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JAIME RIERA, MARCOS H. GIMÉNEZ, ANA VIDAURRE, JUAN A. MONSORIU
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ABSTRACT: Information and communication technologies have been shown to be very

effective in the transmission of scientific knowledge. Nowadays, the development of software

and hardware makes it possible to simulate processes as close to reality as we want. However,

when we are trying to explain some complex physical processes, it is better to simplify the

problem by means of simplified pictures of the total process. In the present work, we analyze

the design of a simulation program of wave motion developed in our laboratory. The aim of the

program is to help students to understand the basic concepts of the wave motion. For this

reason, we have paid special attention to interactivity and graphic aspects. � 2002 Wiley

Periodicals, Inc. Comput Appl Eng Educ 10: 161–166, 2002; Published online in Wiley InterScience

(www.interscience.wiley.com.); DOI 10.1002/cae.10025
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INTRODUCTION

In the last years, the Information and Communication

Technologies (ICTs) have revealed their capacity to

contribute to the development of different applications

to different social areas. Today scientists are not as

interested in finding new fields of application as in

showing their better use.

Advances in computer technology are likely

to have a wide and growing impact on education. The

teaching process, more focused on the subject, is now

becoming a learning process focused on the student

[1]. In this context, teachers have the opportunity of

taking advantage of the pedagogical possibilities of

ICTs.

Many authors refer to analogies as a useful tool

that allows a better understanding of scientific

concepts. Scientists make use of them in the

elaboration and presentation of their new theories

[2]. The technology has been successful in the use of

models and ‘‘analogical simulations.’’

Mental models play a very important role in

activities related to the learning process [3]. Many

research projects at different education levels point

out the importance of modelization and simulation

tasks, both required for getting scientific significance

[4,5]. Learning based on models is more likely to

aid comprehension rather than superficial memo-

rization [6].

ICT offers a good opportunity to develop these

ideas. In the past decades, as scientists were able to

perform numerical simulations of many different pro-

cesses, so computers became essential in scientific

research. Later, multimedia compounds with graphi-

cal abilities, animations, and sound allow you to

enhance simulations. Now, numerical and analogical
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simulation go together in order to get a new ‘‘learning

environment’’ [7,8].

This new ‘‘learning environment,’’ based on

digital simulation has turned out to be a very useful

tool in the transmission of scientific knowledge using

models based on experience. By means of 3D digital

animations it is possible to show physical phenomena

in a realistic way so that we identify them easily with

the real situation they are trying to simulate. On the

other hand, they appear free of noise and therefore it is

easier to see the main scientific concept underlying

the real phenomenon. Furthermore multimedia tech-

nology allows us to join digital animations and

digitized real experiences. In addition, the transition

between the scientific concept and its cognitive model

is simpler and the distance between reality and

mathematical description shorter. In this context, the

mathematical model is closer to reality easing the

assimilation of concepts as well as their applications.

In the last years our group has been working in this

field in two ways: on the one hand designing non-

interactive virtual animations that illustrate physical

concepts as a complement of the theoretical explana-

tion [9]; on the other hand performing simulation

programs that allow users to ‘‘experiment’’ the mathe-

matical model of some processes [10–12]. In this

work we present a simulation program designed to

offer the visualization of concepts related to a very

complex (from the teaching–learning point of view)

phenomenon: the wave motion. We focus on the way

that the simulation program will help to clarify the

concept and to produce a deeper learning.

DIGITAL SIMULATION: DESIGN
FOUNDATIONS

In previous works we have analyzed some didac-

tic characteristics of the digital simulation through

the study of some digital simulation programs we

have made. The main point was to experiment the

mathematical model that underlies the physical

phenomenon. Therefore it was possible to change the

input data and see how they influence the process.

However, in more complex processes, the first

step is to understand the different concepts that are

important in order to describe the phenomenon. A

typical example of physical concept difficult to

understand for students is the wave motion. From

our point of view, the difficulty arises on the

simultaneous time and space dependence. Although

the approximation through 3D animations can help to

show many aspects related with the wave motion

(reflection, refraction, interference, etc), it fails to

explain the phenomenon itself.

In order to start from the beginning, it would be

good to show the picture of the process as simple as

possible. Then, we have selected a diagram that shows

the motion of a few particles. At the same time the

wave propagation is shown schematically. It allows

one to focus attention either on the oscillatory motion

of the particles of the medium that transmits the wave

or on the global wave motion. Besides, different input

parameters help to understand different concepts

related to the wave motion (longitudinal or transversal

waves, pulse or sinusoidal waves, etc).

Taking all this into account, we have made the

program ‘‘WAVES’’ by means of Visual Basic lang-

uage. The design is based on the main point

mentioned in previous works [12]:

* Intuitive interface

* Visualization of the process through 2D anima-

tions.

In this program we have paid special attention to

the interactivity as well as the schematic pictures that

result of the simulation. Non-numerical results are

included in the simulation as they were in other simu-

lation programs.

The interface of the program is based on two

main screens: the input screen and the results screen.

Input Screen

In this screen the user chooses the options of the wave

motion, as it can be seen in Figure 1, and the

parameters that characterize the wave. There are many

possibilities: type of wave, dimensions, direction, and

properties. In order to avoid artifacts or overflow

problems, the range of variation of the parameters is

limited. Then we focus on what is important from the

didactic viewpoint.

Figure 1 Input screen of the program WAVES.
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Results Screen

The wave motion selected in the previous screen is

shown in this screen (Fig. 2). The individual

oscillators are represented as circumferences; a full

circle follows the point of maximum amplitude

indicating the propagation speed. A clock simulates

the time variable showing the period of the wave and

a speed meter, on the right hand, simulates the

propagation speed.

DESCRIPTION OF THE PROGRAM
AND USE METHODOLOGY

As we have seen before, the program has been

designed to accomplish the objective of help to the

process of learning of the concepts implied in the

wave motion. This can be done by the following

means.

Nature of the Wave

The program allows the visualization of mechanical

and electromagnetic waves. In the electromagnetic

waves, instead of the oscillators, the electric and

magnetic fields are drawn (Fig. 3). In the mechanical

waves you can choose between longitudinal, trans-

verse, or mixed; in the case of electromagnetic waves,

the user chooses between vertical, horizontal or cir-

cular polarization.

Point of View

As some of the aspects implied in this phenomenon

are difficult to imagine, the user is offered to display

the mechanical waves either from side or from above.

Wave Front

Looking for an easier visualization we display only

three examples of wave front: one-dimensional,

straight, or circular front.

Direction

In the case of mechanical waves the program allows

the display of transversal, longitudinal, and mixed

waves. The most convenient sequence would be to

start with the transversal wave, because it is easier to

show the concepts of wavelength, period, motion of an

individual oscillator and phase speed. By drawing the

trace of the trajectory of one oscillator the relation

between the oscillatory motion and the wave motion

appears clearly. The concept can be clearer when we

follow the trace of two oscillators in phase. When the

basic concepts have been assimilated, the transference

to the case of longitudinal wave does not present any

problem. The mixed wave is displayed as combination

of the previous ones and it can be seen that the trace of

one oscillator is a circumference (Fig. 4).

Type of Wave

The options are sinusoidal, non-sinusoidal periodic

and pulse. Figures 2, 3, and 4 correspond to sinusoidal

waves, characterized by amplitude, period, and length

(wavelength). If the user selects non-sinusoidal perio-

dic wave, this is built by the composition of two

sinusoidal waves with different period. In this case,

the program selects the wavelength of the second

component to guarantee that both of them have the

same speed (expect in the case of dispersive medium

that will be discussed later on). In the option of pulse,

the user can choose the same variables as before, but

Figure 2 Display of a transversal wave. Figure 3 Display of an electromagnetic wave.
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the difference is that oscillators tend to balance

position after perturbation.

Other Properties

Some other characteristics related to the wave motion

can be simulated to help in the learning process:

* Standing wave: This situation appears when the

incident and the reflected wave are added in

a non-dispersive medium. The display of the

phenomenon helps the students to understand

the concept and to see the node and antinode

points.

* Absorbent medium: In this option it is possible

to assign the value of absorption coefficient

(two coefficients in a heterogeneous medium).

The result is shown in Figure 5. The trace of the

individual oscillators shows the reduction of the

amplitude with distance.

* Dispersive medium: This is only possible in the

case of periodic non-sinusoidal wave, so the wave

speed of the second component must be different

from the first one.

* Heterogeneous medium: In this case the user

gives two values of the wavelength. The results

screen shows two parts that simulates two dif-

ferent media: the wave motion have one speed on

each medium as can be seen in Figure 6.

From the previous description of the different

options that the program WAVES offers, the wide

range of available applications can be seen. The

visualization, using 2D animations, of different as-

pects of the wave motion can help teachers and

students. The reason for this is that the concepts

implied in the wave motion are, in general, difficult to

understand.

Below we suggest some applications, less obvious

but still very interesting:

* From the animation displayed in Figure 2 it can

be seen that while the oscillator on the left hand

completes a circle, the reference point travels the

distance corresponding to a wavelength. It proves

the relation between wavelength, period, and

wave speed in a graphical way.

* In relation with the standing wave, a second

component with, for instance, half period can be

added and assessed. This option simulates the

superposition of an overtone over the main

frequency.

* The comparison between different situations is

important. For example the form of the wave

varies in a dispersive medium.

* When the wave is non-sinusoidal and mixed,

the trajectories described by the individual

Figure 4 Display of a mixed wave.

Figure 5 Display of a wave in an absorbent medium. Figure 6 Display of a wave in a heterogeneous medium.
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oscillators are closed curves. This is the same for

every oscillator. In a dispersive medium the

trajectories are even more complicated.

CONCLUSIONS

The quick evolution of the ICTs has made the

visualization of the physical process in a very realistic

way possible. However, sometimes it is more efficient

to show a symbolic representation of the phenom-

enon. Following this idea we have designed a simu-

lation program to visualize the wave motion. In a

simplified picture it is possible to show the motion

of every individual oscillator and, at the same time,

the propagation motion as a whole. Besides the dif-

ferent options of the program increases its didactical

applications.
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