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Abstract

Virtual reality technology has been recently more intensively applied in chemistry.
HaptiChem, which was developed in 2006, is one of the systems appeared in the early stage
of this field. It is an intermolecular force display system, which makes it possible to touch and
move molecules as feeling intermolecular force in a three-dimensional virtual space by using
a haptic device. The functions and graphic display were designed as simple as possible for
educational use, so that learner can easily grasp the meaning of the concept of molecular
forces. We introduced HaptiChem in chemical education. We held a high school chemistry
class with 43 students entitled “Several Forces between Molecules” as being open to the
media. The students learned about intermolecular force from a lecture together with
experiences of the force using HaptiChem. They asked more questions about intermolecular
force during the class than usual. Their answers to the questionnaires after the class
indicated that the haptic system promoted curiosity and enhanced learning. The students
could learn more effectively by combining with the active feeling with HaptiChem. The high-
school teachers evaluated that such a system can more efficiently encourage students to learn
and remember things by stimulating their sense of touch. The observations also suggested
that a haptic device made it easier to establish three-dimensional perception, which is
difficult only with 2D-display. This pilot experiment was performed on 15th March 2007. It
was the first attempt at using it in the field of chemical education. The observation was done
fourteen years ago. However, since the effectiveness of haptic device in chemical education
has not been changed and the interests of the applications have been increased, we decided
to report the data we observed, which should be still worth disclosing. We wish to dedicate
the results to new developments now and in the future.
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1 Introduction

Visualization and modeling of chemical phenomena and concepts are essential for knowing,
analyzing, and understanding things better as well as for establishing communication exchanges
to share data and concepts in chemical research and education. For the last several decades, many
computer graphics tools for drawing and visualizing chemical structures and properties have
been generally used in both research and education. In chemical education, inducing curiosity of
learners at the early stage is important. However, most of chemical concepts treating micro-
scaled invisible phenomena are difficult to understand especially for beginners. Effective tools
that can help learners to make image and to grasp the concepts are useful in this phase. This is
reason why chemical educational textbooks and tools using color cartoons, pictures, and
computer-graphics are nowadays common in actual educational scenes.

Conventional devices for human-computer interface (HCI) are display and mouse. Besides
these basic interface tools for visualization and input, new devices with virtual reality (VR)
technology have been developed. One of the VR interface is for haptization, which extend HCI not
only with sense of sight and hearing but also with sense of touch and force. The haptic technology
has been applied to various fields including surgical simulation.

Since early 1990s haptic molecular modeling systems have been reported [1-15]. To our best
knowledge, the GROPE project started by B. Brooks etal in 1967 is the first one to introduce haptic
technology to molecular modelling [1]. Many of the pioneering works are for docking study of
large biomolecular systems [1,2,5,6]. Other pioneering systems are for feeling quantum
mechanical force to an electron in a molecular system [3], for sensing force on electrostatic
potential [4], and for virtual experience of molecular dynamics [5,8]. Stabilization of haptic
molecular systems was also studied [7]. Those systems use a haptic device called PHANTOM [16],
which is a force display with parts like an arm with pencil. HaptiChem [8] is one of the systems at
the early stage for haptic experience in chemistry. It is an intermolecular force display system,
which makes it possible to touch and move molecules as feeling intermolecular force in a three-
dimensional virtual space by using a haptic device. HaptiChem uses a force display device SPIDAR
[17], which was developed by Sato et al.

A new wave of haptic experience in chemistry has come together with a boom of artificial
intelligence (Al) technology. Several elaborate haptic molecular modeling systems with the help
of advanced computer technologies have been intensively studied for exploration of chemical
reactions on quantum mechanical potential energy surfaces (PES) [9, 10, 12, 13, 15] and for
interactive MD [14]. These systems use PHANTOM as a haptic device. Some GROPE-like systems

using VR interface without haptization have been also reported for exploration of PES [18] and



molecular docking [19]. Such systems can gain haptization if it is combined with modern haptic
devices like SPIDAR-W [20]. An idea of organic haptic device for materials design [21] is also
expected to widen the possibilities of haptic molecular systems.

HaptiChem was developed by some of the authors for chemical research and education. It was
designed in the framework of human-centered interaction with computer for enhancing research
and learning activities [22-23]. After implementing fundamental functions to the system and
having demonstrations in conferences for chemical educations [24-26], we conducted a pilot
experiment at a high school by holding a chemistry class entitled “Several Forces between
Molecules” as being open to the media in 2007. It was the first attempt at using it in the field of
chemical education. The observations from the experiment suggested that the haptic system
promoted curiosity and enhanced learning. The students could learn more effectively by
combining with the active feeling with the haptic experiences. A haptic device made it easier to
establish three-dimensional perception, which is difficult only with 2D-display. The high-school
teachers evaluated that such a system can more efficiently encourage students to learn and
remember things by stimulating their sense of touch. The outline of this pilot experiment was
reported by the press [27-30], the high school [31], and some of the authors [32]. However, the
details of the results have not yet been reported. The effectiveness of haptic device in chemical
education has not been changed, and the interests of the applications have been increased [33,
34]. Although the experiment was held fourteen years ago, we believe that the data we observed
is still worth disclosing. Therefore, we report here the details of the observations as well as the

overview of the HaptiChem system.

2  HaptiChem

HaptiChem is an educational and research tool for virtually feeling molecular interactions by
combining visualization and haptic technologies [8]. The concept of the system is to provide
virtual experience of touching molecules and feeling the force between them to help learner to

getimage and to grasp the concept of molecules, which is the most fundamental issue in chemistry.
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Figure 1. Design of HaptiChem



Figure 3. Haptic device SPIDAR-G

Figures 1 and 2 show the design and a photo of HaptiChem, respectively. A movie of operating
HaptiChem is also published [35]. Molecules with physicochemical parameters are visualized on
the graphic display. The haptic device enables a three-dimensional (3D) mouse to display force.
The user can move one of the molecules in the 3D space by using the 3D mouse, while physically
feeling the intermolecular force in the distance between the molecules. User can recognize the
physicochemical parameters and the magnitude of the forces displayed on the 3D mouse at the
same time. The haptic device used here is called SPIDAR-G [36] (Figure 3), which was developed
by Sato et al. This is a tension based 7-DOF force feedback device with a sphere grip. The current
shape of SPIDAR-G can be seen at a website of ArachnoForce Inc. [37, 38] The visualization
software was developed based on a chemical graphics library ChemoJun [39, 40] and a
multimedia graphics library Jun [41]. The basic requirements for a molecular haptic system were

examined via experiments in the previous paper on HaptiChem [8].
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Figure 4. Display of intermolecular force between two molecules (a) and from multiple
molecules (b)

HaptiChem has two functions for feeling the intermolecular force for rare gas atoms (He, Ne,
Ar, Kr, and Xe). One is the intermolecular force between two atoms (Figure 4a). A potential and
force functions chart are drawn on the display, and the indicator pointing to the distance between
the molecules simultaneously moves as user moves the molecule. User can thus better
understand the relationships between the curve of functions and the changes of force. The other
function is to feel the intermolecular force from multiple molecules (Figure 4b). The number of
molecules and speed of motion can be changed. The user can feel the differences of states by
changing them. We designed functions and graphic display as simple as possible for educational
use, so that learner can easily grasp the meaning of the concept of molecular forces. The stability
is also important to be used in schools. The processing speed became faster compared to the first
version [8] by improving the algorithm, so as to enhance stability of manipulation.

HaptiChem is freeware and open to public since 2007 [42, 43]. Whether or not a license for

Cincom Smalltalk is required depends on the purpose of use [44].
3 Chemistry Class with HaptiChem in High School

3.1 Procedure

To better understand how effective HaptiChem could be in the field of chemical education, we
examined the efficiency of HaptiChem in chemical education. On 15t March 2007, we conducted
an experiment for using the haptic system in teaching chemistry at Tokyo Tech High School of
Science and Technology. We held a chemistry class with 43 students entitled “Several Forces
between Molecules”. The class was open to the media.

The first half of the class about for 50 minutes was a lecture on the intermolecular forces from
both organic and physical chemistry aspects. The teacher gave a lecture on what kinds of
intermolecular forces are known in chemistry, what the physical bases of the forces are, and how
the forces play important roles in chemical phenomena, by using a projector and a white board.

The latter half of the class, about 60 min., was used to experience HaptiChem firsthand for every



student. It took about 1 min. per person. After the experience, each student answered a written
questionnaire. Figure 5 shows photographs of the environment in which the lecture and the
students’ HaptiChem experiencing took place, which were taken in the chemical class. The reports

by the press told the story of this pilot experiment [27-30].

Figure 5. Lecture and a student experiencing HaptiChem

3.2 Profile of Students

The students were around 16 years old. They belonged to an applied chemistry course of the
high school, thus most of the students liked chemistry. About 60% of the students answered that
they liked chemistry very much or liked chemistry, and about 30% answered that they basically
liked it. About 95% of the students answered that chemistry is one of their top three favorite
subjects concerning the natural sciences, chemistry, physics, biology, geosciences, and
mathematics. About 63% expressed that they wanted to continue studying chemistry as a major

subject after entering a university.

3.3.  Results of Experiments

Almost all the students were clearly excited at the moment that they felt the force from the 3D
mouse. Some of the students were forced to think very deeply as they were feeling the force; they
seemed to be reconsidering what they had just learned in the lecture.

After the experience, questions about the intermolecular force were raised by some of the
students, such as “In the case of ions and other molecules, is the force different from that for the
rare gas atoms? How about them?” and “What about the force in chemical reactions?”. As they
were asking, they seemed to be imagining what kind of feeling they might experience if it were
possible.

The teachers evaluated that not only listening to the lecture but also having experienced it
through the sense of touch was more impressive and encouraged the students to remember the

lecture in more defined detail. It was also pointed out that the haptic system enabled the user to



more easily establish a three-dimensional perception of something, which is difficult to make
using only a 2D-viewer.
The results show that the experience stimulated students to think more deeply and

encouraged them to study out of more curiosity so as to extend their scientific imagination.

3.4  Answers to Questionnaires

Answers to the questionnaires were obtained from 38 students after the experience. Figures
6 and 7 show the results.

For questionnaires on the lecture, about 92% of the students answered that the lecture
combined with the HaptiChem system was exciting (Figure 6-1), and about 45% felt that the
time for experimentation was short (Figure 6-2). About 63% answered that they could
understand the intermolecular force (Figure 6-3), and about 89% expected to use HaptiChem

in the future (Figure 6-4).

Q1.1. What was your impression Q1.2. Did you have enough time
of the system? to conduct the experiment?

Rather not Not exciting Rather long Too much Very short
As the same exciting 2 3% “ 2%

as usual
3%

Q1.3. Did you understand the Q1.4. Do you expect to use this
intermolecular force? system in the future class too?
Did not Rather not No, it is not

Could not

0,
understand 0% ssary

Figure 6. Answers to questionaries on the lecture



For questionnaires on the HaptiChem equipment, about 95% of the students did not find it
difficult to operate the system (Figure 7-1), and about 76% did not worry about the stability of
the system while using it (Figure 7-2), even though the teacher cautioned them to handle the
system very carefully before the experiments, because the haptic device was valuable. About
92% of'the students easily understood what the display meant (Figure 7-3). About 95% thought
that they needed the HaptiChem system in places where they could easily access it, such as at

their homes, in their classes, and high-school (Figure 7-4).

Q2.1. Was the system difficult to Q2.2. Did you worry about the
operate? stability of the system?
Rather not Not exciting Rather long Too much Very short
Asthe same  exciting 2 3% 2 2%
as usual

3%

Q2.3. Was the display easy to Q2.4. Do you need this system?
understand? If yes, where?
Did not Rather not No, itis not
Could not
0% ssary
understand

Figure 7. Answers to questionaries on the HaptiChem device

In the questionnaire free writing space for both the lecture and system, 24 students wrote
what they liked. Most of them made positive comments expressing their excited feelings gained
from the system, for example, “I was really surprised, because the system was extraordinarily
exciting and more robust than I expected.”, “I think that it must be more interesting if we can
feel the intermolecular force between bigger molecules.”, “I guess that I could better understand

the contents of the lecture by actually feeling the force.”, “I grasped the meaning of the potential



and force function chart more deeply by actually feeling the changes of the force.”, “I would like
to buy the system for myself.”, and “This system is exciting! | am interested in the development
of this system in future, too.” Some of the students seemed to be interested in the mechanism of
the haptic device.

These results show that the impression of the students was totally positive and implies that
they learned with scientific curiosity and interests. The answers to the questionnaires on the

system indicated that they evaluated the stability and usability of HaptiChem as sufficient.

4  Conclusion

We reported on our first attempt at the application of the HaptiChem system to chemical
education. The chemistry class that used the system was stimulated into thinking more deeply
about and widely imagining science and encouraged to study with more curiosity. These are the
results from students who basically liked chemistry, but sufficiently demonstrated the
effectiveness of the HaptiChem system in chemical education.

This is a report of a first pilot experiment with a simple haptic system. More detailed
experiments and analyses are needed to quantitatively measure the effectiveness of haptic
systems in education. Such further investigations should be possible in the modern age by using
more effective tools developed with the modern technologies. Since the first trial class in 2007,
HaptiChem has been regularly used in chemistry classes in the high school with the same students’
positive reactions. We believe that educational tools using VR technology will become common
in the future that provide students with opportunities to become more interested in and curious

about chemistry.
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