F i

:

4 Y
v

\
)

. THE EFFECTS OF VARIOUS CONDITIONS OF ADJUNCTIVE

INTERACT IVE COMPUTER-ASSISTED TESTING ON FINAL
l ' N s N »
EXAMINATION PERFORMANCE ) .
] p
. . by .
' _Joshua Hausman , .
v ‘ ‘ \ s
3 \
1 1 ) . h

A THESIS PRESENTED TO THE

} FACULTY GRADUATE STUDIES AND RESEARCH, MCGILL UNIVERSITY,

PARTIAL FULFILLMENT OF
REQUIREMENTS FOR THE DEGREE OF

MASTER OF ARTS

DEPARTMENT OF EDUCATIONAL PSYCHOLOGY AND SOCIOLOGY
T JULY, 1978 - % ‘

/

8 ' ' s v
' , N I3 .

'
» / B
— . )
‘—_'_—u-zmrrmnmvxmm'w —. = = [ S

S Gty T nh#:u!’mk‘.'-¢mw>.hsm, -

Uap e rtkBien, O g WL R B e s o B
- .

R DO s O

T e S AR (o

SR




i

o T T RN e Weageds 4 4 L v . e s v

=

s iﬁm
&

.
&

S

Rty e e

>
-
AL ]

v
=

£ St SR ) e

.

o

;o

g
'
d

f
'
H
.
~
I
.
L.
¥ R

Y ! 3
¥ - .
R -
: . i . i
1

Y
PRI

Y
.
wen

-~
<

l SHORT TITLE s - .

~

+
T ST G Bt B n ot Y e an e sl

. R £ . . .
Y : . g ' :JOSHUA HAUSMAi ‘ 2.
- L3

- INTERACTIVE COI’!PUTE’I{;\Q\SSISTED TESTING : g
) o

: MASTER OF ARTS - - |
4 o 1
DEPARTMENT OF ECUCATIONAL FSYCHOLOGY AND SOCIDLOGY -

1 i A
/ . * I .
\
' i
v N i
- - ) ?
. - B i
. .
/ N ‘ X
. , : z
¢ €
. y -/
4
\ . |
Q
- . i
s -
t -
1 * v
L ]
.
- i x
3
Al 1 - .\ L
* 4
- , “
= ¥ 0
. ya
. ] ;
—
LA , ¥ .
» i
N A . v
i # .
: 1 X , ..
. s - 3
! N
\ ¢
-
. N
. . k4 3
€ - o
@ /
- &
v ! i '
" - o
< , . . !
O e , L



b E e AL ST ge TN

U

- \‘J

a

ABSTRACT

i L:;As

The study explofes the effects of various conditions of

interactive computer-assisted testing (ICAT) on final

examination performance. One hundred and five subjects were

randomly assigned to one of three treatments. Control group
. - Q

1 was scored on a right-wrong basis with no . item retrys.
Experimental group 2'was scored with fractional marks given

" for item retrys. Experimental group 3 was scored on a

right-wrong basis withou€ credit given for required item

retrys.

-

' Results suggest that partial scoring is more preddctive

{

the idea that higher mastery levels on ICAT quizzes are

associated with superior criterion performance.

P L + -

of final examination performance scores. The study supports -

—————
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RESUME n,

N A N ‘ .

Cette recherche étudie les effets dans des conditions
{

variables d'examens donn&s par ordinateur (ICAT) sur le

rendemen'& d'un examen final. Cent cing sujets ont &té

sélectionpés au hasard et soumis a un des trois traitements.

Le groupe contrdle 1 fut noté sur une base de yrai ou faux

sans aucune réprise possible. Le groupe expérimental 2 fut

noté avec des décimales pour signifier les essais supplémen-

2

taires. Le grbupe expérimental 3 fut not& sur.une base de

1

vrai ou faux sans aucune attribution pour les essais sup-

plémentaires de certaines qﬁestions. ' ' .
Les résultats suggérent que la correction.partielle

prédit avec plus de ﬁrécis‘ion le rendement et les notes de

. :

l'examen final. Cette étude soutient 1'idée que le niveau
LY ' /o .

de maitrise des épreuves du "ICAT" est directement 1lié au

critére de rendement supérieur’ final. . .
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CHAPTER I
‘THEQRETICAL FRAMEWORK OF THE STUDY

Interactive Computer Usage —

LY

As computer techqdlogy begpmés a less expensive and
'‘more useful technology in educational environments, teachers
will rely less on traditional ‘classroom lectures for
teachring and paper-and—peﬁcil tests for e&aluation. With
computer~assisted instruction (CAI) exi;ts the potential for

truly individualized instruction: No apparent educational

sacrifice is inherent with CAI, either ip overall contrél of

the management of the instruction *or the flexibility needed -

t

for creative teaching, CAI gives' the teacher a more’

diversified and powerful. medium for teaching 'materials

. (Cohen, 1975) . i SN ~

. Interactive Computer Testing

The computer can be-used in the construction of

| »

examinations. Computer-assisted test construction (CATC) is

a system designed to select .questions with certain ~

‘

attributes, organize them ;nto a'test and print it in an
error-free format (Cartwright, 1975). The multiple-choice
format is chosen-as a more objegtive form of testing and can
be done ”'by macgine. Each student responds to the
multiple-choice test by recording his respgnses on ; maéhine
readable answer card. . Thisianswer égrd ié_ later scored by
the computer with\ student's scores and statistical data

available later on computer printouts. While CATC appears

to be an effeéﬁiVe; low cost procedure for use in evaluation

<
¢

- ' \
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. ﬁéAT uses  on-line

of student performance, it lacks immediate feedback. Often

o 2 Dv co

]

there is a long delay between Ehe writing of the test and

s

the rgtdrn of 'the results.

_ The addition of immediate feedback

~

is possible with

ICAT which allows the computer to administer the test and

give immediate feedback at the end of the test or even after

each question. In addition the feedback

immediate knowledge of results (KR),

can range from

to knowledge of

correct results {({KCR), to elaborate explanator} Information

paragraphs, or any combination of the'a?ove.“

3

The provision of immediate feedback ensures

to some

degpée that students learn while taking each quiz. ‘Because

8

* -

computational facilitfes;

further
A

///Hevelopment o?umore sophisticated forms of tailor%dkﬁésting

e

2

basing item

selection on student

characteristics and

peFformance dnd/or item attributes, is possible ‘(Cartwright

& Derevensky, 1977).

Y

Franklin and

-

Marasco (1977)  examined

v

\

<

interactive

computer-based testing (ICBT) in wuniversity level

science

courses to study 1its effectiveness as an educational tool.

ICBT is similiar to ICAT but it

is a term that Rrankf&n and

-Marasco k1§77) use when referring to interactive computer

testing. They discuss some of the myths regarding its use

in education. They contend it .is untrue that'requining af

€

student to use computer facilities is,an obstacle in pursuit

~of his educational goals. Rather it allows for a variety

and

flexibility heretofore available

only

in

oral

&

v
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: examinations. This form of testing results in considerable

i ( . amount of student-teacher interaction and an increase in ;
;, informationalllvalue of the test with individualizeé,

? ‘ immediaté, detaileﬁ and constructive reedpack.

Franklin and Marasco (1977) point out. that the

g e e
-¥

construction  of examinations is a task which many"

. L .
instructors find difficult and which deémands a lot of time.
u ‘

Publishers have attempted to ease the burden of making ‘f/f’“k\*

examinations by previding instructors guides containing test

P

; ‘  items. The instructor looks at the guide and has a typist
e, prepare the examination. Short-answer of egsay qqe§tions
may require many hours of time -to evaluate and. often-ﬁhe‘”‘

task is given to teaching assistants or 'rfigegg'.

InstructorSowiéhout such help often choose multip¥e-choice-.,

«

a

, - examinations because of scoring ease.

—F

"Cost and Other Probldms
In terms of cost, any labour inkensive'approach to

|
testing will ultimately be more expensive than ‘anrapproaph
] based on technologies which eaéh year aeliver more per
t dollgr.; Franklin and Marasco contend that this form of
. testing does not ha;e siénificant broblems with security and

. /
. cheating, since the 'problem may be resolved by controlling

. access to files and programs. Now that, test programs -

R

M%Fﬁz _ randomly select quesfions from a large item péols, tests can

5e reassemblpdfbibhout worrying that sfudents have seen the

G

test. y ‘ - g
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+ Sophisticated Tactics

ICBT provides a variety of sophisticated tactifs. ‘The

"computer is ideally suited for the solution of complex

problems, by breaking each down to its component parts.  The
% ,

computer may decide not 'to reveal the next part of a

question if the first part was not successfully completed: a

control option not present in paper-and- pencil tests,

The computer can also perform different routines for

multiple-choice questions. For example, the computer may
withhold phe display of certain alternatives until the
student rejected the earlier 6ne§. This type of process is
less vulngrablg to'elim;nation stgategies‘by the student.

The coméuter may present a probleh with insufficient
information, telling the studeﬁt that additional. information
will be supplied wupon request. The student learns that wan
important step in solvipg a problem is to ask oneself whap
data are required;

The computer can be used to simulate physical systems.

The 'student  interacts with the system by answering

que§ti0ns, observing the  response and then deciding the

i

~underlying principle or concept.

ICBT is amenable to virtuaily any pedagogical strategy.

Instructors can <vary difficulty of exams for different

audiences, type of question, exam length, and exam ending.
esides providing feedback, it has extensive record,keeping
ahd clerical capabilities. By singling out those siudents

who have difficulty in particular areas, the record keeping

P

Ve e ————
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portion of ICBT allows an. instructor to help those7studénts
‘'who $eed help. |
For a few years, the University of Califoénia ‘at
Irviﬁg,‘has run\its large pre-calculus coJrselwith all unit

by unit “tests using interactive computer-administered

quizzes. A similiar course with approximately the same

number of students (several hundred) is also taught Qt the

<

Univérsity of California, San Diego, but without wusing

L4

computers. Comparison shows 'that the funds‘spent on using

the cqmputer\resulied in a monetary saving of twice the

amount than when the computer was not used (Franklin and

,

Marasco, 1977).

”~

Franklin and Marasco (1977) stress that students should.

have, and know théy have, free ‘access to human \beings to

v

. ask questions and’' make comments about the materials. ICBT

meets existing needs and its flexibility is a definite ésset
in meeting the requirements of its users. The tendency
toQards continuing education, and the success of, and demand
for individual instruction are all factors which ravouf

_ICBT.

General Statement of Problem

The present research:.is to investigate in what ways
JICAT 'may improve learning. The effect of %ransfer of
on-line performance to ecriterion performange will be
examined. In addition a pre-test and a post-test will be
included iﬁ the desig ‘to examine gain\scorés.

7

Because Evans and Misfeldt (1974) have indicated that

, by

i)
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variables whié; affect 'learning.

. 6 ‘ ‘

’

partial scoring increased total test reliabiliﬁy, partial

ks

séo}ing for the quizzes will‘b; examined to see if this
better\pr;dicts eritefion performance.  Research will also
look at what effect the number of explanatory paragraphs
requested by \sfudéﬁts has on quiz taking behavior -and

criterion performance. Further, the reinforcing effects of.

partial scoring will be investigated to ascertian its effect

on learning. . ’ -,
w ) )

To summarize, IC}T appears to have been moving towards
the refinement of both its evaluation and learning roles.
New scoring procedures have modified the feedback and

réinforcing role of the computer. The raddition of the

* »

' t : . 1
pre-test and the: post-test with both thcoretical and applied

questions, will - enable a closer examlination of a number of |

«a

»

[

e e S
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. ‘ CHAPTER I1I
REVIEW OF RELATED LITERATURE

‘Over¥iew of the Chapter

In this chapter the literature related to the present
study is reviewed. This includes the research on ICAT as
well as offgline computer-assisted testing and feedback>
The relevant literature, perﬁaining té computertadaptive
testing and-partial 'scoring is summarized. Finally, a

review of research relating feedback to learning and

reinforcement is given. : )

Evolutien of ICAT 3 e

: x
Historically, theg\antecedent of ICAT 1is Pressey's

(1926) teaching machine. 1In the 1920‘5, Pressey designed

several machines that automatically tested a student with

: mhltiple—choice questions and provided , feedback on each

decision or knowledge of results (KR). If the student
selected correctly -he moved to the next question. If he.
were incorrect the error was tal ied aﬁd he continueq,to'

0 7

respond until he chose the correct lanswer,
! §
However, the historical trend of the machine teaching

’
~

shifted in the 1950's. Pressey's teaching machine failed to
gain popularity and the shift to - }ineér programmed |
instruction mdved the research more tawards software
technology' where educational progra@s were Stressed ‘and
individualized instryctipn emphasized. Skinner (19675 felt
ghat each student should compose his own response based on

recall, rather than 'select an answer from a set of

T e, T T T

P

L -
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alternatives, which is basically a fecogﬁition ‘tésg.
Further, since _Skinner was interested in shaping‘behavior,
e .

choosing incorrect multiple~choice ’alternatives oqu served
to qtrengtheﬁ unuaateg responses. Holland and Skinner
(1961) uéed twénty machines and programs to teach a part of
a course in human~behavipr to undergrgduateé, at Radcliffe
and Harvard. They parefullyléequenced:the learning frames
so'ghatuthe frames would be ihqrodghly undérstood before the
studént moved on.
g ,

ICAT re-emphasizes hardware technology somewha§, Wby

using the machine to exert greatér stimulus control. With

nd Pressey's

o
improved technology, computers: can go be
P .

teaching device. New technoid&&--such as ‘time-sharing
developed in the 1960's, allowed for an ‘'individualized'
computer-user’' interactijpn ‘and;provision o} kngwledge of

correct results (KCR). !With this development the compdter

\

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

technology changes our understanding of the ‘'test'. The
methods by which the test {s presgﬁted has changed with ICAT
(Cartwright, 1971)Y. .

"This  for of computer-user interaction i% an
improvement. o anotﬁer form of computer-assisted testing
(CATC) . CATC ; aids the ins;ructor ‘to assemblg tests
(Cartwright, 1975), ICAT has two capabilities, it can
provide Kcﬁ asvé?I{’;s help in the evaluation process. ICAT
is a ' process iniiwhich the 6omputer administers a test to
each use; and giyé@ immediate feedback regarding the user's

Fl

i1
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the role of a teacher. CAI administers st&dent inst{gifigi//

S

™ 9
responses, More information may be provided to the user in

the form of feedback paragraphs.

In’ o A e
. ] rf\\ .

By providing KCR, ICAT is also a learning tool. The®

advent of ICAT is in line with some other historical trends.

Before ICAT,ﬁﬁﬁ;Zggr assisted instruction (CAI) was seen in

by means St a computer. - IV accepts and processes student
i%teraction, controls ,furtherkprogression, and may prov{@e
remediation. With ICAT, interactive CQﬁputer testing can
also assuée part of the role of - a teacher with 1its
interactive provision-of feedback. ?

At McGill University, ICAT was impleméhted in. 1970 in
an inﬂfoducbory psychology course. The program consisted'of
six multiple~choice éxams. Th% test items were coded in a
CAI author language known as MULE (McGill University
Language of Edud?tion) by sixty stude;ts each of ;hom
programmed apbroximately fourteen duestions to prodyce an
item‘bank of over 800 questions. The project was deemed tq

"be successful (Cartwright, 1971) and studénts seemed to have

benefitted from the addition of ICAT to the course.

Consequently, research  coéntinued to‘ develop and improve
ICAT. . In 1;73; work was completed coding ,items from an
introductory educational p;ychology text for a computer
presentation. The qbest@ons were provided by the publishe}.
Immediate KCR was provided and elaborate feedback paragraphs

were incorporated. These explanatory paragraphs indicated

to the student the correct answer, why alternatives were

¢

. By o —
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1 ;
incorrect, and e¢dntained page numbers for‘further reference.
The items.were coded in a CAI authof language known as
CAN-VI (Cartwright & Tessler, 1975) and were p;ocessed 69 an
IBM 370 series compqter and on ten Telélype terminals wh}ch

-were later repiaced by cathode~ray tube (CRT) terminals.

Five quizzes were established based on specific
chapteEs of the textbook (Biehle:% .1971, 1974) . Iﬁ 1976, a
sixth quiz was added/ at the students' request, to Sample
guestions from the entire text. . Each quiz consists o?
twenty auestions based on specific textbook chapters.which
‘are randomly selected from the bank of items. After each
°duestiop itemJ KCR 1is provided and the opportunity is giv'n‘

~ for g&udents to request é feedback paragraph. In additionja
utility function was developed to allow student;: 5 and
receive messages from their instru;;3f§\wggﬁgs the computer
for <calculation, and to see tHeir ’‘current scpre file
(Dérevensky & Cartwright, 1977).

The quizzes are used as adjuncts to traditional
classes. Students towards the end of the year began
perceiving the quizzes more as a learning than an evaluative
tool. It is possible that the feedback paragraphs.
contributed to tHe students changed percepéio? of the
quizzes (Cartwright & Derevenseky, 1976). Research was

undertaken to compare the effects of exposure to

‘computer-assisted téstiqg (CAT) to students who were - not

exposed , to CAT (Cartwright awnd Derevensky 1975). One

hundred and twenty-four subjects were divided into six

T e 4 ' e e ey 0

‘
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sections of an introductory course in edycational psychology
with( three sections exposed to more traditional type of
evaluation. The Teaching Methods Questionaire II was

administered (Cartwright, 1973), to determine if differences

in  attitudes existed between CAT and non-CAT groups.

Students exposed to CAT tended to perceivejghe computer
quizze$ as being more of a learning” than an evaluative
éxperience, reported learn}ng more/ from computer quizzes
than traditional classrooc examfﬂa ions, and in general
tended to rate CAT as being (jjperior to traditiohal
classroom examiiations. S

In Bne study, it was found that students who had

achieved a 90-100% average score over,the five quizzes

scored abproximately 10% higheffon the final cfiterioﬁ test,

than students who had achieved only 80-90% on the quizzes
which suggested that the higher fhe criterion level for

mastery, the greater the positive transfer:effect.  The

-total amount of time spent was not significantly-related to

final criterion performance. The number of times quizzes
were taken was only weakly correlated with final criterion

performance (Cartwright & Derevensky, 1977){f ,

¢

To summarize, ICAT allows the student to sit at a

Lomputer terminal and be administered randomly chosen

’

multiple-choice questions.. The chief advantage of  ICAT

2

(Cartwright & - Derevensky 1976) is its on-line nature

permitting immediate feedback during the test. A current

disadvantage with the on-line . procedure is 1its high cost

|
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(Lippey 1977). ' However with tecﬁnological advances the cost

will be reduced and minicomputers might replace the use of

expensive computers. ICAT has other potentials due. to its -

on-line nature permitting other sophisticated testing

procedures to be added. The following summarizes some of

the types of testing procedures that are now availablg and

which can be eventually incorporated within ICAT,

., Computer Testing

1

{ )
Strategies of Adaptive Ability Measurement

-

For almost sixty years, the predominant mode of

administration of ability tests has been paper-and-pencil

multiple-choice tests. These multiple-chbice tests are

often too difficult for some people and too easy for others.

on

If the test is too difficult, the testee may become

fnusﬁrated; if the test is too easy, the testee may, become

" bored and may not put in maximum effort, These

possibilities introduce error “which may * lower the
reliability of test scores. fheoreticalﬁ studies comparing
conventional and tailored (adaptive) tests show that bthe
closer the probability of correct responses for each item is
to 50% the greater the accu}acy of the test score (Lorg
1970, 197ta,c,d,e). Adaptive testing, is where the test
items are adapted ?o the ability levei of the testee and(nog.
to the average ability level of the group. The process of
adapting testing 1is done' using responses to earlieé test
%&ems whi;h enables a selectibon of items that hqée a 50%

level of difficulty for the testee. ‘Conseque%tly,

\
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is made

\
items above or. below the

improvement in testing strategies by having the

number of subject's ability

minimized to reduce error variance.

o

Other problemé with paper-and-pencil multiple-chéice
tests is the use ofgt;me limits which may inproduce error in
tégt measurement be&ause individuals respond differently to
kime ;ressures. *Testing without time limits allows testi;g
to be more catered to the individuay needs (Weiss & Betz
interactions may . iqcreaée

1973). Administration-testee

error variance even under group testing conditions (Weiss &

Betz, 1973).

In previbus research on adaptive testing, tests were

" administered using“paper' and pencil, testing machines or
o M \

y

computers. Now computerized adaptive testing ability tests

may be rédesigned for administration to each. testee on CRT.

N

terminals, teletypewriters . or slide projector screens,

connected to an on-line compute} system (Dewitt & Weiss,

19f4). each test item

The fésponse to is -}mmediately
scoredﬁby the computer, and the next question is chosen from
an item pool by thé rcomputer program 'accordiﬁg to a
specified adaptive testing*étrgtegy and ‘presented for the
testee's response. Different strategies represent different
.ways of moving a testee through an item poqi. ]

the simplest of the _ adaptive

The two stage test is

testing strategies. It usually consists of a'routing test,
“and a measurement test. The routing test is a short test to

make an initial estimate of the individual's ability level

~

\




P i TR L g

Siaida L0

i

ey

T
from which he'is branched to a measurement test based on his
score.\ A number of variations have been proposed for ’ q
two-stage te%ting strategies (Cleary, Linn, & Rock, 1968;
Linn, Rock, & Cleary, 1969). ‘ ;
‘¥;e obvious_advantage to the ~ two stagej test is ‘its

' qQ
adaptiveness. OSince the routing test is usually relatively

short in comparison to the measurement test it will provide

. more information per item, oveé more items, and thereby
reduce the negative psychological effects of a conventional
’ 'S

test which may be either too difficult or too easy for a

given testee. There are two limitations to this form of

testing; routing errors can be made in the assignmeni of
measurement tests due to individuals whose scores fall near

the cut off, points established for assignment to different

=
méasurement tests.” Also, the .administration of the test
requires that testees answer all items on both the routing S
and measuremént testst

LThe major}ty of research in adaptive testing has been
fixed branching multi-stage testing strategies (Weiss & Betz
1973). These strategies differ from the‘two-stage test in
that more than one branching decision (routing to

measurement test) is made. The fixed-branching multi-stage

PTG

strategies use the same item pool structure for all .

individuals but individuals.move through the structure in

different ways. A branching rule is 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

E

' 3
o .
n
.
. .
he .
.
® .
coe o wwme e n b e e
T " :
et

L e oz

;

e'T‘.;.e;q».a.i!A,a.;,...a. e t——y




Tt

o myane y WS 4 N

LT reite -
A

T

B

o~

15

?

stage 6f testing. The branching rule in conjunction with

information on whether the testee answered a given item

correctly or incorrectly determines how the testee moves

through the structured item pool.

o

) :
The pyramidal model is a2 model which uses the

multi-stage .strategy. The pyramidal models include many ,

variations and these can be differentiated into those using

" constant step’ sizes, variably decreasing step sizes,

truncated pyramids, multiple~item pyramids, and pyramids’

using differential response option branching. Pyramidal

‘- tests wuse all items in the rating procedure and the
Jmeasuréﬁent simultanecusly. For example in constant ﬁgtep
- S§ize pyramids, movement through the pyramidal structure

begins for all testees at the first stage. The responée to

t?e item at :stage 1 is scoreq as correct or incorreét, the
branching rulebisdconsulted and the ‘appropiate stage 2 item
is then administered. A'typical braach® rule is up-one,
down-one.  Using this branching rule following a correct
resbonse 'to an item the testee receives an item one
increment ‘hisher in difficulty. Fol&owing an incorreét

response he 1is branched to an item one increment lower in

"difficulty (a slightly easier item)., Pyramidal tests have

the capébility of éstimatiné a testee's ability in as few as
10 or. 15 items} approximating the number that a two stage

strategy requires for a routing test. In general the

pyramidal strategies requires less items in the item pool

than two-stage strategies. However pyramidal models‘have a

+
o
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reCO{%rability problem: chance successes or failures due to
irrelevant ability which may prevent the testee from géing
6n' to a higher path or a lower path. Ong objective of

adaptive testing is to permit the tester to administer items

-

that converge upon a difficulty level that is appropiate for
each testee. In pyramidal testing this 1is only done for
w$égteg§”of about average ability.

\ i
Different forms of adaptive tests will prove that

-

on-line' testing is a more powerful means of testing. A

¢

possible addition to an on-line system is the flexilevel
test. Lord (1971b) proposed the flexilevel test which is a
modified pyramidal adaptive test.. The flexilevel test
consists of one item at each of a number of equally spaced
difficuity levels., The ffexilével item = skructure is
different from the typical pyramidal mozielsQ in that the
pyramidal modgs have more than one item ‘at each difficulty
level. In the flexilevel test, the branching rule Qtates
that following‘§§correct'resb§n5e the next item given is the
item next higher'zn,dfoiculty which had not previously been
. x ,

adﬁinisteped and following an incorrect response the testee

. o,
receives ~ the it next lower in difficulty that has not

previouslyibe adminisxered.
\Thé flgxilével test has a number of advantages over
. other computer adaptive testing models. ‘Like the two-stage
test, it might be possible to administer a flexilevel test

by paper and pencil. It 1is easy to scofe and reqﬂires a

smaller fitem.pool, a 10 stage pyramidal test requires a 55




A ! / 1‘7
item structure while a 10 gtage flexilevel test requires
only 19 items. | |
There are a number of limitations with the flexilevel
test. Theé item difficdlty level diverges from the testees
ability 1level. Such divergence 'might have a detrimental
effect én testee motivation and resulﬁ in guessing behavior

on itéms that gré too difficult. .0Only one item at each

difficu%ty level can not accurately determine a testee's:

ability “status wiih a ﬁh;gh degree of pre01stqn.'

Cénsequently, flexiievel tests might be more ‘ugstable than
other testing strategies if guessing is possibie.

Another capability of an on—line system is the
stradaptive (strakified-adaptive) computerized test. 'This
test (wéi;s, 1973) operates from an 1tem pool in which test

items are grouped into ten levels| or strata according to

their difficulty. Each ,Stratum can be thought of as a

peaked. test in which the items are clustered around some

average difficulty 1level. - The strata are grranged in

increasing order of° difficulty. . Unlike the other fixed

branching models.‘ stratadaptive testing begins with an

estimation of the persoﬁ'sﬁability level. from either prior
’info}mation available on Ehé testee or from his own

self-report (Weiss, 1976). This - information determines the -

testee's entry point. Based on whatever prior information
is available, the testeec of lower estimated ability begins,
the test with less difficult items and the testee of higher

ability begins with more difficult items.
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Branching in the stradaptive ' test occurs between
stratas and any of the rules (up-one, down-one) can be used.
In the up-one, down-one rule, a correct answer to an item at

one stratum leads to the next aéailablemitem at the stratum

/

next higher in difficulty. An incorrect answer‘ to an item
8 . .
at a given stratum branches the testee to the next available

item at the stratum next lower in difficulty. The item to

be ‘administéred at each stratum has not previously been

administered. ™ The stradaptive branching procedure 1is

‘designed to converge upon the region of the item pool of

<

appropiate difficulty for a given testee. In the process of
this canergence, the test will locate a stratum of the
item pool at which the teséee answers all (or‘almost‘alls of
the items correctly, This can be referred to as the basal
stratum. At the same tiﬁe the procedure will locate a

4
ceiling stratum, the stratum at which the testee answers all

‘(orlalﬁost all) the items incorrectly. In between these two

strata the testee will answer 50% of the items coarrectly.

7

Stradaptive testing has several disa¢vantages~over the

a7

other two-stage and multi-stages fixed branching models.
First it is explicitly designed pp take account for guessing
behavior. It has complete recoverability (a chance response
wou}a not pre-empt the testee from a certain ' level). The
test locétes the fegion of ifem pool‘for testee. The test

makes use of prior information which should act to reduce

S

the number of items. The test varies the number of items

which results in more precision. " Although designed for
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i computers it can be wused on a testing mdchine especially

‘“ - | designed for that purpose. ICAT' with its ‘on-line testing
; * procedures can potenfially incorporate these features.

; ) /Testing will be doné-more 'intefligeﬁtly becfuse tﬂe‘testing ;
procedure will' take into account the earlier .responses‘of e

t the‘psér, thereby introducing individualized testing. Hence

. . on-line testing rather than off-line  testing will make moge
t advantageous use of computer téchnology. -

Another feature of computer-delivered testing that has

] < |

- been incorperated into ICAT on an experimental basis 1is .
partial scoring. Partial scoring is a scoripg procedure

where the student continues to réspond to a multiple choice

P il L MRS

ﬁuestion until he phboses the correct qespbnse and is scored ‘
on a 3-2-1-0 basis depending én the number of <choices
required‘to pick a correct answer asguming.qaly four choices
- per {tem. Sugh scoring results in increasing t\f length of

the examiﬁation, relaxing the scoring criteria for grades on
; . ‘ examination and increasing test reliability (Evang & Surkan,
F o 39773): Par;ia} scoring has been incorperated into computer

testing (Evans & Surkan, 1977b).

Immediate Knowledge of Results and Adaptive Testing

There has been little research in the potential of
computer-administered testing procedures to ;mproﬁe the

psychological environment of ability tésting. It has been

Suggested (eg. Hansen, Johnson, Fagan, Tam & Dick, 1974;
Weiss and ‘Betz, 1973) that adaptive testing procedures

(iJ - should create a more favourable psychological’ environment . i

| ” : !
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1

"for all testees than do conQentional non-adaptive tests. An

approach to improving the psychological environment of

’ teétipg involves b?oviding KR. Bayroff (1964), and ﬁergﬁson

& Hsu (1971) have postulated épat immediate knowledge of
résulps has an incentive or motivational effect on examinee
performance°qﬁ ability Eesps. 6n-1ine testing will prove to
be an imggoved‘psychological env}ronmeni for testing. The
administraﬁgon of ability tests by coﬁputer'allows fast and
efficient provision of KR to examinees. t f

'A hypothesis conceﬁning the relationship between the
ability level and the’effécts of KR was offered by ﬂetz and
Weiss (1976). ’?or high-ability students receiving high

p?oportions of positive KR, KR would be encouraging and

<
motivating. Loh-ability examinees receiving mostly negative

. KR (incorrect) may be discouraged.: Therefore effects of KR

may be related to.ability level of examinees.

A study was done ‘(Bgtz, 1976; Betz & Weiss, 1976)
fhvestigating the gffects o£~\immeqiate knowledge of results
on adaptivé versus convent}onal testing sirategies on
several agpects of ability tést performance and examinee
behavior. The desigh of the %tudy involved computerized
administration of a fifty~item conventional ability test and
a stradaptive ability test eithér with or without 'immediate
knowledge of results, qu groups of subjects yere used, oﬁe
group was considefed the high-ability gnéup.and* the otqu
consisted of the low-ab;lity group. | . ',

The outcome reflected the different reactions of the

~
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high and low-ability groups to the provision of KR. In the
lowlabilit; group, mean levels of reported motivation was
lower under KR. In the high-ability group mean levels of
reported motivation were sllghtl& higher under KR conditions
than under non-KR conditions. While this latter difference
was not statistically sigpificant 1t was larger and in the
opposite direction than the difference between KR and non-KR
conditions in the low-ability group.

Feedback

Most fequack.used in coﬁputer—as;isted~instructioﬁ is
one of, no feedback, feedback with KR, KCR, KCR plus: an
explanation, o; KR plus interactive tcaching (Rape%,/1977).
Roper's study uSing computer facilities presented an adjunct
program in statistics. He divided examinees into three
groups. Group A received no fecdback,.Group B received KR
and Group Cﬂreceived KR and a s&ntence giving the correct
ansQér. A post-test was giveﬁ and three' factors wefe
studied. Factor x indicated number of incorrect responses
on programme but correct 6n post-test. Factor y indicated
nuaber of correct on programme but incorrect on post-test.
Factor z was the difference between factors x and y.

Results indicated a mean difference oﬁ factor x showing
a -significant comparison between groups A and C and between

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

indicate that KR is not effective in correctiné erroneous .

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

statements such as "you are correct" are not effective (KR)

PRepeT—
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a;-KCR. Although, Lublin (19‘3) indicated that KCR has a
detrimental effect in programmed learn;ng texts. ﬁderson,
Kulhayy and Andre (1971) pointhbut that Lublin's results was
due to prompting of KCR. e
Skinner is a strong proponen£ of KR believing that KCR

does not improve learning (Rober, 1977). Guthrie (1971)

wrote that KCR has the effect .of correcting incorrect -

responses and concluded with a refutation of Skinner..

i

However Guthrie's ,study appéars confounded because KR and
KCR  were mixed together (Roper, 1977). ° Roper (1977)
separates KR and KCR into different  groups and does indicate

-

a significant effect for XCR.
In terms of distinguishing if KCR is rqiﬁtjorcing or.
corrective, Buss, Bradel, Orge% and Buss (1956) found that
‘either KR“or'no comment for a correct answer and "wroné" for
an incorrect answer produced more ‘learning than :saying
"right" when .the responses were correct and ,giving no
comment when it was incorrect which suggests that KCR-
functions more as a corrective feedback than as

i

reinforcement. '
- //’

~—"Tait, Hartley and Anderson (1973) have suggested that
in many CAI tests users were not attending to feedback.
Studies in prograhﬁtﬂ instruction have suggested that
delayed KCR may be more advantageous than immediate KC?
(Sturges, 1972; k&lhavy‘& Anae}son, 1972) .. Sturges (1977)
found that delayed feedback, twenty minutes or twenty-four

. : 0 .
hours later, showed greater retention one to three weeks

%
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.later than if' the feedbgck was delayed for two seconds:

However no significant difference "was found between thg
twenty minuteP and the twenty-four hour delay. If KCR is
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 proéctively with acquisition
of the correct answer (KCR). The delay allaws the incorrect
response to be forgotten. The delay of feedback }or
twenty-four hours has been sﬁown to decrease the probability

of repeating an incorrect answer on the post-test (Kulhavy &

|
Anderson, 1972; Surber & Anderson, 1975). Also, subjects

experience more difficulty in remembering their errors
following a .delay interval . Studies have indicated that
the delay of feedback results vin subjects spending
significantly longer time -studying 'the feedback ~ (Kulhavy,
1977). Consequeﬁtly, delayed feedback would‘probably be a
more advantageous use of feedback.

Feedback acts to guide the student in learning the
textual information. It also informs ..the student about the
accuracy of his response relative to the body of knowlcdée
that is to be learned. The use :of feedback: ' introduces a
control system that regulates the learning process in ~an
attempt to transfer information from the text to the learner
(Talyzina, 1973). In a controlled systeém the term feedback
relays jnforﬁatién about the development of the controlled

-

process, meaning that it is an indicator of the state of the
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éontrolled 5roces§ (Tal;zina, 1?73). Systematic feedback
allows for optimal system control in iguiding the student
from the initial state of—£he contéolle@ process to the aim
of the cont;ol process (Talyzina, 1973). |If the feedback
were simply a reinforcing agent one® would expéct
inte?mittent feedback to be more effeétiveu

In ordeg to understand how feedback and learning relaie

\ ;

to each otheﬁ one must look at the systems in ﬁhich it
operateé. ngre are th forms of control systems: the
cl@sed-loop control which provides feedback and ;egulation
of the learning process and open-loép control. which has no
feedback. Within closed-loop control ﬁh%re are, two types:
the "black box™" and‘the "white box" principle. The former
utilizes feedback only to control the output of thellearning
process while in the latter, feedback péovides information

about ‘the states of the transient stages of the process

(Talyzina, 1973). Within the white box control system one
)

of the‘ rgquireMents is the provision of the processing of -

information réceived via the feedback channel which provides

correcting (regulating) actions followed .by the realization
of corrected responses:

Although feedback is basically a cognitive component,
it still needs a reinforcement incentive model. Feedback
will on%y increase learning &ficiency when it takes into
account pupil;s needs to be motivated to learn (Feldhussen &

Birt, 1962). "To summarize, feedback can be reinforcing when

the subject matter arouses interest and the acquisiiion of

o
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information 1is a satisfying experience. Consequently a

control process that does not take into account student's
2 ’

needs will lead to a drop in learning acquisition (Gabay,

1972) . . ,’

Vigil and Oller (1976) delineate two types of feedback,
cognitive and affective. Within both cognitive - and
affective feedback there are three gypes, positive, negative

and nzutral. Cognftive feedback relays information

regarding the cognitive import of the response. For

example, heutral feedback can be, "I am still processing to

discover its cognitive import" and negative feedback can be,
"I do not understand”. Affective feedback relays
information on the state of the relationship For instance,

positive feedback can be, "I like it". For both affective

and cognitive  feedback, positive feedback calls for

increased output and negative feedback calls for a different
kind of output and neutral feedback is somewhat ambivalent

(Watzlawick, Weakland & Fisch, 1974). Negative affective

feedback (eg. I 'do not like it) will tend to override

whatever sorts of feedback that are sent on the cognitive
channél (Watzlawick, Beavin & Jackéon, 1967) . if thi
feedback on the affective channel {s positige the user may
be apt to assume positive cognitive feedback and EOnversely
if the affective feedback 1is negativg he ;ill assume
negative cognitive feedback (Vigil & Oller, 1976) .

Both positive affective and positive cognitive feedback

have reinforcing qualities. They reinforce the student to

-

SN

———r -t




26

"increase his effort .‘in the difkction of additional ouﬁputf

\ -

Although feedback has a reinforeing quality when the
students' responses are correct it also relays cognitive
inforﬁation abaut the state of thé student's uﬁderstanding
of the material. Positive feedbéék“ relays t9 the st&dent
that his undersﬁanding of the material is correct as

représented in his correct reéponse 4 7 Negative feedback

‘ )

relays 1nt>rmat10n that the student s response is incorrect.
7Feedback paragraphs 1nd1g:bing the correct answer and page
numbers for further 1n£ormat10n are relaylngﬁ cogn1p1ve
information. This informative feedback 1is dynamic in the
sense tbat ip acts’to effect a change in the student's
response topography when hig “;ésponSe was‘ incorrect: The
feedback paragraphs used in this present study will act-as a
corrective control feature after an incorfecﬁ response wés
given and will act as additidnal\ practice following a
po?rect‘ responsel Its lintgractive nature will aid the
studéht in transfering the ma}er&al from the text.

T In addition partial scoring will reinforée by giving<
extra marks for second and third retrys on multipledbhoice

items. This hopefully will strengthen the résponses and

also rcinforce additional effort. . ‘

- ¥

Summary of the Chapter °

This chapfer\ presented a review of the literature in—

\
the areas related to this study. These involved: ICAT,

computer-adaptive testing and partial scoring. A discussion

related feedback to reinforcemen; and learning.
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CHAPTER III
STATEMENT OF THE PROBLEM AND RESEARCH DESIGN k

Statement of the Problenm

The- present study poses.the/following questions:
1. Is the number of quizzes taken and the time spent
on them rela;ed to final exam. perfoarmance?
Y ' 2. To_ what exéent does learning and individualization

12

occur as a‘result of exposure to quizzes?
1

' 3. Is the extent of transfer affected'by "the nature

of the material learned?

4, Are'explanatory paragraphs requested by subjects

Melatéd to'VQpe number of quiz repetitions and/or
final performance?
5. What is the effect of motivation on quiz and

. eriterion: performance? r

Quiz Taking Behavior

1

Cartwright and Derevensky (1977) found that the number

"ef times quizzes were taken was only weakly correlated with

final exam ‘performance. In, addition they foundvthat the

total time spent on the quizzes was not significantly
o ,

related to final exam performance. The foilowing hypotheses:

i

wer'e desigﬁed in an attempt to repiicate these findings.
| !

Hypothesis 1 o o - |

I -

~

The number of times the quizzes are taken is unrelated. -

to final exam performance.

0
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Hypothesis 2

The amount of time spent.by subjects gn the quizzes 'is ', ﬁ
"~ unrelated to fiqal exam performance. N
Learning ’ \ %
‘Sipce iearning is expectedto occur‘duting the duration. ‘ %
* of the experiment, it wQuldIbe "expected that mean, scores on ‘ %‘
a performance post-test would be highe;'thah those on a x %‘

performancde pre-test. Further it is expected that ICAT will:

)
ot e ol e

produce a greater spread of performance scores due “to its-

more individualized approach. To test this, the following:'. b

hypothesis is proposed:

Hypothesis 3

The "mean' and the standard deviation of criterion

v

learning scores is larger on the post- test,than on the
pre-test.
Cartwright and Derevensky (1977) observed that subjects who

)

averaged between 90-100% on the quizzes scored approximatelyi

104 higher on the eriterion test than subjects who had
’ averaged only 80 90% on the quiézes. Hypothesis 4 was
designed to predlot this effect under coptrolled' conditions.
Hzgothesislﬂ .- '
-'Students scoring siénificantly higher on the guizzes -
wilf tend to score significantly higher on a ériterion' .

learning test.

Scoring Reliability

The use of partial scoring with the quizzes will better

+ predict final exam performance than the use of other scoring
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alternativés? Evané anq Misf€l?t (j97“) indicated tﬁat

) {: ' partial scohﬁng inéreased the @pyit half ‘reliability of‘thé

| scores. However an unpublishe® pilot study with one quiz

§ . | indicated that \partial scoring did not‘QneceésariLy‘improve

prediction of ér;terion score;. Under 'more controlled

conditionssit may be that  partial,scoring will préviﬁe more

\ Uprecise 9véluatidn‘ during the quizzes of 'the subject's

current kno&ledge, and hénce may improve the predictability

of performarice on the criterion test,’ To test this, the
following hypothesis was proposed:

Hx’gothesisr‘s_ O ..

. " The relationship between scores 5n the quizzes and the
criterion test score will be Bignificantly higher for
subjects in the pa%kiag scoring treatment than for
subjectéEiq the ot%ér scqring tregtments.

‘ L I

Transfer .

t
’
o

\ - To test for trans?e}, it was decided to. create a
. criterion.test consisting 6f questions which had appcared
during othe ’coméut;ﬁ quizzes ; (exposed questions)  and

\ ) ) qugstaons which had not {unexposed dﬁesbions). " Not all’,the
exposed questions in the final exam were ngf;sarily seen by
the suLject and thelpossibility of simple recall was further

. “

the administration of the criterion test. The following

. : hypothesis was designed:

a
B

| '

reduced by the time interval between taking the quizges and‘
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30
Hypothesis 6
The number of cornébp responses made by the subjects
on the criferion test is the same for bothuexposed and

unexposed questions.

’
i

Cartwright and Derevensky (1977) utilized entirely
Exposed questiops on their criterion test. .The present
study will atiempt t6 determiné if this kransfer was not
monelrecél} than tfangfer due to the previous exposure to
the questions. ‘s

Transfer of léarning may be manifested by cach student
iesponding to the -random questions and organizing them into
a coherént cognitive 'gestalt' or ‘pattern with \resggct to:
the targét subject ‘area. (To test whether this integration
is affected by the nature of the  question it was:
hypothesized thatdtransfer will.be generate&/equally between
the apﬁi}ed and .the tﬁéoreticalkque§}{ons (classification of’“
items was determined througp majority consensus amOﬂg“three
p%qqusors). The following’hypgthesié was generated to -

Q

determﬁ,e if this was so:

Hypothesis 7
The final peformance of the subjects on theoretical
questions is the same.as on applied questions,.

Reinforcement:

Traditional learhing . theory maintains that
. ‘reinforcement can effect increased, learning. L\For the
" partial scoring treatment it 1s ‘expected that the

application of reinforcement for addifional effort, will

\
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promote more learning. This will be examined by the use of
modified gain scores, 'from pre-test to post-test. Gain
scores are used to see how much the subject learned during

the vyear. Gain sg¢ores are: computed by subtracting ‘the

subject's score on the post-test from the pre-test.

Modified'éain scores give a better "idea of how much the

subject learned during the year by viewihg it as relative to.

how much he/she could have learned. Modified gain scores

are computed by taking the gain score and. dividing it by the

possible amount of increase the subject could have obtained

(Post - Pre/Total Possible - Pre). For example if the

subject got 30 on the pre-test and 40 on the post-test his'

modified gain score would be, (40-30)/(50-30) which is equal

to .5. The following hypothesis was proposed: ’

4

Hypothesis 8 P ) o

) §
The modified gain scores on the criterion test will be
highest for the students who received'part}al scoring
treatment during the quizzes.

N

In addition the following hypothesis‘was designeq.in

-

line with traditional learning theory:

Hypothesis, g’

The modified gain scores on the ériterion test for the
experimental. treatment of multiple trials without
~partiai 'scoring will be significantly higher than
- those for students in the control treatment.
This was expectéd due to theAreinforcement given for

additional effort. By asking the subjects to trk again, the
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opbortunity is given for reinforcing additional‘responses.\

Feedback |

The ﬂéedback paragraphs which are associated with each

question are an optional adjunct to the quizzes. Cartwright

(1971) postulated that

better integrate their

high social learniné groupsg may

"knowledge duripg quizies and

therefore needed fewer gquizzes to reach criterion. However

that study did not. use feedbéck paragraphs nor study their

that the delay of information feedback allows the
rethink the problem
feedback. ,

effect of feedback on performance. As a result of ‘the,

Previous

. effect on integration of the material. Roper (197

tudent‘to

and also increase the attention to the

studies in ICAT did not research the

variation‘among the subjects in their request fo%,feedback

paragraphs, some explorative hypotheses were generated.

~

- Hypothesis 10

4

Thg

higher the

number of explanatory paragraphs

requested, the fewer quizzes required by the subject

to .reach-criterion.

This is expected because the more kngwledge a subject

has on the

the quiz

'sooner.,

and consequently

The

subject material, the better he will perform on

greater the

will reach the criterion ievel

number of explanatory paﬁhgraphs

requested, the greater the integrétion of knowledge, In

addition this increase in learning may affect the subjects

]

final "exam ”performance. Hypothesis 11 proposes that some

[

consistent performance on the final exam may occur.
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Hypotpgsis 11

The lhigher the number of explanatory paragraphs

+ requested by the subject the higher the final score on

-

"the ¢riterion test.
Subjects

One hundred female and five male subjects enrolled in

the post—paccglaurate one-year elementary education program

were assigned to one of four sections of an introductory

educational psychology course at McGill University. All.

'four sections were taught° by the traditional lecture method

&

by various instructors and all used the same text.

‘. . \ Research Design‘

1
¢

Sy , .
Subjedts.-in .the three groups completed 'five ICAT quizzes
during the academic year. Each quiz contained twent§
questons which were randomly selected from the bank of

questions, _Ehe performance criterion was set at 80%. All
subjectsy were given a fifty question prp—tgst,to assess
their baseline knowledge. The same_ fifty questions were
included in' the post<test to test for modified gains. Of
the'fifty questioﬁs twenty-five were not shown again to the
students during the fjuizzes (unexposed questions)._  The
other twenty-five remained in the item bank for selection
and presentation duriﬁg thé quizzes (exposed questionsg).

On signiﬁg on to the first quiz, each Eubject was
randomly assigned b? the computer to one of three different

groubs. The random assignment helped to ensure that the

effects of such variables as intelligence and typing ability

A

AT w s

ey

- e e e A

—




34
would be equiv.aalent for all treatments.
The first group (control group 1) was scored on a

right-wrong (1 or.0) basis. Only one trial was given for

each item. The second .treatment group (experimental grolp

2) was scored with partial scoring. Three marks were given A

' ' ) [

fof the first attempt:, two marks for the second attempt, and
one mark for the third attempt and no marks on the fourth
attempt. fhus thi§ gFoup was scored gsing a 3-2-1-0 markihg
system. Subjécts in the third treatment group'(experimental
grdup 3) were scored' on a right-wrong basis (1 or 0) as in
Group 1 but were asked to continﬁe responding until the
correct choice was made (as in Group 2). .KCR appeared after
the correct ‘response was made: In addition KCR could be

requested and it‘came‘in the form of a feedback paragraph -
which indicated the correct response and page numbers in the
} 7

text for further reference.

An cxample of a multiple-choice item followed by a
feedback paragraph is presented below: i
. | !

"The term 'associationism' is used to.refer to the most

widely endorsed American learning theory because:

1. It stresses 'association between stimuli and responses.

2. It "emphasizes that learning takes place when new
experience is associated with a previous experience,

3. It was developed by Watson, Thorndike, Skinner, and thelr

. associates.

4, It was widely discussed at a convention of the American
Psychological Association.

R

Please type 1, 2, 3, 4, B, or 308

? L
y

Absolutely not "

Would you.like an explanation? ‘ ‘ ,
? : ;
yes ) ‘ .

Now let me tell you why

The type of association stressed by the word is that between ,
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a stimulus and a response -- as between the sound of a bell
and, fgod, or pushing a lever and food (pages 57-58) (option
1 @ssociating a new experience with an old one is & better
deseription of field theory than associationism, since it
implies insight and rearrangement of patterns of thought.
Options 3 and 4 are essentially correct, but not the basic

reason for the choice of the word "associationism".
Procedure

N '

At the beginning of the ac%demic year all students took
the paper'and pencil pre-test. 1In all of the 'treatments the
subigcts were required to complete five qdizzes during the
academic yeéar. Studen;s couid repeat the quizzes as often
as necessary to reach/gF surpass the 'criterion level. The
cohputer quizzes formed 35% of the coufée grade. The five
quizzes Qgre developed based on chapters in the Biehler
(1974) text. Students studied the relev;;t Qﬁapters in the
textbook before doing the duizies.\l Subjects in all
treatment groups were given a'list of daées by whigh they
should finish and they paced themselves within these dates.
The grohﬁé used the ten cathode ray tube (CRT) terminals
located in the Education building of McGill University.

During the first quiz, students were asked to indicate
their instructor, sex, age, academic program, and ndmbér of
three credit courses previously taken in psychology.
Instructions regarding their automatic group assignment Qere
then gi;en; ThisA assignment was made randomly "and
éutomatically by the computer. Students ,remained in the
same treatment throughout the study. \ '

To review, a sixth quiz was.desigﬁed to sample items
from the entire text. This quiz was optional and did nat

influence the final course grade. . The sixth quiz Eanﬁomly

e - -




e

O

'Ct\,.

36

selected twenty questions from the entire bank of items

!

At the end of the academic year all students were required

to complete the final post;test.

Software

The Programming Language

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

. language knouwn as CAN-VI (Cart@right & .Tessler, 1975).

CAN-VI is a Fortran~Based icomputer-assisted instruction

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

5
‘The” language is; interactive and the system automatically
keeps performance records for each student.

The Quizzes

s

The six quizzes were developed from certain chapters in
the Qiehler (1974) textbooé.ﬂ The six<quizzes were:
' Quiz One - Chapters 1 and 2
, Quiz Two - Chabters 3 and 4
Quiz Three - Chapters 5%, 6 and T
Quiz Four - Chapters 8,9 and 10 o
Quii Five - Chapters 11, 12, and 14

. Quiz Six - Entire Text (optional)

The items wWere provided by the publisher. Along with

immediate KCR for each item an elaborate feedback paragraph

was a§$ociated with each item. The feedback paragraphs told

the student the correct answer and why' alternate answers

were incorrect and contained page numbers in the text for

' reference,
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! Hardware 5

'The hardware used in the present study included ten

"Volker Craig VC303 CRT'!'s. The ferminals are connected by

Gandalf Data Set to an IBM 370/158 timesharing computer.

Description of Measuring Instrumerdt

Criterion Learning Test

. - : 1

The criterion test consisted of fifty multiple-choice
items based on the material presented in the quizzes. These
were the same items as on the pre-test. Each item presented

3 [l ]
a choice of four possible answers,

Like the pre-test, the criterion, learning test was a

paper-and-pencil test and was administered individually to

Y
1

each subject,.

t
f
il

Data Collection

i N
.+ The data ‘collected consisted mainly of scores on the

1

_pre-test and post-test and the five quizzes. l Students

v

marked the answers to the pre-test and the postTtest on
optically read answer cards, and the results weﬁe 1ater
scored and analyzed. %

Tbe quizzes were(automatically scored and the\results
stored on disk by the . computer. The CAN-VI pro(grém which
ran the quizzes recorded automatically each choiée ma e,'thg

number of explanatory paragraphs réquested, elapsed ;&me and

the number of.correct and incorrect responses.

v
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Summary of the Chapter '

This chapter presented a statement of the problem.

Equen “hypotheses were designed to test the\ effect of

{
cdertain variables  on overall

group performance and to

‘

ihvestigate the effect of the three treatment groups on

»

learning performance. A description of subjects was given

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
|
ANALYSIS OF THE DATA -

Qverview of the Chapter

This chapter presents the results of analyées that were
performed to test the hypotheses formulated in Chapter 111,

The results are presented mainly 1in tabular form.in the

order. of the hypotheses. . - !
During the course of thé year, seventcen students did
(
not complete the course. In addition, data on ‘pre—test
écores for nine of the 105 students who completed the course
were unavailable due to absence and/or 1late registration,
As a result, dapa‘for thesegngneistudents were excluded from.

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

Table 1 indicates the number of subjects in each téeatment.'
o .

Table 1 ( ,
| . | Group ” Total
1 2 .3
all, subjects 36 28 Mi 105
subjects with all )
data complete | 35 3 25 36 .96
Resulls

Hypotheses 1 and 2 - Quiz Taking Behavior
Pearson product-moment correlation coefficients were
calculated to fest,hypothéses 1 and 2 that.the number of

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

< o
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were unrelated to final exam performance. Table 2 shows the
correlations concerning the hypotheses.-
. Table 2

Correlations for the Three Treatment Groups

Correlation " Group all
betweenf ‘ 3 1 2 3 sﬁbjects
— ’ho. of quizzes taken |
" and criterion test score. -.324% -.589%¥* 030 -.190%*
. elapsed time and eriterion | ’ : ‘
/ " test score : ’ .369% i16u ‘ .416**‘ J312%%
* p<.05 )
‘ *5 p< 0
; $23p¢. 001 ' S ‘ ‘
| : ' ‘For all subjects, the analysis indicates that the.
o numbér of times the quizzes are taken is weékly but
negatiJely correlated with the final pertormance. The

analysis relating tim@ on quizzé% with the final performance
shows a significant buf mild correlation between the- two
- © . . \ P

uargébleé. Among the corgglations for the <@hwee treatment

groups, thg?e isC a significant negative cgfrélabion for

groups 1 and 2 between the numbér of quizzes taken and

criterign test score. No significant relationéhip was found .

LY
criterion test
‘ |
. score, a significant positive correlation was found for

Al

for group 3. .1In time to

relating elapsed

\ groups -1 and 3,
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Table 3

* . Correlat%pns. .
borrplationn \ . 1 . :
between: | | s
no. of qui%zes taken . . _— -
and elaps§d~time ’ .53§* -

no. of psych. courses taken

‘and’.criterion test score

*p<. 001 ‘ - . >

»

_As might be expdgted, the results in Table 3 indicate a

of times the quizzes

<

exists betwegn: the number of

criterion test score.
Table 4 presents the means and standard deviati%ns of

the number of quiizes taken, number of explanations

. «

requested, elapsed time, average time 'pe; quiz, and average

quiz score for tﬁg three treatments.

were\taken and the total elapsed timé.
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Table 4 : ' "
" Means and Standardtbeviations for th Three Treatments
Group ‘ . all
. 1 2 C3 subjects.

No. of Quizzes taken: Mean 18.00 15,00 19.70  17.90

s.d 7.83 5.95 9.09° 8.06

)

No. of Explanations Meap 171.00 T54,00 162.00 163.00

L 4

requested: s.d. 96.80  81.60  99.50  93.50
Total ‘Elapsed time  Mean 516.90 543,60 586.00 551.09"
(in minutes) s.d. 211.00 251.90 260.70 240.70
Aygrage Time per Meaé 28.70 3?.20 29.70 '30.80

Quiz‘éin minutes)
Average duiz Score Mean 86.60. 90.80 87. 80 88.20
i s

s.d. <9.16 - 3.80  4.35  4.09

2

-

On the number of quizzes taken, group 3 has the highest
mean and §tandafﬁ deviation follgwed by groups 1 and 2. On
the number of explanations requested, group 1 has the

highest followed by group 3 and 2. On elapsed time, group 3

| ! -
has the highest mean followed by groups 2 and 1. Dividing .

the total élépsed time by the mean number of quizzes gives
the. average amognt of time per quiz. I% will -be noted that
group 2 took the most time pe;\qui; followed by groups 3 and
1 réépectively. -On  average ;uiz"score, group 2 has, . the

highest followed by ‘groups 3 and 1. Analyses of variance

were performed on each of the variables in table 4 but only
‘ i

8

"the average quiz score \variab1e° showed significant
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W ‘ , differences among the group means (F=10.03, df=2, p<.001),

. & s .
P
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‘: o Hypothesis 3 - Learnjing ‘ . '
- A \ el .

Hypothesis 3 predictéa that the’ post-test would show a
S .

(31

highet mean ‘and a larger standard deviation. The means and

e @',,Q,L‘“ﬁa‘;ﬁ‘.WWx:d W e o
A
o ¢

: \ ' standard deviations ére presented in Tablé 5. ‘
R Table 5 ) : ‘ . !
- ’ , ” Means and Sﬁ%ndqrd Devigtions of . ‘
' i ” Criterion‘Learning Scores for the Pre-Test ‘and Post-Test ; l
.. ___Varisble N Me an sy d
';\ Pre-Test 96 21.1 q‘ 4.98 .
Post-Test .96 1 35.2 | . 5.92 1
A t-test between pre and post-test was found to be ' ‘g
significant - (3:21.8,. df=95, - p<.001)  confirming ‘the\ ;
hypothesis that students had 1ea§ngd durigeg the cou;se of :
’tpe year. Q | ] ) é
Hypothesis ﬂ ~ Achievement : a
’ For khis hypothesis; the average quiz séqré.for the

) —~ five quizzes was correlated with the post-test score. Thege
data were divided into two éroups, é low quiz score group .
which aJeragbd between 80-89% on the ;uizzes, and a hith' 7
quiz score group which averaged between 90—100%. .
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Table 6
Means' and Standard Deviations

of the High and Low Quii Score Groups

Group N Mean S.d. N
Low quii score 72 67.8 5.93

High quiz score 33 76.2 4,24

[

i

ifound between means

. E
in the direction of the 90-100 group “(Welch: t'=-4,123,

T

"A significant differéncé was

df=103, p<.001) Another«analfsis was performed to determine

whether subjects who did better on the quizzes did better on

the post-test. A significant correlation was found (r=.312,
T e

p<.01).

Hypofhesis 5 - Scoring Predictability

4

¢

The . results for the three tredtment: groups are

" presented in Table 7.

{

i Table 7

o

Correlations for the Three freatmpnt Groups
Correlation ’ , Group
between: ‘ 1 2 "3 o

&

average quiz score and

criterion test score = .155 % .590%% 242
L )

Q

° %% 5<.,001 - ) ?k

The table shéws a highly significant correlation

' between the éverage quiz score -and the criterion test score
°f§f the partial scoring treatmént; but not for groups 1-and
i v ‘ .
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Table 8 presents: the data divided into exposed and .
une;posed post-test scores. ‘
‘ iTable 8
Correlations fo? the Three Treatment Groups
Correlation h : Group - all
between: ' 1 2 3 subjects,
average quiz score and S L \

exposed post-test score .282 .609%%  3ygx 13%{**

average qui'z score and

4

unex posed post-test score -.035 . 340 .101\ 146
¥ p<05 )
¥* p<.001 : .

It should 'be noted that the, correlations are larger

between average quiz score and exposed questions: than for

A
1

average quiz score and unexposed gquestions.

Hypotheses 6 and 7 ~ Ilem Charactgristics \ -

’

Hypotheses 6 and.7 predicted ‘that the number of correct

responses made by subjects on the criterion test would be

" the same for both theoreticéi versus applied items and for

exposed versus unexposed questions. Table 9 presents the

results for these Yariables.

»
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Table 9

Means and Standard Deviapions

poSt-test scores N Mean} - s.d.
for: - T
L
exposed questions 105 )‘ 81.6 3,44
unexposed questions 105 * 59,2 ' . 3.38
theoretical questions 105 . 70.9 ° , 4.06
I
applied questions 105 64y 2.30

Subjects _had more correct responses for the exposed
questions. A t-test WaS\perfprmed and the difference\was

found to be significant (£=15.8, df=104, p<.001) This

suggests that students vbenefitéd on the post-test frpmp

-

experiencing items previously during " .the quizzes., In
addition §Ubjects had significantly more correct responses
for the theoretical 'questions (tz=5.69, df=104, p<.001) -

Hypotheses 8 and 9 ~ Reinforcement

For hypotheses 8 and 9 it was predicted that the
partial scoring ‘treatment would be mosf reinforcing and that
thelfwo experimental freatments would be more reinforcing
than the control tr;atmemﬁ.

\ o ; ‘
Table 10 presents the means and standard deviations of

pre and post-test data.
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Table 10

Meaqs and Standard Deviations for fthe Three Treatménts_

’

.Group all
- : 1 2 3 subjects
) Pre-Test Mean 21.50 120,60 . 20.90 21.05
s.d. 4,00 5.88 6.98  5.71
U Post-fest, ' Mean 35,20 35.90°  34.70  35.20 ,1
s.d.  4.00 588 6.98 ° 5.74

Modified gain scores were computed and are preSenteq in

Table 11. i
a Table 11
o Modified Gain Scores for the Criterion Test
Tréatmént ] B N Mean cVarianc; ‘.
1 735 - .48y .018
2 25 522 .029
| 3. 36 460 o062
Total . 96 485 .037

R

v

\

An F-test was performed on ggig/sccféé for the three

///( ‘
treatments but no figgific?nt difference was found (F=.76,

e

p=.47).  Due to the inherent weakness in modified gain
scofés, the analysis was repeated using analysis of
. covariance with treatments as the independedt variab1e4\
post-test scores as the dependent’ variable and pre-test
scores  as the covariate. . The results" ind%catéd‘nno

significant differences. : The results do not su&pahl, the
. ' { >

?
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| hypotheses. The experimeptal conditions did not result in
(, hhigher scores on the criterion”’ learning test. Another

— analysis of covariance was performed using treatments as the

indépe;dent variable, post-test as the dependent variable

gnd age of student, instructor, number of péychology courses

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

indicated no significant differences. '

Hypotheses 10 and 11 - Feedback

Hypotheses 10 and W1 predicted thét\ the more
explanatory paragraphs requested, the ‘fewer quizzes the

shbject would take and the higher the score on the critériow

“ ) test. Table 12 presents the correlations between the two

4

variables in each hypothesis.

€

H “Table 12

Correlations for the ThreexTHeatmont Groups

Correlation Group all
N between: ' 1 2 3 subjects
N - | no. of explanations requested

and number of quizzes taken JT2u%% BUQR BRQ¥E GO u KK

no. of explanations and
+ . )

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

* p<.ot

*% p<.001

The results indicate that the number of "explanations

requested is related to an ihcrease in the.number of quizzes

(T} 1 taken. No significant differences were found between the .
‘ [ .
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correlations for éroup 2 and 1, or group 3 and 1. The}e was
no Eigniflcant relationship ;found between the number of
explanations requested and the criterion test scores.

Summary of the Chapter

This chapter presentep'the results of the statistical
analyses performed on the data. The results suggest that

the subjects who take more quizzes usually do not do as well

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

resultedtin higher performance. Higher performance on the
quizzes résulted in 'higher~ performance on the criterion
Pes . Partial scoring appeared to be a better predictor of
final exam performance. | |

\ In addition the results suggested that subjects learned

- more about theoretical information than applied information.

Alsc the exposure to the questions resulted in better
performance.’ Reigforcewent due to treatment - did‘ n&t
significantly affect performance:

With regard to feedback the feedback paragraphs did not
reduce the Lﬁumbér of quizzes taken, nor did the number of
explanatip&s requegtéd affect performance on the criterion

test. .
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CHAPTER V
DISCUSSION

QOverview of the Chapter

This chapter evaluates the results presented in Chapter
{

IV. Statements regarding the supporti or' the non-support of

the hypotheseﬁ are presented. Implicétions for education

-

are 'discussed and suggestions for further research are
1 \

s given'. "

Learning and ICAT

Quiz Taking Behavior

The results do not supggnt hypothésés 1 and 2., The

negative correlation between number of times the quizzes

were taken and the final exam score suggest that the higher
the aumber of qui zes{ taken, the lower .the criterion
performance scores. For hyﬁothesis 2, the results suggest
that tAe\ more ﬁime the subjects. spent on the quizzes, the
higher their final performance. These results are contrary
to the fin&ings of Cartwright and Derevensky (1§77) who
found that the number of times the quizzes were taken wgs
only weékly, but positively, correlated with final exam
performance. In contrast, table 2 shows a significant but
weak negative correlation\for all subjects.

in adﬂifion, Cartwright and Derevensky (1977) found
that the total time spent om quizzes .was not significantly
related to\f%nal exam performance, while the results of the

present study suggest that the vqfiables are significantly

related.  In addition in table 2, the control treatment

1
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(group 1), which typifies the methodology of Cartwright and

' Derevensky's study, also sShows a significant negative’

correlation between the number of times quizzes were taken

and final criterion performance, as well as a significant
positive correlation between elapsed time and final

per formance.

o

In view of the negative correlation between quiz taking]

W
behavior and post-test scores, one possible explanation

which c¢ould account . for why 'Students continued taking

7

quizzes which did not appear to help their performance on
!

the post-test, is thaﬁ subjects may have used the quizzes in

different ways. For e¢xample, subjects who knew their’

material did not need +to repeat the &uizzes as often and
propably studied the text before repeating.the~quiz: On the
other hand, certain subjects may have p;id too much
attention to the quizzes instead of studying the te&t as a
way of learn&ng the subject material. To these students the
quizzes became a competitive way of learning instead of a
way of obtaining feedbéck on how well they studied the text.
However, subjects who spent more time on each of thé quizzes
may have integrate? their knowledge more. Support for this
lies in the significant positive correlation between elapsed
time and criterion test score..

Looking at the group 3ifference§\in table 4 for the
number of times qulzzes were takgn, the hleast number of
quizzes appears taken by subjects in the|parti;1 scoring

tréatment (group 2). This might be expected since subjects

!
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in the partial scoring treatment might find it easier to
achieve the mastery score of 80% since ‘they are constantly

benefitting from fractions of marks on each item. Subject;

in the partial scoring treatment got significantly higher

* 1

.quiz marks, the largest gain being in the order of 4%. The

¢

partial scoring treatment al so appcared to take more time

than the control group 1, but this difference was found to

be not significant though the direction was as predicted.
Logically, multiple responding for the item retrys would be
expecteh to increase élapsed time on the qui%zes. This
difference however, disﬁppeared (seg table 10) in a

comparison of group means on the criterion test. While the

reasons for this are not immediately clear, it could be.

either that the original gain on the quizzes was of short’

term duration, or- that the control group compensated for the
lower quiz scores by additiongl study of the text.

Learning

The results in table 5, support hypothesis ’§{ that the

mean and standard deviation is higher on the post-test than

!

on the pre-test. For - hypothesis 4, the results are

supportive that students as a group who do better on the

quizzes do better on the finai criterion test (table 6).
This was also the finding of Cartwright and Derevensky
(1977) who found that subjects who averaged between 90-100%
on- the quizzes scored approximately 10% highér than subjects
who averaged between 80-90% on the quizzes.

In addition the overall correlation between average
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quiz scorg..and final performance (table 7) 1is significant,

and supports the assertion of Cartwright and Derevensky
, “

(1977) that the greater the griterion level of mastery for

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

But the question still remains: does the level of mastery .

for the quizzes' affect the final score or is it simply the

effect of some common variable such as intelligence, which

correlates with both ‘quii performance and criterion
V&‘; - \ !

performance?

Scoring Predictability

The results in table 7 support the hypothesis that the
relationship between the scoring procedure for the quizzes
and the final exam score is highest for the partial scoring
treatment. This supports the concept. of partial scoring as
a more precise evaluation of the subject's -knowledge.
Although Evans and Misféldt (1974) in@icated that partial

scoring increases the split-half reliability of the test,

the results of the present hstudy suggests that scores for

the partial scoriné treatment correlate more highly‘with the
criterion test score. . -

It is interésting to see the correlation between
average quiz score, and exposed and unexposed_ questions,
where a weaker relationéhip for the unexposed items than for
the exposed was predicted. In table 8, the partial scoring
tréathent' has a higher correlation petwéen aver;ge quiz

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

This is expected because exposed questions are those exposed
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.to'the students in ‘the quizzes and consequently a stronger

e

relationship would be logical due to simple recall.

.

Item Characteristics v

The results shown in Table 9 do not support hypotheses

6 and 7.  Subjects had more correct responses for both the

expdosed questions and for the theoretical ‘questions than for
the unexposed and the applied questions, respectively. It
seems that due to previous exposure, subjects knew more of

the answers to the exposed questions. Students did

"significantly better on the theoretical quesfions on the

post-test while on the pre-test étu@ents did slightly better
on the applied questions. This ié probably because students
com}ng into Oéhed course may have ihad more ideas about
applying educatignal principlgg than knowledge of content or
theore?ical issues. waever it is gfalifying to note that
during the course of the year‘ students improved their
theoretical knowledge. ) ;

To account for the ‘gain in _ theoretical over appliea
knowledge, one could theorize that theoretical principles
have a greatef transfer capaﬂility than appiied information,
since theoretical principles arc less épecific aﬁd hence are
more generalizable. Theoretical 5rincip1esncan build more
associations wit? other iteTs \in memory. Rather than
emphasizing the characteristics of long term and short term
memory, Craik and Lockhart (1972) stress the amount of

processing the item has received as the major determinant of

the characteristics of memory. Theoretical knowledge may
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i}

undergo more processing -and elaboration and is therefore

better represented in the memory store, and hence gasier to

<
-

retrjeve. =~ \

/

Reinforcement

t

The results in Table 11 do not SUpport‘hypothéses 8 and
9. The added reinforcement for the‘exberimental conditions

especially for the partial scoring condition did not effect

P

an increase in performance on the criterion test. Although,

i

the highest gain score appears to be for the partial scoring

treatment, and is in ‘the predicted dirégﬁion it does not

,differ significantly from the others. It seems that the

xhpizzes were not‘the only sources of reinforcement. For
these hypotheses to pe better testedmit would Be necessary
to. éontrol other Source§ﬂof 'reinforcement, leaving the
scoring * treatments as the only sources of external
reinforcement. This would be difficult because one can not
control all the var ious sources of reinforcement in an
educational environment. Table 10 sﬂows the means for the
groups and indicates that the added reinfordement for the
experimental conddﬁions did litéle to effect better
berformance on the post-test.
Feedback "

The r?sultS‘ in table 12 do not support hypotheses 10
and 11, Ihe feedback paragraphs did not appea} to a@d to

\

the subjects' body of knowledge in a’ significant way to

effect an increase in the final exam performance. Rather,

the more quizzes the subject took the more explanatory,
\

b
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Ve

paragraphs he or she-feques o Looking at the correlations

"between number of explanations requested and final criterion

performance, it appears none were found to be significant. .

|
1

‘suggesting that the ékplanatory paragraphs added 1little to

the overall knowledge. As mentioned earlier many subjectﬁ//

probably . did not study the text and consequenfly the
explanatory paragraphs did not evcourage ghem to' study the
text further. Instead, many subjects may have continued
retaking the quizzes, pqssibly hoping to assiﬁilate solely
the target knowﬁfdge thro?gh the items and the explanatory
paragraphs. . |
Implications for Education and Suggestioné fo}

|
Further Research

The conclusions of this study are limited by the stope
6f the research “conducted. This area of' research was both
an experiment and(‘pgﬁt of an En»going course in an
educatioﬁal institution, with all the limitations that it
implies. Nevéﬁtheless, as indicated by the increase 1in
scores on the ;ost-test, learning was achieved: The
\ remains is what\rolé,q19~ ICAT play in that

"‘\\\
educational experience? As noted earlier in chapter 2, ICAT

q

qdestion that

with its feedback paragraphs was intended to serve as-dan

effective teacher % as well as an effective tester. It

/
J

appears that its‘ytesting role has been refined with the
\

addition of partial scoring, making ICAT “a more

o

‘o

sophisticated evaluation tool.

As for ICAT's role as a learning catalyst, it seems
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that the feedback paragraphs added little to the

éssimilation of the target knowledge. As mentioned earlier,
students may have taken advantage of ICAT by using it as a
way of learning .the subject material. It is/possible that

the erdbgbk paragraphs plus the lack of an ‘upper limit on

I T .
‘the number of times quizzes <could bé repemated projected the

N

o 1
image that the co%pdter quizzes are an easy way of learning

L

“the subject material and contributed to reduced study of the

text. For this reason it is recommended that future
research incorporate a limit for the number of times quizzes

may bg repeated. ICAT with 1its feedback paragraphs is
“V

o

mainly a testing tool but appears to have the capability of

allowing the student‘to learn during testing.

Further research m}ght examine what effect’limiting the

extent of feedback has on knowledge écquisipﬁon, 2ither by

=}

limitiné the amount of information that i8 in the feedback
paragraph or Py 1i$iting the nupber of requeéﬁs for feedgack
paragraphs }n a testing sesgion. A di?ferent kind of
balance batween the testing and the teaching role may need
to be definasd before ICAT can achieye its grue poten}}al.
Further research might concentrate as well on how ICAT
can ereiﬁforce ‘learning and Qhap role it plays as an
incentive for 1learning in the overall academic experience.

This study has indicated that the reinforcement given for

retrys did not, sighificant}y effect an increase in

performance on the criterion test. It would be interesting

to study other ways in whith ICAT can reinforce learning.
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‘ ' This study has shown that the -nature of the supject

> m&%‘%‘?&wﬁ
»

!
.
S ‘
d(’

material affects perférmanqe. Previious exposure to items
. had ;critﬁcal ° effects on final performance. Theoreticél

items were shown to have bettéz transfer capability.

Further research might examine this ‘result in more detail
-~ under more controlled conditions.

. ~ Conclusion

/ This study has attempted to offer an alternative

approach to interac;ive computer-assisted testing. It has

also presented variations in testing and scoring procedures.

L

o7 This study inyestigatéd»computer uEage in both its learning

and testing roles. Partial scoring was found to be a better

i predictor of final performénce. The results of the study
% ' suggest that students' requests for féedback paragraphs did é

R ' not 1lead to an increase in criterion performance. In .

N 4

1 X ) addition experimental treatments in applying reinforcement
. i “ |

for item retrys did. not effect -an {Incréase in final

performance, .

This study has shown that quiz taking frequency 1is
negativély réiated to, final performance and that elapsgq
time -on quizzes is significantly related to‘ finaf
perforﬁance. Exposed and theoretical items were found to ;
effect greater reéalllthan unexposed or applied items. This :

study’ confirms a Jprevious finding that the higher the

criterion maﬁtery level on the quizzes; the higher the

post-test score. o

\ B

It is suggested that further research might show how a
(’

- o,
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better balance might be achieved in the role of ICAT, as both
teachér and te;ter. In; additign further research 1is
' recommended to find out how.ICAT can play a g'reater role 1n
} the’acquilsitjion of knowledge. !
- : i
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