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ABSTRACT

An multimedia-based instructional system was developed and piloted with preservice
elementary teachers. Four mathematics methods classes experienced either lecture supple-
mented with a new instructional multimedia system or lecture without such material.
Subjects who received the system-enhanced instruction appeared more knowledgeable
about teaching mathematics using manipulatives than those who received traditional
instruction only. Results suggest that multimedia can have beneficial effects for preservice

teacher training.
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I. Teaching Mathematics Methods
Using Videodisc

Teaching mathematics is a complex process
which requires a teacher to utilize many types of
information (e.g., subject matter, pedagogy, in-
structional contexts, manipulatives, socialimotiva-
tional factors) that are often not adequately
addressed by teacher preparation programs
(Goldman & Barron, 1990). Much frustration
exists for both student-teachers and teacher edu-
cators because most prospective mathematics
teachers are competent in subject matter and
well-versed in instructional theory, yet they ap-
pear inept at applying this information when pro-
viding explanations for mathematical relations,
concepts, or operations. (Commission on Stan-
dards for School Mathematics of NCTM, 1989).
What is even more perplexing is thatteachers who
are aware of the discrepancy between their knowl-
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edge and their performance in the classroom seem
unable to correct their performance (Berliner, 1986;
Goldman & Barron, 1990).

Efforts to ameliorate this problem have
traditionally centered on introducing additional
concepts for prospective teachers to use in the
classroom for a student’s understanding of math-
ematics. One such concept is the use of mathemat-
ics manipulatives., Mathematicsmanipulatives are
physical objects that teachers use to demonstrate a
mathematical operation or concept and allow chil-
dren to directly manipulate them in order to facili-
tate their understanding and skill of the operation
or concept (Hatfield, Edwards & Bitter, 1993).
Researchers (e.g., Akers, 1986) have indicated that
using manipulatives to teach mathematics concepts
augment elementary student performance and their
attitude towards mathematics in general. Sowell
(1989) recently reviewed 60 studies that examined
mathematics manipulatives. She concluded that,
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indeed, these devices are useful for learning math-
ematics knowledge and skills when they are used
to make learning an active process (i.e., allow chil-
dren to actually use the manipulatives) and when
children are allowed to manipulate physical ob-
jects as often as possible when studying mathemat-
ics. Moreover, manipulatives used in mathematics
instruction seem to motivate students to work and
learn, stimulate mathematical reasoning, and ap-
pear to be an informal introduction to higher
reasoning in mathematics (Hatfield, Edwards &
Bitter, 1993: Sowell, 1989).

More recently, educational researchers have
attempted to incorporate “real life” scenarios in
teacher training programs whereby prospective
mathematics teachers observe actual classroom
instruction. Research suggests that preservice
teachers learn more and can transfer that knowl-
edge to their craft of teaching when important
instruction on pedagogy is experienced in context
(e.g.,anchored orsituated instruction) (Bransford,
Sherwood, Vye, & Rieser, 1986; Palincscar, 1989).
Observations in elementary classrooms provide
the preservice teacher with asense of the reality of
the instructional environment, but are often lim-
ited in allowing learning of teaching theory, math-
ematics instruction, or learning important aspects
of exemplary instruction in general (Carter, Sa-
bers, Cushing, Pinnegar, & Berliner, 1987; Goldman
& Barron, 1990). The use of selected videotaped
examples from actual classroom teaching lessons
provides a non-obtrusive method of demonstrat-
ing good and bad mathematics teaching, but with-
out some kind of focus, direction, interaction, or
narration to point out specific attributes of good
and bad instruction, novice teachers may not no-
tice or may misinterpret fundamental points of
quality teaching (Berliner, 1986; Carter, et al.,
1987; Goldman & Barron, 1990; Lampert & Ball,
1990). For this reason, a hypermedia-based, in-
structional program for preservice teachers has
been suggested to improve their training and, ulti-
mately, the quality of elementary mathematics
education (Copeland, 1989; Goldman & Barron,
1990; Harvard, 1990). Accordingly, the use of
interactive technology would allow preservice
teachers to develop their perceptual, interpreta-
tional, and decision-making skills as well as
transfer their training in theory to classroom in-
struction (Copeland, 1989; Goldman & Barron,
1990).

The promise of videodisc technology as an
effective medium for teacher training is a function,

in part, of its unique characteristics. A user can
control the learning sequence, the subject matter,
the form of a lesson’s presentation, the speed at
which a lesson is presented, and the pace at which
auser progresses through the material (King, 1990;
Litchfield, 1990). A user has access to a variety of
visual and audio presentations and graphic dis-
plays. Because of a vast storage capacity {(a com-
pleted videodisc contains 54,000 individual visual
frames), videodisc systems provide multiple path-
ways for accessing information including realistic
practice exercises, examples to perform and study,
problems, and a host of instructional exhibits. A
computer can be programmed to control the play-
back. This allows many different lessons to be
developed from one videodisc and the order of
playback is completely under the control of the
user. Although schools have been slow in incorpo-
rating its use in their curricula, the benefits that
have been reported from those that have are most
encouraging. High achievement motivation, less
instructional training time, and general increases
in teaching performance have been notable
outcomes of interactive videodisc instruction
(Savenye, 1990). While the majority of educa-
tional videodiscs are used as ancillary instructional
activities or for individual instructional modules,
more and more whole courses in middle and high
schools are being taught with routine videodisc
sessions (Savenye, 1990).

The purpose of the present investigation was
to explore the effectiveness of a multimedia-based
videodisc instructional supplement that was
developed for a teacher’s use in an elementary
mathematics education methods course. This
undertaking, Teaching Mathematics Methods
Using Videodisc (TMMUYV), was an NSF funded
pilot project, that addressed the need to train
preservice teachers in the use of mathematics ma-
nipulative and the teaching standards advocated
by the National Council of Teachers of Mathemat-
ics (NCTM). The objective of the present study
was to explore the added instructional value that
can be attributed to the TMMUYV prototype class-
room presentation mode for enhancing a regular
lecture.

Il. Method
1. Design and Subjects

The present study employed a “nonequivalent
control group” design typically used in two-group
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quasi-experimental designs (Campbell & Stanley,
1966). Four elementary mathematics methods edu-
cation classes that train pre-service teachers at
Arizona State University were used to test the
effectiveness of the TMMUYV program. Two of the
classes were taught by traditional lecture (non-
TMMUYV group). Two other classes received the
identical lecture with the addition of the TMMUV
program system (TMMUYV group). Randomized
assignment of subjects to each class/group was not
possible. However, the inclusion of an extra group
in each condition compensated, to some degree,
for the lack of randomization by the use of “retro-
spective pretests” to compare differences between
the two groups on the dependent measures
(Campbell & Stanley, 1966). Examination of
posttest scores for two classes in each condition
increases confidence in the validity of differences
found that are thought to be due to the indepen-
dent manipulations.

Subjects were 99 undergraduate, elementary
education majors enrolled in four preservice meth-
ods courses (TMMUV: n=33 & 17; non-TMMUV:
n=28 & 21). Classes were assigned to groups so as
to result in nearly equal numbers of subjects in
sach group. Data were to be collected by the
TMMUYV standalone system used in the labora-
tory, following the treatment. Bugs in the
standalone mode, however, resulted in the loss of
28 subjects from the non-TMMUYV group, and five
subjects from the TMMUYV group. Pencil-and-pa-
per instruments were then substituted for all sub-
sequent data collection. There were no significant
age differences between the TMMUV and non-
TMMUYV groups (means=28.87 and 28.89, respec-
tively). An analysis of the prior knowledge levels
of subjects in each class revealed two important
differences between the TMMUV and non-
TMMUYV groups prior to conducting the instruc-
tion. Subjects in the non-TMMUYV groups had
more previous experience using geoboards to teach
mathematics as reflected in their reported infor-
mation (means of 1.24 vs. 2.68 for the TMMUYV and
non-TMMUYV groups, respectively). A significant
proportion in the non-TMMUYV group also re-
ported having been taught with geoboards as el-
ementary students themselves (means of 1.05 vs.
2.72). The non-TMMUYV group scored higher on a
measure of academic ability. By combining scho-
lastic aptitude test or achievement test scores with
previous grade point avefages into inter-quartile
categories, it was revealed that subjects in the non-
TMMUYV groups had higher estimated academic

ability, on average, than those in the TMMUV
classes (means of 3.17 vs. 2.80). Although this
between group difference was not statistically sig-
nificant, it may be worth noting when examining
the effects of TMMUV-enhanced instruction on
the attitudes and motivation for wusing
manipulatives.

2. Materials and Instruments

A multifaceted, video database and instruc-
tional system (TMMUYV) was created that com-
bined full-motion video, digitized audio, text, and
graphics to give preservice teachers multiple views
of exemplary classroom instruction using teaching
methods with manipulative materials that were
proposed by the NCTM. Three instructional
modes of the system are possible: (a) classroom
presentations given in a traditional manner where
the instructor displays the program to the students;
(b) a standalone tutorial mode which allows stu-
dents to work through the program at their own
pace; and, (c) a video database whereby the stu-
dent is afforded an opportunity to interactively
explore video illustrating the application of spe-
cific NCTM teaching standards. For this study, the
TMMUYV video was projected, in a linear fashion,
on a screen.

The TMMUYV system is based on the IBM PS/
2 microcomputer with M/Motion Video and M/
Audio Adapters, and an attached videodisc player.
A 32 bit operating system/2, version 2 (OS/2) was
used for TMMUYV (a 386, 486, or higher family
microprocessor is necessary for the system’s im-
plementation). The overall structure for the soft-
ware consisted of (a) multimedia database that
included a video and audio library, a three dimen-
sional animation and graphics library, a lesson
template library, and a Structured Query Lan-
guage (SQL) index; (b) interactive graphical inter-
face; (¢) authoring shell program; (d) classroom
presentation program; (e) laboratory tutorial pro-
gram; and, (f) an on-line user’s guide.

Multiple views of exemplary classroom in-
struction using teaching methods with manipula-
tive materials proposed by NCTM were used in the
present investigation. Types of manipulatives and
their content that can be used with TMMUYV are
shown in Table 1. Two 30-minute videodiscs of
elementary mathematics instruction using the
manipulatives were developed for use in the proto-
type. One videodisc contained 189 clips of instruc-
tion with geoboards and another disc contained 84
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Table 1. Mathematics Manipulatives and Associated

Content
Manipulative Content
Geoboards Arrays
Greenies Congruency
Posterboard Shapes Coordinate Geometry
Shapes Flips

Geometric Shapes/Figures
Properties of Shape
Reflections

Right Angles

Rotation

Similarity

Symmetry

Unit of Measure
Visualization Skills

clips of instruction with base 10 (numeration)
blocks. The geoboard is a manipulative used to
build logical thinking and problem solving skills as
students investigate shape, symmetry, conguence,
angles, areas, perimeters, square roots and func-
tions. Numeration blocks are used to model ones,
tens, hundreds and thousands and to build mental,
images and understanding of the numeration sys-
tem. The video clips on each disc ranged in length
from 1-second still images to 120-second segments
of instruction. In this particular study, selected
clips from both videodiscs were used.

3. Measures

There were two measures of the effectiveness
of the TMMUYV prototype system. It was hoped
that such materials would increase a preservice
teacher’s knowledge of quality instruction. This
was termed cognitive gain. Six “retrospective pre-
test-posttest items” were used to assess changes in
perceived knowledge and competence to teach with
geoboards. Retrospective pretest-posttest items

have been suggested as a means of investigating
knowledge gain in content areas where subjects
have no prior knowledge (Campbell & Stanley,
1966; Rockwell & Stevens, 1992). Five of the items
were specific-knowledge referents (e.g., perceived
competence to convey ideas of “estimation,” knowl-
edge of how to help students feel comfortable in
the classroom) and the sixth was more general;i.e.,
“knowledge of what it is like in the elementary
classroom.” Items were measured on a 7-point,
semantic-differential scale with endpoints labeled
0% and 100% . The subjects were to place a “B” on
the scale to indicate where they felt they were
before the classroom instruction. They were to
write an “N” on the space that they felt they were
now, after receiving the instruction.
Cognitive gain was further measured using
three (3) open-ended questions that required sub-
jects to give their opinions concerning the teacher
in the video segments. The questions were: (a)
“How did the teacher indicate to the students that
it was all right for them to give an answer that was
something other than the correct answer?;” (b)
“What important teaching strategy did the teacher
use to teach the concept of area?;” and, (c) “What
did the teacher do that shows a way of making
young children comfortable in the classroom?”
Test-retest reliability for the questionnaire
was assessed by correlations of the same single-
item scale given twice (attitude toward classroom
instruction: r=.78; p<.01). Alpha reliability coeffi-
cients were obtained from multi-item scales of
attitudes toward mathematics and attitude towards
the classroom instruction; .83 and .88, respectively.
Face validity was assessed by correlating “knowl-
edge to teach with geoboards after classroom in-
struction” and “preparedness to teach with
geoboards after classroom instructions:” r=.61,
p<.01. A comparison between attitude towards
mathematics and attitude toward classroom in-
struction using geoboards revealed satisfactory

Table 2. Study Design

Group Intended n Obtained n Treatment
Non-TMMUV 49 21 lecture only

Class #1 (n=28)

Class #2 (n=21)
TMMUV 50 45 lecture & TMMUV

Class #3 (n=33)
Class #4 (n=17)
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convergent validity as evidenced by the correla-
tion of different measures of the same trait: atti-
tude toward instruction (r=.56, p<.01) and attitude
toward mathematics (r=.68, p<.01).

4. Procedure

To determine the additive effect of TMMUV
on conventional instruction, four intact elemen-
tary mathematics methods classes were assigned to
two groups, so as to achieve groups of nearly equal
size, as reported in Table 2. One group received
the TMMUYV-enhanced instruction and one group
received only conventional instruction on the same
material. There were no significant pre-existing
differences among the classes according to avail-
able data (e.g., age, sex, academic achievement).

To assure similarity in instruction, an outside
instructor taught the same geoboards lesson to all
four classes, each of which lasted 110 minutes. The
TMMUYV system was used to supplement the in-
struction of the TMMUYV group classes. The video
included a selection of appropriate videoclips
needed for the posttest in both groups. These
posttest clips had to be conceptually related to, but
distinctly different in all other respects from, the
clips shown in the TMMUYV group during instruc-
tion. Following the instruction, these different
clips were shown to subjects in both groups and the
instrument was administered.

I1l. Results and Discussion

The subject’s responses to the retrospective
pretest-posttestitems were averaged across groups
and response categories were compared using the
independent ¢-test for statistical significance. The
scoring criterion for the open-ended questions uti-
lized subject’s responses in the form of sentences
reflecting their perceptions and beliefs for the
contrived situations. A seven-(7) point scale was
constructed where by each question was graded
according to clarity of expression indicating a
“good-bad” range or exact sense of the correct
answer (a score of 7) versus no idea what the
solution would be (a score of 0). Two independent
judges scored the questions. When a conflict arose
in scoring, a solution was decided in consultation.
There were two general categories of results. An
analysis of the pre-instructional differences was
conducted in order to detetmine if there were any
variables that could have influenced the post-treat-
ment effects.

Both groups showed gains on pretest-posttest
knowledge and performance gain items. The
TMMU V-enhanced groups indicated higher over-
all gain, but only one between-group difference
was significant.

Subjects who were exposed to the TMMUV
instructional system demonstrated a higher degree
of observational power than the subjects in the
non-TMMUYV groups, as illustrated in Figure 1.
When the results of the three open-ended ques-
tions were combined, the TMMUYV and non-
TMMUYV groups had means of 5.54 and 4.27,
respectively, #(1.66)=5.36, p<.01. Subjects were
asked to indicate their gain in knowledge of the
reality of the elementary classroom. Those in the
TMMUYV group indicated higher cognitive gain
than those in the non-TMMUYV group [means of
1.95 vs..92, ¢(1, 64)=2.05; p<.05].

In the present study, a new technology-based
method for teaching preservice, elementary teach-
ers to use mathematics manipulatives in the class-
room was piloted. Given the prototypical nature
of the TMMUYV system and its relatively brief use
in the class instructional sequence, it is not surpris-
ing that between-group differences for motivation
to teach with geoboards and feelings of prepared-
ness to teach with geoboards were not significant.
Despite the problems encountered in this study,
evidence was found for the utility of the system.
Eventhough there appeared to be significant learn-
ing disadvantages for the subjects in the TMMUV
group, who had less experience with geoboards
(and manipulatives in general), these subjects
outscored the non-TMMUYV group on the mea-
sures of cognitive gain and overall performance.

The subjects in the TMMUYV group viewed

60 _
50 L
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Percentage of students

No:hing Al
Correct Score Correct
Fig. 1. Comparison of TMMUYV and non-TMMUV
mean scores on the combined objective perfor-
mance tests.
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geoboards as important devices for effective teach-
ing of geometric area and felt that the system
increased their knowledge of using geoboards.
There was a general feeling among the TMMUV
subjects that, by learning mathematics methods
using the TMMUV-enhanced instruction, they
could gain keen observational skills that they might
not acquire with traditional instruction only. In
addition, subjects reported that they acquired a
very “real” notion of the elementary classroom
from the TMMUYV system programs. This is an
important finding since a major problem of teacher
training is said to be adequately preparing a teacher
for the “real classroom” world. Overall, the sub-
jects in the present study indicated that the
TMMUYV system made important contributions to
their learning of mathematics methods, using
manipulatives, and teacher training. The results of
using the system indicate a future for interactive
multimedia in teacher training that is worthy of
closer scrutiny and effort in devising better sys-
tems for teachers and students.
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