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This study provided a statistical model to assess varied types of Web-based simulations in a digital-
filter design course. Ninety-one undergraduate students participated in an experimental study. Two
independent variables were studied: Web-based simulations (batch-based, comparison-based, and
interval change-based simulations); and prior Internet familiarity (high and low). Two dependent
variables were measured: a knowledge achievement test, and a problem-solving belief test. The
experimental research design of the study was a 3 � 2 randomized post-test design. Multivariate
Analysis of Variance (MANOVA) was used to analyze collected data. The main effects and the
potential interaction of the two independent variables were examined. Results indicate that Web-
based simulation with a simple batch-based design yielded a significantly better learning perfor-
mance than two other complex simulation designs (comparison-based and interval change-based
simulations) (F[2,85] � 4.274, p < 0.05).
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INTRODUCTION

IN ENGINEERING EDUCATION, the use of
Web-based simulations as an instructional strategy
is becoming a future trend for designing technical
e-learning environments. Previous engineering
education research indicated that Web-based simu-
lations enhanced students' active learning experi-
ence [1±2], encouraged self-learning by providing
hands-on exercises [3] and facilitated the tradi-
tional classroom teaching and learning processes
[4±5]. The major learning factors identified as
contributing to positive student learning experi-
ence in a simulation-based environment included
the effectiveness of dynamic multiple representa-
tions and animations [6±7], student active involve-
ment in generating and validating hypotheses [8]
and interactive role-playing and gaming [9±10].
However, little research focused on assessing the
effectiveness of Web-based simulations by imple-
menting a truly experimental method.

The purpose of this study is to provide a
statistical model for assessing Web-based simula-
tions. One rigid experimental study was conducted
to elaborate the purpose. The content area for
conducting this experimental research is digital-
filter design. This experimental study investigated
the effect of various types of Web-based simula-
tions on engineering undergraduate students'
learning achievement and attitude. Based upon
the purpose of the study, three research null
hypotheses were drawn as follows:

1) no significant differences in student test
achievement and their problem-solving belief

when they learn in varied types of Web-based
simulations;

2) no significant differences in student test
achievement and their problem-solving belief
when they have different prior internet famil-
iarity;

3) no significant interaction in student test
achievement and their problem-solving belief
between the two studied independent variables:
Web-based simulation and prior internet famil-
iarity.

WEB-BASED SIMULATION
IMPLEMENTATION

This study investigated various types of Web-
based simulations in a digital-filter design course.
The digital-filter design course is typically designed
for undergraduates to understand the concepts of
digital signal processing, sampling theorem, Four-
ier transformation, convolution, Z transformation,
Infinite Impulse Response filter (IIR), and Finite
Impulse Response filter (FIR). This course
involves complicated mathematical equations and
dynamic waveform variations.

The system architecture of this Web-based simu-
lation comprises four different modules:

1) End-user module,
2) Universal Description Discovery and Integra-

tion (UDDI) server,
3) Applications (AP) server,
4) Database server.

The end-user module consists of users' computers
and browsers. The UDDI server supports registra-* Accepted 8 December 2008.
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tion of Web services and service publishing via the
internet. The AP server provides IIS service and
three Web-based simulations, namely, batch-
based, comparison-based and interval change-
based simulations. The database server primarily
stores and manages accounts created for users,
keeps records of online discussions and publishes
Web-based simulation materials for the digital-
filter design course. The implementation of the
Web services employs a MATLAB development
tool and the .NET from Microsoft to develop Web
service solutions.

EXPERIMENTAL RESEARCH DESIGN

Ninety-one undergraduate students in a digital-
filter design course participated in the study from a
university of technology in Taiwan. Two indepen-
dent variables were investigated in the study:

1) Web-based simulations (batch-based, compar-
ison-based and interval change-based simula-
tions);

2) prior Internet familiarity (high and low).

The study measured two dependent variables:

1) a knowledge achievement test,
2) a problem-solving belief test.

These two tests were conducted after students
completed their assigned experimental simulations.

A seven-point Likert-type scale was designed to
measure the results of the dependent measures.
The Cronbach's alpha reliability coefficient is
0.764 for the 25-item test instrument. In order to
guarantee the validity of the two dependent
measures, all the test items were reviewed and
validated by subject matter experts in the Univer-
sity.

The research design of the study was a 3 � 2
randomized post-test design, since there were three
levels for the first independent variable and two
levels for the second variable. Multivariate Analy-
sis of Variance (MANOVA) was used to analyze
collected data. The main effects and the potential
interaction of the two independent variables were
examined.

WEB-BASED SIMULATIONS

Simulation #1 (batch-based simulation)
The first type of simulation allows students to

run simulations by changing dynamic-filter para-
meters. The resulting waveforms help them to
better understand the variations of waveform
under different parametric values by clicking an
`Execute' button. Figure 1 shows the input of four
parameters (Wp, Ws, Rp and As) and the resulting
waveform magnitude, magnitude in dB, and
impulse. The Wp is the maximum frequency of
passband namely cut-off frequency of passband. In

Fig. 1. Batch-based simulation.
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other words, Wp is the edge frequency of pass-
band; the Ws is the minimum frequency of stop-
band namely cut-off frequency of stopband. In
other words, Ws marks the beginning frequency
of passband; Rp is the amplitude of the ripple in
the passband, usually expressed in decibels; As is
the minimum attenuation of amplitude in stop-
band, usually expressed in decibels.

Simulation #2 (comparison-based simulation)
The second type of simulation displays current

parametric values, their previous inputs and three
sets of waveforms in order to show the present
state, previous state and their comparison. For
example, Figure 2 compares the waveforms of
Wp � 0.4, Ws � 0.6, Rp � 0.5, and As � 40
(before) and Wp � 0.6, Ws � 0.9, Rp � 0.6, and
As � 30 (after).

Simulation #3 (interval change-based simulation)
The third type of simulation displays the process

of changing amplitudes in a batch-based simula-
tion (see Simulation #1). Users observe the rela-
tionship between change of parameters and
amplitude variation during a batch-based simula-
tion. For example, in Figure 3, Wp � 0.4, Ws �
0.6, Rp � 0.5, and As � 40 are input parameters in
the Expectation area; interval values of Rp � 0.083
and As � 6.667 for each automatic change are
input parameters in the Change area. Different
waveform amplitudes are displayed after execu-

tion. This simulation allows the display of stepwise
variation of waveforms through automatic interval
change of parameters.

EXPERIMENTAL PROCEDURE

The student subjects answered a seven-point
Likert-type question about their internet familiar-
ity before they were randomly assigned to various
types of Web-based simulation groups. Based on
the result of the question, they were divided into
two groups of high and low prior internet famil-
iarity (45 and 46 students in each, respectively)
according to a median cutting score. To avoid
potential sampling bias, a stratified sampling
method was used to assign students randomly
into Web-based simulation groups.

After being randomly assigned, the students had
45 minutes to complete their Web-based simula-
tions. After finishing their Web-based simulations,
the subjects took their post-tests.

RESULTS

According to Cronk [11], a Wilks' Lambda in
the multivariate analysis of variance would deter-
mine whether independent variables and their
interaction had any effect on dependent variables.
Table 1 below shows that the effect of interaction

Fig. 2. Comparison-based simulation.
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between Web-based simulations and prior Internet
familiarity was not significant (Wilks' Lambda �
0.953; p � 0.394). This result retained the null
hypothesis 3 in the study. Similarly, the effect of
prior Internet familiarity on dependent measures
did not show significant differences (p � 0.427).
Therefore, the null hypothesis 2 should not be
rejected. However, a significant effect of Web-
based simulations was found (Wilks' Lambda
(4,168) � 0.867, p < 0.05). Therefore, the null
hypothesis 1 should be rejected. Further univariate
analyses are needed to investigate.

For the null hypothesis 1, an analysis of variance
was conducted for each of the two dependent

measures. The results from these two dependent
measures are reported as follows.

For the knowledge test measures, the analysis
of variance showed that significant differences
among simulation groups existed (F[2,85] �
4.274, p < 0.05). Since significant differences
existed in the knowledge test, the follow-up
Tukey's Honestly Significant Difference (HDS)
was conducted to determine where the differences
came from among the simulation groups [11].
Table 2 shows that significant differences were
found between simulation 1 (batch-based simula-
tion) and simulation 2 (comparison-based simula-
tion), and between simulation 1 and simulation 3
(interval change-based simulation). However, no
significant differences occurred between the simu-
lation 2 and simulation 3.

For the problem-solving belief measures, the
analysis of variance showed that significant differ-
ences among simulation groups existed (F[2,85] �
3.308, p < 0.05). The Tukey HDS indicated that
significant differences existed between simulation 1
and simulation 3. However, no significant differ-
ences were found between simulation 1 and simu-

Fig. 3. Interval change-based simulation.

Table 1. Multivariate tests

Effects
Wilks

Lambda F P

Prior Internet familiarity
Simulations
Interaction

0.980
0.867
0.953

0.859
3.112
1.029

0.427
0.017*
0.394

* Significant at 0.05 level F: F ratio; p: p value
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lation 2, and between simulation 2 and simulation
3 (Table 3).

In summary, statistical results showed signifi-
cant differences in students' dependent measures
among the three Web-based simulations. Specifi-
cally, regardless of levels of prior Internet famil-
iarity, simulation 1 (batch-based simulation) was
superior to simulation 3 (interval change-based
simulation) for the two studied dependent
measures (knowledge test and problem-solving
belief measure). In addition, simulation 1 was
significantly better than simulation 2 (compari-
son-based simulation) on the knowledge test.
Table 4 shows a summary of the results of the
statistical testing on hypothesis 1.

CONCLUSION

This study adopted a statistical model to assess
systematically the effect of various types of Web-
based simulations in engineering education aiming
at improving Web-based pedagogical activities.
The results indicated that the Web-based simula-
tion with a simple batch-based design yielded a
significantly better learning performance than the

other two complex simulation designs (compari-
son-based and interval change-based simulations).
Students in the simple batch-based simulation
group expressed a significantly stronger belief in
their problem-solving measure than the complex
interval change-based simulation group. In other
words, students may find difficulty when they
learn in a complex Web-based simulation environ-
ment by themselves. The dynamic results produced
by complex simulations may be too complicated
for them to comprehend in an experimental en-
vironment. Those complex simulation results may
need further clarification by using other associated
instructional strategies and learning supports from
classroom instructors and other resources as
well. In addition, students' problem-solving belief
influences their learning performance. The results
of the study can be applied to other related engin-
eering disciplines that focus on using Web-based
simulation as an instructional strategy in the class-
room.

This experimental study provided a framework
for assessing Web-based simulations by involving
human subjects. According to the findings of the
study, future research should continue to investig-
ate the impact of Web-based simulation environ-
ments on students' learning achievement,
especially on their higher order cognitive abilities,
such as comprehension, problem-solving and criti-
cal-thinking skills. Additionally, future studies
should consider more human factors in a Web-
based learning environment, such as learners'
individual differences, learning styles, preferences
in learning visual/audio materials, etc. Many of the
independent variables associated with the study of
human-computer interaction should be taken into
account in the design of Web-based simulations.
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