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. students) ar}dug:he .

=

g __"
FJ.fty 5127
'at*‘the?” ' 3. .of Technology
f'part\z.c1p\ “'to' 1nvest1ga{ce 'the

. k:) ? % Y .:
‘ effects 70f 3

-a_' computer a551sted

""'l,ﬂya%rhpposed to having ‘them -
ﬂ Jo

on a pretest-posttest

{ ‘jti'eatmént as the 1ndependent
1 ‘, .‘

varlable ;a?d' the "f"ée;fgn§ lpﬂf varlables belng achlevement
‘*kﬁcores, aﬁﬁltﬁde s?:orésy@f? d&;

prygam. étratlfled ;ra

\half of the students'”>
. :v\- _‘_"«.. sy

aL.f,made up the control group

Q ',‘ ) 2 L2

hypotheses. Uﬁ' irs and s.tngles perfcrmed equally well on

\

.both subscales of. the achleveme,t measure, however post

ﬁests ;ndlcated that a 51gm. 1cant 1nteractlon on the
t

o
la ‘:be : _er performance by

total test data was the result o

o

\palrs on the retentlon test

4 a 1sg,¢:al analyses 'of ‘the data

‘tlm‘fe taken to - complete the

(palred’

o

-

4

.-
~

treatment groups toward ‘computer-basea ed.ucatlon-. _in .

.

general was- 51gn1f1cant1y 1nfluenced (1n a positive

ar

\
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dﬁfegtlon) by the experlence on four of the‘lz attltude
5, o » ). ’
ﬁeus'no dlfferentlal ?ffect Wwa folng between palrs

v
I .
v

Sub51d1ary analySes«.determlned-

51gn1f1cant dlfference ‘between. the

N

ental groups with respéct to. de51re for

\‘. -\

txol and‘ xperlm
*. \.

‘ ] an< 1rcu1t connection tlme, attltude toward
iy aw

~and the desure to work aloné) There appeared

aetrlmental effect on palred students,' which'
&‘\. .
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.o INTRODUCTIoﬁ‘f s

K The classroom educator lS contlnually gonfronted with

. JRR
,_the challenge of provﬁélng a fulfllllng educatlonal S

*

experlence to every student in a class. A major dllemmaL“r
- often encountered is that of attemptlng to prov1de an -

effectlve and eff1c1ent learning env1ronment while

accommodatlng students w1th vary__g_educatlonal levels,

7@_ 2 llfe experlences,‘and interests. The challenge ‘can become

- more form ble when the class 1s made up’ of 1nd1v1duals,
adﬁltlleﬁ{i:rs for example,_whose 01rcumstances have o
allowed tﬁﬁﬁ-to,accumulate dlverse experlences which may ?
1mp1nge on classroom expectatlons and on general attltudes_
toward learnlng.' Ind1v1dual dlfferences do exist among
students, and more and ‘more educators are becomlng
conv1nced that by prov1d1ng programs that ﬂlke thts

*

_ dlver51ty 1nto account t learnlng process becomes more
Sy s .
effectlve for each 1nd1V1dual ‘'student, and often ‘more
. eff1c1ent (Fur%her Educatlon Unlt 1983; Hagstrom, 1977;
7;»Heerman,'4984, Knowles, 1980 ‘McWilliams, 1977F .
Romiszowski,t1984; Slav1n & Karwelt 1985)
' L e
In the past, many educators who recogﬂlsed the

! oo potentlal for 1nd1v1duailzed learnlng pnograms wefe

1nt1m1dated,Qr_frustrateg,by the log;stlcs of 1nd1v1duallyr
o - ‘ #e . S e : oo

~



:,_{.trackiné and testingfever§ stﬁdent,,manuaily (cohen;"
| 1é83)..hHoweverf technoiogical advances overhthe'Last two
decades’have.provided ready access to the.microcomputer, a.
» steadlly edgiv1ng educatlonal tool whlch has a unlque _H!;e:
. potentlal to prov1de for 1nd1v1dual dlfferences (Cohen,
| '"1983;_Enochs, Handley” &wallenberg,'1986, Lleber_& - |
séﬁlmei 11987) . . , ’ e )
v o .
Comgggggg_grg_gging utlllzed in the classroom in a -
‘ varlety of ways, and are becomlng lncrqaiéngly capable of
. .playlng a s1gn1f1cant role in the prov151on of learnlng
. env1ronments thif/z{e able to meet’” the needs: of the
e -‘_individdal stud%nt.v Computer;zedﬂdrgll andlpraCtlce;
' programs, tutorials,'games;‘and.simufations,.haveball{been
’shown to be. capable -Qf- successfully prOVLdlng lesson
“content (Becker,'1984, Bear, ;984, Brown, 1986,,Erw1n.&
Nelson( 1986:.Kulik,;1985;’Scandura,'19§3; Vargas,’l986:ﬁl
Waldrop, 1984). Computers can”prQVidebtests, and track
students"nrogreSS through course Teterial. Once armedt
with effectlve methods of. 1nd1v1dual dellvery, and freed
from repetlt;ve test ponstructlon, scorlng and record
keeping, it is possibie for the'teacher to sgend more time
responding to individual needs,vthus providindla greater.

degree of one-to-one human contact and interaction ‘than is

feasible in a more traditional classroom environment.
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v P
" The computer then, has the potentlal to be ‘an

S ;’,' effectlve tool in any classroom in which. an attempt is
o belng ‘made to allow students to proceed through course
, materlals at- varylng rates |
| 7 The Problem O | i "
Technologlcal advances in recent years have allowed
- the dollars &pent on computer hardware to buy 1ncreased.'§ .
| : computing power (Hof'tetter, 1985? Levin‘& Meister,:19§§4 |
gﬁoblyer,v1985) However, the equlpment is: Stlll |
'._expen51ve, espec1ally ‘when compared to tradltf/nal chalk

¢ -

,and chalkboard technology. AdvocateS'of the use of'
computers ln‘the classroom need to flnd ways to 1ncrease .
Vthe effectlveness and eff1c1ency of using c0mputers for
?1nstructlon }Bear, 1984; Roblyer, 1985 Vargas, 1986), ',r)
thereby reduc1ng the impact of" the relatlvely hlgh cost of
hardware. The development of more effectlve software w1ll.‘~h
:ass1st in the attalnment ;of the goal (Aster & Clark 1985,
Bear, 1984, Roblyer, 1985, Vargas, 1986 Waldrop,_1984),
.but the problem can be approached along other avenuesjas.f
wellr} One’such avenue is the traditional'student/computer,
S " ratio. 8 | |
Computer-Managed Learning (CML), by 1ts nature must
,gdeal w1th 1nd1v1dual*2tudents, but since the time requlred

'for 1ssu1ng and scorlng,exams is usually relatlvely brlef

o L
3

-

i
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' several students can make effectlve use of one terminal.
Computer-A551sted Instructlon (CAI) programs, on the other
\hand have normally been envisioned and de51gned expressly
to_fadzlltate 1nd1v1dual learnlng, and CAI dellvery has
btradltlonally been accompllshed by means of students
n., working alone at the term;nal,‘whenever pos31ble (Johnson,'
:Johnson, & Stanne »1985:\Reid' Paimer, Whltlock & Jones,
1973).v7Cartwr1ght (1973) clalms that educators have a
- mind-set toward. the one—to—one ratlo-whlch is a holdover
from the days of teachlng machlnes and programmed
Jnstructlon, and suggests that group use of CAI should.be
Lcon51dered Reld Palmer, WhlthCk and Jones (1973b/state
- that "there is 11ttle reason for arbltrarlly limiting
usage to the 1nd1v1dual"'(p' 65), and Johnson,»Johnson,h
iand Stanne (1985) Make the claim that with the one-to one
'ratlo CAI "may have a detrlmental effect on educatﬁonal
1 praotice".(p. 568) due to the lack of{interpersonal s
interaotion.‘ T o SRR |
| The question’to be asked therefore,-is'whether or
'not the ratio of one computer for each studeéd is
essentlal in order for effectlve and efficient learnlng to
" take place. Do some types of CAI program allow palra or

: groups of students to work together eff1c1ent1y-—and Stlll"

' enjoy,a meaningful }earnlng exper1ence--w1thout 1051ng the
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advantages of 1nd1v1duallzed 1nstruct10n’ Robéyer (1985)
states the problem in practical terms.y

Although computer a551sted 1nstructlon is’
usually thought. of as a way of making p0551ble
individualized instruction,. school personnel
often find that there are not enoug computers
“to. go around. - Therefore, they'haverbegun
experimenting with pairing or 'grouping students
for computer use. Studies are needed to indicatle
whether these approaches result in equal or -
fewer gains in achievement and accompanylng
student. attltudes (p. 42) '

LT )
' o Purpose of the Study

'Though con51derab1e researcbnhas been undertaken to

A ':.

S_:deterq}ne the dlfferentlal effects of coopefatlve,

| competltlve and 1nd1v1dual goal strategles for group

1earn1ng ;n -non- computerlzed env1ronments, few studles

vhave been repbrted which attempt to determlne the effects

' Semmel, 1987

',1985 Webb

<4

of palrlng a
Roblyer, 1985' Johnson Johnson, & Stanne,
‘ 984) _ Studles whlch have been done--and are
rev1ewed in /more detail 1n Chapter II--1nc1ude Carrler and

Sales (1987), Cartwr1ght—(1973*§ Johnson, Johnson and .

Stanne (19 5), Lieber & Semmel (1987), Reld Palmer, .

. -
Whitlock.and Jones (1973), sutter and Reld (1969) and ‘Webb

(1984)

Thriee of the ‘seveq studles d1d not test palrs or

v

groups /versus 1nd1v1duals, but rather, studled effects of

.

P

4

grouplng students for work on CAI (Lleber &

o

¢
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four All three studies suggest that there are advantages

—
ol

e

various gtudent Characteristics within groups. Reid

~

-Pﬁlmer, Whit}ock and Jones (L@73) studied college students“

-,

vpaiged_oh the basis of sggﬁand testfanXiety. Webb (1984)

2 VAR . . o . - - - 2
Studied the cognitive abilities and styles of juniorwhggh

students who worked together in groﬂps of three JohnSon,

~

Johnson, and Stanne (1985) tested grade eight students in
7

cooperative; competitive, and indiVidualistic groups of

[

to group use of, CAI ‘ > ;,$ L é

. A B T

: The remainder, (Carrier and Sales,\1987 Cartw&ight

1973, Lieber & Semmel, 1987; and Sutter antheid, 1969)
} -

c¢ontrasted the performance:of individuals with'that of -

pairs or groupstvand generally suggest that paired or

< .

grouped students perform as well as individual students
and have Similar attitudes toward CAI instruction. _In |
spité of these findings, most curreﬁt CAI research and

application is directed toward the indiVidual at a work

1 4

stationgu It is~hoped that further investigation will

' encourage educators topconsider-the,effiCiency of a paired

or grouped CAI learning,environment.
The purpose of the’present study is tp‘i"vestigate

further theteffects'of having'paired students (Versusv'

>

i_indiVidua}s) work on CAI; in’partiCular,”a CAI simulation

program. It is recognized that the deSign of the CAI

LY . . 4 .
2 3 P . . .



.prOgram.itself could haye‘a,considerable'effect“on the

, outcome of any. study in thlS area.,'It is’poss1ble, for_

-

'example, ‘that the 1earn1ng processes 1nvolved in a,

simulation program may be enhanced by peer 1nteractlon.

N

Thls ‘type of CAI generally prov1des an answer to the

questlon "What'wouIéfhappen rf we. were to try thls?".-The'

"i/\ediate~feedhack from the computer'eitﬁer corrects or,

'y o
relnforces a concept for the parttclpants -The'ensuihg

™

peer 1nteract10n may produce feedbadk which is more

contextually approprlate than anythlng the program

:_de51gner could build into the program.

If the results of the study 1mply that working 1n
pairs produces no detrlmental effect on attltude,'

achlevement or eff1c1ency, procedures for encouraglng

. students to work. together on thls type of CAI 51mulatlon '

program could be lmplemented w1th a degree‘of confldence.‘

It would also ?hggest that furth/; testlng be done w1th

other CAI programs, to determlne if certain types of CAI

.are more approprlate than others for palr or group use.

The beneflts of worklng together would 1nclude not only a
p0551b1e reductlon 1n hardware requlrements, but an.
1ncrease 1n the degree of peer 1nteractlon among CAI

vsers, thus counterlng reported negatLVe effects (such as

—
1solatlon and lack of 1nteractlontzof 1nd1vidua1 CAI use.

L
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'year electrical apprentices from central d northern

- .selection process which would influence the ohtqpﬁ;w

“The'protheseS'

The null hypotheses for the study. are as follows.

. 5

1. There will be no dlfference 1n achlevement between'V

students whO'worE_on the progfam 51ngly and students ¢

",

‘who Work on it in pairs.

2. There- will be no dlfference in attltude toward the

role of computers and GA"ID educatlon between

'\‘

studentS'who work-on-thg program singly andfstudents.
who work on it in pairs. .‘ e ."
3.'VVThere w1ll be no dlfference in tlme’taken by sJudents-
who work on the program 51ng1y;§nd students who work
'oh.iﬁ%in’pairs.k | |

| »vLimitations_and delimitatioms
a limitationhof this study concerns theidegree to

which the results'can be gemeralized to a larger

population. The experlmental group was chosen at random

'wfrom within the acce551ble populatlon, but thls ‘larger

group of;students was formed (from the.populatlon of flrst

Alberta) according‘to the normal prooedures utilized by °

—

_'the Apprentlceshlp and Trade Certlflcatlon lelSlon of

: Alberta Career pevelopment and Employment. Though it is _

dlffloult-to;env;51on any bias operatlng_during this

»

3k}
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) fstﬁdy,.this factor was not investigated, and remains a .

threat to the'external velidity'of the experimenta

' However, yith regard to sex, ege,fand eduoatidn levels,
the aCCessible‘population wasideemed to bé’equiValent to
vthe 1arger prov1nc1al populatlon of flrst year electrlcal

prrentlces at the tlme of the study (rerer to appendlx A
.for;a,demograph;c summary). . ‘
The.success-of a CAI»modeltfor a orven group of
‘\*gtudeﬁts will depend heavily on?factors sucﬁ as progrem_

design and content end therefore a delimitation'ofrthe
o Study is that the results are not 1ntended to be :{ o ;}
| genegalized to_any model of program other then the ooe
tested. - . e |

'The following chapter will investigete’some of\the_

literature'ﬁhi;h pertaiﬁstto the hypotheses,'fn order to

, develop-the\background for the study.

N~



.- CHAPTER IT
LITERATURE REVIEW

ThlSrStudy exatlnes the effects, og bogh achlevement

>
, , -

: and attltude, of palrlng students for work on a CAI

lesSon.. The llterature review lncludes the following

gtdpics wh;ch are relevant to the study: the impact of

computers in the classroOﬁ;‘achievement7.attitude and

attitude change; learning in small groups; the

'_effectivené's of small group work on CAI; and CAI program

design. .
o Conputers inthe'classroom:
It appears that the use of computers in the ciassroom,
has changed from a phenomenon 1n the late 51xt1es to a
/w1de1y accepted mode of 1nstructlonal dellvery (Bear,
1984, Gray, 1987, Hofstetter, 1985, Johnson Johnson &
‘;tanne,.léss Kulik 1985; Loyd & Gressard 1984)
Supporters of Computer—Based Educatlon (CBE) argue that
the use of CBE is )ustlfled from many perspectlves. .
Heerman (1984) states that "Computer a551sted learnlng
'can,\ln a hlghly co fldentlal manner, provoke new
awareness and 111um1natlon, thereby humaniZing the-
_learning process" (p.}asﬂ, Dalton and Hannafin'(lssé)d

‘cite several studies which provide "evidence to:suggest"

that computer-assisted instrucﬂidn is effective=for

) Z 4.'\_
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improving achievement and learner'attitudes" (p. 42).

- "Kulik (1985), summarlzlng the flndlngs of earller studles,'
‘states . that students in CBE programs have (1) learned

j_more, (2) remembered what they learned longer, (3) learned

thelr lessons in less tlme, (4) llked»therr classes more,

than thelr counterparts in non-CBE programs

There is ev1dence, however, that computers have not.
2

. always been applied approprlately 1n the educatlonal

process. Cartwrlght (1973) descr;bes»the 1nteractlon’

between a student and a terminal-as,rigid, since_the

B

student‘ﬁas'little'chance to discuss observations with

fellow: students He states "In part, this restriction of

Jg,

.thé learnlng environment is due to the. expectatlons

v*teachers and researchers brlng Wlth them from th\

‘”tradltlonal classroom" (p. 10) and that the 51tuatlon ls“

f

aggrag%ted by students hav1ng to work alone in carrels or

booths. Some authors, ‘such as Feldman and Sears (1970),,

'have v1ewed computers as dehumanlzlng agents. Bear .

(1984), notlng the rapid - lncrease in the numbers of
[ 4

mlcrocomputers in the schools, attrlbutes much of the

b

;ncrease--not to demonstratlonsvof educatlonal

_ effecti?eneis-fbut to a successful marketing strategy on |

' the part of#manufacturers and software developers._ He

n

" and (5) developed more positive attitudes toward computers



T

_states "we have fegreducators trained to’use the |

 effective utipt

ﬂ_therefore gﬂ%c

e

2 12

*technology, a;?c%mttle research supporting its cost—

{p. 11).  Kulik (1985) pOlnts out that:
CBE has not had positive effectsfln every area in whlch 1§?¢r.
waspstudied} and Clarkh(l983) Cautions:againstvcrediting
computers or CBE with'providing galns in achievementgl

Clark stresses that 1t is the content of the lesson whlch

changes thej¢ "rner, not. the medlum of dellvery

The'contin ing dlalogue over_the contrlbutlon of

- computers to advances in the'field of educationﬂis

ev1dence that computer technology is.mot always j;.”

'approprlately‘applled, and that not all CBE is effectlve

.z

’Converselyﬁfthat;same dlalogue suggestsvthat‘ghe‘potentlal

1Of CBE haS~beenvwell.demonStrated; HoWever,~since”thef
‘nLisuccess of any educational program depends on its de51gn,
»content and degree of appllcablllty to a target group, 1t'

“is ev1dent ‘that the effectlveness of any lmplementatlon of

f
CBE whether 1t’s a new de51gn of CML or a new model of

,-_\"

: 9
CAI can not b? aSSured\unless lt ‘has been tested by an

approprlate gro 1ﬁf students New CBE programs should .
g PO

arefgl;y rev1ewed ‘and, 1f p0551b1e tested

,‘r

. by a representgﬁ%;e sample of the target populatlond>

before being utlllzed on a large scale (Gredler, 1986, <

. PR
. .

Roblyer, 1985) _ _ - o .
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Sdmmagy: ¢omguters in'the olassroonv
| This section'of thetiiterature reQiew has ohtlined
‘SOme of the factors in the ongoing_éiSCussion of‘the:
'ZeffeCtiyenessaof.combuters”in‘thevciaSSroomz suggestingf‘
A‘thatzwhile'eyiienceyexists'that CBR,can'be effeotive,ang'h
- ‘efficient, not all authors[agree.With the pré;CBE camp.
Thus, individual abplications o%.CBE kneﬁ models in
‘-;partiouiar') slié'*e rev1ewed in 11ght of the target

Al

.populationy'and be tested if p0551ble. qé;;
: : '

L . Achlevement - “ v
' ‘ * ' 1
Achievement in the present sense, can be thought of
_as ‘a measure of the attalnment of learnlng .iearnlng is’
often rather.broadly def1ned=(Hlll 1985) and w1th1n the

psychologlcal deflnltlons, ‘can be consc1ous or .

.’

uncon501ousﬂ overtvor,covertf’productlve or nonproductive.

Generally, theories of~1earning-canebe olaSSiﬁied into one

-of two broad QategorieSJ'theAbehaV{orist‘or connectionist
theorles on one hand and the'cbgnitive.abproach'on,the"

v other (Foster, 1986 Wlttrock 1974), Whereas the
connectlonlst theorles emphaslze a relatlvely 51mple

stlmulns—response bond the cognltlve approach elevates

2 B

cognltlons (1nterven1ng\35r1ables such as, perceptlons, or

attltudes or beléefs) to a role. of greater promlnence in

B

~the‘1earn1ng process (Hlll, 1985). What Allport calls

\

." e . | .' ) A ) ~

13
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.‘h"The 40 w1lderness years of Radical Behav1our1sm" (1980 -

A4

_14,"' '

‘p 26) have, to a: large ex*ent glven way to the cognltlve_h‘

."or 1nfdrmatlon proceSSLng approach to the study of human-vl

. °
-,learnlng-(Allport 1980 Best 1986, Eoster,v1986,

Lo

'Wlttrock 1974) . Whatever the process, the'result'isra

' change 1n 1evel of achlevement."Gagne deflnes learnlng

s e

y. i a change 1n human dlsp051tlon or capablllty ;hat o
g per51sts over a period of time and is: mot 51mply
’ ascrlbable to processes of growth (1985 2)

K]

'Whether or not 1nterven1ng varlables contrlbute to the
K .

o process of learnlng (and whether 8& not the 1nterven1ng :

varlables are connectlonlst or cognltlve) ls\npt--for the
purposes of thls study——lmportant. of lmportance_ls thef
' change ln dlSpOSltlon or capab;llty\whichvisbmeasured‘as
learning ‘ ﬁhis change-can‘pehlnferred By comparingt_‘
‘behav1our before and after. a learnlng event (Gagne, 198%);

-

”and measured w1th 1nstruments de51gned to asseSS‘

fachlevement._ o

,"ﬁhe-object'of’the CAI'program employed‘in this Study'~

1s to allow students to apply ce%taln concepts of

. ® <
;electrlcal theory w1th1n a 51mulated lab env1ronment * The

- same goal has tradltlonally been achieved, or at least
facilitatedh,by'physical connection of actual circuit:
cohponents'on theilab bench. bften,tdue to time

| o R

L



'

. constralnts, it'is not-possible for all students'to

connect a suff1c1ent number of c1rcu1ts so. that concept

’.

mastery-ls attalned. The computerlzed 51mulatlon permlts

— i

'the student to "connect" a greater number of c1rcu1ts 1n a

P

glven tlme perlod and to have each c1rcu1t analyzed--as lf'

fby an 1nstructor

Prev1ous experlence--that whlch the learhgivbrings to
N

_"the 1earn1ng 51tuatlon--affects the learnlng _h‘ch.takes»'

place (Wlttrockﬁp1974)._»The student Wlll have formed

" cognitive structures (schemata) which store -

conceptualizations. (Rembold & Yussen, 1986) regarding

Lseriesland parallel‘relationships; Thésé‘

,conceptuallzatlons may ‘be accurate or 1naccurate and

15

thus, the COmputer analy51s of ‘each c1rcu1t connected w1llfjt

elther relnforce ‘or weaken thls structure. If the results'

y‘ of. the analy51s are not congruent w1th the student'

'perceptlon of the relatlonshlps, then cognltlve N

restructurlng w1ll take place. Claxton clalms that thls T

is a prlme learnlng time: "When ex1st1ng theorles are.

1nadequate we learn. ‘The most powerful stlmulus for the

development ‘of a theory is its- fallure." (1987 p. 4).

N

ggergtlonal def1n1t10n of achlevement

. Thls study has attempted to‘ascertain'any.measurable

change in achievement which may have occurred during,the .~



period oflthe'CAI treatment"and iS‘less concerned with an
absolute measurement of that varlable. 'The attempt is

belng made to dlscern any dlfferentlal effect upon the

'experlmental and control groups, in order to determlne if . .

_the treatment was no less effectlve in terms of
'achlevement for the palrs than lt was for Ehe 51ngles
Achlevement for thlS study, 1sf eratlo ally deflned as

the attalnment of learnlng as measured3;y scores on. an

71nstrument de51gned to measurevthe a‘4 3% of students to
.recognlze relatlonshlps among certaln c1rcu1t components
and to complete certain types of.c1rcu1t d;agramst

>Summa : Ac ievement DR ‘

Theorles of learning can. be broadly classified 1nto :
one of th categorleS' connectlonlst or cognltlve.' The
cognitive theorles appear ‘to be popular among learnlng
,theprlsts,’due‘ln part to theipercelved 1mportance of the
cognltlons of the learner. In other uords, cognitive’

L

psychologlsts belleve that learnlng occurs-when new

‘1nformatlon is 1ncongruent w1th ex1st1ng schemata,,and.'
coqnltlve restructurtng takes place. |
Attltude and attltude change
The current study attempts to assess the.‘attltude’ .

) of,subjects in relation to CBE.. The frequent and often

casual utilization of the'term both in .CBE research
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literatﬁre and everyday'language in no wayfreflects the =~

degree of discussion and.controversy'wﬂlch{has surrounded .
the-concept.of attituge in the'literature,ofpsocial

psychology,’ or its theoretical complexity. Attitude

change, attitude‘measorement andvthe conceptAitselflhaQe
all been : focusfof;debate for.decades (Gaéné; 19852 o
Lemon; f£j3;iPalmerino}-Langer, & McGillls,’l984) Before
operatlona1121ng the term for this study, some of the‘

dlscuss1on w1th respect to the concept of attltude,

.

,att;tude_change,,and attltude'measurement w;ll be

: rev1ewed.,

“The concegt of attltude

the flrst category produchbehaVLOrally orlented

Early concepts of attltude were- d1v1ded by De Fleur

‘and Westie (1963) 1nto two Fategorles. (1)»probablllst1ca

B

conceptlons and (2)'latent’process conceptions. Those in

‘deflnltlons and requlre a behav1our to be tbserved before

the exlstence of an attltude 1s recognlsed ThlS type of

deflnltlon "anchors ‘tThe attltude concept flrmly to

) A
observable events" (De Fleur and Westle, 1963,_ﬁf

.. The latent process deflnltlons are MOre concerned

: w1th a mental process whlch plays a part in shaplng or

determlning behav1our.‘ Thevbehavloral aspect is oftén

present,'but'"the a@dltional idea that the indivi%yal’s
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ibehav1our is somehow ‘sﬂﬁped’ ‘guided' or \mediated"by .;

some underlylng processﬂ (De Fleur and- Westie, 1963,
p. 23) has been added. .The latent process definitions

descrlbe a process whlch can not be observed dlrectly, but

' only 1nferred, gnd in Wthh att;tude and behaviour are not

paraliel,
More recently, most attitude theorists appear to have

related attitude more closely to a latent process. For
K . . . B -\. ‘ N

example: : ' ‘

Attitude is the predisposition of the individual to

evaluate some symbol or pbject or aspect of his world

in a favorable .or unfavorable manner (&atz, 1967,

P 459)

¢ . . . . . -

" Katz does not directLy include behaviour in this

’deflnlsion, but goes on to say that attltudes 1nclude o,

affective and cognltlve elements and, further, that some(/:

»

attitudes do Have an action component. Fishbein and Ajzen..‘

(1975) produced a description of attltude whlch suggests

| that behaviour 1s not always an 1nd1cator of atﬂltude

According. to tbem, attltude_ls:

-a learned predlsp051tlonvto respond 1n'a consistently

favorable or unfavorable manner with respect to a
glven object (p. 6). .

The phrase "predlsp051tlon to respond" recognlses that a
variety of soc;al factors combine w;th attitude to
influence resultant behaviour. Though they felt most

investigators could pfoﬁably agree with their description



et

of attltude, Flshbeln and Ajzen suggested that agreement

 on the descrlptlon and 1ts basic features would not

-prevent dlsagreement witH TFe respect to its 1nterpretat10n

‘It would appear however, that the expected 1nterpretatlon

problems have not - surfaced gm any great extent -and that

i‘

most 1nvest1gators have been able to agree w1th Flshbeln

,and Ajzen s.descrlptlon of attltude. Accordlng to Elser

v,(v

(198 ) and Palmerlno, Langer, and McGillis (1184), the
prev1ously h1gh level oﬁ act1v1ty regardlng the study of
attitude settled down cons1der bly in the years follow1ng

1975. The wrltﬁﬁgs of Palmerl o, Langer, and MCGlllls

'(1984) and Kahle 0§984} suggest that concepts of attltude

have generally coalesced into some comblnatlon‘of:the

three basxc components.lncluded in the Flshbeln and’ Ajzen

o

vdeflnltlon. These are (1) attltude 1s learned (2)

Q-

attitude predlsposes actlon,,and (3) attltude is

" consistently favorable or urifavorable.

s

been debated. Lemon (1973) wrltes. x

itude change

of the three components of attltude, one has rarely

.

One of the almost unlversally accepted assumptlons
.about- attitudinal behaviour, is that. it is learned

R o~
LR s N

This is an integral part- of almost all the well knqyn

‘definitions of the term, and has hardly ever been
serlously questioned (p. 15) , » ES

The assumptlon glves‘rrqe to the hypothesxs that attltudes

4
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can be modified - or changed by further learnlng Thls, in N

turn, has led to a high level of interest toward the study

_of attltude change, and_a large number of-theorles of
- attitude change have'been adyanced,' | g
~One of the morefwidely respected of these, as:'
ev1denced by the wealth of research it has generated

_(Kahle, 1984; Kiesler, Collins, and Mlller, 1969, MéGulre,.
1967);.15 thehtheory of'cognitive dlssonance, proposed by”? R
Festingerv(1957 as c1ted in Kahle, 1984)( Accordiné toﬂn
thls theory, cognitive dlssonance occurs when a person
becomes aware of‘two_cognltlve elements or cognltlons that
‘are thegopposite:of each other. The person.will then
.strive for consonance by "Chanoiné‘cognitiOns or:
behayiorst changing the importance'of cognitrons, or‘ _____
addingbnew oognitionsd (Kahle, 1984, p. 11), thus‘ohanging :
f the'attitude. For example, if.an individuai's attitnde.fé
.toward CBE has‘been‘less_than‘positive due-to previons y7 -f;'
personal‘experience.or other influenoe,.and‘the individﬁal'.'q
'is then exposed to CBE ‘which he-or she perceiyesvas
'~ rewarding, cognitive dissonance’will ocour.. The“
ycogn;tions'will be evaluated as to their relative
inportance; and adjustments and modlflcatlons w1ll ‘be made

in order to achieve consonance. The new, or adjusteu
—

cognrtlons will result in a different or changed attitude



Q) -

toward CBE. While this explahation is an
over51mp11f1catlon of the theory 1t will gerve to explaln
a process_of,attltude change which the current study has

attemotedfto measure. ‘ . B

-'Measu;;ng attitude ' o R

The complex dlmen51ons ofnthe concept of attltude ‘

. make 1t.d1ff1cult to measure.,_Behav1our and op;nlons cah .

‘be Wndicators of attitude (Katz, 1967},-but both are,k '

- 21

affected to varylng degrees, by 5001al factors However,

Thurstone (1928) argued that attltnde measuremeé% is both

. e
possxble‘and de51rable, 1n splte ‘of the reallty that

."nelther hls oplnlons nor hlS overt acts onstltute in any

.sense an 1nfa111ble gulde to’ the subject1Ve lncllnatlons

A

~and preferences" (p.»532) that make up an 1nd1v1dual'

attitude.

.

Techniques have been developed for thehconstruction

of'attitude measurement ihstruments'by, for example,

Thurstone (1928), Likert (1932/1967), and Guttman (1944)",

‘and adequate methods to assess validity and reliability'of

the 1nstruments ‘have also evolved (Bohrnstedt 1970)‘

Several authors, for example Kahle (1984), Kexsler,

COlllns, and Miller (1969), Lemon (1973) and Tittle and

Hill (1967), suggest that one of the more useful scales in

many respects--and the most popular--ls the one designed

&
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by Likert. ThlS scale attempts to determlne attltudesﬁy
< .ﬁ

summing the score of multlple 1tems measurlng the same 3& QP{:;
. Q hed _:‘v'.

' concept. Many researcherS‘have used thls-scale, more or_43‘

less rlgorously follow1ng leert's orlglnal rather‘i -71
strlngent guidelines for item analy51s and selectlon.
n-leert technique has been shown capable of producmngfn
scales hav1ng relatlvely high rellablllty coeff1c1e%ts
even when u51ng relatlvely few 1tems and_ls noted for its
- ease of constructlon ‘(Edwards & Kenney, 1946: Seiler &
Hough 1970; Tittle & Hill, 1967). Tittle and Hill |
examine an additional advantage‘for)the'scale, saying that
it is weighted by an 1nten51ty factor, in addition to the‘
evaluatlve one. Scale 1tems need to:be selected with care
however. bne of the characterlstlcs of'the Likert scale,
saccording to.Lemon (1973) is-that'it may include‘items
tnat'correlate Satisfactorily with the final score, but -
‘correlate even more hiqnly’with a .subset of items within
the scale. The scale thus becomes.multidimensional, and
combininé item scores into a Single measure of attitude
ma& be inappropriate. .
Operational Definition of Attitude

In this study the general concern witn attitude (as

it is with achlevement) is not its absolute measure, but

‘in any measurable change in expressed likes or dlSllkeS

r



toward CBEdwhlch may have occurred during the perlod of
- the CAi\treatmentTf In partlcular, the attempt is belng.
made to discern any dlfferentlal effect upon the
fexperlmentalgan& control groups, rn-order to determineiif
e the treatment as perceived by the experimental group,lwas
‘:no less wﬁrthwhlle and en]oyable than 1t was for the

i"control VL attltude, for this study, can be

_‘operatlonally def@ped as oplnlons expressed on a leert

scale.
Summ gg Attitude f

.

Deflnltlons of,, attltude generally 1nclude three

"components.; These are (1) attltude 1s learned - (2)

l -~
;attitudé predlsposes actlon, and (3) attltudt is "

con51stenth favorable or unfavorable - If. attltude ‘is
learned then it can be changed through experlence or .

further learnlng : It has been w1dely accepted that

attltudes can be measured by means of varlous scales,
1ncIud1ng the frequently used leert scale
' Small group learning !

. The goal of accommodaélng varled‘rates of learning in
. .
the classroom is-a worthy one,,and according to some,

holds a. promlse of 1mprov1ng the educatlonal process

.

(Mslmed 1986; Knowles, 1980 Natlonal Taskaorce on

Educatlonal Technology,'1986 Slavin & Karwelt, 1985)

] ) e

°



: detefiﬁne thé.amount and type of student/studentm

“interaction. The interaction (for example, giving or

24

i

Totaliy'individuaiized-proérams’have often been the fesulta._
h_of attempts to meet this goal, but there have also been
arghments put forward in favour of hav1ng students work
';together in small groups (Bennett, 1985, Deutsch 1962;
ngquing and Shick, 1976;'Johnson‘& Johngon, 1985; Sharon,

7371980 Webb, 1982). ' While the formation of small 1earning

'gbeneflts of worklng with peers ‘have beé%me ev1dent

.

© For example, the efflcacy of the small group

~4arrangement is apparently complemented by the fac111tatlon

S
of peer 1nteract;on. Webb (1982) suggests that

.student/student interactlon is the characterlstlc that

- . N

distinguishes small gfoup learninq'from other learning

settings. 'In Wehb's modelf'the4;nteiaction prodgss is

CQmplex:~input‘characteristics‘(such_as the . -

charaoteristics of thelindividuel,:characteristics of the

grouo, and theé reward structures which-are operating) .

<

13

<

recei¢ing help) is mediated by both the individual’s
codnitive processes and social-emotional variables;fThe ¥

0 :
result is a process of learnlng whlch is different than

| ‘that experlenced by a student learnlng 1nd1v1dually

v

Johnson and Johnson (1985) have concluded that learnlng is

"fgroups has often been driven by expedience, addltlonal Q@Vf




‘argﬁes that a cooperatlve condltlon w1lF -be 1n1t1ated morel

better in groups where’student/student interaction is

'ﬁacilitated. "The need to talk about 1nformat10n and

. ideas rather, than just thlnk about them is one of the

varlables contrlbutlng to higher achlevement" (p. 23).
The effects of verbal 1nteractlon on learnlng were also_

lnvestldated by Durllng and Shlck (1976) They determlned-

N\

'-that vocallzlng palrs had a hlgher rate of achievement

than,that‘of either non—vocallzlng palrs.or.lnd1v1duals

. 4vocalizing to the experimenter. = = , -
'-\‘,',;“@" N 4 ’ !
%*_' Within stydles of small group learnlng, dlstlnctlons

have been drawn among three types of motlvatlon or. reward

structures. cooperatlveHupompetltlve, and 1nd101duallst1c

'Morton Deutsch who is often credlted w1th the early work
— w

in this area (Bennétt, 1985 Johnson & Johnson,'1985. ’

Sharan, 1980), describes beneflts of cooperation, and

)

_successfully if the potentlal cooperants are 1nterested in

each other’ S welfare-(Deutsch, 1962). Thls,mutual
interest will be fostered if the rewards of the
participants are positively correlated,'and hindered if"

the rewards are;negatively correlated; The three reward

.structureségre-#in most,exanples-edistingyished hy.the
method of determining mardeat the'end.of the learning

. ) : . N ] o . . R
.session. Within a cooperatively structured setting, a
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' _student’s mark is dependant on those of-the other students .

Q.

in the group, and it is important for all that all in the'

bl

g oup do &eil; In thj.competitively structured group

‘goher marks are achleved at the expense of the other
QObers of the group, a group hlerarchy is establlshed
%m the'lnd1v1dually structured'group all work together,

I

kut one student’s mark is not at all dépendent on the

f‘

s

marks of ‘the others
The extensive research of Dav1d and Rogér Johnson and

their colleagues has tended\to support ‘Deutsch’s

arguments, and reports increased educatlonal effectlveness

lgorﬁthe-cooperatlve reward structure (Johnson & Ahlgren;

1976; Johnson & Johnsonk 1985; Johnson, Johnson,v$cott, &

Ramolae, 3985). Some of thesge claims have been countered

Y B
P 1 B

by. Cotton and'Cook‘(1982),.and McG ;\n’(1982),'who contend
that the conc1951ons reached are notqalways supported by
the flndlngs, and hy Slavin (1983), who argues that the
studies of Johnsoh, Johnson and'colleagues place too much-
emphasis on group achievement and‘fail to determine the
‘achievements of the individuals within the group.' Mcglynn
ciaims‘that "most inVestigators have selected the values
of the mediators that tend to favour .cooperation" (p

184) Bennett (1985) adv1ses cautlon in 1nterpret1ng all .

L

these d&guments and suggests that "the conclgplons reached

3

'.i' . B} .~'- . . .
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s studie of small group learnlng w1th1n a CAI context

- ach1ev1ng a degree of 1nd1v1duallzatlon w1thln a

occaSLOnally appear to reflect the rev1ewers' own. . . -

/ - [ o

predllectlons as mufh as the- flndlngs themselves" (p::

106) . | T
) oo ;,kv ‘ ‘
Summary: Small group learnlng

¢

Small group 1earn1ng can 1 be a practlcal vehlcle for o

classroom,»and.there are beneflts to be derived.

g %
Student/student 1nteractlon appears to have p051t1ve‘ ,4ﬁff
effeots on learnlng, but the effects of reward structures
(cooperatlve, competltlve, Lnd1v1dua1r2i1c)have been theﬁ
topic of considerable debate. |

. Studles 1nvolv1ng group use of CAI

«Group characteglstlcs

This sectlon reviews the llterature which reports

o

studles have been undertaken in an attempt to
examine the optlmum characterlstlcs of groups worklng
together on CAI. e

. One such study was reported’by Reld Palmer, Whltlock
and UOnesv(1973) ‘Data were‘collected on students-ln an
‘1ntroductory college leveL algebra cOurse with respect to
attltude toward CAI knowledge of the subject test

' anxﬁety level, mathematlcal aptltude, 1ndependence,

- dominance, flex1b111ty and soc1ab111ty The students wére



s

i the mathematlcal aptltude test scored 51gn1f1cantly hlgher
;hon ‘the posttest 1n 51gn1f1cantly less tlme./ The authors ‘%’g:
-suggest that "more ‘use- of termlnals by palrs or. larger |
inumbers of students should be encouraged and explored morex“

"thoroughly" (Reld Palmer, Whltlock &.Jones,-l973,

IR G ':_28:_».

randomly grouped 1nto palrs, whlch were then 1dent1f1ed .

”-accordlng to sex (MM FF MF) and levels of test anx1ety

.+

‘(HH, LL, HL), thus formlng nlne subgroups Each palr o

worked together (for a’ total of approx1mately 80 mlnutes-

of termlnal-tlme) to complete a sectlon of a CAI_program

'fon pre—requlugte college mathematlcal skllls An
'achlevement post—test and an attltude post test were then
) admlnlstered'tO‘the 81 palrsuof students who had completed»

: the other sectlons of the study

| The results 1nd1cated that in general the measures

.of test anx1ety level change 1n attltude, postte%t

-

} attitude, sex, achlevement motlvatlon, domlnance,

o

w
flex1b111ty, and soc1ab111ty hadlmo 51gn1f1cant

,relatlonshlp to achlevement performance .or on tlme

urequlred to complete the program Wlth regard to prlor

'attltude toward CAI and achlevement s;gnlflcant p051t1ve
o correlatlons were found for female palrs and " low anx1ety

" male palrs, but for male female palrs the correlatlon was

51gn1f1cantly negatlve. Subjects w1th hlgher scores on

?,

Tae

k4

S A
~

AR




p. ‘72)

'.were homogeneous W1th respect to prev1ous computer

A second study 1nvolv1ng small group learnlng w1th1n

va‘CAI context.was reported by Webb (1984), who studied the

, effectsiof:cognitiVe abilities, cognltlve styles,‘and

student demographlc characterlstlcs on the learnlng of

| computer programmlng in small groups. The subjects of

this study were a self selected sample of 35 students,

aged ll to” 14, who were learnlng a programmlng language

(LOéO) For flve,‘three-hour sessions they worked

”together 1n groups of three. Wlthln groups, the students

vexperlence, ‘and heterogeneous w1th respect to age and sex.

F A set of cognltlve pretests was admlnlstered to determlne

. dlmen51ons of cognltlve ablllty and cognltlve style, and a

LOGO achlevement test was- admlnlstered onCpompletlon of

fthe course. The study suggests that though there waSe.‘j~‘

con51derable cognltlve varlatlon w1th1n groups, group

‘ comp051tlon d1d not 51gn1f1cantly affect 1nd1vmdual

achlevement results ."Whlle these analyses do not

entlrely rule out group comp051tlon effects, they do

"suggest that group comp051tlon does not affect learnlng of
; computer programmlng 1n a stralghtforward way" (Webb
~’"l984, P- 1033). Studentﬂstudent verbal 1nteractlon was

,_recorded for a 30 mlnute 1nterval durlng the course, and

29
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i

1t appeared that verbal 1nteract10n dld not relate

SLgnlflcantly to 1earn1ng, as measured by the ablllty to .

s‘_lnterpret or denerate graphlcs programs. One reason

suggested_ﬁo;_thxs_uas the learning medlum, since all

-group members could see what was occurrlng on the computer

screen. A f1nd1ng of this study whlch is of con51derab1e

A v
interest in the context of the current study; was-that

. "the’ number of turns and the amount of tlme at the

keyboard had almost no relatlonshlp with computlng

]

outComes” (Webb, 1984,{p. 1086) . Students not at the

keYboard _'appeared to be equally involved with the material
" as those who were at -the keyboard There also appeared ta
“be no relatlon between student characterlstlcs and |
'.keyboard use. Thls flndlng, 1t was suggested could help

-to allev1ate fears of keyboard monopollzatlon by hlgh

-,

achlevers, or males, or experlenced students.' The,studyb

30

concludes that the learning of oomputer programming can be

'l successfully accomplished'in a group setting. ’

A third study, which also reported.beneficial.results_

of groumeAI is that of Johnson Johnson and ‘Stanne

(1985), who: studled the effects of . cooperatlve,_

competltlve, and 1nd1v1duallst1c goal struCtures on CAI

o experlences Thelr subjécts were 71 grade elght students

stratlfled for sex and ablllty 1nto groups of four..ﬁThe'

S/



T e 2 F\ ST A o, 31

hCAI program was a computer 51mulatlon (presumably text—

LR

RATEE

ubased) of a. trlp ta the new: world in an anc1ent salllng S

2 .

_shlp, and 1nvolved dec151ons regardlng navxgatlon and’

<

lOngthS‘ &%he results corroborate flndlngs from earller,_,

+

non-CAI based research (Johnson, Maruyama, Johnson,- fee s

Nelson, & Skon, 1981) whlch found that the cooperat;ve
o - T

settlng was ben f1c1al to students’ along a varlety of R
g .

fdlmen51ons. f/n/addltlon the study determlned ‘that the - {ig

cooperatlve groups engaged 1n more On—task oral -

¥
-

1nterchange than the competltlve or 1nd1v1duallst1c

-

' groups.» ~The 1ssue of attltude toward CAI and toward the

;subject belng studled was addresséd and.no 51gn1f1cant

"ﬁhdlfferences were observed among the &nstructlonal groups, :';f

"or between male and female students._ Other dlfferences

-surfaced between male “and female students howeVer <“F0r_
example, Lo ,.:;; f' B ._vf"‘._'J-”.. SRRV
Boys performed hlgher on the recognltlon and problem—
gsolv1ng questions on,ﬁhe‘flnal exam1nat1on- were! less

 individualistic and more competitive, pérceivéd more:,
support -from teachers, and perceived the computer to’fgﬂ
be more of a male domaln.; .In the, cooperatlve o
condition,” glrls liked working with computers more ‘

~than- did boys, whereas the oppos1te was true ‘in the - :
competltlve condltlon (p-. 676) ' : c

The conclu51on was reaohed that structurlng group CAI

_lessons cooperatlvely maximlzes ajhlevement
. S S s

Fia

’Thezthree.studiesfreviewedainfthisfsection[fthough.-\

R . . Lo e . . : . e



not comparing groups to singles; conclude that group work

) on CAI isﬂappfopriagﬁ, and warrants further investigation..

Pai

,alone. _ ) ) ,
| §ﬁtter and Reid (1969) " In a study de51gned to .
determiﬁe‘tﬁe.affec of having students\WGrk in palrs en f'
_CAI as ¢ompare§vtb §:;k1n9151ngly, Sutter and Reid (1969)ﬁ
looked.et three pérébnélity variables, (test ahXiety,i
dominance and sociability) of 100 male;undergraduhtee.f o
The CAi tutoriel dealt with an heuristiclapproaCh to
problem solving and‘was.described as "an etﬁempt to
Simulate tgterial'ihteractioﬁ" (p.v154); One ekpefimeptalf'
group of 40 worked threugh the CAI leseen alone, a second |
group of 42 worked in pai:ﬁ, and a control group of 18 did.
net-work'at the }essoﬁ atvell, Pretest and posttest
heasureé}weie adminisﬁered’to esseSS achievement and
‘aftitudemchange.‘_Overell, thefe'wa;‘ﬁo signifiCanﬁf
‘vdiffereneeiﬁﬁjettitude oreachievehent?change beﬂheen
31ngles and palrs, buﬁbwhen personallty varlables were

N

_taken into account some 51gn1f1cant relatlonshlps ) )i'

emerged ngh test'@nx1ety was éj§0c1ated with nege;



attltudes 1n both groups. In terms of achlevement .those
w1th hlgh test &I})‘{lety‘ worked h&tter aiorre, while those
w1th low test anx1ety worked better in palrs (p 025)
”'The measure of soorabrllty had no 51gn1ficant relatlonshlp

on-attitude toward CAi but a trend ‘toward hlgherif

‘A-\

33

achlevement was 1dent1f1ed in the group characterlzed by a .’

v

hlgher measure of soc1ab111ty (p. = 96).}vDom1nance had ne: -

£

‘ 51gn1f1cant relatlonshlp w1th achlevement"eput a ~a“

51gn1f1cant correlatlon (—.36) was found between domlnance .

Yh

'and attitude change in. the palred group The studyu

concludes that "the effectlveness of CAI in teaohﬁég a

course 'in problem-solv1ng is the same,for the student

working alone with the machine as for theQStudent'working '

o

with a partner at ‘the machlne, except when condltlonal
upon certaln personallty tralts" (p 156)
'Cag ' ht (1 73 . The subjects of Cartwrlght’

study were 282 unlver51ty summer school students ranglng

lln age from 20 to 59 The subjects were randomly a551gned'f

'-to treatment groups and worked elther 1nd1w1dUally,‘1n

r'palrs, in groups of three or rn groups of four.. The

students worked on three computer lesson se551ons, one .

‘week apart for a total of approx1mately 140 mlnutes. Theu

',£AI program was ‘a tutorial whlch 1ncluded branchlng and

B remedlatlon in the 2nd and 3rd 1essons.



—

‘on the material.

The oriterion learning test, (paper and pencil

form:t), consistpd off thirty multiple choice items based

;n the cAI 1esSons;»and was administered'

- one week after the completlon of the course. The attitude

[+]

1nstrument was de51gned to determlne students' attitude

'toward various teachlng methods, lncludlng CAI, and was

applied both as a pretest and posttest. Personality

dimensions. of, anxiety, introversion-extroversion and

neuroticism-stability were measured, as was locus of

control.

Thls study found no 51gn1f1cant dlfference among thef'

four treatment groups for achlevement or for change of

attltude toward the flve teachlng methods As ‘well,

,51gn1f1cant dlfferences appeared when the personallty

3

g varlables were-taken?lnto account. The flndlngs suggest

that “the'personality composition of the group does not

significantly'affect the 1earning of~indiViduals in the
"group" (p “96f The time differenoes amongzthe'groups' -

-'were not 51gn1f1cant but a trend was’ lndlcated.‘"In alll

three 1essons, 1t appears that students worklng 1n groups

v‘tend to move through each lesson sllghtly faster than

those students worklng alone" (p. 101)' Cartwrlght noted
N

that the number of correct responses were 51m11ar for. all

groups, but that 1nd1v1duals worklng alone made



significantly more responses, and therefore a greater

number of errors,fthan did groups."h

Ca

8
Cartwrlght advances the. followxng arguments for the‘
use of group CAI: ' v
1. students can and should learn from one another '
as well as from_the computer. |
2. the group'use of the-computer represents a mo:é'
. “human" use of the technology |

3. group CAI may: w1n more rapld acceptance in

educatlonal communltles than 1nd1v1dual CAI.. d»'

‘4. students learn equally well w1th group CAI.
v5; group CAI can effect a SLgnlflcant cost

reductlon in termSJOf egulpment and«operating'
. ;“”;costs-per.Student;; R

c ier and Sales r1987 The performance of palrs

'and 1nd1v1duals on a 51ngle se551on CAI lesson whlch dealt

“with coordlnate\concepts was compared 'in a study of 36
_undergraduate volunteers (13 female and 23 male) by

Carrler and Sales (1987) ' The program comblned tutorlal

‘;‘and drlll-and-practlce elements and allowed students to_ff

7,_choose between four levels of feedback The followxng

-optlons were avallable. (1) no feedback, (2) knowledge of

ﬁesults, (3) knowledge of correct response, and (4)

o

: -elaborate feedback. The study 1nvest1gated posttest
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, the

and the
'.verbal exchanges between palrs* AAAAA

Statlstlcal results 1nd1cated that there was no

signlflcant dlfference between treatment groups w1th '
,}regard to posttest or retention test performance Palrs
bspent 51gn1f1cantly greater ﬁmounts of tlme readlng two
types of dlsplay. screens whlch presented practlce 1tems,‘

‘and screens whlch presen@ed feedback menus. They-did not

however, dlffer in time Spent readlng deflnltlons,

o exp051tory 1tems, or feedback. Students in the Pairs

treatment selected a 51gy1frpantly greater number of

:elaborate feedback 1tems ghlae 1nd1v1duals chose a greater
4
.number of feedback 1tems ‘which prov1ded a knowledge of
. o By
results. . R ‘}

a

'

The verbal 1nteractlons between members of a palr

were analyzed and lelded 1nto flve categorles The

catagorles, with their f quenc§ in percent were: task

,spec1f1c (34%), help se 1ng (9%), help g1v1ng (16%),

tran51tlon/d1rectlons (ls%), and off task (23%) ’. f: !
ebe an Semmel- 1987 L1eber and Semmel o | |

'1nvest1gated the relatlonshlp between group s1ze and |

'performance on problem solv1ng ﬁlcrocomputer CAI. Thelrl

A.'subjects were 20 learnlng handlcapped boys (LH) and 20"

3
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fSumma;y galrs VS 51ngles og CAI o

-

_nonhandicapped boys (NLH)'from‘grades four, five, and six.

The CAI program 1nvolved arlthmetlc exerc1ses, and each

'ssubject part1c1pated 1n a total of 12, ten minute ses31ons'

)

under’each_of'three group»conflguratlon conditions:
individual honogeneous dyad, heterogeneous dyad. ~ Group

_51ze had no 51gn1flcant effect on achlevement for elther

LH or NLH subjects, although LH subjects tended to perform

better in a, heterogeneous dyad partlcularly on the more'
dlfflcult levels of the CAI;program_ Of-partlcu;ar

interest to the current study is that Lieber and Semmel

37

found no detrimentai‘effect'on“thetperformance of the NLH .

subjects when they worked with a LH partner

B Tt

The results of the studles rev1ewed 1n thls sectlon

,suggest that palrs and 51ngles achleve equally well and

vj'that thelr attltude is equally affected when learning

'1rrfrom a CAI>program.v One: study, (Cartwrlght) found that

'palrs worked through sectlons of the program faster than

: 51ngles, while another (Carrler and Sales) found that

Jpalrs took longer to read certaln screen dlsplays. The *

who worked on a CAI lesson 1nd1v1dually or 1n palfsﬂ‘ The 'H

goal structumbs could be deflned as’ 1nd1v1duallst1c, as,

opposed to cooperatlve or competltlve, 51nce the

]

' vsubjects in the three studles were post-secondary students'r
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basis, and were notvaffected by tﬁtnmarks of other’

38

performance results were determined on an individual

students.

. [ * . : ’.‘
- . CAI program design o . :

One of the parameters which‘distinguishes the current

'study from those just reviewed is the CAI program itself,.

© and it is presumed;that the.choice of a programhcould{hgve

'tutorial), twe degree of learner control the feedback

‘a significant effect on‘the ‘outcome of studies of this- o

nature;‘ Factors 1nvolved may- 1nclude the type of program

used (such ‘as 51mulatlon, drlll and practlce, or

prov1ded and the ablllty of the program to reduce

?anxlety."' o o e - : S
B . . ._- > . -~ : . N v - . v ..l:-'
' R P O IR o

e o o ram R g . : o 2

‘!_, » . B

The program utlllzed for this study 1s a narrowly

focused graphlcally orlented 51mulatlon, spec1f1cally

de51gned for the subjects of Fhe experlment. slmulatlon

"CAI programs come. in many gu{ses (Gredler,;1986) but 51nce

thls program closely 51mulates the: reallty of a lab bench
? "
_the descrlptor is not 1nappropr1ate. A graphlcally

~‘or1ented SLmu%atlon may be more effectlve for palred work '

°

than non-s1mulatlon, or non-graphlc 51mulatlon programs,

51nce graphlc screen dlsplays may be more. readlly ) Co

B 1nterpreted by both partners The HWhatAif?" guestion B}



1mp11c1tly asked by the 51mulatlon may tend to. stlmulate

PRP<Y

o proactlve part1c1patlon by allow1ng the members ‘of a palr e

to determlne together the condltlon or 51tuatlon to bev -
judged by the computer. S . ,.ﬁ
- '_Learner COnt;ol ' co | |
- The degree of learner control versus. program control :
is an apect of CAI de51gn which has recelveﬁ attentlon‘
| from researchers. Waldrop (1984) suggests that total

) .learner control does not always prov1de p031t1.E results,

and suggests the use of a modlfled program control where »@.v

the student can elect to take a lesson ér not but has to.
4.comp1ete the lesson, once begun. Gray (1987) reports that'

comprehen51on was pos1t1ve1y affected by learner control

,of‘the sequenc1ng of a CAI lesson, whlle retentlon was

~n6t., Roblyer (1985) also ﬁeports mixed research flndlngs

and suggestsjthat there is an 1nteractlon between learner

7

- control and locus of control, such that an 1nd1v1dual w1th.

.

~an 1nternal locus of control may beneflt more from '
:lncreased learner control |

Wlthln the context of a s1mu1atlon,.a-certain degree
);}of learner control 1s 1mp11c1t. The 51mulatlon prov1des :

'i.an opportunlty for learnlng, and 1t 1s the part1c1pant who

ﬂf w1I1 determlne the extent to whlch the oqgortunlty is “'ﬁ.,

.':,n

? capltallzed.' As stated by Vargas (1986)



4 : . o

" 40

A slmulatlon should requlre the—student to make 8%?

decisiohs similar to those requlred in a real - r
: 51tuatlon, and the” consequences.of a s;mulatlon '
should be 51m11ar as well {p. 741)

Palrs may have the advantage when worklng on a 51mulatlon

B ‘4

'51nce chanqps ére that one - of the two will have a more

,1nward1y orlented locus of controL and w1ll exercise

+control. of. the program in a manner. benef1c1al to both

~

members of the palr At the very least dec1s1ons forced

on the members of a pa1r w1l] elL01t 1ncreased

Accordlng to Roblyer (1985) 1mmed1ate feedback is one :

- of theé unique capabllltles of the computer and CAI can be

des1gned to take advantage of thls“element. Roblyer :

*states however, that "llttle is known about what form thls

feedback should take" (p. 42), and suggests.that ;.
correctrve feedback for incorrect answers_nay be nQStv
ﬁéefur:'fVAans (1986) stresses that tO»bexeffeCt;ve,
feedback must be 1mmed1ate, to the p01nt that the

consequences of one response are known before another 1s

made.'_Cohen (1983) urges that»CAI'feedback be-non—

threatening,?immediate and relevant 'and also prov1de

' agpropriate remediation Non—judgmental and non—'

threatenlng feedback w1ll have a tendency to reduce the .

consequences of fallure, and thus reduce’ anx1ety (Aster &

g



Clark 1985) "Non;judgmental immediate feedback”ﬁillfbe

3 1nterpreted as elther correctlve or re1nforc1ng, but——ln a

'»palred 31tuatlon—-any effects of bullt 1n feedback may ™
pale beside that of feedback spontaneously generated by a
peer, Wthh w1ll probably be more contextually approprlate
than anythlng the program de51gner could env1smon.

Rgduc1ng anx1ety ST

Freeman and Clark (1985) report that a CAI user s

-vfanx1ety (Wthh they suggest can.be caused elther by
nervousness about'computer use_or.gy sk;ll,def;c;ts ‘or .
_both) éan reduce the ef&ectiveness'of a CAi program; CAi
*can be de51gned Eo ease anxmety and to 1mprove ‘learner

‘ self esteem by de51gn features such as slmp11c1ty of use
_‘and by thoughtful presegtatlon°of feedback (Dalton &

. .xu

stresquan ;F

o be reduced by réabc1ng
A

:f A ger & Clark 1985) Thev

' Hannafln, 1984)

,program may be modlfled by the personallty v.rlables

_ w1th1n the dyad. Some may be able to reduce anxiety by.
- uworkxng w1th an empathetlc peer, whereas others may flndc;
'r-1t more stressful to work under the watchfqﬁ "e of _f'-y

-another._fa” o L L

;-iSummarV' CAL nroqram de51qn

LIt 1s presumed that the desxgn of a program wauld



‘o

‘7@have an xmportant affect on a study of thls nature.f—

";Pactors Such as the type of program used the degree of

learner control the feedback;prov1ded and the,ablllty of'

the program to redupeﬁanx1ety,.may all 1nfluence the -
performance of palrs as opposed to 51ngles
vﬂ‘h,‘,_ ﬁ | d:” .Chapter summary |

“In thls chapter an attempt Was made to establlsh a'

42

A‘Framework for the current study by dlscuss1ng tOplCS whlchff

.'are relevant to 1t These have 1ncluded the effectlveness,

©

'nof computerslln the classroom, achlevement attltude and -

ﬂ¢att1tude change,,learnlng in - small groups, the

“T‘effectlveness of small group work on CAI and CAI program .

”de51gn.’ The follow1ng chapter outllnes the procedures

:followed to obtaln data for the study

—_— ‘ LT



electrlcal apprentlceshlp students enrolled 1n two regular :H"'ﬁ

" ié'g. | mmonf'* |

The de51gnated sample for the study was 56 flrst year o

lasses at the North%fn Alberta Instltute of Technology

(PAIT) in March of 1987 The students were drawn from u:VV,

L central and northern Alberta accordlng to the normal

procedures utlllzed by the Apprentlceshlp and Trade"

- Certlflcatlon lelSlon of Alberta Career Development and

Employment. Wlth regard to sex, age, and educatlon- l;'“

}' levels, thls group was deemed to be equlvalent to the ,”'

larger Prov1nc1al populatlon of flrst year electrlcal‘ '”b
apprentlces at the tlme of the study (Refer to appg\dlx
A for detalls ) The students had no prev1ous knowledge =
that CAI would be utlllzed 1n the course\ All-students_i

from both classes part1c1pated 1n the study One student

S a 51ngle"was absent from the pretest and one student
d_ also a 51ng1e, was absent from the retentlon test.;vThe;wjy" S

data related to these two students were not lgcluded 1n'nf:' -

Il
- L R

the statlstlcal analyses. ,;f;~f§j'u

'.f“i,. f_'j, 1T‘yfly De51gn of the study

7l

The study was based on a pretest-posttest control

group de51gn (Campbell and Stanley, 1963) The-m

EP



" thé study s

. o % "..‘-x.“‘;Q :
1ndependenw’var1ablefwas he treatment worklng 1n palrs

f"versus worklng 51ngly The dependent véZlables were

Vachlevement scores, attltude_scores, and tlme taken to

S

o complete the program. lz"s

: As ‘is. customary for flrst year eléctnlcal apprentlcesa.“
' at NAIT each class had been alphabetlcally d1v1ded 1nto :

{two sectlons for work ln the laban Each lab sectlon was y
.taught by a drfferent 1nstructor, so the sample was- ) ” .
stratlfled accordlng to sectlon iﬁ order to ensure o o yl;fi“
vbalanced representatlonﬂln the experlmental group As a -fﬂ(-;“
result, four palrS'of-students were:chosen'at random from.'b
;Each of two lab sectlons and three'palrs from each of the 3

remalnlng two. These 14 pairs of students formed the ji,

experlmehtal group, w1th the balance (28 students) as theg}m

control. ' ;‘_.‘ ER *7
. . . s 1&'@
The fact that all students part1c1pated 1n the study

is worthy oi note ¥ In some studles, the use of y&lunteers~‘

°

‘1s mandated from an ethlcal standp01nt and authdrs such as

il

3}Erw1n and Nelson (1986) and Kahl? (1984) haye suggested

. : /-. . ’ ,‘ 5 ,l, )
' that 1n such studles, the element of "prevselectlon" could
: S N ,.— P

‘?lhave 1nfernced thé results : The contqﬁtﬂdh is. ‘that if

1

; vstudents'WLth:negatlve attltudes to rd some element of

2mputersv1n'tnls caSeV are glven.the ch01ce to
"*.;partlcipateoln a study, they w1ll decllne, and the sample

. L 'l . ‘
n“' . s R o ‘./
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r

- ‘1s then blased ' For the present study? as the CAI programfﬁ

ﬁt year currlculum,'and had been _
i f e
- successfully plloted permlsglon was obtalnerfrom NAIT

and Apprentlceshlp Branch off1c1als to lntegrate t#e/CAI

‘program 1nto the regular course of séudles., The studentsf

S

'-h”part1c1pated en masse, as they would any other lab pro;ect

. : D T . . :
‘_whlch was asslgned to them._c~wg Eﬁ, E ‘v‘_ .
. V4 - - . o o . s .

¢ - ,,;

: S :
AR - o S N

’flnstgggents'f ﬂ', e e e

Materials -, ., - o

Achlevement Instruments

The achlevement/;nstruments were de51gned to evaluate

f.the students' ablllty to. apply the concepts learned and; vu~f'b

vexerc1sed.1n the CAI program, and focus "on the broad

'_ablllty represented by the phrase construct and 1nterpret"

(Bloom, Hastlngs & Madaus, . 971 p 63); The flrst draft

i,of the achlevement prLtest con51sted of flve multlple véd

v ch01ce questlons whlch asked the student to. lnterpret

v

w1r1ng dlagrams and flve 1tems wh1ch requlred the student

to gonstruct a w1r1ng dlagram by draw1pg 1n the correct
1

A

B w1res.' The paper and penc1l 1nstrument repllcated, w1th a"

fhlgh degree of fldellty, the tasks portrayed on the
COmputer screen. The test was valldated by cpntent‘
_ experts and admlnlstered 1n January, 1987 to- 29 flrst

o
*




e e e

;year students in the fourth week of thelr program.l,tThe,,p;f

. ‘o
¢ Bl

\f:test mean was 50 3% Wlth a standard dev1atlon of 20. 4. o

f_The test had a relmablllty of 0. 56 u51ng the Kuder-

\

_Rlchardson (kr-ZO) formula, and the correlatlon

£

- a lab exam whfch tested some of the same ob]ectlves was_

vf v ‘0. 58 5 The low mean was. somewhat surprlslng at thls p01nt -

ST RN
'51n the course, as the concepts had by thlS t1me been'

presented 1n thebry class and practlced in lab but 1t can

A‘

{ be noted that‘lt was thls apparent lack of understandlng .
' H PR S

-'f of serles and parallel c1rcu1t concepts whlch resulted in

lvthe CAI program belng wrltten.”5:

| ' Subsequent to the prellmlnary test .the dLagrams were_:
"redrawn to 1mprove clarlty, and two more multlple ch01ce
'iltems were added. An achlevement posttest whlch used

“.exabtly the same wordlng as the pretest 1n all but the

”‘f’lamp‘fe51gnatlons, -was - admlnlstered to flve volunteer

'"students in the seventh week of thelr program. The five, v

”z:whthad wrltten the;pretestvearlrer, but who'had not

'f&'worked through-the'CAI program had ‘a mean.pretest-

o

‘@posttest galn score of 15. 5% , The 1nstrument was
3 :dlscussed w1th the students who stated that they found the "
'vtest\falr, and that it tested objectlves;whlch_theyjshould._,7

have known.

coeff1c1ent between the pretest results and the results of -’ril‘



.

e SRR ?“

The achievement posttest wagkglso used as the one

) week retentlon test.-

47 -

A copy of each achlevement 1nstrumen@’can be found 1n_4

“J’ ) .

append1§B .

Attltude Instruments-

oy e S o

Instruments for the purpose of determlnlng attltudes
toward computers and computer;based learnlng have been
developed and valldated (Bannon Marshall &:Fluega1> '
1985 Loyd & Loyd 1985, Dambrot Watklns-Malek Sllllng,
Marshall & Garver,_1985,-Bear‘ Rlchards,.é Lancaster,
1987) ] Most share a common de51gn. statementsfare *»g';'

presented and the respondent ls asked to rate the

statement on a "5—p01nt leert type scale from 5 (strongly

agree) to 1 (strongly dlsagree)" (Dambrot et al 1985 B

| 74) ' It was found however, that several of the -

statements from the valldated 1nst f'
to the populatlon of thlS study ' The pre-treatment/post-

tréhtment attltude 1nstruments were therefore de51gned
bl

Z_spec1f1ca11y for thlS test by comblnlng relevant 1tems ﬁd

from two valldated scafgs, the Computer Attitude Scale |
(CATT) (Dambrot et al 51&85); and the Computer Attltude
Scale (CAS) (Loyd & Loyd 1985) . ~:< | 'r L

7 The resultlng 1nstruments contaln 12 1tems desrgned
to measure the students’ agéltude toward tﬁejuse of

‘ [ c.
: © e . S

.hts would not apply



,__,'z'- X . ' y %OLﬂf
computersg 1n educatlon In addvltlon, the post treatment,% %
\

’r'}nstrument 1nc1uded an 1tem deSLgned to determl%e
;preference for 51ngle or palred learnlng, plus flve 1tems‘
Ji'de51gned to assess attltude toward the program 1tself |
'2rThese five were taken from a student attltudlnal ‘~t
fhlnstrument used to—assess the program in November,_1986.
"t‘Both surveys used a leert type scale to measure the 0'?
Estudents‘ reactlons, and the 1nstruments were. valldated by}

-'a panel of content experts

A copy of - each attltudlnal 1nstrument can be found 1n..f'
. . '.)} - .

y

jAppendlx B. ne

; e_CA rModel_h

3 .
‘The CAI program used in the experlment focuses on'~
-brldglng the gap between c1rcu1t theory and the actual _
"connectlon of serles,-parallel and serles/parallel
combinationvcircuits'in theslaboratory. The subject
content of the program 1s appllcable to any student of
:'ba51c electr1c1ty It employs a mgdel of. CAI whlch alldWs»,
jthe student to use hls/her own penchant for exploratlon to~f"
-manlpulate any of 15 w1res 1n the connectxod’of three

s .

jlamps ‘in a 51mulated cxrcult

| \glgss;fxlng the Model )

The purpose of the CAI program lS to allow students

‘A‘

f-toprelnforce,theoretlcal concepts of serles_and.parallel

T



c1rcu1ts before attemptlng to actually connect the
\] .

c1rcu1ts gﬁ a lab bench By‘51mulat1ng con tlons on a
'[;lab-bench the program wrll allow for a learnlng ;

' experlence that wlll be sa;er,_ea51er on. equ1pment and 1s
’ expected to be more thorough than spendlng equal tlme on
_the lab bench 51nce the students cah connect elrcults
bf faster 1n the 51mulatlon and are prOV1ded w1th 1mmed1ate
_feedback as to the type of c1rcu1t they have connected

xThe model most closely matches the srmulatlon mode of CAI

‘in whlch "programs lmatate a real 51tuatlon and/or modeﬂﬂi}ﬂ"

e

“:the underlylng characterlstlcs of a real 51tuat10n "J
_(Manlon, 1985 P 27);

vg;ellmlga;y Testlng f,'

A major benchmark of a CAI program‘mustbbe'its’value."'

,as percelved by the students who use 1t.‘ It must prov1de

vthefapj---rlate course content but should also allow
. -{lenjoy the learnlng process. Wlth’factors Such

‘as thesd 1n mlnd the program used 1n the study had been

'7gﬁde51gned to be 51mp1e to use, to allow for student

,;golled practlce, to prov1de for non-threatenlng

'f:n};@Ty\fve testlng and to dlspense non—judgmental

ycorrectlve feedback.- A versxon of the program used 1n the

"study had been tested ln November, 1986 by 14 volunteers:v

from the flrst year electr1cal apprentlce students at



' R4
= 1nstruments were used one for the students and one for

,to enjoy us1ng the program, and 1t was judged by both _:

50

,‘.

. NAIT plus seven 1nstruq#érs, £Y senlor 1nstn%&tor aﬁﬁ .%:5va -

QEF department chalrman._ Two attltudxﬁ%;'su Y 4&_9

Yy “’* % : v ’Jf‘“u'.:

f_staff; Reactlon to the program froy both 1EVels was *.Tp

T .
p051t1ve ln terms of observed!rbactlons, wrltten commentsh

,‘:and survey results._ The comments of the two groups we;gir"

T

- noted and constructlve suggestlons were - 1ncorporated 1n

3

»the flnal version of the program.~ The students dld appearzp‘. K

’v '..r

groups to be a valj?'and worthwhlle learnlng exper1ence.,"!~‘”

e

De51gn g the Program 1'=,'T: : S :t,_l r‘f 8
The progrém has four menu—drrven sectlons The flrst
is 'a tutorlal whlch 1ntroduces the graphlc representatlon

of theﬁﬂlrcult components and then presents a rev1ew of

gc1rcu1t deflnltlons and a short formatlve qulz. Students

gu51ng the program are expeé%ed’to have been 1ntroduced to,r

“requlred upgrade thelr Bnowledge to the prerequlslte |

‘the theory of serles and parallel c1rcu1ts, ﬂht thls .

ot
sECtlon allows them to rev1ew the concepts and w111 if[ .
level o . F‘_ L S N =
- The second‘is?adshort-seCtion which eXplains how to
"draw" and "erase" w1res on the screep and allows the

student to become comfortable connectlng c1rcu1ts

LA thlrd»sectlon allows the student tovpractlce
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vf”connecting circuits. Any comblnatlon of flfteen w1res .can R

Ube connected between elther two or three lagps then

5

yerafed and redrawn, untll the student is ready to have the-ty

L3

‘]chc1rcu1t checked The program tQ%P analyzes the olrcult tof!

f‘determlnegwhlch of the 18 poss1ble c1rcu1ts has been

Wconnected.f A sw1tch closes,_the lamps glow w1th anl

' jgapproprlate brllllance, or a fuse blows, and feedback is

© oy

g prov1ded to the student as to the type of. c1rcu1t
Tconnected.. The student can choose to connect as ‘many -.
_LHL01rcu§€s as’ he/she w1shes } {-»"f',{‘f,j,v«;g%;)g,_
| | The flnal sectlon_"challenges" the student to connect

B A

spec1f1c c1rcu1ts at ‘each of the three levels of ‘
dlfflculty. serles, parallel and serles/parallel Tf the‘
-attempt is 1ncorrect the student has the optlon of .

_vrew1r1ng the c1rcu1t or seelng the correct c1rcu1t '

"j-idlsplayed on the screen.

Under standard classroom condltlons the. student would
Ihave full control over the order 1n whlch he/she worked
'J;through the four éectlons of the program.f However,vfor

hthe purposes of the eXperlment 1t was dec1ded to alter

-'Msthe program to. ﬁorce'the student to enter each sectlon S

;'sequentlally ' Thls ensured that all subjects were exposed j‘

’iato all facets of the*program.,la g .

Refer to appendlx C for sample screen printouts from'j

%‘5 B
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i

%

the program k”

. . oo .1'._Q
: The experlment took place 1n a 24 statlon mlcro-.f

'.computer lab located close ‘to- the students’ usual

° v

'¢cclassrooms - The statlons were set up two to a row, w1th

_51x rows arranged dlagonally on elther 51de of a centre T

' E) ‘.
BRSPS

alsle. The mlcro computers used were MSDOS' machlnes "af’

“'{complete w1th 14 1nch hlgh resolutlon monochrome

3 .

‘monltors Each statlon was. prov1ded w1th caster equlpped

v :‘a.? .

: 1nfyrmed that a ”AI program would make up a part of thelr-

palrs Were able to change places at the keyboard w1th

ease.

" Procedure -

on the‘afternoon of“MaICh iB 1987dthe Subjects were

-egular lnstructlor and that they, as a group, would be

_part1c1pat1ng 1n a stde - At thls tlme.they'were not
‘.adv1sed as to the natwre of the experlment (palrs versus

sxngles) . Al subjects completed a pre-treatment

- attitudinal survey ahd ‘an achlevement pretest.

The following nornlng students from one lab sectlon

at a tlme were es orted to the computer fac111ty The.

.f.students ware seated accordlng to a pre arranged plan

1"steno" chalrs and the statlons-were~of suff1c1ent slze as,

- to av01d crowdlng when used by two persons : Thevstudent, N



;‘.wthh é%sured?that the palred subjects were locatgd toward

"

.f the frontqof ghe fac;llty,'w1th the 51ngles more w1dely

(JL
R

_fdlstrlbute'Vu.bard the rear The subjects (palrs and

r) were prov1ded w1th a verbal overv1ew of o

,g31n les t

,rthe program along w1th step—by-step 1nstructlons for_
. L
~_51gn1ng on and then allowed to proceed at thelr own pace e

‘ through the program No specmal 1nstructlons were glveni_j
S :

P
n w1th regard to peer 1nteractlon or keybpard use

.t'_

As a result of anbearller pllot test 1t had been

J

S estlmated that 35 m1nutes would be a reasonaple tlme forl’

‘ students to spend on the program, but a full class perlod

féof 55 mlnutes was prov1ded for each lab sectlon, wlth thei““ﬂ'

}i_extra tlme expected to be. used by those students w1th
BN ! . .
spec1a1 lnterest 1n the program The experlmenter was
eavallable to answer ibth‘procedural and‘content questlons;"

'.ﬁ.Two observers were also present/aﬂgﬁqkle to help &/%;\{;g;

’lfprocedural problems.; The,program was de51gned to spbre oy
. . .- i .Y:':”‘

Aplnfprmatlon about student—computer 1nteract1qpsahd

s‘v

laﬁtomatlcally wrote tﬁﬁs 1nformatlon tovaPCOmputer disk , }

B o ; J}\ l-'- . .
.“flle at the end o‘?each se551on‘ @hén all sessxons were R
‘complete these flles were merged for. later analysxs.

\Duringfdi5 afternoon of the same day both classes

FQ complete a post-treatment attltude survey

r'and’an_acffevement post test.l One week later, on March. -



'.fv'test.

‘126th the sub]ects completed an- achlevement retentlon
Chapter summary

Flfty 51x flrst year electrlcal apprentlée students

: at the Northern Alberta Instltute of Technology

’part1c1pated 1n a study de51gned to 1nvestlgate the

i affects of palrlng students to learn serles/parallel

54

\ c1rcu1t concepts by means of a CAI 51mulatlon program as -

'opposed to. hav1ng them work SLngly The study was based"

’Eon a pretest-posttest control group design w1th the

_htreatment as the 1ndepehden rlable and the dependent

! ude scores, and'

the experlmental group (pa:f"
made up the control (51n5§§r: '

The follow1ng chapter w kmgxesent results of

Cy

4‘-"
'.statlstlcal analyses of the;data collected 1n“the :
4
. . . ./',1 .
'jexperlment 4‘ S -




Y

’ each subscale and the complete test) was lower than the>

¢ |

I RESULTS
Thls sectlon cons1sts of summarles of the
experlmental data, the results of statlstlcal ¢ests

5._ N Cop o
conclu51ons reqardlng the three hypotheses whlch were ::"

"1ntroduced in chapter one, and the results of subs1d1ary

'analyses

°

Hypothe51s 1 Achlevement

There w1ll be no dlfference in achlevement between

K

it 1n palrs

‘ Each of the 12 1tem\ach1evement 1nsgruments was
0&

;analyzed both as: a 51ngle scale and as - two subscales

P

_lelded on the ba51s of questlon type., Subscale one was

S

htspudents to draw w1res td’complete a spec1f1ed c1rcu1t

e

»e'51ngles pretest mean the palrs posttest and retentlon

test means were hlgher

55

e 'é
. - those who work Qn the program 51nqu and those who work on:

’.’:made up of seven. multlple ch01ce questlons, and subscale :

ftwo of - flve c1rcu1t completlon questlons whlch requlred N

'-Flgure 1 reveals that although the palrs pretest mean (on“f‘

o

o,

I S |
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,Table 1 summarlzes the achlevement data over the three 1

E e

a}measures of pretest posttest 'and retentlon test on‘eaeh

ﬂvfof ‘the two subscales and the complete test

' ’~Table 1 Achlevement data o "f’ '_“=' -(wgf'

Subscale i;LEuLtiple'ChoiceI f-.,l}.?""v'f7fi“f:y - I

5
(A

B

vPretest'- ?%Posttest e 7 Retention
Mean (SD). .. Mean(SD) ' ‘Mean{sD) -

singles  2.92(1.5) 4. 03 (1. 2y S 3T

_~?9i?53ﬁ5e->2e82<i;3)”f | 4aas(1.4) - eS|

aSu cale 2 (Dlagram comgletlon)24e R

't'slngles\ 1. 77(1. 6) o l_»”,3 15(1.3) : . 3L00(1.4)

.;Comglete test

and 4.

' Pairs}‘:,_}l'64(lf8)~ f' ) ~..3546(l}2)‘. v '. '3.54(1]4).“"

singles - - 4. 69(2 8) . . 7.19(2.1) o 6.77(2.2)

- Pairs 4.46(2.7),f\j‘ | ﬁ;93(1(9)»‘r"1, © 8.00(2.0)

t"o X three analy515 of variance (ANOV%) w1th
N BT e
repeated measures was used to determlne ;;;-heﬁdlfferences

: were 51gn1flcant for each of the subscales and for the

9'-.

’complete,test.» The results are summarlzed in Tables 25 j ;

| <



‘;aPcs and Retentlon

' Source of d B | sﬁmqoff . d.f. 'fMeah. ‘>~ F. .  .p
varlatlon .. squares - .. ¢ squares. ratio - X
_ Lo R .

’ BetweentsubﬁeCts% ?02.1:. E 53 ",-;. ‘i' , R
'Tréatment'(A) '_' ) 4.-6'.70v.” 1 4.6707 '.-1.‘230, 0.273°°
Error between 197.5 ci";52_ ' 3.797’ | o

.Wlthln subjects ) rS'O\O : 1080 o - o B

;fi;'Meas;U'reS(B) : 62..}36. 2 31.178 ' 28.950 o.d‘oo o
| AB’ o 4425 ¢ 2 C2l13 2055 (‘o.,1:3-3

~Error w‘ithin .j,ltacg". o 104 -1_._0.7_,7 - |

. ‘ RSV : ) o R S .
..On each of the subscales and for the complete test,

:'the first cf the main effects (pairs‘Vs.singles) was not

siqhificantJ The seccnd (repeated measures) was
significaht and a Scheffe multlple comparlson test was

applled for. each ANOVA These follow—up tests determlned

"_that on each of the subscales and for the complete test,
:1s1gn1f1cant-ga;ns occurred between,thefpretest'and
'dposttest scores (p‘<7 001),'and,between pretest and

»ﬂretentld% t§St .scores (p <. 001)



Qmeesures;eeSubseale two of the;aéhievement‘testsﬁ"

 post, and Retention)

' Source of _ i . Sum of  d.f. ~Mean _  F p o
- variation. -~ 'squares . - squares.  ratio . Lo

:,Betwéen.subjecfs’ 200,4 o $$-  | | -
Treatment(A) a7331__ | ;v.j-zfjel ., 9;6iélxjo;4;§f,
Error betweenf' 198.1 sz 3.s09
| Wlthln subjects 228,51 _‘1108 :

Measures(B) o 90.07

SN

-,45.01% v34geabef'p.Q80y',:.
AB U 3.0520 2 1.526 1,182"‘"6.3ilff1

EI’I’OI’ within 134.3" . .1'04.. ‘ 1.291 SRR >f re

* ) 4 . .. e DS
. . ’ e :
!

' T e
The dlfference between scores ‘on the posttést and scoresf- Tt

Tl

[\

_ . : Dy
on the retentlon tests was. not 51gn1f1cant HOWeVEr, a. v

_ s1gn1f1.cant 1nteract10n (p = .049) @as reVealed : l_’_'
- R S ‘f"-',,ihﬁ
,1nd1cated in Table 4. - ‘.- T f.. T e




JTable 4 Two X three analy
ete Ach evement test 'Pre, Post

'measu es. _Com

515 of var1 nc'

-ngtegt;on) '

Source of - - Sum of .id,f : ‘ pﬁ
‘variation squares E .
Betweer eubjects> 583.8 ’V:53" |

Cu Treatment(A) ‘ 13.59 - i_ '13.589 ©1.239  ]0[271.
“Error between - 570,2 52" '10;965.‘>‘

.': W1thln subjects ~ 570.7 108

' Measures(B). . 302.0 2 150.987 'ngé.iosy“ 0.000
, 2B E i"", . 14t84 T2 7.421 3;1027"0;049

 Error within - 248.8 104 - 2.393

7

.Table S One way analysis of. varlance - comglete

..a veme t test. Posttest 1
Source of( .~ Sum of d.f. Mean ‘F
-variation ' squares: ' squares ratio
. ‘ : —— 5
Errdr between 7.31 1. 7.31 1.87
Error‘withinf-ﬁ; 203.§d,t$ 52 3;92 ’
* Total . .  211.20 . 53 - '/f'
[}



' Error betweed . 20.42 - 1.'  20.42 4.57%

.- on the retentlon test, o - TR

'palrs., SRR ' _ ', R .

'experlmental groups. e

o »aéh-évélnéntil.té-s:t_. Reteﬂtlon test _» o

61

Sourceiof; 'h_v :Sum_of . . E T Mean. .. - F -

~~variation -7 squares © . squares.  ratio

] <

54

f .

'Error within T 232.61 . 52 ‘-”f4;¢7

Total™ - 253.04 53

*p_<-.05f
3 ThlS study falled to reject the flrst null
hypothe51s, as it appears that overall students worklng

in palrs and students worklng alone achleved equally well

"‘ .

r&u"sﬂowever, as 1nd1cated in Table o, the palrs scored hrgher‘

- 3 N X . ' X \‘-\
Hypothe51s 2':Att1tude R
There w1l} be no dlfference in attltude between those

KN

who work on the program 51ngiy ahd those who work on 1t in

»

Figurefz reveals that the,attitude.scaie means|

’1nCreased from pretest to posttest for both control -and

X




SUONGlY 6 e i
~Positive 80 iyt VR \\

' PRositive

"Neutral -

Negatwe 24 ........."..... ....
Strengly’ 12 .
Negative = % " Pre. ) i Post
AR R Test ' ffTest
Figure 2 ASELEEQQ,éEQLS - pfetest and posttest“neans;eﬁ:

Table 7 summarlzes the results of the attltude pretest and
posttest ~for{, the singles the.- paflrs-, and th\‘a total group
' 'A one sample Hotelllng T2 test on the T#:otal group means :

;n/gcated that the pretest to posttest 1ncrease ‘was

S I
s:Lgn:Lf:Lcant (T2 = 101 44, F = 6. 699 DF - 12/42

.bo;). Follow-up 1nd1v1dual tests 1nd1cated that four
t : .3

'iteglscontrlbutito the 51gn1f1cant dlfference (Table 8)

7
3



| R e T ey
'Table 7 ‘Attitude Scale - Pretest and Posttest -~ - - 4 i

Gt R Tno  mean . SD - | Range  KR(20)  SEM
W . \., " - ..:, -‘ ~ . . - L . 5 i o
:“Pretest

"% .Simgles . 26~  "45.08" . 7.03 31-60  0.91 . 2.04

A

.
-

't Palrs ,”l} 2§ 7 © 43,79 .. 5.97 .+ 30-57°  0.89 . 1.90

Total

~

54

_,“Posffest._- S e e e
‘.SingléS“j L 26°  49.62 « 14,83 41-60  0.Ba .  1.82
Palrs’

f\‘r_'

2y 49;79_a }7 06 35-60 ' -0.94  1.64

;, Total 5@( " 49.70 6003 ‘,935f603v~“d,9; o174

¥

5"' (gretesﬁ and,gosttest) LTy T e e T ,
s % . 2 .aﬁ-iff L .
. Item ; etest 7""_afia; Postpast SR
f % ‘meéang . Ssd e . mean .o csd
. L . ) AR “".:'-:9(’1 ‘s "l;." b, 5 -
1 . .3:593 - 0.836 .. 4. 322 ST 0,793
2 C 4,111 - - %.0.538 . 4,444 10,538
3 alogy 70,629 T iU TADG89 0 0,596
4 . 3.815 .0.702 .-j,*:QA 3%0 - ., ¢ 0.525%
_ .5 63,8224 - 1,058° <7 40000 1 0 0777
> .6 4.019 > - 0.789 . 1' . 4:167 0 00,7200
70 03,333 70,932 30796 7. T0.898 T
8 v w7 3.593 7 0. 836-~ w00 4,0111 .77 7 0.538%
9” - 4.619 - 0.598 oy - 4.278 ¢ 0,529,

10 . .3.685 1 0.7970% .7 4.000 .. s'u, .z7z}f .
11 ©3.296° ... 0. 768” SR I 796[W . fosg
12 3.741 _,..o.eos:nj,;:j 41304 u,l . 702

vr N e e LT e
- In ofder to tgst the dlfference between the tWO e

s 2
“ b -

‘ 1evels of treatment a: multivariate analysis of covarlancefa

s 0 ) L 7

g

>



(MANCOVA) was applled u51ng t@q
vcovarlates.i No 51gn1f1cant dlfference was found between

‘vthe means of the control and the experlmental group (F

4

1.3237, DF = 12/29 p < .2585). *v:_* f N;.v;,7."ij,‘m
| Thls study falled to reject the second null y 'li}‘ ‘j
‘hypothe51s, as 1t appears that students worklng ‘in pa1rsi€> 'f
tand students worklng alone experlenced a 51m11ar change 1n'rp”
bfattltude. S B R - ;:f o _nE;“f g ;ﬁ. A i
| »::i ,'t’ o Hypothe51s 3"T1mej‘w¥ : :.”',f“ 5 f?t
There“w1ll be no dlfference in time taken by those s
who work on he.program 51ngly and/those who work on it in .
palrs. :*tﬁn’;" c ‘”]_ _vi[{?gin s o ‘i.JfltJV
Tablé 9 summarlzes the data regardlng ‘total tlme f f:_gfq

taken by the control and experlmental groups, . and presents
: /

7the result of a t-test on the means .~ The dlfference -
: (
Tbetween the two groups w1th respect to tlme spent on: the

program was found ‘to be non- s1gn1f1cant. B
. . . ) ’ . v N .' . .' ’ . - T o ‘,' v/
‘_-Table 9 Total time. spent. on_ the program;' o
~Treatment . Mean | '~ Range - " 8D ;- t
—_— » ;-‘ — - — _;. — -
Single , =~ 42.52° . 33.3-50.09 4.17 -
. S S . . ' 0.39
Pair : . '42.08 - 35;4-49.6- 4012

~

On.the basis of this t- test the study falled to

.& ]



'

o the_program, The sub51d1ary analy51s sect&on 1ncludes the

'r.results.of”two t-tests wh;ch.are of ;nterest 1n‘a‘f*'

discussion of'therthird hypothesiSQ; R SO
'+ subsidiary analysis .~
.Ezog;gg Attltude T

' The attltude posttest 1nstrument (refer to appendlx B)
3

1ncluded flve 1tems des1gned to determlne the attltude of

the students toward the program 1tself The scale allowed

'for a range of scores irom flve (strongly negatlve) to 25

~

(strongly p051t1ve) ' These results are summarlzed 1n

'Table 10, : o f: Uy

- Table 10 Program Attitude Scale.

P

n Mean SD Range  KR(20) SEM

Singles 26 ,21.77‘}}11.90 19-25 . 0.69 ~ 0.95.
Pairs 28  21.43 . 2.46  17-25 . 0.85 - 0.84

' Total 54  21.59 - 2.19  17-25 ° 0.79  0.90 -

Inspectlon reveals that the program attltude scale means
e
were p051t1ve for both control and experlmental oups.’ A

two sample Hotelllng ‘I‘2 test cn the group means determlned

» that the ‘difference: between the means of the control and. |



ey

,,-experimehtaligroups with respect'to attitude_toward the:f;

i prOgran was notfsignificant (T2_= 4..587, F = 0,8469,5DFﬂ=

J

;5/48 p < .524)" SRR R :.h R _d- A

Des;re for more t1me

The attltude posttest 1nstrument (refer to appendlx B)
‘ 1ncluded an 1tem whlch asked the students whether they‘

’WOuld_have.preferred more.tlme.dh the program, and 1f so,

how muchrmoreftime The 1tem was scaled from zero, (no ’

'* more time desired)fto 51x (would like more than 30.'

'minutes); A resp,

se of four represented a de51re for an

additional 20'mi ;es. ‘A t-test was utlllzed to compare

(o} groups, and the-results are dlsplayed

“

1f1cant dlfference was determlned

._‘the"means_of the
in Table 11. Mo s

'between the groups w1th respect to de51re for more tlme

‘Table 11 Desire for more time

. ‘Treatment  Mean . Range . SD t ??' p
Single 3.96 . 0-6 2.50 | o
‘ - C T - - =0.22 0.83
Pair 4.11 - 0=6 2.41 | C

. The scores of‘thelpairsowere'anaiyzed to determine the
degree of discrepancy between the responses of‘members‘of

a pair. The mean discrepancy was 0.93 and ranged“from~o

to 3. / -

66



"in Table 13. NoA51gn1f;cant difference was determlned-

~,Clrcu1t Connectlon T1me
7§_____—___——"_____——____

To. further 1nvest1gate the effects of the treatment on 5f

“time requlrements, the total number of c1rcu1ts connected
‘fby each student in the two major sectlons of the program

was . d1v1ded by . the total tlme each student spent on the l

oo L
same two sectlons, to determlne a -mean c1rcu1t connectlon

\'.

time.b A t- test was utlllzed to compare the méans: ‘of the

 two groups,jand the results are dlsplade in Table 12. _Nvd

51gn1f1cant dlfference ‘was . determlned between the group

"ﬁggns for circuit connectlon tlme.

'Table_12fCirCuit-connectiongtimex Lo e
pTreatment ~ Mean Range . - SD t P
o o C \
Single ©1.70 . 1.09-2.52" - 0.43 ‘

T R | . 0.92 0.36
Pair ~ 1.57° . 0.67-3.36 0.60
‘Desi;e to-work'alone‘; : ¥

A

An item on the attltude posttest (refer to appendlx B) -

'polled students to determlne thelr preference for worklng

alone or worklng in palrs. The-ltem~was scaled from one o

_(strongly prefer not to work alone) to flve (strongly

- prefer to work alone) A t test was utlllzed to compare

the means of the two groups,. and the results are dlsplayed

LY



between the group means for des1re to work alone.

”Table 13 Desire to work: alone ".b_: .f;
Treatment ~ Mean _Range . SD. . . t'  p-
Single 3.654  2-5 . 0.892; ©

‘pair $3.288 . 1-5 . 1.182°

fﬂﬁs gartner known : - -".‘.: ' }i;;:

A questlon on ‘the attitude posttest asked members of a
palr how well they ‘knew thelr partners, 1f they knew them'
at.all The 1tem was scaled from one, (dld not know -
partner at all), to_flve, (knew.partner yery,well), ‘The
' mean score was 1.43 and ranged from 1:to‘3.: The'mean.
'discrepancy between résponses of members of a.pairtwas 0.5
_and ranged from 0 to-l,- |
Qbservgtigns_.

Two observers were present iﬁ the computer lab at-the

. ¢
tlme of the experlment. They were 1ssued an 1nstrument |n

whlch they were to record observatlons made durlng each of
theufour se551ons._ No prev1ous attempt had been made to f
'establish‘interrater rellablllty, andrthere was some -
dlfflculty in 1mplementatlon of the 1nstrument y As a

result this is a summary of anecdotal observatlons only

The observers perlodlcally attempted to assess



Y

v\:

' [students' reasxlons to the program ‘in terms of
"verballzatlon and body language Verbgglzatlon was

z_grouped into two clas51f1cat10ns on toplc and off toplc

Slngles spoke ‘to one another on occa51on, but palrs

e

_naturally had more opportunlty for ‘erballzatlon ‘and thelr ,

'frequent dlscu551ons were often qulte anlmated. Comments

by both groups were overwhelmlngry on toprs ‘Body" _5wy”

:language was perlodlcally 1nterpreted by t; s o
- recorded by checkoffs in columns labelled 1t
boredom, exc1tement frustratlon ;and concef*
:_checkoffs were predomlnantly in the areas of 1nterest and
concéntratloqéfor both palrs and 51ngles, w1th occa51onal
evidence of exc1tement among the palrs and occaSLOnal
1nd1€atlons of frustratlon and boredom among the 51ngles.
-The observers reported comparatlvely llttle emotlonal
.expre551on by the 51ngle students, and that the learning
process appeared to~be more.en]oyable»when workmng_ln'
pairs.rQComments overheard.and recorded'byvtheVobservers |

-

. are. 1nc1uded in appendlx E.

-

Chapter summary

This chapter presented the results of statisticai

‘analysis of the attitude measures, the achievement. - -

measures,'the_time taken by each group of'students}:and of

subsidiary analyses of certain aspects of the EXperiment.

»
-
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'wahere appears to be no dlfference between the experlences ;:f

R."

T

"faof the twc groups of students wrth regard to attltude,

.‘fq.

fach evement or. tlme requlred spf/;;r performance -on

«

o 1
theg h;evement retentlon test where 1t was deterplned

‘that the pa1rs5scored hlgher; The following chapter

e

'L
i
“s

1‘conta1ns a more detalled dlscu551on of these results, o



>

DISCUSSION

In thls chapter, the results of the Study are

el

“j‘g_a.summarlzed an% analyzed w1th respect to,theoretlcal and

5 - -}}practlcal 1mp11catlons Suggestlons for.further research
o L o P

— S -
“are also presented. ' - R

3;g35;1{ :j“"’. Summary of results
o Statlstlcal analyses of the data resulted 1n*fa1lure

L

jto re;ect any of the three null hypotheses. Palrs and

51ngles pefformed equally well on both subscales‘bf the‘ln .

\' achlevement measure, hqwever post hoc tests ;ndlcated that

..,‘- o i .G' .l

a. sxgnlflcant 1nteractl%gion the total test data was the f[l'

/.'vﬁesult of a petter perf %nce by palrs on the retentlon-:"

.......

-

5:'.-:-"test The attltude of" both treatment groups toward CBE _fjj;f

| Ie;fwas 51gn1f1cantly 1nf1uenced (1n a,p051t1ve dlrectlon) by '%rﬁl
.gthe experlence on four of the 12 attltude 1tems;whut no o
';dlfferentlal eﬁfect was found between palrsgand srnglesugbir'

?‘QQLThere was no s1gn1f1cant dlffeﬁence xn tlme taken hy |
- . R R Lo '@._ o .f_

‘r ’g.r'c;up

‘;;ﬁ A;;*: sxgnlfmoant dlﬁferencs betWeen the“ 'ntrol and ‘féfffﬁ*rv*""'

L . ST

g.

2 « ) -* e L
' : exper1menta1 groups wnth respect to de51re for more tlme,-__~>ﬂ

.L . - E
mean CerUlt connectlon tlme, atthtude toward ,a,,program,fwfyy

~ -

or the de51re to work alone.alf:,"::f,];gg a‘@”?uﬂ{ff

i
S

[




_ Theoretlcal 1mp11cat10ns of resultS'
A_clmen_t . o |
The studles of‘gaﬁrler & Sales,,(1987), Cartwrlght

4 : SEE |
(1973), Lelber & Semmel (1987), and Sutter & Reld (1969) *

[=4

all conclude that palrs achleve as well as 51ngles when -

-

: worklng on a CAfjlesson ' Thls study lends suppprt.toa,;r

v.

‘Jperlod betwdhn the posttest and the retentlon test all

"gfand 51ngles) cennéated serles and parallel c1rcu1ts on the

‘f351gnlf1cantly hlgher than the451ngles, th

| ththh more sturdy cogn&tlve structures on whlch they had

lnstrument "a*;'-:‘ C c__'u_=3;’ R

these flndlngs but determlned further that with this
: o EEEE SO
program, palrs outperformed 51ngles on- the retegtion

I - N .
. N

- A wC

The results of the achlevement measures lndrbate that

Whlle the palrs pretest scores were sllghtly lower than

“‘¢those of the SLngles, thelr posttest scores Were hlgher

o -1 »‘

' Of greater 51gnrf1cance,‘the1r retentlon scores 1ncreased

iy

. “ s

whlle those of the 51ng1es droppedu' Durlng the seven day

) .

‘four lab sectlons (each contalnlng a random mix of pairs :

~ . 7

. :}account for ‘an, 1ﬂcreased retentlon score~ gvt appears,’;‘ ;4;
that 51nce thé pairs’\retehtlo, scores were A S

“ands-on ‘j#_"

4

'Fniexperlence dlfferentxally aﬁfectegdthe two~groups ‘It may

: htbe that the palrs’ treatment had left the palred subﬁects

. ,,’,'

b LW

7_.1ab bench, and thls'hands on learnlnq eXpe\fence could *“fr?_'?

'-a Lral i



* n - W

N

'r;‘»,";fﬂj ST .31”~~ 73 7.

:'& P . - . |

. stored thelr COnceptuallzatlons of serles and parallel
ic1rcu1t theory Thls group would then be more prepared to y{

B proflt from further 1nstructlon/‘%nd the hlgher retentlon

scores could be the result.b _'v'"f 4-,1"=_-_f.i*';'f:,;;s'

R Decreased,tlme on . the keyboard andtlncreased peer

'interaction aréAthe obv1ous factors whlch dlStlthlsh the"

' experlence of a palred subject from'that of a. 51ngle.
r

; Webb- (1984) reported that the amount of tlme each memberif”

. performance outcomz? and s
the keyboard and ‘stu ents a

' f' 1nvolved w1th the materlal. Though
o S R - ‘

o was not measured 1n thlS study, observatlon and resultsf»th

of a. pa1r spent on the keyboard was not related to

: me on the keyboardﬁ

suggest that Webb’s ﬁlndings were corroborated bf‘thls:,w
studY Student 1nteractloh may‘WEIlvse;the major 13'75,5;f“51]
: jt' dlfference betwee& thl; and the fﬁu; earILer studLes S
L7 comparlng palrs and 51ngles on CAI (Carrler & Sales,'1937,

Cartwrlght 1973, Lelber & Semmel 1987, Sutter 03 Reld, '/{"-
ki"'1969) as’'a result of the type of program utlllzed for ‘the

.« i 3 » - e -f".‘h‘:.‘ .

experrment.

f&Pair‘§nteraCtlon was faoll;tated by the

program, as the graphrcally orlented 51mulat10n probrées ar

ready foous for 1nteractlon between two partners. The

e 1nteract10n allows for the formulation and testlng of e
. N ) N . B . N

“mlnltheorles" or constructs (Claxton, 1987) The .f[*.f'ffiihf

W § -

e R e T e A -



L

"h'ﬁﬁ ]ustxflcatlon for the flpdxng that the pamrs retalnéd,?v

. constructs themselves may change, or the 51tuatlons to .
.-whlch the constructs apply w1ll be changed The effects
of verbal tnteractlon on- learnlng were lnvestlgated by :

Durl}ng and Sh1c> (1976)f Thgy determlned that &Qcaiifing

s

palrs had a h;gher sate of achlevement than that of elther

‘ non—voca11z1ng palrs or 1nd1v1duals vocallzlng to the v

experlmenter. Interactlom.causes the learner to be an

actlve processor of 1nformatlon,‘not a pa551ve\rece1ver,
£
= and thlS, accordlng to Wlttrock (1974), could affect
retentlon' "1t seems that 1nstructlon whlch causes the

,"h‘_

learner to generate dlstlnctlve ass oc1atlons between

A
H

'§ates long-term recall .and. T;ﬂ”

st1mu11 and memory fac

An
e

1'5"understand1ng" (p 94)., Actlve part;c1patlon (Webb 1989)

l,'

: and spontaneous verballzatlon of the concepts 1nvolved

LpeW1s,,1986), tends to‘re}nforce the concepts belng

i;f learned '."leen the proper settlngr;students can-—and

2w1ll-wargue and debate w1th one another._ tudeﬁt talk is.

-,

useful and prov1des a stlmulus for learnlng as well as an

-

lmpetus for further exploratlon of topmcs" (Chrlstenbury &

Kelly,;1983 p 2),1 #A;ﬁfé

It appsars that‘there lS some theoretlcal

Q A \
1nformatlon better than the 51ngles--fon programs whlch
Y

.»' . v-'."“'

o ‘stlmulate or fa01lrtate peer 1nteract10nt' In contrast

Vs

\ . ~v ' STy ) ';."",." R . ":



T S E e e T T SR
. ' . e
g t 75,

. interaétion between“members of a; palr worklng w1th a. more L

heav11y text based program may be adversely affec}ed by

'ﬁ&:f- dlsparate readlng and comprehen51on levels.

N BRI : : ’J: 2 ’
S 1earn1n§ experlence and (g& if the percegiion og;the

experlence was dlfferent--better or¢worse--for the
i 2 A oy :'r

experlmental group The attltude of both treatment\oroups

®
toward CBE was 51gn1f}cantly (and p051tive1y) 1nfluenced

1 LY s - - T
T 1wlshés to cpnv to.the exﬁirlmenter., Overt responses may A
L S :
. l, L . : "‘ t’ ’ . __" ':'..‘>
7,‘ﬁ . or may not accurately reflect a respondent's lnner 7ﬁ“”ifl

\ feellngs, and ma*,or may not be corroborated by subsequent

behaylour.s However, 1n sﬁlte of the obstacles 1t ls
rx.rfva. S e e ' S
EURES 1mportant to attempﬁ to determlne attitudes toward the,hpf~_;.
.iw;.. SN
: 3-\deveiop1ng fleld of CBE (Bea& Rlchards & Dancaster,._;‘

' - 3,

.t1987)’as a form of feedback from a most approprlate f”ﬁrf§?;}?

' source.. ertten responses, reduested w1th an assuranCe of

f-confldentlallty, may be mlnlmally 1nfluenced by soc1a1 P
l, .I o . 3 ‘.l ‘/_/‘>‘\‘ "‘ a



factors and may prov1de a reasonably accurate assessment
.of the subject’s'"predlsp051tlon to respond 1n a

con51stently favorable or unfavorable manner" (Flshbeln &
bgﬁéf- A]zen, 1975 P 6) at any g1ven tlme.u fﬂ “;;ya?”

.- . 4 . Sy

4

Attltudes do change. "The experlenced value of any
o event depends upon comparlsons w1th other events“ o
(Par&@tc1, 1984 P 15 and a new event can cause the o

experlenced values to be altered : The changlng nature of

' attltude is- also descrlbed by Kahle (1984)

_ Attltudes and cognltlons are not static and flxed but

- rather are often growing and’ belng adjusted ‘When we.

. measure an attitude, we are not- capturing the exact. . :
external’ p051t10n of the attltudé9~as a plctﬁre of a
statue.might. -~ Rather, the measured attitude is . L

- better conceived as. a single frame: from a’ motlon R

',‘plctudg of an actlve object (p 4L) o

The attltude pretest captured ‘one frame, the posttest 7_; . .

another, and the two\plctures are-—ln some respects - 'ﬂ@ AT

i
dlfgerent. Between the admlnlstratlon of the two

-

1nstrumg%ts, the CAI experlence 51gn1f1cantly changed tne

subjects"attltUde toward the follow1ng aspects of the use’. o

of computers 1n educatlon.

.‘~"v-— . '

jv Item l.Tf A computer could make learnrnq#more fun for f?i}i
RN ~vsItem.4. i Computers are so compllcated I would rather ';

ST

LIV TR AT . -7

v*;1,'j-“j;; §fv'_not use one for learnlng %[[j» o ”..fwf e,

e

. Item 5: Even though computers are valuable and

-
.

I
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”fnecessary, I Stlll have aafear of them..:“

R

[
°,
g

:iitém 8: " ’Worklng wrth a: computer would make me- very

nervous. _'jf;f.; [RURERIEE

T . .- . . .‘.,‘ .
. s . T, . . . -

The scores on thg remalnlng elght 1tems changed 1n a
pos1t1ve dlreét;on as well thOugh the change was not

51gn1f1cant at the predetermlned'iewel of probablllty$ lfvf",é’

a

fl may be 1nterpreted that for both grdups the experlence was

) enjoyable and tEnded to reduce anxzety w1th respect to

B J

-

computer use. yijfjgf;fitf‘ﬁfi

| A factor tog cons1der when rev1ew1ng these attltudlnal

- results 1s that he study was completed w1th an all-male3'h

Q Alberta, the group waS represeptatlve w1th fegard to sex,

group of students.; Slnce females constltute onl;ﬁ'f,ggf,f

percént of the flrst year electr1c1ans 1n the province of

_(ju

at

-~

-

a' s

but 1t may be found t at a populatlon w1th a hlgher
percentage of females would produde dxfferent results.'VIn_hf'w
a, study whlch focused on sex dlfferences w1th respect to _lfffﬁ~

attltudes toward and 1nvolvement w1th computers, Dambrot

et al (1985) found that attltudes of females were more iq,j,;u

- V

l negatlve tovard*computers than were those of males, whlcﬁ* v;f?

suggésts that a class w1th equal representatlon of botb

sexes would not have scored as hlgh on the 1n1t1al t;ﬁ°”C;Q(,<

.I-»
KA

attltude 1nstrument However, Johnson, Johnson and Stanne’

(1985) and Loyd and Gressard (1984) found no dlfference



&
v

: reasons ‘Were offered. (1) manylcomputerrusers had

[represented by the new technology.f Thé‘

. was negatlve, ye the present study, two Years later,

_; hardware and software designers become more s I
S . ~ ,

[ ey

-;‘p051t1ve experlences w1th computers and the p051t1ve [;

r;:people in general toward computers.r They'cxte’studies-

-‘(completed betweqn 1979 and 1983) whlch concluded that t' 9

prevalent attltude was .a negatlve one. Three major
,-_g“.r

.

""experlenced functlonal problems w1th computers, such as .

access dlfflcultles, frequent 1nterruptlons 1n serv1ce,‘

poor documentation, and lncon51sten01e5'between and
' K4

compatlblllty problems w1th systems and languages,_(z)v.t

'
— Py

;1nadequate tralnlng prlor to 1n1t1al use of computers

resultlng 1n a less than satlsfactory experlence,'and (3)c_

o general re51stance to change and a fear of the unknown

fiﬂ§5 report

e

iconcluded that people s attltudes in general to computers

+

-

s

' found a p051t1ve reactlon to the use of computers 1n

Foe

Jeducatlon, even at the pretest stage.y Itgmay be that as

s:

03 e R

'Tya greater percentage of the general populatlon have had

.
EY A A v » .).

,results of thlS study are a result of a. general attltude’




T_ng;me taken‘,vs_p__l”:' ‘ ’; SR I S

4

r e o . N . "‘

On the ba51s of a pllOt test of the program, 1t had 1}1Tx

?gbeen estlmated that 35 mlnutes would be a reasonable tlme

’ ‘!,-" 4“, ~ &

‘”for students to spend on the program,'and that by

dfprov1d1ngla full class perlod (55 mlnutes) the tlme

- "‘- ..

'~.<allowed WOuld be more than adequate._ Settllng the e

e

:_students 1nto thelr statlons, prov1d1ng an OVerV1ew of the o

program, and eXplalnlng the 51gn—on procedures reduced the

'total tlme avallable. This tlme varled somewhat between-)' '

% — A

dggroups S0 that whlle the max1mum tlme recorded for a

‘

' “student se5510n was 50 0 mlnutes, some of the lab sections"*

had less tlme avallable to them._ For thls reason, and

:,idue to the dlfflculty of know1ng when one has_"completed"‘v”'

2

*-thls type bf program* the total tlme data-may requlre some S

"Tivdegree of caution 1n 1ts 1nterpretatlon. W1th1n each lab

. sectlon however, both groups experlenced the same tlme ﬁf_flff

'g”llmltatlons and 1t may be'assumed that the fallure to")H
'-v_ﬁreject the thlrd null hypotheSLs (equal tlme nequurements o BE2

“_for both tréatment groups) does represent an equal t1me

"1hmore time._p.” f-»%fﬁﬁ.jiT‘w:fﬁ»f

R ! - e

- % g ,_,/'.-'.

BN T, Y oz ﬁ DR ,‘,". |
R e

:'requlrement for both groups, espec1ally 1n llght of the

'_fgsub51d1ary analyses whlch 1nvest1gated d;fferences 1n the ~~°}1‘

p P |

:‘%;tlme requlred to complete a clrcult and the desire for

-3 .,'..

e

'i,if t,,;‘,Though some students, from both groups, expressed

"



';i?.f. dt'v_ 3 = ”;ya:. o ."vaso éi;
.'Adissatisfaction‘due'to the»simplicity,of-theiprogrammand”' o
.;ended thelr se5510n early, others, from-hoth~groUps, n
1-appeared totally engrossed and had to be requested to ‘ ‘
‘: -'L=‘ leave thelr termlnals at the end of the perlod (Refer to- ’Fdhf
| K appendlx D for comments collected from the attltude
~;nstruments,'and.ta appendix-E,for-comments»oyerheard
v'duringlthe sessions andyrecorded hylthe observers:)::.
tDe51re gor mo;e tlme" | . |
hxf '.,v"» When respond}ng to- the attltude posttest 1tem

F

regarding,addltlonal t;mévdes;red( 226 of'the suhqects"
fexpressed'novdesire to spend more_time;onhthe~program“
--thhiiey48%iwanted to‘spend‘an additionalvﬁo minutes or
;s'more..iNo dlfference was determlned between the responses
'of~Qhe tWO treatment groups, whlch may suggest that the
%mbers of a palr were ndt partlcularly frustrated by-an.

A 75&%* %pewﬁence wh;ch llmlted thelr access to the keyboard.
..{';5/\ 4 ‘ \'l’ o -,

m?henfact that most supjects wantqd to spend more tlme”on“

'ggam 1ndlcates that the learnlng opportunltles were B

'fausted and that posttest scores may well have been

- -

the

experlment remalns unaffected.




.'with respect to'tlne regulrements was revealed,when the ;
' mean tlme taken to conn“%t a c1rcu1t was determlned for |
’each group,Aand it ‘was found that on'hverage, palrs

connected c1rcu1ts sllghtly faster than 51ngles.v The'

'

' dlfference was determlned to b vnon—51gn1f1€ant but it-is

.1mportant to con51der that par'

v,
P 8

must have remalned

€

'equally on task and that peer 1nteractlon must generally

ﬂ,

have focused onkprogram content o o o >
The att;tude of pa1rs and 51ngles toWara the program

v ltself was determlned to be equally p051t1ve.5 Thxsﬁ%aﬁ

Att;tude toward the grogram ;

!
vsnggests agaln that‘both/groups percelved the experlenbe

- to be. enjoyable and educatlonally rewardlng

‘7,eres;re to work along'jf - e IR IR

) On the questlon of whether they would prefer to work'
p_”51ngly or 1n palrs, the oplnlons of the two groups dld not
‘dlffer'51gn1f1cant1y Whlle nelther grou%, as a whole, y'.if_n
hexpressed a strong de51re to work alone, the responses 'h “,tfp
-%suggest that 1f glven a ch01ce most members of both groups
B would ChOSe to work alone.. Whlle, for members of a palr,
"dthls statement may appear rncongruent be51de the prev1ous
:results (whlch have suggested that the pglrs’ experlence '
_thas been_pos;tlve), lt should perhaps come as no surprlse.

'A 51ngle pOSltlve cooperatlve learnlng experlence by a



member of a pair may not be suffrc1ently strong to alter
what has perhaps been seen as a more 5001ally acceptable :

attltude toward learnlng , These results suggest that the
©

learning env1ronment must be 1ntentlon' z%structured to

fac111tate and encourage palred work 1n order for the
potentlal ga;ns in eff1c1ency.to be reaped.
:’;' "‘h ! PractiCal implicatgons o .‘

»‘ It~ appears that palrlng students for work on a

graphlcally orlented CAI 51mulatlon has no’ detrlmental

“ mg an eﬁfects onala&!n&ﬂg, attftudé or tlme requlred and the

o
treatment has shown p051t1ve results w1th respect to

retentlon.' The use of thls model of CAI w1th a'2—to-1

-

studentgzomputer ratio could result in more eff1c1ent use

) of exlstlng computer hardware, and perhaps ultlmately,
a relatlve reductlon of termlnals requlred Consideration
-should be gluen to the de51gn of computer work statlons,

ufso that suff1c1ent room is- allowed for two students to
work together% In addltxon, the apparent success of thls

d;:model>of CAI for both palrs and 51ngles, suggests thaﬂ"

:-the model could be used for future programs, and other l

models could be spec1f1cally de51gned for. two or more;'

' users., . : - o o

One further_praCticalpimpiication-is.thatfthe_u

‘- negativé effects of social isolation often attributed to



B T R ey
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%

‘_‘CAI can be overcome to some extent-through palred or group'
‘CAI use, thus . ove&;omlng the reluctance of some educators
;to utll;ze thlS 1nstructlonal method. An 1ncneased number.c

of- educ&Eors addlng Cﬁa‘to thelr complement of educatlonal

tools w1ll resuIt 1n an: 1ncreased demand for goodiFAI and

“J:

better QAI w%ll be the. result: V_Trw o
| Suggestlons for. furthemﬁresearch L( :
Yo test the degree to whlch the flndlngs of thls'
‘ﬂ‘fStUdyhcan b'g,:;_---;” d further 1nvest1gatlons should : bevo
carried g ) . (1) if these flndlngs apply to
i dents u51ng CAI (2) a range ofr
ff'ciently used by palrs ov small
1nﬁlngs ‘are llmlted to a certaln ;
_o: _
e éh could also be conducted to
1nvest1gate”whether or not the apparent success of the CAI-
,.model produces a subsequent reductlon in hands-on lab o -lpb

tlme@ )

-t
i
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SUBJECT SEX, EDUCATION LEVEL AND AGE

L4
* | | R
Se‘x" . -“ , . . L. o
o ‘the 473G flrst year electrlcal apprentlces 1n ‘
. & SN
Alberta in January 1987 e (sllghtly QEZZ;lf) were .
R ﬁdefemale; Therefore an 3 ‘group of 56 ]ects can be
N 4
. : ¢
.Eon51dered representa‘ ft ms. of sex.
v £ ‘
Level of fﬁkma& educatlon
et ' | The modal education level of'theisubjects was grade
12, but ranged'ftpm'graQe nine (two studente) to t#b'years
’; of pdst secondary education (one student). The educatién -
"7 level distribution was representative of the provincial.
populatipn as indicaked in Table 14. o
L .‘_‘ ) . : ‘ * © \
R & o . _ . o B W
©.% . Table 14 - Education level¥ ‘ o o ' .
-, <11 . 1}- ' SR T
T 3‘ ‘ L v
Provincial . 10% o . 11% : ' ' 81%
. population ‘ o . » v S\\ v
Subjects - 113 - -s 9% ' fkf*?S%
. v N ' g <«
"."'\ﬂ;"‘g@ s

“The subjects'ranged in age from\19 tof39 years with_ a ‘
mean age of'24'25' Prov1nc1ally, first year apprentices .

~range 1n.age from 18 to 55 years, w1th a mean age of 24.5.
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'iJf; The age dlstrlbutlon was representatlve of the prov1nc1al "

-pop.u.latlon as 1nd1cated in Table Qs . :

Tatlle 15 Age*" f\ R I
ST 18-23 . 24-29 . >29 \
o ‘J, . N : . s i IN . . : - - 1 .' s
G VErov1nc1al - 54% . s _ - 28% , 18%
populatlon v T A ' '
v . - : . - .‘:‘ . o . -
Sub]ects . 59% - | 22% 20% » .
7 R
— . - . - %y
R ) oG
s "';h.', . ) v
*The data on age and educatlon level of t prov1nc1al
populatlon of first' year electrlcal apprentlces as of o
January, 1987, was supplled courtesy Wayne leon, o LA

Dlrector, Reglstratlon and Certlflcatlon, Apprentlceshlp ‘f%“
and- Trade Certlflcatlon Alberta Career Development and
Employmegr The same data for the subject group were

— -

prov1ded courtesy of Rod Meuller, Apprentlceshlp and Trade

3 Certlflcatlola 1alsonr6

'cer at- the Northern Alberta

L

- Instltute o‘: echnology. der ho safeguard 1nd1v1dual 4
‘ rlghts, nelther se of data included.names. , _ ,
%; oy

—r
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-

- Pretest o - - " L R ‘
The"follow1ng page> contaln the achlevement pretest )
admlnlstered to the sub]ects on the a/ﬁt\:i?oon of March 18
1987. | | | - )
- - |
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- & : (3 ) - . ‘_~
- . : _ 5, ~
“ - g . :
, S W;rmg DJag;‘ajp Pretest N Lo, ;6
. . o - , ) . . ) ‘ "u . l _ B
Rart 1. N | v

CRoose the letter- of the answcr whxch best descnbcs tl"c way m

) Wthh these Cll’CUIIS are eonnected : o
o, -Cu*.cu_lt Lo e L S Ry
RS En Line v m L Lamp! :
SRR o T Fuse  Switch - ﬂ/rl_#_
hal Line 2 e P ‘
A - VY ' ¥
¢ a. Lamps l 2 and 3 are eonnected in scnes
b. Lamps 1, 2 and 3 are connected jn .parallel. -\
-C. ‘Lamps 1 and 3 are connected in’ parallcl w1th la P ? m
S series, with them. : .
o ,dng'}f ';Lamps 1 and 3 are connectcd m scnes ~with lamp)z in ' _
~§ s - paratlel with . them.. . . PP A e
., €% This conriection i \a short circuit.
Ai:ll‘Qﬂlt 1 answér: ' )
SN ;
4 ) . Ay . |
%, .4”" <
T
Circuit 2.
: Line 1 >
L} y
; Switch - :
-l - ; ~
. U2 1
3;'" 9 '

.‘o{\ . . :‘. 'ﬁ‘i" L . . ‘ . . ] )

a. .Lamps 2 a.nd 3 are connectcd in parallcl with lamp 1 u\ ,‘\
series with them: ESE
b. - When :2e switch is closca only lamp 1 wxll by lit. N
c. When the switchcis cldse@only lamps 1 and 3 will be lit. = = k/-
~d: Lamps 2 and 3 are connected in series, . wuh lanfﬁ 1in B
o _pargllcl with them. » ‘
e. - 'Thls connecuon is a’ short cxrcmt

A

~

Ci‘rcui’t' 2 answer: PSR ¢



o ‘{ T R R

' ‘ercuxt 3.

BT

v 7 Fuse - Switch -
. Line 2A : ~
1 ; ~ - s r
a. - Lamps 1 ‘and 2 are connected in. p rallel w1th lamp 3 in
' series with them. : 2

b ‘Lamps 1Mand 2 are connected in senes.

&

¢. - When the-switch is closed; only lamps 1 and 2 -will be lit.
d. Lamps T%and 3 are connccted 1rr parallcl
e ThlS -connegtion is a short circuit.

e T

Circuit 3 answer:'_, | 1 L
Circuit 4. & ,
Sl o Llinet -
. \ | & -
- Fuse.. Switch
. Linoz o . : , S .
a. Lamps 1 and 2 are connected ‘in 'parallel w1th lamp 3 in
L series with them.
~b. When the S:KIICh is ‘closed, only lamp 3 w111 be 11t
~C. When the ‘switch is c}pj:;i{)anly lamps 1 and 2 will be lit.,
td. Lamps 1,£2 and 3 ar nected ‘in series. . I
el _Thxs connection" is a short circuit. : v S _
e ) : . . e T o

~ Circuit 4 “a_nsw"er_: : 3 s .

T n
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-+ Circuit 5. - . 0 g

~ Circuit 6.

'2u1_t‘ 6 'ainswver:; L ST [ R

Line1 - .
TFuse switeh
 Line2
- a. Lamps 1 and 3 are conncctcd in. parallel wnhwramp 2 m scnes '_
’ with them.- T T
b. “Lamps 1, 2 and 3 are in series. AR =
C. When the- switch is’ closed, only lamps l and 3 will be lxt :
d. tamps 1. and 3 are connected in series,; with lamp 2 in .
parallel -with, them :
e .&.Thls connecnon is a short cxrcmt
Circu.l.t 5 -answer:

Line1 - m
&

Fuse Switeh -°

" O ,
Line 2 T

. '.‘\

’Lamps 1 and 3.are in scncs

Lamps 17 2 and 3 are. in scncs?S , '

Lamps. J and 3 are in- senes, and lamp 2 1s in parmllcl wuh
them.

Lamps 1 and 2 are.in. parallel v N L
Lamps 1, 2and3are in parallel I e

P



_Circuit 7. o

«

AT ' Line 1 o
_ o !
s  _Fuse ' Switch
_ ‘-°> B . T ‘ . , - . D o .
.LmeQ' o el SEUEE SRR e Lo
\ g 3
. a. - When. the sw1tch is doifd only lamp 3 will' be lxt -
b. Lamps 2 and 3 are in eries, and lamp 1 1s in parallel with
_ them. - PR R
-G .Lamps 1-and 3 are in series. - . - ¢ '
d.  Lamps. 1 and 2- are in parallel and 4amp 3 is in senes wuh
them. -~ . S L of L
o ¢ This connection is a short circuit. o . A
Circuit 7 answer:, . B C s
: n-*_*m:uu{*s_ua:&'*a******’i#@[ﬁn******‘*******’*#*******wﬁm"
. | N . RN R
Complete the following wiring dfagrams. o
- " Circuit ‘8. ; : : N
- Complete a circuit where lamp 1 is in parallel with lamp 3. - B
- . Line 1 ; Lamp 3' . 3
Fuse  Switch ’
: , - , , o :
o Line 2 ' v o . . .
ercunt 9. ' : |
Complete a cxrcuxt wheré lamps 1 and 3 are in: senes and% lamp 2 is’
: in- parallel with them :
“Line 1 Y o b
Fuse Switch - R _ R
. fo o . N B ]
Y Line 2



TN Co e .
) - [ S
s _’i’, . -~ ’
- . - . T :
. : ‘ - - ‘ .‘
CIl‘CUlt 10 ‘
' Complete a circuit where lamps I and 2 are m senes and lamp 3is
in- parallel’ with them. -
- - »x)
Line 1
Fuse  Switch
O : .
Lin.z , . . » H ._ 1

n T
Cll‘Cl.llf. 11 ; ' ' \\
_ Complete a circuit where lamps 1 and 2 are in parallel and lamp 3 is

© in -series with them " :

*
Line 1 ,
. Fuse Sw\teh .
.Line 2 ‘ T
C.3

,'_ICIrcuxt 12. v . -
Complete a circuit where lamps 2 and 3 are in senes and lamp 1is
in parallel ‘with them. : .

Cine1 ~ )
Fuse  Switch
. B -t . N :
L Line 2 - . B ;
/;, .
- h .
, .
L ——— AN 1
w ‘ _
. P Ifﬁl - ) L4 »
- oy,
u " u‘.""
. I ~ ¢ r,’} o
4 i . a -
. S




198%, and pagain on March 26, as a retention test.

~ T - .-l " r

- The following pages contain the achievement ppéttest,

N .. - : » . . - S ;o
administered to the subjectsﬂon_the*afternoon of March 19,
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Choose the letter of the answer whlch bfst descnbcs thc way m
Wthh these cucuxts ‘are connected.

Circuit 1.

"o Line . Lamp 3
| - TTTase Switch ]
- Line 2 R B e
‘ | .
a. . Lamps 1, 2 and 3 are connected in seres. .. S
_b.  Lamps 1, 2'and 3 are connected in parallel. o v
"-¢. Lamps 1 and 3 are connected in’ parallel, with lamp 2 in
4 series. with them. é

- d. ‘Lamps 1.and 3 are connectcd in series, w1th lamp 2 in
A parallel wigh them. -

~&. . This connection is a short c1rcu1t. ,

Circuit 1 answer: _ e

oA

“Circuit 2.

Line t. -~
Fuse Switeh = -

_ LampBié R

- O
Line 2

a Lamps 1 and 2are c nected in paraltel w1th lamp 3in

- series with them.
b. - When the switch is ¢ oscd ordy 1amp 3 wdl be lit. o
c. When the switch is glosed, ohly' lamps 1 and 3 will be lit.
d. Lamps 1 and 3 are vonncctcd in. sencs, with lamp 3 in

- parallel with them, - :
e. Thig connection is /a  short circuit.

-

Circuif 2 answer: _

. Wiring = Diagram Posttest LR 102
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a. "’ LamBs 2 and 3 are connccted in parallel, w1th lamp 1

e a0 o
s

103

Y 4
-~
q

.

Circuit 4.

~ series with them. . ,
When the switch is closed, only lamp, 1 will be Tt
When the switch is closed, only lamps 2 and 3 will be lu
Lamps 1, 2 and 3 are connected in series.
Thxs connection s a short. cxrcuxt

) -

v

. , \ ’
Circuit 4. answer: L

- Circuit 3. T
Line 1 iy L
.=
Fuse - Switch
O
Line2
Ny
J \‘ ¢
a. Lamps 2 and 3 are connectcd in para}lzk thh lamp 1. m .
. . series - with thém.’ . ‘ ,
b.  Lamps 2 and 3 are connécted in series. .«
"c.  When the switch is closed, only lamps 2 and 3" will be lit.
d. ‘Lamps 1, 2 and 3 are connccted in parallel - :
e. This copnecnon 1s a short c1rcu1t ' o RN
. ‘ . . . ‘ . ‘ N . . N » , ’ N . ]
Circuit 3 ‘answer: ' ‘ I
. “ ) A
- \ _— . , é



' C’ircui;"IS."-, :

a. Lamps 1 and 3 are. connected in parallel “with lamp 2 in series
with. them. S

e

b.  Lamps 1, 2 and 3 are 'in series. : _-
c.  Whem the switch i5 closed, only 1amps 1 and 3 will be ht._

- d.  Lamps 1 and 3 are connectcd in series, wuh lamp 2 in
. parallel . with them.
e. ThlS conneg on is a short cu'cmt ¢
e
ercmt 5_ gpswer., | BN '
a
N

Circui't 6.

Line 1 :
O A
-« Fuse  Switch

)

. O=
Line2

2. Lamps 1 and 3 are ug series. / \-. |
b’ = Lamps 1, 2 and 3 are in series. - '
1 ar

c.... Lamps d 3 arein: senes. and lamp 2 is in parallcl ‘with
‘ ‘them. .

.d. Lamps 1 and 2 are in parallel
§. - Lamps 1, 2 and 3 are m parallel.

Circuit. 6 answer:

104



o Cyrevit 7.
S\l Linet m:

© .
Fuse Switch.
- Line 2

& a. _ When the switch is closed only lamp 1 will ble lit. S
P . b.  Lamps 2 and 3 are in series, and lamp 1 is-in parallel with - - #

o . them.
. . ¢~ Lamps 1 and 3 are in series. * :

' d. T Lamps 2 and 3 are in parallel, and lan.l is in senes .with

them. . _ -

£
Yo

€. This connection is a short circuit. 3}

'Circuit 7 answer: - : - . .

t*************‘*"**“##***#**************************#*"******a’:

e -
%

o . : . & " . ‘ : . \
Complc‘te» the following wiring diagrams. '
.~ Circuit 8. : S ' S
Completc a cxrcuxt where lamp 1 is in parallel with lamp 3 \

Lmo ﬁ Lamplé é , LampZé é Lamp3

Fuso Switch

"\§

mel 2

'Clrcult 9. . T - S -/
Complete a circuit where lamps 1 and 3 are in series, and lamp 2 is
in parallel with “them. :

[

Lamp 2

Line 1 i

o

_Fusq Switch

o
© Line 2
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Complete a c1rcu1t where lamps 1 and 2 are in senes, and lamp 3 is /

in parallel w1th them .
Lampzé é ‘ Lamp3‘b

Line 1

Fuse Switch _ , . : - -
. . . ) . o oo . ) ' T
@ Line 2 v
. \
: Clrcuxt 11.

Complete a circmis whete lamps 1 and 2 are in par:tllel and 1amp Jis
in series wuh them :

cLoeER

»

VC).rcuxt 12+ :
Complete a -circuit where lamps 2 and 3 are in senes. and . lamp 1 is . .

in parallel wuh them ' o | | R ey

Fuse Switch

h_’—___—‘
Line 2 R
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‘Attitude Instruments = = -

' Pretreatment - . - i/?f

. ; 3§hézfollow;%§ bégé was'adminisfered;tolthe-subjects as. .
.a pret:eatméﬁé:éttitﬁdé ipstruﬁeﬁ£ on the-aftérnobﬂ df__‘
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ThlS Jform was designed to ﬁnd out how . first year electncal apprenuces fcel ‘
about usmg compuzcrs in edpcauon

Your answers are neither nght or wrong. Please read each quesuon carefully
before answering, but do not spend too much time,on any one question. This
information will be used in a stauslcal survey and"” wnll ‘be kept conﬁdenual

" Thanks  for’ your' ceoperation.
‘Apprenticeship ID -N_umber: o e

Please circle the response which best descri'b.'esr your " feelings.

* ot ' © SA -Strongly,Agrcet )
' : A - Agree
U - Unsure.

¢

D - Dlsagree _ ‘
‘SD - Strongly Dlsagree

1A Computer coulcl make learning ‘more fun forme.. | SAJ Al Ul D | SD

2.-Given a lmle time- and u'ammg. anybody could SAlaluloD SD
learn to use computers. : ' ’ _
’.‘3. Usmg a computer could be enjoyable ' - ‘SA ' A U‘- -‘D sD
4. Computers are so comphcmed 1 would rather not Y ) ‘ ’ '
" use one for learnmg v SA » Al U _ D | SD 4
5. Even !bp\xgh computers are valuable and necessary = '
' 1 strjf‘have a fear of them. \| SA A, uib . SD.
6 1 feel very negauve “about computers in general. SA-| A U 0| sp 1l
7. Comput’exﬂ'o—n& scare me at all. - I sA|lAlUlIDI| sD
8. Workmg withy ) compuu:r would make me very : - SA/] N A U D SD .
nervous. . - : /
9 I am sure I could do work with computers. | SA ‘AT UyDj|SsD
10.-Tm not the type to do well with compuwers. . | $A | A |'U | D |-.SD
11.0nce I start to work with Lhe‘«c(;mputer.vl would ' 1 A | e
" find it hard' to stop. . o SA1 AU D . SD. -
12,1 will do as lmle work with the \.omputer C ‘Al g S ‘

(Please add any additiongh comments below, or on the back) = . ' T
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Bosttreatment
The following gaQes were give

posttreatment éttitudé.instrument

e
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n to the subjects as a;
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A

on the afternoon oﬁf
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. kept “confidential.

" Tharks fbr.;'your' cooperation.

'Would you have hked ho“d more ume on the progrnm" : H]'

1If so;, how much’ more time?
(ercle thc correct answer.) -

.(erclc thc .correct answc'r)

o - .« Attitude Survey R

ThlS form® was desigred -to ﬁnd out'if your fcclmgs have changcd about usmg
compulcrs in educauon -

,Oncc agam. your answers are. ncnhcr nght or wrong. Plcagc read cach g
qucsnon -carefully before answering, but do not spend too much time on any

one ,question. This information wxll be used m a_statisical survcy and wilk bc

-—

-

S
Apprenticeship ID Number: 3 IR -

«
3

(5 mm) (10 rmn) (15 mln) (20 mm) (30 mm) (morc than 30 mm) N

“ Q

Answcr lhls quesuon 1£. you workcd on thc program with anothcr apprcnucc

'}

How well did you know the person you worked with?

e -

(vcry well) (wcll) (somcwhcrc 1n-b¢twccn) (shghtly) (not at all)

1

) . . <

Please answer the questions® on 'the next - page. . ‘

f/\.
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o

Plcasc cxrclc lhc rcspnsc whnch best dcscnbcs yonr fcclmgs 1 llb

SA - Strongly Agrcc A - Agrcc , U Unsurc - D - Disagree ,' S
. : SD - Strongly Dlsagrcc g Lo
'-A--Compﬂu:r‘coxild make leaming'morc' fun fo’r me. | SA{A|U|ID SD o
2. Gwen a lmle umc ~and lrarmng, anybody could . ..SA. A U D » SD
’ learn 10 use’ compu(crs o v : A B ¥
3. Usingﬂ"a.computcr could be’-enjoyable.b L :S A. ' Alul.D.| SD _
- 4, Computers are so complicated 1 would rather mot > |- _ § P R 3
. yse one for lcarnmg B ’ - N SA ‘ AU D_-‘ : SD
5. Even. though compulcrs “are valuable ind necessarv Cn mlnal '
I sull have a fcar of them. ,' . . SA. . A ' U D S |
6 Re feel very negauvc abou1 computers in general S A‘ A VU d ’SD‘ )
"7, Computcrs domot stare me aall. .. . . | SA|A|U D | SO
8. Woerg with a cornpulcr wwould makc me vcry o SA - A ’ U ' D ‘ SD
nervous. : : , N 1 ,
3 'I._am sure I could do work with co'mputcrs. U I'SALAL UL D SD
T 10. I'm mot. the type to do well WiLh computers. : SA Al U D{ISD | 4 4 |
) 11 Ouce I swart 10 work with the computer, 1 would l SA } A U D 'SD " )
find n hard to stop.. - . A R N R T PR
. ] e
12,7 will do. as little work - with’ the compulcr Acla oS , R
: as possxble e SA A. U» D {SD 1
1 A : L ) : . : ) ~
13 I found the’ program dxfﬁcull 10 use, . A SA AUl DY SD
14. The program hclped me lcam about wcrrcum-v S .:SA' tatltulbplsp '
—— — ‘\ : . d '
15. Usmg Lhe program ‘was' a waste of my time. - SA A U ’ D S"D |
16.. The instructions were clear and easy to follow. | SAH|A|U{ D] SD
17. 1 would not ‘want to us&othcr programs dcs:gncd SA Al U v D SD )
' hkcv.hxs : : N ‘ 8 L &
18 If I used anot.hcr program hke lhxs 1 would wam 1 SA AlUY{D SD |-
~ to work alone v : - e
(Pleasc add any add_ilio_r;al commcm; below, or on the back.) s
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APPENDIX C

Sample screen prlntbuts from the CAI progfam -

‘ »Serles/Parallel Clrcult Practlce )
' SR
. N ‘J.
R . -
t- .
" 4
- N ~
. ) - .
0.
. . y
7 ) :
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- - - 4-t;7,, , »
~ 'SERIES AND PARALLEL CIRCUIT PRACHCE
Coa.oEXITS ' ’ E‘
2. Circuit,Definitions
‘ "3, Cl_rc‘qivt_bo'.obnntrc‘t.‘lon
14

4{ Ciréuit Practice

5. Circuit Challénge

> (Use Arrow keys to move. ENTER to ¢hoose.)
N - — . . -
( ’// ‘
¢ ’
a
[ . / -
/ i 3
. _'
. \
‘ .
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. L1ne 2 V' V'-]

> (.. v e . ' .4 . } . Lo - ) . . 3 114

The arrow kegs, i((- - -b)“ noue" the\" ,

narker. Press ENTER at each ENDfof the

wire uhxch 1s to be dx-awn oxﬁerased._
A4

-

+ "Lamp 1 Lamp 2

Q ~ (Press “F* when Agouw’ re fxnxshed
. u1r1ng the c1rcu1t ) .

L XY
- ™~
. ;\., | .
P '
3
. »;—J .
* ' .
. : “
i A,
\\
*
3
f ’ L. e
s - . * 2



s
Lamps 1 and 2 axe in_parallei.' 7

i

Lamp 1 Lamp 2

Line 2 = ° l. IR

_ ﬂ (Press the SPARCE BAR-- léib';con'tiiit_idéjl o

-



ns”

The arrow kegs,v(é - +5 nove the : |

na%ker. Press ENTER at each END of the
1re whxch is to bhe draun or erased.

<

| w
‘ Laﬂp_1 Laﬂp 2 Lanp 3

R
L S S I
R 08

(Press v uhenmyoukg\_fxnxshed
- wiring t} cxrcux




v

”Press the SPRCE BAR uhen ready,
to clgse the suxtch

\ ‘

‘ Linefli ’ ; ,

Lamp 1 Lamp 2 Lamp 3 "

o ~4

ERAPTT
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Q

 Lamps 1‘and 2 anre 1n.BARQLLEL :
and lamp 3 1s 1n SERIES uxth then.‘

| | " Lamp 1 Lamp. 2 Lamp 3,
_>'ﬂ§ne 1 R f_ R e . -
el e —eillly, - -
Line 2 : ~~h1 B
. i ‘ ' " » . = . ) b. » ‘ ’ L D;\'\f?;i. |

- o » i;?’f" ot ‘S -

(Press the srncz Bnn to contxnde) 




, N o 4 T ‘7i£“‘" A
Challenge..z Attempt: 1““‘Lévé17 100

Connect - clrcuxt uxth Lanp 2
Lanp 3 1n SERIES.

‘Rightt o
Lamps 2 and 3 are in series.

Line 2

(Press the SPACE BAR to continue)



n

Cha]lenge. ?

Connect a cxrcuzt w

in SERIES,.
PQRXLLEL uxth then.

S (Press
w1r1ngvthe circult
. ,-;;:u\h 5. :
) ¥
“ ',, )

ﬂttenpt. 1:

Lewvel:

1

3
1th Lanprgdanq

ln

——

YF* uhen 9ou)re fxnlshed

Z'mo'
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Challenge' ? n%tenpf‘ 1 Level 3
' Connect a clrcuxt with Lamp 2 anad

La E in SERIKS, and Lanp l 1in
PnR LLEL with them. -

Sorry’

Lamps 1 and 2 _are in SERIES, and
.1a3§ 37is in PARALLEL  with thgn,

,,Llne 1 ‘

’

Line 2

(Press the SPACE BAR to continue)



. 2122
.- v _ . o
Challenge 8 Attempt: 2  Lewvel: 3
Connect a cxrcuxt thh Lanp 1 and

in SERIES, and Lanp 2 1in
PRRELLE uxth then.l_ SR

Sorry? | 6
You just BLEW the fuset??t?

Line 1 - '
——$e;:$iﬁﬁiv,
S
. Line 2
y

/ (Press‘rhe SPACE”BAR td'cdnfinué)

7 . . ‘ -
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‘areVgecorded belgw.
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T APPENDIX»VD
' Attitude instrument comments
Studehts had-thewopportunity to respond to the
attitude pretreatment'instrument'ahd posttreatment-

lnstrument in more detail 1if de51red  Few took advantage'

.

of@»;ls opportunlty, and all Pomments that were received

J

nPré&;eatment L , o ' ) .

a4
»
-

i; @ computer is noet as good as a teacher: Human ‘input

Q‘E

2¢F Comphters are>8KIas.long;as you have a‘working
._knowledge of the basics. Since I haven’t wFrked with
one, I- am unsure. But they are, only as smart as the
operator ‘and when the operator makes mlstakes they can

P

have a profpund affect on yourkilfe.

' Posttreatment: : . o 7 .

1. I found-the program very ba51c and therefore rather.
\

o )

¢ boring it would be better if it w&ﬁ@ somethlng that

¢ o

took time to figure out. Q@’

- 2. It would have been better if we had adaittle more

instructional time.

.1;3. I think the computer learning was a good supplement to

A

class learning and‘wodidrlike to use it one period

“every day.

. 123 .
: fx‘;:v'm

qe
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. APPENDIX E d:f“

Comments recorded by the observers‘ T

Observers recorded some typlcal comments that were‘

overheard during: the se551ons. .The comments are llsted
belowr :':_ ff | j?."fff "l-’; T

1. TIts been a plastt T "

2. rI-thihxithat’s a good idea. o v

,'3.'iLets:try‘this.f |
S Boy;_we.screved thatjone!
5. That would have worked |
6. vaa;t-a,second, I think we should have gone from
" here to here. rﬁf:; | ﬁ, o

7. Maybe its better to put it in serfgé first.
'V’S.- Does that look good to you? o - <

9. Do we have to quit?

10. Can we come back and do this this afternoon?

11. It was really good. I liked it.
o S R . L
g A}
p -
.
L
"1
‘. i
:‘, ; . -
@' 124
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VDefinition of terms“'u
In the. context of. thlS study, terms'whichfmayv

otherw1se be amblguous have the follow1ng meanlngs}

Computer—a551s€bd 1nstructlon (CAI) refers to a form of
computer based educatlon where the student recelves

lnstructlon or lesson content by means of the computer

"COmputer4hasedaeducation (CBE) referslto any general:

'application of computers in education.

Computer managed learnlng (CML) refers to a form of CBE"
whare the computer is used to 1ssue approprlate testsaand
. to track the progress of each 1nd1v1dual student . I

S .‘ . B
Palr refers to two students grouped? together for the

-purpose of worklng‘together<on:the CA;.program._

Palrs refers to the total group of students who worked on

L

the CAI program together w1th a partner

'4Singlevrefers to a student'who worked alone”on*the~CAifn;
pprogram;_ B e o L j*gr‘

| Singles refers to;the total group of .students WhO”worked
R ' . - ‘ - S R .
~alone on the CAI program,

-~ '/.
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