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ABSTRACT 

• -, $ 
1 "rI 

The study explores the effects of varrious condi tions of 

interactive computer-assist,ed testing (ICAT) on final 

examinaHon performance. One hundred and five su~jects were 

randomly assigned to one of three tl'"eatments. Control group 
, 0 

1 was scored on a right-wrong basis w~th nO' ,item retrys. 
1 

Experimental group 2 was scored with fractional marks given' 

for item retrys. Exper imental group 3 was scored on a 
" 

r ight-wrong basi s without c red it g i ven for required item 

retrys. 
, 

\ Results s,uggest that partial scoring is more pr,ea.i'ctive 

of final examination performance scores. The study supports 

the idea that hig~er mastery levels, on ICAT quizzes are 

assoc i ated wi th superior cri ter ion performance. 
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RESUME 

. , 

Cette recherche étudie les effets dans des conditions 

variables d'examens donnés par ordinateur (ICAT) sur le 

rendemen~ d'un examen final. Cent cinq sujets ont été 

sé~ection~és au hasard et soumis à un des trois trai ternents. 

Le groupe contrôle l fut noté sur une base---cle vrai ou faux 

sans aucune rêprise possible. Le groupe expérimental 2 fut 

noté .avec des décimales pour signifier les essais supplémen­

taires. Le groupe expérimental 3 fut noté sur, une base de 

vrai ou faux sans allcune attribution pour les essais sup-

plémentaires de cert.aines questions . 

. Les résultats suggèrent que la c6rrection\partielle . 
prédit avec plus de précision le rendeme,nt et les notes de 

. 
l'examen final. Cette étude soutient l'idée que le niveau 

" l ' 

de maîtrise des épreuves du "ICAT" est directement lié au 

cr itère de rendement ?upér ieur' final. 
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CHAPTER l 

THEdRETICAL FRAMEWORK OF THE STUDY 

Intèract:ive Computer Usage .. 
As computer tech~ology t>e~mes a less expensive and 

'more useful t'echnology in educa tional envi ronmen ts, te acher 5 

will rely less on traditional classroom loectures for 

teactring and paper-and-pencil tests for evalua tion. With 

computer~assisted instruction (CAl) exists the potential for 
. 

truly individualized instruction. No apparent educational 

sacrifice is inherent with CAl, either in overall control of 

t~e management of the instruction' or the flexibil1ty needed 

for creative teaching. CAl gives the teacher a more 

di versi fied and power fuI, med ium for teaching 'materials 

(Cohen, 1975). 

Interactive Computer Testfng 

The comp~ter can 
f 

be -used in the construction of 
examinations. Computer-assisted test construction (CATC) i5 

a system, designed t'a seleet "questions wi th cer tain 

attributes, organize them into a test and print it 1n an , 
\ 

error-free format (Cart~right, 1975). The mui ti ple- choice 

format is chosen- as a more ob~ective form of testing and can 

be done by machine. Each student responds to the 

mul tiple- choie etes t by' reèord i ng' his r esponses on a mae h ine 
~ , 

readable answer card. Thi s answer card is later scored by , -
'the computer wi th student 1 s scores and stat15tical data 

available later on computer printo,uts. While CATC appears 

to be an effecflve~. low cost pro~edure for use in evaluation 

- 0 

-t 

1 



t 
r 
l 

~fr 
f 
l, 

1 ,. 

1 , 
~ . ' • 
l 
i-
f. 

~ 
Cc 

/"-t 
( 

1 
t 
l 
J 

l 
1 

1., 
, h 
\ 
, , 

( 

"-
1 

" 

../ 

2 
4, ' 

-L of student performance, it lacks i,mmediate feedback. Often 

() 

t.here is a long delay between 

the r~turn of1the results. 

the ~riting'of the , test ,and 

The ,addition of immediate fe.edback i5 possible with 

ICAT which allows the computer to administer the ,test and 

give im~ediate feedback at the end of the t~st or even after 

e~ch question. In addition the feedback can ~ange fro~ 

immediate knQwledge of re,sul ts (KR) l ' to knowledge of , 

correct resul ts (KCR~ 1 

" 

to elaborate explanatory fnformation 

paragoraphs 1 or any combinati-on of the' above. 

The provision of immediat'e feedback ensures to sorne 

;---- de~ée tnat students learn wh il e taking each qui z. Because 

0AT uses. on-line computat iona1 fac i 1 i ties; (fur ther 

)development.o'f -'more soPhi.tic~ted form, of tailored '-{estins 

'/ .basing item selection on student character istics and 

performance àndlor item attributes, is possible '(Cartwright 

& Derev ensky, 1911). 
'. 

examÛled interactlye Franklin and Harascd (1917) 

computer-based testing (IC~T) in universi-ty' level science 

courses to study i ts effectiveness as an educational tool. 

.ICST 15 si:mll iar to ICA! but i t 
of 

,is a term that F-rank'l/irl and 
, -' 

. Mar~asco (1911) use when referr ing to interactive ,computer 

testing. They discuss some of the myth_s regarding 1ts use 
. 

t ~ • 

ln education. They contend it "is untrue that requir:ing a f 

student to use computer, facUities iS"an ob.s~le in pursuit 

of his educat:fonal goals. Rather it allows for' a variety 

and flexibilit}' heretofor'e 'avaUï3ble only in oral 

j ........ ~:;;;;:::nJ:'::} ,,}) 
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examination's. This form of testing results in considerable 

amount of student ... teacher interaction and an increase in 

informational value of the test with indiv idual ized t 

immediate J detailed and constructive feedback. 

Franklin and Marasco (1977) point out that the 

construction of examina t ions i5 a task wh ic'h many' 
,,,..:. 0 

instructors find' difficul t and which demands, a lot of time. 

Publis~ers have attempted 
, 

ta eèse" the burd e,n of making 

. 1 

~ 
examinations by pr"viding instructors guides containing test 

items. The instructor looks at th~ guide and has a typist 

prepare the examination. Short-answer o~ e~say q~eitions 

may req'uire many hou'rs of time ,to evaluate
o 

and, often ,he 

task is giV~n ,ta teaching assistants or 'r~" 
Instructor 50 wi thout SUCh. help Of~e!1. Cho~se _ mUlr~ e-cho iee -: . 

examinations b"ecause of scoring ease. "/ L>: 
'Cast and Other' Probl ms 

In terJ1ls of cost, any labour intensive' approach to 

testing will ultimately be more expens.ive th an . an, approa?h 

based on technologies which each year deliver more per 

dollar. Franklin a.nd Marasco contend that this form of 

" testing does not have significant problems with se~urity and 
/ 

cheating, since the' problem may be resolved by controlHng 

access to files and programs. Now that. test programs . 
ranaomly seiect 

, 
large questions from a item pools, tests can 

~ 

tha't 
. 

1?e reassembl~ed without worryin'g ~tudents ha,ve s~en the 

test. 
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,Sophi sticated Tac tics 

IeBT provides a variety of sophisticated tactics. 
. l , 

The 

computer i5 ideally sui téd for the ~olu4ion of complex 

problems, by breaking: eacn down to i ts component parts. , The 
\ , 

computer may decide notto rèveal the next part of a 

question if the first part was not successfully completed: ,a 
contr'ol ,option not present in paper-and- pencil tests. 

The computer can al so perform differen.t rputines for_ 

.multiple-choice questions. For example, the computer may 
, 

withhold the display of certain alternativeos until the 

student rejected the earlier ones. This type of process is 
, 

less vulnerable to elimination strategies by the student . 

The computer may present a problem with insuff'icient 

information, telling the student that additional. information 

will be suppl ied upon request. The student learns that 'an 

important step in solving a problem 1s to ask oneself what 

data are required . 
.. 

The computer can be used to 5imulat~ physic~l systems. 

The 'student," interacts wi th th(e t sys em by answer ing 

questions, ,observing the. response and ~hen deciding the 

,underlying pr inciple or concept. 

ICBT is amenable to virtually any pedagogical strate~y. 

Instructors can" vary difficulty of exams for different 

àudiences, type of question, exam length, and 

~eSides providing f~edbaCk.' lt has extensive 

ahd clerical capabilities.' By singling out 

ex am end ing. 

record ... keep1ng 
". 

those students 

who have difficul ty in par ticul ar areas, the record keeping 
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portion of lC'BT a110ws an, ins.tructor to help those (students , 

'who need he 1 p. 

Fq.r a few years, the University of Cal ifornie . at 

lrvin~" has run its large pre-.calculus course with all unit 

by unit . tests using interactive computer-administered 

quizzes. A simUiar course with epproximately the same 

( \ ' number of st'udents several hundred) is a1so taught at the 

Universitjl of California, San Diego, but without using 

computer s.' Compar 1son shows that the fund s' spe n t on uSing. 

the cQmputer,resulted in a monetary staving of twice the 
, 

amount th an when the computer was not used (Franklin and 

.Marasco, '1977). 
1" 

Franklin and Marasca (1977) str.ess that students should. 

have, and kn~w th'ey have, free acces~ ta human beings ta 

ask questions and' make comments about the materials. le,BT 

" 

rneets exipting needs and i~s flex..ibility is' a definite asset 

in meeting the requirements of i ts users. The tendency 

towards continulng education, and the success of, and demand 

,for individual instruction are a1l factors which favour 

ICBT. 

General Statement of Problem 

The present research, is ta investigate in what ways 
o 

, ICAT may improve 1earning. The- effect of transfer of 

on-Une per formance ta cri ter ion performance will be 

examined. In additi1n, a pre-test and a post-test will be 

included in the de,slg1 to examine gain ,scores. 

Because Evans anf Misfeldt (1974) have indicated that 
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partial scbring increased to~al test re1iabili~y 1 partial' 

scor ing for the qui zzes wi 11 be 
... 

e1amined to see if this 

bet ter pr ed lcts crite-tion performànce.' Research will a1so 
" , 

look at what effect the number of exp1anatory paragraphs 
l , 

requested b,y, studeflts has on quiz taking behavior -and 

criterion performance. Further, the reinforcing effects oL 

p'artial scoring will be investigated to ascertian its effect 

on 1earning. , . 
\0-

To summar Ize 1 ICAT appears to have been mov ing toward s 
" .,.. 

the r.efinement of both Hs evalua tion and ,learning roles. 
-

New scori.ng procedures have modified the feedback and 

rêinforcing role of the' computer. The 'addition of the 
1 

p,re,..test and the' post-t'est wi th both thcoretiJ;!a1 and applied 

questions, will'enable a closer exam~nation of a number of 

variables whi~ affect 'learning. 
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CHA PTER II 

REVIEW OF RELATED LITERATURi 

'!'OVer4iew of 'the Chap'ter 

II") this chapter the 'literature related to the present 

~tudy 1s reviewed. This includes the research on ICAT as 

well as off-Une computer-a'ssisted testlng and feedback .... 

The rel ev an t 1 iterature perta ining to computer-adapt ive 

testing and-partial scoring is summarized. Finally, a 

review of research r~lating feedback to learning and 

reinforcement IS given. 

E Y'o 1 u t i@ n 0 fIC A T ~ \ t, 

Historically, the~ 'anteceden,t ,'of ICAT ~~ Pressey' S 

, 
(1926) teaching machine. In the 1920's, Pressey designed 

several machines that automatically tested a student with 

m'ul t.iple-choice ques'bions and proY id eq ,feedback on eac,h 

decision or knowledge of results (KR). If the student 

selected correctly ·he moved to the next question. If he, 

.er .. incorrect tfie- e;ror .OS tal\led a~d he continue<l to 

respond until he choSe' the correct answer. 
\ 

Howeve~, the his~orical trend of the machirie teaching 

shifted in the 1950' s. Pressey' s teaching machine fai.led to 
\ 

gain popularity to . linear , programmed and the shi ft 

instruction mdved the resear'ch more software 

~echnology' where educational programs were stressed and 

individuaÜ21ed instruction emphasized. 
.. 

Skinner (1961) felt , , 

that each student should compose his own response based_ on 

recall, rather th an select an answer from a set of 

ri t + dt ... i 
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al ternati ves, which is basic~lly: a recognition task. 

Further, since .Skînner was interested in shaping~behavior, 

choosing incorrect multiple-choice alternatives only served 

to ~trengthen unw,anted responses. Holland and Skinner 
, . 

(1961) used twc\1ty mach~nes and. programs to teach a part ~f 

" a course in human behavi~r to undergraduates at Radcliffe , 

and Harvard. They careful1y sequenced :the learning frames 
• 1 

50 'that' the frames would be thorou'ghly understood before the 

studént moved on. 
-" 

ICAT re-emphasizes hardware technology 

, u5ing the maèhine to exert great~r stimulus 

improved techn'ology, 

teaching dev ice. New 

,,'. 
computers ,can ,go 

;:~ 

, '..(',' 

technology ---such 

somewha~, ,~y 

con trol • Wi th 

Presse y" s 

e- sharing 

of 

the computer 

a learriing catalyst. test can be more of . This new. 

technolo'gy c~ang~s our understanding of the 'test'. The 

methods by which the~ test is presented has changed with ICAT , 

(Cartwright, 1971 

This of computer-'u ser interaction an 

improv emen t. 0 form of computer-assisted test.ing 

(CATC) • CATC;; aids the instructor 'to assemble tests 
1" 

(Cartwright, 1~75»~" ICAT has two capabilities, it can 
~ _~, I:} ~) , 

provide KCR as ,w~11 as help in the evaluation process. ICAT 

15 a proce~s in\ which ~he computer administers a test to 
{ >-

each user and gi)le$ Immediate feedback regarding the user' s 
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responses. More informat ion may be prov id ed ta the user ln 

. the form of feedback paragraphs. 
,~ . 

- -

" 1,;:--:, . 
By providin.g KeR, ICAT 15 also a l.earning tool. The' . 

advent of ICAT is :I"n line with sorne other historical trends . 

. ~Before ICAT, ~Îut,r assisted instruction (CAL) was seen in 

~'. " \. ... ""!-ln .... 1 the role of a t~acher. CAL administers stuqent inst~ 

by means ~f a computer. It accept5 and processes student 
.: 

interaction, controis .further progression, and may prov\~e 
. , 

remediation. With ICAT, interactive computer testing can , 

al 50 part of the role of, a teacher with Us 

interactive provision"of feedback. ? 
'1 

At McGill University, ICAT was implemented iOo 1970 in 

an int/roductory psychology course. ,The program consisted Il of 

six multiple-choice exams. The test items were coded in a 

CAL author language known as MULE (McGill University 

Lang uage of Educ'àtion) by sixt Y students each of whom , 
, 

programmed approximately fourteen questions to produce an , 
item bank of over 800 questions. The projec t was d eem~d ta 

be successful (Cartwright, 1971) and studènts seemed to have 

benefitted from the addition of ICAT to the cour se. 

Consequen tl Y 1 research c6n t inued to develop and improve 
• 

ICAT. In 1973, wark was complE;!ted coding ,items from an 

introductory educational p~ychology ~ext for a comput~r 

presentation. The questions were provided by the publisher. 

Immediate KCR was provided and elaborate feedback paragraphs 

~ere incorporated. These explanatory paragraphs ind~cated 

to the student ,the correct answer, why al ternatives were 

~. ~ . -. -" - ...... / ... 
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incorrect, and ~dntained page numbers for further reference. 

The items,were coded in a CAl aothor language known as 
. . 

CAN-VI (C<lrtwright &: Tessler, 1975) and were processed by an 
" IBM 370 series computer an~ on ten Teletype te~minals which 

-were later replaced by cathode-ray tube (CR]) terminaIs. 

F'i v e quizzes were established based on spec ific 
~. 

chapters of the textbook (Biehler, 1971 , 1974) • In 1976, a , 

six th quiz was added aL the students' reque st, ta sample 

'" questions from the entire tex t. Each quiz consists of 

twenty questions based on specifie textbook chapter5.which 

'are randomly selected from the hank of ite~s. After each 

'question item, KCR Is provided and the opportunity i5 giv n 
,16 ' 

" for s'tudents to request a feedbaèk pa'ragraph. In addition a 

utility ,function was developed ta ûlow studen~ and 

receive m.essages from their instruct~~1 the computer 

for -calculation, and ta see t~ir 'current scpre file 

(Derevensky &: Cartwright, 197'7). 

The quizzes are used as adjuncts ta traditional 

classes. Students towards the ènd of the year began 

perceiving the quizzes more as a learning than an evaluative 

tool. It i s po ssible that the feedback p~ragraphs 

contributed to tHe students changed perception of the 

quizzes (Cartwright lx Derevene;ky, 1976). Research was 
/1 

undertaken to compare , tl1e effects of exposure to 

'computer- assi s ted testing (CAT) 
• 

to students who were ,not 

exposed to CAT (Cartwright and Dereven&,ky 1975), One 

hundred and twenty-four subjects were div1ded into 
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sections of an introductory course in ed4cat~onal psychology 
"Y" 

with threé sections exposed to more traditional type of 

evaluation, The Teaching ~ethods Quese-ionaire II was 

adminis\t-e.red (Cartwright, 19.73), to determine if differences 

in attitudes existed between CAT and non-CAT groups. 
off 

Students exposed to CAT tended to perceive the computer 
/' , 

quizzes as being· more of a le.arni7- than an evaluative 

experience, reported learning ~ore' from computer quizzes 
\ 

and in general' than traditional classrooM exami,a ions, 

tended to rate CAT as being ~1perior to traditional 

classroom examinations. , 

In one study, it was round that students who ha~ 

achieved a 90-100% average score 

scored approximately 101 higher/on 

ov~<the rive quizzes 

the final c~iterion tes~ 

than students who had achieved only 80-90% on the quizzes 

which suggested that the higher the cr~terio~ level for 

mastery, th~ greater the positive transfer'effect. The 

c total a~ount of time spent was not significantly-related ta 
1 

final criterion performance, The number of times quizzes 

were taken was only weakly correlated with final crite~ion 

performance (Cartwright &- Derevensky, 1977), 

Ta summarize, ICAT allows the student to sit at a 

~omputer terminal and be administered randomly chosen 

mul t1ple-cho ice que stlon s,, The chiéf advantage of' ICAT 

(Cartwright &, DerevenSky 1916) is its on-line nature 

permitting immed1ate feedback during the test. A current 

disadvantage with the on-line, procedure 15 its high cost 
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-
(Lippey 1977).' However with technological advances the cost 

will be reduced and minicomputers m~ght replace the use of 

expensive computers. ICAT has other potentials due. to its 

,on - lin e n a t ure permitting other sophisticated testing 

procedures to be added. The following summarizes sorne of 

the types of testing procedures that, élre now available and 

which can be eventually incorporated within ICAT. , 

. \ Comput.er Testing· 
\ (." 1 

strategies o~ Adaptive Ability Measurement 

For almost sixt Y years, the predominant mode of 

administration of ability tests has been paper-and-pencil 

multiple-choice tests. These multiple-choice tests are 

often too diffi~ult for sorne people and too ea5y for others. 

If the test i5 too difficul t, the testèe may become 

fr:ustratedj if the. test is tao easy, the testee may,become 

bored and may not put in maximum effort. These 

po 5 S i b il i t i e 5 introduce error - which ma)! .' lo~er the 

relia~ility of test scores. Theoret~cal studies comparing' 

conventional anèl tailored (adaptive) tests show that the 

cl'Oser the probability of correct responses for each item i5 

to 50% the greater the accuracy of the t~st Scoré (Lord 

1970, 1911a,c,d,e). Mapti.ve testing, lis where the test 
( t _; 

items are a'dapted ~o the ability level of the testee and not. 

to the ayerage ability level of the group. -The proces~ of 

adapting testing 15 done' usin~ responses to earlier test 

tems. which enables a selectibn of items that have a 50% 

" level of difficul ty for the testee. - Cons~quently, 
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i~provement i, made in testing strategies by ha~ing the 
\ 

number of items above or· below the subject' s ability 

minimized to reduce error variance. 
, 1 

qther problems with paper-and-pencil multiple-cholee 

tests is the us~ of \t~me limits which may introduce error in 
• 1 1 

test measuor emen t bec ause ind i v idua l s respond d i.fferentl y to 

time pressures .. Testing without time limits allows testing 

to be m.ore catered to the individual needs (Weiss lx Betz 

1973) • Administration-testee interactions may· increase 

e r r 0 r, var i an (: e ev en und e'r g r 0 U P te s tin g con dit ion s (We i s s & 

Betz, 1973). 

In previbus, research on adaptive testing, tests were 

administered us ing 'pa per and pene i.l , testing machines or 
\ 1 

computers. Now computerized adaptive testing ability tests 
1 

may be r'èdesigned for administration to each, testee on CRT") 

terminaIs, teletypewriters, or slide projeetor screens, 

connected to an or\-line computer system (Dewitt & Weiss" 
1 

1974) . The response to each' test it~m i s ' i mm'ed i a tel y 
1 

.;: 
scored by the computer, and the nex t que stidn i s cha sen. fr,om 

an item poo,l -by the computer program accordilIg to a 

specified adaptive testing str~tegy and 'presented for the 
. 

testee's response. Different strategies represent different 

,ways of mov ing a testee througb an item pool. 

Th'e two stage te'st is the simplest of the 0 adaptive 

testing strategies. It usually consists of a \ routing' test, 

'·and a measurement tes't. The routing test is a short test to 

ma k e an in 1 t 1 ale st i ma t'e 0 f the in div i cl ua l ' 5 ab i 11 t Y lev e 1 
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from which he
/
1s branched to a measurement test based on his 

"'" ' score. A number of variations have been proposed for 
\ 

two-stage te~ting strategies (Cleary, Linn, tx Rock, 1968; 

Linn, Rock, & Cleary, 1969). 
,-t- ' 

The obvious advantage to the' two stage test i5 its 

adapti veness. , , 
Since the, routing 

Q 

test is usually relatively 

short in comparison ta the measurement test it will provide 
1 

more information per item,over more items, and thereby 

reduce the negative psychologieal effects of a conventional 
... 

test which may be ei ther tao d ifficul t or tao easy for a 

given testee. There are two limitations ta th,is for:-m of 

testi ng; tout ing er ror scan be mad e in the a ssignmen t 0 f 

mcasurement tests' due to individ'Uals whose scores fall near 

the ,cut Off,,\ poin.ts established for assignment to different ' 
, 

measurement tests.' Also, the ,administration of the test 

requires that testees answer aIl items on bath the rbuting 

and measur~ment tests. , " 

The major)ty of research i~ adaptive testing has been 

fi xed br anching mul ti-stag e test ing str a~eg ies (We iss & Betz 

1973). These. strategies differ from the' two-stage test in 

that more than one b.ranching decision (routing to 

measurement te st) is made. The fi.xed- branclùng mul ti- stage 

stra~egies use the same item pool structure for all 

individuals but individualsomove through the structure in 

different ways. A branching rule i5 specified prior to 

testing and this rule determines how an individual. moves 

from an item at one ~tage of testing to an item at the next 
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stage of testing. The branching rule in conjunct:ion with 

information on whether the testee answered a given item .. ' 

correctly or incorrectly determines how the testee moves 

threugh the structurèd item pool. 

The pyr amid al mod el is ,a model wh ich uses t.he 

multi-stage strategy. The pyramidal models include many 

variations and the'se c'an be differentiated irito those uSing 

constant step' sizes; variat)ly tlecreasing step sizes, 

truncated pyramids, multiple-item pyramids, and pyramids' 

using differential response o~t>ion branching. Pyramidal 

tests use aIL items in the rating procedure and the 

measuremen t simul taneously. For ex ample 
• l ,- 0 

ln constant step 

o -size pyramids, movement through the pyramid .. al structure 

begins for aIL te,.,stees at the first stage. The response to 

the item at ,stage 1 is sC,ored as correct or incorrect, the 

branching rule is consul ted and the 'a~propiate stage 2 'i tem 

1.s then admin istered. A'typical bral:lch v rule i5 up-one, 

down-one. Using this branching rule followlng a correct 
, 

responsc te an item the tes tee receives an item one 
\ 

incremen t higher in d ~ fficul ty. Following an incorrect 
1 

respon~e he is branched to art item one- increment lower in 

'd i ffipul ty (a slightly easier item). Pyramidal tests have 
o 

the capability of estirnating a testee's ability in as,few as . 
10 or. 15 items, a.pprolCinfating the number tl:1.at à two stage 

• 
strategy requires for a 'routing test. 

'" 
In general the 

pyramidal strategies requires less items in the item pool 

than two-stage strategies. Howevet pyramidal models. have a 

D 

1 

1 
1 

-t 
1 

! 
, 1 

z 
; 
} 
i 
1. 
1 
1 
l 
J 

i 
1 
1 

i 
1 



f 
;r 

i· 

\ . ,. 

J t 

1 

!~ 
" 

\ 
< 

t , 

• f 

t 

<:) " 

.. 
-, 

. ; 

o 

" -

16 

recoverability problem: chance successes or failure~.due to , ,> 
-

',irrelev an t ab iH ty which may pr event the testee from going 

on' to a higher path or a lower path. One objective of 

~daptive testing ts to permit the tester to administer items 

that converge upon a difficulty level that 1s appr()piate for 

eac,h testee. In pyramidal tes~ing this is only done for 

4.-tistefs~ of about' av er age ab 11 i ty. 
\ 
qifferent. forms of adaptive tests will prove that 

on_line' testlng is a more powerful means'" of testing. A 

possi.ble addition- to an on-linç system i5 the fl~xllevel 

tesL Lord (1971b) proposed the flexilevel test which 15' a 

modified pyramida-l, adaptive test.' The fl-exilevel te~t 

consi'"sts of one item at each of a number of equally spaced 

difficul ty levels. The fIel( ilevel item ':, structure il 
~ 

different from the typical pyramidal models" in that the 

pyramidal modFs havé more th an one 1 tem at each d ïfticul ty 

level. ~In t~e flexilevel< test, the branching' rule states 

that fOllowing ~ correct respon'se the nex t item gi ven 1s the 

l t~ 'nex t hig he r ~n ,d i.'f~~C ult y wh loh h ad' not pr ev io usl y b een 

::::: :::e r ,::. a:~ 0 
1 ::::OL::r ,1: :0::;;: c ::::00::. :n:a:

e s :::, 
previously b~. adminis,tered. 

Thè rl~xilcvel test, has a number of advantages Ç>ver 

,otlier computer adaptive testing models. 'L~ke the tw~-stage 
, 

-test, it m tg'~t be possible to administer a flexilevel test 

by paper and pencil. It 15 'eo-3sy to score and requires a 

smaller item.p.ool, a 10,stage pyramidal test requires a 55 
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item structure whil e a 10 ''5 tage flex ilevel test· requi res 

only 19 it,ems. 

The r e are a number' of lim i tations with the flex H ev el 

test. The item diffïclh ty level diverges from the testees 

ab il it y level. Such. divergence "might have a detrimental 
. 

effect on testee motivation and resul t in guessing behav ior 

on items t'hat are too difficul t. .,_Only one item at each 

difficu\ty level can nat accurately determine El testee' s· 

ab il ity . 5 tatus wi th deg ree of preclsirqn. ' 

Consequently, flexilevel tests'might be more unstable than 
, " 

other testing strategies if guessing is possible. 

Another capability oC .~n on-line system ls the 
/ 

, 
stra.daptive (stratified-adaptive) computerized test. 'This 

test ~Weiss, 1973) operates from an ltem pool in which test 

items are grouped into ten levels, or strata according to 

their difficul ty. Each ostratum can be ,tho'ught of as a 

peaked, te 5 t in which the items 

average difficulty leveI. . The 

are c lustered 

strata are 

around sorne 

~rranged in 

increasing ord.er oC difficulty .. Unlike the other fixed 
\j 

branching model.s 1 stratad ap~ive testing begins wi th an 
, ... . 

est imation of the persan' s'" abil i ty lev/cl. from ei ther pr ~or 
, 

information available on the testee or from his own 

.elf-r~poPt (Weiss, 1.916). ~s 
te,stee's entry point. Based on 

"information determines the-, 

w'hatever ,pl- iot information 

i5 available, the tes tee of lower estimated ability begins', 

the test with'less difficul t items an~ the tes tee of highe r 

abil ity beg in~ with more difficult items. " 
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Branehing in the stradaptive test occurs between 

stratas and an}fl of the rules (up-one, dawn-one) can be used. 

In the up-one, down'-one rul.e, a cor rect answer ta an item a t 

one stratum leads ;to the next available .. item at the stratum 

nex t higher in di ffieul ty. An incorrect answer ta an i t~m 
Il 

at agi ven s t.ratum branches the tes tee to the nex t av a il ab l e 
< 

il{em at the stratum next lower in difficulty. The item to 

be .administered at each stratum has not previously been 

administered. - The str'adaptive branching procedure 1s 

'designed t.o converS,e upon the region of the item p<?olof 

appropiate difficulty for a given testee. In the process of 

this convergence, the test wilr locate a stratum of the 
. l '. 

item pool at which th~ testee answers aIl (or almost aIl) of 

the items eorrectly. This can be' referred ta as the basal 

stratum. A t the same Ume the proced ure wi 11 loca te a 
1 

ceiling stratum, .the stratum at which the testee answers aIl 

-(or almost a 11) the items incorrectl y. In betwee n these two 

strata the testee wi1~ answer 50~ of the items cQrrectly. 

Stradaptive testing has several disadvantages -over the 
\ , 

oth~r two-stage rand multi-stage, fixed branching models. 

First it 1s explicitly. d,esigned ta take account for guessing 

beh~v ior. 1 t has complete recoverab i 1 ity (a chance response 

wouht not pre-empt the testee from a certain' level). The 

test locates the region of item poo l for testee. The test 
, , 

makes use of prior ïnformation whic'h should act to reduce 

the number of items. The test var ie.s trie number of items 

which resi.1l ts in more precision. Although d esigned for 
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desi'gned for that pur po se. 

procedures can poten'tially 

19 
l ' 

a testin-g 
\ 

machine especially 

ICAT' with its on-Une testing 

i ncorpor a te t he se fe ê..ttlr es. 
~ f( 

Testing will be done more intelligeotly because the, testing 

procedure will' take in'to account the earlier responses of 

the J,lser, thereby introducing individual~zed te'sting. Hence 

on-line testing rather than off-line ,testing WIll make more 

advantageous use of computer technology. 

Another feature of computer-delivered testing that has 

be'en .. !ncorperated into ICAT on an experimental basis ls, 

partial scoring. Partial scoring, is a scoring procedure 
\ 

( 

where the student continues ta respond ta a multiple cho-iee 

question until he chooses the 'correct respon5e and 15 scored , . 
on a 3-2-1-0 basis depend ing on the. numbe'r of choices 

required to pick a correct answer assuming,only four choices 

,per item. Such S'Coring results in i~creasing t~ length of 

the examination, re1axing the scoring cr~teria for grades on 

e'xam in ation and increasing te st rel iab~ 1 i ty (E vans &: Surkan, 
• . , 

1977 a). Parpal scor ing has been incorperated, into computer 

testing (Evans &: Surkan, 1971b). 

Immediate Knowledge of Results and Adaptive Te5ting , 

There has been little research in the potential of 

computer-administered testing procedures to impro've the 

psychological environment of ability testing. It has been 

suggested (eg. Hansen, Johnson, Fagan, Tam &: Dick, 1974; 

Weiss and Betz, 1973) that adaptive testing procedures 
, 

should crea te a more favourable psychological env ironment 
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1 

for all testees than do conventional non-adaptive tests. An 

approach to improving. th~ psychological environment of 
, . 

teiti~g inv~lves ~~oviding KR. Bayroff (1964), and ferguson 

&: Hsu ( 1971) have po stui ated tha t immed iate knowl ed ge of 

re-sul ts has an incentive or motivéltional effect on examinee 

performance "on ability tes.ts. On-line testing will prove. to 
, 1 

~ , 
be an imp.t'oved 'psychological environment for testing. The 

administration of ability tests by computer allows fast and 

efficient provision of KR to examinees. ('-

A hypothesis concerning the relationship between the 
, . . 

ability lev el and the effects of KR was offered by Betz and 

Weiss (1976). (For high-ability students receiving high 

proportions of positive KR, KR would be encouraging and 
~'~ 

motivating. Lo~-ability examinees receiving mostly neg.ati'\le 

KR (incorrect) may be discouraged.' Therefore effccts of KR 

may' be reIatèd to. ability level of examinees. 

A S'tudy was done (Betz, 1976; Betz & Weiss, 1976) 

i\nvestigating the ~ffects of- immed,iate knowledge of res'ÎJlts 

on ad apti v e ver sus conv ent ional testing strategies on . 
several aspects of ability tést perfor.mance and examinee 

behav ior. The dest'glh of the stud,y involved computerized 
1 

administration of a fifty.item conventional ability test and 

a stradaptive abili~y test eithe'r with or without 'Immediate 

knowledge of resul ts. Two groups of' subjects were used, one 

group was consid ered the high- abil i ty gr,oup, and 

consisted of the low-ability group. 

the othe.r 
, ..... 

The outcome reflected the different reactions of the 
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high dnd low-ability groups to the provisiorl of KR. In lhc 

10 w.:. ab i li t Y g r 0 u p , me a nIe v el 5 0 f r e po rte d mot i)l a t ion wa s 

lower under KR. In the high-abillty group mean levels of 
, -

reported motIvation were Sllghtly higher under KR conditions 

than undcr non-KR conditions. Whilc this lattet difference 

significant lt WJS larger , WdS not stùtistically and in the 

opposite direction than the diffcrcnce betwecn KR and non-KR 

conditions in the low-abllity group. , 

Feedback 

Most fee~ack used in computer-assisted-instruction is 

one of, no fcedback, feedback with KR, KCR, KCR plus' an 

expl~n~tion, or KR plus interac~lve tcaching (Rap~r,:1977). 

Roper's stU?y ulSing computer [acilities presented an adjunct 

program in statistics. He divided examinees into three 

groups. Group A received no fccdback" Group B received KR 

and Group ç receive~ KR and a s~ntence giving the correct 

answer. A post-test was Biven and t!1rce factors were 

studied. Factor x indicated numbcr of incorrect respoAses 

on programme but corrCect on post'-test. Factor y indicated 

number of correct on programme but in~orrect on post-test'. 

Factor Z W3S the differen~e between factors x and y. 

Resul ts indicated a mean difference on factor x showing 

a -significant comparison between groups A and C and bctween 

groups Band C but not between groups A and B. The results 
o 

indicate that KR is not effective in correcting erroneous, 

responses which confirms Gilman's (1970)' assertion that 

statemonts such as "you are correct" arc not effective (KR) 
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as·KCR. Although, Lublin (li) indicated that KCR t'tas a 

detriment.al effect in program~.ed learni'ng texts. \nderson, 

Kulha~y and Andre (1971) point out that Lublin's re ults was 

due to prompting of KeR. 
, 

Skinner i5 a strong proponent of KR belièving th::lt KCR 
. 

does not improve learning (Roper, l·977). Guthrie (1971) 

wrote tha\.- KeR has the effect .of correcting incorrect· 

responses and conclud ed wi th a refutation of Sk'inner., 

However Guthrie' s "study appears confounded because KR and 

were mixed together (Roper, 1977), Roper ( 1977 )1 , KCR 
(JI 

separates KR and KCR into dlfferent' gro,Ups and does indicate 

a significant effect for kCR. 

In terms of distinguishing if KCR is re,.inforcing or, 
\ 

corrective, Buss, Brad,el, Orgel and Buss (1956) found that , 

\ either KR or '00 comment for a correct answer and t1wrong" for 

an inco'rrect answer produced more 'learning J".han 
, 

saying 

"right" wh,~n the responses were correct and giv ing no 

comment when i t was incorrect which suggests, that KCR" 

functions more 

reinforc.ement . 
.----' ,.,-

as a corrective feedback than as 

...'..--" .... Tait, Hartl ey and Ander son (1973) have suggested tha t 

in many CAl tests users were not at tend ing to feedback. 

Studies in prog r a~m'td instruction have suggested that 

• d el aye.d KeR may be more ad v an tag eous than immediate KC~ 

(Sturges, J972; Kulhavy & Anderson, 1972). ~ Sturges ( 1977 ) 

found that de~ayed feedback, twenty minutes or twenty-four 

" , 
hours later, showed greater retention one to three weeks 
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,later than if the feedback was delayed for two seconds. 

However n·o significa,nt d ifference 'was round betweeo, the 

twenty minutes and the twenty-four hour delay. If KeR 1s 
1 

reinforcing a delay should cause' interference but it has 

been shown to improve retention <Sasserath & Yonge, 1969), 

Kulhavy and Anderson (1972)' ,have suggested that the 

incorrect response interferes proactively with acquisi tion 

of the correct answer (KeR), The delay allows the incorrect 

response to be forgotten, The delay of feedback for 

twenty-four hours has been shown to decrease the probability 

of r e p e a tin g an in cor r e c t a ni s W e r 0 n the po s t - tes t (K u l h a v y & 

~nderson, 1972; Surber & IAnderson, 1975~, Also, subJects 

expe-r1ence more diff1cul ty in remembering their errors 

following a -delay inter'val S,tudies have indicate<:i thal 

the delay of feedback results in subjects spend ing 

,significantly l'onger time 'studying 'the fecdback (Kulhavy, 

1977). Consequently, delayed feedback would probably be a 

mor e ad v antag eous I,lse of feedbac k . 

reedback acts to guide the student in learn1ng the 

textual information. It also informs .,the student about the 

accuracy lof his r,esponse relative t·o the 
1 

body of knowlcdge 

that 1s to be learned, The use· of feedback' introduces a 

control system that regulat.es the learning process in . àn 

attempt to transfer information from the tex t to the learner 

<,Talyzin'a J 1973). In a controlled systèm the term feedback 
" , 

relays .information about the development of the controlled 
, ~ 

process, meaning that it is an indicé!tor of the state of' the 
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1 

~ontrollep process (Talyzina, 1973). Systematic feedback 

allows for optimal system control in gui-ding the st.udent 

from the ini tial state of the controlled process to the 5Jim 

of the control process (Talyzina, 1973). Je the feedback 

were simply a reinforcing, agcn t, oneO would expé'ct 

intermittent feedback to be more effective'. 
1 

In order" to understand hOVl fe-edback and learning relate 
, 

to each other one must look at the systems' in which it 
\ 
\ , 

operatcs. Th,ere are two forms of control systems: the 

clàsed-loop control which provides feedback and regulation 

of the learning process and open-loop control, which has no 

feedback. Within closed-loop control there are; two types: 
. " 

the "black box" and the "white box" principle. The former 

utilizes feedback only to control the output of the learning 

process while in the latter, fcedback provides information 

about ,the s1i.ates of the transient stages of the process 

(Talyzina,1973)' Within the white box control system 9ne 
\ 

of the requirements is the provis-ion of the processi'ng of 
i 

in format ion récei ved v ia the feed back channe l whic h prov id es 

correcting (r,egulating) actions followed by the realization 

of correc ted responses. 

Al though feedback i s basic ally a cognitive component, 

it still needs a reinforcement incentive model. Feedback 

will only increase learnj.ng ~ficiency when it takes into 

account pupil 's n,eeds to be motivated to learn (Feldhussen & 

Birt, 1962), 'To summarize, feedback can be reinforcing when 

the subject matter arouses interest and the acquisition of 
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experlence. Consequently a information is a satisfying 

control process that does not take into account student 1 s 

needs will le'àd to a drop in learning açquisition (Gabay, 

19'7,2) • 

Vigil and Oller (1976) delineate two types of feedback, 

\ cognitive and affective. Within both cognitive 'and 

affective feedback there are three ~ypes, positive, ~egative 

and neutral. Cognitive feedback relays information 

reg'ard~ng the cognitive import of the response. For 

example, neutral feédback can be, "1 am still processing to. 

discover its cognitive import" and negative feedback can be, 

"1 do not und.erstand". Affective feed back relays 

information on the state of the relationship For instance, 

positive feedback can be, "1 ,1ike ft". For botn affective 

and cognitive' feedbac'k, positiv'e feedback caUs for 

increased output ami negative feedback ca11s
1 

for a different 

kind of output and neutral feedback 1s somewhat ambivalent 

(Watzlawick, Weak1and & Fisch, 1974). Negative Jffective 

feedbac k ( l 'do eg. not lilre it) will tend to override 
1 0 

whatever sorts of feedback that are sent on the cogni tive' 

channel (Watzlawick, Bea-vin & Jackson, 1967). If the 

feedback on the affective channel 1's positive the user may 

be apt to assume positive cognitive f'eedback and conversely , 

if the affective feedback 1s ,negative he will assume 

negative cognitive '.feedback (Vigil & Oll~r, 1976). 

Both positive affective and positive cognitive feedback 
1 

have reinforcing qualitieos. They reinforce the student, to 

, , 
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'increas~ his effort ,lin tbe dir\ction of additional output.' \ 
\ . 

Although feedback has a 'reinforcing quality when the 

students' responses are correct H also relays cogni~ive 

information about the state of the student's understanding 
i 

of the material. Positive feedbà'ci.lç,_, relays to th~ student 

that pis understandin~ of the material is correct as 
~ 

repr'esented in his correct r,esponse.rl 'Negative feedback 
~ ~ 1 R ) 

relays in1'')rmation that the student' s response is incorrect. 

Feedback paragraphs indi~ing the correct answer and p,age 
\ 

numbcrs for further information are relaying cogni~ive 

information. This informative feedback is dynamic in the 

sense that it acts to effe~t a change in the student's 

respon;;e topography whe\1 his ,response was , incorrect. The 

feedback paragraphs used in this present study will act-as a 

corrective control feature after an incorrect response was 

given and will act as additidnal practice following a 

~orrect. response. Its in t~rac t ive natur e "wi 11 aid the 
• 1 \ 

student in transfer1ng the material from the text. 
~ 

\ 

In addition partial 5coring will reinforce by sivins· 

extra marks for second and third. retrys on multiple-choice 

items. This hopefully will strengthen the responses anq 
1 

al'so rein force addI tional effort. 

Summar~ of thel Ch~pt,er 1 

This challt'er\ presented a rev iew of,the literature io-
1 

the areas related to this study., These involved 1 ICAT l' 

computer-adaptlve testlng and partial scbring. A di~cussion 

related 'feedback to relnforcement and learning. 
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CHAPTER III 
, 

STATEMENT OF THE PROBLEM AND RESEARCH DESIGN l' 
Statement of the Problem " 

The- present study poses the 'following questions': 

1. Is the" number Of qui,zze~ taken and the'time spent 

orf them relflted to Hnal exam, perfo.rmance? 

2. To what extent does 1earning and individualization 

oceur as a'result.of expo.sure to quizzes'? 
1 

3 . l s the ex te n t 0 f t r ans fer a f f e c t ed b y , the na t ure 

") of the mater- ial le9rne<!? 

4. Are explanatory paragraphs requested by ~ubjects - ' 
1 1 f 

r1elated to, 1 \he number of quiz repetitions and/or 

final performance: 

5. What is the effect of motivation on quiz and 

criterion- performance? r 

QUiz Taking Behavior 

Cârtwr ight and Derevensky' (1977) round ttlat the number 

of times qu i zzes were taken was only 'weakly correlated wi th 
l' 
final, exam . performance. In Il addition they 

- ' 
round that the 

total Ume spent on the quizzes was not signifi'Cantly 

related to Pinal ex al!' pe rformance. The followi ng hypo theses' 
.. 

wer'e d esigned in an attempt to repl i-cate these find ing s. 
\ 

Hle'ot he sis 1 

The number of times the q,ui zze·s are taken is un rel ated, 

to fin al ex am performance. 
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Hypo thesi s 2 

spent.by sUbJe~ts L 
exam performance. 1 

The amoun t of time the"qulzzes lis 

unrelated to final 

Learning 

SiJlce learning is expected"to occur ,during the duration, 

, ,of the ex pe r imen t, it ~ould, be ex pected that mean. scores on 

a performance post-test would be higher' thaln those on .a 

performanQ'e pre-test. Further it is expected that ICAT will' 
, 

produce a greater spread of perforf\lance scores du~ to its 

more individùal1zèd approach. To test this, the following'. 

nypoUfesis is proposed: 
" 

Hypothesis l. 

The mean and the standard dey iatiop of cr Herion 
.' 

1earning scores is lar"ger on the post-test, than on the 

pre-test. 

Cartwr ight and Derevensky (1971) crbserved tha t subj ec ts who 

averag ed be tween .90-100% on the qui zzes scored, approx imatel y 

10% higher on the criterion test than subjects who had 

averaged only 80-90% on the quizzes. Hypothesis 4 was 
-

designed t.a predict this effect under cOÇltrolled' conditions. 

Huothesls !:!. 

Students scoring significantly higher on th~ 9uizzes 

will tend to sCQre significantly higher on a criterion 

learning test,~ 

Scoring Reliabilitl 

The use of partial scorlng with the quines will better 

, predi'ct final exam performance than t,he use of other scoring 
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alternatives;1 Evans and Misfe'ldt (191Lf} indicated that 
} 

partial scor"ing increased the '/spli t hal f "reliability of, the 

scores. How.ever an unpubl ishe4' pi lot study wfth o·ne qui Z 

\ 
indica,ted that partial scoring did' not necessaril-y improve 

'\ 

prediction of criterion scores. \.U~der 'more controlled 

conditions·oit ma'y be that· partial, scoring will provide more 

precise evàluatidn during t~e quizzes of the subject' S 

current knowledge, and hence may improv.e the predictability 

of per fo.rmarice oCn the crit"erion test," Ta test this, the , 
following hypothesis was proposed: 

Hypothesis 02 C) 
.. 

The rela'tionship b~tween Scores. on the qui zzes and the 

criterion test score will be significantly higher for , 

subjects in the par'tia~ sc~ring treatment than for 

subJec ts hn the other scor ing, treatments. 

Transfer • 
To test for transfer, it was decided to, Icreate a 

criterion test consisting of questions which had appdared 
, 

dur ing 'compu ter quizzes ,(exposed questiohs)' and 
" ' \ ' 

the 

questions which' had not (unexposed 
1 

questions) .. Not aIl' "the 

ex posed quest ions in the final ex am were necessar i ly seen by ---.. 
the subject and the -possibility of simple recall was further. 

r. 

reduced by the time interval between- tak·ing the qui~es and 

the adminilstration of the. cri terion test. Th.e fpllowing 

hypothesis was designed: 
\. 
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Hypothesis 6 

The number of corr.èèt responses made' by the sUbjects 

on the cri ter ion test is the sarne for both ex poseè:l and 
. 

unex posed qu~stions. 
• 

Car twrlght and Der,evensky ( 1977 ) utilized entirely 

exposed questïons on their cr i terion t~st. ,The present 

study will attempt te:> determinè if this transfer was not 
" 

mor:e Drec~ll than transfer due to the previous exposure t,a 

t,he que st ions. 

Transfer of learning may be manifested by each student 

réspond ing ta the' randorn que stion s· and organ i zing them in.to 

'" a coherent cognitive 'gestalt' lor 'pattern with resR,ect to' 

the target subject area. To test whether this integration 

15 f;3ffec ted by the nature of the. que st ion il was' 

hypothesized that transfer will be generated equally between 

the app1 ied and ,the theoretic al ,questions (cl assific ation of 
~ ~,/ "\ ' .... 

items was deterrnined through majority consensus among three 

The following hypothes~s prq t~ ssor s),. 

deterrn&e if this was 50: 

HlP~thesis 7 'f; 

was generated to 

The final peformance of the subj ~cts on theore1:.!c al, 

quest,ions 1s the same.as on applieç1 questions. 

Reinforcemènt' 

Tr ad 1 tional learhing l' theory main tains that 

.. relnforcement céJn effect increased, learning. For the 

partial scor ing tr'ea tmen t it is 'expected th'at the 

appllca~ion of relnforcement for addi tionai effort, wi Il 
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promote more learning.. Thi s wil·l" be ex amined by' the use of 

mod ified gain scores, 1 from pre-tes.t to post-test. Gain 

scqres are ùsed to see how much the sUbject learned during 

the year. Gain sçores are computed by subtracting 'the 

subject's score on the post- test from the pre-te st,'· 
" 

Modified 'gain scores give, a better idea!Jf how mu ch the 

subjec't learned during the yea,r by viewi~g it as relative to, 

how much he/she could have learned. Modified, ga'in scores 
.. 
are computed by taking the, gain score and., dividing it by the 

possibl~ amount of increase the subject could have obtained 

(Post Pre/Total Possible Pre) • For ex ample if the 

subj ec t go t 30 on the pr~- t~ st and 40 on the pO,st-test ,his 

modified gain score would be, ('10-30)/(50-30) which 15 equal 

te .5. The following hypothesis 'was proposed: 

fupothesis 8 

The modified gair sC,ores on the cri terion test will be 
. 

highest for the students ' who received part.ial s'Coring 

tréatment during the quizzes. 
1 

In addition the following hypothesis was designed ,in 

line with traditional learning thcory: 

f-flPothesis, 9 

The modified gain scores on the criterion test for the 

e~perimental treatment of multiple tr ials wi thout 

'partial scoring will be significantly higher than 

. those f9f stud'ents in the contq>l treatment. 

This was expected due to the reinforcement given for 

additional effort. 
, 

By askins' ,t.he sUbjects to try again, the , 
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opportunity i5 given for reinforcing additional responses. 
" \ 

Feedback 

The t:ècdback paragraphs which are assoçiated with each 

question are an optional adjunct ta the quizzes. Cartwright 

( 1 971 ) postulated that high social 
\ 

integrate 'their' knowledge 

learning grouP3 may 

be t ter duri~g quizzes aod 

therefore n'eed ed fewer qui zzes to reach cri terion. However 
. 

that study did no~ use feedback paragraph& nor 5tudy their 

effect on integration of the material. Ro-per 

that the delay of information feedback allows the 

rethink the problem and also increase the attention to the 

feedback. Previous studies in ICAT did not research the 

effect of feedback on performance. As a resul t of the., 

variation among the, subjects in their request for .feedback 

paragraph~, sorne explorative hypotheses wer~ generated. 

'!:!1pothesis 10 

The higher the number of explanatory pa~agraphs 

requested, the fewer qui~zes required by the subject 

to .reach>criterion. 

This is expected because the more kn.Q..wledge a subject -. - ...... 

has on the subject material, the better he will perform on 

the quir ahd consequently will reach the crite~ion levei 

sooner. The greater the number of explanatory pafagraphs 

requested, the greater the integration of knowl edge. In 
. 

addition this increas.e in learning may affect the subjects 

final '~xam 'performance. Hypothesis '11 ,proposes that sorne 

consistent performance on the final exam may oceur. 
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Hypot~,esis 11 

The' higher the number 
, , of explanatory paragraphs 

requeosted by the subject the higher the final ~core on 

the èriterion test. 

Subjects 

One hundred female and five male subjects enrolled in 

the post-bacculaurate one-year elementary e,ducation program 

were assigned to one of four sections of an introductory 

educational psychol'ogy course at McGill University. AlI .. 

four sec tions were taught > by the tr ad it ion al lec ture method 

by vari'ous instructors 'and a11 us_ed the same telL 

, , Rese arch Design' , 
(, 

~"\I 
Subj èè'ts" in, ", the three groups comple ted 'fi ve ICAT qu i zzes 

" 
during the academic yea r' • Each quiz contained twenty 

quest'ons 
r 

which were randomly ~elected from the bank of 

que~tions,. T,he performance criterioQ ,was set at 80%. All 
, "'-

subjects were given a fifty question pr,e-t:st to ass~$s 

their baseline knowledge. The same fifty que st ions wer:e 
'.: 

included in' the pos,tc'test to test for modified gains. Of 

the 'fifty questions ~we ty-(ive we,re not shown again to the 

students during the uizz~s (unexposed queBtionsJ,_ The 

other twenty-five r ained in the itel'!l bank for selection 

and presentation during the qui~zes (exposed question~) • 

• 
to the prst quiz, each subject àn signlng on was 

~ 
randomly assigned by the 'computer to one or three d ifre rent 

1 

groups. Toe r andom assignment helped to ensure that the 

effects of such variables as intelligence and typing ability 

. , 

'" 
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would be cquiv,alent for al! treatmcnts. 

The first group (con trql group 1) was scared on a 

right-wrong (1 or.O) basis. Only one trial was given for 

each item. The second ,treatment group (experimental group 

2) was scared with partial scor,ing, Three marks were given 

for the first attempt', tw,O marks for the second attempt, and 

one mark for the third attempt and 'no marks on the four th 

attempt. ThUS this group was'scored using a 3-2-·1-0 markihg 

system, Subjects in the third treatment group (experirllental 

group 3) were scored on a right-wrong basi,s (1 or 0) as in 

Group but were asked ta continue responding until the 

correct choice was made (as in Group 2). ,KeR ap,peared after 

the correct response was made. In addition KeR could b.e 

f requestcd and i t came in th~ form of a feed ba,ck paragraph 
. , 

which indicated the correct response and page numbers in the 
l, ' 

tex t for 'fur ther reference. 

An example of a multiple-choice item fallowed by a 

feedback paragraph 1s pre-sented below: 
- 1 

"The term 'associationism' 'j.s used to.refer to the mqst 
widely endarsed American learning thcory because: 
1. It stresses 'association between stimuli and responses. 
2. It "'emphasi,zes that learning télkes place when new 

.experience is associated with a previous experience. 
3. It was develppe~ by Watson, Thorndike, S~inner, and their 

. associates, 
4. It was w±dely d iscuss"ed at a convention of the American 

Psychological Association. 
Please type 1, 2, 3, 4, B, or SOS 
? 
~ 
Ab 50 IlJ tel y no t 
Would You.like· an explanation? 
? 
ye5 
Now let me tell you why 

-
" 

The type of association stressed by the ward 1s that between 

'- , ------- - ,_., 
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a stimulus and a response -- as betwoen the sound of a bell 
and fqqd, or pushing a lever and food (pages 57-58) (option 
1) ~ssoeiating a new èxperience with an old one is a better 
deseription of field theory than associationism, since it 
implies 'insight and rearrangement of patterns of thought. 
Options 3 and 4 are essentially c'orre'ct" but n.ot the b~sic 
reason for the choice of the ward "associationism". 
Proced ure 

At the beg inning of the aead emie year aIl students took t 

the paper dnd pencil pre-test. In" aU of the 'treatments the 
, 

_ subj"~cts were required to compl te five quizzes during the 

aeademic yèé,lr. Students could repeat the quizzes as often .. 

as necessary ta reacl1/~r surpass the criterion level. The 

computer quizzes formed 35% of the courst;;! grade. The five 

quizzes were developed based on chapters in the Biehler 

(1974) text. Students studied the relevant chapters in the 
. 

tex tbook be fore doing the quizz~s. Subjects in all 

treatment groups were given a 'lis't of dates by whiçh they 

should finish and they paced themselves within these dates. 

The groups used the ten cathode r'ay tube (CRT) terminal s 

located; in the Education b,uilding of McGill University. 

Duting the first quiz, students were asked te indicate 

t,heir instructor, sex, age, academic program, and ntfmber of 

three cred i t coursea preY ibusly" t.aken in psychology. 

Instructions reg'arding their automatic group assignment were 
, 

then given. This assignment was made rand-omly and 
\ 

automatically by the computer'. Students t remained in the 

same treatment throughout the study. 

To rev iew, a six th qui z was.d esigned to sampte items 

from the entire text. This quiz was optional and did nQt 

influence the final course grade. ,The sixth 
, 

quiz r andomly 

, . 
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,selected twenty questions from the entire bank of items. 
- • 1 

At the end of the academic year al! students were required 

to complete the final post- test • 

. Software 

The ~grammiog Lan'guage 
, 

. The quizzes used in this study were coded in an author 

,language known as CAN-VI (Cart~right '.le • Tessler, 1975). 

CAN-VIi s a Fortran-Based Icomputer- assi sted instruc tion 

" 
language which permits the easy development and use of ICAT. 

''rhe- ~ang'uage 'is; interactive ànd the !'iystem automatically 

keeps 'performance records for each student. 

The Quitzes 

The s~x quizzes were developed from certain chapters ln 
, . 

the Biehler (1974) textbook. The ,six quizzes were: 

Quï zOne Chapters and 2 

Quiz Two - Chapt ers 3 and 4 

Quiz Three - Chapters 5, 6 and 7 
r 

Quiz Four Chapters 8,9 and 10 

Quiz Five Chapters 1,1 , 12, and 14 

Quiz Six - Entire Text (optional) 

The items were prov id ed by the publisher· I\long wi th 

immed i-ate KeR for each i,tem an .elaborate feedback paragraph, 

was as"sociated wi th each item. The feedback paragraphs told 

the student the correct answer and wht al ternate answer s 

were incorrect and contained page nurnbers in the text for 

reference. 
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"Hardwr.lre -< 

The hardware used in the present study included ten 

Volker Craig VG303 GRIls. The terminaIs are connected by 

Gan~alf Data Set to an IBM 370/158 ti~esharing computer. 

Description of Measuring Instrument 

Criterion Lcarning Test 

The criterion test consisted of 
1 

fifty multiple-choice 

. , items based on the material presented in the quizzes. These 

were the J same items as on the pre-;test. Each item present'ed 

a choice of four possible answers. 

Lik":? the pre-test, the cri terion, learning test was a 

paper-and-pencil test and was administered individually, to 

each subject. 

Data Collection 
l , 

.' The dat,a 'collect,ed consisted mainLy of scores on the 

. pre-test and post-test and the five quizzes. Students 

mar ked the answers to the prp-test and the post-test 
\ 

on 

optically read answer cards, and the resu1ts we1e later 

scored and analyzed. \ 
\ 

The quizzes were automatically scored a'nd the \resUl ts 

stored, on disk by the, computer. The GAN-VI progrJm which 

ran the quizzes recorded automatically each ChOi~~ ma~e" th~ 
. h t d 1 'd" C ~ numQer of explanatory paragrap s reques e , e apse ~~me any 

\ 
the num~er of-correct and incorrect responses. 
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Surnmary 9..j the Chapter 

This c,hapter presented a statement of the problem. 

El~ven 'hypotheses , 
were d esigned to test the effect of 

1 

è,ertain variables, on overall group performance and ta 
1 " 

investi8ate the effect of the three treatment groups on 

learning performance. A description of subjects was 8lven 

and the research design and procedure were presented: In 

addition, a description was given of the software, hardware, , 

measuring instruments, and procedures of'data collection. 
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CHAPTER IV 
1 

ANALYSIS OF THt DATA 

Overview of the Chapter 

This chapter presents the results of analyses that were 

perfo~med to test the hypotheses formulated in Chapter III. 

The resul ts are present~d mainly in tabular form ,in the 

orde~ df the hypotheses. 

Subjects 

f During the course of the year, seventcen students did 

not' complete the course. In additi<;>n, data on pre-test 

scores for nine of thé 105 students who completed the course 

were unava~lable due to absence and/or lote registration. 

As a result, data for these'nine students were excluded from. 

those analyses which req4ired the use of pre-test scores. 

Table 
1.) 

indicates the number of supjects in each treatment. 

Table 

Group 

2 

aIl. subjects 36 28 

subjects with aIl 

data complete 35 25 

Resul~s 

Hypotheses l and ~ - Quiz Taking Behavior 

Total 

3 

4 1 105 

36 96 

~earso~ product-moment correlation coefficients wcre 
0, 

cal cul a t e d to test. hypothèses and 2 tha t, the number of 

quizzes taken and the amount of time spent on the quizzes, 

of 

,1 
1 
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were unrclated to' final exam performance. ,Table 2 shows the 

correlat,ions concerning the' hypothescs.-

Table 2 

Correlations for the Three Treatment Groups 

Correl~tion 

between: 

no. of quizzes- taken 

and criterion 

elapsed Ume 

test score 

• p~.05 

** p< .'01 

I ... p( .001 

" 

test scor e. 

and 
\ ' 

criterion 

" 

Group aIl 

1 2' 3 subjects 

-.324 11 '-.589*'" .039 -.190*' 

'1 

.369* • 164 • 4 1 6 11 Il • 3 1 2 .' • 

-For aIl sUbjects, the analysis indicates that the· 
\. 

numbér of times the quizzes lare taken is we'akly but 

negat i vel y cor rel ated wi th the final performance. The 

anéllysis relating time on quizze~ wi th the final performance .. \ 

shows a s~gnifi~ant but mild cOl"'relation b~tween ~he' two 
, . Ii' 

.varilables. Among the cor.lation~ for the ("~~r)ee trea'tment 
~ -

gro~ps, th~;e is" a si~nificant negative correlation for 

groups aQd 2 between the number of quizzes taken and 
, 

criterion test score. No significant relationship was found . 
. \ 

for group 3. ,In relating elap-sed time ta cri terion test 
\ 

,score, a signiflcant positive correlation was round" for 

groups "1 and :3. 

/ 

-. 

1 

l 
! 
l 
\ 

\ . , 

, 
1 

~ 

1 , 

'1 
~ 



\ ' . 
" 

" :'., 

" J t,_ 
1 ~~'. .. 

" 

1 

" -

41 , 

1 Table 3 

Correlations, 

Corr\E!lation 

between: , 
\ 

no. of quizzes taken 

and el apsed, lime 

no. of psycho courses taken 

t} ( • • .... 

and ,cr 1 ter 10n test score 

*p< .QOl 

As m i g h t b e ex p 

highl~ significant 

of 

. ' 

No significant correlatio 
1 • 

preyious psychology 

cr i ter ion t~ st score. 

1 ... 

.535* 
" \ 

. • 167 

/ 

the results in Table 3 indicate a 
, 

between the number 

and the total elapsed time. 

exists between' the number 'of 

students had taken and the 

Table 4 presents the means 'and standard deviatitn,s of 

the number of 
• 1 

qUlzzes taken, number of explanations 

requested, elapsed time, average time pet qu~z, and average 
/ 

quiz score for the three treatments. 
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Table 4 

Mean,s and Stand ard "Dev tations fo r the Three Treatments 
" 

Group 

2 

No. of Quizzes taken: Mean 18.00 15,00 19.70 

9.09 0 s.d '7.83 5.95 

No. of Explan~tions Mea,n 171.00 154.00 162.0p 
• 

requested: 

Total 'Elapsed time 

(in minutes) 

Average Time per 

Q~~Z ~in mi~ute~) 
Average Quiz Score 

s .d . 96.80 

Mean 516.90 

s . d. 211.00 
, 

Mean 28.70 

, 1 

Mean 86.60, 

81. 50 99.50 
1 
1 

5~3.6.o 586.00 
/ 

251.90 260.70 

36.20 29.70 
\ 

, \ 

90.80 87'.80 

S • d " <\. 9 . 16 ' 3 • 80 4.35 

a11 

sUbJe.cts, 

17.90 

8.06 

163~00 

93.50 

551.Q.Ç' 

240.70 

30. ,80 

88.20 

4.09 

On the number .of qui zzes taken, group 3 has the h ighest 
, 4> 

mean and standard deviation followed bf groups 1 and 2. On 
} 

the number of e,xJHanations requested, group 1 has the 

highest followed by group 3 and 2', On elapsed time, group 3 
\ 

has the highe st mean followed by groups 2 and 1. Di v id ing , 

the total elapsed time by the' 'rnean number of quizzes gives 
r 

the, average amount of time per quiz. It will ,be noted that 
'\ , \ 

group 2 took Itme lnost time per quiz followed by groups 3 and 
1\ 

1 respectively . .' On aver,age quiz' 'score, group 2 haiS, _ the 

highest followed by rgroups 3 and 1. Analyses of variance 

were perfo'rmed on each of the variables in table lt but or'lly 

the average qulz score \ var iable 0 ,showed significant 

l 
1 
; 
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differences among the group means (f=1O.03, df=2, E,<.OOl). 

Hypothesis l - Learn~ng 
\ . 

Hypothesis 3 predietéd that the' post-test would show ~ 

highet Mean 'and a l·arger standard deviation.~ THe means -and 

standard deviations are presented in ,Tablé 5. 

Table 5 

Means and, âtPandard Dev lations of 

Criterion Learning Scores for the Pre-Test 'and Post-Test 

Variable 

Pre.-Tcs t 

Post-Test 
" 

N 

96 

96 

Mean 

21.1 

35.2 

s .d: 

4.98 

5.92 

A t-têst between pre and post-test was round to be 

signifie ant . (~=21. 8, df=95, / E< .001) confi rming 
~ 

the 

hypothesis that students had lear:.ne,d duri~ the cour se of 
,~ 

-the year. 
1 

H~]~othcsi_s 4 Achi evemen t 

For this hypo'thesis -; the average qui z score, for the , 

'fi ve qui zzes was correlated wi th the post-test, score. Th~e 

data were div id(!d into two groups 1 '8 low quiz s,core group 
-

which aJerag'ed b~twe~n 80 -89% on the qui zzes, and a high 

qui z score group which aver aged between 90-1001. 
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Means' and 

TapIe 6 

Standard Deviat'ions 

of the High and Law Quiz Score Groups 
7'

J 
! 

, , 
Gr.oup N Mean s.d. 

, 

Low qui'z score 72 67.8 5.93 

High qui z- score 33 76.2 4.24 

( 

v A Signifie ant d ifference was ifound be tween means 
1 

in the direction of the 90-100 gr'oup '(Welch' ~'=-4.123, 

df=103. 2<.001) Another ·analysis was perfopmed to determine 
-, LA 
whether subjects who did better on the quizzes àid better on 

the post-test. A significant correlatlon ~as found (r.=.312,' 

.E(01 ). 

Hypothesis 5 - Scoring Predictabil i t:t 

The, resul ts fgr 

presented in Table 7. 

the three treatment' groups are 

Table 7 
~ , 

Cor relat ions for the Three Treatm,cnt Gro'ups 

Correlation Group 
.. 

betwee'n: 2 3 

average !:lui z score and 
, 

cri ter ion test score .155 
, . 590*~ .i~2 0 

(.. (1 

o .. p< .001 . 

The table shows a highly significant correlation 

between the average quiz ~core' -and the criter'i~n test score 
, 

ofor the par tiai scpring treatmént, but '. a 

not for groups 
...... 

-and 

f Ji IR t t "îiZ:1Bjèj6irif4§&29~,·ü 1 q ~~. ~ ~ 
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3. .,' 
Table 8 presents," the data divided i,nta expased and 

unexposed post-test scores. 

'Table 8 

Correlations fdr the Three Treatment 'Groups 

Correl ation Group a11 

between: 2 3 -
averag,e qui z score and ~ 

, '-
.~*~ exposed post-test score .282 .609** .348'* 

average q'uiz 'score and 

unexposed post-test score,,-.035 .340 . 101 .11.6 

• 
* p< .05 

** p<.001 

It should 'be noj:.ed that the, correlations are larger 

between average quiz .sëore and exposed ql!estions, than for 

average quiz score and unexposed questions. 
, 

Hypothese 5 §. ~ l - Item Char acter istic s 

HYRotheses 6 and ,7 predicted 'that the nu~ber of correct 

res,ponses made by subjects on the criterion test would be 

the same for both theoretical versus appl ied items and for 

exposed versus unexposed questions. Table 9 presents the 

results for th'ese variables. 
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Tabl~ 9 

Means and Standard Dev iations 

post-test scores N Meanl 
~ 

s.d. 

for: ( ri " 1)' 
exposed question-s 105 ) 81.6 

unexposed questions 105 59.2 

theoretical quest ions 105 . , 70.9 

applied questions 105 6~. 4 

Subjec ts had more correc t response s , -' 
for the ex p,osed 

questions. A t-test wasperform-ed a~d the difference\was - . 
round to be significant {!=15.8, df=104, e.<,.oon This 

suggests that students benefite'd on the post-test from 

experiencing items' previously during ·the quizzes.. tn 

addition subjects had significantl,Y morg correct responses 

f?r,'the theoretical 'questions ('!;:5.69, df=104, e,<.OO1) 

Hypotheses ~ and 2. - Reinforcement 

For 'hypotheses 8 and 9 it was predicted th'et the 

partiéll scoring 'treatment would be' mos& reinforcing and that 

the two cxperimental treatments would be more reinforcing 

than the control treatmen:l.. 
\ 

TQble 10 presents the means and stand ard dey iations of 

pre and post-test data. 
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Table 10 

Mean s and Stand ard Dev iations for <rthe Three Trea tmén ts 

Group .al1 

2 3 subjects 

Pre~Test Mean' 21.50 20.60 20.90 21 .05 

s.d. 4.00 5.88 6.98 ' 5.77' 

Post-Test \ Mean 35.20 35.90 . 34.70 35.20 , 

s .d ~ 4.00 5.'88 6.98 . 5.74 

gai n_ sc-c>fe s r'o r -=------ ' An F-test was performed on the three 

-----------treatments but no ~,-f--i-ê~t d ifference was found (f=. 76, -.----
E=.47). Due to the inherent weaknes5 in modif'ied gain 

scores, the analysis was rep~ated U,sing analysis of 

covariance with' tre,atments as the independent 

pqst-test scores as the dependent~ variable and 

var iable\ 

pre-,test 
. . 

significan·t d iffe ren,ces .. The resul ts do 

indr~ed_ no 

not su~poxln the 

scores as t.he covariate., The resul ts 
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hypotheses. The experimental conditions did no~ result in . , 

higher scores on the criterion" learning test. Another 

apalysis of covariance was performed using treatments as the 

independent variable, post-test as the dependent variable 

and age of Jtudent, instructor, numbe~ of psychology courses 

taken and pre-test scores as covariates. The results also 

indicated no significant differences. 

Hypothescs 1Q and 11 - Fecdback 

Hypotheses 10 and 11 predicted that the more 

explana~ory paragra~hs requested, the fewer quizzes the 
, 

subject would take and the higher the score on the criterio~ 

test. Table 12 presents the' correlations between the two 

variables in each hypothesis. 

< Table 12 

Correlations for the Three '·Tr/eatmen t 
'\ 

Groups 

Correlation Group aIl 

hetween: 1 2 3 subjects 

no. of ex plan atlons requested 

and n ll.m ber 0 f qui zz est a ken .724 u .549* .559 * * .604" 

no. of e~ planations and 
• 

criterion test score -. 189 -.248 -.162 -. 186 

* p< .01 

.... p< .00" 

The reslUl ts ind ie ate that the number of /, ex planations 

r~quested ls related to an ihcrease in the,number of quizzes 

taken. Na significant d iffe~ences w,ere round between the . 

{. 

r,!,l je? î'i 
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/ 

correlations for group 2 clnd 1, or group 3 and 1. Therc wa's 

no signiflcant relationship found between the number of 

explanations requested and the criteriQn test scores. 

Summary of the Chapter 

This chapter presented' the resul ts of the statistical 
1 

analyses performed on the data. The resJlts suggèst that 
, 

the -subjects who 'take more qU:l"zZtes usually do not do as weIl 

on the final test and that more time spent on quizzes 
. ' 

resulted in higher performance. Higher performance on the 

qui?zes r~sulted in higher- p8rformance on the driterion 

~est. Partial scoring appeared to be a bettcr predictor of 

f1nll exam performance. 

In addition the results suggested that subjects learned 

"more about theoretical information than applied information. 

Al sa the exposure to the questions resul ted in better 

performance ," ReifJfo'rce~ent due to treatment d id not 

• significantly affect performançe, 

With r,egard to feedback the feedback paragraphs did not 

reduce the ~,.number of qui zzes taken, nor d id the nurnber of 

explanations reque~ted affect performance on the criterion 
, 

test. 
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CHAPfER V 

'DISCUSSION 

Overview of the Chapter 

This chapter evaluates the resul ts presented in Chapter 

IV. Statements regarding the support. or\ the non-support of 

the hypotheses are presented. Implications for education 
" 

are '<iiscussed and suggestions for further research are 

,given. "" 

l ' \ 

The resul ts do not suppor,t hypotheses élnd 
'W 

2. The 

negative correlation between nurnber of times the quizzes 

were ta,ken and the rinal exam score suggest that the higher 

the number of qui zes taken, the lower, the criterion 

performance scores. For hypothesis 2,' the results suggest 
, , 

that the more time te subjects, spcnt on the quizzes, t~e 

higher their final performance. 

to the findings of Cartwright 

round that the number of times" 

These resul ts are c9ntr ary 

and Derevensky (1977) who 

. -c· the ,qUIZzeS were taken was 

only weakly, ,but positively, correlatecfo with final exam 

performance. In contrast, table 2 shows a significant but 

weak negotive correlation for aIl subjects. 

În ad~ition, Cartwright and 
l 

Derevensky (19'77) found 

that the total tif!le spe,nt Or.! quizzes ,\<tas not significantly 

related to, final exam performance, while the results of the 
1 

present study suggest that the variables are significantly 

related. In additlon in table 2, the control treatment 

, ( 
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(group 1), which typi fies the methodology 0 f Car twr ight and 

Dercvensky's study, also shows a significant negative' 

correlation between the number of times quizzes were ~aken 

and final criterion performance, as well as a significant 

po s i t lV e cor rel a t i an bet'ween el apsed Ume and fi,nal 

per formance. 
, 

, In vicw of the negativ,e cot.re1ation between quiz taking' 
lV~ ,1 

behavior and post-test scores, ,one possible explanation 

which could account for why students continued taking 

quizzes, wllich did not appear ta help their performance on 

the post-test, i,s that subjects may have used, the quizzes in 

diffc'rent ways. for cxample', s-ubjects who knew their' 

mater ia1 d id not need ta r epeat the qui zzes as 0 ften and 

probably studled the text before repeating, tl'je, quiz. On the , 

other hand, certain subjects may have paid tao much 

1 atten'tion to the quizzes instead of studying, the text as a 

- way of learnlng the subject tnat~rial. To t'hese students the 

quizzes became a compe;titive way of lear'ning instead of a 

Wély of obtaining feedback on how well they studied the text. 

However, sUbjects who spcnt more time on each of the quizzes J 

may have integratea their knowledge more. Support for this 
\ 

lies in the significant positive correlation bet,,!cen elapsed 
, 

time and cr i terion test score. 
( 1 f 

Looking at the group ci ifferences in tab le 4 for the 

number of times quizzes were taken, the least nurnber of 

quiz'zes appears t.aken by subjects in t~e, partial scoring 

treatment (group 2). This' might be expected since subjects 
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in the partial scoring treatment mlght find il easier to 

achieve the mastery sco~e of 80~ since they are constantly 

benefi tting from fractions of marks on each item. Subjects 

in the ,partial scoring treatment got significantly higher 
< 1 

"quiz marks, the la'rgest gain being in the order of 4%. The 

partial scoring treotmcnt also appcared to take more Ume 

than the control group 1, but this differ-ence was found ta 

be not significant though the direction was as predicted. 

Logically, multiple responding for the item r,etrys would be 

expectcd to increase elapsed Ume on the quizzes. Thi s , 

d iffer ence howeve,r, disDppeared (sec table 10) in a 

comparison of group means on the criterion test. Wh i le the 

reasons for this are not immediately clear, i t could be, 

either thé.lt t'he ori,ginal gain on the quizzes was of short' 

term duration, or> that the COrrOI groUp compensated for the 

lower quiz -scores by addition~,l study of the text. 

Learning 
i1. .... 

The resul ts in table 5, suppo r t hypo thesi s / 3 t'ha t the 

mean and standard deviation lS higtier on the post-test than 

on the pre-test. For' hypo t hesi s 4, the results are 

supportive that s tuden ts as a group who do better on the 

quizzes do better on the final cri,terion test (tab--le 6). 

This was also the finding of Cartwright and Derevensky 

(1977) who round that sUbjects who average9 between 90-100% 

on- the quizzes scored approximately 10% higher than subjects 

" who averaged between 80-90~ on the quizzes. 

In add i t ion the overaU carrel ation between average 
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quiz sc0'\S.-and final performance (LabIe 7) is significant, ' 

and suppor ts the 

( 1977) tha t the 

assertion of Cartwright and Dereve~sky 
d .. , 

greater the criterion level of 'mastery for 
\ 

, 
the quizzes, the greater the performance on the final test. 

But the question still remains: do'es the level of mastery 

for the qui zzes affect the final scorie or is i t simply the 

effect of sorne common variable such as intelli.gence, which 

cor rel ates wi th both qui i performance and cri ter10n 

per forrn ance? 

Scoring Prcd ictabil ity 

The results in table 7 support the hypolhesis that the 

relationship between the scoring procedure for the quizzes 

and the final exam score is highest for the partial scoring 

treatment. This supports Ithe concept, of partial scoring as 

a 'more precise evaluation of the sUQject's knowledge. 

Although Evans and Misfeldt (1974) indicated thatpar.tial 

scoring increases the split-half reliabilityof the test, 

the results of the present study suggests that scores for 

the partial' scoring treatment correlate more highly witli the 

criterion test score. 

It. is in teresting to see the cOrrelation between 

aver age qui z score, and exposed and unex posed 9uest io ns, 

where a weaker relationship for the unexposed items than for 

the exposed was pred.icted. In table 8, the partial scoring 
1 • 

treatment has a higher correlation ~etween average quiz 

score and the score on exposed questions on the post-test. 

This 1s expected because exposed questions are those exp.osed 
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,to' the students in 'the q'uizzes and consequently èl stronger 

relationship would be logical dùe te simple recall. 

Item Characteristics \ . 

The results shown in Table 9 do not support hypotheses 

6 and ',. ,Subjects had more correct responses for both the 

exposed questions and for the theoretical 'questions tl1an for 

the unexposed and the applied questions, respectively. It 

seems that due to previous exposure, subjects knew mor~ br 

the answers to the expose\d que~tions. Students did 

'significantly better on the theoretio.al questions on the ,-

post-test while on the pre-test ~tu~ents did slighlly better 

on the applied questions. This is probably because students 

coming into the course may have had more ideas about 

applying educati?nal principlcs than knowledge of conten~ or 

theoretical issues. 
, 

However it is g~a~ifying ta note that 
, 

during the course of the year students improved their 

theoretical knowledge. 
, 

To accouht for the gain in theoretlcal over applied 
. . 

knowledge, one could theorize that theoretical grinciples 
1 

have a greatér transfer capability than applied information, 

sinde theorctical principles arc less specifie and hence are 
. 

more generalizable. Theoretical principles can build more 

associations with other items in memory. 
\ 

Rather than 
, 

emphasi zing the characteristics of long term and short term 

memory, Cr·aik and Lockhart ( 1972 ) stress the allIoun t of 

processing the item ha s received 
l' 

as the major determinant of, 

the characteristics of memory. Theoretical knowledge may 

\ 
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, , 

und ergo mor e processing ~ and el abora tion and i s the refore 

better' represente~ in the memory store, and hence easier to 

.' retr \eve. 

Re in forcemen t 

The results in Table 11 do l'Jot 
.' 

support, hypotheses 8 and 

9. The added reinforcemen t for the experimental conditions 

especlally fo! the partial scoring cond i tion d id not e frect 

an incre1se in perfoTmance on the criterion test. Although, 

the highest gain score appears to be for the partial scorlng 
--

treatment, and is in 'the predicted direction Jt does not 

,differ significantly from the others. It seems that the 

~vizzes wer~ not the only sources of reinforcement. For 

the se hypotheses to be be~ter tested it would be necessary 

to control other sources of reinforcement, leaving the 

scoring , treatments as the only sources of external 

reinforcement. This would be difficult because one can not 
, 

control a11 the various sources of reinforcement in an 

educational environment. Table 10 shows the means for the 

gro ups and i nd ic ate s tha t the added rein fo rèemen t fo r the 

expetimental cond1~ions did little to effect better 
, 

performance on the post-test. 

Feedback 

The resul t's in table 12 do not support hypotheses 10 

and 11. The feed back parag raphs d id not appear to add to 

the sUbjects' body of kn'Owledge in a'· significant way to . ' 
effect an 

. \ 
Increase in the final exal'l;l performance. Rather, 

the more, quizzes the subject took the more explanatory, 
\ 
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paragraphs\ he or 3he-(eques~ Looking at the correlatio~s 
-

-between number of ex pl anGltions req uested and fi nal cr !ter ion 

perforiance, it appears nqne were found to be 3ignlficant~, , 

. suggesting that t~e explanatory paragraphs added little to 

the overall knowledge. As mentioned earli'er ma~y sUbjec~~:>/ 

P!obably Q did not study the te,x t and consequently the 

explanatory paragraphs did not ercourage them ta study the 

text" further. Instead, many subject:s may have continued 

retaking the qui zzes, possib 1 y ho ping to assim il at~ solel y 

the ~arget knowledge through the items and the explanatory 

" parélgraphs. 
( 

l.!!!El ications for Education and Suggestions for 
1 

Further Research 

The conclusions of this study are limited by the seope 
. 

of the rese arch . conduc ted . This area ofl research was both 
'1 ) • 

an experimcnt and ,part of an on-going course iri an 
-

edu-cational institution, with all the limitations that it 

implies. Nevertheless, as indicated by the, increase in 

score,s on the post-test, learning was achieved.' The 
" \ . 

question that remains i5 what role. g~ ICAT play in that 

-------ed uca tional expe r ie~ce} As noted earlier in -èfià-pter 2, ICAT 

with Hs 
{ , 

erfective 

appear 5 

addition 

feedbaek paragraphs was intelnded to serve 

teacher \ as weIl as an effective tester. 
;) 

/ '0 
.Ç' 

that its testing role has been refined wi th 

of partial scor ing , making ICAT - a 
v 

sophisticated evaluati6n tool. 

as -ân 
~ 

It 

the 

more 

As fo r ICAT' s role as a l earning catalys t, i t seems 

, , 
1 

1 
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tha't the feedback paragraphs 
1 l' 

the little to added 

assimilation of ,the target knowledge. As mentioned ear::lier, 

studen,ts may have taken advantage of ICAT b} using it as a 
1 

way of learning . the subject material. It is pos'sible that 

th~ f~edba~k paragrai~hs plus the ~ack of an 'upper limit on 
1 

the number ,of times quizzes could bé repu'Ged project~d the 
, 1 

image that the compJter quizzes are' an easy way of learning 
(1" \ u • 

"the subject material and contributed to reduced study of the 

tex t. For this reason it is recommended that future 

resear'ch incorporat~ a limit "for the number of times ,quizzes 

May b,e repeated. ICAT wi th i ts feedback paragraphs 18 
Q , 

mainly a testing tooi but appears to have the capability or' 
1 

allowing the student to learn dur ing testing. 
1 

Fur ther' research migh t e"Xam ine wha t effect '1 im i ting the 
" ' 

citent oL_feedback has on knowledge 'acQuisit1on, ~ither by, 
0' • Il 

l1miting the amount of information that 15" in the -feedback 

paragraph or by limiting the nUlnber of requests for fe~dback 

paragraphs in a testtng session. 'A dtfferent kind of 

balance between the testing and the te~ching role May need 

to be defined before ICA! can achieve 1 ts true potential. 

" Further research might' concentrate as well on how ICAT 

.can reiriforce learn1ng and what role it plays ~s an 

incentive for learnlng in the overall academic experience. 

This study has indicated that the reinforcement' given for 

retr ys d id 06t. signifie an t~ y effect an increas,e in 

performance on the criterian test. It would be interesting 

to study other.' ways in whi"ch ICAT can reinforce learning. 

1 _ 
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This stud,y has shown that the 'nature of 
o 

the su~ject 

material affects performance. Prev'ious exposure ta items 

had crit'ical 0 effects on 

items were shoW'n to . 
final performancê. 

,) 
have better transfer 

Theoretical 

capapiltty . 

Further research might' examine th1s 'resul t in more d~tail 

under more controlled conditions. 

Conclusion 

This q study has att,empted to offer an al ternati ve 

approach to interactive computer-asslsted test.in'g. It has 

al 50 presented-I/ar iations in testing and scoring proced ures. 

This ~tudy inyestigat'ed, computer usage in bo~h i ts learning 

and testing roles. Partial scoring was found to be â' tretter 
, 

predictor of f.inal performance. The resul ts of the study· ' 

sl,Jggest that students' requests 'for feedback par~graphs did 

not lead to an increase in criterion performance. In . 
addition cxperimental treatments in applying reinforcement 

1 

f for item retrys diQ. not effect 'an fncrease in final 

per formance . 

'­
'"" ") 
! 
1 
1 

! 

'1\ 

. This study has shown that quiz taking frequency is 
..J') 

f negatively related ta, final performance and that elapsed 
/' 

time . on qu i zzes 1s signific'antly related ta final 

performance. Exposed al:1tl theoretic,al items were found ta 

effect greater reèall than unex posed or ap'p1 ied ,i tems. This 

stU?Y' confirms a .,prev io'ùs fi nd ing that the higher the 
, 

criterion mastery level on the quizzes; the higher the 

post-test score. 
\ 

It 1s, suggested that further rcsearch mlght show' how a 
('. 
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better balance mi'ght be actrieved in the r'ole of ICAT" ~~ both 

teacher and tester. ln addi tian further research is 

" recommended to find out how,ICAT 

the acquisi tion of knowledge. 

can p1 ay a g reater role i,n 

, .... 

~ 1 

.. 
. ... ? 

\ , 
\ 

, ' .. 

1 
1 
1 
) 

• ~ f 
\ ~ 

1 
t 



, 
'0 

( 

(1 

60 

References 

Anderson, 'R. C., 'Kulhavy"R. W. and And,r.e, T. F'eedbaek / 

'procedures, in progr ammed instr uct1on'. Journal of 

Educa,tional Psychology, 1971, 6,2, 148-159'. 

B,ayroff, A. G. ,Feasibility of a programmed testing machil1e. 

Wa,shington: U.S. Army P~rsonnel Research Office, 1964. 

Betz, N. nE. &: Weiss, E. J.' Psychological effects of 

Immediate knowledge of resufts and adaptive testing. 
o 

Minneapolis: 0 University of Minnesota, Department 'Of 
" 

Psycho logy, Psychollletr ie Mt."!thod s Program, 19\76. 
, ' 

Biehler, R. F. Psychology Applie<!. to Teaching, 2nd edition; " 

'Boston: Houghton Mifflin, 1971., 

Biehler, R. F. Psychology Appl ied to Teaching. Bc> ston: 

. Houghton Mi ff! in, 197 q. 

Buss, A. H., Braden, W., Orgel, A., &: Buss, E. Acquisition 

and ex tinetion with d ifferent verbal rèin forcemen t 

eombination. Journal of ,Experimental Psyehology, 1956" 

52, 288-295. 

" , 
Car twright , G. F. Social factors in computer-assisted 

test,ing. Proceedings of ~ MeGil! University Conference 

on University Teaching and 

Un,iversity, 1971. 

Learning. 
"----.._. 

Hontreàl: MeGill 

'\ 
Cartwr,ight, G. F. Social, personality, and attitudinal 

dimensions of individual .!.eal'l.ning with computer-aS;5isted 

group instruc tion. Unpub l1shed doctoral disse rt:a~io n. 

Edmonton: The Universlt~ of Alberta, 1973. 

l 

\ 

~ 
1 

\ 
1 

~ 



1 

11 

'1 , 61 

( 

\. 

Cartwr ight; G " F. A. prom ising lnnov a-tion: computer~ ""ssl sted 

tes~ construction. Learning and' Development 1 1,975, 6' -' 
1-3 

Cartwright, G. F. & DerevE;!nsky, J. L. An attitudinal study 

of .compu'cer-assisted tcsting a's a learning method. 

Psychology in the Schools, 19'16, ..!l, 317-321. 
, 

Cartwright, G. F. &: Derevensky, t. L. Thè development of 

computer-assisted testing as' <ln 'adjunct to traditional 

il'lstructional proccsses in ,gducational 'psychology. Paper 
, . 

Presented at the Canndian Educational Researchers 

Association. Fredericton, New Brunswic,k, 1977. 

Cartwright" G. F. & TessIer F. Course author' s guide to 

comput.·er-assisted instruction using CAN~ n. Mon tr eal : 

Centre for Learntng and Development,' McGill, University, 
-. 

1975. 
1 

Cleary, T. A., Linn, R. L. & Rock, D. A. ~ An explanatory 

study of programmed tests. Educational and Psychological 
l \~ " 

Measurcment, 1968, 28. 345-360. \ 

Cohen, P. The -effect of.discussion, inrhvidual respons.c and 

fecdback on le'arning and attitudes of lndividuals in a 

group comeuter-assisted instruc tion sett,!.ng. Un pUblished 

M.A. Thesi~. Montreal: McGill University, 19'{S. 

Craik, F. 1. M., & Lockhart, R. S. Levels of processi~g: A 

fr amework fo r m~mor y rese arch. Journ al of Verbal Learn ing 

and Verbal Behavior, 1912, .!.l, 671-684. 

, / 

! ( 

1 
! 

" ! 



l , ( 

Cl , 

$ 

.. 

J 62" 
, 

Der cvensky, J. L. & Cartwright, G. F. The use of 

computer-assisted testing in an i,ntroductory coursa in 

educational psychology. In Hills, P. and Gilbert, J. 

,( Ed s.) Asp~ of Ed UCtlt ional Techno logy, XI: The spr cad 

of Educational Tcchnology London: Kogan Page, 197'1, 
\ 

De loi i t t, L. J. & We i s s, D. J. ~ computer software skstem' for 

ad~.!::.~~ abil Hy measur ement. Minneapolis: University 

of Minnesota, 1974. 

E v ah S , R • ~~ & Misfeldt, K. Effect of self-scoring 

pr oced ur es l 
0 n test rel i ab il ity. Percept ua land Mo ta r 

Skil~, 19'74, 38, ,1248. 

Evans, R. M. &'Surkan A.J. Computer-delivered testing. CATC 

Evans, R. M. lX Surkan, A. J. Effcct of computer-delivered 

testing on achievement in a mastery learnirig 1 cour.se of \ 

, study wi th partial scor ing and variable pacing. 

Proceed ings of Eighth Conference on 'Computers in the "--. 
Undergraduate Curricula, 'Michigan Sta'te University, 

1977b. 

feldhussen, J. F. & 8irt, A. A ' study /~f ni\e methads of 
'. 

presentatiqn of programmed learning material. Journal Dt: 

Educational Resc"arch, 1962, 55,461-466. 

Ferguson, R. . L. _ & Hsu, T. The appli~ation of item 

generators for individuallzed lJlathematics testing and 

ins\truction. :oPi ttsburgh: University of Pittsburgh, 

Learning Research and' Development Center, 197). 

5 

( 

1 

J 
\ 

1 

1 
! , 
\ 

1 
! 

·1 
1 

1 , 
., 1 

1 



( 

{ 

i , j 

t i 
l' 

'l~ , t . ' 
t 1 

Il 
1 
t 

63 

,Franklin, S. & Marasco, 'J. Interactive Computer-Based 

Testing. Journal of College ~nce Teaching, 1976,!l, 

15-20. 

Gabay" T. V. Pee uliar i tics of Acquisition under the 

Re,3'1isation of Behavioristic Principles inProgrammed 

Instruction. Unpublished P.H.D. Dissertation 1 Moscow: 

The Uni v ~ s i t Y 0 f Mo seo W, 1 91 2 . 

G i Iman, 'D. A • Compar isons of 
>,1 
several fcedback method s for, 

correcting errors by computer assisted instruction. 

Journal of Educa'tional Psychology, 1970, ~Q, 503-508'. 
1 

Hansen, D., N., Johnson,;'--13·;-'--~., f~gan, R. L., Tarn, 
, ,) 

P. & 

Dick, W. Computer-based adaptive testing models _fo __ r _th_e 

Air-Force Technical Env ironment Phase' 1: Development of 

~ cQmputcri.zed measurement syst.em for Air Force Tcchnical 

Trai'n ing" Brooks Air Force Base, Texps: Air Force!' Human 

Resources Laboratory, 1974. 

Holland, J. G., & Skinner, B. F. The analysis of behavior. 

New York,: McGraw-Hil,l t 1961. 

Kulhavy', R, W. Fcedbacl< in written instruction. Reviewof 

Educational Research, 191'7, !:I, 211,-232. 

Kulhavy, R.W., & Anderson, R.C. Delay-retention èffect' wlth 

mUltiple-choiet tests. Jou~nal 

Psychology, 197), 63, 505-512. 

of Educational 

Lippey, G. Observations, GATe ~Digest, 1977, !I 3. 
-- 1 

Lord, F; M. Sorne test theory, for' tailored testing. 'ln W.H. 

Holtzman (Ed • }, Compute r- assi 5 ted inst.r uc tio(n, ,test ing 

and guidance.,. New York: Harpèr and Row, 1970. 

, ~ 

, 

l, 
1 

\, 

1 

1 
1 

1 

1 



\ , \ 

. , 

.. 

(> 

-'1 

64 

Lord. F. M; Rabbins Munro" procedures for tailored testing. 

Educut 10nal and Psychological Moasurement, 1971a, l!.. 

3-31. 

Lord', F. M. The self-scoring flexilevel test. Journal of 

, Educati,,€>nal Measuremen\', 1971b l .!!, 147-151. 

Lord, F. M. Tai'lored testing, an application of stochastic 

approximation. the American Statistical 

Association, 1971c, .§.§., 707-711. 

Lord, F. M. Theorctical study of the ·measurement 

effectiveness of flexilevel tests . Educational and 

Psychological Measurement, 1971d, l.!., 805-8t'3. 

Lord, F. M. A theoretical stud'Y of two-stage testing. 

Psychometrika, 1971e, 36,22'7-241.' 

Lublin; S. C. Reinforcement schedules, scholastic 'aptitude, .. 
autonomy need and aChievement in a programmed ins,truetion 

course. Journal of Educational Psychology, 1965, 56, ---- --. 
295-302. 

Pressey, S. L. A simple appal7atus which gives tests and 
\ 

scores - and teaches. School and Society, 1926, 23, 

373-376 • 

Rope'f. W. J. F'eedback in C.A.!. programmed Learning and 
, 

Educational Technology, ~, 197'7.' 

Sassenrath, J. M., &: Yonge, ,G. D. Effects of ,delayed 

information feedbaek eues in learning and. retention. 

~ Journal of Educational Psycholo~~~ 1969. 60. 114-17'1. 
(-

Skilllner 1 B.F'. Teaching Machines. Scientific Amer ican, 1961. 
7'" > 

90-102. / 

l 
1 
1 

! ' 
li 

f 
1 

! 



-1 
1 

Cl 

-, 

65 

Sturges, P.T. Verbal delay and retcntion: Efrcet of 

information in feedback and" tests. J Journal of 
, 

Educational Psy'enology, 1972, 63,32-43, 

Sturges, P.T. Delay of Informative Feedback and, Computer 

cd Insttuction. - Paper Presented 'at American 

tional Research Association, 'New/York, 197'7. 
, 

Surbcr;-"'J.R. , & And'er son, R. C. Delay-retention effect in 

natural classroom settings. Journal of Educational 

Psychology,' 1975, 67, 170-173. 

Tait, K., Hartley, J. R. & Anderson, R. C. Feed back 

.> procedures' in computer- a'ssisted arithmetlc instruction .. 

British Journal 

161-171. 
( 

Talyzina, N. F •. 

of Educational Psycholo~, 

Psychological basis of 

1973, li 3, 
-/ 

progr.ammed 

instruction. " Instructional Science, 1973, ~, 243':'280. 

Vigil, N. A., Oller, J. W. Rule Fossilation: A Tentative 

Model. Langua8e Lea!:.nins, 26, 1976, 281-295. 

Watzl-awiek, P., Beavin, J. H. & Jackson, D. D. Pragmatics 

of Human 
~-

Commun ication,: Ao study of 

Patterns, Pathologies' and Paradoxes. 

'Norton, 1967~ 

Ioteractional 

New York: W.W. 

Watzlawick, P., Weakland, J. W.' & Fisch, R. 
l 

Change: 

Principles of ,ProbÎem ______ ~~ and Problem Resolution~ 
, 

New York: W.W. Norton, 1974. 

Weiss, D. J. The stratified adaptive compu erized ability 

test. Minneapolis: University of Minnesota, 1973_.-

( 



66' 

a Weiss, D. J. 

\" 
conv'en t iona1 

& Betz, N. D. Ability mea'suremen t: 

ad aptiv e? Mi nnea po l.i 5 ! University of 

l, Min n e so ta, ' 1 ~h 3 • 

Weiss, D. J. Co~uterized abilitl testing, 1972-1975. , 
", 

Minneapolis: University of Minnèsota, 1976. 

~ l 

, 1 
4 , 
~ , 

i 
r 
i , , 

L 
J' le 

l 
f. 
î , 

... ' 

l 
t 

ft 

\ 

, , 

t 
û 


