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Abstract. Considerable pedagogical advantage may be gained by the integration of the different
ICT tools commonly used in teaching science and technology, particularly by integrating “real”
and “virtual” laboratory activities. In the context of this paper, “real” laboratories involve benchtop
experiments utilizing data acquisition systems while “virtual” laboratories entail interactive simu-
lations and animations. Examples of such integrated activities are described; namely, (i) the study
of wave phenomena using sound and (ii) a study of motion in one dimension. Such integrated com-
puterized teaching tools also provide an opportunity for a greater level of integration of different
science and technology disciplines.
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1. Introduction

Classroom use of Information and Communication Technology (ICT) for teaching sci-
ence and technology has increased dramatically in recent years and has proved to be a
very effective tool in a variety of situations (Newton, 1997; Rogers, 1997; Sassi, 2000;
Rogers and Wild, 1994; Kocijancic and Jamsek, 2004). The most commonly employed
pedagogical uses of ICT fall into two apparently distinct categories which may be classi-
fied, respectively, as “virtual laboratory” and “real laboratory” applications. In a “virtual
laboratory” computers are used, for example, to simulate or animate specific scientific
phenomena; pupils normally engage in hands-on activities which are directed towards
increasing their understanding and insight ofthe principles involved. Computer utilities
may also be used to simulate complicated, expensive and/or inaccessible devices (for
example, a nuclear reactor) or to replace environmentally hazardous laboratory experi-
ments. Such educational materials are often integrated within interactive html documents
for web-based learning.
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The importance of traditional laboratory teaching involving practical experimentation
and hands-on work (“real laboratory”), however, has in no way decreased as a result of the
use of computerized simulation experiments. If anything, computers equipped with data
acquisition and control systems have had the effect of increasing the level of hands-on ex-
perimental activity in science laboratories at both high school and university. Supported
by a variety of sensors and actuators, these systems have been shown to be pedagogi-
cally effective, particularly where higher level learning skills are concerned. Computer-
ized experiments tend to change the emphasis from routine, often tedious, data collection
towards interpreting skills, enhanced scientific thinking, creativity and problem solving
(Barton and Rogers, 1991).

We believe that there is considerable additional pedagogical advantage to be gained by
the integration of the various ICT tools and concepts available, particularly by integrating
“real” and “virtual” laboratory activities. In addition, ICT based teaching tools provide
an opportunity for a greater level of integration of different science and technology dis-
ciplines than heretofore. In either context, however, it is important that methodologies
adopted be chosen appropriately to the specific learning goals and age of the students
involved.

For this purpose novel state-of-the-art hardware, software tools and courseware are
under development by the ComLab-SciTech project (for details see the project website
http://e-prolab.com/comlab). The study of sound as a wave phenomenon and
the study of one-dimensional motion are outlined below as examples of topics lending
themselves to the integration of data acquisition experiments and simulations.

The experiments and software described in the paper were developed under the EU
programme Leonardo da Vinci II within the pilot projectComputerised laboratory in
science and technology teaching. The software can be downloaded free of charge from
the project website.

2. Wave Phenomena in Sound

We first describe a set of computer based experiments and related computer simulations
directed towards the study of sound which were prepared for pupils at secondary school
level in Slovenia.

2.1. Speed of Sound

An initial discussion with the pupils on the nature of sound usually progresses to a debate
about of its speed of propagation. Students describe some of their own experiences from
which they conclude that the detection of a sound signal is delayed with respect to its
emission. Pupils raise many well known examples of such phenomena, such as the delay
between lightning and the subsequent sound of thunder or echoes resulting from reflection
of sound from a wall or cliff. After this discussion, a simple experiment is introduced
using standard laboratory data acquisition (DAQ) apparatus (see Fig. 1). The analogue
output of the system is being used in order to turn on the sound emission of the DC
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Fig. 1. Experimental arrangement for determining the speed of sound.

supplied piezoelectric loudspeaker by changing the output voltage from -10 V up to +10
V. The function of the Zener diode is to prevent the sound emission when voltage on
Vout2 is –10 V. A microphone is placed up to three metres from the loudspeaker and
the amplified signal from the microphone is connected to the analog input. The signal
from the microphone is sampled immediately after the loudspeaker has been turned on.
A software package (called e-ProLab) enables the generation of the output signal to the
loudspeaker as well as graphical display of the captured data from the microphone in a
manner of a computer based oscilloscope.

The distance between the loudspeaker and the microphone can be varied and the cor-
responding time delay determined (see Fig. 2). By using piezoelectric loudspeakers emit-
ting sound of different frequencies, the time delay for a fixed loudspeaker-microphone
distance can be measured for each frequency.

The results of the experiment lead pupils to form the following conclusions:

• The time delay is proportional to distance; furthermore, speed of sound is about
340 m/s.

• The speed of sound does not depend on frequency of the sound.
• The amplitude of the sound decreases with distance from the source.

At this point, the term of wavelength is introduced by the teacher as general wave
concept, not specific to sound waves. The wavelength of sound cannot be observed di-
rectly, so the relationship between the speed, wavelength and frequency can be best visu-
alized via a computer simulation. The animated simulation used for this purpose is a PC

Fig. 2. The signal detected by a microphone at 3.2 m from a loudspeaker.
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Fig. 3. Computer screen during the simulation of wave propagation; longitudinal wave on left and transverse
wave on right.

Windows based application developed and designed in co-operation with the XLab Ltd.,
Slovenia (http://www.xlab.si)

The simulation enables two parameters,the speed and the frequency of waves, to be
varied while wavelength is seen to depend on both (λ = c/f). Two charts are presented
on screen (see Fig. 3): (i) the variation of the disturbance from equilibrium as a function
of distance from the source of the waves and (ii) the time dependence of this disturbance
at fixed distance, chosen by the user, from the source. The simulations, specifically devel-
oped to explain the phenomena, illustrate both longitudinal wave propagation (for sound)
as well as transverse wave propagation.

2.2. Superposition of Sound Waves

In many everyday situations sound is emitted simultaneously from a number of sources.
Pupils are asked to consider what kind of signal would be obtained at the microphone
if two or more sources emit tones at different frequencies? An experiment may then
be performed using two soundsources emitting predominantly sine tones of different
frequencies (f1 andf2, see Fig. 4). A number of different source pairs are possible, for
example two membrane loudspeakers each connected to a sine voltage generator, two
or more tuning forks, chime bars, different DC piezoelectric loudspeakers at different
distances (to influence the amplitude of each signal), etc.

Fig. 4. Experimental arrangement for the studyof interference of sound.
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The signal from the microphone is initially observed with only one source emitting
sound, then with the second sound source alone and finally with both sound sources
emitting simultaneously (an example signal is shown in Fig. 4). At this point, the Fast
Fourier transform utility of the HiScope software is introduced (Fig. 5) in an empirical
fashion, that is with emphasis on what it does without consideration of its mathematical
foundation.

The concept of superposition of waves is then clarified with a computer simulation in
which the user can combine of up to ten sinusoidal waves. All have the same speed of
propagation while the frequency, amplitude and phase of the waves with respect to the
first wave can be varied. An example of such superposition of the two waves is shown in
Fig. 6.

Students are made aware that superposition of two or more sinusoidal sound emitters

Fig. 5. Sample of signal from microphone obtained with two chime bars (f1 = 784 Hz, f2 = 520 Hz).

Fig. 6. Simulation of superposition of two waves.
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Fig. 7. Example signal obtained with a nail.

is not the only way to obtain a non-sinusoidal signal at the microphone. Experimentally it
can be shown, that signal obtained for human vowel sounds or mechanical sound sources
such as nails are periodic but not sinusoidal (Fig. 7). Again, observation of the Fourier
transform of the digitized input signal can be used to illustrate that single sound sources
can generate “superimposed” sound.

2.3. Interference of Ultrasound

Waves from two coherent ultrasound sources superimpose at different points of the space
depending on the phase difference between both waves. Students learn that if the phase
difference at a certain point isn2π, n = 0, 1, 2, ... the amplitude of the superimposed
wave is the sum of the two amplitudes and, on the contrary, if the phase difference is
(2n + 1)π/2, n = 0, 1, 2, ..., then the superimposed amplitude is the difference of the
amplitudes.

Two ultrasonic emitters are placed at a fixed, but variable, distance apart in a hori-
zontal plane, directed upwards and connected to a 40 kHz voltage generator in order to
provide two adjacent sources of coherent ultrasonic waves. A stick that can be rotated at
one end around an axis in the plane has a receiver mounted at the other end connected to
an amplifier (Fig. 8).

The amplified signal from the receiver is connected to the analogue input of the DAQ
system and its amplitude is observed at different positions of the receiver. Maximum and
minimum sound wave amplitude is observed at different angles of the stick (Fig. 9 left).

The interference of two coherent transverse waves is then illustrated by a computer
simulation in which the user can vary the same parameters as in the real experiment (see
Fig. 9 right).
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Fig. 8. Photograph of the experiment apparatus for the study of interference of ultrasound.

Fig. 9. Example of the signal obtained from the ultrasound receiver (left) and corresponding virtual experiment
(right).

3. One Dimensional Motion

The problem of student difficulties in connecting graphs to physical reality is well known
(McDermott et al., 1987) as is the value of laboratory experiments using real-time com-
puterised data acquisition with graphical display to address these problems (Newton,
1997; Rogers, 1997). The ultrasound distance sensor has proved to be a particularly valu-
able tool in this context as described, for example, by Sassi (2000). The study of motion,
therefore, is a topic where numerous real experiments can be complemented with com-
puter simulations.

3.1. Motion of a Cart on an Incline

Fig. 10 shows a simple and commonly used example of one dimensional motion in which
the motion of a cart moving with constantacceleration is studied by observing a real
time plot of distanceversus time. In the particular case illustrated, the cart was given an
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upward push at the bottom of the incline. A positionversus time curve is plotted of the
data sampled by the ultrasonic sensor. The data is used for calculating the velocity. The
data acquisition software displays the curves simultaneously with the motion of the cart.
After performing the experiment, secondary school pupils generally have no problems in
answering elementary questions with reference to the plots, such as

• At what time interval the cart moved upwards and when downwards?
• At which moment the cart reached the maximum displacement and what was it?
• When does the cart change its direction of motion?

Pupils find it less easy to give answers to some other questions:

• For the particular motion, which direction is defined as positive – upwards or down-
wards?

• Over what time interval was the velocity positive and when was it negative?
• Over what time interval was the acceleration positive and when it was negative?
• Is it possible that the velocity of the body at a given position is zero but its acceler-

ation is not zero?
• Can the direction of motion change but the acceleration remain the same?

After clarifying the interpretation of the graphs, pupils are asked to make some further
analyses of the sampled data – say what was the acceleration during the upwards motion
and what was it when moving downwards. Notethat acceleration obtained is different in
each of these cases because of the effect of the force of friction, as can be seen in Fig. 10.

A corresponding simulation enables animation of the motion as well as simultane-
ous graph plots of position, velocity and acceleration. Pupils are asked to set the variable
parameters (initial position, velocity and acceleration) to obtain a similar motion as ob-
served in the real experiment (see Fig. 11).

Fig. 10. Real experiment: position and velocity curves obtained during motion up and down an incline.
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Fig. 11. Virtual experiment: simulation of upward and downward motion showing position, velocity and accel-
eration curves.

3.2. Oscillatory Motion

The methodology of the integration of real and virtual experiments to study oscillatory
motion is similar as in previous example. Experimental data obtained with a spring oscil-
lator as well as corresponding virtual experiment are shown in Fig. 12.

Fig. 12. Oscillatory motion: real experimental data (left) and virtual experiment (right).
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4. Conclusions

The integration of data acquisition experiments with closely associated computer simu-
lations has proved to be particularly effective in the learning process. It can be concluded
that it is not a question whether it is better to use real experiments or virtual laboratory
in science teaching as both approaches usedin a complementary way can contribute to
more effective active learning.
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Reali ↪u ir imituot ↪u laboratorij ↪u taikymas mokymo procese: ar tai
tikrai dilema?

Slavko KOCIJANCIC, Colm O’SULLIVAN

Nemaž↪u pedagogini↪u laimėjim ↪u galima pasiekti pasitelkus skirting↪u informacini↪u ir komu-
nikacini ↪u priemoni↪u, paprastai naudojam↪u mokant ir taikom↪u technologijose, derin↪i. Šiuo atveju
ypating↪a reikšm↪e ↪igyja reali ↪u ir virtuali ↪u laboratorij↪u taikymas.Čia pateikiamo straipsnio kon-
tekste realiomis laboratorijomis vadinamos tos, kuriose eksperimentai atliekami tiesiogiai nau-
dojantis ↪iprastomis priemoṅemis, kitaip tariant “ant stalo”, pasitelkus↪ivairias duomen↪u rinkimo
priemones. Virtualiosiomis laikomos tos, kuriose taikomos interaktyvios simuliacijos bei naudo-
jama animacija. Straipsnyje iš esmės supažindinama su dvejopa integruota veikla: 1) garso bang↪u
fenomeno studijos, 2) vienmatis judėjimo tyrimas. Tokios integruotos kompiuterinės mokymo
priemoṅes yra svarbios ir užtikrina kokybiškesn↪i skirting ↪u moksl↪u ir technologini↪u disciplin ↪u in-
tegravimo lyg↪i.


