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Abstract

Virtual labs and simulation is a powerful tool to engage students in active learning. This paper presents virtual chemistry laboratory for school education developed at Multimedia System Laboratory MarSTU. Virtual Lab includes a lot of experiments which are accomplished through the use of the real-time 3D graphics and pre-rendered animation. Interactive laboratory activities are able to enhance student’s understanding of chemical processes and practical skills. In order to make human-computer interaction more enjoyable and productive, an animated pedagogical agent was added to the interface of the laboratory. The cost-effective approaches for the development of virtual learning environment are described.

1. Introduction

Now there is some conflict in the development of e-learning materials between the way of content representation and basic ideas of current learning theory. Most e-learning materials are still developed as a network of static hypertext pages sometimes with Flash animation. At the same time current learning theory suggests that students' learning is increased when more interactive and multimedia richness of the educational resources are used for active learning.

Existence of this conflict can be partly explained by the fact that the production of educational hypertext is simple and cheap process. On the contrary the design and implementation of active learning environment is a difficult task, more time-consuming and costly.

Meanwhile many researches prove that simple forms for representation learning material are not effective for teaching [1]. Moreover, in [2] states that learners of the "videogame generation" are oriented on high interactive and rich multimedia learning environment. Simulation and virtual reality software meet the above-mentioned requirements in the best way. Therefore simulation products that can be used to support and extend the active learning processes have recently attracted a great deal of attention. In the natural sciences such as Chemistry, Physics and Biology, virtual laboratories can simulate real-world behavior in an engaging and intuitive graphic environment to help students acquire new knowledge and skills through learning by doing.

This paper presents virtual chemistry laboratory for school education developed at Multimedia System Laboratory MarSTU. Virtual Lab includes a lot of experiments which are accomplished through the use of the real-time 3D graphics and pre-rendered animation. The cost-effective approaches for the development of virtual learning environment are described.

2. Virtual experiments in Chemistry teaching

Significance and benefits of virtual chemical experiments have been advocated by a number of researchers. For instance, in [3] it is noted that virtual experiments can be used to acquaint students with laboratory techniques and procedures prior to their laboratory sessions, so that they can be better prepared to conduct the same or similar experiments in a real-life chemical laboratory. It also allows students to study the items of apparatus, collecting and assembling items of the apparatus, familiarize themselves with laboratory techniques and procedures. It should be emphasized that virtual chemistry experiments are safe even for novices. Learners can carry out such experiments that might be dangerous and/or expensive in a real laboratory. In [3] it is pointed out that virtual experiments performing could help students achieve the skills in recording, reporting and interpreting data in a lab notebook. Besides virtual experiments could potentially develop skills related to manipulative and instrument use.

Besides, computer simulators in a virtual chemistry laboratory encourage students to experiment and have some fun [4].

Various approaches are used in the development of virtual laboratories. These approaches can be differentiated first of all by delivery methods - WEB-based and CD-ROM-based learning environment, and also by the type of representation – two-dimensional and three-dimensional graphics and animation. Besides in [5] virtual laboratories are classified according to two categories, depending on how they gain their knowledge. Fact based virtual laboratories have a limited set of preprogrammed facts in simulation. This is the way how the majority of virtual labs currently work. Derivation based labs allow the learners to proceed with the experiments beyond those preplanned before. The results obtained are based on a mathematical model solution of the experiments.

For example, in a Virtual Chemistry Laboratory at Carnegie Mellon University there is WEB-based delivery and it can be distributed as a self-contained CD-ROM. In this laboratory there is the representation of two-dimensional graphical scenes and mathematical model of chemical experiments [6]. Virtual Chemical Lab (Brigham Young University) uses three-dimensional representation, fact-based simulation and CD-ROM delivery [7]. WEB –based Oxford University Virtual Chemistry Laboratory applies video for the experiments presentation [8]. 

Potentialities of simulation are generally determined by the method of delivery. It is evident that two-dimensional graphics is more suitable for WEB-based delivery, while for CD-ROM, 3D graphics and animation can be used without economizing the resources. It is worth mentioning that pre-rendered 3D animation and video provide realistic representation and good visual quality. Real-time animation allows more opportunities to create 3-D virtual reality environments aimed to mimic real-life laboratory. Accordingly, combination of both pre-rendered animation and real-time three-dimensional animations provide realistic representation of both visual environment and learner’s manipulation of chemicals in conducting virtual experiments. This very approach was chosen for the implementation of virtual chemistry laboratory described in this paper. Chemical equipment, apparatus and complex chemical processes are presented with pre-rendered 3D animations, but for simulation of glassware, chemical solutions and the activity of learners in the real laboratory (pouring from one vessel into another, putting chemicals in a test tube, retrieving a solution from the shelf) real time animations are used to simulate.

3. Virtual chemistry laboratory for school education

In a virtual chemistry laboratory developed at Multimedia System Laboratory there are more than 150 chemical experiments included in the curriculum of school chemical education. The chemical experiments are carried out in a three-dimensional simulated laboratory, which obtains all the necessary chemical equipment, glassware (test-tubes, retorts, supports, etc.) and chemical reagents. In order to eliminate overloading the visual space of the computer screen, the set of the lab equipment and chemicals available to learners is placed depending on the chemical experiment to be made. In some experiments – these are just bottles with chemical solutions, in others - complex chemical apparatus (fig 1). 
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Figure 1. Virtual Chemistry Laboratory

Experiments are modeled using real-time animation techniques and a learner can interact with virtual equipment in a way that is similar to the real lab procedures. Learners can set up chemical apparatus and carry out virtual experiments. Besides, it is possible to do the required measurements by means of virtual measuring instruments or to change the parameters of the experiments. When performing the experiment the learner can record observations in the form of «snapshots» with the help of virtual photo camera, report and interpret data of the experiment in the «Lab notebook». It is possible to watch the enlarged images of the ongoing chemical processes in a special «lens window». A learner’s steps through the lab procedure are monitored by the program. The pedagogical agent, animated character «Chemist», gives necessary comments and guidelines in the speech or text-based form. To ease the recording of formulas and equations in the «Lab notebook» a special program «Editor of Chemical formulas» is realized through Macromedia Flash technology.

A “Molecular builder” for manipulating three dimensional representation of organic and inorganic molecules is included as a part of the Virtual Chemistry Laboratory (fig.2). The use of 3D model of molecules and atoms to illustrate phenomena in chemistry teaching is required to ensure all three chemistry understanding levels: micro, macro and symbol [9]. In order to make the behavior of substances more understandable for learners we introduce molecular models as they help visualize what learners cannot see. 

A “Molecular builder” displays shaded color models in a wire frame, ball-and-stick, and space filling spheres format. The molecule may be rotated in real time by direct mouse drag. Several user friendly features of the builder allow learners to add and delete atoms and bonds by simple clicks of the mouse. To extend the use of molecules model in chemistry teaching the builder provides the visualization of various electron orbitals. Created by learners model of molecule can be exported out to VRML format if required and then viewed in a web browser.
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Figure 2. Molecular builder

4. Interface of virtual chemistry laboratory

The valid design interface for virtual laboratory is a challenging and responsible task. It is important to provide direct manipulation for collecting items of chemical apparatus and performing laboratory procedures, as well as to offer a learner a suitable control and navigation elements. It would be interesting to place all the objects in the sole 3D scene within common interface metaphor. Since in a virtual laboratory it is necessary to have a lot of glassware, chemicals and equipment to conduct experiments, placing additional 3D objects for navigation and control will lead to overloading visual space of a computer display screen. Therefore, in the interface design of our virtual lab only those control objects are placed into 3D scene, which are necessary while performing experiments (for example, photo camera to record the observations). All the rest navigation and control elements of the interface are removed to 2D space, which is placed on the borders of the screen. It allows us to increase the presence effect when learners are practicing in the virtual laboratory. 

It is noted that pedagogical agents, lifelike animated characters, represent an important concept in new generation of learning environment [10]. Pedagogical agents attract the learner's attention, guide the leaner through the presentation and convey additional conversational and emotional signals via facial expressions and body movements. Pedagogical agents enable computer interfaces to become more human or more "social".

All mentioned above resulted in the inclusion of pedagogical agents in the interface of virtual laboratory. Life-like character “Chemist” is realized in a real-time 3D animation. “Chemist” monitors the learner's actions in the laboratory and helps out when problems arise. Sometimes the pedagogical agent participates in conducting experiments himself.
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Figure 3. Pedagogical agent

It is noted that believability is a key feature of animated agents for learning environments and can increase students’ motivation and time spent with the educational software [11]. To increase believability and create the personalized appearance of a pedagogical agent, the program is able to generate expressive body movement by modifying the animation of synthetic character in real-time. Postures, agent’s head’s movements, facial expressions and hand gestures are included in the behavior of the pedagogical agent. It helps to make a better social contact with the learner and consequently provide more effective and engaging learning environment. 

5. Development of virtual laboratory

How was it possible to develop cost-efficient learning environment, which contain more than 100 virtual experiments with high level interactivity, a huge amount of complex 3D objects (glassware, chemical solution and equipment), and also containing real-time animated character? To do so were used two recent approaches for development of full featured rich multimedia applications. The script-based approach is used for representation of high-impact multimedia content and interactivity. This approach provides extended tools to define the desired structure of content and user interaction with objects in the virtual environment, as well as it gives maximum flexibility for multimedia production. 

The script of presentation is written in the high-level object-oriented language NML and is executed by the engine NATURA, described above in [12]. To visualize the content we used the approach based on the idea that various 2D and 3D objects of scene are placed in different layers similar to the layers of a “sandwich”’. Different graphical objects including pre-rendered and real-time animation can exist in every layer. When the final image is created on the display the “sandwich”, layers are blended with each other taking in account the transparency. [image: image4.jpg]Prerendered
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Figure 4. “Sandwich” of layers

Special algorithms were developed to minimize the calculations to update the screen. It considerably increased the speed of rendering dynamic scenes. It is important for modeling chemical procedures and for animation of the pedagogical agent.

One of the main difficulties in laboratory simulation is visualization of processes in chemical solutions. To simplify the process of development a special tool “Liquid modeler” was created, that helps to change the colour and transparency of the solution, as well as sediments and boiling parameters, etc.

6. Conclusion

Creating an active and engaging learning environment is an essential part of successful e-learning strategy. Like the virtual laboratory considered in this paper, such educational software is often based on rich-content multimedia simulation. Technical complexity and high cost of development are primary obstacles for massive expansion of virtual learning environments. New approaches are needed in order to solve this problem. To create such system we suggest in this paper the approaches based on application of presentation engine NATURA with scripting language as well as mixed real-time and pre-rendered animations. As it has been shown the approaches described allow us to create virtual laboratory that is both engaging and effective. We believe that this approach can be useful for the development of other engaging learning environments.
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