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Abstract: 

The rapid development and expansion of technology into all sectors of our current society has led us into the Information era (also called the Knowledge era). Workplaces of the 21st century require their participants to have access to a range of skills unlike those of the Industrial era. These skills include being able to work in teams, to communicate effectively and be creative and critical thinkers - skills that have not always been well-integrated into science curricula and teaching. However, the development of these skills in students learning science at the secondary school levels can be fostered through drama and information and communication technology (ICT).  In addition, drama and ICT-based tasks, such as webquests, are effective pedagogical tools for assisting students with understanding some of the more abstract concepts of science.  It is the purpose of this paper to discuss the use of role-plays, drama and the ICT-based webquest activities in promoting higher order thinking skills, creativity and teamwork in students learning science. In line with the new Malaysian policy of teaching Science and Mathematics in English, we will also discuss the benefits of using these tools in assisting with second language development. The paper presentation will be interactive with role-plays being modeled and discussions encouraged. Some examples of drama plays and scripts, and ready-to-use webquest tasks in the different science discipline areas will be provided in CD-ROMs to participants at the conference presentation. 

Introduction

The shaping of today’s contemporary society has been brought about by the quick pace of technological development in all sectors of life. In the business world, the impact of technology has seen many routine tasks, both in administration and productivity, streamlined and shortened in length.  Consequently, many employees are now focused on tasks that require higher order thinking skills (Weil, 2002). The skills required of the workforce of the 21st century (knowledge era) are quite different from those in the industrial era. The workplace of the industrial era was very much hierarchically structured where workers were told what to do, jobs were routine and stable and workers pretty much used the same set of skills throughout their careers. Re-training and lifelong learning were not common features of that era. In the 21st century, 
Organizational structures need to change. Hierarchies need to be broken down and networked organizations developed. Successful organizations are flexible and able to adapt quickly. Group and team working--often cross functional, geographically displaced and changing frequently--stimulates creativity and innovation, enhances communication and knowledge sharing, and utilizes the best skills and experience on every task.

Oxbrow (2000 p2)

The skills to succeed in today’s workplace include being flexible and adaptable, the ability to research, communicate, to think creatively and innovatively and to work in teams.  These trends in today’s society need to be reflected in the teaching and learning in the classroom if students are to be appropriately prepared for the transition from schooling to the workforce.

At the school level, students are being prepared not only to enter the workforce but also to become informed citizens who are able to critically evaluate information reported by the media, information found in books, magazines and journals as well as on the World Wide Web. They need to become critical thinkers who are able to make decisions that will affect their own lives and those around them.  The associated trend in education towards process knowledge (learning to learn and think) and critical thinking development has been discussed by Good (1999).

Science is one of the discipline areas in secondary schools well poised to foster the skills mentioned above. Experimental work in science reinforces the learning of concepts and promotes co-operation in small groups. It fosters the development of students’ research, analytical and communicative skills. But it does not extend far enough into developing creativity and some of the higher order thinking skills identified by Bloom, as long ago as 1956 such as evaluation and synthesis skills. Nor does it provide opportunities for collaborative work on a larger scale to produce an outcome or a product  - experiences of the kind that exists in the paid workforce. Furthermore, issues associated with the learning of science by bilingual learners are insufficiently considered and, therefore, the relationship between the learning of science and the processes of second language learning need more elaboration.

 It is the intention of this paper to discuss the use of role-plays and ICT-based webquests in promoting:

· conceptual understanding of science
· English (as a second or further language) language skills development
· higher order thinking skills of analysis, synthesis and evaluation (Bloom 1956)
· interpersonal skills amongst peers such as negotiation and communication skills
· creativity and critical thinking in the construction of a product
To address this, we will draw on frameworks that have been elaborated (e.g. Cummins 1984) to try to explain why certain groups of second language learners (immersion experience students) experience levels of success that exceed those attained by monolingual students (e.g. Harley et al 1990) while other groups of students learning in the medium of a second language (submersion experience students) on average fare worse than monolingual students. Cummins (1984) has elaborated a framework that lets us plot different relationships between the intellectual challenge of a task and the support that is available to (second language) learners to interpret and manipulate the task. The framework is presented in Figure 1. The implication of this diagram is that particular concepts can be located at the intersection of one dimension that identifies the degree of challenge they contain and a second dimension that identifies the degree of contextual and concrete support that is available to the learner. Concrete support can be in the form of visuals or physical realia that support/make clear the meaning that is being talked about. This is measured on the horizontal dimension. The vertical dimension identifies the transparency or challenge of a concept. Thus, labelling as floating something where the learner can see, for example, a raft on water, is conceptually transparent and highly contextualised and consequently located in the lower left quadrant. A discussion of the concept of floating with ‘confusing’ examples conducted without visual support or examples would be both conceptually challenging and decontexualised and located in the upper right quadrant. A range of arguments have been presented that say that in teaching subject content in an unfamiliar language, students should begin with tasks drawn from the lower left quadrant and move either vertically or horizontally, but in a series of steps progressively toward the upper right quadrant. In our examples we will seek to demonstrate how this might work in the context of using role-plays and ICT-based webquests as pedagogical tools for science learning.

Figure 1. Cummins (1984)’s framework for the relationships between the intellectual challenge of a task and the support that is available to (second language) learners to interpret and manipulate the task.






In the following sections of this paper we will describe the concepts of role-plays, drama and ICT-based webquests activities, and their use as pedagogical and motivational tools for learning science. The learning theories of constructivism and constructionism underpinning the use of these tools in instructions and knowledge acquisition will be discussed in the final part of the paper. 

Science Drama

For centuries, drama has been used to convey and explain ideas. In recent times, movies like Jurassic Park and Contact attempt to bring scientific concepts into fiction and are good means of bringing science awareness to the public. Prizes, such as the European Public Awareness of Science awards are awarded to encourage television drama on scientific issues (Whitfield, 2002). At the school level, the use of drama to demonstrate science concepts is gaining popularity as a form of science education. It is particularly popular in the UK and organizations such as the UK Biotechnology and Biological Sciences Research Council (http://www.bbsrc.ac.uk/about/Welcome.html) encourages this form of education by promoting science drama competitions. In Australia, the science drama competition organised by the Science Teachers Association of Victoria has become an annual event (http://www.stav.vic.edu.au/home/news/scidrama). In Punjab, India, the State Institute of Science Education organises similar science drama competitions (Tribune News Service, 2004). In Singapore, a Singapore Drama Educators Association was set up about two years ago (Rodrigues, 2002) to promote and advance drama education in Singapore, and apply it as a tool for learning. Rodrigues argues that  

… drama can also be used to enhance a child's understanding and appreciation of academic subjects like science or maths, through experiential learning instead of rote learning….. Students can grasp a concept more effectively by experiencing it for themselves instead of just memorising facts  

For example, to teach how plants react to varying weather conditions such as wintry cold or blazing heat, you can have dry heat enacted, and get students to play their role as seedlings. You can ask leading questions such as: "How do your muscles feel as you grow?" or "How does the sun feel?"  Get the students to describe their growing process.  

(Rodrigues, 2002)

Role-plays

The online dictionary (dictionary.com) defines role-play as acting out a particular role or to assume or represent something in a drama. In science education, role-playing is an interaction between ‘play’, ‘games’ and ‘simulation’ – either in combination or by themselves, with the child performing the role and achieving the intended learning outcomes (McSharry and Jones, 2000). By role-playing, students are engaged physically and intellectually in the learning while expressing themselves in a scientific context (Taylor, 1987) and exploring a particular (and different) way to ‘interpret their place in the world’ (Cayton, 1989 cited in McSharry and Jones, 2000). Subjects like Science and Mathematics are often viewed as being dry, boring and far too academic, resulting in a lack of motivation in the learning of these subjects. But science is not a subject devoid of emotions or passion. The advancement of medicine, which is based on scientific knowledge, has been brought about by the passion of scientists and doctors looking for ways to reduce the distress of the emotionally-laden experiences of ill people. In the classroom the process of learning could be humanised by giving students opportunities to express their thinking via actions and movements instead of through pen and paper.  McSharry and Jones (2000) cited other reasons for promoting role-plays as a valuable educational tool. One of them is giving students ownership of their own learning through script writing or translating into action what they have understood (or misunderstood) of what has been learnt.  Another reason is to provide opportunities for students to link the creative and emotional side of learning with the cognitive manipulation of factual material, for example students taking on the role of a television weather reporter in describing the water cycle to their peers. Hence learning through role-playing is active and student-centred as well as experiential. Role-playing helps students learn science by turning an abstract concept into something concrete and visual. 

Using analogies

Role-playing in science usually makes use of analogies or simulates a concept. For example, in studying the circulatory system, an analogy could be made with the roads and lanes of a town. The town centre resembles the heart while the streets/roads represent veins and arteries and the lanes capillaries. The cars are the blood cells moving along streets (veins) and roads (arteries) to the petrol station (lungs) for refuelling (exchange of carbon dioxide for oxygen). As the blood cells travel along the road, red coloured balls representing oxygen get thrown out at buildings representing the different organs of the body. Blue coloured balls representing carbon dioxide are picked up by the moving cars (blood cells) which then proceed to the lungs (a big building) for gas exchange. In the classroom, ‘cars’ and ‘buildings’ could be students themselves and groups of students could be provided with specific role-play tasks, for example, one group could be responsible for gas exchange at the lungs, and another group for what happens in the heart. These smaller bits of role-play can then be combined to form a drama play with props for buildings and cars, operated of course by students. A story line involving a person contracting an illness such as the flu could be incorporated into the drama in order to show how the infecting agent spreads, the changes taking place in the lungs and blood system and the increased demands on the role of the circulatory system in combating the illness.

The circulatory system is often difficult for secondary school students to learn, due largely to the need to remember the names of different arteries and veins, and the path the blood cells in these blood vessels take. The physical experience of being the blood cells can enhance the ease with which the concepts central to understanding the circulatory system. Students can be assisted further with remembering the names of blood vessels and understanding the relationship between blood vessels, the heart and lungs by including musical lyrics or poetry compositions that describe the circulatory path in the body. In the role-plays, students can sing or recite the paths oxygenated and de-oxygenated blood cells take as they physically ‘walk’ the circulatory path, which is drawn on a large piece of paper or on the asphalt of the school basketball court or yard.  

Simulating 

When students learn about solids, liquids and gases, they study the associated scientific theories of the Particle Model of Matter and the Kinetic Theory of Matter. In explaining the arrangement of particles in these three states of matter, diagrams on the board would help students visualise the relative positions of the particles in a particular state such as either a liquid or a solid. The illustrations of vibrations within and the bonding between particles are however, less effective in a diagram. These concepts are better conveyed through role-playing. Students themselves can be the particles, for example, in water in the different ways identified in what follows. In the solid (ice) state, by linking each other’s arms at the elbows, students will automatically fall into a neat orderly arrangement because the ‘bonding’ (arm-linking) between the students is strong and there is hardly room for further movements. The only room for movement is vibration of each particle fixed in its position. This demonstrates effectively the theories held by both the Kinetic and  the Particle Model which state that in a solid state, the particles (atoms or molecules) are held in place by strong forces of attraction but each particle still possess energy and is able to vibrate about its position, to only a very small extent. To get to the liquid state, energy in the form of heat is provided to melt the ice. The particles now gain more energy and vibrate faster and faster about their position till they gain enough energy to partially loosen their connection to one another.  To simulate this stage of the event, students can jump up and down faster and faster, which will force them to slowly release their arm links until they can only retain ‘bonds’ by holding each other’s hands. The experience and visualization of a less strong bonding between particles with a greater degree of freedom to move become obvious as students can move in front of or behind each other, still holding hands. The transformation to the gaseous state is simulated by the students in the liquid state ‘gaining more energy’ and becoming more and more lively. When the students gain sufficient energy, they break completely free from each other and spread themselves around the room, including out the classroom door if it is opened. Even the disappearance out the door is useful since it simulates the fact that the forces of attraction between gas particles are almost non-existent and the particles spread themselves to take up all the available space. 

The role-playing of heat is left to the creativity and imagination of students. Students could play the role of fire and position themselves outside and surrounding the particles. Or they could be bundled inside the surrounding particles. To demonstrate the provision of more heat (hence energy), the bundled ‘fire’ students could begin with huddling together in a crouched up position for the case of the solid state, and increasing in composure and movement for the liquid and gaseous state. In the liquid state, the ‘fire’ students will be in an upright position waving their hands slightly transforming to the gaseous state by spreading out their hands and waving them vigorously in the air to simulate more heat energy so that the ‘particles’ are able to move faster and further away.

Alternatively, heat could be demonstrated in ‘currency’.  Students holding heat currency cards could be moving around the ‘particles’ and handing out increasing number of cards to students in the solid and liquid states. Upon receiving sufficient heat cards, changes of state occur as the hotter ‘particles’ move faster and further away from the particles around them. 

Similar role-playing could be used to simulate a variety of concepts: conduction of heat and electricity, dispersion forces between non-polar substances in chemistry, radioactive decay, air pressure inside a container e.g. car tyre versus atmospheric pressure, transmission of impulse from one nerve cell to another, food chains/webs and energy pyramid, the digestive system, movement of earth around the sun and expansion just to name a few. 

Role-plays in the classroom

Role-play in science is a pedagogical tool for assisting students to learn abstract concepts in a creative manner. It should be used where appropriate and should not take up a lot of class time. Students work in groups to discuss their own understanding of the concept under study and synthesize a model of that understanding through movements and speech. Using role-play as a strategy in the classroom will raise the noise level in the room and group dynamics have to be monitored to ensure that chaos and unruly behaviour do not occur. The time allocated for any role-play should be limited and the creation from each group presented and explained. Time should also be allocated after each presentation to discuss the meanings that the group has constructed in their role-play. In watching and listening to their own peers bring out the meanings of a concept, students are able to construct, or deconstruct and reconstruct their own understanding of the concept. It is important in such discussions that their exploratory character is retained and that students are encouraged to reflect on the different meanings that have been presented and on how the meanings are similar to or different from one another. 

Hectic Electric- a science drama example

Science concepts can also be integrated into a story line where the use of role-plays, music and songs creates a drama. A science drama production integrates into it knowledge and skills from many subject areas of the school curriculum. In this section we illustrate students’ engagement in areas of language, science, drama, music/songs to produce a science drama called Hectic Electric. The teamwork and multi-skills approach to the production simulate and put into practice what takes place in a real-life workplace. The production draws on and further develops students’ communicative, creative and higher order thinking skills in bringing abstract science concepts to more concrete and visual forms.

Hectic Electric is a play about electricity targeted at upper primary and lower secondary school students. The script (included in the Appendix section of this paper) illustrates a simple theme – the need to be connected in a circuit. It begins with a source of energy (a cell), a light globe and copper wires, each arguing about their own importance. In order to settle the dispute roles are provided for the wise old men of the past such as Michael Faraday, Alessandro Volta and Luigi Galvani – all pioneers in the discovery of electricity. History is an important part of science learning and in this play the dispute was a means of bringing history into the play. It could also be a vehicle for exploring gender balance in the history of science and could, therefore, create links to other areas of the curriculum. This issue is not taken up in this particular segment or discussion.

The main concepts that are conveyed in this play are:  

· Cells as single unit and batteries as a combination of cells e.g. car battery contains acid and metal sheets. Cells store electrical energy.

· The load (radio, globe etc), wire and power source need to be connected for a complete circuit - a complete circuit is necessary for the load to work.

· Electrical (copper) wires are made up of copper atoms. Each copper atom has 29 positively charged protons (positive = “happy”), 20 negatively charged electrons (negative = “unhappy”). 

· Electricity is the flow of electrons around a circuit.

· Luigi Galvani was responsible for one of the first electrochemical cell. The frog was lying on a metal sheet and when Galvani touched the frog’s leg with a knife of a different metal, it twitched …. animal electricity?? The two metals were connected to the moist body of the frog and electricity was produced. 
· Alexander Volta made the first electrical cell prototype in 1794 using a stack of zinc and copper plates with cloth soaked with sulfuric acid in between.

· Michael Faraday: an English chemist and physicist who worked out the laws of electrochemistry, also discovered the connection between magnetism and electricity and devised the first electric motor. Magnets inside a coil of copper wire generate small amounts of electricity that flows through the wire, creating the first generator.
· Electrical energy in a cell or battery is the result of chemical reactions.

· Insulating materials stop electrons flowing i.e. they do not conduct electricity.

· Static electricity – the transfer of charges (electrons) from one material to another. 
Implications for teaching and learning science in a second language using role plays 

The strategies in role-plays described above lend themselves well to assisting students to learn science in a second language. In the circulatory system example, the drawing of a large circulatory system on a large piece of paper or on the asphalt of the basketball court or yard provides a visual support that is contextualised and transparent, according to Cummin’s (1984) framework described in the introductory section of this paper. By composing short lyrics or prose, the students become more creative and move in the more cognitively demanding direction and the use of more abstract language increases. When the groups get together to form a storyline for a drama based on the small bits of role-plays, the language development would have moved towards the decontextualised and less transparent quadrant of the framework. It would have done this because of the discussions that the students would have needed to have to make sure that their drama was displaying appropriately the meanings that they intended. While large amounts of this discussion might well be in a first language, clever task design by the teacher can bring English into even small group discussions. For example, students can be asked to keep a record of the English words that they have used or to stick English labels onto diagrams of a circulatory system or to provide an English language summary or what their drama will reveal.

Not all concrete experiences require the students to appear as actors. We move on to other activities where the students are less physically active, though no less intellectually involved in creating new insights and consolidating concepts.  

Webquests

As the Internet becomes more and more accessible to students at schools and home, it is becoming a useful educational tool for researched-based projects. Webquests are Internet-based activities where students explore online a large body of information in a content area and complete a research task. They are student-centred but teacher designed, inquiry–oriented activities in which students interact with information that comes primarily from the Internet (Dodge 1997).  The concept of Webquest was first developed in 1995 by Bernie Dodge and Tom March at San Diego University to assist teachers with integrating technology into their teaching

Webquests present students, individually or in groups, with authentic, usually real-world situations where a problem has to be solved. They are often created with a multidisciplinary approach to extend students’ learning beyond simple fact-finding about a topic.   A well-written webquest requires students to analyse a variety of resources and use their creativity and critical-thinking skills to derive genuine and reasonable solutions to a real-world problem (Yoder, 1999). For example, in a group work task, students take on such different roles as that of a biologist, a chemist, an environmentalist and an economist to investigate environmental, health and cost issues associated with acid rain. Technology-based interdisciplinary learning of this type relates closely to students’ daily experiences  (Raizen et al., 1995) and fosters higher order thinking skills when they have to apply their various skills in the different discipline areas to analyse, evaluate, synthesise and communicate information in order to solve the problem given in the task. 

In developing webquests, teachers provide students with a structured learning framework in which scaffolding and resource support are provided. However, the learning is self-directed as students are allowed the freedom to access different resources on the Internet (such as websites and emailing a scientist/institution) and printed materials to construct their own understanding, beliefs and values out of their experiences.

Types of webquest

There are two types of WebQuests: short-term and long-term WebQuests. Short term webquest tasks take from one class period to three class periods to complete. Long term tasks may extend over a week or more. Each type of WebQuest produces different educational benefits. The short-term WebQuest is intended to introduce new ideas while the long-term tasks give students opportunities to investigate in more depth the concepts under study and to build upon previous knowledge in their learning. 

WebQuests are created by teachers according to a standard format (Dodge, 1997) and usually uploaded to the school’s intranet or server.  To design a useful webquest requires considerable time as the teacher is required to pose the problem and find relevant websites to direct students to. However there are hundreds of webquests on the World Wide Web posted by educators who are willing to share them. Some of these are listed in the Appendix. 

Designing a Webquest

There are six components in a standard webquest design (Dodge, 1997).

1. Introduction. This section provides some background information and explains what the webquest is about.  

2. Task. The task explains what the students have to do and describes the finished product that is expected of students. The description of the task could take the form of either a series of questions or a description of what students are expected to do.  

3. Resources.  A list of resources is provided that will assist students to complete the task. The resources are primarily Internet-based, for example, web documents, institutions with experts to ask questions via email or searchable databases on the Internet. However, books and other print resources can also be included.

4. Process. The webquest process, broken up into steps, is described here. It provides a framework for students to follow so that all students will be able to complete their task successfully

5. Evaluation. This section outlines the evaluation criteria, usually in the form of an evaluation rubric. 

6. Conclusion. This brings closure to the quest. The students reflect on what they have learnt and propose future directions where appropriate. Acknowledgements and references are included in this section. 

Implications for teaching and learning science in a second language using webquests  

The description of webquests tasks is usually short and concise which benefits learning in a second language as there is minimal use of the language. However searching for information on the resource sites that are provided might prove a bit more difficult (Ng and Gunstone, 2002) and would require more scaffolding – a structure where assistance at specific points of the learning process is provided (Benz, 2001). Three types of scaffolding – reception, transformation and production scaffolds (Dodge, 2000) assist with students’ dealings in a second language where understanding, evaluating and reorganising the source materials are required.

Role-plays, drama and webquests as useful pedagogical tools for concept and language development in science

Open-ended tasks within structured frameworks

Instructional strategies incorporated into webquests tasks and the supply of resources such as pre-screened websites provide students with guidance on what to focus and where to look for information on the World Wide Web. This directed approach narrows the search that has to be carried out by students on the Web. This enables the students to focus on developing their cognitive skills rather than challenging their Web search skills. Research has shown that students learn ineffectively when asked to search the Web for information in an open and unstructured manner (Krajcik et.al., 1994; Ng and Gunstone, 2002; Wallace et al., 2000; Hoffman et al., 2003a, 2003b). However, students still make use of web-based search skills to navigate and evaluate information on the recommended sites and those linked to them. The provision of pre-screened websites provides an additional advantage in ensuring a student-safe online environment.

Role-plays and science drama tasks are structured in terms of their primary purpose of making concrete concepts that are abstract and difficult to understand through reading text and listening to oral explanations. In both science drama and webquest tasks, the students have some degree of freedom to think and learn in ways that suit them and to present the final product in a style that is in accordance with their own creativity.  One of the concerns associated with using science drama and technology-based activities like webquests in the classroom is that the students will lose their focus on learning science content when they become engrossed with the technical skills associated with both drama and technology. The crucial role of the teacher is to guide and assert that specific knowledge has to be demonstrated by the student in their final products. 

Motivation

There are numerous reports (e.g. Kromhout and Butzin, 1993; Dywer, 1994; Pedretti, t. al., 1998; Mistler-Jackson and Songer, 2000) that support the motivational advantage that technology brings to the classroom. In a technologically enhanced classroom environment, students are able to self-direct and have ownership of their own learning, hence increasing their motivation to learn (Ng and Gunstone, 2002). WebQuest tasks that require students to solve a problem that has relevance to their way of living further increases their motivation to learn.  Students undertaking webquest tasks in a second language are positively influenced by similar types of interest and motivation. 

The issues of ownership and motivation in role-playing have been discussed by McSharry and Jones (2000). When webquest and science drama tasks take an approach of solving problems that have relevance to the students’ way of living, the motivation to learn increases. For example, in a science drama, students could take on the roles that people play in the wider community in debating and in decision making on issues that involve science and technology. In that regard, there could be a classroom version of the local council, or a TV panel discussing the science concepts behind an issue, for example, use of nuclear energy or the definition of clean water and debating its impact on society and making a decision on how best to address the issues.  In webquest tasks, similar roles are assigned to students working in a group to search for information and collectively come up with a solution to address the issues in the problem. 

Developing creative/critical and higher order thinking skills

One of the pioneers of webquests, March (1998) in his article Webquest for Learning states that 

A WebQuest forces students to transform information into something else: a cluster that maps out the main issues, a comparison, a hypothesis, a solution, etc.’  

(http://www.ozline.com/webquests/intro.html) [date accessed 3/5/2004]

Likewise, a science drama forces students to transform knowledge into a play, a social simulation or a musical drama. In both instances creative, critical and higher order thinking skills are promoted. A comprehensive review of the literature pertaining to critical thinking has been discussed by Vidoni and Maddux (2002). They have used Weinstein's (2000) critical thinking framework to discuss the fostering of critical thinking in students undertaking webquest tasks. The distinction between the different forms of thinking - critical, creative, constructive and higher order thinking, is explained by Thomas (1998) at the Centre for Studies in Higher Order Literacy, University of Missouri-Kansas City who said: 

Critical/creative/constructive thinking is closely related to higher-order thinking; they are actually inseparable. Critical/creative/constructive thinking simply means thinking processes that progress upward in the given direction. First one critically analyzes the knowledge, information, or situation. Then they creatively consider possible next-step options, and then finally, they construct a new product, decision, direction, or value. 

(http://members.aol.com/MattT10574/HigherOrderLiteracy.htm) [date accessed 3/5/2004]

Science drama and most webquest tasks are long-term tasks allowing for more in-depth learning of concepts and development of higher order thinking skills. They also enable students to develop a deeper appreciation of the content being investigated. 

Promoting cooperative learning 

Both webquests and role-plays in science are student-centred activities and require students to take on roles in small groups. In the case of a science drama, a larger number of students may be involved. Under these learning conditions, students contribute individual knowledge, through assigned roles and come together to pool and debate the accuracy and relevance of the information so as to come up with a solution which is then conveyed to a larger audience through play/drama or written/oral presentations.  In this way, students learn cooperatively from each other in their groups as well as when they share their solutions with other groups. 

Theoretical underpinnings for using drama and webquests in learning

Effective learning
Julia Aitkin’s (1998) integral learning model proposes that achievement of deeper learning and wisdom is dependent on the integration of our experiences, feelings, imagination, knowledge and action. In the classroom the teacher should recognise that students have different modes of thinking and learning and that they should be exposed to a range of learning experiences to identify and extend their preferred thinking and learning style in order to make personal meaning in a comprehensive way.  The model supports Howard Gardner’s (1983) theory of multiple intelligences in which he proposes that all human beings have multiple intelligences and that these intelligences can be nurtured and strengthened. In his original theory (Gardner, 1983), he formulated a list of seven intelligences. In a subsequent publication, Intelligence Reframed (Gardner 1999) he added two more intelligences, making it a total of nine intelligences. These intelligences are: 

Verbal-Linguistic Intelligence –skills in speaking, writing, reading, listening. Students with this intelligence are usually successful in traditional classrooms as they are able to cope with the ‘chalk and talk’ mode of teaching. 

Mathematical-Logical Intelligence – Students with this intelligence demonstrate an aptitude for numbers, reasoning and problem solving and are able to think abstractly. 

Musical-Rhythmic Intelligence – Students with this intelligence learn best through songs, rhythms and musical expression. 

Visual-Spatial Intelligence – Students with this intelligence learn best visually with images and pictures such as graphs, maps, illustrations, tables.  They are able to understand abstractness better by seeing what is being talked about.

Bodily-Kinesthetic Intelligence – Students with this intelligence learn best through ‘doing’. They are well suited to activities involving movement such as constructing materials and hands-on tasks.

Interpersonal Intelligence – Students with this intelligence are the more ‘social’, extroverted students who are people oriented and respond to their moods appropriately. 

Intrapersonal Intelligence – Students with this intelligence are more reserved and are more aware of their own inner feelings, values and belief.  They are introverts who are quite intuitive with their thinking processes. 

Naturalist Intelligence – Students with this intelligence like field trips and being outdoors and relate well with animals, plants and other objects of nature. 

Existential Intelligence – Students with this intelligence are more philosophical by nature and have the capacity to learn in the context of human existence. They ask ‘big picture’ type of questions such as ’Why are we here?’ and ‘What is our role in the world?’ 

Both the Julia Aitkin and Howard Gardner’s models of learning are based on research on how the brain operates and how emotions impact on cognitive abilities. The implication in the classroom is that students have preferred style(s) of learning and that the teacher should provide opportunities for their students to access a range of ways of learning by tailoring tasks that will help identify their different ‘intelligence’ strengths and build on them to achieve successful learning outcomes. While not all activities will be equally well suited for all students, rotating activity types will provide opportunities for all students to do something where they perform at their natural ‘best’ while in other contexts gaining experience of areas that they need to have practice in.

Underpinning effective learning and the use of drama and webquests for teaching science are the learning theories of constructivism and constructionism. In the next section we will discuss the relationship between these two learning theories in the context of science drama and webquests.

Constructivism

The learning theory of constructivism has been highly influential in science education over the last two decades (Phillips, 2000). The two notable theorists associated with educational constructivism were Jean Piaget and Lev Vygotsky. Piaget’s (1955, 1972) constructivism, also known as personal constructivism, has the emphasis on the individual and is based on his cognitive developmental theories which propose that concept formation in the individual follows a clearly defined set of stages that must be experienced by that individual.  Hence Piaget’s constructivism is also called cognitive constructivism. The underlying principle in cognitive constructivism is that knowledge resides in individuals and that it cannot be given or transmitted whole to them by their teachers. Learners must construct their own knowledge in their minds and progressively build their knowledge through experiences. Real learning can only take place when the learner is actively engaged in the process, either at the operational level where the learner is engaged in physical manipulations or at the cognitive level where he/she is mentally processing incoming information. 

Vygotsky’s (1962, 1978) social constructivism makes similar assertions to Piaget’s cognitive constructivism about how learners learn, but places more emphasis on the social context of learning. In his theory, the learning process involves interaction with other individuals where culture and society will influence the learning. A difference between cognitive and social constructivism is that in the former, the teacher plays a limited role (acts as a facilitator) whereas in the latter, the role of the teacher is active and involved in helping students to grasp concepts by guiding and encouraging group work. Central to Vygotsky’s arguments is the role of others in mediating the learner’s access to new experiences and knowledge. The mediating role of others (and how the others, the learners and the nature of their interactions is shaped by their larger and smaller sociocultural environments) is the central mechanism by which the cognitive constraints posited by Piaget are both overcome and under some circumstances potentially rendered irrelevant).  

Central to both views is the belief that the learner is active in shaping how new knowledge is taken in and shaped and that new understandings emerge progressively as learners develop hypotheses, test those hypotheses and re-shape their understandings on the basis of experiences. In shaping this new knowledge, ‘other persons are part of our experiential world, thus, others are important for meaning making. ‘Others” are so important for constructivists that cooperative learning is a primary teaching strategy.’ (Lorsbach and Tobin, 1992, p5). In interacting with ‘others’ the learners are able to test and assimilate their world views with that of a community of learners. The interaction with ‘others’ may bring out inconsistencies in the learner’s pre-existing views, and by resolving these inconsistencies the learner readjust their thinking to fit in a new area or type or level of knowledge. Science drama and webquests are co-operative learning tools that offer the type of social interactions that will help students construct meanings in their learning. 
Constructionism

The underlying principle of constructivism is that the learner is an active participant in the construction of knowledge and that existing knowledge and a socially interactive environment are factors that affect this construction of knowledge. In his books Mindstorms (1980) and The Children’s Machine: Rethinking School in the Age of the Computer (1993), Seymour Papert, a student of Piaget’s, linked constructivism to technology. He devised the programming language Logo for children to develop their cognitive skills in mathematics by constructing ‘turtle’ graphics or mathematical models on the computer screen. It was from studies of children using Logo that he developed the concept of constructionism. According to Papert (1991) students learn ‘most felicitously’ when constructing a public artefact that others will see, critique and use, be it ‘a sand castle on the beach or a theory of the universe’. Constructionism is linked to constructivism in the students’ active learning and learning by doing, all of which takes into consideration students’ prior knowledge and experiences. Based on the theory constructionism, students will learn productively by being active creators of a play in science or at the end of a webquest task, having prepared a solution to a problem that they are required to show to others and discuss with them.

Conclusion

The use of role-plays and webquests offers alternative teaching strategies in the teaching of science in the classroom. The social nature of these tools encourages (second) language development in a non-threatening environment where students have the freedom to fall back to first language use in discussions with peers but come up with  (public) products in the second language in other contexts of the teaching program. Students learn abstract concepts by making them more concrete through role-play and drama. Essentially kinesthetic and creative by nature, drama offers both introverted and extraverted students opportunities to be creative in demonstrating understandings of science as well as developing oral and written language skill. Webquest activities are particularly useful in developing students’ life-long learning skills in a society where information is readily available. Both drama and webquests promote the learning-to-learn and learning-to-think skills – these are essential to cope with the demands of the changing society of today where citizens would benefit in being problem solvers and independent workers. 
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Appendix

Science Drama script


SCENE 1

A darkened stage with a backdrop to show up colours in costumes.

To the sound of thunder and lightning - with flash if possible. Three figures Globe, Copper 1and Copper 2 sitting head down. Battery leaps heavily onto the stage, tough like the battery in the 'Energiser" advertisement.

Battery:  I am the all powerful! I'm here - it's meee - batteree! Really I'm a cell but most people know me as battery. I am the source of all your electrical energeee!

Copper 1and 2 together:  (lift head and stand up) Cell? Battery? What's the difference?

Battery: A cell is just a cell like a cell in your torch or watch but a group of cells together is called a battery - you know, like a car battery.

Copper 1: But you are not the source of all power. You're just a small thing. There are many sources of electric power these days much bigger than you. What makes you so special?

Battery: Well, I'm still a good source of  electrical energy. I can provide power to any of the gizmos and gadgets you put before me.

Globe wakes.

Globe: Are you calling me …. a gizmo or gadget, indeed. I am much brighter than that. I am a great source of light. I can light up many dark corners in the world.

Battery: I can provide power to many things. Without me your toys won't work, your television, computers, washing machine, etcetera, etcetera.. won't work and…. your cars won't run. What kind of a world would that be???

Copper 2: Hey, listen……

Globe: I myself am a source of light, but I represent a load of good things.

Copper 1: (aside to audience) sometimes a load of old rubbish, if my sources are correct.

Other loads - fan, toy, TV parade in  What about us?

Battery: You are just a great load. I am the source of the force.

Copper 1: Just a minute you two. We are the copper atoms in copper wires. We are the ones with the positively charged protons (copper atoms cheer), 29 of them in fact. We also have 29 negatively charged electrons (atoms sigh, groans). But don't be so negative because our electrons pass the energy along.

Copper 2: We're the ones with all the connections.

Battery: But I am the source of the power. (poses  in superior fashion)

Copper 2: Listen, you guys………

Copper 1:  We carry all the power. We do the real work, our electrons carry the real power.

Copper atoms pose in superior fashion. 

Globe: But I am it. I am the part that works. I am the big load.

Commotion and noise as battery, globe and copper 1 continues to shout and argue.
At this stage Copper 2 is feeling frustrated for not being heard and puts on policeman's hat. It turns its Cu sign at the front of its body to COP.  Whistles to get attention. 

Copper 2: (assertively) Now listen, I can see that we're not going to do any good arguing like this. So, before I can press any charges let's take a trip back through the mists of time. Let us consult some of the wise men from the history of electricity and see if they can help us.

Globe: Yes, perhaps they can spread some light on this subject.

The three of them passes through a mist (provided by a misting machine) and confront a panel of wise men who relate to each other in a much more conciliatory fashion.

SCENE 2

Battery: You are Alessandro Volta, you invented the first electric battery in 1794. You tell them please, that I have got to be the most important! 

Volta: Ay, I did invent the first electric battery but not without the help of my friend Luigi Galvani who made a very important discovery by accident.

Galvani: Yes, I was experimenting with a dead frog one day and when I touched its leg with a metal knife it twitched. (demonstrate action with frog pinned up on display board). I was very excited then as I thought I have discovered a special 'animal electricity' but Volta proved me wrong.

Volta:  You see,  Galvani didn't realise that when the tin plate which the frog was lying on and the steel knife that he was holding were connected by the fluids of the frog's leg, electricity was produced. (points to battery on table) This is my first battery - thin sheets of copper and zinc separated by paper soaked in acid. It was known as Volta's pile back in 1794. 

Galvani: We now know that the electricity produced in your car batteries or the cells in your calculators and transistor radios is a result of chemical reactions changing chemical energy to electrical energy. 

Battery: (looking proud) I told you so, I am the most important! (change in attitude and looking puzzled and not so sure of itself) Metal sheets inside me? Acid inside me?? Yuk!

Globe:  But I can't see anything happening to you. If you can produce electricity why aren't you making me glow? (teasing)

Battery: (looking defeated) I don't know. (waves hands at globe) Light up, Globe, light up. I am the power, do as I say.(nothing happens. Battery impatient and hysterical  ) Light up, I say …

Farady:  It is no use, Battery. You will never light Globe up unless you are connected to him.

Battery: Connected? Over my dead body! I am power and I have the power to command Globe to light up!

Farady: Unfortunately it doesn't work that way, Battery, you, Globe and Copper must all be connected 

Battery: (challenging) Who are you anyway?

Farady: I am Michael Faraday and I have been responsible for producing current electricity by means of movement in a magnetic field. I discovered that if you move a magnet inside a coil of copper wire, (demonstrate) you can generate a small current of electricity that will flow through the wire. Hence the first electric generator. 

Galvani: But you don't need a generator to light Globe here. You, Battery, are a source of electricity and you can push electrons to flow through copper wire to light up globe.

Copper 2: (changing hat to conductor) Come along guys, get connected!

(Cop-per waves baton and hit it against table, as in conducting music, and signals for Battery, globe and copper wire to get in order. Copper atoms pass electrons along and light up Globe. Electrons keep moving and copper atoms sing)



We're copper atoms



Just watch all our electrons

  

They travel round a circuit



They're driven by a battery



They're leaving the negative



And heading for the positive



Now they know where to go



They've got direction!

(Insulator - plastic or wood - comes along)

Insulator: What are you guys doing? This looks interesting. Can I join in?

(pushes its way in, electrons stop, globe unlit)

All in the circuit:  No! Don't do…….

Globe: I have lost my glow! What is happening?

Copper 2: This is insulator, he is made of plastic and no electrons can get passed him but I'll fix your problem, Globe.

(waves baton and music starts. Insulator moves out as conductor moves in to take its place and electrons move freely again, globe lights up)

(a group of 6 -8 fluorescent tubes enter and talking amongst themselves)

Fluorescent: What is this fuss all about?

Battery, Globe and Copper together: We make a complete circuit and electric current is flowing around us. This makes Globe glows.

Fluorescent: But we can glow without the need for an electric current. Watch!

(stage lights dim. Fluorescent lights up using static electricity)

--------------------------------------------  End of script------------------------------------------------

Websites to retrieve webquests activities

	Webquests


	Links

	Matrix of examples in all subject area
	 http://webquest.org/

http://www.techtrekers.com/webquests/

http://schoolweb.missouri.edu/smithville.k12.mo.us/uptegrove/webquest.html

	High school science webquests
	http://www.what-is-the-speed-of-light.com/webquests/science-webquests-index.html

	Comprehensive list of primary and secondary science and other subject webquests


	http://sesd.sk.ca/teacherresource/webquest/elemscience.htm

http://sesd.sk.ca/teacherresource/webquest/secscience.htm

	Middle school science webquest


	http://www.middleschool.net/less_tut/webquests/sciwq.htm

	Science WebQuests


	http://ourworld.compuserve.com/homepages/RayLec/scwquest.htm



	Webquests on science webquests


	http://www.jdenuno.com/TechConnect/WebquestonScienceWebquests.htm
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