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 Science for all is a call made in several international and national policy documents. In this article we reflect on the teaching of science thinking skills to learners with special needs as a response to the call to make science accessible to all learners. More specifically we discuss and report on the preliminary findings of research done in a South African classroom aimed at mediating thinking skills to learners with special needs. 

For many years science teaching has been dominated by the transmission of content knowledge to learners. School science education programmes were designed mainly to meet the needs of Higher Education and in so doing became the vehicle for the training of scientists. In order to achieve this aim, over the years more and more content knowledge was included in school science syllabuses. However, with the information explosion the teaching of scientific facts has become problematic since scientific knowledge is being produced at too fast a rate for all of it to be included in science education programmes (Wellington 1989 :12). Moreover, Simpson (1987: 9) describes the failure of the content-led approach as follows: The majority (of pupils) failed to attain the level of mastery of school science which would allow them to proceed to certificate courses; of those who did, some failed to achieve levels which would allow any recognition of attainment, and many were awarded certificates on the basis of performance, which if described in criterion reference terms, indicated that 50 per cent of their expected knowledge was either faulty or non-existent.

In response to the content-led approach, during the last two decades it has been suggested that individuals could learn how to think better and that thinking skills can be taught explicitly and improve with time (Costa, 1985: v) This general approach of placing emphasis on teaching thinking skills and processes became known as the process-led 
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science curriculum. Screen (in Wellington, 1989: 12) argues that the teaching of skills, particularly transferable skills, are more relevant to learners than transmitting factual content to them. But, what do we mean by thinking skills? Alvino, in his 1990 Glossary of Thinking Skills Terms (Cotton, 2000: 3) defines thinking skills as the set of basic and advanced skills and subskills that govern a person's mental processes. These skills include knowledge, dispositions, as well as cognitive and metacognitive operations. 

Jenkins (1989) argues that skills and processes are more accessible to a much wider range of ability than traditional (transmission of facts) approaches to science education would seem to allow. In traditional approaches to science teaching students with learning disabilities are labelled as having average or below-average ability, that is, having lower academic achievements than IQ scores would predict (Ormrod, 1995: 193)
.

The Instrumental Enrichment (IE) program, developed by Feuerstein (1980) consists of 14 instruments, which provide the opportunity to teach different cognitive functions explicitly. The instruments are built in a progressive way, divided into units, and enable the mediator to address specific cognitive dysfunction. Sternberg and Bhana (1986: 63) in their evaluation article describe the IE program as especially suitable for students of average or below average ability at the junior high school level…and for special, including retarded and learning-disabled, as well as normal populations (sic).

The broad aim of this research is to reflectively teach specific skills and processes that are known to be representative of problem-solving activity in science to learners with special needs, using selected Instrumental Enrichment (IE) tools when needed. Learning the skills explicitly in science programmes may help learners to transfer them to other disciplines as well. These skills and processes can serve in Millar’s (1989: 51) terms as general approaches which we all use all the time in making sense of the world. The research intends to document a praxiological account of how the nexus between an alternative approach to science teaching and the special needs of learners are played out in a South African classroom.  The research reported here is pertinent to SA because recent policies on curriculum, inclusive education and disability mandate that science processes/skills be taught to all school learners. 

Research design 

Research design is a strategic framework that guides research activities. According to Durrheim (1999) research design has four components: the purpose of the research, the research paradigm, the context and the research techniques employed. We discuss each of these four aspects briefly.   
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Purpose

The purpose of the broader study is to critically explore whether and to what extent teaching science using selected IE instruments can:

1. Contribute to the development of science thinking skills in learners with special needs.

2. Contribute to the transfer of thinking skills to other disciplines.

3. Help learners with special needs to reduce their common characteristics such as distractibility, passive approach to learning, ineffective learning and memory, poor self-concept, impulsive behaviour, and low motivation to succeed at academic tasks (Ormrod, 1995: 192).

4. Increase student engagement in the science classroom.

5. Influence the classroom-learning environment.

In this article we will report on preliminary findings associated with objectives 1 and 2 only.

Paradigm

The study is loosely framed within a critical/emancipatory paradigm using an evaluation action research (EAR) approach. Evaluation research is part of applied research - an action taken within a social context for the purpose of producing some intended result (Mouton, 1995). Action research will be used in the study for the purpose of improving the teaching of science to learners with special needs and to involve them actively in teaching/learning process. The aim of action research is to solve immediate and pressing day-to-day problems of practitioners (Mc Kernan, 1991). A key premise is that behaviour/actions should be studied in the field or in situ by the practitioners (Mc Kernan, 1991). Halsey (quoted in Mc Kernan, 1991: 4) defines action-research as a small- scale intervention in the functioning of the real world... and a close examination of the effect of such interventions. This definition suggests that it is possible to carry on action research by oneself (Kochendorfer, 1994), when the researcher is a participant observer who introduces materials and procedures for the teacher and the learner (Baird & White, 1984; Chang, 1999; Zielinski & Sarachine, 1994). 

Context

The research is taking place in a private school, Pro Ed House School that was founded in 1998 for learners with special needs. The school is located in Rondebosch, a suburb of Cape Town. The learners attending the school have been taken out of mainstream schools and placed in this special school for two or three years depending on their individual needs. After two or three years learners return to mainstream schools. There are about 12 children in every classroom and a total of 86 learners in the school. The age range of learners is between 6 and 15. Some of the learning disabilities (or so labelled) are Attention Deficit Hyperactivity Disorder (ADHD), mood disorder, dyslexia, among others.
Techniques/methods:

Data will be produced over two cycles of inquiry: the first cycle took place in 2002 and the second will take place in early 2003. In this article we report on the preliminary 
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findings of the first cycle of inquiry. During the first cycle the teacher-researcher (first author of article) designed 16 lessons on science thinking skills and processes that are in line with requirements defined in the revised South African National Curriculum Statements for the Natural Sciences Learning Area. The lessons were taught over a period of one school term during which the teaching, and learners’ progress were evaluated formatively. After each lesson the teacher-researcher reflected on her and learners’ experiences, and also did so collaboratively with the permanent class teacher. All the lessons were video-taped. The videos were viewed and analysed after every lesson. All reflections were done in order to evaluate the programme and to introduce changes into the programme. The learners answered questionnaires every week (after two lessons) regarding the skills and processes as well as the knowledge obtained during those lessons. Four quizzes (every two weeks) were also used as part of the formative and summative evaluation of the programme. An interview was conducted with the permanent class teacher concerning the programme’s effectiveness. The teacher-researcher kept a personal journal to record her reflections and the class teacher took fieldnotes based on his observations. The array of research techniques employed in the study will strengthen the trustworthiness of the research findings through triangulation of data and data production techniques. 

Negotiating access

Access was negotiated directly with the school through the school principal. The teacher-researcher and research supervisor both wrote formal letters to the school principal in which they explained to her the nature of the research and also requested her permission to conduct the research in the school.

Data production and analysis

We choose to use the term data production instead of the commonly used term data collection. Data is not out there (to be collected) but rather constructed through human will and intention. The intervention program was designed based on the assumption that science-thinking skills should be taught explicitly to learners so as to simplify the learning experience for the learners, and to create the zone for these skills to develop.  We also assumed that science content provides the context in which the skills are operationalised.
Gange (cited in Shaw, 1983: 615) describe science skills and processes that can be divided into two groups: 

· Basic processes including observing, measuring, inferring, predicting, classifying and collecting and recording data.

· Integrated processes including interpreting data, controlling variables, defining operationally, formulating hypotheses and experimenting.

In line with this, the teacher-researcher chose to teach the following basic skills: observing, measuring, comparing, inferring, predicting, classifying and collecting and recording data, as well as some of the integrated processes such as: controlling variables, formulating hypotheses and experimenting. The skills were integrated into the general 

INTERNATIONAL JOURNAL OF SPECIAL EDUCATION



       Vol 18, No.2.

science syllabus for grade 6 (of 1995), using the content as the framework, but placing the emphasis on the development of skills. The activities and tasks incorporated selected IE instruments so as to afford learners with opportunities to practice the skills and to gain a better understanding of them. After implementing the lessons, the expectation was that learners would display better control over the skills, and a better understanding of the science content.

To ensure that effective and improved mediation took place the permanent teacher and the teacher-researcher collaboratively reflected on the teacher-researcher’s teaching skills and abilities, as well as changes in learner progress. In order to evaluate the programme as a whole two aspects were focused on: the teaching process concerned with the teacher-researcher’s teaching abilities and the learning process focusing on the learners’ abilities and achievements.

Methodological triangulation, based on the usage of two or more methods of data production in the study of some aspect of human behaviour (Cohen & Manion, 1994) was used to improve the validity of the findings. This was done by cross-referencing, for example, different perspectives obtained from different sources (Hitcock & Hughes, 1995). The more the methods contrast with each other the greater the confidence in the findings, and one can use verity of qualitative and quantitative methods to obtain different kinds of information and combine them to increase validity (Cohen & Manion, 1994). Elliot (quoted in Hopkins, 1993: 152-153) describes the technique as:  Triangulation involves gathering accounts of a teaching situation from three quite different points of view; namely those of the teacher, his (sic) pupils, and the participant observer… The teacher is in the best position to gain access via introspection to his [sic] own intentions and aims in the situation. The students are in the best position to explain how the teacher's actions influence the way they respond in the situation. The participant observer is in the best position to collect data about the observable features of the interaction between teachers and pupils. Methodological triangulation enables us to describe the learning-teaching experience from the teacher's, learners' and observer’s points of views. Learners completed four quizzes (every two weeks) and all classroom tasks-sheets were handed in to the teacher-researcher for purposes of evaluating learner's achievements formatively and summatively. The learners also answered 7 questionnaires regarding their feelings and understandings of science skills and content every alternate lesson. The teacher-researcher’s and permanent teacher’s direct observations were augmented with a short collaborative reflection on the lesson, highlighting the main advantages and disadvantages of it. Additionally, the videotape of each lesson was watched and transcribed by the teacher-researcher. Each reflection on a lesson was intended to bring new insights and lead to the improvement of the next lesson. Lastly, the teacher-researcher kept a personal journal that she used to reflect on her feelings and thoughts during and after the lesson, and as a basis for introducing changes throughout the teaching period. 

Data analysis consisted of a few steps that were followed, and the steps were done as a sequence for each lesson.  At the end of each sequence the lesson as a whole was 
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evaluated focusing on individual learners and the teacher-researcher. This is a more detailed description of each step taken:

1. The teacher-researcher watched every videotaped lesson and transcribed it, indicating who are the speakers and what were the different activities. This idea was adapted from Heath and Hindmarsh (2002: 109) who also explain that the transcription does not replace the video recording as data, but rather provides a resource through which the researcher can begin to become more familiar with details of the participants' conduct. The transcriptions were recorded in detail, quoting as accurately as possible learners’ responses and that of the teacher-researcher. The information was written on record cards that served as devices to enable the teacher-researcher to identify particular actions and to preserve a rough record of what had transpired. 

2. The second stage was to combine new themes that emerged in the first step with previous ideas and feelings that the teacher-researcher produced from the reflection notes of both the permanent teacher and her own. This information was used mainly to develop a wider evaluation of the lesson.

3. The third step was to construct a personal evaluation of each learner, analysing her/his performance in the classroom tasks and quizzes, combining information from questionnaires, and picking up indications of progress as reflected on the record cards of the transcribed videos. Units of meaning were produced such as a quote, a micro-change in behaviour or an achievement that might have some meaning. This idea was adapted from Maykut and Morehouse’s (1994: 134) description of the comparative method of data analysis. They use the units to compare different responses from a large-scale study whereas in this instance we worked with only 12 learners.  Therefore instead of connecting relevant units from different participants to create a category, we used the units of meaning to build a record of changes in progress, attitudes, and characteristics on every individual. The accumulative data reflected learners’ experiences. These were also recorded on cards. The results of all data produced from different sources for each learner was available on one record card. 

4. The forth step was to evaluate the teacher-researcher’s own progress as a teacher, as perceived from her watching of the video, her own reflections at the end of each lesson, and the reflections she collaboratively did with the permanent teacher. A summary of the evaluation of the teacher-researcher was recorded on a record card.

5. The last step was to evaluate the learning programme outcomes that the teacher-researcher determined prior to the commencement of the programme in the light of the data produced in steps 1 to 4. 

Preliminary findings:

Planning Behaviour

The preliminary findings are based on 8 of the 16 lessons taught. In order to meet the first purpose of the research, namely to contribute to the development of science thinking skills in learners with special needs, all lessons were designed in such a way that a specific approach or skill was mediated explicitly and bridged to everyday life contexts and scientific tasks. For example, the first approach mediated was a systematic approach to 
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perform any task. This was done by using the IE instrument Organisation of Dots (OOD) that encourages planning of behaviour. The activity comprises the following six steps:

1. Define your goal.

2. Look at what is given - gathering data.

3. Decide on a strategy.

4. Establish the rules or parameters.

5. Decide on the starting point.

6. Check whether the objective has been achieved - check your work.

In order to mediate these steps the teacher-researcher used the first unit of this instrument (OOD), as a simple and engaging task, in which the steps could be applied and their usage mediated. The nature of the task is to identify and outline within an amorphous cloud of dots, a series of overlapping geometric figures, such as squares, triangles, and so on. Planning behaviour is an extremely important ability so as to solve problems in everyday life contexts and in scientific investigations in particular. It is also a useful technique to improve ineffective learning and memory and to restrain impulsive behaviour (an action displayed by some of the learners). We practised and bridged this approach to scientific contexts using a hypothetical research problem where experiment designing was required. 

Table 1: 

A systematic approach to designing an experiment

	A general Approach: How to Solve a Problem
	A general approach: How to Plan an Experiment.
	An Example: How to Increase the Milk Production in Cows

	Define the goal.
	The experiment goal.
	The goal is to increase the milk production.

	Look at what is given.
	Gathering data.
	Gathering data from books, journals, Internet, and farmers.

	Decide on a strategy.
	Hypothesis formulation.
	Cows that eat more food produce more milk.

	Establish the rules or parameters.
	Changing only one variable in each experiment, repetitions and control vs. experimental groups.
	Amount of food as a variable, number of cows in each group for repetition and control and experimental groups.

	Decide on the starting point.
	Details of the specific experiment and methodology.
	Date and duration of experiment, amount of food, measurement techniques.

	Check whether the objective has been achieved.
	Comparing the data to the hypothesis and concluding.
	After experimenting, comparing the milk production in the experimental and control groups  and concluding.


Table 1 represents the usage of the systematic approach in designing an experiment. The teacher-researcher and learners discussed each step of the problem collaboratively, while 
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the teacher-researcher introduced some scientific concepts such as control variables, hypothesis formulation, control vs. experimental groups, and so on. 

After four lessons 6 of the children were able to design their own experiments with similar problems, were able to suggest possible hypotheses and understood the rules that were mediated. After six lessons 9 out of 12 were able to do so. Learners started using appropriate vocabulary whilst solving problems in classroom discussions. For example: 

Tm: By defining my goal and gathering data, I discovered that …by using what he is wearing and the objects around him, he is a chemist or a scientist. 

Cht: We have to define our goal of what we are suppose to make. We had to make a liquid but we didn't know what was it…we looked at what we had and gathered data: we had water and powder and we had to do something…to put them together…what strategy shall we use: should we measure with the jug or with the measurement cylinder… where shall we start- I followed the instructions… what were the rules: be accurate…
The permanent teacher indicated during a reflection session with the teacher-researcher (after lesson 5) that learners also started using their acquired skills in mathematics when gathering data and looking out for rules. He also stated that learners were critical of his teaching in the mathematics classroom saying to him on one occasion that, he didn't define the goal….    

In the questionnaires most (10) of the learners answered that they agree or agree strongly with these statements:

· A plan is a useful tool to solve any task,

· In order to solve a task I first define the problem,

· I change my plan when it is not helping me to solve my problem,

· I decided what steps I was going to take in order to reach my goal,

· I try and gather information before I solve the problem.

In the subsequent lessons, different aspects of the experimental planning were addressed explicitly, such as following instructions, comparing and controlling variables. Using IE instruments and other activities helped some learners to understand better the scientific concepts (which were rather difficult to grasp) as well as gain more meaning of the whole approach. 

Mediating.

Mediated Learning Experience (MLE) is a theory of learning, where the teacher, a parent or any other character in the child's life directs the child's attention to a particular object or situation, and assists him or her to interpret and gain meaning from the surrounding environment (Feuerstein, 1980). Mediation, according to Feuerstein, has to include three main characteristics for any learning experience to be meaningful and these are:

1. Intentionality, which involves a desire to teach or mediate on the part of the teacher and Reciprocity, which involves receptiveness on the part of the learner.

2. Meaning, by sharing your aims of the lesson enthusiastically and providing the key to the purpose of the activity and cultural values.

3. Transcendence, which involves applying or bridging ideas to a broader context.
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According to Haywood (1987), mediators use several, quite specialised strategies or mediating mechanisms:

1. Process questioning (how questions) such as: 

· Why do you think so?

· Tell me how you did it.

· What do you think will happen if…

2. Bridging mainly the cognitive functions or concepts and sometime also knowledge.

3. Challenging or requiring justifications for correct and incorrect answers.

4. Teaching about rules that should led to the ability to generalise.

5. Emphasising order, predictability system, sequence and strategies.

Evaluation of the teacher-researcher’s abilities to mediate revealed that Intentionality and Reciprocity were mediated well. She taught with enthusiasm and chose intriguing tasks for her learners. It appeared that learners were enthusiastic to learn: they looked forward to the lessons and responded well to the different activities introduced. The teacher-researcher mediated the meaning of science, how it is performed and why science is important and meaningful to learners. She did this by bridging the scientific approach to everyday needs such as medication, agriculture development and industry. However, Transcendence, bridging the skills to other disciplines was not sufficiently dealt with. 

Usage of mediation requires questioning. After the first few lessons the permanent teacher indicated to the teacher-researcher that she was not using all opportunities to question the learners on their thoughts and ways of thinking, and by so doing deprived learners from opportunities to grow and understand. By reflecting on her own teaching through viewing the videotapes, the teacher-researcher learnt to recognise those opportunities and became more aware of the need for her to improve her questioning abilities. By lesson 8 the permanent teacher indicated that the teacher-researcher’s abilities to clarify, ask for explanations and justifications, and mediation had improved. The permanent teacher stated that the teacher-researcher questioned learners’ ways of thinking and helped them to gain more meaning out of the learning experience. In his reflections the permanent teacher stated that the teacher-researcher spent more time listening to what learners had to say by guiding them through questions, than to help them answer in appropriate ways. It takes a few years to become a good mediator, and although there is noticeable progress in the teacher-researcher’s abilities at this stage, there still is room for improvement in this respect.

The last interesting finding so far is that although the science content played a secondary role in this programme, most of it was understood and remembered extremely well by the learners. This finding could be rewarding for teachers since a common critique of the cognitive approach to science teaching is that it consumes too much time and doesn't leave enough time for transmission of content knowledge. 
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Conclusions

In this article we presented the preliminary findings of the implementation of a learning programme aimed at improving the mediation of science thinking skills to learners with special needs. Preliminary findings show that even complex concepts such as controlling variables, formulating hypotheses etc., were understood by most of the learners (9 out of 12). The findings also indicated that the amount of knowledge transmitted through the programme, as well as learners’ ability to remember what was transmitted exceeded by far what the permanent classroom teacher had expected. If one takes the characteristics of learners with special needs (or so labelled) into account, such as ineffective learning and memory, low motivation to succeed at academic tasks, distractibility, and passive approach to learning, then preliminary findings suggest that the programme (which will be presented over two years) might prove to be successful in enabling learners with special needs to learn science.
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