
1n

The University of l,fanitoba

COI'ÍPUIER ASSÏSIEÐ LE.4R¡ÏII\IG FOR FîTPTÏ,S

}ITTII IEARNT¡¡G DTSOEÐETS

by

Onofrio P"L. FiorenüLno

A Thesis

Submitted to the Faculty of Graduat,e Studies

Partial Fu1fillment of the Requirements for the Degree

of llasters of Edueation

Departnent of Edueatlonal Psychologr

llinnipeg, Hanitoba

l{arch 30, l;LgTl



''COMPUTER ASSISTED LEARNING FOR PI.IPTLS

!,IITH LEARNING DISORDERS"

by

ONOFRIO P.L. FIORENTINO

t .,':.
1..-.,'-

A dissert¡¡tion submitted to

tlre University of Manitobi¡

ot'thr' dcgrce of

tlre Faculty of Gratluatç Stttd¡es of

in purti:rl fulfillment ol'thc rcquiroments

MASTER OF EDTICATION

@ 1977

Pernrissio¡l ltils lresn gruntccl to the LIBRARY Oþ' TllU UNlvlill-

SITY Ot M/\NlTOll¡\ to lcttd or sell copies of this dissert:ttio¡t, ttr

thc NATIoNAL LltsRAtiv <¡F (:ANADA to nricrofilm this

dissertatit.rn and to lencl or scll copics of the l'ilnt, and UNIVERSITY

MlClìOFILMS to publish alt abstract of this dissertatit¡n.

The auttro¡' reserves other ¡rublicatiorr rights, ancl ¡reitltor tlte

dissertatiolt ¡tor extcnsive cxtracts lio¡u it muy be printetl or otl¡er-

wise reprodtrced without thc ar¡tl¡or's writtc¡r ¡rertttissitttr-



ABSTRACT

This thesis investigates comouter-assisted learning (C.A-.L. )

as applied to Junior high puoils that have a r,+ide variety of l-earning

diso¡.rlers. Drill and practice programs were used as a means of teaching

basic eomputation and spel.Iing skiLls. Three random groups were randomly

assigned. to C.A.L. arithmetlc¡ C.A.L. speLl-ing, and Nor¡-C.Â.L, treatments,

AlL three groups continued. to recei-ve regular classroom lnstnrction. Ttre

experímental treatment continued for a three month period on an alternate

day basis. the subJects were glven the Stanford Achievenent Test ín

Ariühnetic and Spe3.lÍng before (pretest I and pretest 2), after (post

test)r æd three weeks after the treatment period.

The results of the study showed.that there were no significant

d.ifferences between the three groupso However, siqnificant díffere¡ces

were fomd. over time for both ariihmetic and spelling, fn arithm"tfc,

differences r.¡ere found between: 3-) oretest 2 and both the post test

and retention üest (p<,OI)r and 2).oretest l and both the post test and

retentlon test (p<.05). Similarly, Ín soelling, dlfferenees r.rere found

between: 1) preiest 2 and both the post test and retention test, and

2) pretest I and the post test, both at the .O1 l-eve1 of significanee.

An i¡rteraction effect was obsen¡ed, for arithmeti", Oo, not for spelling,

Further tests confirrned that the significant differences over time í¡

arithmetic were attributable to'the gains made by the C.A.L. arithmetíc

group. SimíIarl-y¡ in spelling the gains over time +rere analyzed for

descriptive purposes and. found to be attributable to the gains made by

the C.A,L. spell-ing group.

i i,:,1. :lr'..:, .':-.-ì
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The resul-ts of this study, therefore, indieated some statistieal

- signifi.cance ar¡d were considered encouragíng and significant in the

context of speeial education. For examole, in arithnetic from pretest 2

,, to the retentÍon test, there was a 5.3 month gain for the C.A.L. i.,,,,
: ..:t :. ;

arÍthmetic group compared to a 2.0 month gain for the C.A.L. soelling

,,i spelIing, the C.A"L. spelling group gained lr,9 months cornpared to ,,., ,.,

" 
tt" tt:', aI.7 month gaÍn for the C.A.L. arithmetíc group and a 1.0 month gafur ': '

'.'..'.:
,:, for the non-C.Aolo grollpr ! l.:,:,.

i r,-'i
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CHAPTER T

INTRODUCTION

The computer is a powerful tool vo"ith the potential- to improve man¡r

aspects of educationr fnstnrctional applications alone incl-ude simple
lI monitoring tasks, tutorial interactionsr drill and practice routÍnest

simulations of real life si-tuations, management of instnrctional sequencest

testingrdiagnosis, and prescription. Marry of the above are included in

a general applícation referred to as computer assisted learning (C.A.L. ).

Briefly stated, C.A.L. is the use of a computer to provide or assist the
\

instmctional process. C.A.L. as used in this study is,an adJunct to

regular classroom instnrction.

Perhaps, one of the most prom:ising uses of C.A.L. in schools is in

helplng to individual-ize i¡rstnrction. In particularr its greatest
:

i potentiæl may be in helping to meet the needs of exceptional chifdren-
l

i especially those who have experienced difficulty learn:ing under typical-

i classroom conditions and methods. Indeed, a few recent, studies indicate
1

l

I that C.A.L. may be a va.Iuable remedial process for the developmentally
l

: f¡andicapped. However, most,C.A.L. research in the past has centered

around normal populations of adults and ehildren.

C.A.L. for pupils r,,rith learning hand.icaps seems to be a valid and

logical applicationrbut more research is needed to substantiate this

claim. The cost factor of special education programsr combined with

; shortaþes of funds, facilities, resourcesrand wei-l- trained special

education teachers, make it desirable that more efficient and effective

i::stnrctional procedures be found.

Ì'a: ril.:t::i



2.

Rrpils with learning problems generally require more persona1

attention from their teachers than do normal pupils, often to the

extent of being íncapable of learníng or stud.ying on their ov¡n. As a

result, teachers in these situations tend to perform a great deal of

simple d.riJ-l when their talents and. creativity could be better used in

higher leve1 plannÍng and interactions wr+th pupils. If, through research,

C.A.L. is proven to be an effective help in ühe learning process, then

its use can be Justified., and. teachers could devote more time to the

tasks which revolve around unique humar¡ interactions and capab'iIíties.

In spite of many advances in our understandings of the learning

processt lôte as teachers are still greatly puzzled as to hov¡ to optimize

learning-especially for pupils with learning disabilities. Special

edueation teachers conti¡rue to search for instructional methods which

wíll prove to increase motivation and decrease fnrstration. This task

is an even bigger chel]enge when facing pupils with learning disabiLities.

Traditionally, it has been thi-s group of pupils whích has been the most

difficult group to manager motivater and assist in the learning process.

A mini:mrm objective for most special education teachers would be

to help their students upgrade their basic skills j¡r the two core

subJects of mathematics and language arts! However, accomplishing this

task has proven to be the most elusive ar¡d seemingly the most distasteful

for all types of pupils, especially in recent fêê.rsr Although few educators

would deny the Ímportance of l-earning the basic skills, there seems to

have been a d.ecline Ín emphasis, or at least little advancement ín the

teaching of basic skil1s.

t:':: :.::.:.



3.

It is in the application of drill and praetiee that C.A.L. may be

most helpful, especíal-ly pertaining to stud.ents who are veïî¡ t¡eak ín

these basic acad.emíc skilIs and at the same ti-me ilturned-offrr from

traditional üeaching approaches.

Ob.Ìeetives of the Study

An overall obJective of thís study is to provide a novel learning

experÍence for pupils with learning problems through the use of C.A.L.

Another maJor goal- is to evaluate the effectiveness of C.A.T,. as a

method of improving índividualized instnrction for pupíl-s ín snecíal

education programs.

Specific goals are as follows:

1. To provide a learníng aituation which may help the sturlents

remediate their weal-messes ín the basic skill-s of acìdition;

subtractíon, rmrltiplícatíonr divisíon, and spelling.

2, To provide greater individual-izatíon of instrrretion to

all-ow the pupil-s to progress from their partíeular levels

at theÍr own rate.

3. To set up controlled l-earning situations to study the effects

of the computer as an instnrctional tool in teaching basíc

academic skíl1s to pupils with learning handieaps.



4.
CHAP1ER TT

COMPUIER ASSISIED I,EARNÏNG AS RELA1ED 10 TEARNIÌ\îG THEORÏ

The purpose of this seetion Ís to explain some of the terrninolory

used in C.A.L. and other individualized instnrctional technlques.

A concise definition of G.A.L. is the fo11-owing:

C.A.L. is a man-machine ínteraction 1n which the teaching function

ís accomplished by a computer wíthout inten¡ention by a human instnrctor.

Both training material and instn¡ctíonal 1ogíc are stored in eompgter

ñêrnorf,r (Adapted from Salisbury, 3g7\ p.Ag).

Tt should be noted that the terrn ftassistedtf in computer assisted.

learning implies that the i¡stniction supplíed by the computer serves

only as an adjunct to the regular classroom instn:ction. Also¡ it should.

be mentioned that the terms C.A.L. and C.A.I. can be used a¡d.are used

s¡mon¡rmousIy. (Satlsbuzy preferred the term eomputer administered

instnrction. )

There are four basie ways of using eomputers to assist in teaching:

1. D41l- and P_ractice

As a remedial tool to reinforce'oreviously taught concepts,

the computer has a never tiring approaeh to the repetitious

job of drilling eoncepts and cheeking answers. Often buil-t

Ínto the drill and practice program can be checks as to

whether the pupil- has reached. a críterion l-evel of proficiency,

before advancement to more d.ifficult concepts ís aIlowed. Thus

il',r¡i,i:
ì j i.r:tjl



5.

.)).

dri1l and practice is a learni.ng method using repetition of skiI-ls

or facts on a random basi-s to help in the job of rote memorization.

2. lutorial

The computer can act as a tutor in presenting information,

concepts, explanations, and questions j-n a n"rnrring dialogue

ín an effort to he3-p pupils achieve a¡¡ understanding of the

material being studied. If the questÍons are not ansvrered

correctly ùhe computer could branch to additional explanations,

reviews and examples. Thus man¡r programs of this type have built
Ín remedial features.

Si¡nulation

In this type of program the pupils are provided with a model

of rea1-life situations in which they are required to act

spontaneously to make d.ecisions regarding the problems vrith

which they are faced. thus, simulation is an active problem-

solving situation in which the pupí1 will learn by trial and

error without havirrg the real consequences corning to pass.

Under eomputer coptrol, the pupi;tr can experiment in ways which

would be too costl-y or too impractical i:r real life. Learning

about the problems involved in landing a rocket shipr learning

to manage a farm wisely, or learning to manage money and bank

accounts, are examples of situations which can be simulated by

a computer to teach lessons that would otherwíse be too impractical

or too expensive to teach under real circumstances.



0ompr{þer,}lenaged LeamÍne (C.M.L.) 
""tr 

be defined as:

A system for educational nanagemenü that integrates studenù f.nformatf.on,

eurriculun datar and lnformatfon on resources.in order to assisù the teaeher

in i¡dívtdualizing fnstnretion. (Fineh, llg72, p.46)

thusr C.M'L. Ls a comprehenefve approach that guídee the student

thnough a seríes of cur.rLctrlar paths ard experienees (conrputerized and

non-comtrntertzed) depending on the ,r""4", partÍcular nesponses, *a
performancee of the lndirridual.

lhius, computerlzed technf.ques caa go a long way in suppl-ernenülng

instnretÍonal conditions for the ]-eaming dlsabl-ed. rn addition to
¡rbat"hgt been mentfonedr C.A.L. a¡rd C.M.L. cou1d also be condueted ín

conJunctloa wíth other medía such as audio ùapes and vl_deo slides to
aceonplLsþ a rmrlti-media appnoach under the control of a central eonrputer.

the Theoretical Foundatlons of C,A.L.

- 

r----!t-

Modenr exanples of ùeaching urachines and eomputerized insünretlonal

devices owe thei-r theoretical roots to the behavlorist movement l-n

psycholory and ùrace back to the educatfonaL psycholory of E.L. Thorndike.

6.

L. Ganes. 

-Comprterized pazzles i¡r wtrLeh ùhe students match vrtts vrtth the

conprterr or games in which the conpter is ùhe opponent, caa

stisurate interesü ar¡d notLvate ptrpirs to exercise and

strengthen ühelr EldLLs of logical reasonfng.
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In thorndi-ker s connection:ism theory, the two main influential constructè

were the Iaw of effect and the law of eiercise.

The frlaw of effectrr stated that when a changeable connection between

a situation and a response is made and followed by a satisfying situation,

ühat connectionrs strength is increased; when made and followed by an

anrroy:ng situation, its strength is decreased. (Thornaike 1913). Later,

Thorndikers development of the trlaw of exercisett emphasized the importance

of lanowledge of resul-ts Ín Learning. The mere repetition of the stirmrlus-

response connectÍon was not considered to be enough to ensure the learning

of thet connection. It was also necessary to confiym the appropriateness

of the response. (Thorndit<e 1932).

More recently, B.F. Skinner presented his distinctions between

classical- (Pavlovian) conditioning and operant conditioning. This 3-earning

model assumes that the learner rm¡st be actively involved ín the learnÍng

situationr artd that the correet response mrst be reinforced or rewarded

in order to strengthen the connection, This model of learnÍ-ng has been

wídely adopted and accepted on the basis of e*tensive experÍrnentaüion,

both with laboratory animals and hr.unan subJects.

Antecedents of C.A.L. and their relationship to learning theorl¡

C.A.L. was also founded from advances in psychometrics and the

need for a practical technolory which could efficíently administer,

scorer and provi.de feed.back from psychological tests. Out of this need

grew the technologíes of automatic testing devicesrand laterrteachÍng

rnachines and programmed instnrction.

1: .. ..: .t 
1



Perhaps the three nost i¡rfluential iC.eas t¡hich have contributed

to the developnent of C,A,i" were the aCvent of the sinpÌe teaching

nachine and programmeC instruction, the concepü of indivíCuaU-zed

instr'¡ction, and the instr¿ctional behavi.orial objectivesmovement'
: '.:'.-:"

.-; :t.;-;-:.

Teachine l,Íachines and Prosammed Instnrction

The fírsù teaching machine was developeC by Sidney Ln Pressey

,, ?- earl-y as 1926. However, Pressey0s idea to use a sirrple maehine ':

. ,', 
..,t,.'l' to gi'ue tests, score tests, and teach sinrple drill materíals did not

,' becona popular until the r¿iddle fifties uhen B"F. Skinner aCvanced """-

the iCea, using his work 5.n operant conCitioning as the thegretical

I founCation" Slci¡rner developed a machine r¡hich cliffered. from Presseyr s

I i¡ thab the pupil Cid not have the option of choosing bàtr"een aLter'¡:atives" i
ì

lr''=tead,thepupi1.wasaskedtol.rritehiso'¡¡nreSponseÍnaspaceprovided"
:

.o'sontheinsùnrctiona1sequencesorprogran3t{erecarefu1lycesignedso

i 
as to hint at whaù the correcè responses shouLd be. This uas done to rnake 

i

the oecurrence of the correct ansrrer higtlly probabLe" Thus, Skinnerqo .

mâchines useri programs r¡hich incorporateC the operant lea::ning principl-es ,,
' : ::i:

,t.,., 
', sponses, a¡id, of over-Learzring through repetitíon : :;':

In c?The Science of learning and the Ar.t, of Teachinørt, Skinner (fç54)

presented, his case that the science of behaviorism based on a reínter-

i pretation of Thorndiket s 1a'.s of effect is alL that is ¡:eecïeC to set ühe i.,,1, 
,

'I |i':ii:j

conCitions necessaïîr for optimal learning in anímal-s and in hu,nans as v;e11,

Criticizing the prominent use of aversive controLs in ed.ucation, Skinner

8,

iì '::ri':::
l.r ,l-:"'



contended that a better approaeh would be the consistent use of immediate

positive reinforcement for desíred behavÍors and. for the attainment of

educational objectives, Also, he suggested that extrapolated fíndíngs

from operant research have shown that: 
,.-..,

1. Positive reínforcement shoul-d be immed.Íate and should follow

each correct response.

2. rt is advantageous to proceed from the simpJ-e and familiar 
ii,,,q;to the compl-ex and less familiar through a graduaJ- progression. i',',,',

This t1rye of program whíeh moves step by step through a singJ-e ,,.,,,,,::::
set of material is lorown as a linear program.

Skinner consistently emphasized that the most imporüant aspect was

thearrangementoftheinstructiona1materia]-softheprogramand.not
i

necessarily the teaehing machine itsel_f. A1so, skinner (rg¡g) draws
la para:L1el between progra¡nmed instruction and individualized tutoring 
.

in pointing out the foJ-lowing símíJ-arities: l

1. A good tutor begíns where the pupil is and does not insist on I

rnoving beyond. what the pupil can eomprehend. '

2. A good tutor moves at a rate eonsistent with the ability of .,. ,.
' 
:':'j' ;. 

-

fhe pupil to learn. ,.,. ,'
:- : ...

3. A good tutor does not perrnít false aÍrswers to remain uncorrected.

4. A good. tutor d.oes not lecture, instead by his hi::ts and

guestionin8r he helps the ¡nipi]- to find and state answers for
'.:.'- :-
t:.':: :.:.

himself. i::':r,':

9.
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similarlyr a good progran r^rould incrude the follow'ing features:

1. A program would begin with smal"l easy-to-take steps and. gradual-ly

J-ead up to those which are either r:nfanriliar or too difficur-t

prior to the instnrctional sequetrce.

2. Active participation in the l-earning sequences should. take ""'

place through onefs own reading, thinklng, writing, or sel-ecting

of answers as opposed to the more passive process of Iístening
:,'tl

to a fecture. ,',,.

3. frmnediate reinforcenent of correct responses refers to to:owldege ;;,;,
j:'.,'t

of oners results and to continual feedback that one is l-earning

the material-s presented.

4. IndivÍdualization of instmetion is provided for, in that the 
l

ì

learner should be a1lowed to use as m¡ch time as necesaarXr to i

complete the program and attain the edueational objeetives 
;

stated in the program. 
ì

5. Subsequent modifícations and improvements to programs are 
i

l

possib1earrdmaybedesírab1ebasedontheresu1tsattained

by learners going through the program. Thus, changes are to be l;,.,
..' ..:i

made until it' is highly probable that suecess will- be attained 
1,,,.,:

by the learners for which the prograrn rÁras d.esigned. "';'

Indíyidualiz e4 Inpt,nrction

Another i¡fluential factor in the development of e.A.t. has been the

I-ong standíng íssue 1n learning theory termed rfíndívLdual differenees'r.

These ind:ividual- differences include differences in learning rates, abílíties,
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backgrounds, styles, and behavioral eharacteristics. Based on the

question of ho!ù individual differences affect learning, educators have

again become i¡rterested in how to meet the j¡dividualized needs of pupíLs

i¡r a school- system which is stÍl-l geared. J-argel-y to masses of students. ,,,,,,

In a brief history of individualization, Blake and McPherson (Lg6g)

state that recognition of índividual differences in learning dates back

to ancient times. AIso, it is suggested that ín the one-room schools ,-,,,

of ühe past, pupils proceeded on an individual basis rather than in ¡-'",r.,

r¡riform groups. Each child learned at his own rate, ar¡d he was al-lowed t,,,.'r,l':i: - :jl

to learn as rm¡ch as possible. As edueational advarrtages lúere offered

to a l-arger selection of gr:owing popul-ation, it became neeessary to , ,

deal raith pupils in ttgrad.e-levelf' groups, and individualized instnrction 
l

i

began to disappsêrr This marked the era of the texbbook approach which 
;

dícüated the l-ecture and r:rriform teaching to so-called homogeneous groüpsr 
;

lThe. authors go on to define i¡ldíviduaLized. instnretion to mean:

Thatthe1earningprogramforeachcurricu]-umareaísorganized'

insuchamannerastoa1].oweachch.i1d'tomoveathísovfnpace

under the guíd.ance of his teacher. Instruction is non-graded, i,,í,,¡,i
. :..:

enabling eaeh child to go so far i:r each subject as hi-s ability ';,¡.,,¡,:,:

. ::.:_-:-.:.:

perrnits. Careful reeords are kept on eaeh ehil-d.rs progress.

(etare and McPherson, 1969, p.64).

SÍrnilar1y¡ in supporb of individualized furstnrctíon, Ihrrns (fçZf) :: :.::.
i:'i:.-r, '

states that no üwo living organisms are alike. People differ ín leartring '''r"

rates, learning methods, problem solving approacheo., repertoires of

responses¡ patterns of interests, motivation to learn, goa1s, readiness
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to 3.earn, capac5.üy to leam, and values. tn surnnary, it is stated that

individuallzed instnicüion ís a naturar way ùo lea:m-a eoneept of

insürueti-on whi-eh aeeounts for Learner needs, habits of study, and time
¡equtrenents.

In reeent yeârs, lndividuaLlzed insùnrction has eome to meen meetíng

the educational needs of each learrner by eustomïzing currieulum and

ínstructional strategles. Although the need for indfvÍdual.izatLon

seems to be aecepted by a maJortty of edueators, espeef.allt with resnect

üo special educaüion, vetTr litùIe Ís actuelly torovwr on the basís of
- researeh about the inüeracüions between learalng and indiv:ldual dlfferenees.

In the fuüurer C.A.L. is expeeted to help in the Job of researehlng

the many questions raised by the int'eraetton between learning and indivldual

differencesr optlmizing the l-earrnlng and lnstmcttonal proeesses, ærd

lndivldualizatlon of instructlon. The eornputer is consl-dered by many

to be the most pronising tool in the Job of optimlzing the leanaíng,

instrrctional, and research processes (Attcinson ]96?), (smallwood r9?0)r

and @iehnan 1969).

Behavional Objectives in Education

The main message of the behauLoral obJectives movement r,ras that the

goaLs of ínstnrction un¡st be stated as beharrlors whieh ean be obJectlvely

obsenred and measured under specf.fied eondítlons at the end of a given

]-earning exper{.ence (Bloom 1956) and (Mager ].g62). Ttris prineiple can be

traeed baek to ¡nany sources ineluding the.prograrmíng and teachíng

machines movenent, behavlor modÍfication, and lndividualized instmctf.onç

': :j:. :
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Evaluation at the end of a Learning sequence is usually done aecoÈdj¡g

to a given standard of time arñ/ov margiJr of error. In short, educational

objectivesr where possible, should be stated Í¡r behavioral- terms or

operationally to facilitate evaluation.

Beha,yíor Modificalion and Instnrctí,,onal,Technologv

lùhat are the relationships between behavior modifleation, instnrctional

theorXrr and the Ínstnrcti-onal technologies and principl-es mentioned above?

Behavior modifícation instnrctional- practices refers to the use of operant

J-earnÍng principles in the design and. improvement of instn¡ction.

Programmingr teaching machínes, and individual-ized ínstniction, are

examples of applÍcations of the concepts of behavior modification methods

and the operant learning theory. The principl-e of stating educational

objectives 1n behavioraL or operatíonal terms ia an example of the

widespread application of an operant learning principle which is inherent

in all of the above positions or procedures. ft ís noteworthy that the

progra¡nmed instnrction movement plaeed great emphasis on stating behavioral

obJectÍves as a first step in p3-anning ínstnrction.

fastnrctíonal Stratesies of C.A.L. as Rel-ated to Learni:rp

and Instnrctional Theoríes

The instnrctional principles inherent in C.A.L. are, in part, the

same as those which underlie programming and teaching maehines, individ-

ualized instnrction, and. behaviorally stated. instmetional objectives.

The present state of C.A.L. is based on and incorporates elements of all
three of the above learníng posítions or strategies, both in a theoretícaL

l4:i: i;i
i,:.,: il'l
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and practical senseo *Fr, ",he theoreüical basis for C.Ê-.L" is deri-ved

in pazt frorn operanb leernÍ:lg principles anc beharrior rno<iification in-
stnrctional theoly" hrü e.AoÏ,o can end does go beyond t,hese princigles.
This point wilt be expanded upon in a follor.ring secüion of this chapèer.

Advantaqes of C.A.L. and the Frinci-ÐLes of Legrîing anC fnst::uetionrJ Theorië
Hany of the ínstnretíonal advantages offered by C..Ë."L" are sirnilar to

those claimed, for programrned instmcti-on" For example, Gerard (wdil
lists C.A,L. advantages as betüer and faster learni-ng, learni.ng at üire

studentts own pacee beÈter i¡stnrction because of expert authors, an¿

etimi¡ating rouèine dnrdgery for the teacher. carpenter (rgzo) in
revielting general advantages, states that CI..4"L. can regulate timingo
duration, and üypes of materials used, Ín learni-ng. Arso, it can assess

learner responses and Ùbrancht? to re¡ned.i.al or enrictr.nent routines v¡ithin
the sane program r¡hen necessaryo crowder (lg5Ð r.¡ho der¡eLoped the
branching technique in progranrned. i¡rsünlction, believed ühat, pupils who

are ill-Prepared should' be able to go baelc to similer materials, and if
well-prepared, to by-pass sonre unrequi"red worko C.A.L., pro'ides the
maxfum:m fÌexibilÍty ån the branching techique of proviclng alternatine
oaths"

A furbher urrique advantage of th9 computer is the prospecÈ of
tesfingr evaluating and researóhing t'he learning proeess¡ ar-rd in derreloping

and testing instmctioneL materials, fmplied in the abo.-re is the abil.ity
to diagnose learner strengths anrl r*ealcnesses in skirls a¡:d apt5-tuces.

l'Ihile branching is possible in progremned instnrciíon, only c.3-.L.

can prov-ide numerous tracks, utilizing various other rnedÍa depencing on

-- -../',-tri¿:'i:: ìc:
:,:::-i'1.).':t f

l : . i..:, i . . : i: r ',1.

i..i:i r: i) i:.i

:' -i t.: . l
l:l'i
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variou.s paramèters includi-ng recent response patterns, Iateney of responses,

and índividual l-earning characteristícs.

C.A.L. ar¡d Other Learning Theories

A taxonomy as outlined by Bloom (1956)r and the specification of

behavioral obJectivesr can help teachers define more carefully the end

results of an instnrctional Éequence, However, they offer l-ittle prospect

of determining how to get the pupil to do what is specified in the

obJectives. can recent learning theory suggest how to best engineer

l-earning e4periences for learners?

C.À.L, is d.erived from programmed ínstnrction and ind.ividual-ized.

instn¡cti-on, and therefore has stirn¡lus-response leartri¡g theory as

part of its for:ndation. However, c.A,L. ís related to other l-earning

theorry as well-. The t¡¡pe of learning described as stirn:lus-response (S-R)

learning in the operant model ís far too simple to explain the comp]-ex

behaviors which are l-earned even by young chíldren. Thus, the operant

model is probably more applicable during the early 1Ífe of a eh11d., or in

cases of retard.atíon. As a naive learnerl becomes more eapable of verbal-

comm:nicationr simple S-R learning becomes less important in terms of

adapting and adjusting to the sociar and physical environment, and ín

3-earning other complex behaviors.

The devel-opmental- theories of Piaget (tqg6), .Ausubel (fg68) anA

Gagne (196h) have helped to identify developmental variations in learr:ers

in percepüionr objectivity-subjectivity, the stmcture of ídeas and the

nature of the thinking process itself. Most promoters of C.A.L. have

neglected relevant factors as they relate to the learnÍng process, As a

resultr there has been no serious attempt to rel-ate developmental principles
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of eognitive growbh to applicatiorrs of e..{"L"

'ofnen rve consider lé.arzrers who are developmentally ad.vanced, we

wo';ld ac'<nol+1edge that as r.raturity increases the individual perceives

the ç'orId n'ore Ín generalu abstractrand cabegor'Íeal" termsra¡rd less in

tægibler time bor.¡nd, particularized eonterbs" (Fiaget, 1958)* In ot¡er

i'¡orrls rothere Ís an increase in the abï3ity to cornprehend end manipulate

abstract verbal s¡rmbols and relationshÌps'¿ithout êhe benefit of direct

tengibLe experåencer eonereÈe åmagery'p ånd er.rpirÍcal erçeriencè wítk¡
:

parbåcularized í¡rstances of a eoncept"o (INclvrarcts lg?0)"

T3rpieally, curriculr-rm for 0.4.L. is organized. írto topical units

¡¡'i'*,hout regard to the hierarchical relatíons of Èhose units en an

abstract l.eve1u (Ausube1 196S), [Tsuallyo trnits are treated as though they

are equivalent within the lear:ner? s eognitive framework.

Recently, cagne $gas) has .att,enoted. to set dor,¡n a hierarchy of

ty¡les or Ler¡els of leanning, The lee¡-ning 'bypes as cefineci by Gagne,

lisèed, in ord.er of increasing eompleråty, are as follows¡

1" Response J-earrring

2. ïdentification or rruJ.tiple discrirni_nation learning

3" ehaÍ.rr or sequence learning

lr" AssociaüÍve J"earning

5" eoncept J-earning

'6. Principle learn5-ng

7. Problen solving

8" Stratery leami:rg

ft is of primary irnportance th"-t teachers or e"-å."L" writers re¿rlize

öhat there may be rnany forms of Learning encl that instrr:ction shouLcl
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refLect as nany le'rels as possible-not just sinple mernorization of,
facts or response learàing. For exam_nle, iü is im-oort,ent in c.A.L,
and other Ínstruction that all prerequisite t¡sks and leanring abilitíes
have been developed prior to introducing nerv Èasks or higher revers
of learnlng. Tt has been suggested. (C"grrg lg6h), ('icks arrrd Hnnka, J}TZ\
that by foll0ning this moder- of Qrpes of learr¡Íng combined with propsr
organizaüion of subject matter and behäuioral obJectives, the insùr'ctor
is much more r-iker;r to help a rearner in the learning processo

rn t,he rsriter¡s o¡rinion, Gagnefs model 0f r.earnrÍng and suggestíons'for instnrction (c.Â-L. or othenrise) are excellent guidelÍne" * ,.rr*in pLanning instnrction. Gagne ouilines four aspects of the educational
process for wlrieh ídeas and guidelines can be cerived. fronr his taxonomy:.

1' planning behavioral. objecti,¡es and, celineating prerequisite
capabilities before Ínstir:ctions.

2- r'ianagennent o.f the learnin,3 situe.,,ion to help ínsure noüir¡ation
end involvernenü, as v¡ell es suggesti.ons abouù ccntenÈ and
neeessary conditions.

3, planning and. testi¡¡g instnrct,ional procedures to hel-n optimize
Iearnj-ng.

assisting t,he l-earning proc:ss.
Gagner s moder of rea¡ning t¿oes a¡d his inst::¿ctionar theo ry hzve

received posi-ti're rerrier'¡s ancr evar-uations ('ilgard anc Bower , 1966),
(snelbecker, ]:97l+), (tticks and Hunka t rg1z). I{ilgard and Bor¡er suggest
that his taxonony may be "Èhe beginning of a unifiec t,heory or r""*ing,;
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(Hilgard and. Bower, Jl966, p.56g). Th-is writer believes that the stfategies

and instnrctional principtes inherent in C.A.L. are supported theoretícaIly r

itl the franework of Gagnets model of learning and, instnrctíonal principles,

andconversely, that Gagnets theory is a good one to follow in p]-anníng'i
i

and developíng C,A.L.

Most of the eight t¡ryes of l-earníng seem well establíshed and
:

supported in previousl-y developed learning theories and empiricaÌ

.: studies (Snelbecker, 197h). Ty¡res one to four seem to be especially

,ì eII documented, whi1e t¡pes fíve to eight require firrther research.

I Also, Gagners entire theory of ínstnrction will require systematic

researeh to test the value of this approach as an instnrctional theory

per se.
:

I ttolùeverr the usefulness of Gagner s model as a theoretical and
l

r practical springboarrl seems rather tenuous. Ideal_Iy, in C.A.L. the

i i"arrimate computer should. sirmrl-ate the good. educatíonal practice of

a teacher in plaru:ing and instnrction. The eomputer can be programmed.

, to show capabilities similar to those d.escribed by Gagne. fn a sense,

,, there exists a parall-elísm between learníng in a human and what we must

, program a computer to do. AJ-so, in executing a program, a computer

will display many activities analogous to thÍnking and learnÍng in

humâ.ïÌsr a field of study lmown as heuristics, For example, in C.A.L.

the computer may branch to several different subroutines depending on
:.

i the response of the learner and other pertínent faetors. This nrocedure

' is akin to stirmlus and discrimínation learning in humans. Research in

i 
tne uses of computers to sinnrlate and exbernal:Í:ze the human thought processes,
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have resulted in studÍes in ftartificÍal intel-ligetlceno From these

studies have flowed new ways of looking at cognitive processes and

theories of learning. rt seems reasonabre to suggest that as these

and other new models of learning are developed, including mathematical

or statistical learning theory, C.A.I. will receive firther theoreticaL

support and practi-cal advancement.

I :..:.:

l.¡ljiir:
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CHAPTJN IT

RE-\NE}i OF TÌÐIW'DUAIIZED II'ISTRUCTIOT{AI TECMíTQUES IIJTTH EMPHASIS oI,I

TECH,IIQUES USED FOA PLIPILS I,IITH LEÅR¡iItiG PROBLEI.iS

Descri of r'_ty e4d of Pupils r,rith Disabilitíes
The type of pupils i:rvolved in this study can be refered to as

exceptional ct¡-ildren in a verTr broad sense. The exceptional child has

been defined as 'rthe child. who deuiates from the average or normal child
in mental, physical, or social characteristics to such an extent that he

requires a modification of school practices, or special educational

services¡ in order to develop to h:is maxi¡rum capacity.,,(Kirkr5.H.r !g61rp.4-5).
Exclud.ed from this study are pupirs who deviaùe physically. The

physically handicapped are usually trained under special facilities founcl

at schools such as the Ellen Douglass School Ín Winnipeg, I4anitoba, Also

excl-uded are those exceptional pupils r.¡hose mental or intellectual abiliüies
are at the higher than norrnal end of the scale of comparison.

Thus, the t¡pe of pupils invorved in th:is study are those with

emotional and learning dísorders, This d,escription is a broad classifica-
tion.which may be d.efined more specifically to include one or more of the

folloirÍng categories :

1" children who are neurotic or psychotic, or who exhibit

behavior d.isord.ers.

2. Children with an overall learning deficit-the slow learner

or the borderline, educable retard.ed,

i.it'.i,Ì1
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3. ctrildren with specific learning disabilities or deficits
(excluding the physically handÍcapped).

4. chlldren wi-th sensory handicaps likely to lead to a second.ary

learníng or emotional problem (excluding the deaf and the blind)

5. Children who are Jr,rdged to be delinquent-child.ren whose family

or comnrunity e>çerience leads to cultural or emotíonal

deprivation (adapted from GETDIC report, Jg?O, p,19)

The terms: ffslow learning pupilsil, ilpupils with learning difficultiesr,
ttpupils with learning problems, rrthe learning disabled ehild", have

a1l been used to describe the pupils of Central North School. The preferred

terms to be used in this study will be rrpupils vrith learning problems" or

'rchildren with learning disorders or disabilitiesrr. These terms will be

used to refer to children incl-uded in this study who fit into one or more

of the above mentioned categoríes,

Teaching Machines and Proerammed fnstnrction

The advantages and features of C.A.L. generally foIlow the pattern

provid.ed by programmed instruction. Like programmed instnrction¡ simple

üeaching mach:ines and. other related technologies have been used

successfully as instruction-al- aids in special education programs,

Several examp3-es of such progråms are the followÍng:

Malpass (f163) tested the effectiveness of automated instruction

with E.M.H. (Educable Mentally Handicapped) and T.M.H. (TraÍnable Mentally

Hand.icapped) institutionalized. child.ren. Signifiearrt results were

obtained. in the teaching of word. reeognition, spelling, and reading
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skiIIs. The results also showed that automated teaching methods were

more effective when compared to traditional- classroorn i¡lstruction.

Levels of retention were significantly higher after a period of sixby

days for groups wluich received automated i.nstmctions. 
, ,.,,. ,,, .

A study by 01ton (W67) investigated the extent to which increments

in thinking and problem solving skills could be produced by the use

of self-lnstnrctional programmed. lessons. A program cal-led ,,The 
;:,.,.,,,_i.,.,.:,:,,.

Productive ThÍ:rking Programrt was ad.ministered to forty-four of foríy- ''r" '. ':
seven fifth grade classes in Racine, Wisconsin with six,üeen programmed ,,r.,-,,rr.'.,,

lessons given one per day for four days per week. The teacherrs role

was kept to a nuini¡mrm. Comparison of pre and. post-test of a rand.om
,

sample of eight males and eight femal-es (704 pupil-s) reveal-ed significant 
r

increments on thirteen out of forty problem solving and divergent thinking 
i

criteria" These ítnprovements occurred. regardless of sex or level of l

i

Iintelligence.

Platt ar¡d others (fg66) studied automation with mentally retarrled 
l

and/or emotionally d.isturbed youths age 16 to 20 wíth I.Q. ranging

from 70 to 90. Various audio-visual d.evices such as the Graflex ,r:,.._,,.', ,'] ...

Audio-graphic Tnstnrctor, were used to present programrned materials. ,,,,,_,,,,.,,;:.,
,..:_:.:_;-:.: : : : _-: : :;

Data analysis revealed that the automated method was usually more

efficient than the conventional and prograrnmed lecture method. However,

themosteffectivemethod'vùasonewhichintegratedconventia1and

automated instnrCtion. i,..,1.,.:.'-:",:':.j

Malpass (tgíS) examined the effectiveness of programmed. j-nstnrctional

materials i¡r the teaching of basic reading skills to slow learning¡
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culturaLly deprived ctrll-dren aged six to nlne. Forty-five ehildren were

dlvided into one control group reeeiving only tradiüional classrom

instn¡ction whiLe one e¡merirnental group received DrogTt nrmed o'odÊbooks

and another experinental- gfoup reeeived instnrction by means of a

teaching machine. The resrrlts of corçaríson on post test voeabulary

irnprovements showed significanù gains for the mechina-taughü over the

control and workboolc-taught over the control Broupr bnrt no significant

dif f erence betr¡een machine-taughè and r¡orkbook-taughù groups.

Oneaspeet of a¡r exper{nent condueted by lti,elzger (1966) uas

designed to d.eter:nine theefficacy of a teaching maehine to teacb bagie

addition facts to Ed.ueable Mentally Hardicapped (E"Þf.H.) pupils, .ûnal¡¡sie

of pre and post-rneâsures l¡rdicated that teaching machines ancl proqfa¡med

material-s are successfuL trith E.M.$" prpils" It vras also forrnd th¿t,

E.t'!,H, chil-dren can l-earn arithmetic facts by rote if given enousJr time,

Most süudies comparing P.I. to regular lnstr¡.rction have sho..¡n P.f.

to be more effective or more advantageotrs" ContrarXr finaings, fro""*rn

are reporüed in a stud¡r by Bornstein (f964). In this study Lt was

suggested that P.f. Has no more effective than the lecture method l¡r

teaching high school mathenatics to d.eaf students" Also, P.f. Ì.ras for¡nd to

reguire as much and often more time than the lecture me."hod,

Eorever, tn L966 Johrson conCucteri a study on teaching arithmetic

to menta-Lty retarded. subjects and for¡r'rd that a groìrÞ using a pro.grerimed

sequence in combination '"¡-ith conventi-onal classroom lessons shor.led sÍ-g-

nifice.ntly better results than ühe groups using:

1. A program designed by Johnson
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2. T.M.I. Grollierrs Elementarry Aríthmetic: Addition and subtraction

Facts. and

3. Conventional classroom lessons.

the way i¡ which programs are used often makes a difference. For

example, in L967, Higgins and Rusch showed that arithmeti-c concepts were

effectively taught to E.M.H. children using a teaching device with audio-

visuaÍ facilitíes ar¡d that goi.:rg through the program twice produced

higher post test scores than goÍ:rg through it once.

Steg (1968) and Bender (fgOg) studíed the effectivensss of various

teaching machines that were designed to teach reading.and other J-anguage

skills to disadvantaged pre-kindergarùen children. The machines reported

on were cal-Ied the Edison Responsive Talking Typewri-ter and the Story

Telling AutomatáA Reading lutor¡ Both machines were effective in
teaching some of the basic language skilIs. Resul-ts indicated thaù

the automated. techniques v¡ere in general more effieient than regular

classroom i¡rstmction.

l,larner (f967) researched the effectiveness of programmed instnretion

in phonic skilIs with three groups of exceptional ehild.ren-seven

mentally retanied, five neurologically impaired, and seven emotionalLy

disturbed. Arr analysis of the resul-ts disclosed that the mentally

retarrled and the emotionally disturbed made significant gains between

the beginning and terminal performance. Girls, and those below the

mean age of eight, made better progress than those whose age ?ùas

greater than eight.

i.r ' ,.tr,l
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In a large sample study usíng seventy retarided pupil-s ín a treetnent

ErgTrPr Dezel-Le (fçZf) compared pnograwned Lnstruetion ín ar-lthmetie to

regurar classroom methode taught by five teachers exlper{-enced fn

teaching the retarded. Althorgh no sf.gnlficant dlfferenees hÌere

observed between pre and post test aclministratLons of the Ca1ifo1.¡la

Aehievement Test, the experimenüal- group uslng programed instnretion

showed ühe largest gains.

Rosen and Plper (tglZ) set up en individualized classroom for
dísruptive prpf.ls. The cl"asses were given individualized P.I. in all
subJect areas. aL[ the pupils were between 12 and 1Z years and were

beL'ow average 1n ability. A token systern was used and the tokens were

redeemable for sueh re¡¡ards as r¡ouchers to nestaurants or tickets to
sporting event's. Gompard.son between achíevement seores before ancl

aften the introductions to the tokens showed a gain in mean seorea

to be significant at the .01- Ì,eveL of confidêÐcêr Bemoval of the torcen

system caused the mean scores to drop to the .1 J-evel of sigifieenee.
Re-lntroduction of the token eaused the performaRee to rise even higher

than at the first implementation of the token system,

Thls brief review tends to lndicate that meùhocls of índlr,rf.duatized

i¡stnrctíon such as progrflnned ínstmcüion and teaehíng naehines have

been benefieíal for basic skills learning 1n ehildren nrith Learning

dLsabilitLes. More conprehens:i-ve nevlews of the Iíterature in the anea

of pro.granrned lnstmetton and teaehing maehines eaa be fotmd in
teith (rç¿0), Malpass (1967)r and in sandars (rgz3) r.rlth respeet to the
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developrnentally handicapped. The results of research clearly show that

children can acquire and retain basic academic skills by means of

programmed instnrction.

C.A.L. in Mathematics with Emphasis on Pupils t{ith Lea,rn:ine Problems

The advar¡tages of C.A.L. for the disabled learner have been

studied at an increasing rate in the last few years. Many of these

studies have indicated that the i¡nstructíona1 features of the computer

can provide learning conditíons which accommodate the needs of pupils

wíth l-earning disabilities.

Most studíes revåewed. are studies in whi-ch effectiveness was

measured by student achievemenù resulting from C.A.Lr âs compared. to

achievement resulting from other methods of j¡struction. Most studies

have provided C.A.L. to pupils in addítj-on to regular classroom instnretíon.

As shovrn jn Table I, when that is the case, alL studies reviewed har¡e

shown regular classroom ínstruction supplemented by C.A.L. to be more

effective than or equal to classroom instnrctj.on alone. Examples of

some of these are the following:

Sandals (Lgß)used C.A.L. as a means of teaching the social and

mathematicaL skí&Ls Ínvolved in the process of bankíng and budgeting

to developmentally handicapped young adults. Concepts such as

budgeting, making deposits, and making ruithdrawals were taught by

means of a slide presentation and telet¡¡pe terminal. Significant

differenees were obtained between pre test and post test and between

pre test and retention test administrations of criterion tests. ft was

concluded that a computer vras an effective tool in teaching social skills

!;-Jrj
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t:iríal

to retazded learners and that the material can be retaíned and transferred

üo new but similar conùiùions.

I{nutson and Prochnow (fg/O) also showed that C.A.L. eouJ-d

effectively be used to teaeh money management skilLs to the retarded.

The computer facilities included a teletype terminal with a keyboard.

overlay and slide presentations with corresponding audio instnrcüion.

Significant differences vüere found between pre and post test scores for

children using this system.

Palmer (L973) reported on three separate stud.ies on C,A.L. in the

subject of mathematics. The mathematics programs were designed as a

means of helping students Írnprove i¡r their basic skilIs and to help

teachers manage diagnostic ar¡d prescriptíve information. The Californ:ia

Test of Basíc Skills and the California Achievenent Tests were adnrinistered

as pre and post tests to an experÍmental group receiving C.A.L. in mathematics

and to control groups. fn general the results showed that: 1) the mean

test score for the experimental group exceeded those of the controL group,

2) a higher percentage of experimental thar¡ control students exceed.ed

theÍr expected grovrbh rates for the period, arrd 3) trre students who

received C.A.L. experienced growth rates substantÍalIy beyond normaL

expectations. Control group stud.ents did better on tests of reasoning

abilÍty thar¡ did C.A.L. students¡ possibly because the C,.A.L. dÍd not

stress reasoning skill-s. rt was concluded. that the program proved.

economical, promoted. student learning of basic skilts, reduced the

teacherrs remedial work, and helped in diagnosis and prescription of

student academic needs.

ir, j:tl::r.
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A study conducted by Davies (L972) was set up to deterrnine if
students using C.A.L. in the ITSTRAI\IDSI' mathematics program d.o significantly
better ùhan students not using the computer ar¡d. if there may be sÍgnificant

changes in attitude towards selfr mathematics, teachers, and. mactrines 
,.:,:,:.:.: ".;:

on the part of the stud.ent using the C.A.L. Approximately 240 stud.ents ". :":"1:

from grades two through six were involved. in the Ètudy and were generally

'in the low ability range. The Stanford. Achievement lest and Semantic 
;,,:.,;.,:

:Elifferential were used. It was d.iscovered that pupils using the C,A.L. l"'',',""''

performed sign:ificantly better in comErüational skíl1s than those not 
l::,,,,,,,,,,,r.:-:.,:- _.:.

using the conputer. A1so, no:sigrrificar¡t shift Ín attitudes, eíther positÍ.ve

or negatívertook place.

Howeverr on the question of the attíùudes of pupils, parents, or

educators towarrl the use of C.A.l., manJr other researchers report results

infavorofC.A.L.Someofthesestudiescited}aterinthischapter
i

ínclude the works of : GoLub (Ig7ü¡ perry (tg|3), Morgan (Lg|ilr and
IKi¡s (1925).

Beech ar¡d others (1970), for example, reported. ar¡ exbensive survey

of the feelings of both parents and pupils towards a Dial--a-Dríll mathematics , ,, . , .:;
1' _:1;: '::'i:.

program used in New York City. The attitudes of both the pupils and. parents :,,,,.,;.,,;.,,,.,

,, :._:.:-. _

were found to be quite positive-an interesting result considering that

the sample las drawn from a population with a general-ly negative attitud.e

toward's education' 
, . ::.: :

A comprehensive review d.ealing with the question of whether C.A.L. i,r;:r:ll

leads to feeli¡gs of rtdehumanizatíontr or rfdepersonalizationr can be for¡nd

in King QgTf). Attitud.es were explored towar.rls various modes of C.A.L.
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beforer duringr ar¡d after its use. It was found that computer-based

instn:ction is noù a threat to the process or spirit of humanizatíon and

thaù it can provide the opportunities for increasing personal ínteractions

between educators and pupilsn

Durwarrt (rgß) used c.A.L. in arithmetic, wíth sixth and seventh

grâd'e pupiJ-s. The samples consisted. of three groups: a rC.A.L. grouprr

receíving five minutes of C.A.L. in arithmetic per day ín addition to
regular classes; the ftHelp group* receiving five mi-nutes of group

instmction in add.ition to regular classroom instruction¡ and the
ttZero grouprt receiving no additional instnrction. The results indicated

that the C'A.L. improved arithmetÍc skills and that it was superior to
arr equlvalent amount of classroom instnrcùion, although none of the results
were statistically sigrrificarrt. It was also found through questionaires

that teachers considered the proJect beneficiaL.

In an interim report Romans (Jgtl+) d.escribed a projeet which aimed

at developing problem solving skilIs as well as teaching content-both
at the same time. The project vras euccessful in teaching math content

through a sequence of problems in which the pupils induced nrles and

generalizations from examples, The experi¡nenter reported that 88 percent

of the students taught by this program reached. the course objectives.

Many studies have also reported on the effectiveness of c.A.L.

acconling to abilíty Ievel. In general, these studies tend to indicate

that c.A.L. is most effectÍve when it is ueed by pupils who are below

grade level or more effective for low ability pupils than for average

or high ability pupíIs. Examples of such studies are ciùed below.

- _--_--l',i''-:t

i._:,1 1ì
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TABI,E ONE -
SN'DY

Studies That fnvolve C.A,L.

MCDE

in idathematics

SU&'ECT
GRÂDE
LMTEL

RESTTLTS **

Arnold (rçZo)

Carl-son & OùherE (fqZ4)

cranford (fçZO)

Davies (gfz)

Dr¡rwar.rt (Lgn)

Gíbson (rgZr)

Hl]r (116)

Jacobson (tqlS)

Prínce (1969)

Romans (tg7ù

sa¡rdals (tgZl)

Scrir¡ens (rgZO)

street (tglz)

suppes o,T;öi'*".""

Suppes & Morningstar
(tgtz)

Suppes & Obhers (LgT3)

:

D¡:lLI & Practice Arithmetic

Arithmetic

Arithmetlc

Arithmetie

Arithmetie

Arithmetlc

Arithmetic

Arlthmetle

Arithmetic

Maths (Uoney)

Ârithmetic

Consuner
Arithmetle
Ârithmetie

Mathematies

Maths &
Social S'<ills

Ar'åühmåttc

ArÍthrnetic

å,rithmetic

Arithmetic

Arithmetic

DriLl &

Dríll &

Drill &

Dril1 A

DrilL '&

Dri.l-1, &

DriLl 8<.

Mixed

14ixed

Dri1l A

Dr-ill &

DriLl &

Dril-l &

Practice

Practice

Practice

PractLce

Practíce

Practice

Practlce

Practice

Practice

Practiee

PraetLce

Practiee

Practice

3-6
Handicapped

I+-5
j16

*E.u,R.

3-6

seccmdary

1_-6

4¡M.R.

3-6
3-?
2-6

3

3-6
l_-6

7

+

+

2-6
6-?

7

Jamison & Others (L973)

Knutson & Proclmow (fqZC) DI'lII &

PaLmer (r97j) Drtu a

Perq¡ (1973) ut*e¿

+

+

+

+

+

+

+

+

+

+

elenentarXr &
secondaty(aeaf) +

,.,,1':l'
r..-:la

*8.!4.8. refers to educabl-e mentally retarded chilCren**fn this and subsequent tables a"+oindicates that the C.Â.L. students ¿chieved
better than non-C.A.L. A
nhile fr=tr indieates the

r'-rt indicates that C.A.L.. students d.id less welL,
same leve1 of achievement.
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Prinee (L969) used. C.A,L. effectively with disadvantaged. children.

Drill and practice mathematics programs were used in seventeen elementarl¡

schools' At t'he end of one year in the proJeet, a significant ed.ucatíonal

difference vüas found between groups using C.A.L. compared to the control

groups. Results of a more intensive study in the second year showed

that there was no significar¡t difference between groups of high I.Q. r

high income, pupils of C.A.f,. and regular classroom instnrction; but

, sÍgnifícant dífferences l/vere found in favor of C.A,L. in Negro and low
:

i ircome groups as compared to the other groups.

Street (WfZ) also studied the use of C.A.L. to improve arithmetic

basic skills of disadvantaged elementary school pupils. Resul-ts of this

' study did not show a significant difference between 0.4.L. groups compared
i

i to control groups on the basis of stand,ardized. test scores. ïn some

, itdividuals mínor i-ncreases were noticed. The lack,of significant

I i"creases were attributed to: 1) Frequent computer brealsdornrns¡ ...:,,.:

2) Programs that did not meet the insùructional- needs of the pupils,

and 3) Laek of proper superv5.sion of students and programs being us€dr

Crawforrl (fgZO) studied. the role of C.A.L. as a method for presenting

remedial programs in arithmetic for underachievers. The experimental group

received C.A.f,. in addition to the reguì-ar classroom instmctíon which was

the only method used with the control group. The experimental group was

found to have significant gains educationally although no statistical

signÍficance was attained between post test scores. It was suggested

that this :shór+comlng, was due to equipment failures, lack of sufficient

staff trainingr absenteeism of students, and insufficienù experimental

time (eight, weeks).

.t -:1, t.

,.' :.'.: :

ìt: ..t:

ì;rr;,::::
iìiiì.Ì.i':ì:ì
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Suppes and lr{orningstar (A969) evaluated the use of drill and practice

programs i-n mathenatics for grades one through six in a Mississippi School.

The results of the study showed that in each of the six grades, the

improvement in grade levels achieved by pupils who were randomly assigned.

ùo c.A.L. was signifieantly greater (n(.or¡ than that gained. by the

control" pupils. The difference in grad.e levels ranged from .41 to .88

in favor of the C.A.l. students.

ïn another report Suppes (tglZ) reported that third grad.e stud.ents

in California and. MississÍppi whose regular instnrction vÍas suppl-emenüed

by C.A.L. gained 2.28 and 2.O3 in grade leveIs for cornputational ability
in one ¡r€ârc

Marüj-r¡ (tgZl) and Suppes and Morningstar (]:gZZ) reported resutts

acconiing to ability level. Both studíes found C,A"L. drilI and practice

in arithmetic to be more effective for low ability pupils than for
pupils who were of average or above average abiliüy.

Arnold (rgzo) and scrivens (rg?o) found that after one year of c.A.L.

ín rnathematics, the differences in achievement between pupirs whose

ari-thmetic instnrction was supplemented. by C.A.L. driIl and. practice

and pupils who received regular classroom instruction vrere: 0.3 grade

levels for grade two, 0.J grade levels for grade three, 0.4 for grade four

and 0.5 for grades five and six, al-l in favor of the c.A.L. groups,

In additíon to the studies that have shounr gaÍns in achievement

through the use of C.A.L. r manÍ studies also report that c.A.L. helps to

save time in the instnrctional process. Some have al.so shown that, even
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though C.A.L. does not alwayd result Í.:r greater achievement, the tÍme it
takes pupils to learn is usually reduced. For example, Edrrrarrùs (Lg?5)

' cites nine studies that show red.uetions in ti¡e required to learn,

,, "ompared 
to conventionaL methods. Six of these stud.ies show equivaLent

achievement comparisons wt¡-ile three produced. greaùer achievement in
favor of the C.A.L. Following in this section are a few examples of some

studies which show a reductíon in learning time.

I , Student controL of leanring r¡ras studied. by tïacobs on (I97Ð. The

i first step of the plan was self-management. Students were given a
l

strategy for the curriculum decision making and the responsibility for
applying that stratery. Two ínteractive computer prograns were incl-uded.

I ." instmctj-onal alternatives within the self-management system on the
i

".tionale that computers are responsive, yet stil-l under student control

' and are therefore uniquely adapted for sel-f-contro1led. learning environments.
i

i Students in fourth and. fifth grade were able to effectively manage their
l

. learning in elementary mathematics and apparently learned. faster and

retained material better than a comparative group of students.

, Studiet$ relating achievement i-n arithmetic to the arnount of C.A.L.

have been eonducted by Jamison and others (lg|Ð. Involved were over

4OO fifth and sixth grade p-upils. Results have shown that boysrfor

example, who received 150 ten-mi.nute C.A.ï,. sessions per year could expect

a .58 grade level gain exclusive of an¡ eain attributable to classoom

i.:astnrction.

Suppes and others (1973) similarþ reported a study that gave C.A.L.

in mathematics Lo 3J,2 deaf pupils who were below grade level inelementary

- --"-- -" :'j:ill
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ar¡d secondary cl-asses. These researchers demonstrated that, assuming

150 ten-minute c.A.L. sessions per yeår, a grade level increase of.

I,26 years could be expected. and attributed to the C.A.L. intervention.
Hill (19?6) investigated. the use of C.A.L. rvith physically handicapped

children in the area of computational skirls. The c.A.L. drill and

praetice prograrns used were essentiall-y the same as those whj-ch were

developed and adapted for use in this study. Oie of two ra¡domly selected.

groups received C.A'L. in addítion to the regular classroom instruction,
whieh was given to both groups. Although the results showed no

statistically significant differences between the two groups, some

results !{ere considered educationally significant. The experimental

group for example, showed an increase of seven moriths during a four
month period compared to a three month gain for the contror group

during the same amor:nt of time.

C.A.I". in Lansatape Ants

Studies invoJ-ving language skills are not as common as those involving
mathematics skills. Thi.s may be because of the difficulty of writing
effective programs to teach the basics by C.A.L. There are limitations
inherenù in C.A-L. programs that use the visual instnrctional sequences

on1y. For exampJ-e, spelling programs are difficult to constnrct without

the use of an audio component. Hov¡ever, programmers and. resourceful

teachers have combined to develop some excellent langua.ge skills programs

in the last few years. Tab1e Two shows a summary of the stud.ies reviewed

using C.A.L. in language skil1s. Following are examples of some studies

that have been based on language skills prograns:

-----'-------"^" --"i: 
:::
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!&BlE__TIúq - Studies That Involve C.A.L. in Language Skills

Atkínson

Brebner &

Bnbba &
Thorhallson (lgZ3)

CaLdv¡el-l (Lg73)

DtmweLL (Wfz)

E1fner (L9ß)

Fletcher &
Atldnson (tnz)
Golub (191t+)

Green (rçes)

Mcrwan itns)
and Roblnson

Nelon (9lz)

Perry (1923)

WLl-son &
Fitzsibbon (rçZO)

(rs¿s)

oùhers (L975)

.Mixed

Mlxed

Drilt & Practice

Mixed

Drllt & Practice

Drf1i & Practice

î¡torial
Mixed (tutoriaf)

Drtll & Practice

Mixed

Ilrtorial

l{ixed

Drill & Practice

SURTECT

Beading

Remedia]-
Readlng

Spell-ing

Readlng

Spelling

Beading

Readf-ng

Reading

trrlorrt &
Letter
Recognition

rFr,*nch

Vocabulary

Reading

English

GRADE/AGE
LEVEL

ïntermedlate

Grade 6

College

1[-18 (ytt)

5-s (r-s)

E,MNR"*

Grade 1

]l,-zt+ (yt")

lr yrs
(disadvantaged)

Secondary
Grade l-O

Elementarl¡
(E.M.R. )

Seeondar'¡r

I+-5

SNiDY

+

+

+

+

+

+

t

+

+

:1ì:' :. :

f:::::.
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Caldwell (l-]73) devised a study to comoare the usefuLness of C.A.L.

compared to progranmed instnrcüion" The same progran was delivered to

two groups of subJects between the ages of 1l+ and L8 with reading level-s

below fifth grade. the reading programs !¡ere designed to teach semí-líterate

adolescents through the use of occupatlmal ínforrnation" Signl,ficant

d.ifferences vrere found between pretest and post test aehievement scoreë

for both groups using a eriterion-refereneed reading test. This ¡rus an

indication that each method was successful in enhancing the achie.ve¡nent

of the puplls. Howevern a comparison of pretest and post-test means for

both groups revealed no significanü aCvantage of one method over the other,

The concepts of masterXr learning and. the use of criterion refereneed

testing is lnereasingly being used in C.A.L. for both the management of

the curricular sequence and also for post test evaluation. Thus a¡l

impoztant effect may be that C.A.L. may help a maJor.i-ty of utrnil-s im¡rove

to a rnini-maL level- of cornpetence, eomr:arerl to the traditional apnroaeh

where perhaps only a mlnority may reach a minimal leve1 of master¡¡.

Elfner çltll) reported on a three year reading development program

for forty mentally hand.icapped children. The project offered C.A.L. fJl

a programmed format ín the first year. the sçcond year involved a eonve.rsl-on

from C.A.L. to eomputer managed instnrction. In the ühiñi year a system of

suppl-ementar-¡¡ instnrction was presenùed without the eornoutero Sorne of the

concLusíons t{eres f) tne E.M.R. nunils required nore drill and praetice

than originally thought 2) signifieant gaLns were nade by the forty pupils,

and 3) those who took more time to respond to test ouestions on the cornputer
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shol'ted mole gains in objectives successfully passed. on the post-testo

In spellingr Dunr*e11 and others used a C"A.L. coì¡rse called rrldlfIîErl.

to help fifth to eighth grade pupils.uith spell.ing ar,d.¿.ord, usage,

The course used an IEÍ J6O conputer and, the Course',¡riter ïff language"

Frrpils recej.-'¡ed self-paced drills aè a t;¡perurièer termæal. The stress

rvas placed on spelling rules and patt,erns and, tìre teaci:j.ng'.ms through

the ''-ise of examples. Results on the iincoln Tnterrnediate spell-ing test
using en experimentaL-con'r,roJ-, pre and post-test design, shor¡ed that the

experÍr:nental group rnade significant1.y greaèer gains. I,,, uas eoncLud.ed

that C.A.L. rvas an effecüive mea¡rs of teach:ing spelling, ihat it uas

sensitive to ind,ividual needs, anC helpfuL in remedial rork ¡çith weaker

stuCents, (Dr:nwe1l and otirers, LSTZ),

rrr Red Deer college (rtuerta) a c.r-.Ln progren is being usec io

exa¡riine the ability of i;he conp'-rier tc drill- stud.ents in spallíng" The

progran called ttspelli:rg Ghres,r runs in Fortra¡r rr on an r5{ 360/67

conputer and covers a list of l0O frequeatly misspalled rrords" Students

are asked via aud.io-tapes to spel1 the words; the accompanying dialogue

responds to both the correct and incorrect answer, analyøes eprors¡

provides exanples of usage, and remird.s studenès of basic spelring

¡rrles' Sturients control, the sequence and pace of their inCiviêua}

prografìs end, r¡ork j-n an atmcs;rhere of pr.ivacy and. anon;r,:ri.-;r. Forrnal

evalualions have not yet been concucteC, but prelininary Índicaiions

are that the progran ìs successfulo (artla anct rhorhalison, LgT3).

.Ai a raajor canadian centre for c",'...L. in calgary, År.berta, research

is pl'o3r'essing in the fielcts of C,.ii,L. for bhe Ceveiopn;:.ta11y handicapped

i.1-:t 
:._l 

.i: -
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(iIalluorth and Brebner, LgZil, inrli-,riciualizaC refl.iediel reading (3r,-bner

ærd others, L9?51rand conrputer basecl vocaiional couns?lling s¡stems

(ttatlworth and others , 1gTÐ, a1I of r,rhich are showing positive results

and signs of gaining acceptance and r.¡ider application.
, :: .r-::::,'::'. fn the individualized. renedial read.ing progrem, for exa¡n-uLe, a :'.' :'"r'':1;:;

controlled experiment rvas carriecl out to determine Èhe e-f-fect ühe projecü

waP having on pupÍl achievement" Two groups r^rere set up.-the first group
.:,... ..::;:;.-

r grade as measured ',':...jf ,:t,:.

: by the Carradian Test of Basic Skil1s, v¡?rile the other group consisted .,.,,,,,,,, .

: 1.. .: : ,::.:.: 
.:of ar¡other sixty-five pupils. The first group used. tha.-C..å,L, system

entire1y'v¡t¡-i1ethesecondgroupconùinuedr¡ithatracit,iöna1program":.

iAstatåstica1arr,a1ysisrevea1ed.asignificarrtcliffe¡'enceinfavoroft,he

''¡Stud'entsenjoyedusingtheterminals.Foraperiocloftwoyears'
a¡ !L^ 

-----^----! - 
r -ì the ttse of the managemonü system has provided a strong motivation Èo

limprovereadingarrdíteontinl¡estod'oso.ThismaybeaHa,,rt,hor¡re:
Ieffect, but can hanùly be objected to if it becomes pernanent." (ereUner

I and, others, Lg75t p,562) . ¡r.:,-¡,,;,.,-;,;' ::i : r-: :l -' 't , '.

r: ::_: :': ':_: 
'

'':i l '

ness of implementíng a C.A.L, project entitled c'FRAl,lD'î as a part of a
. regular course of stucÌy ín secondary schooL French, (l.ícEwan & Robinson r3:g?5).

The purpose of Fî,ÅND r.ras to tu.cL reaCÍng and v¡riting skil1s by nreans of a
t" 't' t' 

"'i,j linguistieally stnrctured progression using the instructional principles ::']:::.':::.:iÌ:ìii'.:',::

essociatect r.¡ith mastery learning theory" C"¡..L, pupils ,;ere rnatched to



conr,rol pupi-ls on the basis of apfitucle and atlibude scoress [i,:odery
:

@, (Carroll and Sapon, Ig5g) and seLected scales of

the llat'ion?l rest ,lgblgry (Gardner arrd, srnythe, r975)J. Ât the conclusion

of c'h'L. , achie'.renenL scores !úere conpared for boüh groupse l.Io

significant d.ifferences betwe3n groups on mean achievenent scores were

found.

Fishnran and others (1969) r.¡enüed to find the optimun method,s of

, spelling instnrction through the use of C.-å.L, t'fost prevÍous experimental ,...,,,,',

L^r-ra'l +r^^+ f^- ô -----r. - I- " "e''ridence shoired that fcr the sa¡ne anount of praciice, learning is better
: ...

' rvhen practice is distribuieC rather than massed. However, theír i','.,

invesiigations found that the rnasserl concliti-on is beit,er for short term

, perfonnåncer lriliie dist,ributed repetitions produces better long term

learning.

l{ilson arrd, Fitzgibbon (fgZO) ôîscovered üirar, a group of fourrth and

i fifth grade clÉldren nade an ar¡erage of seven r¡onths grolvih ín reading 
i

.ski11sduringafourmonthperiod-DaSaresu1üofhavin6theirnorma1
ì

instruction supplemented with C.A,l. d.ri1-l and practice rouüines,

Green (t968) used slicl.es, a teletype terminaL, anC a tape recorder to ,.:.,:,::,'.:i..:...: 
r.:....r:..-:' teach disadvantaged four yearlo1d.s to recognize r.io¡ds and. letters. C.A,L. r.¡as ,,.,,

b programs t'¡erg '.'""¡'

reported to be more suitabj.e for the mirìdle class. Hol*evero it r.¡as fel-t

thet a Û.å.L. apprcach, '.+ìr:-ch prö'ticÌeC increase,l gros-s rnotor responses in 
.:..:.lieu of verbal onasr was v¡ell suitecl',o disad',,antaged chi}lreno especia1Ìy inì:i

. rnales.
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, Go1ub (]97t¡) deveLopf a nroject to vaLidate a C.Á.L. literacXr
¡¡

developnent program for JotÊoriented yo¡th ages foutAeenr to twenty-four.
-a

rhe end rrffi 
ïJ::1*** 

was to pr<ivide dÍ.ag¡rosi.s of read,ing lqvels¡

aÌ¡ occupaüf.orra1 interest ínnentory, and instn¡eèion ln literacy and,

. nåde consid,erable gains in thefr llteracy developraenb" and outstand,ing

: : gains in their trrrowledge of career informaùlon. The attltude of G.Â.f,.,

r pnrpi1s rr¿5 3lgnificantþ better than the aÈtl.tude of, stud.enü,s taking a

: prograÌÈned texë version of the progree, as measured by the Sema¡rtie

. PifferentiaÌ Testo

.Àtki¡sø. (fgóg), using an eLaborate conputer terminal, studied the

--!ù-l ---^-t! - hl - -I field of i¡iüíaL reading progrems? The evaluation revealed thab puvLls

1 assigned to C.Â"t- groups achieved signifleanü3-y grea'"'.r gai.ns in readÍrrg
',

i 
*""Ue ¡laceaent on the Californla .Ê-chieve¡¡ent Test, anC on a test de.velou=d

for the project, than d.id süud,ents receiving elassroom insbruction alone"

I A nore recent evaluation of a ne;ser C,A'L, proqrêñ ín initia). reedÍ¡g
ì^
I usÍrg a te3-etype teririnal by Fletcher and frtkínson (t9?e), ytefaea 

ì

statistical-ly significanä res¿lt,so The stud,y used fifty me.tched pairs of
'

, fi""t grad.e stud.ents with one member of each pair assígned. to a C.ÂoLo
:

treatnenü. After one year, the C,AoLo group achieved eû average reading

.. grade l-eveL of 2.3 o:l tha Stanford .A,chieve¡nent Tesg' and 2.6 on the

Ca-lifonia Cooparatlve Primary ?est, compared to 1,9 end 2.L achieved

i respecùiveIy by the non C,A,L. grouo.
!-

lieLon (lglz) sÈudied the feasibil-ity of C.A,L..fo¡ eLemenÈar¡¡ school 
,

children, tvrel-ve of whom were eCucabÌe nentally retanl:d and t'-¡elve of ¡uhon
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were mentally normal. The children were matched with equivalence in
mental age and developmental Leval-s. The experimental group consisting

of both types of subjeets was given a programmed vocabulary curriculum.

For subjects of comparable mental age there were no significant differences

betweenBi.M.Rf s and normals i-n learni¡g, error rate, or ti.me needed for
completion. (It the experimental group, the amount of leaming !úas found

to be greater for those of l-ower mental age, but error rate was not related.

to mental age.) Howeverr, there were significant differences on post test

".ot"u between experimental and control groups in favor of the experimental

groupr

C.A.,L., ïn Bqth lfathemqtics and l,anzuaee Skit1s 
]

^ mL-^^^ -----i r--I Table Three provides a sunmaxy of some of the stud.ies done in both r

, mathematics and language skills. Or¡t of five studies cited, four showed.
l

I C.A'L. superior to traditionaL instruction, while one stud.y presenÈed 
il-----------.1

i tixed results, Folloiting are brief reviews of these studies, some of
Iwhich produced impressive results. 
I

A computer-assisted instructional project was implemented in twenty-one' :': '_:

Chic"qo elementary schools. The instructional prograns used were those of ,'',:','¡'':
,.,, , ,,,,, the flSTRANDST series in reaÊ.ine, languase. artsr and matþe.patics dril-l ,:,',',,,,'

and praetice, developed by the Computer Curri-cuJ-um Coqporatíon. All-

students involved were achieving at least one year below grad.e Level

; upon entering the program, Results of the pro$eeùi after one year showed ,--.,-.,.,;,
I li l:-'::l

it to be h.ighly successful in providing indi'vid.ua1i-zed instnrction, and. in
freeing teachers for more creati-ve v¡ork. fn add.ition, the stud.ents showed.

l: r:.:11 :- aiì



TABIE TI{REE- - (r) }tfxed Studies in Both }taths

suRrEcls

ll¿,"

and Language

GnÀnE/AcE
I,EVEL nEffff,Iri

I

BerthoLd (]?zb)

Litnan (tgll)

Morgan (L975)

Per:ry GYB)

Suppes &
Fletcher (tnU)

lutorLal

ft¡torial &
Drill & Practice

Drill & Practiee

Drill & Pr4ctf.ce
& Strm¡Lation

Drill & Practice

Maths &
Spelling

Maths,
Beading

Beading &
Maths

Gonsumer Þlath

Basie Hath
& Language

Brain damaged ¿*

children

Elementarlr +
weak studenüs
(special ed")

Visually & +
auraLþ hantticapped

17 mean age +

E1ementarXr +
(aeat)

*l'llxed results, teacher al-one was sho¡ûi to be superd-or to 0.4.L. alone.
ALsor teacher plus C.A.L. was shown to be superior to C.A.L. alone.

SruDY SUR'ECTS
GnaDE/AGE
TISTIEI, RESTTTTS

Adams (tgtg) Mixed

Bitzer" & Boudreaux Qggg) *
Edwards & Judd (tglZ) -F

Etlenbogen (LgT5)

Font (tgZz)

Hansen & Oùhers(196S)

Lagowslcl (rgZO)

Moríson &
Adams (L969)

Suppes &
Morningstar (19?O)

Gerrnan Col3-ege
(rntrodueto¡y)
Nurslng Coll.ege

Special Ed,
leacher Training Col}ege

Mixed

Dritl & Practice

DrÍ11

Mixed

Mtxed

Muslc

Technical
voeational
Physies

Chemistry

Germar¡
(Introductory)

Rr¡ssian

University
Post, High
Sehool

College

CoIì.ege

Co1-1-ege

College

+

+
+

+

+

.:¡.,. .

+



galns in achievenent t'o al-most one monLh for every ncnth of î.A.L. instnrction.
This ean be compared tc th" e*-ouc'be<ì gaÍns or 5.6 mollhs for every g mcnths
in other speciaì" ed.ucational prograns. (Litman t Ig?Ð

rd Fletcher (Lg\Ð conCucted a three year stud;r rvhich involved.
Suppes ar

5tocc ^cupirs in fifteen schools for the deaf. 3oth eLene?.+u?-tlla-rguage arts
ar¡d nathematics were studied,. ?he resulüs of ilre r¡aihenaiics sl?¡.¡ÐS
exparimenÈ showed. that: l) c,ri.r. math" sTRAIÐs proå-a,ns leac to sub_

stantial gains in compuèational skilIs r+hen usec by hearir:g inpaired pupirso
2) gains cen be made b;r pupils r.¡ho uork inüensely for onl;r sj-z to ten.
minutes per cay on drill and practica programs, ani 3i gains .riere

significantl-y greater (tr"ro or three tir,res greaber) than those attained from
regular classroom instruction"

Serthold (]gfÐ researched the teaehing cf nathe=atics a:--d spelling
ùo eleven nininally braj¡¡ danaged áhrlo"urr. Çompa;.ei j-n the study r.iere

tire efi'ectiveness of 1) com.outer alone, 2) teacher alone* arc 3) the teache'
and computer conbined- Gains in achievemen.b were o'rtai.ned. in the case of
the teacher alone, and the teacher-connputer conbina,,,ic:i" sone of the
possible reasons for the poorer perfornance of tha co¡:,:uter alone.rùeres
f) tne teacher was ¡nore adaptable a¡rc had. nore inst¡rrc+,ional nethcds than
the computer programs, and e) tire full ad,aptability of ihe cotr¡uter
progreJn was not u'sed betlreen sessions tc rneet the incizid.r¿al- r:eecs of the pupils,

Perry ?çfz) reporbe,l. on a .rroject, ivhieh in pa--^" c¿rive¡ed, c..q.L.
in nath, scÍ'encerand reacing to l-ow ability siucler:is in secc*dary schools,
The cons':mer arithnetic and reacing prograrns consis:ei oi drill and .c.ractice



routines and si¡rmlations of sal-es clerk and customer responses. Twenty-

five special education students with meanclronological age of 1/, mean r.Q.

of 67t and reading leveI of j.6 years, showed. gains of j.j5 months in
mathematics and 4.ó months in read.ing after a period of five months as

measured by pre and post test scores on the ltlid.e Range Achievement Test.

the reading gain was noted in part because of the controlled reading

effect of the teletype terminal. In the regular mathematics and science

course,pre and post test5of selected units showed a t+U/" improvement in
student perforrnance after five hours of c.A.L. ínstruction.

Morgan (f975) d.eveloped. a C.A.L, program in mathematics and reading

for approximately 400 visually or aurally handicapped. students in Cincinnati.

Students were identified and given pretests to determine their needs. Their

special educatíon teachers were trained to prepare appropriate C.A.L.

lesson material and to monitor student progress. During the first year,

the achievement of deaf students was analyzed, and attj-tude scales were

administered to teachers, students and parents. Preliminarl¡ results

showed that teaehers were able to irnplement ühe C.A.L, s/steft with deaf

studentsr that O.A.L. was benefici.aL for the hearÍ-ng-impaired, that students,

teachersr and parents reacted favorably toward C.A.L. use, and that further
harrlware and software development will be necessary before C.A.L. can be

ful1y inplemented and tested with visually impaired students.

@lrer Types of C.A.L. Research

At concordia university in Montreal, a c.A.L. program was developed.

whereby pupí1s listened to cassette-tapes on music and responded. to questions

lù.
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presented through c.A.L. Explanatory material (in tutorial style)

preceded each question and immediate feedback folJ-owed pupil response,

directing him to one of a number of remedial or enrichment paths. Each

experimental pupil spent three sessions at a terminal to complete

two units and a test. The control group which recej-ved the test onlyr

spent one session at the terminal. The pre speeified objectives were

attained by 8V/" of the experimental group which also showed a signifieant

gain in achi-evement in rm¡sical style in post test scores (n[enbogen, Lg75).

Other Canadian activity in C.A.L. ineludes the work of the National

Research Cor¡nci1 of Canada (N.R.C.), (Brahan and Brown, Ig72). Tn]96T

the National Research Council began an initial- study of computers as aids

to learni¡rg which led. to the establishment of a central facility. gther

research organizations also make use of these facilities on a co-operative

basis. The facil-ities include a medium scale tlme-sharing computer

accessible to the participating organizations through remote terminals.

Some of the research organizations involved. include: The University of

calgaryr the ortario rnsüitute of studies in Education in Toronto,

Algonquin college in Ottawa, McMaster university in Hamilton, and the

University of Montreal..

A main goal of the projecü is to co-ordj-nate research efforts and to

seek improvements in specialized hanlware and software equipment. In this
way the project provS-des a means of co-operation between the researcher and.

systems designer.
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Recent innovations being investigated and developed include:

1) a touch sensitive input tablet, used to transmít data to the

computer when the surface is touched,

, 2) audio tape and d.isc storage r:nitsr 
,,..,,,;,

3) atptranumeric and graphic display d.evices,

ù line concentrator systems and. supporting system programs,

5) instantar¡eous response audio r:nits t

enf*r.ro¡a * aahni nrraa * a ha'l * .i 
---^..^ 

.t- 1^¡ ^,. ^l .i r-- 
" "

: 6) software techniques to help improve the quality of student l

,i operation of i.:nput devices, ;' ..,.
t 't'tt 

'

, 7) research concerned with achieving voice input into computers, and

8) mass storage methods for use r¿ith librarl¡ and curriculum materials.

I In additionr an in house project at N.R.C. is und.erruay to identify l

i

ianddesignthenecessaryfaci1itiesinaC.A.L.systemaimedatsatisfying

I the special requirements of students with learning disabílitíes. Initially,
i tf,is proJect investigated the use of automated assessment of human abilities,

' Original work centred on computerízed. Ímplementation of the Peabod.y picture 
i

Vocabu1ary Test in co-operation luith Carleton University. It has been l

-L-! l1-!

i 
t"ported that this automated technique has been shown to be feasible ,:,:.'.¡,

, when used with retarded children and adolescents. (t<nigtrts, 19ß) ,,,1,.,,',,
: :1: '

At ühe University of Alberta, Edmonton, exists another research centre '

for computer applications in education. An IBM 15OO C.A.L. system has been

used. for the teaching of: reading to young d.eaf child.ren, statistical, ':' :

..-..I ta¡oratories, coursewriter programming to r¡nÍversity students, and for ii;:i":',

enrichment prograrns for secondary school students. Problems in linguistics



¿ -t:-:r:.-:r!:1-!:f :!:ii':*:.:.:i:¿¡::i:2.Í

l+7 .

and intelligence aeasurenent through a simuLation o¡. ¿hs r¡Iechsler

rntelri genee scare for child,ren have aLso been invesÈigated.

The r¡ost widely pr'rblicized research activity in Sc"nonton is the
appJ'ication of c'AnL" ùo the fielc of teaching anc t,esting in medicine"

' C''L'L" has been successfully used ín cardiolory insÈn:ction and ín the ""' 
.

area of medical patient simulaùion, Another project is conce¡ried, ¡¿ith
thestud.yofeyemovenentarrdpupi1di1aùionbyusingamirri-cornputer

' to monitor the vid'eo output of a rideo oculometer, These projects have .,.:i'.

been successful anc prospects for future d.evelopnenÈs arrd, improvemènts ,,.,,,,,.l

.! )..:1:- :_,.

rernai¡r 'oright" (Hunka, J}TA)

?able It¡reesurmarizes the results of a few studies done using C.Â.L.
in various other subject areas anc level.s of instruct,ion. Following are

I brief descriptions of these süu¡1ies.
l

ForÅ (rg1z) investigated, ùhe feasibility of c..A.L. for lra-,ry

r tecnnical traÍning. Five c.A.L. u¡its were developed to replaee 92 hours
of the classroom curriculurn" The'study showed Èhat G.å.L" pupils scored
higher end lear:red faster. Forty-five percenü less training time ¡cas

; required' This r'¡as atÈributed in part to innovative branching straüegies i::,:,::,:,

'-'''...', for rened.iation"
;: ^;:i'':-:'' '' ' . ..':. :._. .Hansen, Dickrand Lippert (rg¿s) imorement,ed a colr.ege revel physics

. progre-î using c-A.L. Three grouìÐs of pupils were conÐared: Ä) pupirs
rvho recej'ved nost of their instruction throu;lh c.A.L", B) those recairring ,:,.:;,.:

r : :.- .

I partial c';''L. anc partial classroor¡ insünretion and ç) those i.rho received 
r::;:'':'ì;''

only cl-assroo¡n instruction. cumulaLive resul-ts from nicterm and final
exanin'aii'ons revealed significantly bctter perfornançe by the c.4.L, group.
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Ada¡ns and Þlorison (t968) reported, the results of a 'uxo ;/e3r

e4oeriment lçhich used C.ir.L. to teach introductory Ger:r,an. Fu_¡ils itere

nnaiched, based on the resuLts of a pre test in the Modern L.arrguage

Âptitude Test" One pupil fron each nat,ched pair i,'as randon:Iy assigned.
: :: lto a C.ÂnL. version of a Germen course a¡rd the other pupil uas assigned .,,',

to a eontrol group. The C..A,.L. group did significantly beiter on tests

of reading eJtd writing achj.evenent, AIso, perforraance of the 0.4.L-
- ,. ,

, 
group did not suffer as far as conversational Gernan t¡as colì,cer.::leC. ,.,,:

Bitzer and Boudreaux (t969) founc that a C.¡-oL. course i-n EaternÍty 
:' 

,:t.: .

nursÍ-ng pro-rid.ed a subsùantial saving in tine" l,lhen delivered by C.A"L. I

the course required a maximum of fifty hours com-oared to tre standard.

eighty-four hours needed by the regular reciu.re presentaticn"

I CasùIeberry and Logos'o;slci ( fgTC) reporbecl on an evaiuation of a

eourse in cheinistry. The C"A.L. subjects achj.eved significan',1;r higher
:

I scores on the portions of ihe final examination that covered ma',,arial

presenüed by C.A'L' there $¡as no difference be'r,lreen C"¡..L. and. non C.A"L.
.

groups on those portions of the examination that coverecl maùerial presented.

, to groups using classroon ånstruction.

'rrr1Even though there is sèrong evidence that 0"4.L, helps pupils learn ,', .',

t' t ttlI rsore, or leatn more quickly, the effect of C.A.L..on the re'.,ention of

Ìearning is not as clearly established" Edrvard.s (f975) for exa:ple, cites

'r,i;o cases cf stuCies showing C"A.L. as having a negative effect on retention-.
i.:r: :.:.:..i

i a.i one sLudy reporting equal effects r*hen compared. to traiiticnal rneihods, i:'il

i{o',';everr a nore coi'itprehensi'¡e reli.elu including more recent stuiies tends lo

1 
iil,.. r..::l

i . :r,:
:r .i :
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supporL the contention that C.A"L" rr'iII help to produce equal or better

retention conpared to tradiùional aprrcacìres" For exar:rple, three studies

cited in this reviel,¡ reported better retention through the use of C"A.L"

[(san¿ars (19?3), Jacobson (]:gTÐ, Hi1]- (rgZ6)]" Ârthough more research

is neeCgd to clear up this issue, the key to better reüenùion Èhrough

C.A.L" u¡ould seem. to be effective planning and vrriting of C".A,"L" progrems

suitable to the needs of the learner for lvhich they are designed. A

sometimes arbitraryo or unwarrant,ed Cecision nay also nake the difference

between high on loly leveIs of retention. The selection of a criterion

score to Cetermine proficiency and thusrpromotionrthrough â C.,t.L.

curriculum èequence is an example of such an inportant decision rvhÍch

rnay affecù the out,cor¡e of a study"

Edwards and Judd (].972) described t,he firdings of a C.A.L. course

i-n special ed,ucaiion teaching for unciergrad.uates, Stud.ents t¡ere randomly

selected for placement in one of three groups. The first group received

acourSehand'bookanctookpartindiscussionc1assesiaSecondgroup

received only d.iscussion classesn and the third group received, C.A.L.

and the course hanCbook" The analysis of the d.ata revealed, that the C.¡".L.

group did. better than the discussj-on .Eroups on post test seores in
.achievément.

Suppes anC tlorrringstar (fgZO) described the stuCy of a C..!-.L. course

in college level Russian. First, Èhe C.L.L. course was found to be more

motlr'ating than the classroor¡ instruct,ion of the sarne courseo Of the

- original enrollment in the C,A.L. course, f) perce¡':,t finished all three
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perÈs of tire first year compared tc J2 percent of the pupils '¡ho enrolled,

in the classrooru presentation. SecondÌy, it was fo,¿nd, that, C"A-L. pupils
made signi:'lcantly ferer mist,akes on the final oxamination th'-n dld,

students -'o-ho received regular crassroom i,nstnrctionn

Revåelss of the literaèure clearly show that when t".ê..L" is used.

as eIl adjunct to regr.:lar elassroom instnrction, educational benefits
accruee incLuding gains in fearningo parLicularly for prpils ';i.th specíal
needso

Howevero rshen C"A't" ís used as a substitute for tred,itional
instnrction the results of research are not as clear" For exaaple,

Edwa¡ds (f975) in a revielv of sùud.ies nhich substituted e"å"L" in t¡hole

or in part for regular instmction, nine studíes shoued thaè the o.A.L"

pupils aehieved more than the non-c oÊ-.L. pupils, while eighi; sbudies

found little or no differenee" The results of using c.Â.L" as a replacemenü

for traditionaf, instnrct,ion are therefore i¡conclusive,

Adv-antages of C.A.L.

Butmar: (lgZÐ argt¡es that e.A.L" ís most economical ar¡d. most effecüive

rshen used i-n a market where a fedecrease in training tim-e or an increase ín
student-teacher ratiof' can be obtai¡red.as in special edueation prograns"

C.A..L. can reCuce the qvs¡al1 training time by perinittíng each pupil to
move at his or her orm best pacé" Also, c.;..Lo provides a necessarlr
I'stucent support, systeme' r""hich helps regulate and keep record.s of a

stud'entts progressr areas of difficulty, and skills that have been nastered.

l: .
!.-...

i:::ì;:1i1
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Alsor e.AoL. can help increase student-'teacher contact tine b¡r taking

over sorne of the mechanical time-consrrning ctrill acti.yities" In his

study, 5ut¡nan used, subjecës from bo'vh the top 2C gercent and. bottorn

80 percent of the class. It was concluded that about half of the 
, :

controL group who d,id.not har¡e the benefit of the C"A.L", did not have :rr'

the noüivaèion or the sl<ills to move ahead at their own o*est pace

without the nonièorång and reinforcemenè features prorrídeC by the

C.A.L" Alsor significant reclucÈions in training time'¡¡ere obserned 
;,t,::,,

in both e:çerinental groupso
.i,:,.,.

Ïn an articl-e entitlede A Note on the Effecüiveness of Co¡nnuter
ææ t.

nssisted, fnstnrction, Fletcher and others argue that there are strong

ard consisÈent achi.evenent gains by stud^ents nhen they are given'C.A.L'

over a reasonabLe fraction of a schsol year" Supporting this claim is a

list of si¡Éeen studÍes that deal- vrith C.3..L" prograns that have been

used, beneficially and effectivel-y" The revieiv incluCes a r.ricle range

of subjeet ereas and mr¡lti-levels of instruction in such subjects as

.mather:natics,scÍence,nrrrsingcffiddifferent1an.ç:ages"Theauthors

conc1ud'ethatcurrentrepor*sintheliteratureon|Jn!'nL"revea1

practicalÌ,y no negati're findíngs in the area of C.A.L. eorlieations. . .,

;,:'t:'..:
(ffetcher enC oèhers, LÇ72) '

been done in o¡rler to evaluate the effeetiveness of C".loI" Stu<ties 
..:.:.' : :.....

re'viewed uere d.iviCeC inÈo four main ereas of conputer epplieations: i''r'"':::ij

drill ancl p=acüice, problen solving, tu'uorial anri sirnulation- In brief
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the concl-usions drav¡n Here: f) tfrat C.¡..L, can be an effeåtive tool to
j

assist in the instructión process, 2) that students generally learn nore

rapidly but may retain less r'rith C"AoLo than r.¡ii,h regular method,s,

3) ttrat C"Â.t. Ís more effective with 1ow ability süud.ents than for

mi.ddte or hígh ability students, and ,+) that, both the sùud,ents and teaehers ,

are en*.,husiastic about C"A"L. as an instructional aiclo

A{vantqges of C.t L. Pe&i:qing Specifically to the Field gi :Specia1 Educaüion ,:.

An analysis of ühe ed,ucational features of C,A"L" suggests narry 
t':t'::':l

positíve faetors that cor¡ld. faeilitate learning-esoecial.ly for pupÍIs t;';',;;',,:,'

with learning difficulùies" In add.ition, the learning tristories and.

characteristics common to c.isabled. learners imply that such pupils

may benefit frorn the special f,eatures ùhat C.A"L. can offer. A sumnarXr

of some of the advantages include the follorr'ing point,s, (Adapted from

Sand,als, l'973 and Faford , L973)

1o The use of sm¡'ll logical steps helps the slor¡ puplÌ to

assímilate informaÈion "
':

2n The pupil learns to paee himself according to his o'rm speed. , 
,,.,,,,,,,,,,

There is active participation provided by the one-to-one .,'t.,.'
:;.::-

reLationshlp between pupil and interactive terminal. : ' ,.''''

I+n Immediate feedback fo:" pupil responses is given. Personalized

positive reinforcernent for correct response is provid,ed. au'.,o-

matieaLly when it is mos'u advantageous, (i"e., for slow 
i,,r.r.,,

learners aù least).

.5" The prograîs nay help increase the pupiles attention span by

focussing the attention and by reducing C,isüracùíons;



6n the i¡rnediate feedback and necessary i.nteractlon l¡ith the

conputer may facilitate ernotional and acad,emÍc Índ.ependence,

?' The progranr is infinitely patient regarcÌing pupiL misiakes.

It is coi:,si-stent in never scolCing, and in providing positive
. : :. .:rginforcgmgnt. ,,,., ,.,,

8o The teacher is freed from scoring iests a¡rd routine presentations

and spends more tine v¡ith learners who are having difficulty"
'

', 9" Higher motivation for learning may result from C"A"L" and this , :,.,'':,,,,l': 
"':: 

' .'
i :: :1": -:'

may earry over intó oÈher cóurse areas where improved behavior ::.'t 
av be obsen¡e^- 't"':"' j'

'', may be obse¡:r¡ed"

10, Reeo¡d, keeping anC evaluation may be done auto.natieally è

j This nay facilitate diagnosis and tÌre prescription of specific

i learning disabiLities and nray eventuall;r l-ead to eurricul.um

anC ínstmctional improvements for s1or,¡ leamers,

i 11" It can provide individualized insimction to a large number l

of prpils daily"

I instnrction and operant learning principles. Point nurber five refers:-
I to a motivational factor and possibly a ¡tcontrolled reading effectt'
:

in the consÈar¡t rate of word printing, and a blocking out _of dis-

tractions due to the sound of the automaùic printing. Point number

six traces back to operant learrring as r¡elJ as suggesting that less

I dependence on èhe teacher may result" Points seven anct nir:,e refer

to motivational and interest states being kept, at a high }evel because

i-. ¡i:i,ìi:,1

i : .' 
ì¡',:.¡'¡ 

','
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of the consisÈent treatnrent of the learner with respect to the eom¡ruter..
j

Points eight, ten, and eleven are basically items of convenience and.

efficieney available t,hrotqh the use of C.A.L.

Flany of Èhese ad,vantages would also be valid for the general

poptrlation as well, although they have been compiled v¡ith specia.l

educatíona1 students in minCo

su.Î'tÀ1Ï

fü has been sùated (Atkinson and, lrfilsonu Lg6g) that the great
.,

',, potentiaÌ of G"A"L, is íts eapacity t,o indívid.ualize ínstrucèioÍlo

This is considered tnreu especially when applied to special education,

t'¡herein special" eonsideraüions and facÈors malce C. A.L" nore feasible

i and justified. These special factors include speci¡l 1ea::ning,and

instnrctional needs of disabled learrrers, lack of suffíciently èrain.-d

sPecial education teachers, lack of facilities a::d equal- oppori,-r¡iüies

, 
(zutnan, lJlJ; Sandalst L973; Faford, Ig1/3)" rn any caser it should.

be ernphasízed thaü appropriaüe use of the cornErter shor,lid, ín'¡oh.e

fulfilling instn¡ctional tasks èhat car:noü be performed. as we1*t usìng

, other approacheso

Ijn Stunmarye a review of the literature su.oports the contentions that t

C"A"L' ås an effective ed,ucational tool r.¡hen used r*ise1y.

2n Aütitudes of pupils, parênts and educaðors arg Ín general,

; favorable towazrls e,A.Lo
1

3" C.A.L" seems to be effect,ive generally, but ¡nost effecäive r.¡hen

used, for pr:pils v¡ith speeiaL needso -
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h. C.A.L, he3.ps to reduce the a'nount of time needed for instmcti.on

carnoared to trad.itional rnethods.

5. C.A.L. helps to increase achieveme.nt eerosg mrny sub.ìeet FreFs.

It ie most effeetive for puoi1s wor:(Lng under spee{.qI cireunstanees,

6. The issrre of the relationshirl between C.A.L. an<Î retention

of learrring is not elearly resolvecl. There is reeent erl.l-rleneet

however, to suggest tha-t if carefully plannecl en<t apnlledo C.A.L.
t',t

.:..r :-rritl promote hi.gh levels of retentione i .,.

?n Gareful application of C.A.L. will lead to cost-effectiveness, 
it,,.,.

C.A,L. ís nost cost effective in special edueation prograrns.' '' " "

ft has.been sho'rrn, therefore, that C.ê.,L. is a viable rneühod of

inst:nrction in both the upgrading of basic mathematics and ì.ang.raee

skilIs through the mode of drill and Þre.ctice. ït is also cLear thet

C.A.L. is a useful t,eaching ald suitable for use r+ith nupÍls who suffer

frorn learning dl"sorders because the unique instmctLonal and notivatf.onal

, features heLp to meet the special neecls of prrplls Ìûth leartrì.ng problems,

fn the past, verTr few stuclies have investlgated the rrse of C.il"L. f.n

both mathenatics and J-anguage skll-ls directly 1n a school settins vith

a sar:rple of pupils who exhibit an extremely rqide range of Ìearnlng

. problems. Iü seems reasonable ancl deslrable, therefore, to unclertake

such a study,
r.,,.-:1.::.,:

il¡-.;::i,rr-

j:1..r.::. l
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:, 
t.,,-'

The literatarre shot+s only a fe"r¡ studies concemed lvíth the application

of C.å."t" in basic arithmetic and spellíng stcills fon .urpils with learnirng

difficulties" Ornly a sma'ìl nr:nber éf' these stud.ies ha.¡e Ínvolved a | .,,,,.,,.
:,,',.i.,'l

,'' population '¡råth as wide a range of learning problems as the population of ,',,, 
,

i Central North School. In general these pupils have erperienced difficulty 
.t,:,:...

, learning basíc facts, eoncepts, rulesu and proced.ures in one or both core

i 
subJects of speLling and arithmetie" Their arithnetic ærd reading leve1s

,

are generally two or more years below their expected levels accorrling to 
.

theirage'Therefore,itseemesbothpractica1andreasonab1etoinvesti-

gate whether C.AoLo cor¡Id, help these pupils in Èhe learring of their basic 
i

I

skills of ad.dition, subtraction, rnultiplicaüion, divisíon, fractions,

'.¡
A main obJective of this study r.ias to evaluate the effecËiveness of

' : ..:.::.

',' e.A.Lo as a wey of årnprovíng the "ttdtni¿ualization of ínst ruetion. !,,'r.',,
:.

:Comprrterizeddrl.lLandpracticeexercisesrgereusedinanat+;einpttohe1p
pupils strengthen and upgrade the above-¡nentioned. basic sktlls" ït is 

',

' imporia¡rt to note that the concepts ar:d skills in questÍon håd been

, intrcduced, and taught i-:n previous grades and classes by classroorn i¡süruction, ii.:.-..,.
;ì i-',' tr

:_':l: '

but the prupils had, not been able to gain mastery of them.

Specifically this study attempÈed to answer the follo:ring questions:

i :: -::-:.'t:
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t) Utrat conclusions can be drawn from Ìrrevious research ln C.A.L,rand

for ptrpils with le.arning disabll-lties?

e) Can C.A.L. help rnrplls trlth learning disabilities Ímprove thel,r

J.earzrÍng of baqic computational and spelling skills?

3) Can these skilLs be retained by these puplls over a oerlod of time,

after the experinental treatment has ended?

Research Hyoothesis

If three randomly selected groups of pupils vrith learning problems

receir¡ed regular classroom instnrction in ar{.thmetie and language arts and

if two of the groups received additional help vÍa C.A.L., one doing basic

arithmetic skiIIs, the other d.oing spelling through C,A.L., then there will
be significant dÍfferences between the three grouos in achlevement over time

in favor of the C.A.L. groups for both az{-thmetic and soelling as meesured by

standardized. achievement tests,

Specifiea}l-y the following null- hyootheses will be tested for both

arithmetic and spelling achievement seores:

' there will be no significant differenees betr.reen the treatment effects

(mean scores) of the levels,of factor A (exoerimentel- versus eontrol group

means).

Nul1 HyEthesis (2-)

there will be no significanj, differences between the treatment effects

(means) and. the leveIs of factor B (over time).

NulI Hyæothesís (q)

There r,rill be no significant differences bet,¡een the eroerimentel and

control treatment effects (means) with respecü to a) arÍthmetie and b) spelling

achi.evernent scores over tine.

i ;:.1.i
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the SamoLe

Descrirrtion of !he,*Res,ear'êh SettiFe-Centgal Norbh Upqradine School

Centra1 North Ïlpgrading Sehool is a special. edueation program for
pupils who have w'ide varieties of learning problems" The sehooL provid.es

a modlfied curiculum concentrating prirnarlly on the two eore subJects of ::

arithmetic and language arts" Intenslve remedial work f.s undertakelr by

the ptrpils in the t¡so cor€ subJecù areaE under the guidance and superrrlslon

,l of higtrly stcilLed teaehers who spend. nnrch tÍme d.iagnosíng wea-t<rres""", or""crtbing 1,.,,.:,..:: .. .:
. :: i: :

individualized renedlal exercf"ses, and lnteractl-ng wlth the pnpils frequently
::-:-.'

,i on an lndividuaL basis. The grouns are kept as small as possible (the ,,',i,i,:,,

i maximm Sroup síze being 20 pupils) to heLp ensur^e a high degree of teaehen-
i :

I ptrpal interaction. thè classes are mixed*mal-e and femal-e.

I 
A key obJective of the program ís to help the puplls inrprove 1n the t,

I 
."ea of social s'(i1Is and interactLons with others. Another main obJeetl-ve 

I

,

I 
is to help students upgrade thelr basic acarlemie skll-ls so that they may 

I

.b"betterprepared,tore-enterthema1nstreamofregu1aracadenicor
, wcationaL educat{on" To aeconr-olish these goal-s, mrch effort ls put into

helping pupils ímprove their attl-tude towarrls l*remselves and ottrers j ana

I their motlvation to learning and self-i¡nprovement. A key nethod in ':':,,::,

. ..t..:: .

", âccompllshing these goals is to allow (as rnrch as posslbJ.e) each puoil ". ' ,,

togainameasureofsuccessinthe1earningproeess.C.Å.I.owith1ts

capactty to neet specific educationaL needs of lndivicluals through

,, intricate remediation proceduresr a high degree of indlvidualized. instnreg.on ,.,,,i..,i :..,.: :.-::

and híghIy motLvationaL activities, may provide great help to disabled

1earners1ngainíngpositiveand.suceessfu11earnirrgex'oerienceS.
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Description of the.Rrplls InvoLved in th? Study

As prerriotrsly mentionedo the sanple of this study was d,ra',.,n from the

population of ptrplls from Central North Upgrading School. fn general, the

popul-ation consists of aporoxlmately 150 pnrniS-s who have a lengthy histo4y

of learníng difficuJ-tLes. fncluded are pnplls vrho have soeeÍfle learning
'' disabilities, .low mental abLlities, socLal difficulties, behavior disorders, ::'::'':'':;::':'

and emotional and psychological problems. $mically these oupils are one

r more years behínd. in regular academie development and often have a

I poor attitude torva¡ds themselves, others, schoo3., a¡rd l-earning ín general, 
l:..,,..,:r¡:,:,

:i FturctionÍ¡g ln regular school progra¡ns has been difficult if not irnpossible 
.',i,,,,,:,_,,.,.
:.-:.. ;.:--:t.:: -.

for these pupils. In general-, these pupils come from fard.lies of the

middlg or lower aocio-economic classes. l{any of these families receive ,,

I some form of social assistance. À large nur¡ber of these puoils are j

i Jo*nile offenders-many of them coming from broken homes or singl-e parent 
i

famil-ies. The ratlo of boys to gir1s in the school poptrlation is apnrox- 
r

i

imately two to onen

oqmn'lô t¡tàÊ <at rrn lin *ho faîlantlça ñôññôÈ. iThe sample was set up in the foLloring manner 
i

, ten vùere screened out of the study prevíous to the random selection of il,:;;:. ,.,.,;:
: :: 

a:;,,;:,:.:,..:::,::

., pnpils according to the following criteria¡ ;ì,'i'.:,,,.r,.

" 
r) p'ptr.s who were rg y""tl old or old.er. 

"ltt'"''u;;:t't"

. 2) zuptfs whose f.Q. scores were in the higher than nor^raal rpnge

(i"e. higher than the 90-109 f.Q. range).
l- ;.1: :.,: : .':::'t.: i

1 3) R¡ptts who were excessively tmant. it':-t': 
':t 

t :' , t

Included in the sampl-e were puplls ?tho fulfil-l-ed the follor,ring eriteria:

1)t'lateorfema1ebetweentheagesof10to1?yearsl1}months.
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2)Minirnrmread'ing].eve1ofgraderrasdete¡minedbytheCanadlan

?ests of Basic Skill-s and the reading tests admlnistered by the

Reading Resource Teacher,

3) Hinimm arithmetic level- of grade II (familiarized, r¡ith the eoncents

of addition, subtraction, rmrltiolication and division) as determined i:ì,.
by the Canadian Test of Basic SkiLls and various other tesüs as ':

adminístered. by the arithmetic resource teacher

,l) Histozy of past failure or diffieultíes fn prevlous grades.
I :r.: .,From the remaining l4O students, a total sampl-e of T5 subJects was ¡,,,.ì,t

randomly choseno 0rigixa[y, there r,rere l¡6 bo¡rs and 29 girls in the sample. ,::t,
Their ages ranged from 12 to 1z with a mean age of 14.9 years. ThetÉ ï.Q.rs 

: '

ranged from 64 to 108 with a mean r.Q. of 86.8, aLthorgh some of the scores 
'nay have been outdated or doubted as to their aecuracy. Each subJect was

randornly assigned to one of three gro'rps. The groups were then randoml-y

selected as a non-c.A.L. group 
"* ,"o experimentaL groups. Deseriptive ctata ,

foreachtreatmentgroupissummarized.in?ab1eFour.

A T-test r+as calculated to ensure that the rìeans of the three groulrs i

were not significantl-y different (p(.OJ). The treatment for experimental

grotlp L consisted of C.A.L. in basic conrn:tational skÍlls of aadiùion, iì1;,.,,,,.
: r: :-..:.,:

subtraction, rm:ltiplication, division, rractrons and decimals. The treatment ,,,,,1

sinrnle soelling drills. A1^l- 
:::':';'

three Sroups conüinued to receive rezular cl-assroom instnretion Ín order not.

to interfere w'iüh the regular åay-today routine of the school, During

regular classroom tirn", the two experimental grouos received. computer iì;-¡..,

assisted' drills in spelling and arith¡netic on an individual basls. The C.A.L.

spelling group received spelling dril-ls only and the C.A.L. arithmetic group 
:

received.arithmeüic drÍI1s onIy. A surnnar¡ profile for each sut¡ect is 
I

iÞt''
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TABIE FqtR - Deseriptive Data
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for Each Treatment Group

GRfr'P
SEK
vr/F

A@S
nA¡rGE/I'ÍEA¡I

}TEAN ACHIE\TH{MTT
scoREs

ABITH/SPEILII\E
f 'Q.

nAl¡GE/tr{EAN

L. C.A.L. Arithnetic B/n t2-L7hr+.8 I+"95C/5.tlnz 67-1cf./st+.3

2. C.A.L. Spelling t4ho t2-t7/L5.O h.792fi+.82g 6t+-to5/e6.2

]. Non-C,A.L" t6/s t3-L7 hi.z t+.888/4.929 6t+-tæ/s9.g

ì:ìÍ:.-,r.
I ::r,:i:::
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Linitatlons of the Sa¡¡rnle

Since the Errpose of ihis study r.¡as to evaluate the ¡nerits of e"A,L"

for .mpiis r,¡ith various leaming problens, it r¡as nscessety to have large

grouPs in o¡der to ensure the valid,ity of conperisons beü'r¡een gror¡psc

A total sanrple size of fJ vas ehosen represenüing approxinalely JÇ.

of the total school population" Thj-s mea¡it that two groups of 25 pupils

or 50 Erpils r€ceived C.A.L- SÍnce tre were equipped. with only one

comprrùer terminal it was furpossible to allow each pnpil to receive daily

instnrction using C.A.L. in a regular school day, Therefore, because of

the large sa.tpJ.e, íü nas only possible to sched,ule indir¡iCualized compuüer

drills for each subject on an every second d.ay basis" TÌris faeÈor greatly

lirnited the amount of com::uèer contact time per p.:pil per r.ieek.

Other factors such as variabili'uy in anount of instnrction received,

in classroom instnrction and the quality of insb:r.:clicn as varied fron

one teacher to another could not be controlled for directþ, since this

t¡ottld disnrpt the regular schedule a¡¡d normal procadure of the existing

school prograrno However, it is believed that the rand,om selecèion

procedures used in choosi¡g and grouping the subjects iro"¡ld sirfficiently

cantrol these variables"

OÈher lí¡nitations were imposed by the prerequisites of a nrinirm¡m

reading level a¡ld aritlunetic level of grade two, anC the restriction of sonre

pu.oils r'¡hose I.Q" scores feIl in the higher tha¡r ncrmal ra1gs" Fortr:nately,

o;:Iy a few pupils r.;ere screened out because of these factors" Thus,

a3-though ihe sarnple canr¡ot be consiclered as tpi-cal- of the pupil population,

it ca¡r be ccnsidered to be nrore Q.pical of the general- population of thcse

pupils çho have learning problems"

l,-Ì .-
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f4s'L¡lciional Proqrans

Four aritirnetic a¡:d t¡,o spelling prograrÍ¡s ryere useC for C.A.L. in
this study" Exa:rples and deÈaileC Ceseriptions of tÌrese prograns can be

found Ín A-apendix 3" AtL of these progra¡ns r¡ere rsritten in a tr-igh lerel
conptrter language called tsAsfe. These prograî¡s r,¡ere either i;ri èten sr
adapted' by the experírnenter or other special eCucaÈíon t,eachers. Al.L of
the prograias t ere åntroduced,, used and refineC Curing tl-re demonstration

stege of tha pro;ecÈ for five months prior to this study. The read.ability

of the Prograïs t¡ere kept suitably foo, fu* even the ,¡eakest 
"""O"t""'-;;-

fecè very little read.ing ',.ras necessary except for the insl,ruct-.'ons ts the

sfi¡dent" Çìnce fanril"iar r.¡iÈh the progra¡¿s anC their instructions, Èhe

pupiJs e:çoeriencec fev¡ probrems in the use of the d.riiLs"

Theprogransusedahigh1yperSonâ.lizedformatþystoringthe"oupiJ.ts

na?3 and using it in dialogue t'¡ití the subject at everir opport:rnity" 
'

Rei¡rforcement of correct responses r.¡ere rnade with tight or sornetines

amusi.:ng connments often addressing the pupil by nar.re, for example:

¡'RighÈ on Joluury, keeR up the good work!¡s

As mentioned earlier, the entering behavior expecied" for pupil

doing arithmetic drÍlls was approximately a grade two arítlr.netic Levelo

ThisbasicaILyentai]safami1iari,tywitlrtheconceptsofadd.ièion¡

sub.,raction,ma1tip1icaüionarrd'civj-sion.Forthebeg:iÛìingprogramsin

sperling, a read,i-ng ]e-rel of approri.rnatery grade two v¡as required. to

ensure Èhat t"he pupil,s cor:ld. recognize r¡ost of the ',¡¡ords and. und.erstand. Ë

l--:1:..
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Addsan, Subtsan, and Multsan are simple branching programs in the

basic skills of addition, subtraction, and multiplicatíon. These drills

are rrself-constnrcted' ín the sense that the pupil or the superuisor at

the terminal could choose the appropriate level of difficulty and

complexi-ty of the questíons attempted. For example, in Multsan it was

possible to choose the number of questions to be done in the drilI up to

a maxi¡m¡n of ten, the number of digits in the top number up to a

maximum of fiver and the number by which to m:J.tiply from one to nine.

In each of these drilLs the proper method of carryingr borrowingr or

regrouping in the adjacent columns was emphasized ar¡d reínforced by the

printíng of a question mark for each column. Each problem was random}y

generated"r eÌd the reinforcers delivered after suceessful completion

of each question was al-so randomly chosen from a pool of sÍx carefully

worrded encouraging statements for satísfactory performatlce. Híerarchíes

of math (ttin, Lg?6) and speLlíng skills vüere developed. and used. to help

pinpoiàt the particular skill- and level of diffieulty upon which each

C.A.L. pupil would start. The hierarchy rnade it very simple to keep track

of where each pupil was working and to check on individual progrêsso 
^A

copy of these hierarchies can be found ín Appendix C.

Divide is a program in long division which offers practice in the

division of whole numbers. Pupils are offered up lo L5 randomly generated

questions wi-th the option of whether decimals are üo be involved. Another

option aIlows the pupil to choose the nunber of digits in the divisor

and dividend witirin the limits of one and nine. fn this drill ít is

usually necessar1r to use paper and pencíl or chalk and chalkboard to

':-t-;..^.¿.rt;.11L.a;:':aaìrlì1.:.:,:,j:j¡.:tl,:t'il-'-.ã"::l;ì:i¡.:
i/..:
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carn¡ out ùhe steps entailed in ùhe division algorithm

rn *spe1 128ff a set of four worris were presented to the pupils.

originally, there ï¡as one drill consisting of twenty questions, each

containing four word items. The worrls were serected from a list of

spelling words called the Dolch Basic 2OOO rn¡hich were graded. from grad.e two

up to the grade six level. Each set of four words had either one or no

misspelled words j-n the set.

The pupils lrrere asked to id,entÍfy by Rumber the m:isspelled word if
one existed in the set. ff the firsù response was incorrectl the pupil

received. a second char¡ce. If he made a nistake on the second response,

the number of the misspelled words was given at theteletype terminal.

After identifying the word by number the pupil was asked to spe11 it
correctly. The pupi3-ts input was then checked for accuracy and. rand.omly

selected reinforcements were provided if the pupil had spelled the

lvorri correctly, rf not, the computer would then give the correct

spelling.

Spel BI is a spelling drill in which the pupil is offered ten d.rills.
Each d.rílr deals wíth a set of common everyd.ay word.s whlch are often

misspelled. Each drill coneists of five questions, At the end of each

drill a report ís given on the results of the drill íncluding the number

of words attempted., the number of word.s spelled eorectS-y, the percentage,

and a message to the parents. A1so, provided is a list of words with which
the pupiL had difficulty.

-.".' -':._ r
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Measuring Instruments

Criterion scores on standardized reading tests and arithmetic tests
whÍch had been adminístered previous to the study were used to determi¡re

which pupils had the reading and arithmetie levels necessary to take

part in the study. These test resulüs were avallable in sehool cumu-

lative files of pupíl progress and. through classroom teacherrs record.s.

Ïn our school the readi-ng resource teacher and arithmetic-lab teacher

maintaín an on-going testing program throughout the school- JrêâFr rn

addition¡'ir¡ the Car¡adian Tests of Basic Skills is ad.ministered by the

school- ùivision to all elementary and junior high aged pupils at the

end of each school year. Therefore, the stud.ents are familiar with

the practice of taking standanlízed testsr and there are usually as many

as four or five test scores per school year upon which to make a grad.e

leveI assessment.

The Stanford Achievenent Test (S.A.T. 1964) and (S.A. T. ].tg73) were

chosen as the criterion tests to measure the grade levels attained.

on pretestsr post tests, and rètention test administraùions d.uring

the course of this study. specifÍcaIry the arithmetíc subtest of

computaüional skilIs from (s.A.T Lg6h)and. the subtest for spelling
(S.A.T. I9?3), were used. mainly because these two subtests most closely

resemble the actual skílIs and concepts practiced. in the computerízed

drills. A second ad.vantage in using the s.A.T¡ nâs its availability
in four paraller forms for s.A.T. L96h and two forms for 1973, thus

facilitating retesting as desired, using one form each for pretest 1,

preùest 2r post test, and. retention test. â, thid ad.vantage of the
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S.A.T. is the range of five choices for leveJ.s of difficulty from primary

to advancedr thus arlowing a choice of test level- appropriate to the

ages and achievement levels found in our sample. A fourth ad.vantage of

the S.A.T. is the fact that its design ar¡d format are age and. maturity :,:r:-. :

level appropriate. This helps to guard. agai:rst negative feelings arising

Ín the pupils during the test situation. ïn other wonls; the appearance

of the test can be controlled accorrling to the age and maturity of the 
,,,,,.,,

pupÍl so that it d.oes not have the appearance of being trtoo harrln r ,,too |t"-.i'

-.: :I

easyrt, ftoo advar¡cedrf , or rrtoo i¡fantileft. ii,,,,

Re1íabil-ity and Validity

Concerning the reliabilíty and valid.ity of the S.A.T, ¡ few studies

and data are available regarding the 19ó4 editÍon. Horvever, ín response

to some criticismr the authors have prov5-ded more i¡lformation in the

1973 edition. In general, because of the ad.vantages mentioned above,

thi-s researcher considers the S.A.T. to be the most suitable for the

content and type of pupils being taught through C.A.T,.

Content validityr that is the extent to whj-ch the content of the

tests constitutes a representative sample of the skills and. concepts

that are the goals of instnrction, was Judged to be extremely high.

rn the ]973 edjrl',ion in particular, instnrctional objectÍves for each

subtest are provided in the manual. Using th:is information to compare

the testsr content with the schoolts curriculum for both spelling and

arithmetic computation, accurate judgements regarrling content validity
can be made,



In general, the forrnat is excellent in íts presentation of basic

computational skills. Several reviewers were i-mpressed. by these tests,
and by supporting material that the publíshers provide. [Harold
C. Trimblê' trrd Peter F. Merenda in Buros (1922)].

'fln providing a measure of that phase of the trad.itional mathematics

curriculum krown by the general terrn arithmetic, the :196l+ Stanford Achievement

tests conti-nues to be outstanding among tests of its kind.n [Miriam M.

Bryar¡,in Btrros (lg7Z)f.

Annaratus

The computer used in this study was a control_ Data corporatíon

computer-model number 6500, ThÍ-s computer is owned by the province

of Matritoba and operated by Cybershare Ltd., formerly phoenix Data Ltd.
The instnretional terminal consists of a model 33 hardcopy telet¡rye
terrninal-- This t¡rye of terminar has the advantage of supplying a

hardcopy printout of the instnictional sequence. fwo copy terex paper

was used in or^der to obtain the printout of each drirl in duplÍ-cate.

In addition, this t¡pe of terminal seems to have the added advan-

tage of helping the pupils to concentrate on the lesson because the

left to right printing activity seems to funitate the effeet of a

controlled reader. The terminal was placed i-n a small room constnrcted

especially for the computer. The computer room was builù away from the

regular classroom at the end. of a ha3-lway.

à r,-; rli¿i!ir.:¡:iir:\:1:,:âì¡: !::t.:t,-if -ti;,!;aèliirì
1':]1'l

ó9.



69.

Cornputer software, used in this study, rvere t,he d.rill and practiee

programs which have been described and documented earlier in this
section. As mentioned previously, these prograns were written in a

powerful high level computer language caIled. BASIC.

Administration and Procedure

(r) Procedure

The study began on Febnraw Z].t L9?5 and continued untir June 10, rg7|..
'The duratíon of the experj¡nent was lJ weeks. A timetable outlining the

maln events and procedure of this study can be for:nd in the flowchart

in Figure 1.

(Z) Pretest Admi¡ístrations 
;

Pretest 1 was admi¡ristered on Friday, Febmary 2L, L9T5 fron 
l

1ro0 p.n. to J:oo p.m. one week rater on Frid.ay, Febnrary zg ]:g1r5, j

lpretest 2 was administered betroeen the same two times. The tests 
ì

consisted of the Stanforrl Achievement compuÈation and speJ*li.ng subtests. i

For pretest 1, Form x was used while for pretesù 2 a paraller form, 
,.

For"m !t was used. The tests were ad.ministered by the experimenter whÍl-e l',lt,''

.. :..::

three school paraprofessionals served as proctors for each test session. ,'':':'

The entire sample of T5 pupils was tested all at one sitting, as was the

case during the three subsequent test administrations. All testing
was conducted in the same locatíon, a large three classroom sized open 

iit:.,
area which normally serves as ùhe schoolrs read.íng 1ab. Four subjects

who missed the pretest 1 were tested. the fol-rowing Monday, Febnrary zhrrgl5
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frorn 1:00 p.m. ùo J:00 p.m. lrlhile six subjects who missed the pretest 2

session were tested on Monday, March 3t 1975 d,uring the same time slot

as for the regular session.

All the tesüs rvere divided into two equal groups at rendom. The

experimenter scored one half of the tests white a paraprofessional scored

the other half' All raw scores vlere converted to grade :.ìsb.ore equival-ents

by means of a table of conversion supplied in the testts administration

manual. (.0,t1 raw scores and conversions were rechecked by the experimenter

for al'l four sets of tests. Afüer all seores and. conversions were rechecked,

the staùistical analyses were computed.)

ß) Scheduling of_ Computerized Dri1ls

Each pupil receiving C..{.L. drills was scheduled for a ten mínute

session on the telet¡¡pe teminal every other day on a síx-d.ay school cycle.

These drill sessions were given between 9:oo to 12:oo a.m. and from

1:00 to J:JO p.rn" As mentioned earlier, the c.A.L. was a supplement to

the regular classroom instructÍon for the two C.A.L. treatment groups:

C.A.L. arithmetíc and C.A.L. spelling. Rrpils Ín these two treatments

were scheduled for C.A.L. at random throughout the school day so as to

mi¡rirnize the extra ti¡ne d.evoted to one of these subjects. prrpils in
the thirrl treatment group received onJ.y regular classroom inst11ction

in both arithmetic and spe1lirlg.

the non-C.A.T,. group was used. as a control for the C.A.L. arithmetíc

group and the c.A.L. spelling group. A1so, the C.A.!. arithmetic group

served as an additional control for the c.A.L. spelling group on spelling

achier¡ement scores and vj-ce versår By this means, the study controlle¿ for
some Hawbhorne Effect.

l"l;'r.l':



FIG{JNE 1

Flowcharb of Procedure

T.

l-rt-,Pl
î
retention tes
Jur¡e 10-14

C.A.f,. Schedule

l,}March 3-7 (I)

2) March 10-14

3) March L7-Zt

4) March 2t+-27

March ll-April 4
No C.A.L.

EASTER BNEAK

5) April 7-1r

6) April 14-18

f) ApriL 2I-25

8) Á,pril 28-May 2

9) I[ay 5-9

10) May L2-L6

l.::.
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Alsor lvÍth the Hawbhorne Effect i:r rdnd, all the pupils who were

possible candi-dates for the study had been desensj-tized. Lo the novelty
of C.A.L. by their previous exposure and practice for a period of five
months before the experÍmental study began.

An examination of results of previous c.A.L. arithmetic and.

spelling drills, plus analyses of pretest scores a.¡rd. other dÍ.agnostic

measures helped to establish the leveL of difficulty upon which to begin

each subject. this procedure helped elimi.nate unnecessary drill on skil-Is
al-ready mastered.

A criterion of 8@o achievement was establ-ished for advancement to
a higher leve1 of drill difficulty. This criterion score was chosen mainly

to stay consistent with criteria used elsewhere (arithmetic 1ab and other

remedial ppograms) within the schooL.

A criterion score used to determine proficiency can be consÍdered as

an informal test situation. Some experts have stated. that wÍ-th regards to
informal testing of reading comprehension, ïJy'o accuracy can be considered

as good comprehension (Bond. and Tinker¡ 1967). It is reasonable, therefore,
ùo generalize this criterion from reading comprehension to mastery of
spelling and of concepts and skilIs in arithmetic. Keeping Ln mind that
th:is criterion is set for the g"rrerat population it would be reasonable,

thereforer to adjust it down slightly to gv/" for pupils with rearning
problems.

Although others (Johnson & Kress, ]-g?Z) consider ùhat criterion
scores used' to determine independent levels of proficÍency should be no

less than 9Ø, íL cgn be argued that a downwanl adjustment should be made

t. .._ .- -,
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in consideration of the specíal needs or problems encountered by pupils

ín special education. The teachers at Central North consider Lhe 9ú/"

level too rigorous an expectation. A pupil wíth special needs can and

often does make tfcareless[ mistakes due in part to a sIip, often

understandable in light of his disability, while also making rrhonesttr

mistakes due to insufficient lorowledge. An expectation of 9Ø" does not

a1low for more than one error of any type since rnost of our drills
consisted of ten items or less. ft was felt that such a high expectation

would probably lead to high incidence of frustration and failure to

progress, and. thus ad.versely effect learning.

All subjects were asked to graph their own daily achievement scores.

Since the hard copy print-out was made Ín duplicate, one copy was filed

and the other copy vüas kept and used by the student. In this way the teachers,

pupilsr æd this researcher vüere supplÍed with two daily checks as to the

progress of each pupil.

l+) Dailf Manaeement by Student Volunteers

During the five month demonstnation stage of this project, a group

of our older students, ages lJ, 16, 17 had been trained and gained valuable

experience in supervisíon of pupils at the computer terminal. Their majn

functions v¡ere: to manage the pupil drill sessions with the computer

terminalr to ensure that a subject was ready and waiting to take his or

her turn as soon as the previous subject was fi-nished, to help keep records

of pupil attendance and progressr and to help answer questions regarding

i ii;.,t
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the use of the computer terminaf-. During this time these supervisors

were allowed to sit at the terminal r'rith the pupiJ.. This was perrnitted

to alIow the pupils to become familiar and comfortable with the use of

the termi.:nal.

During the experimental study two older students contjnued to be

present i-n a managerial and superrrisory ro1e. Hovrever, d.uring th:is time

they were not allowed to sit with the pupils on a continuous basj-s. Rrpils

were allowed to consult ühese supervisors as to whích drill or leve1 of

difficulty was to be attempted, but no prompting witkrin the dril1 was

alLowed on the part of the superrrisors. The main reason for this was to

ensure independent thínking so that maximum benefits would accrue to the

subjects taking the drills.

5) Post Test and. Retention Test Ad.mj.:ristr.ations

The same testing procedure and location was used. for the post test
and retention test as was used for the two pretests. The post test was

given on luesday, May 2or lg75 from 1:oo p.m. to l:oo p.m. and. the

retention test was given three weeks later on June ro,- rg75 during the

same time period. During the retention period of three weeks no subjects

IÂIere allovüed. to take any C.A.L.; howeverr many of them asked why they

could not continue. These subjects were told that they had finished their
turn and that other pupi3-s who had been waiting were being given a chance

to try C.A.L. As in pretest I¡and pretest 2 t]ne tests were divj-ded into

two groups at random so that the experirnenter scored hatf of the tests

while a paraprofessional scored the other half. All raw scores vlere

li.:t;l:':
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converted to grade score equivalents by means of the table of conversion,

supplied by the testrs administration manua]. All raw scores and conver-

sions were rechecked by the experimenter for all four sets of tests. After
all scores and conversions were rechecked and reeorded, the statístical
analyses were computed.

Stati-stical P.rocedure

Statistical analyses were performed on the data obtained from seventy-

two subJects. Si¡ce two subjects dropped out of the study, one from each

treatment groupr one subJect was subsequently d.ropped, at random from the

control group in order to keep the three groups equal at twenty-four

subjects per groupo

The tests for signi-ficant differences over time using the repeated.

measures of pretest 1, pretest 2¡ post testr and retention test mean

scores for both arithmetic computation and. spelling were performed uÞing

the Analyses of Variance for Mixed Designs Program. The computer at the

University of Manitoba was used for this purpose.

lhe statistical analysis consisted of two separate 3xl+ analysis of

variance designs for repeated measures over ti¡ne. One analysj-s of variance

dealt with achievement in arithmetic as a depend.ent varj-able, an¿ the

second analysis of variance examined achievement in spelling as a

dependent varíable of achievement. Three completely randomized groups

were raridomly assigned to C.A.L. arithmetic, C.A.L. spelling an¿ non-C.A.L.

i.-.,.
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Sroup ÈreaÈnents- A diagran of the daÈa trea.trnenL d,esign ce¡r be found,
¡

in ApoenCix D"

The ¡-ollowit:g are the h¡ryo'bheses for Èhe tvio-:vay A¡íO',¡AS for repeaüed.

Íneasures o"¡er time for both ari.thmetie and spellings

I ff three Soup-s of, pupils v¡ith learning problems are aCministered

sta¡rdard:izec achieve¡nent Èests in arithneêic anci spelling before and after
a fen week treatment period during n'hich group I received C".{"T. i¡¡
arièhnreticr group 2 received C"A.L' in spellingu and group I received

regr:lar classroom insènrction only, then there r.¡ill be significant1: -

d'ifferences in acirievernent mear¡ scorss between:

i 
t) Treatnent effects over leve1s of factor A, (significant mean differences

I beèrveen grou'ps, i.eo betlseen i) ttre c"A"L. arithnet,ic group and the C.A,L"

; spetling groupn iå) between the e"A"L" arithnetic group anC the non-C.A,Lo

j groupr anC iii) between the C'A,.L" speIling and the non-C.Â,L. group)G

,, 2) Treat¡'nent effecüs over levels of factor B ( significe¡¡t meen d.ifferences

orren'tf¡e betrveen å) pretesis and post tesÈs æd ii) between preêests and

' 3) U¡çperi¡nental and eontrol group treatment effeets with respect to ' '

l. aritimetic and spelling scores over time"

The follo'ç'ing are the statistical h¡potheses for both spelling and

aritir¡¡etie using.the analysis of .veria.nce for repeaèed, rneasures (3:g+ design).

ConpJ'ete d'iscussions of derivations and, formulae can be for:¡r,c. in ,*Iiner (Igru)
- 

t-t
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1) Null Himotheses Hoza\=4=S=O
There will be no si-gníficant differences between the treatment effects

(mean scores) of the level-s of factor A (elçerimental versus control group

means ).

AlüernatiyB Hypotheses Hl¡ not Ho

there wiIL be a signÍficant d.ifference between the treatment effects
of the levels of factor A.

2) NuL[ Hypotheses Hor /, = h = F3 =Ê4 = O

There will be no significant differences between the treatment effects
(rneans) of the leve1s of factor B (over time).

ALternative Hypotheses H1: not Ho

' There vrill be significant differences between the treatment effects
and the levels of factor B.

3) Nu l Hypotheses- w'a,Þt = 4.Fz= líl =4prr 4F, = ... 
7 44n = o

There wiLL be no signifi-cant d.ifferences between the experimental and

control group treatment effect (means) with respect to a) arithmetic
and b) spelling scores over a period. of time.

Alternative Hy,potheses: Hi: not Ho

There r'rill be significant differ,sneebetween the experimental a¡d
control group treatment effects wÍth respect to a) arithmetic and.

b) spelling scores over a period. of time.

The results of the Ana]-yses of variance brere examlned and the
N€wman-Keuls aposteriori probíng teehnique was used to determine whether

significant differences exi.sted between pretests, post test and/or retention

.r. ì: :.



test. Accorrling to l{iner (tgZt), with equal sanple sizes it is best to
use treatment means rather thar¡ treatment totals.

Thus¡ using the Neuman-Keuls method, the folloroing treatment means

ürere compared:

Ho: Hi:

(pre 1) fi = *-', (pre 2) or nt / î'z

f, = Í3 (post,) or fi / Íg

78.

lI = fU (ret,)

î2= i'

=Ío

îr/ l,

fr/ Í,

îr/ L

or

or
xz

or Ís/ fU

comparisons were mad.e between pre tests (r ana 2), post test, and

retention ùests aÈ .05 and. .orl levels of signíficances.

Further analyses of the results were mad.e by means of the test for
simple main effects. If the i.:rteraction of factors A (treatments) and

n (t:-rne) is significant, it is normal proced.ure to test for simple main

effects. Since this investigation showed significant interaction in
arithmetÍc at the .01 level and a lesser significant interaction for
spelling at the .10 level, tests for simple main effects for both

arithmetic and spelling were performed.. For spelling the results of

î3= i,
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these tests will serve for descriptlve p'rposes onry.

rntereorrel-atl-ons between: 1) pnetest r, pretøst 2, and post test,
2) pretest 1, pretest 21 and retentiæ test were determlned for deseriptl-ve

purposes for both arithnetle and spelling. These inùereorrelations were

computed for experimentaL and control groups, ResuLts of these Lnter-
correLatíons may help to account for lncreases i.n seores between pretests

and post tests, and pretests and retentíon tests. speclfieaLly, thls
corneletl'or¡al data raay help to lndl.cate if inereeses in seores between

pretests and post test, and pretests ayrd retention tests, may be due to
ovenall treatment effeets.

Alsor correlaüione between aríthmetic and spell.lng seores for eech

of the three Sroups are presented for the foLl-owlng conparisons: pretest 2

1n arÍühmetic versus pretest 2 ln speJ.ltng, post test in arlthmetie vensus

posü test in spellingr æd retentÍon ùest in arithmetlc versus retention

üest in spel.ling. These results are prasented end diseussed for desenlptlve

purposes in Appendix E.
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CHAPIER V

NE$'LTS

The results of this study are presented in ttr-is ohapter. A detailed : ,,

d.iscussion of the results relating to the hypotheses will follow in the

discussion section of thi-s thesis.

Tables of raw data can be found in Appendirc F. The test scores are ,.,.

presented. in the form of grad.e scores(years/months). The means, variances, 'i"'';.'

..:., ,

and standard deviations are also presented in Appendix F. As stated iì.
previously (:n Cfrapter fV), the three main null h¡ryotheses for the

Ana1ysesofVaríanceforbotharithmeticarrdspe11ingare:

1) There ¡rrill be no sign:ificant differences between the treatment 
'

effects for the levels of factor A (erçerimental versus control means). :

2) There vrill be no significant differences between the treatment :

effects for the levels of factor B (over time).
)

3) there will be no significant differences between the experirnental t,

and control group treatment effects over a perÍod of time (interaction of

factor A !'rith factor B over time). i,.i l:
I ::.:

A+alysis of Variance for Arilhmetic

The summary table for the AnalysÍ-s of Variance for arithmetic can be

for.md. in Table Five. The critical value for h¡ryothesis L was I+.95 al :,jrre

.01 1eveI of significance (¿t = 2, 69). therefore, since the observed

F ratio was 0"37r there vrere no sign:ificant d.i-fferenees between the

experímental and control group Heâflsr Thus, NulI Hlryothesis I was accepted..
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The crítícar vaLue for NuIl Hypothesis 2 al, the .01 leveL of significance
was 3.88 (af - 3êül). The obtalned F ratio was ?.0g indieating slgnlfieanù
dífferences between the neans of the levers of faetor B. apostertorí
probing techniques ere needed to d.eterrnine where the difference(s) lies.
l{ull ll¡ryothesís 2 nas therefore reJected and the ar.ternative HS4oothesis

aecepted.

For Isull HypothesLs 3, the critícal value needed for slgnificanee at
the .Ol level was 2.89 (Af = 61207). The F ratio obtaínd was: I+.10

end thus shov¡ed a signiftcant ínteractior effect at the .ol level. Nulr
Il¡ryothesls 3 was therefore reJecüed and the Âlternatíve H¡cothesis was

aecepted.

The summary tabr.es for the Anarysrs of variance for snerlÍng are
presented in Table six. The resul-ts for spetlÍng are sÍmil;ar to the
resul-ts for aríthmetie- srnee the number of subJects per grouÞ was the
same for both speJ-If-ng and arlthmetÍc the eritlcar values for all three
spe1ling lr¡r¡potheses ere the same as those for a'ithmetie.

For h¡lpothesÍs 1, the obtained F ratio rras o,l_1. since this is
smaller than the critíeal va].ue, the Null- H¡pothesis vùas aeee,pted,.

For þpothesis 2, the observed t' ratr-o was 10.2i r^,hi-ch was

signifieant at ühe .or- lever. The Nulr H¡pothesis was reJeeted and the
Alternative Hypotheses was therefore aeeepted.

For H¡pothesis 3, the observed F ratlo was 1.É6 whtch was

at the .Ì0 lever on1y. since it was not signifieant at the .05
levels, NulI lfypothesis was therefore aeeeptd.

significant

or .Ol
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Analysis of Variances Summary Tab1e for Repeated Measures Design (aritrrmetic)

82.

L.'.1A (treatment)

Subj. tü groups

B (math scores)

AB

S subj. ü¡. groups

6.23

588.91

3.79

l+.hz

37.2L 207

69

6

3.ïL

9.54

1.26

o.7h

0.18

o.37

?.ai x

4.10 år

TOTALS 6l+0.56 2gl

x p(rol

i;::,':r
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TABLE SX(

A (treatment)

Subj. l{. groups

B (spelling scores)

AB

E( Subj. lrl. groups

r.g1

6t7.73

5.88

2.I3

39.62

2

6g

3

6

2g7

o.g5

g.g5

r.96

o.36

o.1g

10.21+ *

1.8ó rnrÉ

TOTAffi 667.27 287

+ç p(.¡Ol

xn pfilo
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Post Hoc Tests

Signifícant dífferences l,üere found between the Ievels of faetor B

(over time) for both arithmetic meaïì seores and spelling mean scores.
TheI'treumarr-KeuIsprob1ngtechniquewasusedtodeterminewherethe

differences occwteri, The data for this test can be found in Table seven ,..

for arithmetic and. Table Eight for spel1ing.

rn this technique the computed values in part (rfl) (the eritícal
val-ues for ühe ordered' differences between pairs) are eompared to a ,., ,,

''''ll"difference in ordered means (i). rf (r) is greater than or equal to , l.

(iii) then there ís a significant dÍfference índicated. rn Tabl-e seven .....,

for arith¡netíc1 signifieance I^Ias observed between pretest 2 and both post
test and retentíon test-alL at the .Ol l_evel of sígnifieanee. A Lesser
degree of signifieant difference at the .05 level was found between 

'

ipretest l- and post test and between pretest 1 and retention test. l

For spelling in Table Eight, signifícance ü¡as,observed between:
pretest 1 and. post test 2, pretest 2 and post testr and pretest 2 and '

^t Iretentiontest_a]-1atthe.o11eve1ofsignificanee.

Tests for simple main effects were performe<i in order to answer the ,

follotuing questions¡ 
,,.,,,.
.t.. -(f) are there differences between: ,',1,',ì

, ,t,,',1Ì

^I, ^2, and a, at b, or

\, aZ, and a, at b, or

"ll "e1 
*a \ "þ 

b, or
..:.:. ..: .
Il:..'.a.

\, a2, and a, at bO. :j :rr;.

(z) or, þrl b, and bU ar I o"

b1r b2r b, and b, at a2 oî 
Ì

iblr b2r b, and bu ar, ar. 
:j:::rììi,:)
i,,,.,..:.:_,
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TABI,E SET/EN

Newman-Keuls Test for Differences Over Time Using Treatment Means (arittrmetic)

b3b4b1b2

Ordered
Me¿tns 4.88 h.98 5.14 5'J6

(i)
bt

.10be

b1

b4

b2 b4

.26

.L6

b3

.28

.18

.02

(ii) n 95 þ¡zo7)

q.99 (r¡Zal)
3.63

l+.1+O

3.3L

l+.I2

2.77

3.61+

(iii) .r8

.27

.16

.?J

.14

.18

s,.
B

S-
B

n 95 þ¡2Al)

q.99 (r¡Zal)

bz

pre 2

bI

pre 1

b3

(post)

b4

(ret)

(iv) bz

bl

b,4

(pre 2)

(pre 1)

(ret )

åçrÊ

t(-

,Ê*

tÊ

rÉ P <.05
xx p €.QI
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TAEI,E ETGHÎ

Newman-Keu1s Test for Differences Over Time Using Treatment Means (Speuing)

Orriered
Means h.97 5.O9 5.22 5.35

bjblnbtbz

bz

(i) b,

b1

bÀ

bt

.L2

%

,25

.43

b^;) ':..
:::-

.39
:::.

.26 ',::

.ß

(ii) n 95 þr2W)

n 99 (rrzÏl)
2.77 3,3r 3.63 i

l

3.64 t+,Lz h.t+o l

(iii) s_ q.95 þ¡2al)
B

S_ q.99 (r¡zÏl)
B

.14

.I9

.17

.2I

.r9 l

^ôcl)

b^ t,t,t,
)

':

Post '"'

bz bl b4

pre2 preÌ ret

(in) u, (rre 2)

u1 (nre 1)

uU (ret)

rfitÉ

*+É

* P <.05
åÉåç p {.oI

^ t..":.
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The results are shown in Table Ni¡re for arithmetic and Table Ten

for spel]-ing. An analysis of the data in Table Nine shows a,-,significant

d'ifference over time in favor of the C.,A.L. math group and a sígnifieant
interaction at the .01 level. Hence the experimental d.ata tends to
reject the hypothesis that there are no differences in the effects of

factor B (tfune) when observations are made at level al (i.e. treatment 1,

C.A.L. mathematics).

The results shovnr i-n Table Ten for spelling indicate a significant
difference over time at the .Ol level and a significant interaction

effect at the .lo level. Therefore, the h¡ryothesis that there is no

significant difference in the effects of factor B (ti-rne) when observatíons

are made at level a2 (i.e. treatment 2, c.A.L. spelring) is rejected.

For descriptíve pwposesr the intercomelations were cal-culated. for
eaeþ of the ühree groups for both ari.thmetic ar¡d spelling scores.

The correlationaL data obtained indicate¿ ùhat pretests to post test
and retentÍon test were highJ-y correlated and significant at the .05

and .01 levels for both arithmetic and spelling. Results are presented.

in Table Eleven for arithnetic and rable lwelve for spelling.

Group mean scores are presented graphically in Figure Two for arithmetic
and Figure Three for spelling for all three treatment groups. In addition¡

ühe individual learni-ng curvesfor each subject are presented. in Appendix G.

i:!::.;
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TAsIE-i;rlE
,,

ånalysis of ''fariance for Simple l.fain Ðf¡'ecùs (Ârithnetic Scores)

So':rce l"1S F.dfss

1. Beüueen subJects

2n tsetween .A at b,

3" Setween A at b,

l+n Between å at b,

5" 3etr.¡een ^A at bO

6o llithin eel-l

7 n î{ithin subjecès

6n Between 3 at a.,
(arit?rretic gröup)

9o tsetween ts at a,

LO" 3etween 5 af 3
lL A3

f,2" BX Subj. i{" groups

oO2

"3CI

5.96

¿þ,36

626"tz

7.4Q

.56

"24

lv"hz

37 "2L

2

2

2

<.

276

3

3

6

2s7

0"01

o"15

2"gg

2"lg

2"27

2"1+7

c"19

o"08

O"T+

0"18

2
6

2
6
L3
z

g
12

2
L2

10
L2
1I
E

3

= .tJh

= offl

= 1n31

= .96

=13"'12 x*

= 1"06

= ,llk

= |¡.11 t+*

P <"05;

P <"01;

F

F

critical = 2.60

criÈica1 - 3"78

(¿r

(¿r

3"2C7);

3 &uùi

3"Oo (ZrZ16)

2"8O (6?21f)
t:.:::¡

r:t:.'

i

iilr i:rì.l
l.:,:..r,.
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rAtr,E MN

-
Analysis of varíenee Table for slnpre Maln Effeets (spel]-ing scores)

Source ss df Fts F

L. Between SubJects

:... 2. Between A at b, ,l+6 z .ej l2l ir',,,

'- r \6i .= 'w6 
'l

3. Beüween A at b, L.2z 2 .6L Ãt '::: ;, ,

vu ^ øv u2 Lo.é z 'ór €) - .2|,6 
l:,,:,:,',

h. Between A at b, Ì.ot 2 .lrlt [*) = .z!z

5. Between A aù bO r.3t+ z .67 (å) - .z¡L
6. T{íüþin ceIl 657.35 2?6 2 38

7. Wíthin SubJects

I 8. Between B at a, .ggL 3 .33t (,€, _!.7t&

e' Ëiåïi# #"ial 6'1t+2 3 2'ot+7 (lJ =!Q',fix*

to. Between B ar, 3 .868 3 .pg (#) 
=r.ra1l-. AB ' z.y 6 .96 (*) -r.*u*** .,

12. Bx subJ. !r. gr:oups ?9.62 ZAI .I9

* p(.05i F critical n 2.6 (af - 1 êUl)î 3.OO (af * 2ry76h 2.I0 (af - 6rZVl)
'F¡* p(.01; F critícaL = j.?6:; (¿f = i.r17/)j 2.gO (Af - 6t1ül)
'nx* p(.10; F crÍtícal = L.TT (af - 6rÏt7)
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TABTE EI.EI/EN

correlatíon Matrices for the Three Treatment Groups (firit¡metre_,)

Treatment I

l. pre I
2. pre 2

3. post

4. ret

C.A.I. group 1

1 (pre 1)

1.00

0.90t+*

O.9l+xx

0.87**

(math)

2 (pre 2)

1.00

o.gorÉ'É

0.82åex

I (post) 4 (ret)

1.00

o.g|xx 1.00

.38 df (24)

.49 df (24)'
r
r

'x
1åÊâê

P <.05
P <.01

critíca-L =critical =

lreatment 2

1. pre 1

2. pre 2

3. post

4. ret

c. A. L.

1 (pre

1.00

0.tl*l*

0.91xx

0.90*r"

group 2
1)

( spelling)
2 (pre z)

1.00

o.gzxx

0.85xx

3 (post) 4 (ret)

1.00

0.91*tr 1.00

¿Ê P <.05
åÊ* p <.0I

critical =critical =

r
t

.38 (df = zL)

.49 (df = 2b)

Treaùment J Non C¡A.L. group

1 (prel) 2 (pre z) I (post) 4 (ret)
1. pre

2. pre

3. Post 0.95*t4 1.00

4. ret O.95xx O.g7++ .ggrx L.OO
*
*rÉ p <.01 r critical = .l+9 (at =24¡

I 1.00

2 0.94JÊ'( 1.00

o.g6# ì::..:

r 1,1:: :: :
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TABLE TI,{EL]Æ

. ,'
,:'correlatíon Matrices for The Three Treatment Groups (spe11ing scores)

Treatment I C.A.L. group 1 (math)

1 (pre 1) z (pre 2) 3 (posr) 4 (ret,)

!. pre 1 1.00

2. pre 2 O.g7xx 1.oo

3. post 0.87xx O.BBxx 1.00

4. ret, 0.81x+ 0.87** o.g3xx 1.oo

tÉ p<.0J r critical = .38 df (24)
** p{.011 r criticaL = .49 df (24)

Treatment 2 C.A.L. group 2 (speLling)
1 (pre 1) z (pre 2) 3 (post) 4 (rer)

1. pre 1 1.OO

2. pre 2 0.94** I.O0

3. post O.gy# 0.91# 1.OO

4. ret 0.94*x O.9Zxx O.9gxx I.OO

* '-p;.ø r cïitiõd J''.3Bldf "= 
zh)

åêàê p <.01 r critícal = .49 (df = 24¡

Treatmenù ! Non C.A.L. group

I (pre 1) 2 (pre 2) I (posr) 4 (rer)

1. pre 3- 1.OO

2. pre 2 0.94*rÊ I.OO

3. post O.9O** 0.92# 1.OO

4. ret O.gZ** O.g|** 0.96# 1.OO

rÊ po<.05 r critical = .38 (af = 24¡

+tÉ p{.01 ncritical =.1+9 (Af =241



grade
level
i¡r
arithmetic
(year &
months)

6.0

5.8

5.6

FIGÌ'RE !ìilo - BROTIP MEAN GUBqES FOR ART?HIIEITC

5rh

5.2

5rO

,1.8

h.6

4.b

l+.2

l+.o

pretestl lwk pretest2 Jmonths

C.A.L. Arithnetie

C.A,L. Spelling
I/ Non C.Â.L.

post test I weeks retention



grade
LeveL
fn
spelltng
(yean &
months)

óoo

5.8

5"6

5.1+

5.2

5.O

,s.8

h.6

h.4

l+'2

l+"0

0

FïcunE THREE - enqrp MEÂM{JRmS FOR SpBLtINc

pneteet lL

,CoA.Lo SpelLtng
a

e
.4"L" Arlthmettc

pretesib 2

,Îüon-CoÂ"L"t
¿

post test

l
I

I

i

i

i

j

i

I
I
I
I

i'

I
I
li
lr

i{

i¡

il

lì

ii
I

ij

ij
il
ií

::.¡
t:"
';ii

retbentlon

\o
\¡ì
c
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CHAPIER W

DTSfiISSTON AÌ{ID CONCIUSTO¡{S

The findíngs preseûrted in thrs study have shourr that: r) pupils

with leanolng probS-ems ean marnge the use of the cornprrter terminal and

0.4.t. wLth very liütLe help from others, z) e.A.L. is a promlsíng neans

of individualtzln$ instnrction, and 3) Erpile trith learning probLems were

able to lmprove their basle skillg fn boüh ariühmetic and spel]-ing throtrgh

ùhe use of C.A.t.

For easy reference the research h¡pothesis is restated below:

If three randornly selected groups of puptls wiüh Learrrin!¡ problems

reeeived a regular classroom lnsùruction i¡ mathematLcs rand l_anguage arùs,

and jJ two of the groups received additionar heJ_p via c.A.Lr ¡ otr€ u?*u
basic arithnetic sltlllg and the other dolng spellång through 0.A.L., then

there wll.l be signifleant dlfferences between the three groups ia
achievenent over time in favor of the C.A.L. groups for both arithmetle
and spelling as measured by standarrtized achievernent.tests.

Sl'nce no slgnifi.T* differences !üerê found between the erperf-mentaL

and contnol group meansr (between the means of the l-eveLe of faetor A)

ilull EJæothesi.e (f) was accepted for arithmetic.

Becaused the signÍfícant differences obsenved over tùne (between

the means of the levers of factor B), Null- Ilypothesis (2) wa.s reJeeted

and the Alternaüine Hypothesis was aecepted at the .OlL level of signífieance.
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The Newman-Keule probing technique was used to find where the sÍgnlflcant
differeneegoecurred.Restr1tsfr.omthistegtindieatedsignifÍeant

differenees betvùeen pùetestr2 and both ühe post test and ¡etention test,
at ühe .01 level. AlEo forurd was a lesser degree of sígniflcant dlfferenee
bet¡reen pretest I and both the post test and. retention test (i,e. at
the .05 level). These rezuLts Lndicate that learníne (and retention
of learnÍng) took place in arLthmetic over the four nonth experlmental

períod.

The reeuLts obtained vrith respect to Nur.r E¡gothesfs (3) showed a

slgnifieant int'eraction effect at the .ol lever. Therefore, IruJ.l

H¡ryothesis (3) wao reJeeüed and the Â,lternative H¡pothesf.s, that there
were signlftca¡rt differences between the experínental, and eontrol- group

tieatdent effects over timer was aceepted. Accorrùingly, tests for sirnple

ne*n effects were performed,

The results fro¡r the teEts for simple maÍn effects showed signlfícant
d'ifferenees over tine at the .01 l-evel of signiffeanee. on anlthmetfc

seorest neither the C.Â.L. spel-Ling group non.the non-C.Â.[. group shoted.

any slgnificanËe aù the .05 level. Therefore, the C,A.L. arithmetíc group

sbowed stgnlfieantly greater gains on arithmetie measures than did the
other two conparison groups (c.A.L. sperling and non-c.A.L. groups).

The slgnificant dLfferenee over time was, therefore, attributable to the
gaf.ns made by the C.A.L. arithnetic group.
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The results obtained for the spelling analysls are ühe sane as

èhose for arithnetlc except in the case of h¡zpothesis (3)"
sj¡rce no slgnificanÈ differences wer^a fo¡nd bet¡reen the experåmental

and cont¡¡ol group meansr ìIuL]. Hypothesi* (r) was accepted, for speLllng"
Because of the signíficant differences obserrred over ti¡oe, *rtt

HJryothesis (e) was rejected and the Ârtemative H¡ryothesis Has accepted

: at the .ol level of sígnificaneeø This resr¡-1ü lndicates that 1earrring
took place but does not indisate where the differenees oeeurred, The:

Newnra¡¡d(euls probing technique revealed that dtfferences existed betrveen

signifieance' Alson the same degree of sigrificant differencê was

. sho¡m betweefl pre test 1 and the post test" These resmlts Índ.icate that
learnlng (and sorne retention 3-earrring) took place in spell-ing over the
four month experd.mental per{.od o

' The rezults obtaÍned for HypoühesLs (¡) ¿ra not show signífieance
aü the .or or ;05 leveru Therefore, lfulì. Hypothesls (r) was accepted, ì

for sínple main effects !¡ere performed for descríptive pr¡r?osef*,ly.
BesnLts obtained reveared ühaè neither the coA.L, ar{.thmetic, nor the

. Rorl-C'A'Lo Sroup attai¡red arry significant gaíns over time" ?herefore,
the c.Â.L" sperling group attained greaüer gains on sperting scores

i than did ühe other two compari.son groups (c.é..L. arith¡netie and non-c"Â,L.
group)' The dÍfference over tíme was therefore attributable to the
gaJ.ns made by the C.j\.L. spelS.ing group.
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ït is lnteresting to note ùhat in sperlÍ¡ng, the spel_llng group

dropped .$ months, whl.le ín arithn"tfc, the arithmetlc grgntp dropped

only .C2 months d"ti"g the retention period. This is an indication that
..retentionof1earni.:rgwasgreaterforthec"A.L.ar1thmet1cgroupÍn
t..

anith¡netic eompared. to that of the C.A.L. spelLing group in speJ.Iing.

This may be etçIained, in part, by the fact thaü the a¡{.thmetlc dr{Lls

t,, were of better quality tha¡r the spellíng d.r{.11s. ii,.,,..,.,,,-,
, 

- 
,ttt,t',.,t 

,t,1

Results of the correlational data showed that the gains in achievement

,', were consistenü rithin all three groups over the four month e¡roerirnental l,',,.....',',':

period.T}reintercorre]-ationsbetweenpretestlandoosttestand'

retention test for both ari-thmetic ard snelLing scores were not signlfieantly
I

i ¿igferento This is indicative of the equality of n¡sflisabiltty and reliabiLit¡r 
i

, of both pretest :L and. pretest 2" .The scores in both arithmetie and spelllng 
l

i

, 
t*ued- to deeline slighùIy from pretest I to pretest 2. This result was ,, 

i ,

, expected beeause the subJects seemed to be more anxious for pretest I than j

:l for pretest 2e which may have caused sllghtly inflated scores for pretest 1.
Sincetheywereobsen¡edtobe1essanxiousduringpretest2,,bheresu1ts

ir:'

,',i of this test would be more relLable. l."'.,'ì,":'''''

': it" tt 

"t" 
t 

''" OveraLL, the study has indicated. that puplls with learnfng problemg ca¡r ,,,,,,.,,;,,,,.,,1,--_-- t-r- -v\A.¡+¡¡6 lJ¡vu¡s¡¡¡g

make signÍficant gains in leanring in the baslc skills of aríthmetf.e and .

spe1lÍ¡g.. .â. conparison of group. meen scores from pretest 2 lo retention

,,ì test shows an overall íncreas e of 5.3 months for the arithmetic gro¡rp : 
i,,,1;,,,,1,, ;,

. i i.:,:.:..-:-.-j

onarithmetíeScorescompared'toa2monthincreaseforthespe11ing
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groupr and en 0.5 lnerease for: the non-G.A.L. group. sfrnlr-arly, on

spelllng seores, the C.A.L. spelling group inereesed 4.g months whiLe the
c.a.L. arithmetic group inereased J-.g months, and the non-c..a.L. grouD

íncreased 1 nonth. .Analysis of these fÍgures indieates both edueationalLy
and staüistlcalLy significant gains ln learning.

General Conment

For pupils with specÍal needs, many studies have Ehovyn that C.Á..L. eaþ

effectively and significantÌy inerease the emount of learrrlng eogpared to
reguLar cl-assroon instmction al-ong. The present study provides nore
posltive evldence in this regard and. imptÍes several eoncluslons relevant
to the educatlon of pupil.s wlth learrrl¡g problems. Elaboration of thie
poinü wilL foLlow in this section.

the use of c.A.L. tn arÍthmetic and spelLíng provlded many nspin-off,

effects. the pupils seemêd to find the G.A.I. drL1le more interesting
and enJoyabLe than othor type of dril-ls. Maqr students wou1d often eheek

in the computer room to make sure they woul-d noü be denied üheir turn
on the computer.

Sone teachers cormenteê on the inproved aütltudes of many of the e.A.L.

PoPLlsr both in tersrs of Lmproved behavlor ln cLass and also in terrns of
better performanee in other subJbet areas as wel-l-. A deseriptive

lndLcatlon of this is provided by the fact that the ar{.thmetlc grourr dld
better 1n spelling than the non-O.A.L. ßroup (1.8 months inerease eornpared

i

i to I noath)r and the speLling group díd mueh better in anithrnetf-e achieve-
ment ùhan did the no¡l-O.A.L. groupr (2 nonthe fnerease compared to a 0.5

month íncrease).

t::-:i .:i'
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Âl-so¡ C.A.L. prrpiLs showed signsidf improved abÍlities to attend

and to concentrate 1n other subJect areas cornpared to aø¡ C.A.L. p¿pils.

Ì{any C'A.L. pupils improved ia arithmetlc and spelllng beyørd expectations.

For exanp3-et 17 C.A.L. puptls showed inereases in anithmetlc aehlevement

eompared to It from the noa C.A.Lo sroupr simflarry, in spelling pI

puplls mad.e galns eompared. to 14 in non C.A.L. group. Graphs and tables

showLng these comparlsons ean be found in AppendÍx G.

C.Á,.L. puplLs also increased their effieiency ln terms of tlme needed

to complete ùheir work. rn general these prrpils were able to work

much faster artd with greater aeeuracy on the conrputer as compared. to
other forms of dril-L (paper and peneir - worksheet drille). on ühe

average, ten to twel-ve ninutee r*ere used on G.A.t. compared to abouù

twenty minutes needed to do a simll-ar amount of wod< in the elassroon.

0.4.L. provlded a eonvenient means of inereaslng the attentl.on þtrren

üo ühe indivldual needs of pupils for dr{.11 and praetiee. probably none

couLd have been gained 1n ptrptl acbLevement if the teaehers would have

taken advantage of the C.A.L. drirls to analyze where the problerns

¡fere occurrf.ng. unforbunateLy, the opportrml.ùy to use the results of
c.A.L. as an information system re pupil-sr speciff-c weaþesses was not

always used to mqxitmm advantage. Thi.s was maLnly because of Íne:çerience

with the systen and Lack of coordínation ¡rith other teachers.

Coincidentlyr the pupil supervisors nay have been helped in terms

of theír Job assignnents. Man¡r were observed to deveLop better attltudes
to thefu orcn school work and responsibillties,

I

l

1,.::-!:
lit -ii:; r:
t:--.-.:,:i:
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Alsor it should be noted that the rregul-arr lnstrueti.onr available
at Central lüo¡th SchooL f.s not reall.y regular in the traditional sense.

A high degree of individualÍzation and remed.ial instnrctfon f.s earried
out using innovative nethods and sophisticated teehnologies in the

mathematies and neading rabs and ln the cl-essroom as welL. These

techniques are considered to be Eriüe effecüive in theLr own night. ûr
a yearlly basis many puptls make aehievement gains Í¡r excegs of one yea¡-
a resul-ù whleh is contrary üo their past per{ormanees in prevLous sehool-s.

therefone, this factor, coupled wlth the suceessful use of c.A.L.
conblned l¡ sone cases to produce verïr dramatie ínereases Ín aehievement

scores.

The present süudy hae shown slgníflcant benefits of c,A.t. in the
subJect areas of ar*i-thmetic and spelling for pupils ¡rith speelal
educational needs. Althorgh drll-r and praetice Ls eonsl-derecl as essential
in the process of the mastery of basfc sk11ls, it has been suggested that
l"t no Iørger needs to be boring or unnofi.vatíng. sith the aíd of c.Â.L.
naster"Sr of these important basle skilLs 1s no longer a maJor stumblLng

block for special-need pmpils.

This study has al-so heLped to point out sone areas where ímprovements

were needed. In arltbmetlc nore prograrns were needed l¡ tbe topics of

i fractfonsr decimaLs, equlvaLenù fractlsne, fractJ.on and decinal equival-
ents¡ wor{' problens, money problems, pereentage problems, and measurement.

r.:-
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rn the area of language arts, m¡ch more work was needed. to dLveloo and

refine exlsting programs'not only in speIlÍng, but in grarnmar, punctuation,

a¡rd other toplcs. MosÈ of these improvenents have been made sínce the time
of the exper{'ment and presently exist qr the corrptrter systen. Maruals

doannenting these programs are norr available (see Appendix H). programs

cot¡Ld also be expanded ín order to offer basie skills eurrlculum to at
leasü the eighth grade t.er¡elo

Studies 'of 0.4.L. in the futr¡re should, be conducted to comÞere C.Â.L"

to other t¡4pes sf insùnrction not usually included in regular elassroom

]instrtrctíon.For"**pr"¡stud1esusingcont,ro18"oul]sengagedinarr
actitrity approach to mathematics or computational ski11s Taught vÍa
televÍsíon, or hand ealuculators would, fu¡ther our understanding of the
effecùivenegs of other newer technoLogies as we1L as cóA.L3

oùher future direetiqrs might i¡clude some of the fo]-lo,¡¡ing reconmendatLons
'for C,A.L. studi.es involving nrnils r,rith learning oroblems:

' t) sirmrfation, gamer and tutsrial programs in other subject areasl

slleh as soclal studieso health, science and guidance should be developed"

Provlded' thaü the read.ablllty of the program ls earefully eontroUø,
bfgnendOUS ¡oten' naan#a r^rlr.tat¡ ^rthere ís trenendous potential, to teach coneepts which et one tlme were

consídered too dÍJfieult for pupils wÍth learning diffículties.
) A more comprehenslve C'A.L" proJect r¡¡ould be the d.evelopnent of a '

' nülti-media approach using ar¡dio-vlsual techniques in conJuncùion wtth and

i *der direcü controL sf the c.A.Ln This could.-aLso include the use of a

sophistícated' Ínformation storage and retrd-eval systern to aid. the teachers

in maintaining and using pertfurent student reeorrcs, student data could be

made availabLe daily, or whenever neeessary. Automatíc record r<eeoing woul-6

1...ii.
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then assist ln the continuous re-evaluation of student progress for the

pr¡ryose of systematic diagnosis, preser{-ption, and remedial branchlng

strategies. Equipruent to funplsment this Is presently avall.able but laek ef

fi¡nd.s prevents developnenù 1n this areac

3i *"""och ls need.ed. to look into the relationship between mottvattonr,

behavior, fu"rning, and. C.Â.Lo

,+) C.A,L. stud,ies couLd be devised to cornpare the effeetiveness of

C..A.'L. using curriculum based on leartrí¡g hlerarchLes, such as that of

Gagne, compared üo C"A.L. using sther strategies.

5) High powered tutord.als, or tutoríaLs ln combínation Ì''lth other

t¡¡pes of prograrnsr are necessary to help puoils increase their conrprehensf.on

abilities-particularþ in both key subJeets of rnathematlcs and langu"g* 
"rt".

:

6) The concept of C.A.L. could be expanded to include the ldea of

computer assisted diagnositie testing, Tncluded 1n this tyTe of application

, would be tests to determíne grade leveL in specific subJect areas and

entering behaviors previous to ínstmcti.on. AIso lne}¡ded would be
:

diagnostics into different t¡¡pes of learnÍng defÍclts or disabiliùies.

i Development and study in this fteld may pay dlvidend.E i¡ the future.

Limitations of the Stud.y

As has been nentioned earften, a closer superlri-sÍcm sf the ptrpllsç

. progress and drilt problems belng used might har¡rg increased the effeetiveness

of thelr CnA.t. exper{.enee. No att,empt was made to ceorrlí¡ate classroom
ì l:ì.

:-.

' toplcs rvlth the topl.cs being drLLlect using the C.¡..L. Fur-ther effÍciency was iì:

someti¡nes saerificed Cue to laek of sunervision and contingency planning on

the part, of the exoerlmenter, the Jobs done by stud.ent volunteers in getting 
,

thesubJectsfromtheinc]-assesto1ogqiIgnrocedur"",,"u"".extreme1y
1 :'.:.'..

importantr æd on the whole were carried out r.¡e11. Horvever, even better i;;¡
' ll'

1
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resul-ts mey have been obtained uith more consÍstent and careful sunerr¡ision,

preferably by al:teacher or adult who could. calry out such a function on a

fuIL tirne basis.

It can not be over enphasized. that the Job of proctoring and snrpervlsing,

perfornred by the student voh:nteers, was extrernely criticaL. This lndicates

the necessity of prorrld.Lng and maíntaining a positive lrunan conrponent in C.A"L.

proJects. the process of earefully reErlating, suoervisingn and nonitorírrg

, the sysüem is absolutely essenttal to the attaínment of positLrre effects throtrgh

C.A"L. It is therefore a Ii¡nitation of this study that no data was collected
i otr what effects the supervÍsing had on the student supenrisors themselves.

It is also an funpltcetion for future C.A.L. researeh that human factors such

l ." invoLvement and planning on the oarL of the experim"rrt"", superrrision

, by proctors, and careful study and. control of human interactions durirrg the

eour"se of C.A.L., are of prime importanee and have a definite effect on the

: outcome of exlperímentaL researeh.---r--

another limitation of the overall study was the fail-ure to Í.nvolve a
: a

fourth goup which could have performed an operant task unreLated to C,Â.L.,

süch as drill and practiee. provided by peer tútors. Such an extenslon would i

harrc supplied vaLuabLe comparatLve data a¡rd helped to eontrol more ful1y for
the llawthorne effect.

Su¡nma¡:¡' and Conclusions_

the daÈa provided by the Ârr"ty"r" of Var"i.ance for both arithrnetic and

I spetJ.íng indicated that Null H¡ryothesis (1) should be accepüed. Therefore,

it was aceepted. that there ïrere no stgnificant differences between the two

e:iperimental groups and control grouo meens for both arith¡etic and spel1Íng.

i



Significant differences vrere for:nd or¡er time between pretests ærd,

post testr and retention t-ests. Therefæ", ,*, H¡roothesis (Z) was

rejected for both arithmetic and spelring, Post hoc analyses usíng

Newrnan-Keuls probing technique reveaLed d,ifferences betlreenl pretest (Z)

and the post test and retentLon tests for both arithmetÍc and spelling at

the "Oll level of signifLcance. Also fo¡nd were dlfferences between pretest (1)

and post test for spelling at the same Level. Lesser diJferenees were

found betweem pretest (f) an¿ post test and retention test for arithmetic

at the "05 Level of signifieance"

Nu11H¡¡poühes1s('3)wasrejectedforaritthrneticbutaccentedfor.

spelling. Besults of tests for slmple maÍn effects ind.icated a'signlficant

treatment effeet for ühe C.A.L" arithmetLc group on arithmetLc scoresc It
gasther"eforelnferredthatthere+leresignif1cantgainsinaehievement

scores over time in far¡or of the C.L.L. arithmetic group compared, to the

C.ÂnL. spelling and non-C.A.L. groups.

Results obtained from the eonelations indlcated that the gaLns in
achievement Y¡ere consistent nithin al-I three groups and that pretest I and

prefest 2 were equally re]iable since they were highly cor:related.

The urai¡ obJectives of thls stud.y have been realized,. A eomputer

assisted learning system has been establlshed and, has oroven to,be suceessful 
.

in the remedlatlon of the basLc strllls of addttíon, subtractlon, nnrtttpticatLon,

div5,sion, and spel1lng. Á, greater degree of ind.ividualizatLon of insùmctim

is presently being enJoyed. by the most needy prrpffsr, ,n*" to the

expansion of the instmctional- prograns l-n this proJect.

Alsor j-t was found through this study that C.A.L" is an effectlve af.d

in drltl and practiee routines in both arithmetf.c and spelli:rg f9r puolls

rrith learning problems. Econornically, this application of C.À.L. has proven

to be feasible (see Arpendlx f). EducationallJ¡r the data suppor.bs the

10L.
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contention that our C"A.L. halped to groduce sígnificant gains Ín aehler¡en¡ent

in both arithmetLc and spelLing, It, is believed that because of the sustalned.

enJoyment and high leveLs of interest and motivation to Learn r¡ia the cornprr*

ter, and because of the conti¡uous feedbaek of positive results, nany of the

pupi3-s who receLved C"A.L. were able to gain feelings of aceonplishnrent and.

success a¡rd therefore, gained beneflts of a highly personaÌ nature rel-ated

to lncreased feeling of their o!{n self wortho

The future of comprters in educatLon seems to be filled with prornise.

Some peopLe, however, have argued that with the advent of the.computer,

the school will" become less hunane and more Lmpersonal" AIso, some er{.tLcs

have charged that schools are beconring increasíngly iúeffectlve in the Job

of teaching, Ifr in the futureu tlre comErter can be made to take over some

non-productLve aspects of teaching, then the.teacher rnay be freed to lnter-

act nore often and more usefully,r^rith pupils. !y allowing teachers to soend

more ti¡ne discussing, explainÍngr answeríng grrestions, diagnosing and

prescribÍngr the computer lri-1I? in alL pr"obabll-íty, be a trenendous aid to

f.mprove a1I aspects of educatl.on for teachers, administrators? *d pupiLs.'

The truman elenents of prrovid,ing an ovenriew, making decisionsr and sharing

emoüíons such as entlnrsiasme encouragemernt, and carf.ngs can never be replaced

or el-ini¡ated. fron the Learning process and can be enha¡reed by the car.efr¡l

application of compnters to education.
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APF11TJDIX A

TÂÌïE THIRTEFjI¡ - Sunmary_Profil-es of SubJects - Group I

SU&'ECÎ I?;ST/ GRÁDR LÐ'TEL
DATEÆA MATH/SPELLnIG

TYPE OF
T)ÏSABTIÏTY

I

2

3

*

5

6

7

I
9

l_0

l-1

u
13

14

T5

16

L7

18

1g

F

F

M

F

M

!.1

F

M

Þt

F

M

Ì,f

M

F

F

Ì4

F

Ì,f

F

14

14

r.5

16

r4

14

u
r.6

L5

16

l-6

l4

12

14

15

14

15

16

v

tiisc
6?hü3

0ùis
6e/e5

OtLs
68/s549
l,Iisc
6e/6t
Wisc
6slro
l{isc
?L/go

Otis
7o/?3

7o/67
I{isc
?!so
Oü1s
67/s8
l,llsc
69/Lcrj
Wisc
?o/73

Otis
69/Lo5

I,llsc
72/8t

7t/ss
Wisc
72/s3

Wisc
7z/n
Wlse
72/s2
Wlsc
7o/6e

Obis
?2/s2

t+.3 / 5.o

5.6 / j"o

63 / i.j

3.o / t+.o

3.9 / 3.6

b.3 / z"z

5.L / 6"0

5.3 / I+.o

3.8 / L"8

t+.5 / 5.9

5.2 / 5.9

6.0 / 5.5

2.L / 3.t*

t+.6 I j.o

5.9 ! 7"1

5"6 / 6"6

6.t,, / t.a

7"7 / 5.6

5.9 / 5.9

1,8 ,/ r"8

4.9 / 6"7

E.P.'*

E.P! /L.D.X

L.D,./5.¡.*

E.M.R.Æ.P

E.U.R./1.0,

L.D.,/s.L.

E.P, .,/ S.L.

H.I.

EoM.R'

8.P.,/L.0. /s.L.

L,D../S.L.

E.P./L.D.

8.P,./S.I,.

E.P.

s.L. ./L"D..

tîÞ
LJOI a

S.L. / L.D.

S"L. ,/ L.D.

S.L. / L.D.

E.l,l,R.Æ"P.

L.D.

I

i .:- .:

l -.i:': ::i:ì::i:i.. i

i.r'::':.,.;t.":,
l" '' "'
t{

17

t5

F

M

20

2T



APPEI{DIX Â (cont?d)

Summg¡r Profileg of SubJeets - Group I (eontrd)

SURIECT TEST/
DAItshA

GRATJE LEÌ/EL
MAITI/SFETLTNG

TTPE OF
DI,SABII,TT"T'

M

M

F

22

23

2l+

14

v
16

Obis
6e/e?

I-T
72fiT
Otis
72/S*St+

6,á6 / z.o

5.3 / s.7

tr.? / tn.3

L,D.

s.L, /L.D. ¡h.p.

L.D. !/ F,.P"

i.:.:

:

.,.-:,...,t.:,

i::i i::; : i ìr' :
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APPE¡IDD( A (cont,rd)

Summaqf Profiles of Subjeets - Group 2

SUB.TECl TESÎ/
DA'.IF,'/rg

GRÂDE IXVET
MA?H/SrurrnrG

1YFtr OF
DÏSABTLTTY

I

2

3

l+

5

6

7

I

9

10

11

t2

L3

)J+

t5

ú

17

18

19

20

MT7

L5

L5

L5

7l+

L6

t6

16

14

I6

L7

13

L5

14

14

u
t2

l_6

t5

16

ÏfÍse
7oho5
Otis
6a/sz

Wisc
7z/s5
Otis
7o/80
0ù1s
7t/st
0ùís
6z/se
Ifisc
6s/sr
Itisc
68/s3

ObLs
7o/stn

ïtisc
6e/6r+

Wísc
6s/tz
0üis
66no
WLsc
66/ze

s. B.
6t/go
Otis
6gltos
l{isc
6elgz
hlisc
73/s3

Otis
7t+/sr-gt+
Otis
6s/st-et+
otid
6e/td

F

M

F

F

t'{

M

M

F

M

F

M

F

M

M

F

M

F

F

M

g.o/7"O

l+.2/5"8

3.9/5.t+

3.5/5"5'

5.?/6.I

5"9/5.o

?.7/3.t+

5.1/4.9

I+.9/i.g

3.r/3.6

3"8/4,6

2.9/3.o

3.8/2.7

3.O/t+.o

In.8/j.T

6.L/5.6

5.3/6.3

5.2/4.7

,.9/6.1

h.ln/3.9

l;.:I.: r'-
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A]'PEÌ¡DÐ( A (contrd)

Sunrmary Profiles of SubJecùs - Group 2 (contrd.)

SUEECT SEK AGE ß,ST/ *GRADE T5VEI TTTN OFÐATT'ft} MATH/SFELTTNG DTSABTLTTY

2L M u itl|r 3.8/4.3 n.M.R.

22 M L5 I+.9/5.j s.Lr

23 M 16 iii;* j.3,no L.D, rE.p.

?J+ F 14 ii:n' 3.9/2'8 s'L ' /L'D',E'P'

ii..r
i..

i :..:'

l;:,::::;;:

i,::
ll
l:.



726.APPEIIDD( A (Conttd. )

- Group 3

SUBIECT rnsr/
n¡rn/rq

AGE GRADE LEY]IL
ultHs/sru¿rnrc

ÏYPE OF'

DTSÀBTLITY

I

2

3

4

6

7

I

9

10

1l_

t2

L3

14

75

t6

t7

18

l"l

tf

tÍ

F

M

M

M

F

F

tf

F

l.f

M

M

M

M

F

F

16

16

t5

r4

15

16

14

t5

L6

T7

16

13

14

t7

16

L5

$

16

r6

15

Otis
?o/95-ror+
Otis
6s/Loo
L.T.
72/87
Otís
6e/ss-tos
Itlisc
6s/ro
Ifisc
6z/to
I-T
?r/ss
ûtls
6s/sr-gt+
Obls
67/so
Wfse
6e/rz
Wisc
77/6t+

Ifisc
?o/sd
s. B.
66/6s

L?
?2lsz
Obis
6s/q*ss
[^lisc
6s/lor
Wisc
ToAos
Wisc
67/srn

7.!/ j.7

7.t+/5.5

3.5/t*.8

7.L/6.g

5.6/7.9

l+.2/L.t+

5 "l*/to"7

6.4/7.o

3.9/5.2

3"1/6.0

1,9/]-.9

2.9/2.4

2.9/3.O

3.a,/2.4

5.0/3.6

2.9/3.2

3.6/2.5

tn.6/i.3

6.t+/j.5

f 6/z'6

11.

1.''-.-l'.
1.,-,-'i i:.:.

ì-
l:-'.--
i_: . t-- i

a:.:::

:--:'.

i.-.:..

Obis
6e/e5

VLTron

F

t4

19

20
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APPEIÌDü A (Contrd.)

Summary Profiles of Subjects - Group 3 (Contrd.)

SUB.'ECT rÛsr/
ÐArci/r8

GRADE LET/EI
MATH^S/SPEtLING

1YPE OF
DISABILTTT

2l

22

23

2l+

M

M

M

M

u
JJ+

14

l4

0ùis
6s/gc,-.sq

Otis
6;g/augh
l{Lse
6s/Loh

6g/::oo

?.tn/6.6

6.h15.o

5.8/5.!

5.3/6.t*

8,P.,/s.r.

S.L.

E.P.

ErP.
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LEGENE:

ÂPFEhÐD( A (Cont'd,)

E"P. - emotional problen - C.G.C. referred

L.D. - speelfic learning disabtlity
SoL. - slow learner

Dys - Dyslexia

A.D. - auditor.¡f pereeptuaL d.ysfunetion

V.D" - visual- perceptual- dysfunction

S.I. - speech impairment

H.I. - hear:i.ng impairrnent

V.f. - visual impair.ment

E.M,R.- educable mentally retarrded

.,.''.
l-:'l':'.r".i , !r:l:
l

lr-r.:ri
i::: '; 'l
t'.
l:

l
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APPE}IÐfi B

SAMPTE COþÍHITEB PBOGBA},ÍS

lÌ.
l:.

l:.:':::'.:, .
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13O.

PRü}RAM AI]DSAN
%

DESTRTPITO}I:

Drill- in addiüion for rnemediatLon. Student can do I-LO randomLy- .:

generated probrems. There is a ehoice of ho'ø manl digits (from 1_5) in
sach number and hor'r many numbers (from 1-5) the student needs practf.ce

in. Students must enter the answer to only one colurrr at a time. Thís

answer is irroecliately checked ar¡d anoüher try or a new problem is given

if the answer is not coryect, The number of problems wanted at the
begÍnning of the program ls the number of problems the student must

answer correctly. ff the student gets one problem wrong then he v¡íIl
be given one e¡*ra protrlem etcetera"

OBJECTTYEÞ:

L. To give the sturlent practLee ln adding

2. To glve the student practice fn earryíng.

3. To give the student practiee in adding numbers by colunn.

I.NSIRUCTIONAT" CONSTDERATIOI\IS 3

For stud.enüs at ühe eLementary reveI. Time required. to do 1o

problems is approximately 20 mj¡lutes,

Student should lanow ho¡* üo add within the range gf-ven to him (her).
The student should also be familíar r^rith the concepü of "carryíng,, c

rf more than trvo numbers are gJ-ven then the stud.enü shoul-d be familiar
r+ith ad.di¡rg columrs of numbers"

i

i,:.:::
1,:-- ':.i: : _

!.-
1...
1--

i. ::r,':,'':'
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)

"áÉÉsfiÉfiåeçI¿rÇÍnËfu,PASShIORD

trFffiFHfEF' 7 Øs rry
EFCoVER ./Sf STEM: BAst coLD¡ NEI,J, oR Ll e rfLE: oLD

[åh&NAME! ADDSAN

RUN

7n/øz/29.. ll.24.lg.
PROGRA.M ADDSAN

SELF CONSTRUCTED DRI LLS I N ADDI lI ON FOR FEII¡EDI ATI ON

Hoirt MAtüf PRoBLEMS (FROm I TO tø).Do yOU rdANT TO Do? A

Hoh¡ MAi\¡Y NUMBERS ( FROM z ro s) , Do you hrANT To ADD ? z
HOW MAMr DI GI 15 ( FROfil I TO 5 ) DO YOLI tdANT I. N EACH NUFIBER?
DO YOU hIANI AN EXTBA TRY ('T'},OR NO EXTRA Ttr (.NT') ? T

h'I.IAT I S YOUR FI RST NAME ? NORF
h+{AT I s youn LAsr NAME? ri oneñsr.r.¡o

I S THI S YOUR COEEECT NAII1E ? NOBF FI ORENTI NO

HELLO NORF H0trt ARE yOU fOpsVi-
DO YOU WANÎ TO SEE lHE DIRECTIONS? TYPE 'YES' OR INO,,.
? YES
I) ' ?ODAY YOU T"JI LL BE DOI NG SOME ADDT NG P'NOBIEMS.2) , T'JHEN THE MACHI NE STOPS TYPE I N YOUR ANSI.'ER FOREACH COLUMNC ONE AT A TIME.
3) 'AFTER YOU PUSI-( A NUMBER BOTTON ALTüAYS PUSH THEEETURN BU?TON.

û( LET'S BEGTN..O

KRONOS 2.1/397A8Ø

? YES

CORRECÎ ANSI,JER
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77ls2| (+) --'"?'e
?2

?l
EI cHT ON NOFF KEEP Up THE GOOD r*rORr(

t 2 g IS THE CORRECT ANSþJER

97
4t

(+ ) : ----
? I .-

?7
soRtr TFr aani ¡¡'\ ? 3

) ? I
YES TI.ÍAT 15 GOOD NORF

I 3 8 ISTHECORRECTANSþJER

/
q.

\v9) g, s
(+¡ ' ----"'1"4 " "

' ?2
. È'urtrar t ¡rY ataf¡t t\t

? 2 soRmt Tffi,AGAI N

No NoRr You ANShTERED THI s coLuMN tJRoNc. THE coRREcT' ANs{'lER sHoLrLD HAVE BEEN 4 . TBr A NEtr pRoBLFJtto

øø
:99(+)' "'7"s"' '

?e
RT GHT YOU ¡qRE DoI NG FI NE .NORF

ø 9 9 ISTHECOBRECTANSU,ER r

TflE DRT LL I S OVER NORF . YOU HAD 4 CORRECT ANSK¡ER( S),AND I h,RoNo ANSI,¡ER( S) ..

r^{-TH _Z EX?RA TFt Es.THAT GIVES TôÚ -ä'ø;- -PERCENT 
COBRECT.,

\ ?gJgu^gAryI^1o^Dp^Ar\ry M'RE pRoBLEms ToDAy? ANswER
) 

.yESr.OR,rñOa:f-ñO...'. t.ieuuu'.'.)

/.

ì.---':'::'.':

ir::: :: : :

TTÊSe'8HoîoF fiPülN$pÄR FHôfir+8ü ABBflK $BFfr:
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I

i

j

i
I

!33.

)

. RUN

_!71911,"8. t L32.14.PROGRAf4 ADDSÃÑ 
- ..'

SELF CONSTRUCTED DRI LLS I N ADDI TI ON FOR REMEDT ATI ON

HOW MANY pEOBLEtyls (FRom I TO tør:Do you tJANl TO Do? 3
:

í{ot!I mANr NUMBERS ( FROm 2 TO 5) , DO you h,ANT TO ADÐ ? 3

l. ..f

tt,./ t; -. --..

i '',',r,i:::-'HOh' MA^Y DIGITS (FRO''' I TO 5 )DO YOU TdAf{T IN EAC,{ NUMBER? 3 
"'

) 
DO YOU WANT AN ExrRA TRr ( rr.), oR NO EXIRA TRï (.NT.) ? NT i.,'..

WI.ÍAÎ I S ,YTUR Ft RSl NAME ? JAMI E
,I#IAT 

I S YOUR LASI. NAME? FI ORENTI NO

'\ I s rH¡ s YouR coRREcT NAME ? JAÈ¡t E r¡ oap¡¡r¡ n¡o ? yEs
I

HELLO JAIVII E HOh¡ AFE YOE TODAY?

C< LET. s BEG!'N. . .

Jr: " .'
1- - j

i j:;':-

7'7'"
?9

? t ? ø

RI GHT YOU AFE DOI NC FI NE JAMI E
I ø 9 7 . IS THE COFRECT ANS[^'EF

ta::'::-:t'

l¡
l.:
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I
1.1

756.
25Ø'?3e

(+ ) ; ------------.---
?4

?2
?t
R¡ tHT ON JAMI E KEEP UP THE GOOÐ tárORK

I ? 4 5 tS THE CORRECT ANSti.rER

iq
No JAIrll E You ANSh,ERED THI s coLUMN t¡tRoNG. THE coRREei
ANSITER SHOULD HAVE BEEN 5 i. Tmt A NEW pROtsLËM.

.589
9øø
44t'

(+ ) ---- -'-?--ø----

?g73'? t .

] RIGHT ON JAMIE KEEP UP THE GOOD WOFK

I 9 3 ø ISTHECORRECTANSh'ER I

îiIE DRT LL I S OVER JAMT E . YOU HAD 3 CORRECÎ ANSI,,EF( S)AND t tiRONG ANSbIER( S) ¡
T¡{AT Gr VEs YOU ?5 PERCENT CORBECT.

DO YOU qAÌT^TO^Dq.ANï,MORE PROBLEI4S TODAY? ANS{^,ER'YES' OR 'NO.r? NO

Ti-fAt\x< you FoR coMt NG To pRAcrt cE ToDAy JArÌil E.I 'HOPE THAT l,v'¡lLL HEAR FñoM you A6At N sooN.
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PRCGRAI.{ SIJBtrSAN

pESlRIPru0Ìr:

?his proBram provrdes drir-} in subtraction for remediaüion. The

program rand.omly generates oroblems up to 5 cfigit,s Ín the top number.

?he colu¡ørs of numerals are actionerl singly so t,hat innrroper cerr;ríng is
diagnosed irrnediatery¡ The stud.ent conttnues on the orogram until he

has done correctly the nunber of probrems reguested. The numbe.r of
correet' answers is given as a pereentage of the total number of problems

attempted.

OBJECÎTV.ES:

-

l-, To provi-de practiee

2. To provide practice

subtraeùion for remediation"

usíng ühe coneepts of tine and date,

1n

an

ì.'.'
tt:

i -.: r,
t..

ÏNSTBLICIIO}ïAL COIr]SIDERÂTIO}íS :

Instnrction leveI: Grade I to Grade 9.
Time requined. to do 15 prob-lems is aporoximateì_y 10 to 15 minutas"
At the beginning of the program the punil is allowed to choose

to by-pass the dLreetions.



fo

77/ø2/29. 2ø.52.t3"
CYBERSHARE LI f4I TED.

. USER NUUBER:' ?6HAND!i PASSh¡ORD

li6.

KRONOS 2.t/397AE,ø

ruffifñä$ ??, rry
i frË88VT" '/SYSTEM; EAsl c¡ oL-D¡ suBrsAN \

RUN \'-
77 /Ø2/29 . 2ø .54.ØØ.

. PROGRAM SUBTSAN

EDI ATT ON

t,, HOr,' l4A$r pRoBLEpls (FROM I TO tø).Do you tÀrANT TO TR.r ? 3
f\.

HOT.' MA$I DI GI TS ç FROM I TO 5) . DO YOU h,ANT I N THE LARGERNUMBER?, 2

Hol', l'tAtIY DtÊlTS(FRoM' l'To z )Do you t,rANT tN Tt{E sMALLER .

NUfIBER? 2'

rxrie rRy(.NT,) ,?NT

!f.'iAT I s YOUF Ft RsT NAME ? JON
.h,Hât t s youR LAST NAÍ4E? Ft oRENTt NO

I S T|II S YOUR COBPECT NAME ? JON Fr OFENÎI NO ? YES
I{ELLO JON-rHOI¡J ARE yOU TODAY? ,

DO.YOU WANT 10'SEE THE DI RECTIONS? TYPE YES OR NO.?NO

O<JLETS GEl STARTED...

i,
l:

':::
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?4
,Ø3

( -) ----
7t

??
RI GI{T ON JON YOU ARE DOI NG FI NE

2 I TS THE COARECT ANS!úER.

Þ6
42(:) ::.-------

r :'l:¡j ".'?'4 -'
.r ,.. ,î , S.ygs inar.s GooD JoN KEEp up ?HE cooÐ Ì^,oR<.o.
5 4 IS THE CORRECT ANSh'ER.

{, I 6
tø

?8
No JoN Tg-tl! ANsr^,ER r s Nor coRREcî. T¡-fE ANsr{ERs!{oul-D HAvE BEEN I . urg-u¡ftf"r# n NEr¡, pRoBLEíq

.23
ø. 2(:) ' -.:.:,:;:i,:::

?2' ! RIGHT ON JON yOU ARE DOI'NG FINE
. ? I IS THE CORRECÎ ANSIüER.

THE DRILL ls ovER JoN FtORENTINo. you ì{AD 3 coRREcT
ulol*8 il$rå*?oüoor r',FãtËfi rt8åHf;;r,
Do You |¡JANT To Do ANy moFE pRoBLEryls roDAy? TypE yEs oR No?NO
ï{AtrX( yOU FOR COrdt'NG TODAY JON .
I.HOPE THAT t i^rtLL SEE yOU AGAI N SOON. ,

i.:r'..,:...-r
I .' '' :. ':.'
ii'' '. :'1 I''

i
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PROGR.AI,I },ÍULTSAN

DESCI¿IFTI9N:

MtrtrsÁÌü ís a dri1l in m¡r-tipricatíon, The stude-nt can do from
L to 10 randomly-generated problems. There ís an ontion for the number

of digits (rrorn L to 5) in the number to be nnrltirrlied. Ârso, the
student has the choiee of rnrltiprying try a fixerr constent (a sins-le_
dig:it number betr¡een 1 and 9). In each problern the answer is to be

entered one colurmr at a time, fron right to 1ert, Just as if the
student rvere worlçing it out on Daper. HLs ansr¡¡er is ehecked after
each answer. A1so, for every qtrestion ühat the student ansrrers

wrong'anextraquestionisgiven,l.'e.ifyouasked'for3grrestions

and got 1 wrong, you woulcl be gírren /¡ o¡estions altogeüher. At the
end of the drÍ1I, the studenù?" 

""oí" is llstedl number of correct
and rrrong answers, a'd percentage co*eeü" Then the student may do

some more problems, if he so chooses.

o9{EcmYEÉ z

1, To give the student praetice in nmltiplication.
2- To progress arong +¡íth the .student, i.e, the difficrrrty of

the problems is based on the studentrs rever of hnowledge.

rf he only knows up to rhe J times-t¿br*, rr" ean be d.ril.r-ect

on Just that. 
.

3. rf so specified by the numher of ctigits in the toÞ numbern

the drtlI can be used to give the stuclent praet,ice in ,'carrnrÍng,,.

1,.ì :l
:.1 i:::':
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L39.

ryfOGRAM tflJtTSAN (conürd. )

t

tr'or students at the elementary leveì. (Grades 2_l+).
+ student should. be familiar with rmrrtiplying nr:mbers wíthr.n

the specified range, i.e. if a,l-diglt nurnber is to be
nmltlpì-ied by the constant n&r,¡ ühen the student should
have been taught the 4 times table.
rf the top number has 2 0r more ai.gits, then the stucrrynt

should lsrow about the concept of rfcarr.¡ringrr,

'Approxirnaùe run time: 2o minutes for 1o problems.

l:l
t.:



PROGRAI¡I MULTSAN

SELF-CONSTRUCTED DRI LL ¡ ¡¡ r,tUIr¡ PLr CATI ON

HOW MANT PROBLEI'IS (FFOII' I TO IøI DO YOU U'ANT

Hor,r lrAÌsr oie¡rs. (FEoM r ro 5l Do you wANT tN

TO DO? 2

TOP NUM?

ü;.

8fi E9ua'uñNfioõ.9tVUbE[,EhXrE6 flrHAËfD< çRt¡¡srâN¡ ('c')

tr{AT NUmBER (FBOM t rO e) .Do you uln¡¡r ro Mul.lt pl-v sTr i
DO YOU I.,ANT AN EXîRA Ttr ('T.'} .OR NO EXTRA Îtr ( 'N1').FOR EACH PROBLEI'I? NÎ

t'tLlAT ¡ S YOUR Fl RST NAME ? ClfERlL

T.'{AT T S YOUR LAST NAME?. FI ORENTI NO

I S TTTI S YOUR CORRECT NAIì4E ? . CHEFYL 'FI ORENTI NO

DO ,YOE T,'ANT 10 SEE THE DT RECîT ONS? TYPE IYES' OR

G(¡LET'S BEc¡¡ N...
I

? YES
tNO'.? NO

6
3

'' "'?' '8'" '

?7?4
7?
YES ÎHAT T S GOOD CÞÍERYL

2 4 7 I '¡sTHEieonRectANswER

I
.3

| 
_:1_ 

- :-.

Iri-::::.i

i. ':: .1 :

t:.::::-.:-

' i''' '? 7"?s
? I . ''
CHEffiL. YOUR ANSWER I S WRONG.
ANSç¡ER SHOULD HAVE BEEN g .
THIS ONE...

8.ø
(x, .--1--'?'ø

. '?'4
?e

?"irnnlFtc c{EffiL you ARE DotNc wELL

2 9 4 ø ISTHECORRECT.CNSWER

THE DRTLL IS OVER.CHEFTL. YOU HAD 2
AND YOU HAD I !¡TRONG ANSí¡rER( S) . THAT

66,666? PERCENT. 1

.a -.

. .NO¡
' ÎiÍE

TRìI

i::..:;,:
i..t.,.-'

CORPECT ANSL'ERS
GI VES Y.OU
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DTrIDE

DrfiDE is a dritl in division. ?he stucìent can do from 1 to 15
randoraly-generated problems, There ís an ontion of ,,ùether or not clecimals
are to be involved' rf t'he choica is not to nork v¡íth cleeir"r", ,n"" 

- *

the stucent Ís asked to input the number of crigíts (from 1 to g) in
the nrunber that you divide into, say x, Thr-s ls forlor.red by asrcine the
nu¡¡ber of diglts (from r to x) in tt. number that you crÍvide by.
rn r¡orki'ng wlth decimals, there are options for the number of dlgits
and the decimal plaees in both ühe divisor and divídend. The studenü
will probabLy use paper and penci3- to heJ-p him soLve the probrems.
The student gets one try at each problem; i¡- he gives an ineorreet
ansvfert an error nessage 1s printed, foIl0wecr by the correct answer.
At the end of the drilI, the studentrs seore is r.isted: number of prob_
Lems attempted, number of problems eorf,eet, an¿ pereentage. He may then
do some nore problens, if he so chooses"

OBJECTITJES:

1. To give the studenü practice in the dÍvision of integers.
2' To glve the sùudent practiee fn the rlivisfon of decimal numbers.
3- The dnirr- ean be used for testíng rrlrÞoses slnce t,he sturrent

has only one try at each rrroblem. .A.l_so, the nroblems are
different at euety RtJlI,

4. îo help the studenü in d.eaIing.with proper deeLmal a1Ígnment,
i'e' in the problemn l-J w, the student m:st move the
decimal places in orrìer to soÌve t,he problem, t. e. r-5. tE .

DESCRIPTrO}I:



DI1rIÐE (Ccntra.)

t¡tstRucttor¡1" co¡¡smnRar¡oils ?

For students at the elementary leveL (Grad.es 3_6).
students shourd lmorc how to ctivide numbers within the

ra'ger.L.e, if he is dividing a l-dígit number into a

numberr then he should ranovr about ,Long dr-vr.sionr.

lI+2,

speeified

J-{ll-gi-n

rf worlclng wÍth deeimals, the student should k¡row about the
concept of decimal alignment. (see Ob.jectives #b)

Approximat'e n' tíme: 2G'25 r¡i¡utes for ro Þrobf ems.

li.r:
l..r'
1 . ..
lì :.

¡::::
)
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77 /tð2/29. 2l .Ø7 .14.

PROGRAM DI VI DE

THI S t S A DRI LL I r.í P¡ VI SI ON FOB REMEDI ATI ON,

Hl¡ THERE. WHAT tS YOUR FTBST NAME? FRAÌ.¡K

I'T-IAT I S YOUR LAST NAMET FRATü< ? FI OFENTI NO

I S TH¡ S YOUR COHRECT NAÌIE ? FRANK FI ORENIÍ NO ? \lFc

10DO?3HOT¡' MAI.¡Y PROBLEMS (}rROI4 I TO I5),T{OULD YOU LIKE

Do YOU iÊrANT 10 woH< Wl Ti{ DECI MALS ? NO

H0trt lttAl,Iìl Ð¡GITS (FBOM t TO 9) DO yOU TJANT tN
THE NU¡'IBER YOU DI VI ÐE I NTo? 3

:

H-q!.r-¡!ô¡fY Dt Gt ?s (FROm I
MJMBER THAT YOU DI V¡ Og'

I )--. 972
:¡ ? lØ9

THAT I S NOT CORRECT. THE ANSWER I S

THE ÐRI LL I S OVER., FRAIü<.

NITMBER OF PROBLEmS ATTEFIPTEÐ; 3

NUMBER OF PROBLEI4S G0RRECT: 2

PERCENTAGE: 66.6667

) 'DO YOU t^tANî I N TiÍE

lØE .

TO3BY?I

(
89 I

=?99

?REMENDOUS¡ FRAI\K. THAT I S Rl GHT. THE ANS\¡¡ER I S 99 o

, 2 ,'- 268'

=?134

SUPERB, F.RAÌ$(. I34 I S ?HE CORRECT ANSWER.

'a:':a::.'



lI/+"

' WO,TJLD YOU LIKE TO DO SOME I'IORE PROBLEMS ? YEs/
/ow memr pRoBLEùrs (FRoM r ro t5) - nouLD ïou LIKE To Do ? z.//

/).
..r Do you tA¡.¡T To t¡oEK t¡lTH DEclÌlALs ? yEs

/'/
HOW mA$r ÐECtmAL PLACES (FROM ø TO 5) WtLt yOlJ
HAVE lN YOUR ANSITEB ? 2

.

HO¡J' MA¡Ùf DIGTTS CFROÞT I TO 9).DO YOU 1''AN1 TN DT.VIDEND ? 4
HOW MAilT DECIT''AL PLACES (FROM ø TO 4.,.IN DIVIDENÐ ? 2.

HO'rr mAÈ¡y otålrs cFRoM I To 4 ): IN lHE D|VISOR? t -

1..

I HOw mArùf ÐEClfttAL PLACES (FEOM ø TO I )'lN DIVISOP? I . : !:j:::::

".ó

r = ? 24.85
I

SUPERB, FRATü(.

'." t4;9 I

24.85 I S THE CORRECT A!'¡Sç,¡ER.

=?3?ø
THAT I S

' -------
.l !'' 3?;l'

NOl CORRECT" THE ANSWER I S 321 O

THE ÐRI LL ¡ S OVER¡ FRAIfi.

MJMBER OF PROBLEF4S ATTEMPTED3 ?

MjI{83î OF PROBLEI4S CORRECT: I

PERCENTAGEs .5Ø

WOULD YOU LIKE TO DO

GOOD-BYE¡ FRAùK. I{AVE

sOI,IE MORE PROBLEI4S ? NO

A NI CE'DAY.
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gPrL l_28

p-E_sGRrPrr0N:

SPEL L28 is a spelling drill. The student may do from I to 20

ranrlomly-sel-ected questj-ons, rn each question, the student is given

a group of four related wozrls, one of which is misspellec. The

studenü nmst choose the m¡nber (position) of the missnelled r*ord, and

then spell the wonl correctly. He ls marked both on his ability to ehoose

t,he right misspelled worrl a¡rrJ his abiliùy to spell- the r.rord eorrectly.
rf the studenü faüLs to give the correct spell-ín{r & er:ror messaqe

is printed, followed by the eorrect spelring. He is then asked to re-
type the v¡orrl corectly, At the end of the drill', :the sturientrs seore

is listed by the total percentage comeet.

OBJECTIVES:

1" To gíve the student practice in recogrrizing the missnell-erl

worrl ín a group of four words.

2. ?o gíve the student practice ih corectly snelling the

misspelled worrl.

rrvsTRrj clT oNAt CONISIDERATIOFÊ :

For students at the elenentary 1eveL (Grades 2-6)

in the groups.

student should have had previous exlperienee Ín id.entífying

misspelled worris,

Approximate mn time: 2J minutes for 20 questf.ons.

REFEREIIICE:

I'lost of the spelling r,rords ¡rere sel_ected from the DOLCH spelllng

i'lord List, otrtained from Mrs. l,Iede1, centrar Ìlort,h sehool"
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SPEL I 2S

SPELLING DRi LL ¡JUù?tsER I

Iti{AT I*c YØUR FIR_cT NAYE? CHERYL
}JHAT I S YøUR LAST NA|.IE ? FI,ZIìENTI iVøI]ELLø c¡iERYL j-IøI.] ê.RE YØIJ TT¿DAY?

DØ YØLJ 
'¡ANT 

TØ .SEE Ti-iE INSTRUCTIøNS? TYPE YES Øiì NØ?NÐ

ØK LET'S BEGIN. . .

AN I þIALS LAII GE SAYES' SEA

"'rHAT 
t';øRD Is ¡trsspELLED? 'rypE IN rtz¡3,À,øn.t?3

. vE¡ìY GØØD CHERYL . ,, '

l'iiATISTt.iE'cØRREcT,,,,,,*o,:
? SAFS \

/,t 'i,tØT EXA0TLY.cHERyi rue I,.JØRD IS SpELLED: sAys
CLUB,S -STAMIJES LEAST PASSES'."
f,IHAT tJØRD IS MI SSt:FLt-ED? TypE IN t:2,3,4:ØR. O20 I

I::.:t..

.tl

,:r.I.JHAT IS THE COR;IECT SPELLING? - ]: ] ..? STAi'4PS i,,',..,i:,1,
. ,- 

j.: 
".,: ,

RiGHT. Ø'}I CHERYL YØU ARE DøTNG GRtr'AT

Eî.lTTØ:/t LgÇti<S ERF:Ayt LATI R'\

"U,lOt 
r,,/ØRD IS.MISSPELLED? Typ[ i¡i 1,2.,3 ¡4,ØR O - ::::::.:..-:

. T l - :'
l 

-lr:--:1):i"-:

VCRY GØ¿tD CHEtiyL 
,

i{HAT I S 'i.iIC CøRRECT SPELLING?? LAl-ER

¡ìI Gi{T øN THEITYL YOIJ ¡:IIIE DSIIrIG GREJIT \ 
I
ji::- .';,:'



,.ir:.:i¿.i:,.:rttttt:.::r\tit,'¡llr::1t!::.r::¿,:::¿:.:::í.:;,::.::1,::;L:t:.i.ì:i:r:_1.1

ll+7n
EVERY LUC(ILI Y LEAF S..,4ALLEST

r,-i,{AT l,jØRD lS t4-ISSPELLED? T'ypÈ IN t¡Zt3t4tØR O?2 
l

VERy GØØD CiiERyL

[.JH.âT JS THE CØ:IRECT SPELLIi\G? -
? LUÜKI LY

ilIG¡lT ØN CHE-r{yL yØU AiÌE DØING GREAT

I NJTY ¡(EPT LAU GH BREAD

'/ti{41' t'løRD I S M I SSpELLED? TypE Ii,¡ I ¡2,3, ,r,,Jn O?t

. 
j'':

VERY CØØD THERYL
.t,

ì

hìHAT"IS TJ".{E CØRRECT SPF'LLTNG? :.:.? ENJØY :

RI GHT øN CHERYL. YøU /+RE DØING CREAT
//

iV¡USTC HØSPiTAL I{ØRLD LEAVES 
I

ljjllAT H'izRD is r'fisspELLED? TypE Iilr !,2:3tAtØR o?o

!,ERY GTJØD CHERYI-

RUBB I N G BRø I{¡J VALENTT i\JE FR I UT
'1

I'IHAT t'/ØRD Is MTSspELLED?.TypE IN rt2¿3t4rØR 02,h

VE}IY GEøD CHERYL

U¡{AT IS THE CØRRECT SPELLING?
? FiìU 1- T

RiGHf Ør.r* C¡{ERyL yØU AíìE DØJNc GREAT

YIL¡ti,] BYCICLE 'JdALE , L.ADIES

t¡iiíìT fiØrÌll I.s ¡IISsPELLED? TypË IN r t2,3,4,Øí1, 0?2

VERY (;'?)õt) CHERYL

l.iiílìT iS TiiE CøRRECT SpELLtNc?
? LIlCYCLE

RiG,{T Ø¡\ CJlËItyL yírU AFiF DØÌ,.ic CìREr\T



SI'EET HAV] N G

l"Ji{41 I'TRD IS I,IISSPELLED?
?4

VERY G.õøD C¡{ERYL

hIHA.T I S THË CØRREC T

148.

I,JA GøN AI4Uø}JT

TYPE IN 1,2¡3,4,Ø-¡( O

SPELLI N G?

CHERYL YØU ARE DØJNG GREAT

- HØUSES DECIDE

IS MISSPELLED.? TypE IN LZt3t 4¡ØR

..-

iVøT CØRFìECT. TRY AGAI¡J,,NØ CHERYL A,Lt¡,AyS IS

VERY GØÐD CHERYL

l¡iHAT'IS THE CøRRECT
? ALi^JAYS

RI GHT' øN CHERYL YøU

0.355 SECS.

RUN CØY PLË'T[ .

? AI,IØUNT

RI GHT øN]

ALLT'AYS

I/ti^lAT ttøRD
? ALI,'JAYS

CLAPPED

o
I

I

'i
I

¡¡I}{AT I.JøRD iS T4ISSPELLED? TypE IN?.1 I t2r3' 4¡ØR A

SPELL I N G?

\.

ARE DØING GREAT

ii'

THAT 'S ALL FØR TØDAY CHF'RYL YØIJAND I [.]RØIVG t,li-tICH IS 90.

GØTZDBYE CIIERYL .HAVT A GØØD DAY

HAD 9 CØRRECT
PERCENT CØRRECT

lrD
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sFstÐr_

DESOIÌIPTION3

SPELBI is a spelling drill. The stuclent is offerecl ten dril.l-s to

choose fron: trícþ words, opposites, questions, hononyrns, plurar", mo¡trrs,

weekclays, numbers, eontractions, and provinces, (See DATA for examnles.)

Each drill has five questions, ïn one sitting, the studenfmmar do as

many of the drills as he chooses. At the end. of the drill, a frKronas

Komputer Kollege Spelling Reporttf is lssued. This lísts the studentfs

score! number of. ¡¡ord.s attempted, number of wor.ds 
"orru"t, and. percentng",

along with a sho¡t messaqe to the narents. this is then follovrerl try a

list of the spel-lÍng t¡ord.s r,¡ith r+hich the stud.ent sho'n¡ed difficulty.

oRTrÌcTIV"r.lS:

I. To give the stuclent nractíee in soellíng conrmon3.y-mísspe1led

worrCs.

2" rn some of the drills, the student is given nractíce ín

abbreviations of worrls, e,g. Tues.-fussdsy.

3. To give the student practíce í¡: forrning.pì.urals of worrls

(ariff 5), forrnlng contractions (¿rilt Ç), choosing the

correet spelling of a word (aril r), t<nowlng the opposlte

(antonym) of a wo'rit (¿ril 2), rmowing hononyms (¿ril l*),

etcetera,

1.,,::..
Ì, :. . :
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SPELB:L (Contr¿. )

I NSTRIJ CTI CN.ÀL CONìS IDr!,nA TI-ONS

For stud.ents at the elementarT level (Grartes j-6).

student shoutd be familiar ',.'Í-t,h the worcrs in the parbieular

drlll he is doing¡ e.g, if he has chosen drtll #l*, tfren tr"

should be familiar r,¡ith the definition of a homon¡rm, anrl he

should have had some previorrs experience in vrorking wj-th them.

Depending on the drill chosen, ühe student may have to be

familiar with¡ the speJ-ring of tricÇ worrds, opposltes, general-

lcnowÌedge of questions, homon¡rms, formlng plural worrls, spelling

the months of the year, spelling the days of the wee.k, spelling

nu¡obers, fornrlng contracüior,", * spelling the provinees of

canada and knowing some maJor eities found in each provLnee,

Á'pproximate nm time: 5-10 nrin':tes for eaeh dri1I (of ! questíons

each) o

I .:i

li,

l:,:ii':.ì
lr.:.i -1

ìL:..
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PRocRAM sËeLei'
HI .r MY : NAME t s KRoNos' {^¡irAT t s youR Fl Rsr NAî4E? îoN¡fþ'II-IAT I S YOUR LAST NAME TOIff ? FI OFEÑiiN¡O

I S THI 5 YOË'R CORRECT NAME ? TO$r FI ORENTI NO ? YES :,

âFg Vgll â g$V 8Ð â Slpti FHI NT ffil Stî gp'"å*"r{iN}¿
ARE YOU A BOT OR A GI RL? PRI NÎ h'HI CH? BOY

HELLO TOIr|Y t . AM GLAD ?O MEET yOU.

I ,CAN OFFER DRI LLS ¡ N THE FOLLOId¡ NG TOPI CS

I ) : TRI CKY T,'OBDS .
2 I. OPPOSI TES

3 
'- ouEslt oNs

4 ) , HO|'{ONïMS

5 )- PLUffALS

6 ): MONTHS

7 ) : bIEÐ<ÐAYS

B )' NUMBERS i

) . CONTRACTI ONS

IØ I, PROVI NCES

ÏIE I N ?HE NUMBER oF¡ THE DRI LL YoU I'ANT To Îtr ? 2.2I 1CAN OFFER OryLY lEN TOP! CS TOÀüyouR NrJtrrBER ?2- i s r0õ'ÈÃnas-"'
*FÊtl*tfiroff*lo$rf;o8F rHE DRr LL you r.,ANr ro r*y ? r

HERE WE GO
*Ë ** ** *'t *,F ** TRI CKy hTORDS ,r(* ** r¡.+ *,F ** **

ì"fERE ARE Tþ'O TdOBDS,ONE OF I,#{I CFI' T S FII SSPELLED.
hrHI cH ::.-.: Bt BBûN OR Rt BoN

C¡IOOSE þjií¡ ci{ oNE I s coRREcTLY SPELLED

NO'ei, TYPE IT OUT CORRECTIV? Rt BBON

O.K '¡ lOMf



[^¡rtl cH *--- REcl EvE oR REcEt vE
CI.f OOSE çVHI CH ONE r S COàñECTLY SPELLED

NOITIT TYPE I T OUT CORRECTLYE ñI CI EVr

You GooFED'r T0NT.THE coRREcr r{oRD t s RECE¡vE
LET'S LEARN THAT I,TORÐ. LOOK AT IT AGATN.

-.-..RECE¡ VE

SAY IT TO YOURSELF.SPEi-L Tî OUl AS I.TYPE IT
RECEI VE RECEI VE

t'Iota¡¡ TYPE t r our coBREcrLy, sAyt NG EA0H leríEn ns
YOU LEARN VERY AUI g(LY îOI.¡Y

t¿¡lll CH CHt trtNÉy OF C¡-tt MpEf

C¡.IOOSE WHI CH ONE I 5 CORftECTLY SPELLED

NO'dr TTPE IT OUl CORiECILY? CHII,rINEY

RI GH? ON, TOùIT

rA¡i{t cH ¡---- wni rre¡¡ OR wRr lEN

152.

YOU IYPE? RECEI VE

l: i

ì-.-.

CHOOSE IdH¡ CH ONE I S CORRECîLY SPELLED

lÐlrt¡ TYPE I T OUT CORRECTLY? trRl TTEN

RI GH? ONJ ÎONY

l"Ir{l CH :.:_-: CFf E¡ F OR CHt EF

CHOOSE I,Ji.f I CH ONE ¡ S CORRECTLY SPELLEÐ

NOI.I¡ ÎYPE I T OUT CORRECILY? CHI EF
CORRECT. TONï

LET's GO ON TO YOUñ NÐ(T GROUP¡ TOMf

î}fAÎ'S THE END OF THE DàILL. NOW A REPORÎ YOU CAN TAKE }IOME

tl I91: - IS1I- 9lI- Ir I :- fl III- 9t¡- ï : -I I îg- p* 9y- - - -
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( 

""-'i' : 

": 

'

\. 
'********{.******:lc****>lÊ*rF*¡lt***#**t t***tt****rB*****+*d!*'l'd'****{'

KRONAS K OMPUTER KOLLEGE
SPEI,LI NG REPORT

PUPI L: 1O$T FI ORENTI NO I

NUMBER OF T{OBDS ATTEMPTED= 5
I :. ...:..

Ffl.tmBER OF WORDS ÛORREOT= 4 1':'

PERCENTAGE= 8Ø
I

col4lrtENTS:
ÐEAR PARENTS¡- ]

TONT NEEDS MUCH MORE SPELLTNG DRILL. ..'
HE SHoULD Do Frf DRILL tJNTtL HE cAN ScoRE 95. '....':

YOURS TRULYT :

:.. KRONAS ' '' t...

' '''...':
'l

. ****J.x**r,*r.******n ****{r{.dr*****!*******rl****rß****{t*+{t*'¡****f'*

' GOOÐ-BYE¡ TOISí . LET|S TALK AGAIN REAL SOON'

*** REtlEÌrtBER TO TYPEI APPEND¡ ¡ þIOñ('
**¿r tttHEN YOU Fl Nl Sil

. cP t.275 SECS.

RUN GOiI'PLETE.

obPËf,lEbrfr6t FouND'

BYE

?6itAND¡ , LOG OFF. 2l ??6:Þ3.iãüriñÞi, eP 3.8ó5 sgc.

I

l -.:-..-:

,.-ì

:

:

i;,r¡l':¡
¡.: 

j.::...:
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API'EI\IDD( C

ARITH}MTIC AI\ID SFNLTTI$ HTERÀRCIITES

!

,j,i

ì

1.,.1'.:l



APPE},IDTX C r55',

Na¡ne

Boom #

Computer TÍme periods

L

2

3

h

5

6

7

I

DATE
scoÊE

9

10

11

12

13

14

t5

16

T7

Acrd.: one- digit + one disit(over 10) ex: Z+6 Âddsan

faO:^|uu9 digits + one dig:it
exz 35+6 Addsan

,_:. tIo digits-one dtgit14-8 Subtsan
dd:^!wg rtigiüs * rwãiffixr 36+lQ .âddsan

:^t1g digfts-rwo digiG¡ 42-27 Subtsan
t: one digit x 1:9xL Multsan

Mulù: one diglt x 2
exz 7 x2 Multsan

l.Iulù¡ one digit x Jex:8xJ Multsan
It: one ctigit x &ex:7x4 ltultsan
t: one dieit, x 5

exz 7 x5 l,lult,san

C:.3.dig¿ts + 3 digits
¿ l+26+337 Addsan

Subt:_3 digits-f digits
ext I¡J6-21¡Z Subtsan

ü: trso digits x 1
ext 25 xI Multsan

t: two digit,s x 2t25x2 }fultsan
I'fult: 

-üwo digits x 3ex:.36x3 l4ul_tsan

It: t+¡o Aigits x l-
¿ 37 x I+ Multsan

MuLt: two digîis-lJ
exz85x5 Multsa¡
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APPE},ÐIX C

Name

Room #

Computer Time Periods

19

20

2I

25

26

29

3o

. 'ì-..

Divide: one- digit * one dig:it
(nodecimat)28Divide

)AIE
JCORE

Dlvide: two-digits å one digit
(no cleclmal) 2 24 Divide
{ul-t: one digit x 6
zxz I v$ MuLüsan

tlult: one digit x 7
zxt I x7 Multsan

{ult,: one digit x I
>x:8x8 Multsan
!fuJ-t: one digit x t
ex;7x9 !fuItsan
Divide: one dígit * one digit
(decimal) 2 7 Divide
Divide: two dlsits : one dtpì_t
(aecima$ z 35 

-Dívrã.e

I'fu1t: two digits x 6
ex:27 x6 Multsan
.lult: two digits x ?
>xt 29 x7 l,ful-tsan

{ult:. two digits x I
txz37x8 Multsan

Mul-t: two digits x 9
¿xz 9l+ x9 Multsan

leneraL Review (nigner Level
mathematies)

ipecify (may be 3 digit,
rmrltipì-ícation)
(z digit divisor etc.
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APPEI{DIT C

-
,SPET.Ì.TNG DRTIIS

1. Triclqy Horrls lscore

3. t¿estions

i::r I
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APFE},TDDC D

DA?Â TREATMSJTM DESTGN

i.: :
l;.: :,



Treatment
Group I

Q.{,ï-Math

bJects

I

Treatment
Group 2

CAï-SpeJ.ling

Pretest (1
bt

Data, Treaj,ment Degigg

2

xltt

3

xen

a
a
a

Pretest (2)
b2

n

*3tt

xu.e

Treatment Group 3
No-CAI (control)

a
t

xnu

xztz

xtet

xzz:-

Post-test
b3

3

a
a

*3u

*u3

a
t
a

Y
"327-

"*-;----
a

xue

*rt3

Rete¡!{6¡ 1ss¡
btl

n

xtzz

x313

1

xui

Xnel

xzzz

t

xzïo

2

xn13

xi,rz

xtSl

3

t.tl¡ll.lf- l'l"l
L__ _l

Y"3].l+

*tj

*13,

a
t
o

a
a

Xnee

*rr3

*33,

xn14

x3rJ

*t.,,

xtztn

t
a
a

v
"n31

*13,

a
t

*rur

xnz3

*33,

*3rt,

*r33

a
t
a

a
a

*zi'.

xrrzt*

YI''n32 
I

I
,

-_.._l

xili-

*t34

IH

IE

a
,
a

*ri,,r

xn33

xrib
a
a
a

xr,3l*

H\rr\o
e
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APFE¡IDD( E

TNTERCOTR5LAÎIONS BETç,'ISÐü ARITHI,ETTC

SPEI,LTNG SCORES FOR ÎM TIIREE TEEATî,.ENT GRCIIPS
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APPE¡.IDD( E

Digcusåion oI lhe Tntercorþe-lations Be.tr¿een Âfltt¡netic and Soerl.irr*

The data showing the intereorrelations between arithmetie and

spelling can be found in Table Fourteen" !y inspection it can be seen

that the intercorrelatÍons bet'reen the arithmetie and spel.ì ing scores

for the treatment group 2 (c.¡.L. spelring) 
"r.uj 

ou""rlnüivery, *r"o
lot*er than for the other tvro groups, (c.A.L. i\rithmetic and rlon-c.A,L.

' groups). E'¡en though the conelatÍons are slgnifieant at the .05 levef,

:j T-t'esüs were performed to check Lf there v¡ere any significant differenees

' it the way eaeh treatment group related to the dependent variables
of arithmetic and. spelLÍng aehievemenü.

i 
The Î-tests were usecl to exami-ne the greatest <tifferenees, which

I occumed between pretest 2 for aIl three groups. The results obtained

from these T-tests revealed no signlfícent dífferences bet\.reen any two

I of the three groups. Therefore si.nce these tests r.¡ere for the greaüest
I descrlptíve differencesr no further statistical tests were need.ed,

i;; :-::.
i...'.'-.'..:..;
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APFEIIDTX E

TABIE FOIIRÎEEN _
Intercorre,laLio¡ s letween Arithmetic
rrrlng seores for tle Three Treatmenf Grou

C.A.L. Math Group (Treatment 3_)

l,lath
ret

!4ath
post

l.{ath
pre 2

SpeJ.llng:
pre 2

post

ret,

o;73

o.7r

o.70 j..

C.A.L. Spelling Group (Treatment 2)

Math
ret

l,,lath
post

Math
pre 2

Spelling:
pre 2

post

ret

o,116

0"46

Q.l+9

Nor¡-C.A.L. Group (Contro1)

Math
pre 2

Math
post

Hath
reü

Spel.Ilng:
pre 2

post

ret

o.69

O"5l$

0.60 t" :,t:.:

r I .388 ("05)

î< .l+96 (.or)
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APPE¡IDÐ( F

NA}f SCORE SUI.IMANY IABLF,S

(means A¡rD sIA¡DARD DnÌrrlrrolls)



APFEI'IDIX F

TABLE FIFTEENT (Raw Score Sumnarl¡ Tabl_ee _
Means and Standard Devlationt

Group I (C.A.L. Arithnetic) .trttnmetic Seores

Pre I Pre 2 Post

]':6l,,.

Ret

1. 4.62. 5.3
3. 5.6I+. 3.3
5. 3.56. h.2
7. h.9g. ó.0
9' h'610. l+.6

IL. 6.2
].2. 5.1+13, 2.L14. 5.715. 5.716. 5.e17. 5.319. 6.6
19. 5.820. L.g
21. ó.022. 6.3
23'. 5.62l+. 4.8

Totals 119.70

Means 4,98É

s.D. r.25O

(s.n. )2 1.56

l+.3
5.6
6.3
3.O
319
4.3
5.1
5.3
3.8
I+.5
5.2
6.o
2.1
b,6
5.9
5.6
6.1+
7.7
5.9
1.8
4.9
6.6
5.3
l+.7

4..8
5.7
6.9
4.1
3.9
4rT
5.3
6.0
5.6
6.2
7.1
6.6
3.O
6.o
6.4
6.2
6.1+

7.7
6.2
1;8
5.â
6;5
5.7
I+.9

4'8
5.2
6.9
l+.5
4.0
I+.9
5.2
6.1+

5.6
5.9
?.9
6.7
2.8
5.3
7.2
6.I
6;tt
6;6
6.o
1;8
5:A'
6.3
5;o
,.o

I

-

Lt8.80

b.950

t_.380

1.go

L33.1+O

5.558

t,335

1.76

131.60

5.1+93

1.35o

1,82



APPE[101X F

TABITE FIFIEE{ (Conttd. ) (nav¡ Score Summary Tables -
Means and Standard Deviationf

Group 2 (C.A.L, Spelling) fittrmetic Scores

f.65-

Post RetPre 2

Means

S.D.

115.0o

l+.792

t,330

t.768

ll'1.70

\.9A+

1.495

2.205

8.2
5.3' L.2
l+.7
5.L
5;3
8.2
3.7
5.3
3.6
3;9
3;6
t+'.1+

3¿2
3.9
?.3
¿l'I
L.6
6.j
5,1+
3,L
5.7
5.8
4.5

119.9

4.996

L'l+28

2"U39

1.
2.
3.
b.
5.
6.
7.
8.
9.

Lo.
LI"
].2.
13.
14"
L5.
L6.
L7,
18n
19"
24.
2]..
22.
4.
2¡,.

800
l+.2
3.9
3.5
5.7
5,9
7.7
5.L
l+.9
3.1
3.8
2.9
3.8
3.o
,+.8
6.1
5,3
5,2
5.8
I+.4
3.8
l+.9
5.3
3.9

9.4
5.2
4.1+
3.3
5.6
5.7
8.rl
3.7
b.g
3.2
3.8
3.3
l+.b
3.7
¿9.8
7.I
h.6
4.8
6,6
3,7 '

3.8
l+.6
5.8
7;9

Prq 1,

9.2
5.6
l+.1+
l+.j
5.b
5-8
7.1+
l+.6
5.3
3.5
3.7
2.5
l+.3
3.6
4.1
7.7
5-6
5'O
5'4
I+.1+

3.5
5.o
5.8

-3.7
Tota1s 119.00

4.958

t.396

(s.0, )2 l.gzo

f .;



TABLE FTFTEEN

APTENDTX J

(Conttd, ) (nae¡ Score Summa4¡ Tables _
. Means and St,anctarrl Deviattorø)

].:66"

Ret

1.
2"
3"
l+.
E)c
6.
lo
8.
9.

10.
11"
12.
73.
14"
15.
1ó,
]l_7"
19"
19,
20"
21"
22.
23"
2l+.

Totals

Means

S.D.

(s"n. )2

TÎ7 8O

4.ggg

r.7Ig

2.951+

Post

7.6
7.7
3.1
6.0
5.9
5.0
5.9
6.r
4.0
2.7
l-.8
3.2
2.9
3"7
5.2
3.3
3.'l
4-l-
5.8
6.a
9.5
5.9
6.o
6'-o-

120.1o

5.an4

1.776

3.15t+

'1.7
7.8
3.5
6.1
5.9
5-l
5.3
6.1
3.5
2.9
L.8
3.O
2.7
3.5
5.o
3.3
3.6
l+13

5.6
5;9
g.o
5.9
6.a
5.9

---118.40

b.933

r,755

3,080

tu.L
9.6
9.2
3.5
5.9
6.0
3.9
6.2
6.0
3.1+
3.5
1.9
3.2
3.!
4'L
l*.4
3"2
2.9
4.9
6.r
5'CI
8.1+
7.L
5.ot't 

..

120.20

5.U)8

r.9A7

3.636

Pre 2

?.L
7.1+

3.5
'l.l
5.6
l+.2
5.1+
6.1+

3.9
3"1
1,8
2.9
2.9
3"o
5"o
2"9
3.6
l+.6
6"1+

5.6
7 "!+6.to
5.8
5,3
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TABIE lfffm{ (Conttd.) (na" Score Sunmary Tab1ea _
Means and Standard De.riat,ior$

Pre 1 Pre 2 Post Ret

1,
1o
3.
Lç.

)¡
6.
7.
B.
9'

10.
IL.
L2.
L3n
14.
15.
L6.
17.
18.
19-
20"
2I.
22.
8.
2l+'

Totals

Means

S.D.
(s.D. )"

4.9
l+rl+
5.3
h.l+
3.6
2.I
5.5
3.9
5-L
6.3
5.2
5.5
3.8
4.8
7"5
7.O
7.o
6.3
5.L
1.8
7"o
7,5
5.6

,.!.5 _
L?J+.hO

5.1t3

1.511

2.2t3

5.0
5'D
5.5
l+.0
3.6
2.2
6.0
l$.O
4.8
5"9
5.8
5.5
3.1+
5.o
7.1
6.6
7 ")-5.6
5.8
L.8
6.7
7.0
5.7
h,"3

]t?'3.t+O

5.\2
r.trJ5
2.O59

6.I
5.L
h,,g
7.1+

3.8
3"6
5-8
5'l+
h'l+
6.1
6.3
L.7
l+.1,
5.4
'7 

"57"5
7.3
6"3
6,1-
J_.8
6.6
9.5
l+.3
l+.2_

I2g.5O

5.396

L.|,I+6

2.39a

6.o
5.L
6.D
l+.8
?.6
3.5
6.0
5;t+
5"r
6"0
5.5
bn2
3.5
5"3
7.O
7"2
7.0
5.9
5.h
1.8
6.6
8.o
3.9
l+.5

_--
127.60

5.3r7

1.42I-

2.OLg
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TABLE FIFTEE¡I (Contrd,) (naw Score Summarly Tabl.es _
Means and StanCard. Deviations)

l.
2.
3"
l+.
5..6.
7"
8n

9'
IOn
11.
12.
L3"
14"
]-5"
16"
17.
Lg,
19'
2Cn
2L.
22,
23"
24"

Totals

Means

s,D.

(s.r. ¡2

Pre l.
g.L
5"5
5.h
5.5
5.9
4.8
3.8
l+'6
l+'4
l¡.L
l"l+
3.5
3.2
l+.6
5.5
5.5
7.O
5"0
6,1,
4'.2
3.6
5.1+
6"6
t't-

\9.70

4.ggg

r.259

1"585

Pre 2

7.O
5"8
5.1+
5.5
6.1
5.o
3.1+
4.o
3.9
3.6
l+.8
3.O
2.7
I+.O
5.7
5"6
6.3
l+"'l
6'1
3.9
I+.3
5.3
7.A
2.8

,Post _

9.3
ó,9
5.9
6"o
5.8
5,h
L.5
5.2
l}.8
3"8
hrT
4.9
3,O
k.5
5.1+
5.6
7.3
6.o
6.6
5.1
l+.6
5.6
8.0

131.20

5.1+6?

L.3OI+

' 1.70D

Ret

9.1
6.3
5.7
5"6
5.6'
5.2
4.I+
5.L
4.6
3.8
l+.3
L,7
3.h
l+"3
5.7,
6,1
6;6
5"1+
6,6
5tr
L.6
5.5
7;6
3.2

r15.90

l+.829

1.270

1.672

L21.5t

5.3L3

1.2(n

!.titlr
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IAIIJD FIFTEEN (Conürd.) (navr Score lymmarVMeans and Sfandar¡d

l_.
2.'3'
4'
5'
6"
lo
8.
9"

10"
IL.
12"
13.
14.
15.
Tó.
L7.
l_9"
19.
20.
2L.
22.
23"
24.

Tota1s

Means

S.D.

¡s.n.i2

PoFü

7.O
5;6
6aI+
6;B
g-1
5"1+
I+.7
?.O
5.9
5.3
2.O
3.O
3.7
3.O
2.O
2.1+
2.L
5.7
6.9
7.6
6.5
l+.3
5.L
9,1

1l-6.30

I+"929

1.711

2"927

124.5O

5.188

t.gg5

3.980

Pre 3
6.6
l+.1+

L.8
7.3
9.1
4.2
t,.8
5.9
I+.7
6.3
2.O
3.2
3"9
2.8
3.6
3'l+
2.7
5"1+
5.7
9.5
6.1
5.1+
5.6
7.O

122.1+O

5.100

L,731

2"996

Jre-å
5.7
5.5
4.8
6.8
7.8
l+.1+

l+.7
7.O
5.2
6,0
1.9
2,,4
3.o
2.1+
)eQ
3"2
2.5
5.3
5.5
?.6
6.6
5.o
5.L
6.4

Tables -
Ðevlatiorú)

169.

Ret

-:-+6;e
6.t
5;3
6;8
7:3
l+;7
I+.1+

7;3
5.2
6.6
2.O
2,1+

3"h. 2.7
2.1
2rO
2.1
5.7
6.L
7.'
6.t+
5.r
5.5
7.3_

120.60

5.v25

t:95:

3.606
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A¡IAIYSIS OF GROU'P DATA



;ri: j¿:"14;,ìà:r:.-.j.i:ìjr::.:-r:ì:a:ìji:.-iÌ1...Ì{ :r,'ii.

171"
APFENDTX G
-i'

L4AENIUq c{ry¿tiTls FOR
O.rIP DA?A

The learrring currres and indir¡idual dat,a for each subJect r¡111 be
analyzed and discussed in this section.. Graphs showing gains and l0sses
can be found i_n figures four, five, six, seven, eighù, ancl nj¡e for
aríth¡netic achíevement and rn fígures ton, e,-even, tvrelve, trrirteen,
fourteen, and fift,een for spellíng aehievement.

ART U$,TET 
.T 
C ACHTEIEMENT Art eG

'As shonn 
'n 

figures four and fÍve, 1g prrplls shor¡ed gaíns from
preüest 2 to the retentr.on test. ùrt of arr the pupils in this *rouo,1l sho'sed a decline from pretest 1 to pretest 2, while 11 sho¡red an r_n_
crease and 2 re¡nained constant' DurÍng the üreatment perioo, rç p'pils
increased, whiÌe r+ remained constant and 1 crecreased sliehüly, During
the retention per.i.orl, g pupils inereased slightS.y, while 5 rema.inerl eon_stant' anrt 1r- decreased slightl'y. The greatest gain was 2.7 

"r*"",the smalLest was O"J- year and the mean gaÍrr was O.g1 years.

Âs shown rn figures síx and sevenr 17 pupils shov¿ed galns from pre.best
to the retention, o1¡t of ar-1 the pupils in this u"ouo, 12 showed a decline
from preüest r' to pretest 2, whlle 1r- showed an increase ancl I remained
constant. During the treatment perlod., rÌ pupirs increased, whire 6
remained constant, and 7 decreased. During the retenticm perioO, fO
punils increased, while 3 remained constant anrJ r_1 deereaseri stig,htly.
The greatest gain was l-,2 

""o", 
the smallest gain ¡¡es O.I o""", *n- 

-

the mean gain was 0.6g yearsn



472.

Fewer pupils showed gains in this grourD t,han ctid p*plts from the
two c.Â.L. groups. As shown in fig'res eight anrr nine, onì.y I_1 pmpils

showed gains eompared to 13 ühat made no gains. ft¡t of ar_1 the puoils
in this groupr $ pupils decllned from pretest L to nretest, z, vrmle

9 increased and 2 remained^ constant. During the treatment neriod,
1l showed gaÍns, z showed losses anci 2 remained the same, During the
retention period, ? pr¡pil-s increased, while 6 remaínetì constant and

1r decreased. The greatest gain was 0,9 years, the smallest was 0,r,
and the mean gaÍn +ras 0.45 yearso

.SIJ}MART IOR ARITM,ÍETIC DATÂ

Out of a]-l- 72 subJects, 4L showed no gains eompared to 3L t,hat
showed gains ftom pretest I to pretest 2. This mixed result ma.y be

explaíned partly by the obsezwation that most of the pupil.s seemed to
be more arxious cluring pretesü l--thus making pretest 2 more reliable,

the day of pretest 2 was an unusuârly warrn day. sorne of the
pupils r¡ere obsen¡ed to be uneomfort,able due to heat in the testing
room' ?his may have adversely affec+.ed the seores of sorne of the
pupils on pretest, 2.

'û's shCI'fln in the graphs, the geins ln arithmetic achj-evement macle

by the c'A'L'-arithnetic rn:plls are l-arger then those of the other puoíl,s.
For examol-et'the mea¡ qain in the c.A.Lo artt,hmetie group rryas ongr years,
compared to o.ó8:rears for the c.A.L. spelì.ing groìlp pnd o.l¡5 for the
non c.AnL. group. ovararr, from pretest 2 to retention test, lz mpils



!T).

from the c.A.L. arithmetic group made gaíns eompared Lo 17 from the
C.A.T,. speì-ling group and 11 from the non_C.A.L. group.

During the retention pertod, 11 pupir-s from each grorrp showed

lossesr co'rDared to l-3 from each group that gained. or stayed constant.
Regarrlless, the gains or Losses were small eompared to the overall gains.
Therefore, reüentÍon of l-earnÍng remained. fairry constant.

:.i:.:r1,



APPEIIIDTT G

TABIE SLTTEq\I -
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''.
L7+.

i: : ..'l
¡', l: i:1) ir.'.i

|, .. -_-'. . .-.,.

': .: -...
:-_ : .: .; ,.

Gains Losses Constant

lGrou¡r L

It) from pretesü 1 to pretest 2

2) treatment period

J) retention period

4) overall- frou¡ pretest 2
to retention test

11

Ig

6

18

1l_

l-

Lt

4

2

,s

,

2

Groun 2*
1) from pretest 1 to pretest

2) Lreahnent period

3) retention period

L) overall from pretesü 2
to retention test

11

r7

10

17

T2

7

l_1

7

I
6

3

0

lcrouo q
l-
I

'1) frorn pretest l- to nretest 2

2) treatment period.

3) retention period

4) overall from pretesl. Z
to reüention test

9

15

7

11

L3

7

11

T2

2

2

6
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FïGURÐ FqtR - Learning currres of the subjects from the, C.A.L. Ârithmetic Group Strorrilg Gains in
Ârit h.,netic Achievenent

*-'l

,'''l

l
:l
,t'1

::

I
I,l

ol

Grade
LeveI
in
Arithmetie
Computation
(veär r,
Months)

ret

,_:.',

postpre 2pre I



7

6

Grade
Level-
in
Ariùhmetic
Computation
(Year 8c

Month)

l+

3

2

o

FIGURE FI\TE -

-

176.

l"?"liog Gurves of the SubJects frrm the
C.A.T,. Ard.thmettc Group Shãwing lrlo Gainsin Arithmetic Achievemãnt

I

'. 
''. -.ì. 1':

:¡ :.: -,: _ t

..1

-.'--t---pre I pre 2 post ret
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T'ICqP&.S+. - Learning Curves of SubJects from the C,Â.L.Spelling Groun Sho,,ring Gai's ii ¡iftnmetie
Achievement

sL

I

i
II7

6

Grade
Point
Average
ln
Arithrnetic
Computations
(reãr a
F:onth)

I+

3

1 .: lr'.:
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FIGIIRE 
-S,EilEN - Learning Curves of SubJects frrcrn the, C.A:L: 

- 
Spe1ling Group St oroiog gg C"irr"in Arlthmetíc Âchieväment e 

-

Grade
LeveI
in
Arithmetlc
Computation

:..ì lL-: rlj
j:::.:,t'..:.

l,ì.1' ..1

pÌ.ù J. ;rre 2 pos! ret
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FTGURE ErGHT - Learning curves of sub.iects from the Non-c.A.L.Group ShovrÍng Gains in Arit,hmeiic Acnievement

I

i

f!

-tl://
¿'

Grade
LeveL
ín
Arithroetic
Achievement

'\.



I

Grade
LeveI
in
á,rithmetic
Âchievement

l+

2

t

o

Lgo,

from the IIon-C.AoL,
Arithmetic

9

FIGTIRE NJNE - Learrring Cunres of SubJecüs
Group Shorving No Gains in

, Achievement

,l

pre 1 pre 2 post reü
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SP.sttI¡iG ACHIEÏ/E¡,E¡T? -
As shown in fåg'res ten and elevenr 14 p.rpils showed. gains from

pretest 2 to the retention test, ¡,¡hi1e 10 p'pils shov.¡ed no gains.
ûrt of arl the pupils in thts group, r.r. p'piIs increased fnom pretest 1
to pretesû 2, whiJ-e 1O deelined and 3 remained constant. t{ost punils
generally ineneased. durLng the treatment period (f5 out of Z¿), wfrffe
most deelÍned srlghtry or stayed constant during. the retentìon ped.od
(tg out of 24). The greatest gain was 1.4 years, the smar_Iest gaÍn
was 0,1 years and the mean gaÍn was O,59 years.

As sholrn r"n figures twelve and thirteen, 21 pupils gained from
pretest 2 to the retentíon test, while 3 pupil.s shorn¡ed no gains. Cht
of aIL the pupils in this groupr 10 pupils increased from pretest 1 to
pretest 2, r+hÍle 12 decl-ined and 2 remained constant. Most pupiLs gener*-
el'ly increased during ùhe treatment period (eo out of 2r¡), rvhile most
declined slightly during the retention period (12 out of 24). The

greatest gain was 1-"? y'earsr'the smaLl-est gal-n was O.I years and the
mean gain was 0.6I years.

Hon-C.¡l.L. Group (Group ?)

As can be seen in figures fourbeen and flfte*, U pupLls showed.

gains from pretest 2 to the retention te"t, ¡¡hile ro pupils showed. no
gains. out of all the p'pils in this group, 5 puoir_s increased fron
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pretest 1 to pretest 2, v¡hll-e 17 declined ancl 2 remained constant.

Just over half of the oupils increased slightly (f3) auring the treatrnent

periorJo r¡híle 5 declinecl and 6 remai.ned eonstant" During the retention

periø1, just over ha1f (r4) declinerir v:hile 6 gained and l¡ remained

constant' The greatest overa3-1 gain was 1.1 years, the smallest gairr

was 0n1 years, and the nrean gain v¡as O.l+B yearsr

: ,..,.,, ,,,..,,

: Sltl'P,'{LRY FOR SPELIIÎ{G DSTå ,;",.ì",:,..','

'.t,...
, û¡t of all 72 subJects, l¡6 showed no gains compared to 26 that 

i,,,,;,,,,;,1,,

"ntwed 
gaíns from pretest t to pretest 2. ?his result is sÍmi1ar to

that attained for arithmetic, and consistent wi'bh the explanation

offered for the arithmetic data, :

As was the case ln arithmetic, the granhs shorç tha'b the gains in
spelling achievement attai¡ed by the C.A"Lo snellÍng mníls, were Ìarqer

I than those of the other pupils. For examnle, the- rnee-n qain for the

c.-dnl. spelling group was 0.61 yeers eompe.recl to a O.59 J/ears for the

C.¡-.L. arlthmetic group and O.l+8 yeârs for the non-C¡l.L; Overall

, from pretest 
,2 lo the retention test, zr *nil-s from the c.rl.L. spel-l-ing 1,1:..,.:,.:.:;:''...:.

I g"oup gained¡ comparêd to I-/* from the C.Á^.L. arithmetic group and 1/+ fron ,',,,,t,,, ,: ,

t 

^ 
I --*'* 

t '-'

the non-C,Ë-.L, group,

During the retention peridr a ma.jority of ¡-mniIs (4g) AecUned or

rernaineC constant, compared to 23 who shor*'ed smaIl gains. This indj.eates
. .,..:.: .': . : .'

i tfr"f retenüion for spel1lng v¡as not as rzood as it was for arithmetic. i':¡'i'i"."::;

This may be explained by the fact that the snelling dril1s r+ere not es

sui'uable to the needs of the pupi1s as \^rere t,he arithmetle rìriIIs, :
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ÎABLE Sqr¡n¡$EEtrr

$umrnanr of Spel.Iinq GroUn Data

i: :.. !:

Gains Losses Constant

lGroun Il*
11) rro* pretest 1 to pretest 2

2) treatment period

3) retenüion períod

l¡) overaLL from pretest 2
to retention test

11

t5

6

14

10

I
15

3

L

3

L

lc"o,.o el-
lf ) from pretest J- to pretest
I

2) treatrnent period

I ) retenùion perf.od

4) overall- from pretest 2
to retention test

to

20

3

2i,

12

3

17

2

2

L

l+

1

Grouo 3

-*-aI) from pretest L to pretest 2

2) treatment period.

]) retention period

¡) overall frnm nretest 2to retention test

5

t3

t&

u

T?

5

6

2

6

l+

2
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FrGttRE rEN - Learning currres' of sub.iects from the c"A"r,.Arithmetlc. Group Showing C;í.;-i, SoellingÂchievement

-./r---\.-. \\ ----

./
q_*..z

Grade
Level-
in
Spelling
(Tear &
Mont,h)

'./
--¿->{_

-t 
------

------.2

i....

post



Grade
Level-
Ín

_SpeLling
(Year &
l'{onth

6

l+

2

¡'IGURE ELEUEN _
185'

Learzrin6¡ Curyes of SubJeets from theC.A.L. Arithmette Grout Showing tio Gainsin Spelllng Achievement

9

I



FIGIIRE T'¡ELIE - Lear"nlng Gurrres of SubJect s from the
9.4:L._Spe11ing Group Showing Gai¡sln Spelling Aehievement

Grade
Level-
in
Spell-ing
(fear &
Months)



6Grade
Level
in
Spelling
(Tear a
i,lonth)

l+

2

FTGI,TRE TIIIRTEEII -% lea¡pirre Curves of SubJects from C.¡..L.
Spel.ling Group Sho,¡ring No Gains ln
5pelLing Achievement -

9

I

7
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FTGURE FüJR1EEîI - Learning currres of subJect fronr the
Itlon-C.A.l. GrouÞ Shor+iñg Gains fn. Spelling ÂchievemenÈ

Grade
Levels
in
Spelling
(Year &
lfonths)

I

7

i,----¿

\'-t



FTGTJRE FIFß$ - learning_ Cunres of SubJeets from
I::;9:l:.; .c1ouo showing ¡ro cãins

ì-=---t.

Spelling Aehievement

189.

the
in

Grade
Levels
in
Spelling
(Year &
l"fonth)

--\ -\>-<
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G"Oà{PUTER A.SSISTED L"EARNING H.ANUAL

DRT'.L AND PRACTTCg iN" " "( t ) FlilT¡-IEMATÃCs
(,2, LANGUAGE ARTS(3} FRENTI{
SKELI. SHEETS
EDUCATIONALLY-B.4SAÐ GAFIES
TNSÎRUCTTONS FOR USE OFE O E

(g} SHORTENED DATA(2} TNFTRMAîÍON SYSTEÌ'1

êFFILSATEÐ SCFTOOLS I

BRTTANNTA ELEHEI.¡TARY SCHOOL
Sî. .JAMES ASSININBOINE SCHOCL DMSION 92

KEgTF¡ GRAI{A}I

CENTRAL NORTH UPGRADTNG CENTER
' TRAI{SCONAT SPRINGFIELD SCHOOi- DMSION

ONF'RXO FTORENTTNO

ELLSN ÐOUGLASS SC}{OOL FOR Tå{ã HANDECAPPED
HSNf{ÍPtrG #t SC}|OOL DnVlStûN
-. cAlr{E Fi3[-t

ilåT{TTOBA SC¡{GOL FTR TF{E ÐËAr
I.OI.' REEVES

:'

PNOGRAÞ'S HRTT'TEOT ANÐ SOP,ÍPE!.EO ¡.J$¡DER 5.TOE"P" BY 8

99?5- A976 Oå-ÍVE RÏCARD ' " 'i:.:.:_:.:-.:

-'OFTN SYLVESTER :) : :ì
':.i : _',: , :.. :; .

.9O.âN bJASYI-XH. i 
',,,,,,¡.:.,.':: -'

fl.9?6..JgV7 CF¡ERTL ÐAI.AtsERDÀ- 
-qABsÐy Êr¡g!-ûVAl\¡OV3CH \
ii:;' ^'J::"ï::'J:RSTK SEMANAVICTUS

i'lÌ't '' '|.'.:.: : 
'

"AÐVl SSR s DR" !.-.qURA\l SA|.¡Ð.4LS. ÐËi3ÂRTMgN¡? FIEAD
r EÐUC.ÀTÍTNAL PSYCHOLOGY \

F"rrl.û'LI!-îY OF EDUCAlION
I.JF+IEVERSÍ îY OF ÞIANITTBA

åUÊLIST ! ?a g 9?6 i,.Ìì,',.rij:



-..-a.
HATHEMAÎICS DRILLS
tl r! ã t3=B= ==3 È!r 

= =É= 3 g

192..

Al. Nl,ll,lTYPE- F¡NDING NUITBERS AND LETTERS
ON THE KEYBOARD.

,_ LEI{GTH OF SEAUENCE By SELECTION.

A2e NU!¡IREC- RECOGNITION oF coRREsPoNDTNG NUMBEROR LETTER SESUENCEI
BY î,¡ULTIPLE CHOICE.

- LENGTH OF SEOUENCE By SELEGTIONo

49. NUMSEO- SEOU.ENCING A THREE-ÞíEIIBER NUMBER
STRING.

- POSITION OF BLANK By RANDOII SELECTION.- RANGES t TO tO¡ I TO p5¡ i'-fõ: rOO- BY SELECTION.

COUNÎING DRTLLS

44. COLNT2O- COUNTING DRILL US¡NG BOXES
AND SNOHFLAKE¡. 

--
PARAMETERS BEÎHEEN 2 AND 20BY SELECT¡ON

A5. couNTxr- cquryTrNc DRILL Usì¡¡e $ A¡tD r¡tN RANDoH sEeuENcEs ev Jete.õi.lOr,r.

16. NUÞ¡LET- gggIIINg DRrLL usr.Nc NuMBER âf{DLETTER SEOUENCES.5 PARAI,IEIERS 2 TO 20 BY SELECTTON

\. i'

RECOGNTTION DRILLS

ÁDD¡TION DRILLS

â?o' âDDSAN- DRTLL IN ADDITIONo r '.
RANGE oF pRoBiË¡ri-rno¡r á, t-DrGtT! þtuHERALs ro s,ã_õ¡e¡r uú¡leñd¡ï,i
SELECTION.

46.. AÐDSUBt- Dl!!! rN ADDTTION oR SUBTRACTION,- pll4yErens sÈir{El,{ I AND re BySELEClION.

A9' Mrsst- ADD'rroN¡ suBTRAcrI'Nr AND HULTT'LI'ATT'N
U@UÂTIONS b,tTH HiilING NUMERALST

A¡Oo ADDODEC- DR¡LL^IN ADDITION OF DECIHALSoî To 20 RAND0I.,LY GENERÃiãö=.FñõaLeHs.- ADDITION OF 2 iO o r,¡ur:gens.

cïgrcE oF NUMEER oF DEcrliÃi-p¿eces ¡N, THE NUMBERS.
- ALL BY SEt.FCTtnN.



(-
\.

a

SUBTRACTION DRILLS '*
------:--

t/3.
AtI. SUETSAN-. DRILL IN SUBTRACIION.

- RANGE OF PROBLEMS FROM Z, t-DIc¡T
NUHERALS TO Zt6-DIGIT NUMERALS By
SELECTION.

48. ADDSUBI- DRILL IN SUBTRACÎION OR ADDITION.
- PARAHEÎERS BETWESN I AND 19 BY

SELECTTON.

IIISST- SUBTRACTION¡ ADDIÎIONT AND S4ULTIPLICATION
EOUATIoNS t{ITH MISSING NUIIERALS.

A9¡

AI2. SUBODEC. DRILL lN SUBTRACTION OF DECil,tALS.
I TO 20 RANDOMLY GENERATED PROBLEMS¡
I TO 6 DIGITS IN EACH NUMBER.
CHOICE OF NUMBER OF DECIHAL PLACES iN

,BY A
GENERATED

ADDITION¡ AND SUBTRACTION
FIISSING NUMERALS.

lHE NUHBERS.
- ALL BY SELECITON.

}IULTIPLICATION DR'ILLS

AI3. MULTSAN- DR¡!.L !N ÞTULTIPLICATION OF
NUilERALS HITH I TO 5 DIGITS

) coNsTANl t-9 oR A RANDOHLY
NUFIERAL BY SELECTION.

49. !l¡SSl- ÞIULTIPLICATI0N¡
EOUAÎIONS !,ITH

DIVISION DRILLS I 
:

AI4. DIVIDE. DRILL IN
INTEGERS

- D¡VIDEND
- DIV¡SOR I

a.'

UORDED PROBLEMS

DIVISION. CHOICE OF
OR RATIONAL NUHBERST
I - 9 DIGITS.- 5 DIGITS

âI5. ÞIORDI- SHORT SIHPLE WORDED PROBLE}'S TN' t '- ADÐIÎIONr SUBTRACTION¡ITIULTIpLICATIONT
AND DIVISION.

åI6. hIORD2- hil]RDED PROBLEMS USING COHPLEÎE. 
SENIENCES,IN ADDITTONTSUEÎRACTIONT
HU¡.TTFLICAIION AND DIVISION.

AI?. ;oNEYI- SIHPLE qÐRDED PRoBLE}Is DEALING HIÎH. J I,IoneY IN ADDITIoNT SUBTRACIIoNT
, }¡ULTIPLICATION AND DIVISION¡ AND

RELAT IONAL PROBLE¡,IS.
I : DECIHALS NOT ¡NVOLVED.

I



At8. f,toNEy2- lgl?g, "^orarrs ÌN DEALTNG HITH
DOLLARS {ND CENTS.
INVOr VES âDDiTION¡ SUSTRACTIONT
È|ULT¡pLICATION¿ 

. AND DMSTOñ:
A¡9" HONEY3- T,'ORDED PRO9LEMS THAT EACH INVOLVE

Tþ/{) OPERAT¡ONS.
USSS ALL POSSIBLE COI.,EINATIONS OFTHE 4 MAJOR OPERATIONS.. t TO 15 RAÑOO,YLT GENERAÎED PROBLE}ISBY SELACÎIONC

a

420. RELATE- RELAT¡ONAL PROSLEMS ¡NVOLV¡NG
NU¡TBERS 0NLY¡ OPERATIoNs. uoÀoso

. 
PROBLEMS A}'D VARIABLE'..

FRACîION DRTLLS

:F3-ì=-+

194.

å21. FRACTT- ÐRILLS IN ¡âDDITtOt¡" SUSÎRACTION
þIULTIPLICATIoN¡ DIVISIoN¡ nÈoÚbTlou.
A$¡D REL.qTIONAL FRACTIONS. 

_- --
:2 ÐIFFERENT DRILLS OF I - tO
RANDOMLY GENERATEÐ OUESTIONi.
PêRAI,íEîERS I - 9 OR r _ ã5 By SELECTION.

ì

LA$SUAGS DRILLS
g=Es===g=====g=

Bl. .A!.P!{A¡- DRILL ¡N srRiTINc ALPHâBET- FILL IN },IISSING BLANKS iUP rO SrI Fnosr ENlrne n¡-pxÁBêr lrrri aiÃrii. gotrPUTE.c HELP AVAILABiE öv_ñilóüËsr.
. - usãFUL mn õcclipär¡onal rHERApy¡

8ê¿ âLÞHAz. ÐRILL IN CO},PLETING ALP}IAEEIICAL. 3-LE?ÎER SEAU9NCEO
- gLA¡rtK POSITION Si SgLscr¡oil.- COþiB:NATION â.VAILAALE,

43. HIdÐAYS- pBåC?iCF li,¡ VOCABULARy¡SpELLING.¡AltD
s3oii:Ns= oF ¡ú3EKD.qys oR siãlõilõ.,-. g.âPliUL'Y PREPâREÐ SEEU.NCS-OË'óRILLS,

?T;" Ì¡:NÎ'IS. F.Râ-T?!CS 3N I/OCASULARY¡ SPÐ-LING¡ ANDslSUeNCE OF t:cNlHSo
- C.a¡tE¡îU!-Ly pRgpAREÐ SEQUSNCE O, DRILLS,

35o HltoH¡:A?- ã.11s!,.g;{_?F;E R;ODg rSLAND. C¡RRTCULU}I¡rc8 T¡.:ã DEp.F.
- _ålsO AppLÏCABLS TO HEARING STUBÊNTS._ JRI:-L :N ,pERsoN oR îH¡Nci, -t¡ùõ-txnf,

.â¡:D VÎP3S.
- S3X ÐR:LLS OF lEN EUISîIONS g¡îCH.

l: :.



B6n 'BEvsRss: aÀs:o rí¡¡ rr:a R¡{oDE IsLAND ciRR¡cuLU}t
¡ - FOR ?HE DEAF.

-. .ALSO APPLIC.qBLE 10 HE.ARINg STUDENTS.
- BE VfRgS, AUXILIARY SJORDS,OUESTIONS
- PRâCTICE IN SSNTE¡üCE FOR¡I'.CTIONS.

USI¡¡Ê CORRECT PUNCTUATION.
- SIX ÐRILLS OF TEN OUESTIONS EACH.

B?' SE¡IPAII- SESiO ON THã RHODE ISLAND CIRRIGULU¡I
FOR 

"'{E 
DEAT"

- DRILL IN SS¡¡TANCE PAl?f,RN t I
- ALSO APPLICA9Lã TO HEARINc STUDE¡¡ÎS..- DSVTDED iNTO THREE VCCâBULARY LEVELS.
- EâGl{ LEUEL IS DIV¡DEÐ INTO 3 lEtlSESo
- EACH ïE¡¡SE Dit/IDgD INTO 3 TOPICS"
- CoMtsINATIoN DRILLS PROV¡DED

'SNSEO 
ON THE RHODE ISLAND CIRRICULU¡I

FOR THE DEAF.
ALSO êP¡ÐL3CP.BLE TO HEARÎNG STUDET{TS. .

DR¡LL lN' lcHO .AND' HHAT b'ORDSpADVERBS¡
ÎS{E OUESîION 'FOR}'â? AND SENTENCE
PâîÎERNS ! AND 2

BASEÐ ON THE RHOÐE TSLâ¡1iD CIRRICULU}I
Fi'R î3{E DEAF.
ALSO APPLICê.8LE ?' HEARING STUDA'¡1S. ]

ÐASLL IN SIHPLE P.{SÎ¡PRESENT¡ AtrlD
FUTURE TENSES"
S:HPLE EXPANSIONS
SE¡ÛTENCE PAT?ERNS 3e4r åND 5. I

E!O" RHCÐE!Â. A.ESED ON ïI.IE RHOÐE SSLAND CIRRICULU¡I' ãOR lHE DEAF.
ôtg.so App¡-3c-qBLg ?o HE.cRSNG STUÐSNÎS.

Þ8" RI{ODEI-

89" RHODge-

L95,

l.i

',c

E 34" tsELOtùG-

- ÐRXLL :N 'TS A PSRSON' S '¡S NOT A PERSON'
- îCå8HER liA-e OPTION OF USING NAit=S OF

HER CLASS IN THE.DRILL
: :.

DRI!.L IN COFRECT USE OF IRRSGULAR
VERB5.
PBOGRA}I OFFE.qS IO DR¡LLS HITH 9
ÊUESTIONS iu EACH.
IRREGULAR VER8S3 TO BE¡ TO GO¡ TO DO
10 SEE AND TO COHE. .

DRILL Iil COÊRECÎ USE OF IRREGULAR :.

VEESS.
PROGRâÎ'I OFFARS !O DRT!.LS HTTH 9güEsiIoNs ifú EAcllc
SRRSGULAR Vã3ESs TO li.il/ê¡ iO RtÐE¡
1O Få3-Lr ?Ð 3l,.iNc AliD îC Stl¡
Ð.RI!.I. IN ?:{S CCBRECT USE OF IRREGULAR
V¿iY.JÞ¡
¡ÐR3GRA¡'I OFFSRS IO DRIL:-S'HITH 9
eüssT:ol¡s 3l; EACH.
:AN[GUL.ô.R IiS.-<ES3 TO EfGÎùJ¡ TO GIVê.o
10 ttRl?i¡ TC EREâX¡ Ê.\D 1O SAY.

DRILL ilri C:-.:,SS!FY:NG 09JE0TS.
SlUtEi'lT IS GiVENi A 'ÛRCUP OF FOUR
þ?.?3S pxD .lS:{sD î0 CHCOSE THS tdoRÐ .

T¡IA? DOTSNIT AELONG

-.t ¡

t :-:i:.,,

.: .:



9!5. SPELLSC- S.ÞELI.ING DR¡LL HHERE STUDEN'f HAS
?g l¡A:<E A 3äojcE SeTrrsEN T,ro spELLINcSOî^A-CERTA:¡\¡ WORÐ iN .q SE¡üTS|I¡CS.
çHg¡cl cF SIM,ÐLSR þ¡IRDS On Xenoen !¡oRDs.- t- Io ac :ìá.NÐOrLy GENERATAO SENiEÌCESR SAIH TOPIC - 8Y SELECTION.

Bl6. SPELLSO- SpELLIn*G DR:LL UHERA THEslggENT rs cr¡/E¡\¡ FOUR RELATED
PlPr .â¡\Ð MUST cHoosE THE HiS_SPgLLEÐ ONS AND TIIE¡.¡ SUPPLY
T¡tg^cc.3.1.ECT SPELLING- Or r[Ãr boRD.I TO 20 RANeoì{ €uEsrroNs ei sËticr¡oN.

?!7. :lF!9!- lo_gifFERENr spELLrNc roprcs oF s(OLÐ'' êUESTTONS EAC}I.. REPORÎ CARD ISSUED A1 END OF DRILL.
IryCLUDES Top¡cs sucH AS puuiels, . .

OPFOS¡TESr pROVINCESa STC. 
------

Bl8. SPãLâI- EXPAi¡S¡ONS OF SPELBt.
EATH OF THE TSN iõP;CS NOH HAS IO
çUESTIONS iNsTEAÐ OF 5c . -

- ?OP¡C CALLEÐ IEUESTTONS' 
HAS. IiEEN ; Ip"EpL+1CEÐ By oNE c.cLLEÐ ,eäáÃevieilon¡s,.

. - I"AS OPT¡ON OF T,HSTHEP THÈ_SÑ';iiE L¡Sr . .

.ÛF ÎCPICS }JT:.L BE PRINi'õ.
tst9. SyìiÀïT- ?1i!! hJHeRE sTrJÐSNî DgTERÞ'INES

:iÏoNyrs AND / oR ANroNtri!-öF'uonos
¡RgT IIE coNrExr oF A Cui.jiuñöe;r ro ao RANDol, sexreNcÈt óe-ËÃð¡lÊY SELgclION

BEO. HOÎ4ONYM- DR3,.Î. ÎN USSNG lHE CORRECÎ ': itioi-¿o¡ty¡,, FRof{ iHa co**r¡ii-ór .

ÎÞ¡tr SENTENCE. :

- J To ã0 RA-,Dór,,Ly cENERATED €uesrtoñs ,.,sY SE!-ECIION. 
:'g¿t. pRoNg- s:x DRTLLS cN r.loilrrNÂTrve AND .

o8jEcl¡Vî FO.îÈIS oF PRONOtTÀts:- ÐsvzDcÐ accõñô:cõ ro s¡*auLAR oR ¡
PLURAL pnoilOuilS. - !v -''rueLÉ L'r¡

- CC}|ÐINAT¡ON A:-SO ÂVAILASLE. :

DRSLLS ZSJ F3VS UNrTs oF pRol¡ot-hts. e

RsÀÐAÐ:Lsry AppRoxliuaiÉli, -eäÃos ¿ :

?cC¡ìâ gNâTZ Ve" oa;gCT: VS, põSÀeiïË; -
ê*ïÐ COÞ¡SIN.qîìONS.
PROGRESS 1ù NEX? Ui{3î ADVISED Bï. CO}iPUTER..

PRïL!. r¡v ct-:Ðcs3Nc ?HE COilnrcr
$IGA's-IVE VAA3 FOR¡,, ( S:ÑGiJiÀR - PLURâL )FgC¡!: ?â{r coNîsxi oF T:{i Àg¡rïärcs_ s:i DrF;rEREi.i? DRtLr S o., io ouiiãro¡¡s!.å:!f _ 3Y SI¡-ECTION, - -'

821, P.qiAZ- ÐAi:-L !N CiigcS:Nc î?¡E CORRCCT
CF .ì01¡1,:ONLï :.::SUSïÐ p..\lR Oi ,CCRÐS.. ES: { LIr:*D - e9nnOl: )- SEr,'Iñi ÐR:LLS C¡ ¡û AUSS?CNS r.qCä- Ðy Si!-EC-j:O¡\t. ,

196,.

8â2¡ rÐI3O¡IOUN-

,' :;:



825. ROOIVB. DRILLS IN EXTRACTING ROOT I,'ORDS OR ; .
. IN ADDING ENDTNGS TO ROOT t¡lORDS.|ING' AND .ED' ENDINGS By CHOICE¡ ].1fil.REGUL,IR AND IRREGULAR vERBs

- COÈ4BINATION PROVIDED' - HRONG AÍ'ISHER GIVES CORRECTIVE FEEDBACK

BEó; PREFIX- DIVIÐING }þRDS INTO ROOT ù,ORDS,AI.¡D
PREFIXES AND/OR SUFFIXES¡

-,PROGRESSION IN SMALL STEpS.
- . COTTBINATION AVAILABLE¡

B2?. VERBI- DRILL IN CHOOSING THE C0RRECT FORM. 
OF THE VERB FROH THE CONTEXT OF lHE
SENTENCE IN h'HICH IT APPEARS.
FOUR D¡FFERENÎ DRILLS OF I TO t5

. RA}¡DOMLY GENERATED OUESÎIONS - BYSELECTION. - e'
- INVO!,VES REGULAR¡ .IRßEGULAR¡ SINGULAR

A¡{D PLURAL VERBS OÈ A COMBINATION OF ALL¡
828.

(

VERB2.DRILL }'I{ERE THE STUDENÎ }IUST TYPE
TN THE CORRECT FORM OF THE GIVEN VERB
FROH rHE CoNTEXT OF THE SENTENCE IN ü¡HICH .. IT APPÊARS. INVOLVES REGULAR AÀ¡D
IRREGULAR VERBS.

- I 10 l5 RAÀ¡DOMLY GENERATED OUESTIONS.
-. BY SELECTION¡ 

\
829. SIORYl- DRILL trN READINc COMPREHENSION OF- SHORT¡ Srr.'PUE_ã-LINE STORIES.. STUDENT IS GIVEN HULTIPLE.CHOICE

. EUESTION ABOUT THE MAIN IDEA OF THE
STORY.

! TO t5 RANDOiTLY GENERATED STORIES
BY SELECTION.

B3o¡ SloRIz- ï|.!ï-INTERESTI Lor{ LEVEL READTNG .. COMPREHENSION.
- EXTENSION OF STORYI

I TO tO RANDOMLY GÉNERATED STORIES.

B3lo COMPARE- 4 DRIL¡-S IN COÞTPARISONS OF ADVERBS
A¡ÉD ADJECTMS, At¡D COHpARTSONS USING

. : TO t5 RA¡¡DoilLy GE¡{ERATED oUESIIONS' FOR EACH TOPIC - By SELEGTION.

899.' POSSESS- 5 DRILLS IN pOSSESs¡vE SING|J|-AR
, . AND PLURAL NOUNS¡ pRONOth.tSr At{D

ADJECTI VES.

899. COÞ|Pl- HORD DRTLL IN IDENTTFYTNG hÐRD-PARTS
. ' AND FORÞt¡¡le couÞõuND woRDs.

I . EACH ÎYPE OF DRILL IS AT THREE :

FTARÐER WORDS.
T'íIRDS ARE KEPT CONSTANT FOR EACH LEVEL..t

834. PREPT: DRILL tN THE USE OF PREPOSITIONS.'-l ro zo RANDoMT-y-sEr.¡eRAibó-isiiiñðes. :

-pRgpostrIoNs usED, IN¡ tlITHr To, où; :
. -FORr AND FROM.

t'

'i

i..:

I ::r,:

(



1gg.

835" CONTRN- EXFAI.JSÏTI\¡S ?O CONîR,qT?IÙNS
CONTJ?,ECTTONS iO EXPANSTONS

: äå$åiJi,ii¿-':i^TIä3i;' AND 'oHAvE vERBs'

836" sYfr-Acr- Df vIÐrNû #cRDs ãNro syL!-ABLEs A¡irD
P!.AC3T{G ACOENTSO
ctÞt¡Þor.J,tD heRDS¡ DouB¡-E coNSoNANTS¡

I PREFIXÐSaSiJtrFIXESp gT.C"
- TOMBgôJATTC$ú AVATLAELE

997" RliYetE- ÞRILL ¡N R¡'ryþrING ['¡ûRÐs AT Turo LEvÐr-s.!-EVEL r?g åfr3RÐS i{åvE ?ÞtE sAri{E ENDINGS6 ¡-EvEr- s¿ 'ÊJûRÐs HA'E ÐTFFER*NT ENDINGS- EêCH î-EVtrL f S D¡V¡ÐEÐ ¡iUfO B¡4.a5p6 r. LgITER hÐRÐS"

838" Ð'or*,: 
ËË¿iiuJ*qåÊuËËåifriifiÊ',?ä?î5*o*, rr,oR*"

: ËiËäi Hiifr 3Åüi'ËiH3;'iË;i;kËïiË*ö""^'
ruuÞ,rsg* oF sroRDS îCI ee onoeñEõ cz To s)8Y SE¡,.ECTTSN
ÐATA EANK Otr 2.4G RANDOF,LY SELECTED }IORDS

BG9" A¡vA¡-oGY- p*Atrrc' rH soLvfNG ANAL.GTEs
JUNEOR-H3GH I.gVEL AND UP- F3ü.qLOGrES TNVOLVTNG OPPOSiTgS,, n 
äijårlFü5i.,äl.kxåiå_?frusE AND EFFECI

Ð3.TETT AND INDIRECT.
COÞ'B ÍÈ-¡A1 ION AVAI LAÐLE

FRENÛ!{ ÐRgLLS
eg=3Ë==3=====s

C9o FRÂNü8 -
e

tg,. F,?.*i1¡Cg

t 3" F.q$¡úte

ÐRTLÊ- 3N US3ñüG T'I{E CORRECT ART'ICLES"
TF{Rãg ÐTFFERSN? ÐRrLLs õp- roÊugsrrtù¡s EAtå{o - By sÈuecrro¡,¡.

ÐR:LL TN CON"l'ÐRTE8\¡G s¡I*GULAR
fftUNS ?t FLURAL t{OUNSp ANõ rÈ;gtssi"R?iÞiG M"a1SûULINn n¡Of¡,¡S iô
ir.E!{ 3hi ItúE Ntr..,NS.
S:Ì:,i ÐÃ;rFERgirtî DRf !-LS OF. tO OiltÐSTgOi{SEAti'f' BY SEt-gtTIO¡,.

TEíI DÍFFE,qg$¡T ÐRtr!.LS Eôi VAF"TOUS-.ftFï.ûS" ALt- DHILLS Apg ¡to iXg- r 
l:¡-.,,SgíNl-glNtg FORî.1. gV S¿L5CTïONç ;,,,:.

Ð.1ì13-L ii\¿ tiSE ûI SRRËûU:-.qR UrOBrnû:" FnrrsE,TT T.sùjsE"
GU.iSTTTSS ãY SELETTncN

c.Ì. î;îAiriû4 -



l

L99"

SXTLL SHÈETS
Bltt=E=-!tErE!¡

D !. ADÐSKIL- AÐDITlCIi.,å üÐRKSHEEîS
PARAI'IETERS FOR NUMBER AND COþTPLgXITY
OF.âDÐENÐS C2 TO 5) BY SELECTION.

Ðâ" sutssK'': 
;iRåiÊilå3*"#-ä;ilFigi,r, oF BorH
SUBTRAHEND ANÐ MINUEND BY SELECTION.

D9" þILTSKIL- ÞTULTIpLICATION II¡ORKSHEETS
PARâI4ETERS FOR COMPLEXITY OF NUI.IBERS

Å?' 3ål;'îi3*:" r ÞrAL Pr'AcEs )

Ð4" Ð!VSKIL. D l VI SION kÐRKSt{EEfS

ãff ^r iiifi Ë_ 5'?" î3iç! 
-ä' 

;1,3il_l' Ji,i8Ë,,
BY SELSCTTONO

I

D5. FRSKNL¡- !) REÐUCTÍON OF FRACTIONS
¿,, ADÐNTION OF FRACTTONS b'ITH

D ¡ FFERENT' ÐENOI,,TNATORS

D6o FRSK¡L2- l) SUBTRAGÎION OF FRACTIONS
2' HULTTPI.TCAîTON OF FRACTIONSg) ÐnvIstroN oF FRACÎIONS

3) MULTTP!.TCATION OF È,IIXED FRACTIONS- 4} ÐãVTSTOFJ OF þITXEÐ FRACTtrONS

s8u FRSKTL4- 
H.i$öJåtî-:ä-gå^iËl'åi3il; rn¡ ETTHER
¡¡UITERATOR OR DENOÞITNATOR OF' EITHER
FRåCTI0No

Ð9" RPsxlL- å) RouNDrt$G oFF DEciMAL pLAcEs

Få-"*fri?3HI^F3- coþ,pL'xrry oF NUFfBER-
åT.JÐ FOR ÐECgMAL PLACE OF ROUNÐ-OFF

ÐiCI" CV?SK¡L- 3) CONVERSTON OF' DECTSTA¡.S .fO FRACTIONSÉ¡ CCNVERS]ON OF FRACÎTONS TO DECITTAUS

NOTET ALL SKIT.L SHEET PRoGRAMS F{AVE...I" OP?TONS FOR NU¡,IBER OF COPTãS REOUESTED2," OPîtrONS FOR gdoRKSIiEET CONSTRUOTION3; BETIÞIEEN I AND zo RANDoÞr!-y GENERATED ÊuEsrroNs4. ANSHER KEY PROVÎÐED
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gÐUOAT IONALLY-BASED GAMES
I t3æa!ÊB===========:======-:=

GUESS- GUESSING OF A RANDO{'ILY CHOSEN NUHEER
FROM I TO TOO

- COFTPUTER GIVES 'CLUES' SUCH AS. rToo !{IGFlo oR .IOO LOW'
CONCEPT OF AVERAGES-, OUICKEST
HETHOD OF ELIHINATIONT E.rC,

Ê?.. BLACKM- OBJECT: TO LEAVE ONE pLAyER 
',ITHlHE lh,ENTY-FIRST MATCH.- 

ilii[Hh^?Íåi'1"5ãå'lËi!:o.' ro uNUsuAL

- PRTMARY AND UP.

E3" B¡qATcH- oBJEcr: To LEAVE oNE pLAyER 1¡JITH
LAST HATCH FROM A STUDENT-CHOSEN
PREDICTION OF .\IJMBER OF MATCHES
COF'PUTER WILL TAKE"

- DISCOVERY OF C,IRRECI
T{EEDEÐ TO OFOILI THE

- [rSE AFTER 'BLACKilT

THE
LIHIT.

T}IE

NUMBER LIMTTS
COMPUTER"

E4" DIEE- SIFTULATED 'CRAF GAM-E '. - USEFUL FOR STUDY tF PROBABILITV
AND SIATgST¡CS.

€5' G.TNNER- 

iiËill'F3u'lîiSi'rË-å3$åEFi, oo A'ERAGE
ANGLE¡ VECTOR¡ TRAJECTORYT AND
TRIGONOMETRIC FUNCTIONS.

86". PAÏ'TON- SIMU!-ATED rHAZE '
USEF{,.IL FOR'DEVELOPHENî OF TNTERNAL
PERCEPTTONS OF A POSSfBLE
ÎhÐ-Ð I }rEN SIONAL }IO VE},I ENT.

Ð,7. I4OON- SI¡{ULATED C¡.UNAR LANDING,
COÞIPLEX COORDINATION OF VARIABLES OF' D¡srANcE¡FUEL coNSUMprioñ"tpe'D¡TtrMEr
ACCELERATIONpDECELERATI ONr ETC" (i
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SÎUDENÎ Tô'FORHATION SYSTEFI

g\¡AALE lHE TEâC}TER TO OBlAl[, AÎ¡dg ÍIÚDIVIDUAL SIUDE!\¡TS THAÎlHE Ð¡T¡RE SCHOOL.

l' îo KEEF A REcoRD 0F ALL sruDEil¡T pROGRAMST AND ALLRELEVANT INFORÌ''ATION PERTAININC 10 i¡TgT PROGBAIï,

lEffiE tS A¡Û EKAì{PLE OF TT{E DA?A RESUTRED FOR MT,LIéAN

¡TUMBER OF DTGTTS IN THE lOP MI,MBER
WHETHER THE l{ur.TIPLrm rs coNsrANT oR RAND0}írHE MULTIPLIET( IF IT IS CONSTANT)
Î¡{E I{T'MBER OF EI'ESTIONS ATTE}ÍP?ED
T}fE NWBER OF CORRECT AIUSSERS
??TE HâRK

TITIS DATA.IS STORED AND ¡S þNI¡UTED WHFS lHE ?EACHERREË¡UgSIS A LISTING OF THE STUDEST REPORT

|'-.'.:..

8. TO
FOR

' FTR

t

L T SîII\¡G
T}ÍEY MAY

OF A REPORT
HAIST¡ OR

ETT



APFET.IDTX T

SITMMARY OF COSTS

2(n.

,'.t

i.:..r
:.1 ì :.:.1



2Ø'
.APPENDTX I

STTMUART OF COSTS

rnit'ia'Iy, there Þrere three schools involved. in.this proJect_the
Ell-en Dougrass schoor for the physieally Handieapped, the l¡fanitoba
school for the Deaf , and. centraL llorth 

'rngrarling, 
in ?ranscona, The

totel annual eost for the entire pro,eet was $15roc0. The Dèrrartment
of Education contributed 6@ of the totar 

"o"t, whÍle eaeh sehool divislon
was responsible for theír share of the rernaÍnfng l+ú", or gzrryJl Þer annuln
per school division.

A breakrrown of monthry eosts for the termínar at central no¡th is
as follows:

1) computer terrnlnal ß 62.65

2) monthly te'tephone Iíne eosts T.6j
3) computer connect time

l*) processing time

5) paper costs

Total_

. 100"00

25.oo

L5.OO

$210"30

rn addition, extra costs v¡ere ineurred for student senrice reil.owshtps,
program deveLopment, consuLüing fees and diseounted disc-storage s'aee.

ReJ-ating these costs to ühe number of puoils_âssoñê that eaeh
pupil ís scheduled on the computer terminaÌ for a l-5-¡ninute sessÍon.
Based on a 5t hour day, there r¡i1' be 22 sessions ,.,er clay ner Þrnir,
Assurning a 2G-day month, the totel_ number of sessions v,rcul_d be aprrrorÍ_
mately [[e. As shob¡n above the tot,al apnro;<irnate eosü ner rnonth was $21O,
Therefore, the cost per pupil session ís $210 * l+t+O ¡rhich Ís anoroximately
so.4g per session.
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?he cost effectiveness eân be shol¡n as follows:

During the t,hree rnonihs of treatment, 12 pupils using c.Â.L,

ari'"hmetic r¡ade a total gain of l-l¡Ç months. Therefore, the cosà

per pupil per month gal_n ".ras approximately 39,39,

slmilarLy, Í-n c,A.L. spelling, 21 puoils made a totel gain of
127 months. Therefore, the eost per puoil par rnonth gain was

approrj-mat,ely S9, 84.
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