track and field days an¿

field trips. These events may have affected. student achievemento

particularly on the retention test.
The information retrieval system which became available

after the conclusion of this experiment wirl_ greatly aid. the
teacher in the maintenance of stud.ent records and. in planning
student programso This information system will assist future
research in this area.

scheduling of stud.ents on coAoLo would have been much

more effective had two or more teletype terrninals been available.
'¡Ihether this would have improved acad.emj-c achievement is another
research questi-onu but certainly more access to c.AoL, programs
would have assisted in the operation of the programe



7\

Summgr¿ and ConcIr-rsions

fn regard to the analysis of variance results, the

data supported the acceptance of null hypothesis (1) that
there was no significant dífference between groups due to
different treatments. This was true in al-l cases¡ low-

achieving studentsr average-achieving studentse and the combined

group. Significant differences over time were found. with all
groups B C.A.T,o e tutorial and control group, with both 1ow-

achieving and average-achieving students, Null hypothesis (z)
lvas therefore rejected, The aposteriori Newman-Keuls technique

showed the differences to be between pretest (r) and. the post-
test and retention test, and between pretest (z) and the post

and retention tests" used. for descriptive purposes, the test
for simple main effects indicated that with average-achieving
students there was a significant gain over time by the c,A.L.
and the tutorial groupso but not by the control group, The test
for sinple main effects indicated that with low-achieving stu-
dents there was a significant gain over time for all groups but
the greatest gain was made by the C.A..L. grourpr

This study has used IocaIIy produced CoA..Ln drill and

practi-ce programs with intact classes of grade five and si-x

students, Thj-s will make this study educationally relevant to
teachers wishing to use c.AoL, lvhile failing to demonstrate

statistical significance in favour of C.A,Lo or computer-generated

drilÌ sheetso it d.oes provide supportive observations whj-ch sug-

gest that C.4..T," is of definite benefit to arithmetic achievemento

fnterest in computer-assisted learning remained. high throughout
the project and continued to be a source of motivation for both
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1ow-achieving and average-achieving students"

Since the completion of this studyø there are now

many more C.A"L" programs available in a wider range of activi-
ties both in mathematics and language arts" These will contri-
bute greatly to the effectiveness of computer-assisted learnÍ-ng.
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APPE]{DIX A

Studies That Involve C"A"L" in l:iathematics

(Fiorentino, L977)

STUDY IíODE SUBJECT
GRADE
LEVEL RESULTS_x_.)r

Arnold (1970)

Carlson &
others (tçZ+)

Crarn¡f ord (tgZo)
Davies (L9?2)

Durrvard (L973)

Gibson (rgZl-)
Hill (tgz6)

Jacobson (L9?5)

Jamison &
others (L973)

Knuts on 2t

Prochnov¡
( rçzo )

Palmer (L973)

Perry (L9?3)

Prince (tg6g)
Romans (tgZ+)
Sandals (L973)

Scrivens (fçZo)
street (L972)

Suppes 8¿

i{orningstar
(L96e)-

Suppes &
iiorningstar
(tgzz)

Suppes &
0thers (L973)

Practice Arithnnetic
Arithmetic

Drilt & +

+

+

+

+

+

+

3-6
_Lo

Drill
Drill
DriIl
Drill
Drill

&

&

Drill &

Drill &

Praciice
Pract ice
Practice
Practice
Practice

Practice

Practi ce

Arithmetic
Arithmetic
Arithmetic
Arithmetic
Arithmetic

Arithmetic
Arithmetic

i{ath
t-- \(lrioney J

7

26
6Z

7

36
Handicapped

+_5
5,6

-)!? I\/Í l?
!. Irl. lL ¡

Arithmetic 3 6

Consumer secondary
Ariihmetic
Arithmetic I - 6

i',{athematics
Ir{aths & Soc--x-E. lvT. R.
ial Skills
Arithmetic 3 - 6

Arithmetic 3 - 7

Arithmetic 2 6

=

+

+

+

+

+

+

+

DrilI
I,iixed

Dri 1I
I,,'lixed

l;iixed

DrilI
Dri lI
Dril1

& Practice

& Practice

Practice
Practice
Practice

Drill & Fractice Arithmetic 3 +

Arithmetic elementarY 3E

s ec ondary
( deaf )

rïE.1,"1. R . ref ers t o educable mentally retarded children.
)t-x-Tn this-and subsequent tables à tt+. indicates that the C.A.L.

students achieved better than non-C.A.L. A rr-11 indicates
that C. A. L. students did less rvelI, rvhile ,t -tt indicates
the saryle level of achievement,
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Surnmary Data - Subject Pool-
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APPEi{DIX B

Sumnary Data - Subject Pool-

SUBJECT ^ 
ñ'Ì.ìAITL GRADE LEVEL TESTÆATE/N

I
2

3

4

5

6

7

Õ

9

10

11

L?

I¿l

L5

L6

L7

1B

la

20

2L

22

23

2+

10. 6

10. 6

10. I
IO.4

L0,7

10. B

10,2

10. 4

LL,2

10. I
ll. g

LL,3

11. 4

rr. 3

rl. 3

lr. 6

l-1. ¿l

11. B

L2 .3

LL,2

l-o,2

1r. 3

10, B

r0. +

t{

5

I

5

5

5

\

5

5

5

o

b

6

6

6

6

6

6

6

6

5

5

5

5

n /24/ç4
m /24/sg

w /24/:-o4
r,r /T+/89

Lr/24/al
\¡{rsc/? 5/96

Lr /f4/:-oa
t't /?4/to6

rr /73/9t¡

w /rl/rct
w /23/toz
w/zt/s+

o'trs/73/zz

w/zl/Bg
¡,r /z)/toz
n /zl/vt6

orts/23/t:-z
t t /zl/çz
w /24/lot
Lt /24/to+

I'i

F

F

I!i

I'i

I,,,1

F

F'

ñ

I,'1

F

lrj

irl
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APPEI{DIX B (cont'd)

Sr-rmmary Data - Subiect Pool

SIJB,TECT òjl,), AGE C}P,ADE I,EJ/EL TEST lntts/T'.t

26

2.7

20

30

?1-)i

32':t

)')^

34-"'

35

Jc

3B

39

4o

¿l1

4z

lt¡'r rì

+t+

45

46

4?

48

I
-r

F

F

ljl

ftr

I'r_l

ñ

F

ñ¡

iri

lf
1\l

F

't, íiÌl

T,t1l

¡

Iii

ijl

i;l

i,l

I

l,l

F

F

:ì
I'

lo"6

10, 3

10. J

10. þ

r0. 3

10. 9

11. I
L2 .2

11. 4

LL,2

11. B

LL.7

I1. ¿t

11. 1

11.8

II. b

r0.4

lo. 6

IL,2

11, 4

10. g

r0. 3

IO. S

'1 0.8

oTTs /7 3 /rL3
Lr/7+/rL6

,|'rrsc/7+/BB

w /24/a+
m /24/as

Lr /? 3/LoB

t r /z l/84
w /z t/at
w /z l/to6
w /rl/s6

orrs/?4/LLL

m /za/s4
Lr /zS/s+
Lr /73/89
ut /24/gZ

orrs/?3/Lo9
,¡rrsc/74/96

tr /24/,gs

LT/?4/LOL

t't /?4/t:-z
m /24/84
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,tppai,¡nIx ¡ (cont'ê)

Summary Data - Subject Pool

SUBJECT STX AG.Ú GRADE LEVEI, TEST,/DAT ¿/N
4ç

5o

5L

52

53

5+

55

5?'*'

5B-*'

59

ôo

10. 4

r0. 4

LL.2

L2,3

ll_. B

11.6

11. B

1l_. 2

11" 4

1l-. 4

1) .>
J-L. L

II" 1

Ì,1
tr!

F

lr1

IIT

F

F

F

t,i

F

i'{

F

i,1

5

(

t)

6

6

o

o

Õ

6

ô

i)

o

Lr /2v/ne
Lr /24/gz

o,trs/?2/LLa

Lr /T 3/BB

w /zt/BU
w /z l/to6
tr /zl/ge

ppur /Z S/st+

Lr /?3/Be

L\ /7j/LoL
LT /?3/LTO

-x-Sub j ecis rernoved from control group,
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Sample Comtuier Program Outpui



el+
ÞC YOU çjA"\T TO ÐO ADDITio¡J l+"'r'. , OR SllãTIlr\CTIoli ( "-') ? fLDDITION

F'I-El5r AjiSL'Efi lJITli Ell':tEn '-:.o 0!ì q- D o

m YOtr UANT TO.Ð0 ADÐITIOì¡ (u+*) OR SUtsTR.ACTI0N C'-") Z s-

SIALLEST POsSX.BLE 5U}' (FROIä I TO IB)? -X$

I-AP.GF-êiT POSSTELE StJ}r (FROtt 5 TO t9) 7 15

FÐ1ü MAIüY gUESTrgi\¡S (Fp,Ot{ I TO 2ø) ÐO Yop' U-cÐT ? 5

TïPE II\t YOUR ¡-IRS1. N;¡rtE'HERg¡' ÐAyID
?I"PE IN YOUR T.AST NAì{E HERE ?

:

}EÌI.T I]AUINJ T.RY A]]ÐIbIG THF<E PROBLFIS-

7t4
<D.AVI D

It
+l

712
<D.AVI Ð

?\2
4D.àVI D

5
I

I
.Þ. 4

e
+!

4DAUT I¡
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LT(¿LL NUYSER DTSCPIPTIC¡'. 8 ADT}I TI ON
? SUBTNÂCTIO.ï
3 MULTXPLTCATTON
4 ADDITTO¡XP SUETRACTXON A}¡D }TUUf I FLX CATIC¡Ù

H¡TIC}I ÐRTLL DO YOU W^A5IT(IøZO3 CR, 4) ? &

FTCIW HA¡g'f PROBI.EÍs €FROM E TO 2ø' DO YOU IJA¡¡T? 3

$or' LARGE AtE ANSSTER ( !_99) Ð0 you $rAt¡T To !:qRK 'EùIlrH ? 99

EI}TAT XS YOUR F'TRsT. NA¡åE ? BEF¡¡IE

IIELLA EIF¡üI Ea ËIIAT f 5 YOÌIÊ"LAST NAltEz

þrELI- BERnüxE.o g¡Ë AP,E GOTNS TO }IORT{ [¡TT}T.Ì4T55ING $UHERALS

þO YOï.T TTêIüT TO sEE THE DIRESIIO¡¡S' YEs OF. H3? YEiS

8}3N EÂCH PP.TËI.EIII ?FTERE SJILL BE â, Þ1TSSI¡¡G NTB'TBER

2) FTGT,¡AE TÜT H|.!{.AT T{I55I:SG NINqEER X'ILL MAHE T}TE

PROËLE RT GHT-
3} \JHE\I T'HE }ÍAGIINE 5TOP5 TTEE IN THE ":'IISSIIJG NTE\ÍEER

4} THE sIG¡ÛS T g'ILt UsT ARE¡ 6gP(+).T STJBTR5ì8T €_}.7
A}üÐ ÞII'LTTPLY €X'I.

HERE,I S A!9. ÞE.A¡{PLE:,O"

I + (' ) s 47
( lr"? 3g

OK EERTüIEe LEf'S GET STARTED'øqc

e Þ + t4 Er El
( 

'=177T}TAT T5 NOT RSGHT BERNIE

€ ! + E4 8E¡ 81
( )='!67

æRAECT BEF¡üT E

67 + 14 = 8l SS THE CORRECT A¡¡SI¡ER



}ff , THERE" IIIIAT f S YOUR FI PST :\¡Æ'I E? DAVI D

çTTAT TS YOUR T.AST NA]'îE, DAVID ?

86

i

HOIJ T'dAI¡Y PROBLEIS (FROH T TC I5) UOULD YOU LIKE TO DO ? 3

M YOU U.ANT TO .TORIT WITH DECIÞTAiS ? NO

}¡OE F¡ANY ÐTGITS (FROÌ{ ¡ TO 9) D] YOU S'AI\¡T IN'
THE NUIIBER YOU DTVIDE TNTO? 5

}ÐW HANY DIGITS (FROU 8 TO 5 ) DO YOU IIANT TN T'HE

NM4BER T}¡AT YOU ÐIVIDE BY ? 2

26 ) ?371ø

a | 2835

Þ(CE.LE¡TT, ÐAVTD" THAT IS ABSOLUTELY CORRECT'
THE ANSI¡ER TS 2835 E

55 ) 76945

*r J ! 3145

lÐ¡ÐAVID-THA?IswRoNG.THEêNS}¡ERIs1399@

2t , 9,7ø24

æ | t-â 144

l¡ERY GOOD¡ ÐAVID, THAT TS CORRECT' THE A¡\¡SçIER ÍS 4'8Â4 O

T}TE DRTLL ¡S OVER¡ DAVTD.

P{T.TI{BER OF PROBLETS ATTE{PTEDS 3

NLIHBER OF PFOBLEIS CORRECTS 2
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STTJÐE}JT RæORÎ LTSTTNG

?}TE FOLLOTJIÈi'G SECTTOIV UILL DESCRTBE HTIf THE SEAC}ITÊ
rS TO OBTâ,T¡¡ A REPORT LIST:¡TG

ÍTIE FÐLLOWING T.ÏNÐE.I.TNED STATEI4ÍEITTS HUST tsÊ TYPÊD

BATCH
ffi 2øaøø. sYsrE¡{ REsPoNsE

r$êi-l-,t-i5:*# TIIE ASTffiISKS (+*8) REPHãSE;T TIIE
SGHOOL CODã"

8üBO ++S ÎHERE I'IAY BE A DELAY OF UP TO A È{INUTE BEFORE
,¡û+ THE SYSTEM CONTINUES 1JITH THE REST OF THE
SÈ+ RESPOTüSE' THIS IS DUE 10 THE FAST TTIAT SEVgSP,L
ÌFÈ9 PROGAA}ás Þ'UsT BE Ð{ECUTEÐ BEFORE THE LI5?IIÚ9"

TÛ+ î-îtE TE¡,IPOR,âRY FILtr gS SEING SOR?ED 9f++

Ê+* THE TÐTPOA.âR,Y trILE 15 BEING ÞIæGEÐ â+*

ÞJOTE AT 1H35 PO¡NT YOU ÎiAVE F;TE,ED TiiE LISîIÈIG
PROG?^AI,I AND YOT.' TJTLL BE ASHED âUEST1ON5 DEPET;ÐTIìTG
CI¡g îFIE' î}TPE OF LTsÎ3NG.YOU UANî. .

HME ÁP.E E}ígÞ'PI.ES OF ?T{E îIIO TYFES OF LTSTNGå
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FROGRAE SENPAT I

Ðo you Þ,ANT FULL DATA (F) OR SHOFT',ENED OATA CS) ? S

PLEASE ENTER FOUR '.'O'U'= (TYPE 3T'.3I¡F¡D FOR FULL DATA}-
? &øløRUNNEY¡{EDEs

rS T}Íg5 YOUR CORRECT N¡AHE ? RI'}\¡NEYÞTEDE ? VES

'ÐRXI-L €l) LEVEL 8.e FAST T'E{SE.a TOPIG A

€ X } TI{E FIREETê¡\¿ 5.TOPPED

S'HAT TS THE VERE ? FTOPPED

:::-:::::Ï :::::::

HHAT SENTE¡{CE PATTER¡T TS THIS ? I

CONGRAT'ULATIOÌ'¡S RUI{NEY}'IEDE YOU HAVE'COHPI.ETED TT{E DRTLL.

r-_ .>
HOULD YOU I-[KE TO TRY ANY HORE PROBLE}IS ? NO

8Êû HORH TO}'FLETED TODAY "T*
NUHBER OF ANSI{ERS RIGHT = 2
T¡UHBER OF ANSHãRS HRONG = 'O-

FERCE¡¡TAGE CORRECT = !Oo

YOU f}ID VERY WELL TODAY RI5¡NEYHEDE HAVE A NICE DAY.

:

û'oû REHEI4BER TO TYPE: APPET{Dp qHORK

Êûs HHF-i', YOU FINISH
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tsATCH
SRFL¡ 2øØZøô
f CA].LZ RSPEO G

gS&+* lHE TÐ''PORARY FILE TS BEING SOR?ED *ff*TE

8&*S* THE FTLES ARE BEIilTG Ì,fFRGED **8**
o' YOU WANT A REPORT LISTING? YES OR NO ? YES

DO YOU HANT AN EüTTRE SCHOOL LISTIIüG? YES OR NÛ ? NO.

TTO1J HAI\¡Y STUDENÎS DO YOU ü¡ANT 10 SELECî ? 2

PLtrASE TYPE IN STUDENT NAFIES ALPHABE'ICALLY USINGt-Asr ôIAÌ{E'" rF THE LAST NAr,rES ARE IDFJTT'AL THE¡'DETER$INE ÎHEIR OBDER BY FIRST NAMES,

T:TPE I¡J THE LAST NA}'E AND F¡RS' NAME T/HTIJ ASKED

LâST NAÈ{E ?
P¡RST NAI{E? CATHY

T.AST NAÞIE ?
FIRST t'tAHE? SANÐY

,-PLEASE CHECK THE FOLLOWING LlSTI.T¡G FOR SPH-LING ERRORSTYPE IN THE Ntl'ÍBER OF THg NAÈ{E THÀT CO¡JIAII,S TI7E ERRORAND RETTP' THE.LA'T AND FIR'T NAMES BIHEÀT A'KED"
I } 

-.cATF¡Y
E SAôüÐY

. ARE 
'HERE 

ANY SPE.LING ENRORS? YES OB NO? YES

TTPE I¡¡ îHE NLI,TEER OF lHE INCORREC' ¡gÂI{E? 2

CÛNREcl LAST NAI,ÍE ? -
CORRECÎ FTRST NA}IE? SANDY

. Ê } SANDY

g5 lHE ÞüâT{E SPEI-LEI} CORR5CTLY 7 YES

.qNE THM'E ANY O?HER Þ'ISPELLED NAI{ES? YES OR ¡gOi NO



SAISDY

76/ø8¿119" 4

$¡tt¡{BER OF SESSIONSS t

o a! @ ó - - ó @ a o & o e -- - e €.@ o d - 

'- 

€ 6. e & æ -* a,

ûûr s?oRYl **ü

NO NE ÞIARK
qe od

76,/'JB/19" I t lãø
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N8" 8&s PLEASE RE-'IF{BER THX 5 FACT **à

TN T1¡E ÍNFORM.ATTON SYSTE.{ THERE ARE Two F.ILES

T}¡E TE¡{.PORARY FTLE KEEPS THE SÎUDES¡T RECORDS tnSTIL
A TEê,C}TER ASKS FOR A REPORT LISTING" V1{E¡T THE
RFORT HAS BEEN LISTED THE TE¡{PORARY FILE 1S
EIIPîIEÐ¡ ANÐ IS RETURNEÐ AS' AN Et'tPTY FILE¡ Oit
ET¡IXCH NEH STUDEA'T RECORÐS Þ'AY BE SîOREDA

.. THE PM,HANÐüT FTLE KEPS THE RECORD OF THE SORTED
At\tD Ì,íEIî,GED STUDE.{TT EiÌCORDS¡ WHICH ÞlAY BE ACCESSED
BY T"HE T,EACHER SIHÐÛ ".1 REPORT LISTING Is REeUtrBEÐ

AT THE Ei¡D OF. EACÊi ÎãONTHc T-HE PERMA|ùËNT FILE FOA
T1{AT MONTH gXLL BE RM{OVED FROM THE SYSTÐ.T A¡¡D
HXLL BE REPLACED BY A t\tEH EITPTY PE-P,I'ÍANETiIT FILE.

T?¡E?EFCRE ON THE LAST SCTÍOOL DåY OF THE MONTH
PLEASE RTIIV A LISTTISG OF THE ÐIüTTRE SCHOOL
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rTfE SECO]JD TTE¡{ THE STUDENT MUST DO TS TO SAT'E -THT

RESULTS OF THE PROCP.AM THAT HE./SHE ITAS JUSI'
COIjPLETED ON THE TNFORMATION SYSTF¡I" THTS IS T}ONE
TN T}TE FOLLOI'IIVG Þ'ANNTR"

¡üOTE THAT TIIE STUDE¡'T ;{AS TO LEARN ot¡LY I NEtt ¡-INE"
THIS LINE IS THE LAST TF¡ING THAT I'IUST BE TYPED AFîER
THE PROffi,AM HAS STOPPED. "-

ETME TS THE ST¡üTENCE

APPãID¡ 4*#s WOÊK

þJÐ" ?HE ÏHREE ASTERISI{S (t+*) REPRESE-NT THE
SCäGOL CODE uirICH IS LINIOUE T0 EÉìCH SCHOOL.

YOU HII.L BE GTVEôT YOUR SCHOOL CODE BY YOIJR
RESEARCT{ ASSISTAIi¡î TN YOUR SüHOOL"

rüOTE THAT T?¡E PROGRAMS HA\¡E BEEN þîODTFTED TO
RE]ú'TI'¡D TTTE STUDE¡üT OR SUP¡RVISOR OB MOIÑÍTOR
TO îYPE IN THIS LAST SENTÐTJCE,

HE8E iS AN Ð{AHPLE OF HOW TO SAVE STUDEIüT II'ÉSTJLTS

EYE CAPÏAIN CANâD.A" SAE :'éU AËA¡N SOONO

ÊS+ RE}'E{8æ, TO T}TPËS APFEND¡ ¡ÈfOFIK
Û+S. W?IÐJ YOU FTNISH

@ go 648 SECSr

RITñ'- CC¡TFLETE'

F.PFÐilÐ¡ss*¿WORK TIÍSS IS tuT{ErE YOU TYFE IN YOUR
" SÐS?E¡¡CE IE" AFTffi THE PROGRAI4

t'

CF 9"3ø3 SECSo
REAÐY' .

IüBC SS$ ¡ F' T}¡f S SEIüTE¡ICE APPÐID¡ ¡}SÈ¡ l)*O}ìK T S NOT
ÛS+ ?,TPtrD IN AF.IER ?HE PROGRAH T}ÍÐ\' THE STUDEh'T
E:}Û RESI.'Lî's WTLL FJOî AE SAVED
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Raw Scores By Group
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APPE]'IDI,'i D

Ralv Sc ores - C. A, L. Group

C. A. L. GROUP Pr1 Pr2
ivlay 2L

Pol'/j Re

Student ì'Jo. 1.

2Èa

).
Itae

5.
/o.

al'

R

o).

10,

lI.
1)
LLc

1aL),

Iþ.

L5,
¡/IO¡

1 r'1
J-( ¿

10I(i o

10L./a

.>^
çV.

5.6

5,+

5,6

5,+

),O

4,9

4,6

4,9

4.r

5.4

5.L

5,7

5,L

5.o

6.0

6.0

6.0

o.o

6. B

6.t

5,0
LLo

5,3
<o
(lJ). (

4.9

5,L

5,o

4.1
JrlA, )

), )
lc

6.0

5,0

5,9

7,L

6,6

5,7

7,3

7,5

5,30

5 .L5

5,+5

5 ,65

5.65
!+,90

+,35

4,95

4, zo

+. 85

<)

6,0

5, 55

5.o

5,45

o. ))
6.1

6,L5

7 .05

6.8

7,5

5,9

5,A

6.3

6,8

6,L

5,9

6.8

),o
6,3

6,3

8. r
7,I

6,0

7,7

(,)

8.1

7.5

5,9
11),,)
<o

(o

6.6

5,7

5.5

6,3

Lr. 6

5,3

5.3

6.o

6.0

6.0

6.r

7,5
ôño. (

7,3
(,a

7.5

I\=2 0
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APPE]'IDIX D

Rarv Scores - Tutorial Group

TUTORIAL GROUP PrI Pr2 I'i RePo

Student itro.2]- .

22

23,

24,

25,

26,

2n

)o

30,

3L,

32,

33,

3+,

35.

)o,

)(,

38.

?o

40.

4,9

4,6

4,4

4.9

4,1

5,3

5.7

5,3

5,0

4,9
(2

<o

6.0
<ry

4.9

o. t)

<o

6,L

6,9

4"8

4.9

4,5

4,7

4.I
4.4

5,4

4,9

5.L

5,0

5,3

6,o

).o

), (

), /

7,5

7,L

7,3

6,4

7,5

4,55
Jt ,t

4,1+5

ILR

+,7

4,95

5, 55

5,7

5, o5

4,95

5.3

6,0

6,o

5,7

5.3

7,L5

b.5

6,7

6,I
7,4

6,9

5,7

5,L

5,9

5.o

4.s

6,0

4,4

6,6

5,6

6,6

nl

6,3

5,7

5,I
6.6

6,o

7,7
o17

(,)

6. B

5,4
<1

5.4

5,L

5.7

5,4

4,L

5.7
<o

o,o

/,)

6,L

6.e

4,+
,7 ')

5.8

7,L
o(,

9.4
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APPEI{DIX D

Rav,' Scolîes - Control Grou.p

COi{TROL GROUP Prl Pr2
June 1

Po ReI'tt

Stu.dent i'io. 41.

42.

43,

+4,

45.

46,

42.

lro
'f (-) .

4e,

50,

5!.

52,

53.

54,

55,

)o.

57.

58.
(o

60.

4,+

5,L

5,7

+"6

6.o

5,7
(.)). )

5,L

5,L

4,6

6,L
LLo

5.o

5,+

5,Ì+

6.6

7.5

6,L

6,L

6,0

+,6
ItÕ+..)

4.r
4,6
t, /+.o

5.O

).o

5"3

5.e

5,6

5.e

6.0

5,3

6. o

5,3

7,5

7,2

6,3

7,3
<o

4,5 6.0

4,9 5,7

4,5 5,+

4,6 5,L

4.8 6,3

< "< < oJ. )) ). ,'

/ t, / ^),+) (.)

5,r 6.6

)a ) )o ,/

5"0 6.o

6.0 6,0

5,45 6.8

5,15 6,6
/ñ/ã), ( ), /

5,35 6.6

? .0 6,8

^Ôr'(,) ().)

6.z r\i/A

6,6 g,?

5,95 6.8

5.4
6.3

5.7

4,4

<o

5,4

6, J_

5.4

5.e
rl.

6,3

6,0

6.1

), (

a')

9,2

N/A

LJ



APPEI'IDIX E

Data lreatment Design



Average.
Achievers

u.}t" !.

Tutorial

5,L 5,7 5,L 5,0 5,0

6,o 6,0 6,6 6,8 6,1

Pretest 1

APPEì\DIX E

Lolv
Achiever

Control

5,3 5,9 6,o 5,9 l+,9

6,8 5,9 6,L 6,8 7,3

6,L 4.9 5,o 5,4 5,4

6,6 7,9 6. I 6.1 6,0

c. A. L.

5.3 6,3 6,0 5,O 5"9

7,L 6,6 5,7 7,3 7,5

Tut orial

Pre-best 2

5,6 5.4 5.6 5,4 5,6
l+,9 4.6 4,9 Lt,L 5,1þ

5,) 6,o 5,6 5,7 5,?

7,5 7.r 7.3 5,4 7,5

Control

\v.9 t+"6 4,t+ 4,9 4,I
5,3 5,7 5,3 5, O Lþ,9

5.9 6,o 5.3 6.o 5,3

7,5 7 ,2 6,3 7 ,3 5,9

4,Lt 5,L 5,L l+,6 5,o

5,7 5,3 5,L 5,L 5,2

6,1 B.r ?,r 6,5 6,0

7.L 7.5 B.t 7.5 8.5

Post-test

5"0 i;, I 5"J 5,9 5,7
l+,9 5.L 5,o 4,3 5,j

6,6 ?,L 6,3 5.? 5,r

4." B 4.8 +" 5 Lþ,? 4.1
t+,1+ 5,Lp 4,9 S,L S,O

6,6 6. o T,T 9.? 7.3

6.o 6.8 6,6 5,? 6,6

6. B 8,5 - g,T 6,8

lþ,4 4. B 4" I +,6 Lt,6

5,0 5,3 5 "2 5,9 5 ,6

Retention test

5.j 6.0 6,0 6.0 6.t
7,5,3,7 7,3 6,q 2.5

7 . 5 5,9 5,0 6,3 6,8

6. 1 s ,9 6.9 j.6 6.1

6,6 7,3 6,L 6.q g,L+

7.7 5.3 7.L 9.6 9,4

6.8 5,? 5,L 5.9 5.0
Lt,9 6.0 +,4 6,6 5.6

5.6 6.1 6.0 6,3 5,7

7 ,3 9,2 - 9,3 6,5

6,o 5.7 5,tv 5.t 6.1

5,9 7 ,3 6,6 5,9 6. o

5,e 5.3 5,e 5,e 6,6

5.7 5.5 6.1 Lp.6 5.3

6,8 5.4 5.i 5.Lt 5.1

5.7 5,t+ 5.t 5,7 5.q

5.4 6.3 5,2 tt,.4 5. q

5.t+ 6,t 5,4 6,2.5.?

\o
--1



Average
Áchlevers

APPENDJX 
-E

DATA TBEA.TTUEU| pES.rGN_- IE¿Jvt ANp sTAN_p.A.Rp pEvrÂlrosj

c. A..1.

Tutorial

Pretest

.Achievers

T. = 5,?4
S = ,6?

C ontrol,

1

r
S

C. À. Lu

6,og
,72

Pretest

1
J

ï
S

Tutorial

5,95
.88

6"27
,85

2

x
S

X = 5,L5
S = ,5L

6" j:L

"92

C ontrol

Post-test

[=

1
ò

r
S

6,2?

"80

7 "27
"83

l+.82

,55

I
S

¡ = J,Ir*
S= .48

X

ù

Retention test

6, g1

L,2?

5, 06

,36

Y

J

1
ù

X

ù

7"05
r.25

6.??
I.02

4. ??

.37

r
S

1-
S=

X = ö'Zè
S= .7O

7.53
1" 4g

4,95

"56

1
S

T = 5.6
S= ,?6

6.gl
L"+?

X=5"7
S = .56

1

ù

6"oz

,62

1
S

5"58
,50

7. = 5.6?

S = "56

\o
æ



APFENDIX F

C.A.I,.i,'1. Ivlanual

Computer Assisted Learning lì'/ianual
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"C"OHPL,TER A' SSISTED L" EARNiNG PI"ANUAL 3

DRILL AND FRACTICE ÎN" " '
( T ) F'ATHEMAT'TCS
(,2,' LANGUAGE ARTS
(3) FRENCH
SKT!.L SHEETS
EDUCAT trONALLY-BASED GAÞIES

INSTRUCTIONS FOR USE OF" u '
C!} SHORTENED DATA
C2> INFORMATiON SYSTEI{

AFFILTATED 
,SC¡+OOUS 

3

BRITANI,ütr4 ELEMENTARY SCHOOL
51'. JAMES ASSSNINBOTNE SCHOOL DTVISÍON @2

KEITH GRAHAH

GtrNTRAL NORTH UPGRADING CENTER

TRANSCONAa SPRINGFIELD SCHOGL DIVÍSION
TNFRIO FIORENTINC

EI.LEN DOUGLASS SCHOOL FOR THE HANDICAFPED

HTNNIPEG gT SCHOOL DTVTSION
-. GAîT¡E [.IiLL

HANIîOBA SCHOOL FOR THE DEAF
!.OU REEVES

PROGRAÞ|S tI;?ITTEN AND COMPII-ED UNÐtrR SoToE"P" BY t

se?s- 8e?6 
3bl,i"=iLiÊ3?'-
JEAH HASY!.IH.

î.97 6- \977 CHERYL BALABERDA
SANDY PIILOVANOVICH
RICK SIÞ,IAI\¡AVICTUS

AÐVESORg DR" LAURAN SANDALS
ÐEFARTMEÌ.IT HEAD
trDUCATIONAL PSYCHOLOGY
Þ.ASULTY OF EDI.iCATION. UÊ{trVERSITY OF Þ¡ANITOBA

AUGtlSf' 17 o \97 6


