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Educarional benefits of computer-assisted instruction (CALD
were investigared. A quasi-experimental design contrasted learn-
mg outcomes of students in an irooductory psychology elass that
mcorperated CAT exercises to students in a lecture-omly inero-
ductory psychology class. A number of potential mediating vari-
ables, such as instructor, size of class, texthook, and year in
school, were controlled. Analysis of students’ final examination
scores indicared that students in the lecture-plus-CAl section
obtamed higher scores than stucdenis in the lecture-only section,
emd these higher scores awerve due o their heter performance om
concepts that weve taught i hoth lecture and CAI exercises.
These findimgs offer modese support for the use of CAI as a
supplement (o lecture i teaching psychology, paracularly fir
domam-specific leaming.

Introduction 1w Psychology serves as a general introduc-
ton o psychological research and theory. By tradirion,
much of the learning in the course comes from reading the
rexthook and atending lectures. Recent rechnological de-
velopments, however, ofter mstructors an additional method
tor tenching psychology's content and process. Computer-
assisted instruction (CAL eontinues to evolve, ultimately
offering several advantages. Interactive CAL can engEape stu-
dents, Rather than passively receiving information, students
help generate intormation. Maerial is also paced to fit in-
dividuals' needs. Computerized study guides ean improve
students’ overall level of mastery. Also, testimg may be im-
proved if students complete tests on compurer screens and
recenve immediare feedback abour their performance.

Whint educational benetits ar¢ gained hy using (CA in
psychology ac adiseipline and, more specifically, in introduc-
tory paychology? Only o few studies have investigaeed CAL
mnroductory psychology (eg., Conn, Stafinink, Di-
Pasquatle, & Harper, 1988; Welsh & Null, 19913, hut several
rescarchers have studied CAL us part of a4 course in CXPCT-
mental psychology (Chute, 1986; Goolkasian, 1989: Mona-
hang 1993 Perone, 1991: Petty & Rosen, 1990). Fvaluation
research i psychology outhines specific goals thar CA|
should praduce. Quicome measures should include both
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learning and enjoyment components. In patticular, we need
to ask whether CAL experiences produce increased general
learning in the course, leaming of the concepts in which
students complered exercises, enjoyment of the course, mnd
enjoyment of the CAl experiences (Chute, 1986; Conn et
al, 1988; Duncan, 1993; [saacs, Costenbader, Reading-
Brown, & Goodman, 1992; C. L. C. Kulik & ]. AL Kulik,
1991;]. A. Kulik & C. L. €. Kulik, 1987; Lambert & Lenthall.
1989; McNeil & Nelson, 1991; Monulian, 1993 Nicmice &
Walberg, 1987; Perone, 1991; Perty & Rosen, 1990; Ruans-
dell, 1990).

Many design issues arise when evaluating the efficacy of
CAL One of the most pericious is possible selection bias
when comparing two classes that receive different treat-
ments. After a thorough review of the literature, Duncan
{1993) suggested participant variables thar should be con-
trolled: interest in the subject, prior knowledge of an area
(Tobias, 1987), computer anxicty (Lambert & Lenthall,
1989), :nd generalized anxiety {Tobias, 1987). Trowhridge
(1987), for example, took into account ape, gender, erade
point average (GPAY, and family income. Liefeld nd
Hermmann (1990) controlled wcadeniic nujor, number of
previous courses in the majar, score on an English aptitude
test, and semester GPAL Some researchers have niatehed
groups for equality on eritical variables, Underwood and
Underwood (1987) matched groups on reading ability, 10
scores, and 2 pretest of ahility to classify ohjeets.

Duncan {1993) also anticulated the controversy over the
proper choiee of dependent variable. Some arue for do-
main-specitic measures, such as objective indices that focus
on the conceprs exumined in CAl experiences (Duncan,
1991 Petty & Rosen, 1992; Welsh & Null, 1991). Others
argue for more generalized measures of learning (Harmafin
& Carney, 1991): Still others aroue that student anieudes
toward CATL or towird the specific software used in the class
are proper dependent varisbles (Cordell, 1991; Duncan,
1991 Goolkasian, 1989; Lambert & Lenchall, 1959).

Qur research responds ro Duncan’s (1993} mothodolog-
cal suggestions by examining the impact of CAL through
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the use of a quasi-experimental design (Cook & Camphbell,
1979). To determine if students who complete CAL excr-
cises in addition to attending traditional lectures outperform
students who only attend lectures, two large sections of
introductory psychology were matched on eritical variables
recommended by Duncan (1993), and CAl was mcorpo-
rated into one of these sections.

The impact of CA] participation was assessed in severl
ways. First, students in both seetions completed an wentical
final examination. All items on the fimal eximination were
covered in the lecture or the text; questions on material
examined only in the CAl sections would have heen unfair.
However, some items on the final examination were also
addressed by vne CAL experience. The final examination,
therefore, yielded two indices of student outeomes: overall
examination score and examination score for CAl-supple-
mented items. The independent variable was the presence
or absence of o weekly CAL sessfon as a supplement o
lecture. We predicred that students in the CAL section
would outperform students in the no-CAl section.

Method

Participants

Participants artended Virginia Commonwenlth Univer-
siry. They registered for introductory psychology without
computer-assisted learning (no CAL n = 246} or with com-
puter-assisted learning (CAL n = 196).

The instructor was a man who had tiught meroductory
psychology for 18 years. CAl seetions were conducted by
two male graduate teaching assistants with one semester ot
experience condueting the sections before the semester my
which the study was performed.

Procedure

We used a quasi-experimental design. Two sections of

the course were offered in spring 1993, Students self-selecred
into sections through university registration procedures us
ing o registration booklet that expliined that one seerion
was scheduled o meet an additional 50 win per week with
4 focus on CAL Students in the no-CAL section did not
complete the CAl exercises. At the heginning of the se-
mester, research assistants collected Jdemographic datt from
the university registrar o ensure that no systematie differ-
ences in demography between the CAL and no-CAl sections
existed. Sections were matched on instructor, lecture, and
texthook. The instructor gave the sane lectures on the same
days in cach class, keeping a dury 1o note any differences
that might affect student response to the lecture. In addi-
ton, each day of class, the instructor rated the relative
response-of students to lecture. The same textbook (Myers,
1992) was used in both sections.

In the sccond week of the semester, atter the period for
adding and dropping courses but before the first CAT50-min
session, sudents completed a demographic questionnare
with additional questions concerning students” artitudes to-

ward and experience with computers and factors affecting
their decision o enroll in the class with CAL or no CAL
Srudents in the CAT section rated the degree to which they
expected o enjoy the CAL All students completed a ques-
tionnaire in which they rated their preference for small,
mediung, and large classes.

A pre-postexperimental design was used to assess in-
creases in learning over the course of the semester. An
i8-question {fill-in-the-blank and short-answer) quiz was
administered as a preliminary index of student knowledge
of psychology. Students were told that this was part of an
evaluation of learming in the class and were urged to do
their best, Two forms of the quiz were used-—one for cach
seetion—and the order was counterbilanced in the adminis-
tration of the quiz a the end of the semester.

Srudents in the CAl section attended a 50-min elass each
week and completed one or more of the following types of
computerized exercises: simulations of psychological proc-
esses, demonstrations of classic experiments, and tutorials.
Simulations taught conceprs such as hemispheric speciali-
sations, visual tusions, Plagerian conservation tasks, and

aatisticnl correlations. Several exercises demonstrated such
classic experiments as Sperling’s (1960) iconic memory
srudy and Dewsch and Krauss's (1960) rrucking game. Tu-
rorials helped students understand processes such as neuson
comstruction and functioning. Software used to provide
these exercises wits mostly PsychSim (Ludwig, 1986), which
was available to the course instructor with Myers's (1992}
rext. Students in the CAlL group performed twa or three
exercises per week, Students in the no-CAL group artended
lectures only.

In the 3rd and 14th weeks of the course, the instructor
audiotaped the same lecrure in hoth classes. Those audio-
rapes were later rated tor equivalence by listeners who were
hlind 1o section. At seven lectures throughout the semester,
unannounced roll calls were taken to assess any differences
between the tvo groups in student attendance at lecrures.

Inthe 14t week of the course, the instructor sdministered
(1) 2 guiz on course content (the counterbalanced version of
the initial guiz), (b) institutionally mandared anonymous
student evaluations of nstruction to measure the pereeived
quality of the instructor and the course (Cordell, 1991;
Duncan, 1991; Goolkasian, 1989 Lambent & Lenthall,
1989}, anl (c)aselt
Uhe course on which students tated their enjoyment and the
Lelpfulness of the course. Allstudents who took the CAL class
were asked, “Krowing wha youdo now that the semester is
over, il you had it todoover again, and it you haducompletely
(ree chaice withour scheduling constraints, would you preler
this course with or without Libs?™ (Responses were cexded as

_reported (nonimonymous) evaluation of

prefer with labs, mixed opinions or Joesn't make any differ-
ence, ot prefer withour liabs.)

During the same week, interviews with students from the
CAl section were conducted. Seven studems were selected
4t random from the students attending lectures in the CAL
ass aned participated inoa 20-min structored interview with
the imsertictor, liems covered were s follows: (a) Tell me
what vou thought of the exercises. (b} Sometmes people
tnce 1hrough the exercises without thinking; didd vouractuaslly
Jos the exercises or did you sometimes move guickly through
them? (¢) Did you use the study guide during the |CAL
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Sd-min sessions)? (d) Which exercises (if any) did you par-
ticularly like? (¢} Which (if any) did you dislike? () How
did the exercises help (it the student had expressed tli
they had helped)? () Can you suggest enything that could
be done ditferently with the [CAL 50-min seasions) that
would help furure students?

Atter the 15th week of the course, the same comprehen-
sive final examination was administered to cach seetion as
a measure of genceralized leamning (Hannafin & Camey,
1991). (No other hourly examinations throughout the se-
mester were the same.} Students had seen half the questions
on the final examination; this half was drawn from a bank
of 308 questions that students could study ahead of time.
Of the 80 questions on the final exam, 15 critical items
tested information covered in the CAL sessions (also cov.
ered in the book ar lecture). Ten of the 15 critical items
had not been seen previously, whereas 5 were in the ques-
tion bank.

Alter the semester was completed and final arades had
been submitted, students' presemester GPAs were obtained
froms university student records to use as 1 covariate in data
:171i]1\’5(‘h.

Results
Testing for Maiched Sections

We rried 1o control some variables that may influence
why people seleer one course over anot her. Demographic
varlubles used 1 identify any systematic d Herences hetween
seetions included age, gender, and race (Trowbridge, 1987).
The mean age for both classes was 22, and the standard
deviation for both sections was 4. Specific data for gender
and race are presented in Table 1. There was no difference
in gender between the rtwo groups, ¥3(1, N = 442y = 18, p
» .05, Smilurly, race did not differ between the mio-CAl
and CAL ¢lasses: Y4 N =442) = 6,15, p> .05,

Acidemic factors examined to test for murched Sroups
included GPA (Duncan, 1993), class status (Tobias, 1987),
reason for scheduling the course (Sawyer, 1988), and attri-
tion rates (Duncany, 1993, Presemester GPA was used asa
covariiare in analyses. The 246 no-CAl students consisted
of 112 freshimen, 60 sophomores, 33 junioss, 16 seniors, and
25 special students, Of the 196 CAI students, 108 were
freshimen, 47 sophomores, 17 Junios, 3 seniors, and 21 spe-

cial students. There was some difference in distribution of

Table 1. Demographic Comparisons
Between No-CAl and CAl Groups

No-CAl CAl

Variable n % n Yo
Gender

Men 107 43 80 4

Women 139 57 116 54
Race

African Amencan G153 22 50 25

Native Amencan Aborigines 3 1 2 1

Asian 20 8 7 4

Latino/Latina 7 3 2 1

Caucasian 161 65 135 69
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students by class status, 14 N =442) = 1049, p < 05.
The no-CALl section contained 45% freshmen, and the CAl
class contained 55% freshmen.

We used a chisxquare test 10 determine whether CAT or
no-CAL students selectively took PSY 101 as a requirement
or an clective. Of the 246 students in the no-CA] class,
123 reported taking the course because it was required, 80
took it as un elective, and 43 did not answer the Guestion.
Of the 196 students in the CAI class, 101 took the course
because it was required, 63 100k it as an clective, und 32
did not answer. There was no sigmiticant difference, ¥,
N =442) = .04, p > .05. The fraction of enrolled students
who dropped 1the course was assessed by dividing the number
of students who received grades at semester's end by the
number of students enrolled in the class at the end of the
first week (after add-drop week was complete). Of the 246
students in the no-CAI class at the end of the first week,
16 (6.5%) withdrew from the course before the official with-
drawal date (halfway through the semester). Of the 196
students in the CAL class, 10 (5.3%) officially withdrew.
There was no significant difference between classes in rures
of withdrawal, ¥2(1, N = 442) = 39, p> .05,

We also examined personal reasons that led students to
choose one section over anather, including the presence or
absence of an additional CAl 50-min session of class, sched-
uling convenience, and preferred size of elasses. An analysis
of variance (ANOVA) revealed that scheduling conven-
ience and preferred class size influenced students’ choices
in selecring cither CAL or no-CAT sections. The no-CAJ
students were more likely 10 have chosen that section be-
cause it fit their schedule (M = 4.0, SD = 1.1) than were
the CAL students (M = 3.7, SD = 1.2), F(1, 387) = 6.1 3,
<05, Students who taok the no-CAL class preferred Larger
class sizes than students who took the CAL clisses, ¥1(3, N
= 442) = 13.3, p < .01. For the no-CAl class, 73 (30%) of
the 246 students preferred small classes, 62 (25%) preferred
maoderate-size classes, 52 (21%) preterred large ¢lasses, 27
(11%) preferred very large classes, and 32 (13%) had missing
dara. For the CATL class, 83 (429} of the 196 studenits pre-
ferred small classes, 33 (27%) preferred moderate-size
classes, 23 (12%) preferred large classes, 12 {69%) preferred
very large classes, and 25 (139%) had missing data.

Students’ ratings of ability, comfort, and familinrity with
computers did nor differ between the two groups, all ps >
05. Overall, our 1ests for matching subjects between groups
revealed that, although students self-selected into either 1he
CAL groups or no-CAIL only class status and preference (or
class size differed berween the two groups. The CAl group
had significantly more freshmen thin the no-CAJ groupy;
the CAl group preferred smaller classes, whereas the no-CA]
group preferred areer clisses. Demographic varmbles, aca-
demic factors, and attitudes roward computers did not differ
hetween the twe groups.

Validity Checks for Controtled Variables of
nstructor and Lecture

Ideally, tor good experimental control, by the end of the
course students should have red the instructor equally in

hoth sections (Duncan, 1993 C. L. O Kulik & . A Kulik,
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1991). On the anonymous institutional evaluations of the
instructor, students rared the instructor on a scale ranging
from 1 (poor) 10 5 (ourstanding). 1n the no-CAT class, the
mesn rating was 4.2 (S8 = 8); in the CATL class, the mean
rating was 4.1 (812 = .9), «(280) = 1.71, p > 05-

Each day, the instructor rated the relative response of

ctudents to lecture. Class response was rated as cqual for 14
lectures, CAl was better for 7 lectures, and no CAL was
better for & lectures. Instructor-rated student response 1o
lectures did not differ, ¥2(2, N = 442) = 2.99, p > .05,

The same two lectures (from early and late pares of the
semester) in each class were audiotaped and rated by lis-
teners who were blind ro the ¢lass. Relarive ratings (When
A and B were randomized, was Lecture A better, equal o,
or worse than Lecture B?) were made by three undergraduate
students not in the course to determine whether systematic
differences (in content, lecture style, and audience partici-
pation) were apparent. No rater judged there to he any
differenice between the twa lectures on any of the three
dimensions.

Anonymous ratings of the course taken from the institu-
tional student evaluations of instruction administered in
the List 2 weeks of the course showed no difference between
the no-CAlL class (M = 3.8, SI2 = .8) und the CAl class (M
= 3.7, S = 1.0}, ¢(276) = .65, p > .05.

Learming

Learning was assessed through difference scores on un
18-item pre—postquiz, comprehensive final examination
scores, critical item scores (those final exam questions re-
flecting materia} covered not only in the lecture and test
but also in the CAL sessions), and anonymous self-reports
of learing. On the short-answer and fill-in-the-Blank quiz,

students answered 1 mean of .5 {no CAIL) und .4 (CAl) of

18 questions correctly at pretest. At postrest, students an-
swered @ mean of 4.8 (no CALD and 4.3 (CAL) guestions
correctly. There was no difference between noe-CAL and
CAT elasses on mean recall Tearning, F{1, 110) = .22, p =
Q5.

The comprehensive final examinition consisted of 80
smultiple-choice questions. One techmical problem wis con-
sidered. Some students, usually those who were doing poorly
in the class, did not rake the final exam. Conceivably, dif-
ferential atcrition at the final exam by no-CAL md CAl
srudents could influence the mean performance of the
proups. Attrition before the final for no-CAL students (8.5%
of those who had taken the other exams) Jid not differ
from atcrition before the final for CAT students (7.79%):

thus, final exam scores for only the students raking the fimal

exam were analyzed (no CAL no= 204 CAL n = 168). Of
the 80 questions, the no-CAL students answered amean of

54.6 questions correctly (812 = 11.0). The CAL students
snswored 4 mean of STH guestionscorrectly (81 = 10:9).
A hicrarchical multiple regression (o GIA, artendance,
anvd class) wus used 1o determine whether class affeeted score
onn the final exam. First, initial GPA was entered. Second,
we entered the number of student absences obtained from
unannounced roll calls taken at seven randomly selected
lecturcs. Einally, elass {no CAT or CAL was entered. Means
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Table 2. Means and Standard Deviations
for Important Variables

Na-CAl CAl
Variable M 5D M 8D
Final exam®" 54.6 110 57.8 10.9
Critical items (final exam)e* 8.3 27 102 2.3
Initial GPA® 2.4 9 25 8
Attendance at lectured 6.1 1.7 6.0 23
Familiarity with computerse 29 9 2.9 1.0
Comfortable with computers® 3.1 1.0 3.2 1.2
Experience with computers® 25 9 2.5 1.1
Fit schedule® 4.0 1.1 37 12

apean number of multiple-choice items correct of 80 items. bMean
number of itemns correct of 15 items. “GPA based on courses taxen
at Virginia Commonwealth University on a 4.00 system. “Number
of imes present in iecture during 7 unannounced rolt calls. “Rated
on a scale ranging from 1 {niot at all) to 5 (extremely).

‘o 01,

and standard deviations for each variable are given in Table
2. Initial GPA significantly predicied score on the firual
exam, R — 48, F(1, 370)Y = 338.7, p < .001. Frequency ol

attendance at lecrure did not significantly affect tinal exam

scote, 1 change = .00, F(2, 369) = 3.6, p > .05 Even after
controlling for initinl GPA and attendance, class type pre-
dicred Bl exoom seore, R ¢hange = 01, F(3, 368) = 7.3,
pr< .01.

Final cxams contuined 13 critical gquestions that were
covered in the CAL exercises as well as i the book or
lecture. Those questionswere analyzed separately from ques-
tions covered only in the readings or the lectures (Dunean,
1991: Penty & Rosen, 19905 Welsh & Null, 1991). A hier-
archical multiple regression was used o determine whether
class type affected score on the 15 eriticl items. Students
in the no-CAl class answered a mean of 8.3 correctly (8D
= 2.7), and students in the CAL classes answered a mean
of 10.2 correctly (SD = 2.3). The predictor variables were
sis. Inirml
GPA significantly predicted score on the crirical items, R*
= 32, F(1, 370) = 171.5, p < .001. Once again, attendance
at lecture did nor significantly affect eritical iwem seore, R
change = .00, F(2, 369) = 1.1, p > .05. Evenafter controlling
for initisl GPA and attendinee, class type predicred eritical
frem score, R change = .09, F(3, 368) — 56.3, p < .001.

Tuken rogether, analyses of the final examinazion scores
andd the 15 critical items suggest that the eritical item seore
mude o difference in tinal exam scores between the no-CAl
and CAL groups. As a post hoc analysis, we tested the pre-
dictive value of CAT after removing the critieal items
o final examination scotes. Predictor variables of trclud-

entered inthe same order as in the previous analy

ing GPA, atendance, and class were enrered mte a hier-
archicil multiple regression analysis, Usinga madificd tinal
examiiition scure, after removing the variince trom GPA
and atiendanee ac lecture (as in previons analyses), elass
type did not predict moditied final examimaton seores, it
chunge = 006, F(3, §59) = L.279 p = 03 In sum, the
predictive value of CAT disappeared when the critical item
weote wis removed frome the fimad examination scorc. The
critical item score from itens covered inthe texr, leewure,
andd CAL sessions made the ditference m final examination

SCOTES.
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Students n no-CAL and CAI classes did not differ in
their anonymous ratings of self-reported lzarning. Both rated

learning 3.6, ¢(278) = .01, p > .05.

Post Hoc Analysis

Because preference for size of class differed for students
who ook the CAL versus the ro-CAl class, we conductec
an attribute-by-treatment analvsis. Students were divided
into those who preferced small, moderire-size, large, and
very large classes, Preference for class size was crossed with
class type (no CAT arnd CAl). We hypethesized that sig-
dents preterring smaller classes would perform betcer in the
CAL elass and students preferring Targer classes would per-
form hetter in the no-CAI class. A 4 x 2 (Preferred Class
Size x Class) ANOVA with final exam score us the de-
pendent variable revealed that the main effect for cliss was
significant, F(1, 332) = 7.10, p < .01, b neither the main
effect for preference for class size, F(3, 332) = 81, p > 05,
nor the interaction, F(3, 332) = 09, p > 05, was siemificant.
A 4 2 (Preferred Class Size x Class} ANOVA with numhber
of eritical items answered correcrly on the final exam as the
dependent viriable showed that the main cffect for class
was signiticant, F(1, 332) = 40.74, p < .001, bur neither the
main effect for preference for class size, F(3, 332) = 1.81, p
> .05, nor the interaction, F(3 332) = .23, p > .05, was
signiticant.

Supplementat Analyses: Responses of Students
Wi Took tie CAl Class

Forsiudents inthe CATL class, correlations were caleulared
for the precourse expectations about liking computerized
exercises, end-of-course rarings of the degree to which sty
dents found the CAl enjoyable and helptul seore on the final
exam, und score on the 15 critical items (see Table 3).

Precourse expectarions that students would like COmpi-
erized exercises were unrelated to later ratings of enjoyment
or helpfulness and 10 measures of learning. End-of-course
ratings of enjoyment and helpfulness were related w each

Table 3. Correlation Matrix for Expectations
About CAIl, Ratings of Enjoyment and Helpfulness
of CAl, and Performance on Measures of Learning

Expect Enjoy Help Final Exam Gritical
{1) (2 (3) {4) (5)
1 1.00
2 .02 1.00
3 05 .92* 1.00
4 07 02 .05 1.00
5 .05 02 04 75" 1.00

Note. Expect - precourse expectations that students would enjoy
the CAl exercises, 1 (nal at alfy o 5 (extremely); Enjoy
end-of-course ratings of whether students enjoyed the CAl exercises,
1 (extremely unenjoyable) to 7 {extremely enjoyable); Help
end-of-course ratings of whether students found the CAI exercises
helpful, 1 {extremsly unhelpful) to 7 {extrernely halpful); Final Exam
score (number correct of B0 guestions) on the final exam; Critical
- number of items answerer correctly of the 15 critical items.
"o 01
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other but were unrelared to leamning. Measures of leaming
were related te cach other bur not subjective ratings of
expectetion, enjoyment, or helpfulness of the CAI exercises.

Students who took the CAT class responded 1o the stimu-
lus: Knowing what you do now that the semester is over,
if you had it ro do over again, and if you had a completely
free chotee without scheduling constrains, would you prefer
this course with or without (CAD) labs? Of the 163 who
responded, 106 (65%) said they preferred the class with
CAL 25 (15%) had mixed opinions or said it did not make
any difference; 32 (20%) preferred the class without CAL

Structured Interoiewos

Seven students were selected at random from the CAl
class and participated in a 20-min structured interview with
the instructor. The interview covered the following paints.

(@) Tell me what you thought of the exercises. All seven
expressed positive reactions to the exercises; tway confessed
to initial negative reactions 1o having to spend an extra 90
min cach week, but both said that afier the course, they
were glad 1o have had the exercises.

(b) Sometimes people race through the excrcises without
thinking; did vou actually Jo the exercises or did vou some-
limes move quickly through them? All seven professed tak-
ing the exercises seriously.

{c) Did you use the study guide during the [CAI sessions)?
Four of the seven students said they used the study guide
regularly; two said they used it once or twice; one never
used ir.

{d) Which exercises did you particularly like? Maosr liked
exercises on perception and memory, Three liked the exer
cise on the neuron. One liked the exercise on Praget.

(¢) Which did you dislike? One disliked the Praget ex-
ercise. Two disliked all exercises that made the students
read a lot and did not involve them in activities.

() Tow Jid the exercises help [if the student had ex-
pressed that they had helped]? Stadents expressed various
reasons for the helpfulness of the exercises, including cre-
ating interest, helping review, and reinforcing lecture by
looking at the material in o different wily.

() Con you suggest anything that could be done diffor-
ently with the [CAI sessions] that would help future stu-
dents! Some suggested mereasing the length of the CAI
sessions so - students would hive maore time 1o use sty
guides and having more quizzes. One suggested emphasizing
the same topics in lecture that were emphasized in the CAI
SCSSION.

Discussion

CAL exercises, as g supplement w traditional lecrure, pro-
duced additional learmning in an introducrory. psychology
class. Students nejther ditferentially withdrew from the chiss
after beginning the CAL sections nor did they differenally
tail to take the final exam (due o srades that were so low
that the course could nor he pissed even with good per-
tormanee on the examination).
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In testing the effectiveness of CAL several variables were
controlled—more variables than previous research has con-
sidered. We examined student characteristics (age, gender,

and raced, class status, whether the course was required or

taken as an elective, experience with computers, and vari-
ables conceming reasons for raking the course (see Duncan,
1993). OFf those, only the variables conceming reasons for
taking the class differed berween the two classes. For exame
ple, students did not elect the CAl or no-CAI class because
ol the presence or absence of CAI per se, but they chose
one cliss over the uther because of the fir with their sched-
ule or thar preferred size of class. Resules of an Avribute
x Treatment (Preferred Class Size % Class) anlysis revenled
that presemester preferences for class size did not affect per-
formance on the final exam as a whole or on the critical
items covered in the CAI exercises. This finding supports
the resubis of G L Kulik and [0 AL Kulik’s (1991) meca-
analysis of 254 controlled studies thar examined studem
attribute-by-trearment comparisons. Similar conclusions
were reached after gqualitative reviews of the literature by
Duncm (1993) and Ransdell (1993).

[nitiel GPA predicted performance on the final excmi-
nation, but higher attendance at lecrures did not. This effect
can be explained by the facr that, after the critieal items
were removed from the final examination, no ditferences
in perfurmance between the groups were dewected. The
groups chtfered according to those arcas thae not only were
discussed in lecture bur also were reinforced during the com-
puter sessions. Even after controlling for GPA and arrend-
mice, exposure to CAL resulted in higher performance on
the fimal examination, although only 1% of the variance
was accounted for by the CAL exercises. Similar findmgs
were abiained when performance on critical items was used
ax the dependent variable, hut only 9% of the variance was
accounted for by participation in the CAl exercises. In the
CAL cliss, students spent 3.5 hr per week of classtoom ac-
tivity (performimg exercises and demonstrations, reviewing
the study suide, ancd taking six short multiple-choice quizzes
on the maerial covered in the course) rather than 2.67 hr
per week with the no-CAL cliss. Gains from participating
m CAL exercises were modest.

Extra tine spent on the study guide and quizzes may have
accaunted for better performance of students in the CALl
class on the final examinatnion, but this is unlikely. Most
students in the no-CAT elass purchased written study guides,
which mcluded the same material rhat wis available in
CAL By identifying test izems as either general nuaterial or
critical items representing CAl domain-specttic inforna-
tion, we were able o derermine whether additional elass
time spent doing CAl increased overall leaming or domain-
specitic leaming. Essentially all of thie increased performance
was attriburable w domam-specific performance on the
nems covered in the CAL exercises. Students in the CAl
cliss, om average, answered three more questions correctly
than did students in the ne-CAL cliss; however, studenits
i the CAL cliss correctly answered two more of the eritienl
items covered inthe CAT exercises. This result suggests thal
it was not additional time spent reviewing the study quide,
taking quizzes, or mere additional tme dealing with the
content of the course that affected perfornunce. Racher,
the tme spent complering the specific exercises translated
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into gains in leamning that marerial; this is congruent with
Cagtellan’s (1993) study.

Most students who completed the class were positive 1o-
witrd the experience, as revealed by the supplemental analy-
ses and the structured interviews. Positive reéactions to the
CAL exeraises, better performance on the final examinarion,
and better performance on eritical items could not be ac-
counted for by cxpectations betore the course. Furthermore,
positive rexctions to the exercises were unrelated 10 per-
formance on the examination or the critical items. These
findings suggest that CATL allows people to learn, assuming
they parricipate in the exercises, regardless of whether the
students enjoy the exercises.

Cur results offer modest support for including CAL exer-
cises as a supplement to traditional lectures in introductory
psychology (Conn et al, 1988; Welsh & Null, 1991). How-
ever, the giains in knowledge were limited to the content
covered in the particular exercises used in the CAL sessions.
We did not test whether @ similar review or discussion ses-
sion offered ro the no-CAL group would have increased
learning for those students with no access to compurerized
assistance. Although such alternatives 10 CAL have been
shown to incrense knowledge, computerized exercises have
been shown to increase learning in significantly less time
with fewer staff resources (Welsh & Null, 1991). Leaming
is domain specific, and software must be chosen with this
in mind. CAl can increase learning in muroductory psy-
chology, hut it cannot improve knowledge it did not cover.

References

Castellan, N L Je (1993). Evaluaung information techiology in
reaching and learning. Behavior Rescarch Methods, Instriments,
& Computers, 25, 233-237.

Chure, DL Lo (1986). MacLaboratory for psychology: General
experimentl psychology with  Apple's Macintosh.  Behuior
Research Methods, Instriments, & Compruers, 18, 205-209.

Conny, G, Stafimnk, P, DiPasquale, M. CL, S Elarper, L. {1988),
Etfects of reaching i introductory psychology laboratory ysing
a computerized research rool. Behavior Kesearch Methods, Iistrie-
ments, & Computers, 20, 184—187.

Cool, T. I & Campbell, Do T, (1979). ( hwsi-experimentation,
design, and analysis isawes for fild senings. Chicago: R
MeNally.

Cordell, B ] (1991). A study of leaming seyles ind compurer-
assisted mistruction. Comprters & Education, 16, 175 183,

Deursch, M., & Krauss, R M. {1960). The effect of threat upon
mrerpersonial hargaining. Journal of Abnemmal aul Socal Peychol-
pev, 61, 181 189

Dunean, N.CL (1991 CALenlanced exam pertoriance inoa
rescarch design course. Behavior Research Methods, nstromens,
& Comparters, 23, 324327,

Phmcan, N CL (1993) Evaluanieon of mstructional  sofrawarc:
Design contsiderations imd recommendinions. Behavior Research
Methads, Insmiments, & Compurers, 25, 223 227.

Croolkasian, . {1959}, Compurerized Laborarories for psychology
instrucrion: How successful are chey? Behavior Research Metheods .,
Instrimenes, & Comprcers, 21, 148 150,

Flrannafing M. | & Camey, BOW, (1991 Effeets of elaborarion
stracegies on learming and deprh of processing during compurer-

based inscruction. Jowrnal of Compreer-Based Instricdon, 18,
7782,

Teaching of Psychology



lsiacs, M., Costenbader, V., Reading=Browin, M., & Goodman,
. (1992). Using a eomputer simulation n research, trainimg,
and evaluanion of sehool psychologists. Belwior Reserch Meth-
ods, Insruments, & Compriers, 24, 165-168.

Kolik, €. L, & Kulik, I AL (1991). Effectivencss of
computer-based mstruerion: An updated analysis. Computers i
Human Behavior. 7, 75- 94,

Kulik, j. A & Kulik, C. L. L {1987). Review of recent research
literature on computer-based instruction. Contemporary Educd:
tiomul Psvchology, 12, 222 230,

Lamberr, M. B, & Lenthall, G. (1989). Effects of psychology
CoursewiITe use oncomputer anxiery in students. Comprters in
Human Behavior, 5, 207-214.

Licfeld, J. I & Herrmarm, T. F. (1990), Leaming consequences
for university students using computerized mastery Lesting,
Educanonal Technology, Research & Development, 38, 19-25.

Ludwig, T. (1986). Program diskerte for PsychSim: Interactive araphic
simidanon for psyehologs, New York: Worth.

MeNeil, B T, & Nelson, K. RL{1991). Mern-analysis of interactive
video mstruction: A 10-year review of vchievement effects,
Jowrmuad of Computer-Bused Instrucion, 18, 1-6.

Monshan, |. S0 (1993). A compurer lab for undergradusice
psychological research. Behuavior Reseurch Methds, Instrimens,
& Clompaters, 23, 295 297,

Myers, I G 1992). Ps~xchaology (3rd ed.). New York: Worth.

Niemiee, R Walberg, H. ], (1987). Co nparative effects of
computer-assisted imstruction: A synchesis of reviews, Tournal of
Edvcatiomal Comprang Research, 3, 19-37.

Perone, M. (1991). Compurer-hased methodology laboratories: An
undergraduare course in - experimental payehology.  Behavior
Research Mathods, Inseomenss, & Computers, 23, 121-126.

Petty, L. €. & Rosen, E. F (1992). Increase in mastery level
using o computer-hased  cuorlsimalation in - experimental
psychalogy. Behavior Research Methods, Inseruments, & Compau-
evs, 22, 216 218,

Ransdell, S. E. {1990). Using a real-time replay of stdents” word
processing to understand and promoere berrer writing. Behavior
Research Methods, Instrumens, & Clompiiters, 22, 142-144.

Ronsdell, & (1993). Educational software evaluation research:
Balancing internal, extemal, and ceological validivy. Behavior
Research Methods, Inseruments, & Computers, 25, 128-232.

Sawyer, T. A. (1988). The effects of computerized and conven-
tionul study guides on achievement in college students, Jorme!
of Computer-Bused Instruction, 135, 80 &2,

Sperling, G. (1960). The information available in beief visual
presentations. Psychological Monographs, 74(Whiole N, 498).
Tobias, 5. (1987). Learner characteristics. In R, Cragne (B,
Instructional technology: Foundations (pp. 207-231). Hillsdale,

NJ: Lawrence Erlbaum Associaces, Ine.

Trowbridge, D, (1987). An investigation of groups working at che
computer. In D, E. Beroer, K. Pezdek, & W, Banks (Fds.),
Applicatons of cognitive psvchology: Problem s ving, edncation and
computing (pp. 47- 57). Hillsdale, NJ: Lawrence Frlbauim Asso-
ciates, Ine.

Underwood, G, & Underwood, Jo DML (1987). The computer
in education: A force for change? In F. Blacker & . Osbome
(Eds.), Informution techneogy and people: Jesigmng for the futire
(pp. 167-190). Letchwerth, England: British Psychological
Saciety.

Welsh, ]. AL & Null, ¢ H. (1991). The cffects of computer-based
instruction on - college students’ comprehension of  clussic
research. Behavior Research Methods, Inseumenus, & Compriters,
23, 301 305.

Note

Correspondence coneernimg this article should be addressed o
Everete L. Worthington, Jr., Department of Psychology, Virginia
Commonwealch University, 808 West ranklin Streer, Rich mond,
VA 232842018,

An Interdisciplinary, Computer-Centered Approach to

Active Learning

Judi M. Misale

David H. Gillette

Robert C. delMas

Northeast Missouri State Lhumersity

This cvticle deseribes a computer-assisted, nterdisciplmary
course nudectsum makmg developed to promate student partici-
pation, critical thinking, and enhanced decision making through
the wse of micractive experimenial paradigms. The course usex
Macintosh computers for simple dewe enery ani preesentation., for
mere complex cadeulations and exiended graphics, and for stimue
bus preseraweom and data collection. Students experivnce first-
hand 20 psychology and cconomies exercises thar illustate o
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runge of blases and hewrisues known w affect decision making
and that ellon for examinanon and evaluation of students” de-
ciston-medang tactics.

Active learning and computer-assisted imstruction (CAD
are frequently discussed in acndemia. This urticle deseribes
4 univemity course, Stdies m Decision Making, that com-
bines psychology and economics in a team-tanght, interdis-
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