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Abstract: Learning through the experimental experience is a helpful way for students to 
master the science subject. However, it is difficult to do experirnents in 
electricallearning as the high voltage and !arge electric current are dangerous. 
This paper presents a new teaching style of science experiments through a 
video conference systern via an ISDN line connected between the research 
laboratory of an electric power company and the experimental roorn in a Iower 
secondary school. At first, students do electric experirnents using a Faraday 
cage and study electric current, the electric shock and lhe function of earth 
line. After the experirnents, the students try to understand electricity and ask 
lhe researcher details of electricity through lhe video conference system. They 
can also confirm their knowledge about electricity through observing the 
thunderbolt experirnent with a high voltage generator in the research 
laboratory. This systern is useful for students to learn about real electric 
phenomenon. 

1. INTRODUCTION 

As the electronic communication high-technology such as the Internet 
and personal computer recently and developed rapidly, new education 
systems which use these latest techniques are proposed and reported 
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(Sakamoto 1997). We know the examples of the new distance education 
systems have provided for the following generation. On Line University 
(OLU), a project which links distance universities by a high-speed 
multimedia network, were done for advanced remote lectures. Space 
Collaboration System (SCS) which uses a communications satellite, spread 
mainly through the national university in Japan. We can undertake a new 
style of lectures with audio visual media exchanging. 

On the other band, because LAN environments are serviced widely, the 
distance education by Internet became popular too. Now, we can study a 
social subject through observing various museums from the remote place 
(Okamura et al. 1997). Another interesting example reported is science 
learning by operating a telescope at the observatory via the Internet (Soga et 
al. 1998). The students can learn impressively by repeating a valuable 
experience through the use of advanced equipment. Recently, with the 
spread of the ISDN digital line, we can use a videophone, a personal 
computer or a video conference system easily. Therefore, the development 
of the new education systems can be expected by using these new tools 
(Y amasaki and Akaguma 1999). 

In this paper, we report the new distance educational system for science 
in a lower secondary school using a video conference system. We linked a 
research laboratory in the electric power company and a lower secondary 
school by the video conference system, and developed a new style lesson. In 
science learning of a lower secondary school, learning through experience is 
useful for the students. The impressive experience promotes a learning 
motivation. The student can learn actively from this experimental lesson. 
However, for the high voltage and the large electric current of the electric 
materials such as the thunderbolt, it is not possible to do an experiment in a 
school, because ofthe danger. 

In such a case, we use audio-visual teaching materials by VTR. However, 
with the VTR teaching materials, students only ascertain the result, which 
was already experimented. They have no Ionging for unknown strange 
phenomena. Also, we cannot design attractive learning that introduces 
flexible questions and answers. In this case, it is helpful to observe real 
experiments done at a research laboratory in a remote place using a video 
conference system. 

In our lesson, the students do a Faraday cage experiment in the science 
room. They also observe the thunderbolt experiment in the research 
laboratory via a video conference system. The students can ask the 
researcher details about the experiment and confirm their question through 
the remote system. 
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2. VIDEO CONFERENCE SYSTEM AND 
THUNDERBOLT EXPERIMENT 

2.1 The system configuration 

We connect a science room in lower secondary school and the ultra high 
voltage research laboratory in the electric power company by the video 
conference system via the ISDN line. Figure 1 shows the outline of our 
system. 
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Figure / . Configuration of vide<K:onference system for thundcrbolt experiment 

The video conference system ts FM-A 71 (NTT) attached a 
communication board (NTT:h.320/ISDN extension card, CODEC). Ultra 
high voltage laboratory is the room where the electric insulate ability and the 
thunder protect of the power transmission facilities were examined. This 
equipment can generate more than 100,000 volts using !arge sized condenser 
piled more than 4 meters height. This equipment is unique and uncommon in 
Japan. 

The students do Faraday cage experiment at the science laboratory in 
lower secondary school. They carry forward the leaming of voltage, an 
electric current, a resistance and the function of the electric ground through 
this experiment. They also ask the researcher various question via ISDN line. 
Finally, they deepen their understanding by observing the thunderbolt 
experiment of the high voltage occurrence equipment in the research 
laboratory. 
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2.2 Faraday Cage and Thonderholt Experiment 

We prepare the wire netting box (Faraday cage, electric sealed room) into 
which a teacher can enter and do an experiment for electric current. The 
students observe the flowing electric current around the Faraday cage using 
the Tesla induction coil, which generates high voltage. They consider a 
voltage, electric current, resistance and the function of electric ground 
through this experiment. 

Ultra high voltage equipment in the electric power Iaboratory is used for 
high voltage insulation efficiency and defense against a thunderbolt. This 
consists of !arge sized condenser and can generate more than 100,000 volts. 
We device this leaming to give stronger impression by this experiment. That 
is, the thunderbolt experiments are designed for showing strong flashlight of 
the spatial discharge and the hurst experiment of an apple. The students 
observe the thunderbolt experiment by video-conference system through the 
ISDN line. After that, they can proceed the leaming to ask researcher their 
questions. 

3. CONSIDERATION OF THE LESSON PRACTICE 

3.1 Triallesson 

At first, the students act the high voltage of the Tesla induction coil on 
the paper. They can observe the buming of the paper by the electric current. 
Next, they begin to do the Faraday cage experiment. After a teacher enters 
into the Faraday cage, the students give high voltage shown in Figure 2. 
They estimate the dangerous situation of a teacher from the former buming 
experiment. But actually, they confirm a safe of a teacher. From this 
experiment, they consider a voltage, an electric current, resistance and an 
electric ground action. After these leaming through the Faraday cage 
experiment, the students develop the check experiment on the electric sealed 
way. By this leaming, the students can expand their idea to the thunderbolt 
experiment in the research laboratory. 
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Figure 2. Faraday cage (science room in lower secondary school) 

After the leaming in the above-mentioned science room, the students 
observe the huge scale experiment in the research laboratory. The 
experimental equipment has a large condenser piled as high as 4 meters, and 
generates more than 100,000 volts. The experiment is designed for fruit 
(apple) hurst by thunder in addition to the flash-light observation between 
the electrode space. We stick the wire electrodes of 3 [ cm] top and bottom to 
assist breaking apple. Apple-burst experiment by thunder gives a big sound 
and strong flash light and the apple hurst. The students are surprised by this 
phenomena and get a strong impression. After these experiments, the 
students ask various questions to the researcher in the laboratory and confirm 
their understanding shown in Figure 3. 

Figure 3. Students ask questions to the researcher via ISDN line 

3.2 Evaluation of the picture, the so und via ISDN line 
and the lesson 

In our experiment, tt ts important that the students can observe the 
electric lightning really through the ISDN line. It emits blare sound and 
intense flashlight The system must send this situation as faithfully as 
possible. The blare sound was the one when we narrowed down the speaker 
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volume at the science room. The students can recognise the wildness of this 
sound sufficiently. On the other hand, as the luminous time of the lightning 
was very short, the system cannot convey the lightning enough. We can 
monitor the lightning only once in the four times experiments. 

Figures 4 and 5 show the post investigation results of the students about 
the picture and sound from ISDN line in the experiment. These results teil us 
that the students do not seem to fit in with moving pictures and the delaying 
sound in this system. 
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Figure 4. Evaluation ofpicture via ISDN 

The opinions of the students about this lesson are as follows. They have a 
familiar feeling as if they participate in this experiment in the research 
laboratory. They were moved to observe the large-scale experiments, which 
they could not do by themselves. The professional researcher answered a 
question immediately. They hope to do this lesson again, because it is an 
attractive lesson. The above-mentioned reports of the students show the 
affirmative opinion about this lesson. 
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Figure 5. Evaluation ofsound via ISDN 

4. CONCLUSIONS 

We proposed and carried out a new style of the science subject lesson in 
a lower secondary school using a video-conference system. W e linked the 
science room in the lower secondary school and the research laboratory in 
the Shikoku Electric Power Company with ISDN digital line. The students 
do a Faraday cage experiment in the science room. After that, they observe 
the thunderbolt experiment done at the research laboratory via ISDN line. 
The students carry forward the learning about the voltage, electric current, 
resistance and the function of the electric ground through observing the 
experiment and ask questions to the researcher. This learning system is 
useful for the learning of science empirically. 

On the other hand, the system could not transmit the blare sound and 
strong flush light enough. For this purpose, we must use a high-speed 
camera. Through this experiment, we must arrange the system adjustment 
and personnel arrangement for support when performing this Iesson. These 
are the problemsstilltobe resolved in the future . 
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