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Introduction

This paper reports from a small-scale curriculum project aiming at teaching about the nature of science at lower secondary school. Knowledge about the nature of science is an important part of functional scientific literacy as such knowledge is believed to be prerequisite for students’ assessment of the science dimension of socio-scientific issues (Kolstø, 2001; Ryder, 2001). 

The focus for this project is science as a process, which involves processes like examination of literature and generation of hypotheses, empirical data and factual claims. However, science as a process also includes communal aspects. A main aspect of the imitating science project is therefore the inclusion of social processes like publication and critical evaluation of research reports among the learning objectives. Through an emphasis on social processes we hope to avoid portraying science as a process that only relates to what is done inside a laboratory. Thus we also hope to avoid the naive positivistic idea that results from single studies are facts because they are based on measurements and observations. In addition to knowledge about science as a process the project also aims at stimulating the development of students’ epistemological thinking.

Inspired by Dewey the main idea in this curriculum project is to stimulate students’ learning of science as a process by involving the students in reflections based on personal experiences. Thus a main activity in this curriculum is students’ planning, performing and reporting of a truly open-ended experiment carried out in small groups. In addition the groups publish their reports and evaluate and discuss other groups’ reports. 

The purpose of this presentation is twofold. Firstly we want to present our ideas of how to use practical activities to teach social processes in science. Secondly, this curriculum project, called “the imitating science project”, has been implemented in three science classes. Thus we will also present our analysis of the impacts of the project on students’ ideas about science.

The project and the analysis of data are based on a theoretical framework that we will present before describing the details of the design of the curriculum. After a short presentation of the research design we will go on to present our findings before entering into a discussion of results and design features.

Theoretical framework

The theoretical framework for this study is threefold. Our understanding of the concept scientific literacy is the basis for the study. Our view and knowledge about the nature of science influenced both the design of the curriculum and the analysis of data. Our views of learning influenced the didactical design of the curriculum.

Scientific literacy – our understanding

Through media and in their daily lives students encounter controversies with a science dimension. Such issues often involve disputed scientific arguments, contested frontier science and real or perceived expert disagreement. Thus the science-related public debate to some extent mirrors professional scientific debates. Adequate interpretation of arguments and factual claims thus demands knowledge of processes involved in developing scientific knowledge. This view is supported by a number of qualitative case studies of lay peoples’ interactions with science and scientists (see Ryder, 2001 for an informative overview). These studies indicate that knowledge of the nature of science and scientific knowledge is at least as important as scientific content knowledge for lay peoples’ assessment of science-based arguments (Kolstø, 2001; Ryder, 2001).

This curriculum project is therefore based on the view that it is adequate and important to increase students’ knowledge about science as a process and also their skills in participating in evaluating and argumentation in relation to empirical data and scientific knowledge claims

Nature of science

The design of this curriculum project is based on a constructivist view of science. This view emphasises the role of interpretation and argumentation related to the production of empirical data and scientific knowledge claims. It also emphasis the difference between two kinds of science (Cole, 1992; Latour, 1987; Ziman, 1968). One kind, denoted as “core science” by Cole, is characterised by a stable consensus within the scientific community. This is science where the disputes at the initial stages of the research, have settled, and which now occurs in textbooks. The other kind, denoted as “frontier science” by Cole, is science in the process of being researched. At this stage in the production of scientific knowledge hypotheses are being developed and scrutinised, and results from studies are presented to colleagues and discussed (Ziman, 1968). Subjective and unreliable frontier science is transformed into core science, or converted out of science, through different social processes characterised by publication, evaluation and argumentation.

This view of the nature of science contrasts the positivistic view which claims the existence of a scientific method which, when followed properly, leads to valid knowledge. It also contrasts the relativistic view, which claims that all claims are subjective, and only a consequence of perspective.

Our view is that while on the one hand all scientific claims are based on human constructions and interpretation, consensual science is our most reliable knowledge about the physical environment.

Design principles

The didactical design of the imitating science project is inspired by Dewey’s (1913) emphasis on the need to ground students’ learning in practical problem solving activities in order to achieve deep understanding of theoretical concepts. However, the practical activities are not thought automatically to develop students’ theoretical understanding. The teacher’s role is to build on the interest brought about by the practical activity and challenge the students to try to understand the underlying principles involved. But the practical problem solving is not only a way to motivate, as these experiences are important for the relating of theoretical concepts to their content, and thus to avoid superficially memorisation as a preferred learning strategy. The imitating science project therefore involves both a practical experiment and discussions of science as a process.

Socio-cultural perspectives on learning suggest that learning is situated (Lave & Wenger, 1991), implying that understandings and competencies are linked to the contexts they were acquired. An example is how students are able to learn and reproduce correct understanding of scientific concepts in school contexts, but still hold on to and apply misconceptions in everyday situations outside school. Situated learning theory also states that knowledge is most effectively acquired by taking part in the kind of activities where the understanding are to unfold and where the students can learn from more competent practitioners. This “apprenticeship” view of learning indicates that an understanding of science as a process is best learned through participating in scientific experimentation and argumentation. Socio-cultural perspectives on learning also claim that collaboration strengthens learning through interchange of distributed knowledge and insights, indicating that group-work and discussions should be included in learning activities.

In designing the imitating science project we also took notice of Dewey’s emphasis on the need to build on the learners’ interest in order to increase the students’ effort towards understanding. Thus we let the students develop and decide their own hypotheses for the experiments, although within certain constrains. Finally we also included scaffolding (Wood, Bruner, & Ross, 1976) of the most demanding activities in order to enable more students to take part in activities based on understanding of concepts like hypotheses, observations and conclusions.

The design of the imitating science project

The implementation to be presented here involved two science classes at two different schools. The basic idea in the imitating science project was to let the students perform an open-ended experiment in small “research-groups”. To trigger the students’ interest in research and to focus their attention on the topic, the project started out with a whole class discussion of three scientific claims taken from recent newspaper headlines. The headlines used in the last implementation where

· Tobacco causes the death of half of those who smoke

· NATO-bombing might cause cancer

· Air-soles cause health problems

The discussion focused on the nature of the research behind such headlines, and how reliable research-based claims are. Following the discussion, the students where informed about the project and the learning objectives involved. Then they where told about the general research question for the experiments: "Why do people walk around in circles in open spaces when the visibility is low due to fog or snow?". All research-groups should develop their own hypotheses, but had to work with the same research question. This was important to be able to imitate the process where several research-teams work on a problem trying to develop an adequate model for some aspect of the physical world. 

In the TIMMS study (Kind, Kjærnsli, Lie, & Turmo, 1999) Norwegian students often employed unstructured experimenting without planning when faced with open-ended practical problems. Based on an idea proposed by Frost (1995) we therefore introduced an electronic framework for structured planning to scaffold the planing process. The framework contained headlines, sentence starters and small explanations in order to scaffold the students planning and understanding of concepts like hypothesis, variable and conclusion. It was also designed to stimulate reflection over e.g. testability of hypotheses and reliability of methodology. The framework was transformed into a plan for an experiment through collaborative work in front of a computer. After completion the plan was posted electronically to the teacher. The teacher approved the plan if the necessary equipment was possible to achieve and if the suggested method did not involve any safety problems. (The full details of the framework are given in enclosure 1 in the handout.)

After printing the plan the research-groups carried out their experiment by selecting, collecting and interpreting data, drawing conclusions and writing an electronic report. The discussion of results passed through two stages. First the research-groups at each school presented their hypotheses, methods and results orally for their science class. Each presentation was followed by a whole class discussion of weak and strong aspects of the different methods used. The teacher wrote down on the blackboard all methodological points mentioned: strong aspects first and weak aspects below, and sorted horizontally into the six different research-groups involved. The driving force behind this discussion was the challenge of making a joint report presenting the different experiments and a tentative conclusion on the research question. Thus it was important to find weak points in other groups’ reports and defend own group’s report. Through polling it was decided which group to be responsible for writing the joint report.

The joint reports from the participating classes were published in a closed learning management system (LUVIT). Thereafter the groups in both classes started an on-line discussion commenting and criticising the different hypotheses, experimental methods and conclusions. During the on-line discussions the teacher served as a consultant who sometimes also challenged groups of students to examine certain aspects of a report.

Throughout the planning process and the experimentation phase, the teacher often started the lessons with a short discussion about the purpose of the project and evolving ideas of the characteristics of scientific research. However, the final lesson in the project was devoted totally to a teacher led class debate of science as a process and similarities and differences between authentic scientific research and the process that they had gone through in the project. By relating the discussion to their own open experiments and reliability discussions it was hoped that concepts like hypothesis, reliability, community of scientists and so forth could be backed up by meaningful associations. The discussion also touched the question of the reliability of scientific knowledge and knowledge claims in general in order to stimulate the students evolving epistemological thinking.

Evaluation method 

The students involved in the project were about fourteen-year old and in grade eight nine. The two science classes involved were mixed ability classes with twenty and twenty-eight students with mixed socio-economic background.

The analysis to be presented is based on short texts written by the students in the class with twenty-eight students. They where asked to write small texts about research before the open experiment started and after project completion. (It needs to be mentioned, however, that the first texts were written after the class discussion based on the three newspaper headlines.) Each time the students where asked to spend ten minutes to write what they knew about the scientific research method. They were given a sheet of paper for this task with the written question: "How does a researcher work?" In total the data consists of twenty-three pre texts and twenty-three post texts, all between one third and a full hand-written page. 

The analysis of the texts was based on the following three research questions:

1. What are the pupils’ views about processes involved in research?

2. What are the pupils’ views about what researchers do to increase the quality of their research?

3. What are the pupils’ views about the reliability of the outcome of research?

The analysis was qualitative. Descriptive categories were inductively generated from inspection of data (Merriam, 1998), but influenced by our views and prior knowledge about the characteristics of scientific research. The analyses were done through code and retrieve processes based on the constant comparative method (Strauss & Corbin, 1990) and supported by the computer software Atlas.ti.

It is important to be aware that the students in their pre and post texts were not explicitly asked to write about specific issues like stages of research or reliability of findings. This makes it interesting to identify the topics the students chose to comment in addition to their views on these topics. The identification of the three research questions was partly based on observations of topics touched in students’ texts.

A main aim of the analysis was to identify similarities and differences between the students’ ideas prior to and after the project. It is not our claim, however, that the effectiveness of the imitating science project might be judged on the basis of this small-scale qualitative study. Nevertheless, we did hope to gain insights into what kind of new ideas the students developed during the project, and also to generate hypotheses about weak and strong points in the curriculum to inform further development. Finally we wanted to generate “working hypothesis” (Cronbach, 1975) about how to use the curriculum successfully for other teachers. 

Concerning the validity of the finding it should be noticed that the students were informed that the pre and post text where for research purposes and not to be given marks. An issue of concern, however, is the individualistic phrasing of the question the students responded to in the texts. This might have led to a lesser emphasis of social processes and community related aspects in students’ texts. Another issue is the selections the students make in writing their texts. They do not necessarily write down all their thoughts, but what is on the top of their head or what they believe is most important in their teacher’s opinion. Finally, the students’ texts are seldom written in a clear and exact language. Probably this reflects the students’ immature and unclear thoughts about research and the nature of scientific knowledge. In categorising the students’ statements we have therefore tried to keep the number of categories low. E.g. we chose not to distinguish between different versions of constructivism when identifying students’ epistemological thinking.

The trustworthiness of the analysis and the findings is based on the disclosure of theoretical framework and the process of the analysis. In addition the analysis and findings have been inspected and criticised by an experienced researcher in the field.

Findings: Pupils’ view of science as a process

The students’ ideas about processes involved in research 
Our first research question concerned the students’ views about main processes involved in scientific research. Most students chose to write about this issue in their texts. In the pre texts many students only described researchers as one who “makes inquiries” (n=8) or as one who “solve problems” (n=6). Several students (n=4) described researchers as one who collects and analyse data in order to find answers to problems. Erik wrote for instance:

I think researchers make inquiries and analyse and establish a conclusion.

Some students (n=5) emphasised the development and testing of hypotheses, or of “theories” as the students called it. However, this idea became very evident in the post texts (n=14+5). In fact all the other categories more or less disappeared from the students’ texts and nineteen out of twenty students who wrote about main activities in research wrote about testing hypotheses. In addition some students also included discussions with colleagues in their texts. Berit wrote that:

They [researchers] make hypotheses and then they test this in different ways (many different). Then they find a conclusion. Then they discuss with other researchers and criticise each other works.

In the post texts the students also tended to use a more precise language about the use of hypotheses, and the concept “hypothesis” was often used explicitly and in adequate ways. An overview of the findings is given in table 1.

Main process in research
Pre texts
Post texts

“Make inquiries”
8
1

“Solve problems”
6
0

Collecting and analysing data
4
0

Testing hypotheses
5
14

Several elements from framework including testing hypothesis
0
5

The issue is missing / unclear
0
4

Total
23
23

Table 1: The table shows the main research processes mentioned by the students in their pre and post texts.

Thus the general tendency was a shift from focusing on passive collection of data and to draw conclusions towards active experimenting based on a hypothesis generated by the researcher.

Implicitly the students often wrote about the purpose of research. Here we found a shift that resembles the shift in main activity. In the pre texts many students wrote that researchers tried to find answers to problems, while in the post texts the purpose typically was described as evaluating hypotheses. One example of this shift is found in Laila’s texts:

Laila’s pre text: I think researchers take samples and work on these. For example mad cow disease: They take samples from healthy animals and from ill animals. Then they compare these and look at the result. Or if they are to do research on poisonous substances they might test it on animals to se how they react. I think a researcher works this way.

Laila’s post text: First they make a research question and a hypothesis. Then he performs experiments to find out whether the theory and the hypothesis are right. This he does many times. Then he ends up with a conclusion and is likely to discuss this together with other researchers.

The idea of research as “finding answers” was in fact totally absent in the students post texts. 

The students’ views about what researcher do to increase the quality of their research?

The second research question concerns characteristics of scientific research which is related to the need for reliable conclusions. In the pre texts only a minority of the students (n=7) mentioned strategies scientists and the scientific community use to increase the reliability of research findings. The most frequently mentioned strategies were the use of different methods (n=5) and to co-operate with other researchers (n=2).

In the post texts a majority (n=15) of the students mentions strategies related to reliability, and most of them mentioned two or more strategies. Several qualitative new strategies also appeared. The students wrote about the examination of results by other researchers (n=6), the use of replications (n=4) and comparison with other researchers’ findings (n=4). The use of different methods (n=5) and the need for accuracy and patience (n=3) were also mentioned by some students. All strategies found are listed in table 2. 

Strategy
Pre texts
Post texts

Examination of results by other researchers
1
6

Use different methods
5
5

The use of replications
0
4

Compare with other researchers’ findings
0
4

Accuracy and patience
1
3

Control of variables
0
2

Use several different persons in the test
1
2

Co-operate with other researchers
2
2

In total:
10
27

Table 2: Strategies related to reliability of findings found in the students’ texts. The numbers indicates how many times the strategies were found. In the pre texts we found fife different strategies. These were mentioned ten times and distributed in seven texts. In the post texts we found eight different strategies, and fifteen students mentioned such strategies in their texts. 

The general impression from reading the texts was an increased awareness of the importance of strategies to strengthen reliability. It is also interesting to note that strategies involving other scientists were rare in the pre texts but appeared rather frequently in the post texts. Ideas related to social processes in science thus seem to have developed during the project.

The students’ views about the reliability of the outcome of research

Our third research question concerned the students’ views of the reliability of research findings. In the students’ texts we here looked for statements where aspects of their epistemological thinking became possible to track. Some students expressed the idea that research provides final answers because it is based on measurements and observations. Anette wrote for example that researchers

... maybe makes an inquiry to get knowledge about what other people think is right, and then he must test it somehow so that ha can prove that “it is like this”.

This kind of statements we labelled positivistic. In other texts students expressed the view that research results are based on the researcher’s testing of different hypotheses and that their findings have to be discussed and might have to be revised. This view, which we called “critical”, implies that research findings do not represent final answers but rather the researcher’s argument-based conclusions. Sigrid wrote for instance that:

Arrive at a reasoned conclusion. Discuss with other researchers about their opinion. If necessary make a new conclusion/hypothesis. If new hypothesis -> “start again”.

Finally a few students expressed the view that research results or the presentation of results might be influenced by institutions with money to fund research. This view we labelled opportunistic. An example is Christian who wrote that

For example, I believe a lot of the commercials on television are trickery where for instance the producer pays a lot to get a researcher to state that their product is the best.

Table 3 provides an overview of the categorisation of the different texts. 

Category
Pre texts
Post texts

Positivistic
9
6

Critical
2
9

Opportunistic
2
0

The issue is missing
10
8

Total
23
23

Table 3: The table shows the number of pre and post texts found to express the different three main views on the reliability of research findings.

In the pre texts positivistic ideas were predominant, while critical views were predominant in the post texts. Two students expressed opportunistic views in their pre texts, but this kind of views were absent from the post texts. We can only speculate on whether the absence of opportunistic views in the post texts indicates that the project increased some students’ belief in science as neutral and objective. 

Comparison between pre and post texts revealed that four students expressed positivistic views both in pre and post texts. However, five students who had expressed positivistic views in their pre texts expressed critical views in their post texts. No students changed from critical to positivist views. Thus the imitation science project probably has made an impact on some students’ epistemological thinking.

Interestingly, our general impression from the analysis is that prior to the project the students wrote about findings, proof and facts, while after the project the students tended to view research results as arguable.

Discussion

The main idea in this presentation have been to propose the use of open-ended experiments which includes social aspects like publication and mutual critic as a way of teaching about science as a process. By including the whole process of research in one project we hope to avoid the "atomiced" teaching of the nature of science associated with the so called “process approach”. An important question to ask, however, is to what extent the imitating science project managed to imitate or illustrate main characteristics of science as a process and to develop the students’ understanding of these characteristics. 

Scientific research methods

Development and testing of hypotheses was emphasised in the planning framework. The analysis of students’ texts also indicated that the important role of hypotheses in science became evident for some of the participating students. The systemised character of research was sought illustrated through the development of written plans based on a systematic framework before practical experimentation was allowed. However, the data does not indicate whether this aspect became more evident to the students due to the project.

Today it is widely accepted that a plurality of methods is used in science. This project allowed for students to design their own methods without being corrected by the teacher. However, the planning framework used put restrictions on the general design of the experiment. The implicit message was that research is based on the hypothetical-deductive method. The analysis presented indicates that this implicit message had an impact on students’ thinking. In fact it is our impression that the planning framework was the single most influencing factor on the development of the students’ view about the nature of scientific research. To illustrate the use of different methods in science it is therefor recommendable to present students for different frameworks throughout their science education. It might also be wise to remove the scaffold, i.e. the planning framework, when increased competence in structured planning is achieved. This is important in order to increase the students’ competence further, but also in order to provide a base for a discussion of the use of different methods in science. Due to the impact of the planning framework on the students’ thinking it might also be wise to include social aspects there to make these just as "visible" as the laboratory aspects of the research process.

A clear weakness in this project was the lack of emphasis on theory. The students did not build their hypotheses on textbook science or prior research, and the project did not emphasis the need to relate conclusions to existing theories in order to show how results might add to the development of these. Clearly the curriculum needs to be developed further to include these aspects.

In science empirical data plays a crucial role. Through the performance of experiments where hypotheses were evaluated through confrontation with collected observations we believe the role of empirical data was illustrated. However, the interpretative character of science, where even apparently plain observations have to be interpreted as valid and reliable in order to count as data, was not given special attention. In this interpretative process, involving generation and interpretation of data, theory plays an important role. The interplay between theory and data is an important aspect of the nature of science, and knowledge of this aspect is probably important for lay peoples’ assessment of science-based arguments encountered in socio-scientific issues. But the interpretative character of science is demanding to comprehend. In order not to overload the imitating science project with learning objectives, it is therefor probably wise to design separate curricula for this topic, and then refer to these teaching activities during an imitating science project.

Social processes in science

This project also tried to illustrate social processes in science through practical activities. However, only a few such processes were included. Publication was one of these, but only through publication into a closed learning management system. Another possibility here could be to make an electronic “open experiment journal” on the Internet, sorted into different topics for inquiry. The journal could have free access, and it could be made possible for research-groups from several schools to publish there. 

A social process not included in the imitating science project, was peer review prior to publication. This process is important in science, and was to some extent illustrated by the process leading to the joint reports as these emphasised mostly those results the class thought to be adequate and reliable. In a school setting the use of peers to judge a students’ report not worthy of publishing is not advisable, and even to let the teacher refuse publication might be experienced as very unpleasant. The teacher might nevertheless review reports and demand improvements prior to publication. 

The role of the community of scientists, apart from the peer reviewers, was sought illustrated through report-based critic and argumentation during the intra-class and inter- class discussions. How new researchers might take advantage of critic of former studies, and how a field of research often has to work for years and decades before hopefully being able to conclude was nevertheless missing. These aspects are probably difficult to illustrate through practical activities in science class. Also the process of consensus formation, responses to anomalies and reopening of discussions on consensual science is probably hard to imitate.

A final aspect of science as a process worth commenting on is processes related to the science-society relationship. Several processes involved in research are both demanding to illustrate through practical activities, and on the outskirts of most science curricula. Examples here are the choosing of topic for research, application for funding, the role of research institutions, the possible influence of interests on interpretation of data and presentation of results, the role of competition, and not to mention the possible consequences of the application of new knowledge. The only special characteristics of “industrialised science” (Ravetz, 1995) we have found a way to illustrate is the competition and secrecy often involved. In our first implementation the research-groups in a class were told to imagine working at the research laboratory of different Norwegian industrial companies. Originally this was done to increase the students’ motivation. This role-play worked nearly too well as the students became very focused on this competition, indicating the possibility to illustrate certain aspects of industrialised science.

Obviously it is impossible to illustrate all aspects of science in one project. A consequence of the above discussion, however, is recognition of some of the limitations of the project. If students are to develop an adequate understanding of science as a process, a prerequisite is the teachers’ awareness of such limitations. 

Concluding remarks

It is our conclusion that even if there is room for improvements, the imitating science project had an impact on the students thinking. In fact we also observed that most of the time the students enjoyed participating in the project and engaged actively in the different activities. We believe that a main reason for this engagement was that the students had to use their creativity and make their own designs, evaluations and decisions. 

However, as Dewey emphasised, the practical activities are not objectives in themselves. We believe the most critical factor for students learning was the ongoing reflections on science as a process during the project, and the class discussion at the end of it. In a trial version of the project experience-based reflections on science as a process was postponed to the end of the project. In that project, which was conducted by the same teacher, it was obvious that most of the students interpreted the answer to the research question as the main learning objective. In the project reported in this paper the teacher reminded the students of the main learning objective at the outset of most lessons. Thus the class had several a short discussions about the nature of science throughout the project. In this implementation of the project the students did not seem to confuse the learning objectives with the conclusions to the research question.

Nevertheless, the need to include theory-focused discussions on topics we want students to gain insights into has an important consequence for the expectations an imitation science project can possible meet. We will warn that this kind of project can easily be overloaded with learning objectives in order to include all main aspects of science as a process. Even if the teacher is willing to spend the necessary time needed for discussions, the students will probably start to get problems distinguishing between different issues and get confused. Thus we believe it is wise only to include a limited set of learning objectives in a project, and rather use several projects with careful designed progression to cover more issues related to science as a process.

Another factor we believe to be critical for the success of imitating science project is the teacher’s competence. In order to be able to lead discussions about characteristics of science as a process based on students’ practical experiences, the teacher need to have a broad understanding of the topics involved. 

In the introduction we emphasised the relevance of knowledge about science as a process for students’ examination of socio-scientific controversies. This ground implies that teaching about science as a process need to be followed up with projects where current controversial socio-scientific issues are examined. This is paramount if we want students to gain competence in using knowledge about science as a process to perform thoughtful assessment of contested science-based arguments.
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Enclosure

The planning framework is to be found at www.uib.no/people/pprsk/Dankert/Handouts

PAGE  
12
Kolstø & Mestad: Learning about the nature of scientific knowledge


