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Assessing the effectiveness of a multimedia-based
lab for upper division psychology students
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ThE:' E:'!fi,acy of multimedia-based training in producing increased learning was evaluated. Two multi
media software packages were compared with live or videotaped lectures on the same material. Results
differed hy type of student (low or high initial knowledge) and type of program. Multimedia training
programs may nE:'f'd to provide more aid to students with less initial knowledge in the training domain.
In addition, the effects of multimedia may be subtle and therefore require rigorous evaluation.

Computers can be used to provide students with an op
portunity to actively learn material and perform tasks in
the same way as professional s in the field. Students' class
room learning in psychology could be enriched if a full
computer laboratory to augment psychology courses
could be developed. Currently at New Mexico State Uni
versity, only one method class is available for upper di
vision students, and there are no labs connected with upper
division classes; however, some courses have a special
need for labs (e.g., teaching students in a learning course
operant conditioning using live rats). Although the initial
cost may be high, it is more cost efficient for long-term
laboratory use to develop a computer lab. For exampIe, the
estimated cost for purchasing and maintaining laboratory
rats is $2,000 per student (Graham, Alloway, & Krames,
1994); however, using a computer virtual rat has an ini
rial cost of less than $2,000 for a single computer and
software, and more than one student can use the virtual rat
software in a computer Iab over the course ofa semester.
Thus, the availability of inexpensive personal computers
has led to the possibility of developing computer soft
ware dedicated to training and tutoring students (Lee,
1992; Rosen & Petty, 1992; Welsh & xou, 1991). In ad
dition, computer-generated animation and multimedia
capabilities of computers provide an opportunity to ex
pand the ways in which students can learn (Hapeshi &
Jones, 1992; Mayer & Sims, 1994).

Many studies have been performed that evaluate the
effectiveness of computer-aided instruction in the lab and
the classroom (Anderson, 1987, 1993; Kuli k & Ku Ii k,
1987; Lee. 1992; Rosen & Petty. 1992). With its abi lity
to combine computer-aided instruction with audiovisual
media, interactive multimedia moves beyond traditional
computer-aided instruction and has created new interest in
educational technology (Hapeshi & Jones, 1992; Latchem,
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WiIIiamson, & Henderson- Lancell, 1993). I However, most
studies in multimedia-based training have not been con
trolled and have focused on student satisfaction rather
than on examining what students have learned (Reeves,
1992, 1993: for exceptions, see Cognition and Technol
ogy Group, 1993; Mayer & Sims, 1994). Some articles
focus solely on development issues without consideration
of eval uati on (Barker, 1989; Hapesh i & Jones, 1992).
Reeves (1993) claims that the design of multimedia has
been driven by "habit, intuition, prejudice, guesswork or
politics" (p. 79). For example, In a recent prescriptive
article for multimedia development, Hapeshi and Jones
( 1992) describe why multimedia is so promising and
what features the multimedia should possess, but they
provide no experimental data. Given that some studies of
computer-aided instruction have not found a benefit for
the replacement of an instructor, the same scrutiny given
to computer-aided instruction should be given to multi
media-based instruction (Welsh & Hull, 1991).

In addition to multimedia, alternatives to classroom
teaching, such as video teletraining, have become increas
ingly popular (Dingus & Gillan, 1991; Miller, 1991). Re
search describing the benefits of multimedia, as compared
with traditional or other forms of instruction, such as video
teletraining, could benefit the educational technology com
munity. Thus, the goal of this set of experiments was to
evaluate the efficacy ofa multimedia laboratory, as com
pared with traditional and teletraining, in producing in
creased learning and retention of both factual knowledge
and skills in experimental methods."

EXPERIMENT I

In a course on learning, students need a laboratory to
train rats in order to grasp the abstract principles that are
taught. With the development of Sniffy the rat (Graham
et a l., 1994), this opportunity for hands-on learni ng can
be provided for psychology students who study in a de
partment without animal laboratories.

This experiment was designed to tcst whether a
multimedia-based laboratory could increase learning on
two different topics. as compared with a recitation-style
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lecture. In the recitation, a small group of students lis
tened to the same material presented by a graduate teach
ing assistant. Thus, the recitation resembled a traditional
lecture, but was smaller in size.

Method
Design. A within-subjects design was used. For the first half of

the semester, half the subjects used the operant conditioning soft
ware and halflistened to a recitation-style lecture on the same topic,
In the second halfof the semester, the students who heard the recita
tion in the first halfused software on eyewitness memory and those
who used operant conditioning software listened to a recitation on
eyewitness memory.

Subjects. Sixty-four undergraduate students at New Mexico
State University taking an upper division course on learning were
used. Five students did not complete the experiment.

Materials. Twosoftware packages were used in this experiment.
The first software package was Sniffy the rat, a simulated labora
tory module designed to train subjects on the principles of operant
conditioning (Graham et ai., 1994). We developed our own accom
panying background material and exercises for students to do. The
students were asked to observe the natural behavior of the rat and
make recordings on ethnogram sheets. They then magazine-trained
the rat, shaped the rat to barpress, and, finally, varied the schedules
ofreinforcement. The students recorded observations and answers to
questions on sheets ofpaper. No feedback was provided by the soft
ware except for the change in behavior observable in the rats.

The second software package, developed at NMSU, was designed
to train students on experimental methodology, using an experiment
on eyewitness memory as its basis (Loftus, Miller, & Burns, 1978).
The program stepped the students through each part of designing
materials and running an experiment. Buttons were used to allow
students to obtain additional information or definitions ofterms. If
the students made mistakes in their selection ofmaterials (ordering
ofcritical items on a questionnaire, numbers ofsubject, design, and
counterbalancing), they received feedback as to the correct response
from the software. The subjects could not skip sections of the ex
perimental setup, and the running of the experiment was animated.
Results were automatically displayed and consisted of a randomly
chosen table ofdata from a set oftables in the software. In this way,
the students often received a set of data different from their neigh
bors'set.

For the recitation-style lectures, materials (lecture notes and over
heads) covered the same concepts as those in the software pro-

grams. Variations in the materials between software and recitation
may have resulted from the students' questions to the lecturer.'

To determine software usability, at the end of the semester, all
students were given a questionnaire that asked them to assess vari
ous aspects of the eyewitness software." This questionnaire con
sisted of both evaluation and diagnostic questions concerning the
software.

Procedure. The same basic procedure was used for the operant
conditioning and eyewitness memory training. Before the labs were
started, the subjects were given a pretest on the topic being trained.
Then, over a 4-week period, the subjects were brought into the lab
in groups for training (2 students per computer; 8 students listening
to the recitation). After all students had completed the lab, a posttest
on the topic was given. In addition, the subjects were given a ques
tionnaire and cognitive ability tests.

Results and Discussion
Data collected. Three types ofdata were collected: pre

test and posttest scores and usability questionnaire scores.
The subjects' responses to pretests and posttests for both
operant conditioning and eyewitness memory were scored
for number correct.

Operant conditioning results. The subjects in both
conditions (computer and recitation) improved from pre
test to posttest [t(57) = 6.4,p < .01]. A mixed-model mul
tiple regression was performed with test (pretest and post
test) as the within-subjects factor and condition (computer
or recitation) as the between-subjects factor. (The regres
sion equations for both operant conditioning and eyewit
ness memory are plotted in Figure 1.) A trend in the data
indicates that for the recitation, the lecture helped the
subjects scoring low on the pretest more than those scor
ing high on the pretest; however, for those using the com
puter, multimedia helped the subjects equally across the
range of pretest scores [F(1,57) = 3.22, P < .08]. This
result may have been due to the large number ofconcep
tual questions on the pre- and posttests.

Eyewitness memory results. The subjects in both
conditions (computer and recitation) improved from pre
test to posttest [t(58) = 7.8,p < .01]. A mixed-model re
gression analysis was performed with test (pretest and
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Figure 1. Pretest and posttest results for the operant conditioning and eyewitness memory programs
for Experiment 1.
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Figure 2. Pretest and posttest results for the operant condi
tioning and eyewitness memory programs for Experiment 2.
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Materials. The materials were similar to those used in Experi
ment I, with the following changes. For the operant conditioning
part of the labs, material on schedules of reinforcement was re
moved from both the operant conditioning lab and the operant con
ditioning recitation video. The videos consisted ofthe same mate
rial used for the recitations in Experiment I. In addition, the same
teaching assistant was used in the videos.

Both tests for operant conditioning were revised with more proce
dural questions, as well as a question on interpreting behavior graphs.
In addition, a usability questionnaire similar to the eyewitness soft
ware questionnaire described for Experiment I was used. For the
eyewitness testimony part of the labs, the software was changed to
reduce the amount of text and integrate more effectively the video
segment ofa car accident into the body ofthe computer ins~ructi.on.

Design and Procedure. The design and procedure were Identical
to those of Experiment I, except that the eyewitness software was
tested first. The video was shown in the same manner as were the
recitations held in Experiment 1. The students could ask questions of
the laboratory teaching assistant; however, the students did not have
control ofthe VCR (e.g., could not replay sections or stop the video).

Results and Discussion
Data collected. Only data from the students who com

pleted pretest and posttest for a lab (eyewitness memory
or operant conditioning) were used. Three types of
data were collected: pretest and posttest scores and us
ability questionnaire scores. The subjects' responses to
pretests and posttests for both operant conditioning and
eyewitness memory were scored for number correct. The
mean scores for pretest and posttest for both operant
conditioning and eyewitness memory are shown in Fig
ure 2.

Operant conditioning results. The subjects in both
conditions (computer and video) improved from pretest
to posttest [t(37) = 6.29,p < .01]. A mixed-model mul
tiple regression was performed with test (pretest and
posttest) as the within-subjects factor and condition (com
puter or video) as the between-subjects factor. No dif
ference was found between groups [F(I,37) = 0.05,p =
.96]. This result may have been due to the large number
of conceptual questions on the pre- and posttests. Thus,
regardless ofcondition, the subjects improved from pre
test to posttest. No interaction between condition and
pretest was found.

EXPERIMENT 2

Software is not the only medium used as a supplement
to classroom teaching. Video telelearning has become a
substitute for classroom learning for many students around
the country (Dingus & Gillan, 1991). The video medium
provides an inexpensive way to transmit information and
allows students the flexibility to listen to a lecture wher
ever they are (e.g., on a navy ship, in a corporation's con
ference room, or at home; Miller, 1991; Tobagi, 1995).
Video telelearning consists of components similar to
those of multimedia-based training and does not require
an instructor to be present. In addition to video telelearn
ing, many instructors augment their class lectures with
videos. For example, a lecture in introductory psychol
ogy on clinical interviews benefits from a video showing
a practitioner conducting such an interview. With an in
crease in video telelearning and videos as supplements to
lectures, a comparison between these two ways to augment
classroom instruction-multimedia and video--can pro
vide information about the effective use of both. Thus,
Experiment 2 was designed to test whether a multimedia
based laboratory could increase learning on operant con
ditioning and eyewitness testimony, as compared with a
video lecture on the same material.

posttest) as the within-subjects factor and condition (com
puter or recitation) as the between-subjects factor. For
those using the computer, the subjects who scored lower
on the pretest improved more than did those who scored
high on the pretest; however, for those in recitation, the
subjects were helped equally across the range of pretest
scores [pretest X condition interaction, F( I ,58) = 4.08,
P < .05].

Usability results. Overall, the users rated the usabil
ity ofthe eyewitness software to be high. The median rat
ings on the two overall usability questions--ease of use
and how well the users liked the system-were each 6 on
a 7-point scale. Of the 25 users who completed ques
tionnaires, 2 rated the ease ofuse to be below the neutral
point (both rated it as 3), 3 ga~e a neut~al rati?g,. a?d 20
rated it to be above neutral (WIth 17 ratmg their liking to
be a 6 or a 7) (p < .0001, sign test). A multiple regres
sion analysis relating diagnostic questions concerning
text, video, animation, controls, and navigation to over~ll

ratings showed only ease of reading text to have a Sl~

nificant positive relation, accounting for 35% ofthe van
ance in the overall ratings. Accordingly, subsequent iter
ations of the design will focus on improving the text and
replacing some text with graphics.

Method
Subjects. Forty-two undergraduate students at NMSU taking an

upper division course on experimental methodol~gywere used.
One student did not complete either part of the expenment. The stu
dents who completed at least one set of the materials (pretest, train,
posttest) were included in the data even ifthey did not complete both
topics.
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Eyewitness memory results. A mixed-model regres
sion analysis was performed with test (pretest and post
test) as the within-subjects factor and condition (com
puter or recitation) as the between-subjects factor. The
subjects who used the computer improved from pretest
to posttest, whereas those who watched the video did not
improve [mean difference for computer = +8.60; mean
difference for video = -5.00; F(l,37) = 2.09,p < .04].
When condition is taken into account, then pretest pre
dicts posttestperformance [F(l,37) = 1.99,p < .05]; how
ever, overall, the subjects did not improve between pre
test and posttest [t(37) = 0.75, P = .46]. No interaction
between condition and pretest was found.

Usability results. Overall, the users rated the usabil
ity of the Sniffy software to be high, with medians of 6
(on a 7-point scale) for both ease of use and preference
questions (sign test to determine positivity ofthe ratings,
both ps < .01). In contrast (and in contrast to Experi
ment 1), the subjects who rated the eyewitness program
were not as uniformly positive, giving median ratings of
4 on both the ease of use and the preference questions.
This difference between Sniffy and the eyewitness pro
grams, as well as between Experiments 1 and 2 for eye
witness, may have been a function of the generally high
knowledge of the subjects in Experiment 2.

Multiple regression analyses relating diagnostic ques
tions to the overall questions-ease of use and prefer
ence-showed only significant relations between diag
nostic questions and ease of use for the Sniffy program
[F(6,12) = 5.69,p < .01]. Among the diagnostic questions,
one feature of the computer program-the ability for the
user to tell what actions to perform in order to get Sniffy
to do something-was significantly related to ease ofuse
(t = 3.28,p < .01) and accounted for 23% ofthe variance.
Two features of the accompanying background mater
ial-the amount ofinformation and the ability to skip in
formation-were significantly related to ease ofuse (ts =
2.86 and 3.60, respectively, both ps < .05) and together
accounted for 37% of the variance.

GENERAL DISCUSSION

Measuring the effects of change in knowledge rather
than just motivation or preference is better for evaluating
educational efficacy.

ForExperiment 1,the two multimedia-basedtraining sys
tems were compared with a recitation-style lecture on the
same topics. The operant conditioning and eyewitness
memory training produced very different results. In the op
erant training, the recitation provided substantial benefit to
students who scored low on the pretest. In contrast, in the
eyewitness memory training, the multimedia softwarepro
vided the most benefit to students who scored low on the
pretest. In other words, in some cases, replacing recitations
with a multimedia lab may benefit students with low initial
knowledge, but, in other cases, a recitation may be better.

For Experiment 2, the two multimedia-based training
systems were compared with a video-style lecture on the
same topics. Again, the operant conditioning and eye-

witness memory training produced different results. In
the operant training, students improved whether they
were given the multimedia program or the video. On the
other hand, in the eyewitness memory training, students
in the computer condition improved from pretest to post
test, whereas students in the video condition appeared to
do worse.

Possible Explanations for Differences
The differences in results between the two experiments

can be explained partially by the comparisons used and
partially by the differences in the pool ofsubjects. In Ex
periment 1, the recitation-style lecture was given by a
teaching assistant. In Experiment 2, a videotape of the
teaching assistant was used. Although a teaching assis
tant was available to answer questions the students may
have had, the interaction was not the same. In fact, ques
tions allow an instructor to elaborate on materials in more
depth and tailor the material to the class. Thus, a differ
ence in materials between a live classroom and a computer
program would necessarily exist. In the same way, with
video students cannot interrupt the instructor when they
may need more clarification. (Please note that these dif
ferences may also occur even when a teacher teaches the
same materials to two different classes.) Thus, the chal
lenge for a software developer is to anticipate possible
places where students would need more clarity or even
places where students may want to explore the topic be
yond what the average student might need (to pass the
class or an exam).

An additional issue is that, for Experiment 2, the high
scores on the pretests for both operant conditioning and
eyewitness memory indicate that there were no students
with low initial knowledge. If students with low initial
knowledge had been included, more similar results might
have been obtained between Experiments 1 and 2; how
ever, in the second semester, many students have had
courses that cover similar topics (e.g., behavior modifica
tion, cognitive, memory, developmental methods). Thus,
adaptive computer software that can take into account
changes in students' knowledge may be beneficial for labs
that supplement courses.

The differences in results between the operant condi
tioning and eyewitness memory training may have been
caused by (1) software differences, such as amount of
feedback for student actions, degree of interactivity, and
goal-directedness ofinstruction, (2) test (pretest/posttest)
differences, such as number of procedural versus num
ber of conceptual questions, and (3) individual differ
ences, such as intelligence or spatial abilities. However,
preliminary analyses ofthe cognitive ability tests and in
telligence scores suggest that these individual difference
factors did not contribute to the present findings. Fur
thermore, in Experiment 2, the number ofprocedural and
conceptual questions were balanced for the tests. Thus,
the primary differences in results between the two topic
areas may have been in the software. These results imply
that each new piece ofmultimedia software may need its
own evaluation in order to determine its effectiveness,



unless a set of empirically derived multimedia-based
training guidelines are developed.

Although some discussion about multimedia guidelines
can be found (Barker, 1989; Hapeshi & Jones, 1992), no
multimedia guidelines have been extensively evaluated for
whether they actually created systems that would improve
learning in a manner similar to Anderson and colleagues'
guidelines for intelligent tutoring systems (Anderson, 1987,
1993). Related work can be found in Mayer's (1989) stud
ies for understanding how illustrations improve text com
prehension and how mental models can be used to teach
many different topics. His ideas indicate that learners' ini
tial knowledge may affect how they use a system and learn
from it. In support of a focus on the individual's knowl
edge base, Gay (1986) found that students with low con
ceptual knowledge learned more from computer-assisted
video instruction when they were directed through the ma
terial and that students with high conceptual knowledge
functioned well in both directed and undirected condi
tions. Students with high conceptual knowledge made bet
ter use oftheir time and also were able to focus on the rel
evant material for their own needs. Thus, further research
should be performed in the area ofdeveloping multimedia
guidelines. In the meantime, a developer could combine
the ideas ofMayer and Anderson and focus on ways to cre
ate multimedia training software that adapts to individual
students' previous knowledge level.

Conclusion
In summary, there are differential effects in how much

people learned from multimedia (or other types of sup
plements to lectures) for people with different levels of
initial knowledge. The operant conditioning software was
less beneficial for students with less initial knowledge in
the topic than was the eyewitness software. For training
such students, multimedia training software may need to
include more aid, such as more goal-directedness, feed
back on activities, and connections with previous knowl
edge. Although students with high initial knowledge ap
pear to benefit from some types ofmultimedia, they may
not benefit from video supplements to courses. Finally,
the effects ofmultimedia may be subtle. Therefore, eval
uations of multimedia must be carefully performed in
order to prevent prematurely accepting or rejecting a piece
of software. In addition, the area of multimedia would
benefit from a set of tested guidelines such as those cre
ated for intelligent tutoring systems.
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NOTES

I. The broadest definition of multimedia is used. Some researchers
(e.g., Barker, 1989) use a very broad definition encompassing many
activities, including computer, other equipment, and noncomputer ac
tivities, whereas others (e.g., Hapeshi & Jones, 1992) suggest that multi
media must contain an audio and visual mix. For our purposes, multi
media consists of simulation, audiovisual information, and computer
and noncomputer activities.

2. We are not replacing instruction with multimedia but instead are
augmenting lectures. Students received regular lectures on the topics in
their classes, and the multimedia-based training provided hands-on ex
perience outside ofthe classroom.

3. We did not control for student questions because we wanted the
interactions between students and recitation instructor to be similar to
a real recitation situation.

4. For Experiment I, the focus of the usability evaluation was on the
eyewitness software because we developed it. However, for Experi
ment 2, we asked the subjects to complete a usability evaluation for both
the eyewitness and the operant conditioning software.
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