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Communicating environmental protection and sustainable development ideas among teenagers

Lily, Zhang Youyi 
 Research and Design Division ,China Science and Technology Museum,1Bei san Huan Zhong Rd., Beijing 100029,P.R.China                                              Center for Environmental Education and Communication of State Environmental Protection Administration, 1Yuhuinanlu, Chaoyang District, Beijing 100029, P.R. China

ABSTRACT: To enhance the consciousness of environmental protection and foster the ideas of sustainable development among teenagers, some effective measures have been adopted in the process of science communication based on the feedbacks from youth, and in practice, the exhibition named “The Earth, Humankind, Challenges and Solutions” and the Nationwide Teenagers’ Creativity Match on Environmental Protection have been held successfully.

INDEX TERMS: teenagers, environmental protection, sustainable development, exhibition, creativity match

INTRODUCTION

By the end of 2002, there already existed more and more environmental pollution problems and the treatment would be very costly, but the severe situation was not recognized by the general public especially the teenagers who would be the future masters of the country. However, to make teenagers aware of the resource shortage, the environmental pollution and the essence of sustainable development takes time. Therefore, it is necessary to achieve following objectives: (1) to show the teenagers the proved environmental pollution in order to form the correct concepts of environmental protection; (2) to foster the ideas of sustainable development with the successful cases of using renewable resources and reducing environmental pollution; (3) to enable teenagers to use the concepts of environmental protection and sustainable development to impact on their daily behavior; (4) to call for their enthusiasm to solve the environmental problems around and to show the responsibility with their own efforts and daily practice. To accomplish these objectives, China Science and Technology Museum (CSTM) and the Center for Environmental Education and Communication of State Environmental Protection Administration (SEPA) have held a series of science communication events among the young people, by allying with major mass media and some leading multinational companies, such as DuPont and Arrow, and utilizing the social effect of an exhibition entitled Scientific Development Vision in CSTM.

THE SCIENCE COMMUNICATION PROCESS 
1. Understanding the real demand of teenagers.

Longtime surveys have been made among teenagers. It has been made clear that the impression on the education of the environmental protection and the sustainable development is as following: lengthy texts and striking photos have made them feel dazzled, and are not able to raise their interests. It seems that the sighting and the atmosphere in the exhibition have brought a negative psychological hint to the teenagers that the situation is pessimistic and insolvable. Although they have been given a caution to some degree by the pollution texts and photos, they do not know what to do and where to begin under the circumstances.
2. According to the feedback from the teenagers, science communicators began to prepare an exhibition on environmental protection and sustainable development with new ideas: The Earth, Humankind, Challenges and Solutions.

A. The conception of science and humanity have been introduced from various aspects of daily life, and making teenagers feel “environmental protection and sustainable development” is nothing beyond them. For example, a kitchen was set up in the exhibition hall and was equipped with some samples of ore mine, gas container, cotton and wheat ears, which are linked to cooker, gas stove, cloth and bread. To many teenagers, it is the first time for them to see these samples. In addition, the concepts of renewable resource and unrenewable resource are displayed beside. Gradually, the challenges of resource shortage we are confronted with are realized through further visiting. They are also conducted that the environmental pollutions, such as auto exhaust, environmental hormone, battery pollution and etc, will cause tremendous harm to people especially teenagers.

B. Realizing that most teenagers dislike the texts and photos of environmental pollution, we therefore had taken following measures: we made 12 major problems related to the earth’s atmosphere, water environment, land and biosphere into foldable display boards with simple texts and interesting cartoons. When teenagers finish reading the surface layer of the 12 boards, their curiosity is ignited, they find the boards can be unfolded, and a new layer appears and displays other aspects of the predicaments in the earth environment. The curiosity of teenagers motivates them to read one board after the other. It is obvious that they are deeply touched. A big model of the earth with 48 holes was installed. From each of these holes a picture of environmental pollution can be seen. We named the earth model “Look at the scars on the earth”. Teenagers seem to cast off their dislike of the environmental pollution photos and look into the earth model with great interest. 
C. Pay attention to the interaction between exhibits and teenagers. For example, when the teenagers pass through a path in the exhibition, and step onto the glasses embedded in the ground, they will see some lighted cartoons themed of saving water, planting and other environmental protection. In other place, when they see a new water-proof and ventilated cloth, they will be told that the cloth is made of discarded old milk bottles, and that the new recycled cloth can also be used to cover the wooden houses. Thus the idea of material recycling has been transfused into them.

D. The successful sustainable development cases have been used to conduct teenagers to understand what the sustainable development is. For example, in our exhibition teenagers are given samples(1) of fast dissolving plastic bags, renewable corn-made fabrics, a 1 mm thin screen, hydrogen batteries, etc. During the process, they are taught with five principles of sustainable development(2) and asked to do their best. <1.> use the renewable resources; <2.> reduce the consumption of fossil fuels; <3.> design zero-emission production models; <4.>recycle the thrown away products <5.> research on new products based on the natural laws. 

3. The Scientific Development Vision exhibition sponsored by the Communist Party of China (CPC)’s Central Department of Publicity and China Association for Science and Technology (CAST) aroused wide public attention in China. Warned by numerous pictures of natural environment destruction in the exhibition, teenagers were still puzzled, not knowing what to do and how to do. 

4.At this point, CSTM and SEPA’s Publicity and Education Center held Nationwide Teenagers’ Creativity Match on Environmental Protection, to inspire teenagers to find environmental problems around them. They were conducted to ask questions such as: do the plastic balls they play pollute environment? Can egg shells be used for some other purposes? Can grass be planted on the roofs of buildings? Is it necessary to build dams in our hometowns? 

After the important and interesting objectives were decided, students actively took up research, investigated and collected materials, proposed work-plans and proved their feasibility. Finally, they harvested many unexpected results, making astonishment among their parents, teachers, evaluation committee members and even themselves.

The match accorded with the essentials of environmental and scientific education. Students who participated in the match felt their own potential, tasted the joy of success, so they gave up their previous impression that scientific research was difficult. The event aroused their interests in both environmental issues and scientific research.

The series of science communication have shown two major characteristics during its implementation.

Firstly, every step of the series of activities has been closely connected to each other. The feedback from teenagers has been frequently collected and analyzed and the exhibition plan has been adjusted from time to time. The creativity match on environmental protection was held on the basis of the analysis of the feedback from other exhibitions held earlier.

Secondly, various social resources have been combined together. The social resources are numerous: CSTM which has unique advantages in holding science communication exhibition; SEPA’s Center for Environmental Education and Communication, which has been advantageous in providing environmental education materials; and several multinational companies such as Dupont and Arrow. The advanced technologies of DuPont enabled the exhibition “The Earth, Humankind, Challenges and Solutions’’ to be feasible. It also offered financial and material supports to the event. Arrow provided financial supports to the Nationwide Teenagers’ Creativity Match on Environmental Protection. CAST and the Central Publicity Department of CPC have advantages in mobilizing, organizing and publicizing the social events while the mass media has widely reported the events, to increase people’s curiosity of participation

EVALUATION
Science communication effect

1. Since November 2003 when “Earth, Human kind, Challenges and Solutions’’ was first opened to the public, the exhibition received more than 660,000 teenagers from all over the country. Compare with other environmental protection exhibitions, teenagers have shown higher enthusiasm in this one. SEPA has referred the exhibition as a successful case of environmental protection to its nationwide subordinate departments.

2. Scientific Development Vision Exhibition received a total audience of 160,000 in two months. Media reports of the exhibition surpassed 5000 pieces. The massive reports created a good social atmosphere for teenagers to accept the concepts of environmental protection and sustainable development.

3. The Nationwide Teenagers’ Creativity Match on Environmental Protection covered 30 provinces, municipalities and minority regions in China. More than 100,000 students in over 10,000 schools were involved. A total of 630 competition articles were received, including 273 from primary schools, 305 from middle schools and 52 from universities. Many of their achievements are worthy of further promotion.

Evaluation on the science communication

1. Series of science communication activities focused on environmental protection and sustainable development have made teenagers understand the situation of environmental pollution and resource shortage , the concepts of environmental protection and sustainable development. Meanwhile teenagers have been enabled to solve the environmental problems around them with their own hands. They have showed great enthusiasm in building the road toward sustainable development.

2. Teenagers began to evaluate their everyday behaviors with the conception of environmental protection and sustainable development. However, to form healthy behaviors and environmental friendly practices needs more sustainable and high-level education.

3. Chinese teenagers have been heavily loaded by their homework., and their science education has little relevance to their dailyl life. Nowadays, many students do not know why to learn and what to learn. Joining the science communication activities has played a positive role in promoting the healthy development.  

A. The series of science communication activities were in accordance with the trend of the world’s science education(3). To spread scientific knowledge was not only the aim of the activities, but also to promote teenagers’ understanding of the environmental issues and their passion to science. When they have found science could be used to solve the environmental problems around them, they will spare every effort to study science.

B. The series of science communication activities concerned about teenagers’ psychological and thinking process. Students were activated with the world’s advanced environmental protection harvests. By trying to solve environmental problems around them, many teenagers gained the experience in doing scientific research, thus their innovation potentialities, critical mend and deep-going scientific thinking would develop step by step, they become more confident, active and capable of solving practical problems.

DISCUSSION

To make an effective science and technology communication, the resources of teenagers themselves should be appreciated and inspired. On the one hand, the organizers should be acquainted with plentiful information on certain field and its further development in order to control the speed and the trend of science communication activities, their main role should be steer the teenagers to determine a proper objective and to support themselves to take part in science communication activities by making suggestions and encouraging parents, schools, research institutes, libraries and so on to create the social atmosphere.(4) Teenagers should also be encouraged to challenge the authorities when ever necessary, that’s to say that young people should have critical mind and radiative thinking so as to take actions on their own initiative. On the other, teenagers should not be regarded as passive receivers. They have their own experience and knowledge construction, when they are confronted with obstacles, they have their own choice and speculating even though they are quite young. We believe that teenagers have the wisdom and ability to deal with difficult situations effectively and miraculously if they have an interesting objective. 

CONCLUSION
1. In the process of science and technology communication in targeting youth sector, the positive results can be generated even though the communication content is not so attractive or sometimes boring if teenager’s curiosity is ignited and made full use of. For example: the earth model named “Look at the scars on the earth”.
2. Determining the reasonable objectives and steering teenagers to experience the scientific  programs, that’s an effective way to guide youth to participate in science communication activities. 
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SciFair: a Multi-user Virtual Environment for Building Science Literacy
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Abstract 

SciCentr.org is the primary outreach program for Cornell University’s high-performance computing center, the Cornell Theory Center (CTC). Based on the metaphor of a science museum of virtual bricks and mortar, SciCentr runs a science communication fair program, SciFair, for teenagers at remotes sites around the Unites States. In 2003/4 extracurricular SciFair programs ran in five school settings. SciFair leverages online game technology and peer and coach/teacher mentoring to motivate teens toward continued participation in STEM education, to build Fluency in Technology (FITness), and science literacy. Preliminary evaluation of these programs based on survey data and observation suggests that the SciFair Model has the potential to engage teens in science communication projects through which they will build science literacy. We present lessons learned in terms of leveraging the medium of virtual worlds for constructivist learning for science literacy and the concept of a “playful knowledge space.”

INDEX TERMS

Virtual World, MUVE, serious game, FITness, SciFair Model
INTRODUCTION

Young people in the United States who spend significant amounts of time online, watching TV, and playing computer games are not retreating into an antisocial world of their own creation (KFF 2005). Instead, these young people are as likely, if not more so, to participate in sports, spend time with their families, and doing homework. Moreover, a controlled study of the use of a video game to motivate and train young diabetes patients ages six to 18 (Brown 1997) demonstrated that “[v]ideo games can be highly appealing and motivating learning environments in which players have unlimited opportunities to rehearse skills, receive immediate feedback on performance, obtain and make use of information, experience social support when interacting with other players, and develop the confidence and ability to carry out new skills in their daily lives.” 

Through the River City project, Chris Dede has demonstrated that multi-user virtual environments (MUVEs) based on computer game technology can be used to effect improved mastery by mid-level students in middle school urban science classroom (Dede et al. 2004). Kerney (2005) reports that virtual worlds were used successfully to motivate and stimulate communication with Advanced Placement students in the Borderlink Project, an effort to prepare them for college careers. These were isolated teens, primarily of Latino heritage, in rural California. In particular, Borderlink students contributed more actively and with better arguments during an inworld debate over the ethics of genetic engineering held in the virtual world after visiting a SciCentr exhibit on genetic engineering in the Cornell Theory Center’s universe of STEM educational worlds than they did in the classroom (private communication with Borderlink teacher). 

Hein (1995, 1999) and others have confirmed the value of constructivist learning activities within the museum context. Several studies of programs for minority and underserved youth identify the importance of positive peer role models and mentoring for retention and motivation of participants (Miller 2003; Duffet and Johnson 2004). In addition, a recent article in the Chronicle of Higher Education (Farrell 2005) highlights the fact that the majority of minority college freshmen at schools such as UCLA are unequipped to manage the digital workplace. Thus the intent of the Cornell Theory Center’s (CTC’s) SciCentr and SciFair online outreach programs is to design activities within the virtual worlds that will spur interest in/pursuit of STEM education in youth in rural and urban disadvantaged schools. These programs support youth as they interact with custom content and as they create their own, personal contexts for specific research areas with support of trained coach/teachers and peer mentors. At the same time, these students build Fluency in Technology (FITness) (Anon. 1999) and self-confidence.

The Science Communication process

CTC, as Cornell University’s high-performance computing and computational research center, hosts an online science museum, SciCentr.org. Founded in 1998, this museum exists only in Cyberspace, with most of the exhibits based in CTCUni, a universe of multi-user 3D virtual chat worlds based on Active Worlds technology. The premise is to leverage the appeal of multi-user online games to attract teens into the online environment and to offer educational science content and simulations in a fun and safe, social setting. Teachers and teens visiting SciCentr exhibits conduct experiments, explore exhibits, play “Serious Games,” stage debates, and learn about current research while building their familiarity with current information technologies and computational science. SciCentr began with a small team of undergraduates and one rural after-school program and, while still a work in progress, has more than 1000 participants in 2004/5. 

If SciCentr.org is a virtual museum made up of exhibits that you can explore via the Web or within a virtual world, then SciFair is the outreach division of this museum. SciFair brings teens behind the scenes where they work with staff, mentors, and trained coaches at their sites to research, design, and build their own exhibits. The SciCentr/SciFair Handbook has been developed to provide documentation for the program, in particular the SciFair Model, with references, sample forms, sample standards-based curriculum modules, and more for their support.

The SciFair Model is a social process for teens and coaches supported by Cornell undergraduate students and SciCentr staff through which they create online multi-user 3D exhibits or knowledge spaces. We have identified three natural stages to the process. Participants first master the new medium, which enables them to colonize a small piece of Cyberspace to build ownership in the program and to learn about design of game interaction. Teens also are introduced to basic “netiquette” and get to know their mentors. They engage in small projects that we call “inworld activities” through which they exercise standards-based math and technology skills.

Stage two encompasses topic research, exhibit design, and creation of a "knowledge space" featuring a particular issue/technology/phenomenon chosen by the team. SciCentr staff and mentors provide Web-based gateways to a selection of specific research areas and related examples from Cornell research. Students are encouraged to frame these areas of research within their own contexts. This generally begins with discussing what kind of space they want to build—a gallery, a maze, a landscape, a temple. For example, they can explore and present the history of our understanding of black holes inside a series of domes or find ways to artistically represent the interior of a cell looking at plastid functional genomics or create a landscape to present the ethical issues surrounding cleanup of nuclear waste.

Figure 1: The Medium: Active Worlds
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Finally, the team shares its exhibit with peers from other teams and educational professionals online, at the same time demonstrating their work in person for members of the local community, peers, parents, school administrators, etc. In 2003/4 these events ranged from school board presentations to showcase opportunities at CTC-Manhattan and teen-led workshops at national conferences. Every program must plan some kind of Showcase in order to complete the process.

EVALUATION

Five sites completed successful year-long SciFair programs in 2003/4. Two additional sites conducted modest trials. More than 70 students participated in school-based SciFair programs at the five primary sites in 2003/4. Approximately 25 more teens participated in short term projects and internships. The outcomes of SciFair projects are graphically demonstrated in the spaces themselves, which range from an expansive set of mazes filled with quizzes and surprising facts about the tropical rainforest, to an elegant world created by coastal American Indians that includes slide shows about tsunamis and a multimedia gallery used by Cornell undergraduate researchers to present the results of their experience learning to create tsunami waves in a tank. 
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Figure 2. Quiz mazes featuring student visions of rainforests past and present. Student researched questions and answers for the game. In a Showcase, they coached new players through the game. For help in answering the question, a player clicks on the creature perched above the question sign, which activates a Web link and opens a reference resource in the Web window of the browser. (This leverages a standard feature in the software.) A mouse click on the correct answer teleports the player forward in the maze. The choice of an incorrect answers results in the players’ return to the beginning of the maze.

SciFair evaluation includes preliminary surveys, ongoing team evaluation by mentors, and post surveys, including open ended questions. Sixty five students completed student information forms on which they identified their age, sex, grade, race (optional), and experience in math. Of the 65, 36 identified themselves as minority and an additional 9 came from a poverty-level community. There were 36 female and 29 males. At the end of the year these students provided the following general feedback on the program.

Overall Program Rating: 

20 Excellent, 28 Very Good, 13 Good, 2 Fair, 0 Poor (2 no response)

I Would Recommend the Program to Others: 

23 Strongly Yes, 29 Yes, 13 Unsure, 0 No, 0 Definitely No

The Program was a Useful Experience: 

18 Very Useful, 25 Useful, 20 Somewhat Useful, 1 Minimally Useful, 1 Not Useful

Table 1. Student Ratings of the 2003/4 SciFair Programs

Coach/teacher response to the first year was overwhelmingly positive. All coaches returned for the second year with the exception of one who moved into an administrative position in the school district. This site continued its participation with a new coach.

While we are not able to use the data on changes in teen attitudes toward math and science due to a change in answer scale required mid-year by the external evaluators, qualitative responses from teens suggest mastery of new science literacy and pride in their work. The following are responses from one middle school minority site gathered in post surveys at the end of the 2004 school year support the program’s value for building science literacy and FITness. 

What did you accomplish in the SciCentr/SciFair Program that makes you proud?
Middle School Earth Science: “My experiment on Mercury, because I worked hard on it and I think it is interesting information to me.” 

“We made an astronomy center in [TeamWorldName] 2 (A virtual world). We put the planet, a sun and made tunnels. It was very exciting.”

“I learned more about the solar system.”
FITness: “How to use a computer better.” 

Data from the 2003-5 SciFair programs is contributed to the cross-program evaluation of the GE Foundation Math Excellence initiative by Campbell-Kibler Associates. Grade point averages and participation in STEM courses for all participants in year-long SciFair programs have been gathered for 2003/4 and 200/5. Ongoing relationships with two schools supported by the GE Foundation might ensure continued data gathering for students at those schools for a few more years. Tracking students at other sites after they leave the program is beyond our capability. We will track continuing coaches and mentors to evaluate the program’s effect on their FITness. In review of first year data, we saw teacher/coaches sustain or improve the use of new media in the classroom and overwhelmingly express the desire to integrate this program into their curricula. Only one teacher/coach did not continue with the program. This person moved to a district administrative level; the school continued to participate.

DISCUSSION

There is a large, up-front investment in bringing a SciFair site online. Coaches and mentors require training and the technical coordinator must establish a relationship of trust with technical staff at the site. Additional factors include teen recruitment and retention and extensive paperwork to enable evaluation. Regardless of these obstacles, teens, coaches, and mentors sustain their energy throughout the year and almost all coaches and mentors eligible to continue with the program do so. 

Tools are needed to assess the knowledge spaces created by SciFair teams and we will be working with educational researchers to identify criteria for evaluation. More serious interviews during and records of Showcases will lead to better understanding of the program’s impact on science literacy. In addition, it is possible to analyze chat logs over time for a qualitative view of the interaction among mentors, coaches, and teens. However, we do not currently have the resources to perform this analysis. In addition, because the contexts of SciFair programs vary dramatically among the sites (one site focuses on math, another on digital media, another on life science), we expect the program’s impact on motivation to be site specific when we analyze the now-standardized 2004/5 data from eight programs at nine sites. 

CONCLUSION

Each SciFair site is unique. Some of the programs are run in conjunction with curriculum programs and almost all coaches are teachers. These teachers want to apply the Model in their classrooms. While the informal programs serve to bring the program into the schools “through the back door,” there is great potential for curriculum application. Supplemental activities in SciCentr exhibits, Virtual Fieldtrips, can be coupled with SciFair Class Projects. This will require development of what we will refer to as the Classroom Building Framework, a streamlined and likely modular approach to the SciFair Model, with scaffolded support for coach/teachers and students. This project will be informed by the Building Blocks for Virtual Worlds Projects (Borner, et al. 2003), a collaboration among Katy Borner (Indiana University), Margaret Corbit (CTC), and Bonnie DeVarco (Vlearn 3D SIG of the Contact Consortium).
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THE USE OF SCIENTIFIC TOYS AS A MEANS TO STIMULATE INTEREST AND UNDERSTANDING IN NATURAL SCIENCE
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ABSTRACT

An exhibition/workshop containing more than 200 "scientific toys" has been functioning for 8 years at Chalmers University of Technology, Sweden. With its new pedagogical methods it has been extremely successful in creating interest among young people for science and technology (7-20 years of age).  Moreover, it has been very useful for teachers' training and for improving the public understanding of science in the society.

INDEX TERMS

Scientific toys, public understanding, teachers' training.

INTRODUCTION

It is now known trough numerous investigations [see e.g. 1] that the youth in the industrial world (in particular girls) to a large degree ignores natural science and technology. The situation is univocal: the youth has a confidence in scientists and technologists but does not want to engage itself in natural science and technology. The mentioned subjects are considered authoritarian and difficult. The state of affairs is considered (e.g. by the European Union) to be a serious threat to our society. The school and the mass media are often mentioned as the scapegoats for the situation. I judge that the universities also have a responsibility to improve the situation.

There are mainly three causes why the schools do not succeed in catching the interest of young people: i) The extensive course material leads to memory knowledge instead of understanding,  ii) the content is too theoretical, and iii) the education process has a an intellectual image, where the emotional and social competence of the student cannot be developed.

More or less by chance I stepped upon a communication process, which turned out to be extremely fruitful and effective to improve the situation: the use of "scientific toys" as a means to communicate with not only young people, but also with teachers and the society in general. It should be immediately stressed that the toys themselves are only means and the result is completely dependent on how they are used in the context. 

THE SCIENCE COMMUNICATION PROCESS

The present project started by an improvised exhibition of my small collection of physics toys at an international science exhibition in 1997 in Gothenburg, Sweden. An extensive investigation by a psychologist top ranked the activity in comparison with the other contributions. This success resulted in a permanent exhibition/workshop at Chalmers University. Now, 8 years later, evaluations univocal show that many of the problems mentioned in the introduction can be very successfully solved by the methods empirically developed at the exhibition/workshop.

The exhibition is housed in a 500 m2 hall where about 200 scientific toys and experiments are presently set up. A web page is under development [2]. The toys have different origins:

i) advanced euipment bought from educational companies [x] and in shops,

ii) special, often world unique, apparatuses made at the university mechanical workshop

iii) objects fabricated by me using very simple tools

iv) everyday objects taken from my home (cups, wires,..).

It should be stressed that the activity differs very strongly from that occurring at conventional science centres. The toys are of course only tools; the success lies completely in the manner they are used. The instructor must be very competent in science and pedagogy and is the key point for the success (in our case a university professor is always the guide). Among the activities in connection with the centre can be mentioned.

i) visitors mingling around in the exhibition hall with the possibility for individual guiding

ii) open houses with shows, lectures, and demonstration for the public or specially invited categories (journalists, industry people, politicians…)

iii) lectures and demonstrations held in schools (toys then limited to 10-20 ones)

iv) toys are used in lectures in undergraduate and PhD courses at the university

v) teachers on all levels borrow toys and books

vi) the exhibition functions as a children's (7-15 years of age) workshop and a high school laboratory (15-19 years of age)

vi) academic research on the physics of the toys is carried out by university scientists [4].

In the present article I will mainly limit myself to activity i) and ii) above, which includes visits of school classes, teachers, open days for the public etc. At these visits I have only little ambition to teach the physics subject. The main aim is rather to create an entertaining atmosphere where the visitor feels comfortable and appreciate to play with the toys. The most important part is the individual interaction between the guide and the visitor, where the subject, performance, scientific level etc can be adjusted to the specific visitor. Many visitors would feel quite uncomfortable being confronted with advanced scientific instruments and equipment, which therefore are completely absent in the hall. Most fields of daily physics ("the world around us": mechanics, electricity, magnetism,…..) are demonstrated and tried by the visitors themselves. Experiments with extensive text and push buttons (as at science centres) as well as computers are completely lacking.

Sometimes one specific toy can be used on all age and professional levels, from day care centre children to university professors, depending on how it is used. Just for purpose of illustrating this point let me take a few examples from mechanics demonstrations. Consider first a raw and a boiled egg. For practical reasons plastic eggs filled with water and toothpaste respectively are used. One can study e.g. rotations, rolling and more just for fun or on a high scientific level. Figure 1 illustrates three experiments on different levels.

 a) For young children a raw and a boiled egg are rotated on the floor. Which egg rotates fastest using the same push on each? Another experiment: rotate the raw egg, stop it and let it go. Why does it "start by itself"?

b) For high school or undergraduate students a raw and a boiled egg are rolled downhill. Even if the students have not yet studied the concept of moment of inertia in school it is easy to explain why the raw egg rolls fastest, because it is essentially only the shell, which is revolving. 

c) A boiled egg is rotated fast on a table. It gets up and rotates on its top. The full theory is on approximately the PhD level. It can be explained by considering the torque given by the friction against the table, which is caused by the point of gravity rotating around the vertical axes through the contact point.
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Figure 1.

a) A raw and a boiled egg are rotating on the floor after giving the same push to both. Which is rotating fastest?

b) A raw and a boiled egg are rolling down the same slope. Which one is rolling fastest?

c) A boiled egg is rotated quite fast on a table. Why does it get up on its top?

A second example from mechanics is the "Grandmother's cup", see figure 2. When the wire (with a weight) is dropped, the cup is not crashed on the floor as may be expected but the wire is winds up around the stick causing the cup to stop. For graduate students the concept of angular momentum is the key point in the analysis, while for a 12-year-old child, the frequency of pendulums with different lengths is an easier concept to use, which can be directly demonstrated visually.


Figure 2. "Grandmother's cup". When the wire is released it winds up around the stick causing the cup not to fall down on the floor.

An important aspect of the two examples above is that they can be performed with things that are directly available in a home. It turns out in practice that a pupil in general gets very engaged by demonstrating these "tricks" for the family and maybe for the teacher and class in the school. It is in fact a very effective way of getting children interested in natural science by very simple means! I have constructed and collected 100's of such simple, amusing and instructive experiments, which does not only engage and entertain, but above all illustrate and help understanding the laws of nature in a very effective way.

The method to avoid mathematics in the starting phase of the communication has been successfully practiced by P.G. Hewitt, who coined the concept "Conceptual Physics" [5]. Another very important ingredient at the activities at the exhibition/workshop is "multiple intelligences"[6]. Howard Gardner viewed intelligence as "the capacity to solve problems or to fashion products that are valued in one or more cultural setting" and lists eight different ones (linguistic, musical,….). Thus it is important in the individual guiding to identify and use the special intelligences of the visitor.
An effective method for a good communication at a school lecture is to start with an amazing experiment (e.g. levitation, perpetuum mobile,,,.). The experiment will create curiosity of the student during the following (maybe theoretical) model treatment much more then at a conventional lecture where applications are discussed after the formal presentation. I think all lectures at all levels should be accompanied by experiments, especially using things from daily life. There is a myth that there is a difficulty in finding experiments in some subjects, e.g. in mathematics or history. As an example I show in figure 3 a simple experiment in general relativity demonstrating the equivalent principle by Einstein. How to easily get the ball in the cup? The solution is to drop the device and let it fall freely. Because the ball does not have a weight when falling it is sucked into the cup by the rubber spring.


Figure 3. 

Einstein's broom stick. When the stick is dropped the rubber band sucks the ball into the cup. This simple experiment illustrates deep thoughts, namely Einstein's equivalence principle, the base for general relativity.
EVALUATION

It is of course not enough to take statements from the guest book, course evaluations or similar as an indication of the success of the communication process. I could e.g. perform magic tricks and obtain a very high appreciation, but at the same time completely miss my goals. What are required are immediate professional written and oral questionnaires. Moreover, the long-term stability must be evaluated. As my activity has only proceeded for 8 years the latter aspect is yet not clear. The present project starts mainly with 12-year-old children. These are old enough to start communicate "scientifically" with and very open-minded. It will then take about 10 years before we see how lasting the results are. 

There is no doubt however that the immediate impact of the methods of the present project is dramatic. It should be stressed that the visit contained indirectly a substantial part of "physics" rather than sensational experiments. I cite here some examples of preliminary evaluation results.

1.How many visitors thought before the visit that it was a good idea to make the visit: 78%

2. How many thought it was a good idea after the visit: 100%

The pupils were oriented before the visit that it had to do with natural sciences and in particular physics. The result indicates that the pupils found physics more interesting than they had expected. 

3. Should the visit have lasted longer? 87%

4. Do you want to come for a new visit? 96%

The results indicate that the pupils enjoyed the visit and have a high interest enough to continue doing physics experiences.

5. Do you like the physics subject more after the visit?  75%

It is important here that "physics" is not mixed up with sensational experiments. The result includes an astonishingly high impact after just one-hour visit. It is of course important to check the long-term stability of this effect with and without renewed visits.

DISCUSSION

In a (yet unpublished) project I have studied the behaviour of children in conventional science centres. It turns out that if they are not guided (which often is the case) they do in general not understand what to do and what to learn at a specific station. This is partially due to the fact that they are not patient enough to read long text instructions and/or they cannot translate it into the intended actions. Moreover, many stations contain specially constructed equipment far from everyday objects. The set-up may appear strange, and sometimes even frightening, to the young visitor. Still another aspect is that because of many visitors and security reasons the objects must be robust not to be damaged. This strongly limits the selection of good hands-on-experiments. For instance, brittle glassware, open fire, handling of liquids, and much more cannot be used without supervision. It even occurs that equipments are situated in glass boxes and can only be operated via push-buttons.

The mentioned disadvantages at science centres are all avoided in the physics toys exhibition. Only small groups (typically 20 people) are allowed at a time (about one hour). A storage of duplicate toys, as well as a small workshop for repair, are available so that a toy can be immediately replaced or repaired in case of damage. The frustrating "out-of-order" situation seen in science centres does not occur in the physics toys exhibition.

CONCLUSION

The exhibition/workshop "Physics toys" has now being going on for 8 years. The result of the activity has been extremely successful what regards stimulation of the interest in science and technology among young people. The activity has also been very useful for public understanding of science and education of teachers.
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Abstract 

Japan Science and Technology Agency (JST) is responsible for the strategic activities of PUST based on the Science and Technology Basic Plan. PUST activities will be introduced as a development of JST since the year 1996. First of all, TV broadcasting and National Museum of Emerging Science And Innovation (Miraikan) were established to transmit the information and knowledge of science and technology to the whole country. Then, as assistance for science education, digital learning contents were developed and distributed, and Super Science High Schools (SSH) were promoted.  Further under the 3rd Science and Technology Basic Plan, activities to train scientific human resources and promote Science Communications will be developed.

Index Terms

JST, PUST, , digital learning contents, Super Science High Schools, Science Communications

Introduction

 Public Understanding of Science and Technology (PUST) encouraged by Science and Technology Agency (STA. STA became Ministry of Education, Culture, Sports, Science and Technology (MEXT) with Ministry of Education, Culture and Sports in 2001.) was started as more strategic activities than conventional exhibitions at science center according to the 1st Science and Technology Basic Plan initiated in 1996. Japan Science and Technology Agency (JST) is the main organization responsible for these strategic activities, and has developed various projects since 1996. The 3rd Science and Technology Basic Plan will be started in 2006, in which the role of PUST will expand steadily, and the role of JST will also become more critical. Here, by introducing the development and initiatives of PUST by JST, the role of PUST in Japan will be described.  

Development of Public Understanding of Science and Technology

1) JST started the PUST in 1996, and 10 years have passed now. However, there are very few activities being continued for 10 years (Fig. 1). Main reason lies in the fact that the PUST projects by JST aim to develop advanced and strategic models so that such models might be utilized at science centers, schools, companies and so on. Various activities are under way in an attempt to achieve effective results by the development of models.  
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Fig.1 Chronology of JST PUST
2) In years 1996 through 2000 corresponding to the 1st Science and Technology Basic Plan, efforts were made to transmit and distribute the information and knowledge related to science and technologies. As a method, TV and science centers were utilized, and the following projects were attempted specifically.  

Virtual Science Center (Web contents provided by Internet) and Science Channel (TV station for scientific programs) were established, which transmit the information of science and technology efficiently to the whole country. In order to encourage the activities of science centers, idea contest for exhibitions and IT functions of science centers were promoted. The voluntary activities mainly carried out by science centers were encouraged.  For the first time, activities as science center were started in 2001, but the biggest project was the construction of National Museum of Emerging Science And Innovation (Miraikan).

3) Science Channel will be introduced. Science channel is designated to specialty TV station the science programs, these programs are provided by satellite broadcasting, cable TV and Internet. At present, Science Channel mainly provides programs by cable TV for 5 hours per day, about 8 million families can watch the programs by these media. About 300 titles have been produced annually in Science Channel, and some of titles were awarded prizes at overseas picture festivals (“The Sleeping Cat - a Journey Through the World of Shapes -” was received Gold Dragon in section of Science for Youth and Education Film at 2004 Beijing International Science Film Festival).

4) National Museum of Emerging Science And Innovation (Miraikan) is a science center opened publicly in 2001 for the purpose of transmitting the advanced science and technologies in easy-to-understand ways. Exhibitions are mainly consisted of the four themes such as “The Earth Environment and Frontiers,” “Innovation and the Future,” “Information Science and Technology for Society” and “Life Science”, Miraikan attract 600 thousands visitors or so annually.  

 Commentators for exhibitions called “Interpreter” are placed to easily describe the advanced science and technologies, and specialists provide experiment shows for visitors.  Laboratory of cutting-edged science research group belonging to JST is annexed Miraikan, researchers can provide opportunities for visitors to tour around the laboratory.  

 “Transmitting things in easy-to-understand ways” is equivalent to the establishment of good communications between science and people.

5) In years 2001 through 2005 corresponding to the 2nd Science and Technology Basic Plan, most attracting items are support activities for science education, especially the development and distribution of the digital learning and Super Science High Schools.

 In the support of science centers, cooperation with schools is more important, and activities are re-constructed. Also, in order to enhance the people’s interest in science and technology, information transmission from researchers’ communities will be promoted.  

6) Digital learning contents for science education in classroom are publicly opened via Internet to teachers at primary schools through high schools, and about 12 thousands users are registered at present. Various devices and protecting copyrights are provided so that learning digital contents can be used, in which the introduction of the most advanced science to enhance interest of science is included. Teaching in classroom and the students’ studies using the digital learning contents are practiced.  

7) Super Science High School (SSH) is a school which practice science and mathematics education intensifying programs by the support. Most of SSH are selected by public high schools. For the purpose of training superior scientific human resources, 82 schools as SSH are selected currently.

 As an intensifying program, SSH is practiced to prepare experiment equipments and experiment, conduct teaching in classroom cooperating with universities and research institutes, do the field work, visit around research institutes and science centers, and intensify the capability of presentation in English for international opportunities. And, SSH is the 5-year limited program. Practices are uniquely prepared and conducted according to the conditions at each school.  

8) Support is given to regional science centers by selecting the plans considering the cooperation with schools.  In the plans, science centers get obvious achievements in the exhibitions and field work through the participation of schools.  

Development in the Future 

1) PUST activities by JST have contributed to shift the focus to the support of science education from the provision of science information to people in easy-to-understand ways (Fig. 2).  New activities have also been started, and the 3rd Science and Technology Basic Plan will be prepared next year. So, now under consideration, the new development of activities will be introduced.  
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Fig.2 Trend of JST PUST Activities

2) First of all, one of the items is how to intensify the support of science education for the purpose of training the scientific human resources. One of the ways is to support the joint activities to intensify science education by the group of 10 to 20 primary and junior high schools and the local educational facilities.  

 JST encourage science education through the fund and communications for joint activities. In the execution of such activities, critical points are the positive activities by school teachers and the assistance by local activity supporting groups.  

3) JST attempts to support the information transmission from researchers’ communities. JST support researchers to study the system of transmission from researchers’ communities, and establish mechanisms by which to arbitrate the relations between researchers and people.

 Japanese universities have made very small effort to study science communications. Since, however, it is essential in the future to announce research contents to the public for science and technology researches, and several universities will create chairs of science communications. Also in the researchers’ communities, time has come when some result of researching science communications is requested.  

 Specific result of researches is to be seen, and the mechanism of arbitration is to be established.  However, some good communication between researchers and people is essential in the science and technology in the future.  

Conclusion 

 The PUST are being developed in JST based on Science and Technology Basic Plan. It has been encouraged to distribute the knowledge of science and technology, try new scientific education and establish cooperation between schools and regional facilities of science and technology. These attempts enhance the interest of students in science and affect their courses to take such as by their participating in a variety of experiments, visiting around the science centers and participating in the researches at universities (“Survey on Willingness to Learn Science (Temporary Translation)” by Yasushi Ogura: National Institute for Educational Policy Research (NIER)). In the 3rd Science and Technology Basic Plan, important viewpoints will be the training of scientific human resources and the science communications between scientists and people. Several activities have already been started from these points of view.

 By presenting these models obtained from the achievements in the activity sites, JST hopes that schools and regional organizations take actions as practicable attempts in wider areas.  JST must continue to challenge in new activities for such purposes.  
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