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ABSTRACT: The purpose of this study is to investigate the performance of using multimedia technology in the teaching of the
mathematic limit field. Two classes of undergraduate students (n=96) participated in the process of this study. The experimental
group was taught with abundant multimedia supplementary materials, including conceptual computer Flash animations,
Mathematica static figures, PowerPoint bulletins and e-plus software computer-based instructions. The control group was taught as
usual, using a regular mathematical textbook. After four weeks of learning, and the statistical procedures of the analysis covariance,
it was found that the students of experimental group outperformed their counterparts in their mathematical problem-solving ability.
The learning attitude of one-way ANCOVA for the experimental group students, indicates their significant differences in their
variant of fondness, where very like is better than dislike in aspects Sy, S, S4, and S5 in Scheffe’s post comparison.

INTRODUCTION

In this era of the knowledge economy, the best and dominant
approach of science is through new multimedia technology to
emphasise active, direct and developmental information.
Multimedia texts, the combination and presentation of
characters, graphics, animations and sound effects, attract
students’ eyesight, stimulate their learning motivation levels,
and make for effective and improved learning [1][2].

Many researchers have pointed out the potential benefits of
integrating teaching into science, such as the benefits of
multimedia and those of science history [3-6]. Other benefits
include greater efficiency in facilitating the mastery of
scientific concepts and processes, and the learning attitudes of
students. A recent methodology to propose computer-based
learning helped facilitate students acquiring the basic abilities
in technology and information, while also exploring
mathematical fields, engaging in independent thinking and
fulfilling career programme and life-long learning [7].

Many researchers have addressed questions about why
multimedia can promote students’ conceptual understanding
[8][9]. Mayer and his colleagues have raised a generative
theory of multimedia design [10-12]. This theory proposes that
materials facilitate the integration of multimedia information in
the selection, organisation and design of instructions. Russell et
al claim that combining computer-based technology in teaching
science expands the means of visualising phenomena, whether
fast or slow, and that such visualisations could help students to
overcome their alternative conceptions [13]. Burk et al
consider that, after instructors take the time to emphasise the
particulate nature of matter and conceptual issues through
computer-based animations, students will increase their
understanding and performance on conceptual examination
questions [14]. Thompson and Riding point out that the
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animated diagram of a mathematical demonstration facilitates
the understanding of 11-14 year-old pupils [15].

Although multimedia has been a subject of study for a long
time, there is little agreement as to how it facilitates scientific
learning. Rieber makes a study of elementary school children
on Newton’s laws, who concluded that animation did not
facilitate learning [16]. Sperling, Seyedmonir, Aleksic and
Meadows argue that due to inconsistent findings regarding the
benefits of multimedia, authentic instructional science
materials are needed to facilitate appropriate design decisions
[17]. Lin and Dwyer show that animations are not cost
effective, nor an effective strategy, for improving students’
achievements in the knowledge acquisition of objectives
employed in their Web-based instruction [18]. Lai indicates
that animations do not facilitate the recall of learning analogies
in computer languages [19].

Recent advancements in computer technology have allowed
educators to incorporate textual, visual and aural resources into
a profound computer-mediated program [20]. Computer-based
technology provides powerful means for fostering scientific
understanding, because it can represent multilevel science
thoughts. Malcolm argues that successful science education
provides a background in science and that scientific learning
gives students’ greater confidence to participate in advanced
studies [21]. He suggests that, if this background is lacking,
then the confidence to participate further in science education
will be essentially determined by family and social influences,
which could be negative or inequitable. Konradt advocates
that multimedia computer-based learning is important, not
only in scholarly, but also in vocational contexts [22]. It has
several advantages over traditional forms of training, such as
user-driven learning, just-in-time learning, just-in-place
learning and self-place-learning, and has a high level of cost
efficiency.



Researchers have shown that mathematical teaching using
computer environment can improve students’ understanding of
mathematics [23]. A multimedia learning environment can
promote constructive learning that, in turn, enables students’
problem-solving abilities to be easily handled [24].

The purpose of this study is designed to investigate the
effectiveness of integrating multimedia technology into
mathematical teaching and to focus on students’ conceptual
understanding and scientific application in the experimental
group. The traditional ability of algebra will not be emphasised
in this computer-based study.

METHODOLOGY
Research Sample

This study took 96 undergraduate students from the
Department of Business Management as a demonstration
sample, who participated in the performance evaluation of the
second author’s classes.

Two classes of students with similar academic achievements
were selected, and randomly assigned one class as the
experimental group (n=46) and the other one as the control
group (n=50). The experimental group received incorporated
instruction in multimedia technology, while the control group
received regular textbook instruction.

Research Tools

This study included various achievement post-tests of
conceptual problems and a learning attitude questionnaire. The
achievement post-tests of content validity were established by
the College Entrance Examination Center in Taiwan and
three well-regarded professors. The post-test was composed
of ten concept questions in the College Entrance Examination
Center. The contents of the post-test included three knowledge
questions, five rationalisation questions and two application
questions. The reliability of achievement test was
assumed from the observation of consistency in the
examination scores from the different semesters. This gave a
judgement of the learning results from the two groups. A short,
simple test was created for this study to investigate students’
performance in the experimental and control groups on
mathematical limitations for conceptual and problem-solving
questions.

The learning attitude questionnaire was headed and developed
by Dr Su [6]. This questionnaire took the score of five Likert-
type grades, with each item given plus scores [25]. The
questionnaire indicates both good validity and high reliability,
and included the following six aspects:

Learning attitude towards incorporated courses (S));
Learning attitude towards teachers (S,);

Learning environment towards multimedia (S;);
Attitude towards students (S,);

Attitude towards self-evaluations (Ss);

Learning results (Sg).

The questionnaire employs a Cronbach’s a coefficient (internal
consistency) to check reliability. Table 1 lists the results of the
reliability analysis, with all six a coefficients between 0.89 and
0.92. As such, this questionnaire has higher reliability
compared to average pedagogical reports [26].
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Table 1: Reliability of the questionnaire.

Sy
0.91

Ss
0.91

Sy
0.89

Aspect
Cronbach’s a

Ss
0.90

Ss
0.89

0.92

Treatments

The supplementary materials for the multimedia learning
environment were developed by the authors of this article.

Figures 1-6 show the conceptual limit animations, with
graphs of function f(x) at point a,
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Figure 3: Conceptual limit animation with graph (c).
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Figure 6: Conceptual limit animation with graph (f).

The computer animations figures were devised using Flash MX
(Macromedia) and static figures generated by using
Mathematica 4.2 (Wolfram Research), with demonstrations
presented in PowerPoint bulletins and e-plus software in the
classroom. An attempt was made to emphasise the
development of mathematical concepts for the experimental
group’s instruction. The conceptual animations in Figures 1-6
were treated using Adobe Photoshop 7.01.

Data Management and Analysis

All statistical information was analysed using SPSS software
for Windows 10.0, with the significance levels of each test
being the 0.05 level. Various statistical methods were utilised,
such as mean value, standard deviation, one-way ANCOVA
and Scheffe post comparison.
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RESULTS AND DISCUSSIONS

In order to examine the differences between the experimental
group and control group, the focus was on the post-test
achievements on the effect of multimedia learning. Table 2
shows that the mean achievement is quite different for the two
groups. The experimental group average score was 80.33,
while the control group averaged 72.00. The standard deviation
showed about 19% difference.

Table 2: Means and standard deviations of the post-test.

Group Person | Mean Standard Deviation
Experimental 46 80.33 14.31
Control 50 72.00 14.29

To examine the efficiency of multimedia learning, an analysis
of covariance was used to compare the different post-test
scores between the two groups. Table 3 shows the ANCOVA
results. A significant difference was found in the test results for

multimedia learning efficiency (p<0.05) between the
experimental group and the control group.
Table 3: ANCOVA results of the post-test.
Source of | 4 | gg MS F P
Variance
Section 1 1660.88 1660.88 | 8.12 | 0.005
Intersection | 94 | 19220.11 204.46
Total 95 | 20880.99

An analysis of ANCOVA was used to investigate the
multimedia learning attitude of the experimental group
students. Table 4 represents different degrees of fondness of
multimedia technology; the mean value of each aspect
indicates a positive learning attitude. Table 4 yields values for
four different aspects: namely:

Students’ learning attitude (S;) (F=4.225, p<0.05);
Teacher’s attitude (S,) (F=3.563, p<0.05);

Attitude towards students (S,) (F=3.819, p<0.05);
Attitude towards self-evaluation (Ss) (F=3.995, p<0.05).

All four aspects show significant differences, where very like is
better than dislike for aspects Sy, S,, Sy and Ss in Scheffe’s post
comparison. Other aspects do not show any significant
differences. In addition to fondness, the other co-variants —
enrolments, master computer multimedia and attend class or
not — no obvious difference was found in the one-way
ANCOVA analysis. These results imply that multimedia may
help students acquire a better understanding of targeted
mathematical limit concepts, and that the learning attitude
should be a further catalyst.

The fruitful result of integrating multimedia into mathematic
teaching in this study is encouraging and helpful. Previous
research has found that the abundance of multimedia materials
and significant efforts to help students to have a better
conceptual understanding of chemistry and physics [3][8][9].

This study explored the level of efficiency in integrating
multimedia technology into mathematical teaching. It was
found that this study created a significant positive contribution
towards students’ learning in, and understanding of,
mathematics.



Table 4: ANCOVA of the experimental students’ fondness of multimedia learning attitude.

_ Analysis of Variance
Aspect | Varant | N | M | SD Source Df | ssS Ms F Scheffe
S, 1.00 5 | 29.40 | 4.72 | Section 3 322.05 107.35 4.225" 1>4
2.00 19 22.68 5.87 | Intersection 36 914.72 25.41
3.00 12 | 22.33 3.53 | Total 39 1236.77
4.00 4 17.75 4.79
Total 40 | 2292 5.63
S, 1.00 5 | 18.60 | 2.88 | Section 3 110.97 36.99 3.563" 1>4
2.00 19 15.74 3.57 | Intersection 36 373.80 10.38
3.00 12 14.42 2.57 | Total 39 484.78
4.00 4 12.00 3.56
Total 40 15.32 3.53
S; 1.00 5 10.00 1.23 | Section 3 11.83 3.94 0.655
2.00 19 8.79 2.84 | Intersection 36 216.58 6.02
3.00 12 8.67 2.35 | Total 39 228.40
4.00 4 7.75 1.26
Total 40 8.80 2.42
S4 1.00 5 18.40 1.34 | Section 3 150.27 50.09 3.819" 1>4
2.00 19 16.26 2.86 | Intersection 36 472.13 13.12
3.00 12 15.75 492 | Total 39 622.40
4.00 4 10.50 4.12
Total 40 15.80 3.99
Ss 1.00 5 17.60 2.88 | Section 3 122.88 40.96 3.995 1>4
2.00 19 15.00 3.50 | Intersection 36 358.87 10.25
3.00 12 14.92 3.00 | Total 39 481.74
4.00 4 10.25 2.50
Total 40 14.82 3.56
Se 1.00 5 22.60 422 | Section 3 109.65 36.55 1.109
2.00 19 | 21.58 6.51 | Intersection 36 1186.25 32.95
3.00 12 | 20.83 5.39 | Total 39 1295.90
4.00 4 16.25 3.30
Total 40 | 20.95 5.76
*1.00 shows very like, 2.00 shows like, 3.00 shows insensitive, and 4.0 shows dislike.
** p<0.05.
As mentioned above, this study 1is exploratory in ACKNOWLEDGEMENT
nature, regarding the potential benefits of integrating
multimedia in the teaching of mathematics. Despite A short but sincere thank-you must be given to the patronage
the statistical significance of the results, readers are of the Ministry of Education, research project No. B-91-FDE9-

reminded that the samples in this case study are limited
and the researchers cannot implement an extremely wide
scope. Continuing efforts are needed to confirm this further
approach in order to fulfil the benefit of this teaching in the
future.

CONCLUSIONS

In summing up this study, the following conclusions were
obtained:

It is helpful for student learning that animations, literature,
images and sounds be combined with teaching, and to
have a concrete understanding from the abstract limit of
purely text;

The incorporation of multimedia teaching is validated by
more effective learning.

Generally speaking, it was found in this study that only by
incorporating multimedia technology into mathematics
teaching can students’ learning abilities be enhanced
and their performance in multimedia technology be
upgraded.

260

3, without whose help this study could not have otherwise been
completed.
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