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Abstract: We have developed the education system named CAP (Cyber Assistant
Professor) which is an interactive e-Education system based on the 3D-CG animation and
voice synthesis. Further, we have developed the animation scenario language named CPSL3
(Cyber Person Scenario Language 3) to reduce a production cost of teaching materials.
These were not easy for some of students to get to the correct answer for lack of knowledge
about scientific terms, electric parts or chemical materials. To improve this situation, we
have developed the new function named Virtual Exploratory Learning (VEL) in CPSL3
Tag-commands. We have practiced the Virtual Science Experiment in the junior high
school. This paper reports these results and effectiveness of our system.
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Introduction

Several types of science educational materials have been reported. ™ /B! |n Japan, one of
the most representative science educational materials would be “Science Network” [4]
produced by Japan Science and Technology Agency. Science Network has a lot of actual
video libraries. On the other hand, the 3D computer graphics (3D-CG) animation using a
virtual actor’s speaking is very effective as an educational medium 1, But it usually takes
long time to produce 3D-CG animations. “Jack” [V was developed by Pennsylvania
University, which was a LISP language SDK for military application. Alice ! is a 3D
graphics programming environment developed by Carnegie Mellon University. MPML ! is
a hypertext for the Web presenter developed by Tokyo University. TVML 2% is a script
language that creates a real time CG animation of the news show automatically. However,
as we have reported, 418! these systems are not suitable for developments of teaching
materials. To reduce the cost of producing 3D-CG educational contents and improve the
capability of the educational system, we have developed e-Education system named Cyber
Assistant Professor2 (CAP2) and the exclusive scenario language named Cyber Person
Scenario Language 3(CPSL3) to write a scenario of 3D-CG animation. And we have
developed the new function named Virtual Exploratory Learning (VEL) service in CAP2
system. This paper describes the summary of CAP2 and CPSL3, and then describes the
detail of VEL service.
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1. Cyber Assistant Professor (CAP)
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Figure 1 Cyber Assistant Professor 2
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educational system, we have developed the exclusive script language named Cyber Person
Scenario Language3 (CPSL3) M 8] CPSL3 has more than 40 tags. CAP2 e-Education
system converts CPSL3 scenario file to the real-time interactive 3D-CG animation. The
detail of CPSL3 can be referred in References [ 1121 (131141 [15]

2. Virtual Exploratory Learning (VEL)

After we have tested the CAP2 education system in junior high school for three years, we
have noticed that there would be some problems in our educational system. Although
3D-CG animation of Science Virtual Experiment has stimulated student’s motivation and
increased their interests, we cannot say their attained grade of Virtual Experiment to be very
good. In the case of “Let’s make the DC motor.” 32% of students weren’t able to design the
working DC motor and in the case of “Let’s create the typical Gas” more than 50% of
students couldn’t achieve the correct answer except the hydrogen gas creation. We thought
that this situation might be caused for lack of knowledge of materials (electric parts or
chemical materials.) in details. To improve these problems, it’s necessary to give students
the essential knowledge of materials before they begin to choose them in Virtual
Experiment. However, there would be differences in necessary knowledge among students.
To improve this problem, we have developed the Virtual Exploratory Learning (VEL),
which inserts the VEL time period during the progress of experiment (named VEL service).
In VEL service, each student can search for necessary knowledge like the explorer.
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Figure 2 The flowchart of the student’s operation in VEL service

Figure2 shows the flowchart of the student’s operation during VEL service. Student can
click ESCAPE-Target if he (she) doesn’t need more knowledge of materials in details and
get up to the next section of scenario. But if the student can’t choose the correct answer
cased by lack of knowledge of materials, he (she) can click any EXPLORE-Target to get
the hint information inserted beforehand in the scenario. Explore Target is also Stage Parts
(3D-CG shaped models, photograph panels or text panels) which can be defined by new
CPSL3 Tag-Commands (See Table 1). We have developed 5 kinds of new target which are
ESCAPE-Target, INTERNET-Target, MOVIE-Target, EXPLAIN-Target and
SHELL- Target.
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Table 1 New CPSL3 Tag-Commands for VEL service.

Tag Command Function Switch
Define the ESCAPE-Target to |FILE Filename of Stage Parts of ESCAPE-Target.
return to the animation scenario |POSITION Position coordinates of ESCAPE Target.
<EXPLORE> and enter the Virtual Exploratory |ROTATION | Rotation of ESCAPE Target.
Learning service. SCALE Scaling factor of ESCAPE Target.
FILE Filename of Stage Parts of INTERNET Target.
. PARAM URL or filename of WEB page.
<INTERNET> ﬁeg'gfnt&i QEJEESI\EVTE; 3‘;%‘? POSITION | Position coordinates of INTERNET-Target.
" [IROTATION |Rotation of INTERNET-Target.
SCALE Scaling factor of INTERNET-Target.
FILE Filename of Stage Parts of MOVIE-Target.
Define the MOVIE-Target to [PARAM Filename of movie file (AVI file).
<MPLAYER> | play the specified movie using |POSITION Position coordinates of MOV IE-Target.
the Media Player. ROTATION |Rotation of MOVIE-Target.
SCALE Scaling factor of MOVEI-Target.
FILE Filename of Stage Parts of EXPLAIN-Target.
Define the EXPLAIN-Targetto |PARAM Filename of CPSL3 scenario file.
<EXPLAIN> execute another CAP2-Browser |POSITION Position coordinates of EXPLAIN-Target.
simultaneously. ROTATION |Rotations of EXPLAIN-Target.
SCALE Scaling factor of EXPLAIN-Target.
FILE Filename of Stage Parts of SHEL L-Target.
PATH Path name of Application file.
Define the SHELL-Target to [COMMAND | Application file name.
<SHELL> execute any kind of Windows PARAM Command parameter.(if necessary)
application. POSITION Position coordinates of SHELL-Target.
ROTATION |Rotation of SHEL L-Target.
SCALE Scaling factor SHEL L-Target.

3. Virtual Science Experiment with VEL

In order to investigate the effect of Science Virtual Experiment with VEL service, we have
developed science teaching materials for junior high school students based on the
interactive 3D computer graphics animation with CAP2 education system. They are
“Electric Circuit and Magnetic Force” and “Let’s create the Gas”. Science Virtual
Experiment that includes 6 subjects. Table 3 shows the contents and Figure 3 are example
pictures of Science Virtual Experiment.

Table 3 Contents of Science Virtual Experiment

Subject

Interactive Virtual Experiment

Electric Circuit and Magnetic Force

Let’s make the DC motor.

Let’s make the Electric Dynamo.

Let’s create the Gas.

Hydrogen Gas Creation.

Carbon Dioxide Gas Creation.

Oxygen Gas Creation.

Ammonia Gas Creation.

b) Let’s make the Dynamo
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c¢) Hydrogen Gas Creation

Figure 3 Example pictures of Science Virtual Experiment
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4. Results of Virtual Science Experiment

4.1 Rate of Correct answers in the Virtual Experiment

In order to investigate the VEL, 26 students tried to challenge the Virtual Experiment with
VEL service, which were “Let’s make the DC motor by choosing the electric parts.” and
“Let’s create the typical Gas by choosing experimental equipments and chemical
materials.” After Virtual Experiment with VEL service, we have collected the logging data
of choosing processes which were saved by CAP2 automatically. Figure 4 shows the results
of “Let’s make the DC motor”. In this experiment, about 54% students have used the VEL
service. Among students who have used VEL service, the percentage of correct answers was
from 56% to 78%. Conversely, among students who didn’t use VEL service, the average
percentage of correct answers was 48%. Figure 5 shows the results of “Let’s create the
typical Gas”. In this experiment, about 50% students have used the VEL service. Among
students who have used VEL service, the average percentage of correct answers was 62%.
Conversely, among students who didn’t use VEL service, the average percentage of correct
answers was 46%.

Results of the experiment to design the DC motor Results of the experiment to create the objective Gas
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Figure 4 The case to design the DC motor Figure 5 The case to create the objective Gas

4.2 Comparison result between VEL and non-VEL experiment

In order to investigate the effect of VEL service, Figure 6 shows the comparison result
between the experiment with VEL and with one of non-VEL that we have done last year.
The subject of the experiment was “Let’s make the DC motor by choosing the electric
parts.” The percentage of students who were able to design high speed and middle speed
motor has increased from 52% to 68%. And the percentage of “Failure” has decreased from
32% to 16%.

I]I[I Maximum Speed (Excellent) E High Speed (Good) Middle Speed (Average)
. Low Speed (Weak) Doesn’t Work (Failure)

16%

48%

60%

Without VEL service With VEL service

Figure 6 Comparison between results with VEL service and without VEL service
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5. Conclusion

This paper described the summary of our e-Education system named Cyber Assistant
Professor 2 (CAP2) and Cyber Person Scenario Language 3 (CPSL3) and the detail of
Virtual Exploratory Learning (VEL) service which helps students in Virtual Science
Experiment. And In order to investigate the effect of VEL service, we have developed the
Science Virtual Science Experiment for junior high school students. Then we have analyzed
the results of the logging data of choosing processes, which were saved by CAP2
automatically, in Virtual Experiment with VEL service. About 54% students have used the
VEL service and the percentage of correct answer has increased. It was just as we had
expected that over half of students lacked the knowledge of experiment materials in details.
Students were exploring various kinds of EXPLORE Target delightfully in VEL service.
We were impressed that there was no student who looked confused and paused in front of
the computer. And the impression of most of students was “good”. From this point of view,
we confirmed that the Science Virtual Experiment with VEL service is very effective for
junior high school students.
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