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Introduction

This paper is based on the view that many of the issues facing us as modern citizens are underpinned by science, and that pupils should therefore consider socio-scientific issues in the course of their formal science education. This should lay the foundations for decision-making and actions in adulthood in relation to controversial science-based problems of society. Throughout the article, I am considering a socio-scientific issue to be one which has a basis in science and has a potentially large impact on society (Ratcliffe and Grace, 2003).

Many areas of debate at all levels from government to the media relate to socio-scientific issues: How do we handle an imminent bird flu pandemic? Is genetic modification the future of medicines and global food supply? Is climate change really as big a threat to humanity as scientists tell us? How conclusive is DNA evidence in a murder trial? Should we consider building a new generation of nuclear power stations? These are examples of typical socio-scientific issues which impact on us all, from determining policy through to individual decision making. 
Public interest in science

Most people are interested in the applications of science and technology. A survey of 1839 British adults found that almost all were interested in health issues and new medical discoveries (91 per cent and 87 per cent respectively). More people were interested in environmental issues (82 per cent), new inventions and technologies (74 per cent) and new scientific discoveries (71 per cent) than in sport (60 per cent), politics (55 per cent) and economics (48 per cent) (OST/Wellcome 2000). Although there are no comparable data for children and adolescents, a declared public interest in science has been shown in previous opinion-polls of this type (Durant et al., 1989). We can therefore assume that scientific issues will continue to interest future generations, but it is notable that in associated focus group discussions, little interest was expressed in the abstract concepts of science – such as those largely present in the school science curriculum (OST/Wellcome 2000). Participants were more interested in discussing the applications, benefits and social use of science and technology, and interest in specific areas of science was highly correlated with the perceived benefit - medical advances and telecommunications among the most interesting and beneficial. However, the relationship between value-free science concepts, as presented in the school science curriculum, and interest and use in adulthood is not a straightforward one. Layton et al. (1993) showed that scientific concepts are explored by adults in a context-specific way, i.e. relating to the issue under consideration. For example, in dealing with the problems of caring for their Down’s syndrome children, parents used their practical knowledge integrated with scientific knowledge they gained from this experience rather than authoritative scientific information given to them formally by experts. Interest and motivation seem to be highly important factors when considering socio-scientific issues. Research evidence suggests that pupils are interested in socio-scientific issues and these have the potential to put the science in context and increase motivation (Solomon 1993).
The nature of socio-scientific issues
Due to scientific advancements, as well as a growing appreciation of global and individual human needs, the knowledge base of education for socio-scientific issues has inevitably become increasingly complex. Making decisions about the issues involves a difficult compromise between many conflicting values. Palmer (1998) highlights the difficulty in handling the content of environmental issues, by describing the knowledge base as having: 

… highly value-laden content, and one person’s solution may be another’s catastrophe. It is a content that incorporates aesthetic, spiritual, social, political and economic dimensions alongside (not separate from) the purely scientific.
Palmer (1998: 267)

Socio-scientific issues are therefore multi-faceted by nature, but they do exhibit some common features, they:

­ have a basis in science, frequently that at the frontiers of scientific knowledge;
- contain an element of controversy;
­ involve forming opinions, and making choices at personal or societal level; 

­ are frequently media-reported, with attendant issues of presentation based on the purposes of the communicator; 

­ deal with incomplete information because of conflicting/incomplete scientific evidence, and inevitably incomplete reporting; 

­ address local, national and global dimensions with attendant political and societal frameworks; 

­ involve some cost-benefit analysis in which risk interacts with values; 
­ may involve consideration of sustainable development; 
­ involve values and ethical reasoning; 

­ may require some understanding of probability and risk; 
­ are frequently topical with a transient life. (Ratcliffe and Grace, 2003)

Barriers to teaching about socio-scientific issues in the science classroom
Although many of us might prefer science to be an integrated component of a more holistic citizenship curriculum, we currently have a school curriculum divided into discrete subject areas with relatively little sign of cross-curricular activity. However, there are many good reasons for linking science and citizenship as part of the school curriculum. Science provides the conceptual knowledge that underpins socio-scientific issues, and science teachers are those most likely to have this knowledge (or have ready access to it). Science teachers can help pupils distinguish between fact and opinion by considering the validity and reliability of data, provide a balanced view of scientists and their work, and make science more relevant to pupils’ everyday lives.
As socio-scientific issues are essentially underpinned by scientific knowledge, one might expect them to be discussed as a regular part of science teaching programmes across Britain, but this is not the case, and this is due to a number of constraints. The values aspects of the issues present science teachers with considerable difficulties, and discussions with science teachers often reveal the following barriers:
· Lack of time for consideration of social and ethical issues – a perception that the curriculum requires us to teach science content as the main priority and there is little time available for pupils to carry out research, role-play, etc.
· Personal opinion that social issues should not be part of the science curriculum

· Lack of confidence in handling issues with no ‘right’ answers

· Lack of proficiency concerning teaching strategies to cope with controversial issues

· Concerns about pupils’ behaviour
· Inadequate teaching resources and activities. Pupils are used to new presentational styles on television and computer games. Educational materials have not kept pace with this and teachers find it difficult to attract and maintain pupils’ attention.
· Potential accusations of presenting a biased approach to the issues.
I have highlighted below, some particularly ‘tricky’ aspects of teaching socio-scientific issues; some relate to the procedural difficulties encountered when engaging pupils in discussion about controversial issues, others are difficulties that stem from the complex nature of science itself.

Constraints imposed by schools

The position that schools adopt may depend on what issue is being discussed. Making up your own mind in the case of genetically modified crops may be acceptable in all schools. However, open debate about the morality of abortion is unlikely to be encouraged in a Catholic school, and an antiracist approach is required in the case of racism in all schools in England. In some societies, a socially critical approach, which raises and challenges political issues may not be welcomed by everyone (Crick 2001).

Difficulties engaging pupils in discussion
Educationalists have frequently stressed the importance of discussion in science lessons (e.g. Barnes, 1977; Sutton, 1992), and promoted teaching that encourages pupils to try out and articulate ideas and cope with rebuttals (Solomon, 1998). Solomon, (2001) suggests that discussion leads to self-reflection and a clarification of values, although teachers need to invest time in order to prepare themselves and their pupils if discussion is to be successful. Discussion has often been at the heart of humanities programmes promoting the teaching of controversial issues; for example the basic teaching strategy of The Humanities Curriculum Project was 

…one of discussion rather than instruction” (Rudduck, 1983:14). 

Humanities teachers are thus more familiar with class discussion than science teachers. Science teachers and their pupils therefore need training in discussion techniques. In practice, whole class discourse in science lessons is mostly teacher-led, focusing on ‘facts’ and tending to follow the pattern commonly known as the I-R-E sequence (teacher Initiation, pupil Response, and teacher Evaluation), a structure which does not actively promote reasoning skills (Macbeth, 2003). It is thus the teacher, not the pupils, who initiates most of the discourse in the classroom, and opportunities for discussion are not a common feature of science lessons in the UK (Driver, et al. 2000; OFSTED, 2000). Newton et al. (1999) observed 34 science lessons from Year 7 (age 11) to Year 11 (age 15) in seven ‘average’ London schools, and found little evidence of pupil discussion during science lessons. They reported that deliberative interactions occupied less than two per cent of class time on average, and they saw only two cases where the teacher set a group discussion task – and these were both less than 10 minutes long.
Solomon (1998) offers some reasons why science teachers tend not to use discussion as tools for teaching and learning, which include most obviously the lack of time, but she also suggests that teachers may not appreciate the value of discussion, or may be concerned about possible ‘embarrassing silences’, or heated disputes, which they lack the skill to manage effectively. Driver et al. (2000) reported that science teachers are not sure how to structure argument in the classroom, and lack confidence to attempt such activities. Focus group interviews with 14 experienced science teachers carried out by Newton et al. (1999), also revealed that the teachers were concerned about putting wrong children together, having wrong seating arrangements, degeneration of discussion for disciplinary reasons, the need for pupils to have information about the issues, and the need for the pupils to have an interest in the issue to get them fully motivated.

Clarke (1992: 29) warns that classroom discussions often simply amount to ‘exchange of ignorance’, and that models of debate presented to pupils in society make it increasingly difficult to organise an effective discussion in the classroom:

We also live in a time of general decline in the protocols of civil discourse. Television talk shows bristle with outrageous behaviour which teachers are understandably reluctant to see reproduced in their own classrooms.

In debates, pupils are also frequently asked to make up their minds on the issue and vote accordingly. This approach can create problems if it encourages pupils to form opinions too soon. In such cases, pupils’ opinions may simply be based on the personality or the ability of one of those presenting an issue, and it is unreasonable, and meaningless to ask pupils to make a quick decision about something that may take adults years to discuss.
Difficulties teaching controversial aspects
The ‘Crick Report’ defined a controversial issue as: 

an issue about which there is no one fixed or universally held point of view. Such issues are those which commonly divide society and for which significant groups 
offer conflicting explanations and solutions (Advisory Group on Citizenship, 1998: 56). Socio-scientific issues, by their very nature contain an element of controversy, and teachers are not inclined to teach controversial issues. In a survey of 205 primary and secondary school science and geography teachers from a range of schools in London, the Midlands and the South of England, Oulton et al. (2004a) found that 36 per cent taught about controversial issues less than once a term, and 39 per cent felt that opportunities for teaching controversial issues had decreased over the last five years. 53 per cent claimed that they were unaware of current legislation set out the Education Reform Act 1996 relating to how teachers should approach the teaching of controversial issues, 69 per cent indicated that they felt that the National Curriculum in England and non-statutory guidance did not provide clear guidance on how controversial issues should be handled, and 71 per cent felt their school did not offer clear guidance either. Only one in eight teachers reported that they generally felt well prepared to teach controversial issues. This is likely to be related to the fact that that almost seven out of ten teachers responding claimed not to have received formal training.
Controversy about contemporary science and its uses can arise in two main ways (Ratcliffe and Grace, 2003): 
1. The  social application of well-established science, for example vaccination or 
management of toxic chemicals, where the main issues for discussion are to do with the interaction of other dimensions (such as ethics, politics, economics) with the existing scientific evidence – that is, issues are discussed and opinions formed in terms of competing values, impact on people, etc. In many cases, analysis of the issue is by examining risks and benefits, weighing up alternatives, considering different factors and points of view. The focus is not mainly on the nature of the scientific evidence but on its implications.
2. Societal discussion of the implications of ‘science-in-the-making’, such as the nature of ‘global warming’. In cases like these, there is an additional controversy over 
the nature of the scientific evidence. To engage in effective consideration of such cases, people need to have some understanding of the ways in which scientific evidence is generated and used.
The literature on the teaching of controversy provides advice on the principles that teachers might adopt. A number of these principles appear themselves to be controversial: rationality, balance and neutrality.

Rationality

Ashton and Watson (1998:190) assert that:

…real life situations will not wait for a calm philosophical …approach.
and it is therefore unrealistic to teach that all situations can be resolved by recourse to reason. Kibble (1998) also expresses concerns about an over-simplistic presentation of moral dilemmas, as this ignores the reality of real situations which are complex, ‘dirty’ and frequently involve an element of ‘guilt’ on all sides. Dewhurst (1992: 159) also considers that rationality is an inappropriate basis for discussion as it lacks 

 social connotations, and it can also have associations with proof and deduction mediated by general principles. It is just such proofs, which are lacking in areas of moral controversy.
Merely sticking to the facts is therefore insufficient if pupils are to understand the real reasons why controversies are so hard to resolve. We need to encourage strategies that help pupils to distinguish between sound and unsound reasoning, between facts and opinions, and between strong and weak scientific evidence. Lock and Ratcliffe (1998: 112) suggest that pupils should be helped to:

develop a respect for evidence and encourage the kind of open-mindedness to which scientists aspire. Working in such a way can develop a tolerance to uncertainty and an appreciation of the probability limits within which particular interpretations apply.

Balance and neutrality
Although we might like to present pupils with a perfectly balanced set of arguments, this is sometimes inappropriate, as in the case of racism or bullying. The Qualifications and Curriculum Authority (QCA) therefore caution that: 

whilst aiming for balance we should remember that to be completely unbiased is impossible and in some cases undesirable. What we need to avoid is indoctrination. (QCA 1998:56). 

However, indoctrination to one person might be another person’s desire to present a vision of the truth. Presenting pupils with all the scientific facts is also problematic, as the teacher will still need to make subjective judgements about what constitutes the ‘facts’ and what important, relevant and accurate (Stradling, 1985). 

An alternative approach, based on the reality of controversy, is to be open about the fact that balance can never be fully achieved, but counter this by developing in pupils a critical awareness of bias and make this a central learning objective (Oulton et al., 2004b).
If we really expect pupils to be open about their thoughts and feelings, is it appropriate that teachers never give their own opinion and share the basis for their thinking? Pupils and teachers alike could still reserve the right to remain silent on some matters that they do not wish to make public. Stenhouse (1983) proposed ‘procedural neutrality’, in which the teacher acts as neutral chairperson during classroom debates. Stradling (1985) found that procedural neutrality was difficult to sustain because it threatened the teacher’s rapport with the class by casting doubt on their personal credibility. The QCA (1998:60) suggests a ‘common sense’ approach; but without a definition of a ‘common sense’ approach, this advice is not particularly helpful to teachers. Harwood and Hahn (1990:5) suggested that it can be appropriate for a teacher to express their opinion on a topic provided that they:

clearly indicate that it is only one opinion, and must be willing to provide evidence on which their decision was based … they must also be willing for their views to be subject to question and scrutiny, teachers must be willing to reflect upon their own stances and allow students to challenge them.
However, Cross and Price (1996) reported strong reluctance among teachers to express their personal opinions when teaching controversial topics.
The principles of balance and neutrality discussed above are reflected in research findings by Oulton et al. (2004a), that many teachers in England appear unsure about their own views on teaching controversial issues. In focus group meetings, some teachers who had at first stated clearly that pupils were always free to make up their own minds about an issue had to revise this opinion when considering racism. Although racism may not be an overtly socio-scientific issue, it does of course have a basis in genetics. Table 1 shows teachers’ views on teaching two issues - racism and factory farming.
Table 1. Approaches teachers would adopt when teaching about two controversial issues (n=205)
	Approach
	Racism

%
	Factory Farming

%

	Present a balanced view

Present a biased view

Explain to pupils that balance is impossible to achieve
	62

21

17
	83

12

5

	Not give my opinion

Only give my opinion if asked

Make opinion clear to pupils
	29

29

42
	33

53

14

	Encourage pupils to make up their own mind on the issue

Try to influence pupils to adopt a particular attitude to the issue

Discourage pupils from making up their mind at this stage of their development
	42

34

2
	82

7

11


When discussing racism, more teachers would present a biased view, make their opinion clear to pupils, and try to influence pupils to adopt a particular attitude. The data not only indicate that teachers would tackle different issues in different ways, but there is also considerable variation among teachers’ views about teaching a single issue. With factory farming, for example, one third of teachers stated that they would not give their opinion to pupils.
Difficulties teaching about the complex nature of science
Scientific concepts are taught in a factual way in schools, but the complex nature of science itself is rarely taught explicitly. From examining science education documents around the world, McComas et al. (1998) proposed that there is a consensus about the view of science which can be presented to pupils (Table 2), and this demonstrates that school science is far from simply learning a series of value-free facts.


Table 2. A consensus view of the nature of science objectives extracted from 
eight international science standards documents (McComas et al., 1998:6) 


­ Scientific knowledge while durable, has a tentative character 
­ Scientific knowledge relies heavily, but not entirely, on observation, experimental evidence, rational arguments and scepticism 
­ There is no one way to do science (therefore, there is no universal step-by- 
step scientific method) 

­ Science is an attempt to explain natural phenomena 
­ Laws and theories serve different roles in science, therefore pupils should 
note that theories do not become laws even with additional evidence 
­ People from all cultures contribute to science 
­ New knowledge must be reported clearly and openly 
­ Scientists require accurate record keeping, peer review and replicability 
­ Observations are theory-laden 
­ Scientists are creative 
­ The history of science reveals both an evolutionary and revolutionary character 
­ Science is part of social and cultural traditions 
­ Science and technology impact on each other 
­ Scientific ideas are affected by their social and historical milieu
Evaluation of evidence 
Effective engagement with socio-scientific issues requires a willingness to explore ideas further, and science concepts which are already part of the school science curriculum are an adequate basis for exploration of socio-scientific issues. Most of the information school pupils (and adults) receive about socio-scientific issues comes, not from school, but from the media – TV, newspapers, radio, Internet. To gain interest and attract an audience, journalists understandbly filter and angle the scientific information using particular presentation styles and hooks, such as humour, human drama, controversy, compelling research findings, or shock-horror tactics. How and where information is presented can influence its interpretation. Whatever we see or hear via the media is inevitably incomplete and selective. But we all have to use incomplete information every day in forming opinions and making decisions about our future actions. The information reaching us is presented and filtered in different ways. Poultry farmers, birdwatchers, vets, virologists, environmental activists, government agencies and newspaper journalists may all present the bird flu issue with different emphases, even though they may all claim to be unbiased.
So how do we know what information to trust? An easy solution might be to rely on the expertise of scientists in evaluating the evidence. However, the public’s trust in such expertise is by no means absolute. A national study found that people tend to trust sources seen as independent and neutral, such as scientists working for universities, research charities or health campaigning groups, and television news and documentaries. Sources seen as having vested interests, such as environmental groups, well-known scientists and popular scientific press are less trusted; but the least trusted sources are newspapers and politicians (OST/ Wellcome, 2000). In the same study, 64 per cent of respondents agreed with the statement ‘the media sensationalizes science’. Journalists may have a number of reasons for reporting socio-scientific issues – one may be to inform but, equally, they may wish to provoke reactions (Ratcliffe and Grace, 2003). Nelkin (1995: 73) argued:


By their selection of a newsworthy event (e.g. a new AIDS therapy), journalists define pressing issues. By their focus on controversial problems (e.g. the location of toxic dumps), they stimulate demands for accountability, forcing policymakers to justify themselves to a larger public. By their use of imagery, they help to create the judgemental biases that underlie public policy. The media can influence public 
policy even in areas where there is broad indifference on the part of the electorate.

Media reports of socio-scientific issues are often based on journalists’ examination of technical or research reports, who then try to acquaint the reader with scientific details in an engaging way. But the scientific evidence inevitably becomes diluted due to the restricted space available, editing, their interpretation of data, and their use of emotive language. Statistics are often scattered throughout without detail of the way in which the data were collected and interpreted, and such use of quantitative data can raise more questions than answers (Ratcliffe and Grace, 2003).
The general public and policy makers may thus look to scientists for the ‘right answer’. This is the view of science they may have developed while at school themselves – seeing science as a well-established body of knowledge which helps explain the world and can be built upon in further ‘discoveries’. However, what has remained implicit and even overlooked in much school science up to now is the question of how these science knowledge claims are established, and this is of fundamental importance in untangling the strands of socio-scientific issues. When we consider a topical socio-scientific issue, such as the culling of grey squirrels to conserve red squirrels, the complexities become immediately apparent . One feature of this issue, then, is the nature and limits of the scientific evidence: How certain can we be that grey squirrels are more of a threat to red squirrels than the loss of habitat or human disturbance? What explanatory theories are being drawn upon? Given that scientists are only human, we may even wish to go so far as to consider them as individuals with their own priorities, values, beliefs and role in society, and ask: Which scientist is asserting this view? Who is funding their research? What might they stand to lose or gain?

Although scientists aspire to sound ethical conduct, we have to recognize that we are all fallible beings with individual values and beliefs, particularly when we consider the outcomes of science in society. Our values stem from a complex mixture of belief systems and cultural norms. Our beliefs, religious and otherwise, are based on upbringing, education and social influences. These are mediated by cultural ‘norms’ of home, school and wider society. The importance or value an individual places 
on a particular facet of an issue may depend upon these cultural norms. For 
example, although some values such as honesty, compassion and mutual trust 
are universally prized, appearance and aesthetics may have higher esteem in 
some communities than wealth and economic value and vice versa (Ratcliffe and Grace, 2003).
Policies and practices are therefore not simply framed on the basis of scientific evidence, the scientific evidence is selected and utilised according to values-based factors such as:

· Economic and political interests at stake

· Features of the regulatory systems

· Openness of scientific and political debate

· Credibility of scientists

Although it may be reasonable to claim that scientific knowledge itself has no moral or ethical value (Wolpert, 1999), when this knowledge is considered by people it inevitably exists in a social context; it is people who determine its value, and people’s values vary.


Risk and probability 
In considerating the relations between science and citizenship, Crick argues that:
Educationally and culturally, to understand the concept of ‘risk’ is crucial. (Crick 2001: 33).

People often seek general information about the amount of risk they are taking when engaging in specific activities on the assumption that risk analysis is a straightforward business. Durant (1996:14) demonstrates this by quoting a newspaper columnist who was exploring the likelihood of contracting nvCJD from BSE-infected beef: 
I want to know, from those more knowledgeable than I, where a steak stands alongside an oyster, a North Sea mackerel, a boiled egg and running for the bus. Is it a chance in a million of catching CJD or a chance in 10 million? I am grown up; I can take it on the chin.

Even if scientists could provide with certainty the probability of developing a particular disease from the intake of known amounts of toxic compounds, would that in itself change people’s dietary habits? Understanding of probability helps put risk and opportunity in perspective, but it is the interaction with our values and prejudices which determines any action we might take. No activity is risk-free. Millions buy lottery tickets in the hope of winning large sums of money, yet the same people might avoid eating a particular food because it carries a similar, very low, probability of harm. We are not rational in our actions. We tend to accept voluntary risks, such as driving a car and smoking, far more readily than involuntary risks, such as environmental hazards related to new planning proposals (Ratcliffe and Grace, 2003).
Sustainable development 
There is a requirement in the National Curriculum for England for all subjects to consider the socio-scientific concept of sustainable development. The far-reaching, all-embracing nature of this concept makes it hard to define, but two of the most commonly quoted definitions are: 
Sustainable development [means] improving the quality of human life while living within the carrying capacity of supporting ecosystems. (UNEP/WWF 1991) 


Sustainable development is development that meets the needs of the present without compromising the ability of future generations to meet their own needs. (WCED, 1987) 

Sustainable development is therefore essentially characterized by the simultaneous struggle for environmental protection, economic development and social equity, and thus draws heavily on an understanding of underpinning science in terms of, for example, monitoring human health and the state of the environment, and finding sustainable solutions through the development of ‘green’ technologies.These solutions will inevitably have to come from a combination of scientific and social endeavours, which underlines the importance of making decisions based on the best possible scientific information, and increasing people’s awareness of the part that their personal choices can play in delivering sustainable development. This is, of course, a strong element of citizenship.
Rethinking pedagogy in the science curriculum

Although promotion of pupils’ spiritual, moral, social and cultural development through science has long been a part of the science curriculum in England, it has often remained implicit, and is not assessed as part of the public examination system. It is not surprising therefore that socio-scientific issues have received little attention within the science curriculum, and it is time to rethink our approach to the pedagogy when teaching controversial issues. The revised National Curriculum for 14-16 year olds, introduced from September 2006, aims to reduce the content-oriented approach by focusing more on the way science and scientists work within society, stating that:
All pupils develop their ability to relate their understanding of science to their own and others’ decisions about lifestyles, and to scientific and technological developments in society. (QCA, 2004: 37)
and pupils should be taught:

to consider how and why decisions about science and technology are made, including those that raise ethical issues, and about the social, economic and environmental effects of such decisions. (QCA, 2004: 37)
This new curriculum should serve to remove some of the barriers outlined above, but teachers will clearly need access to high quality continuing professional development in this area, and the newly-established national network of Science Learning Centres should provide the vehicle for delivering this, by helping teachers to handle teaching socio-scientific issues. 
However, in delivering this new curriculum, it is vital that we remember what are we looking for in terms of pupil outcomes. We need to consider the nature and purpose of schooling. For example, should schools be encouraging individuals to develop independently their own views and opinions? Should they be inculcated in societal norms? Or should they be encouraged to reflect critically upon the nature of controversial issues? Fien (1993) and Huckle (1995) see this socially critical approach as essential to achieve a full understanding of the issues, and this should include an exploration of the questions of power and authority behind the issues. Oulton et al. (2004b) do not regard these three positions as necessarily mutually exclusive, and suggest that society would benefit if science education encouraged pedagogical approaches that:
1. Focus on the nature of controversy and controversial issues i.e. that people disagree; have different worldviews, value and limitations of science, political understanding, power etc.

2. Encourage pupils to recognise, the notion that a person’s stance on an issue will be affected by their worldview; 

3. Emphasise the importance of teachers and learners reflecting critically on their own stance and recognise the need to avoid the prejudice that comes from a lack of critical reflection.
4. Give pupils the skills and abilities to identify bias for themselves encouraging them to take a critical stance towards claims of neutrality, a lack of bias and claims to offer a balanced view.

5. Encourage open mindedness, a thirst for more information and more sources of information and a willingness to change one’s view as appropriate, and avoid strategies that encourage pupils to actually make up their minds on an issue too hastily

6. Encourage teachers, as much as possible, to share their views with pupils and make explicit the way in which they arrive at their own stance on an issue. 



(Oulton et al. (2004b:420)
Conclusion
We have no way of knowing what socio-scientific issues will emerge in the future, and can only guess at the nature of scientific advancements and social dilemmas? So how can we prepare pupils to consider socio-scientific issues of the future? We need to support the development of citizens who are scientifically literate and able to engage effectively with controversial social issues. Developing a generic understanding of the nature of controversy and the ability to deal with it is more important than developing pupils’ understanding of a particular issue per se. Of prime importance also is an understanding of how to engage in informed discussions about socio-scientific issues and the nature and generation of scientific evidence. More explicit teaching of these processes and practices is required to enable pupils to deal with scientific controversy, dispel common myths about the nature of science, and acquire the knowledge and skills to play an effective role in society, through being informed, thoughtful, caring and aware of their rights and responsibilities.
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