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Abstract

Many health issues are socio-scientific issues impacting on the social and economic wellbeing of
communities, and adolescent education should facilitate the development of lifelong learning skills
that will support health literacy. This requires a pedagogical approach that develops an
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understanding of the science and social issues underpinning the determinants of health, and the
skills to access and interpret information to make informed judgements about health and wellbeing
at an individual, family and community level. Health literacy cannot be isolated from science
literacy, but they are rarely connected in the literature and we outline suggested components of a
bridging pedagogy which supports 'science for health literacy'. We focus on the learning
opportunities afforded by the current global non-communicable disease (NCD) epidemic, an issue
of significant and growing concern that remains seriously under-represented in school curricula.

Introduction

This foreword builds on the premise that many health issues are unavoidably socio-scientific issues
impacting on the social and economic wellbeing of communities. The implication of this is that
adolescent education should facilitate the development of lifelong learning skills that will support
informed decision making relating to health at an individual, family and community level. To
achieve this we must draw on behaviour change theories and transactional and transformative
learning models which result in health-related changes in students’ understanding and beliefs about
themselves and their social context, and long-lasting lifestyle changes (Mezirow, 2000, EU, 2009).
This requires a pedagogical approach that develops an understanding of the science underpinning
common health issues, social issues underpinning the determinants of health, and the skills to
enable students to access and interpret information to make informed judgements regarding health
and wellbeing over the life-course. The delivery of such education programmes is undoubtedly
cross-curricular in nature, linking strongly into health education, physical education, science,
humanities and technology curricula. When we consider the potential impact of the determinants of
health on personal and societal well-being, the links into mathematics and economics curricula
cannot be ignored. However in this paper we focus on the key curricular areas of science and health.
Despite widespread acceptance that health matters form a natural part of these curricula, there
currently exists a clear disconnect between scientific literacy and health literacy; indeed, these two
concepts tend to reside within two separate bodies of literature. We unpack the concepts of
scientific literacy and health literacy and suggest components of a bridging pedagogy which
supports ‘science for health literacy’. In particular, we will focus on the significant challenge
offered to teachers in the development of learning opportunities that allow students to explore the
complex issues underpinning the global non-communicable disease (NCD) epidemic, an issue of
significant and growing concern that we believe to be under-represented and poorly linked in school
curricula. We view health literacy as a precondition for education for sustainable development and
citizenship and propose that health literacy cannot be isolated from science literacy.

The global non-communicable disease epidemic

Non-communicable diseases (NCDs), primarily cardiovascular disease, diabetes, chronic lung
disease and cancer, cause 63% of deaths globally. Prevention of 80% of these deaths is possible
through changes to behaviours throughout the life-course surrounding the four major causative risk
factors of tobacco use, unhealthy diet, physical inactivity and harmful use of alcohol (WHO, 2008).
The increasing burden of NCDs is creating a significant economic and social load on society (ibid;
Beaglehole et al., 2011). Recognition of the need for international action to address the
socio-economic impact of this growing epidemic led to the United Nations Global Summit on
Non-communicable Disease Prevention and Control in September 2011. The gravity of the issue is
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highlighted by the fact that the only previous health issue that has warranted a meeting of the UN
General Assembly was AIDS (UN, 2011). Addressing the NCD epidemic is complex. While the
four major causative risk factors are agreed upon, these cannot be isolated from the complex and
multiple socio-economic and environmental determinants of health and wellbeing (Dahlgren &
Whitehead, 2007) and the growing knowledge of the impact of early life environment on NCD risk
in later life. It is now well established that early life development (pre-natal onward) is a critical
time for setting trajectories for health and wellbeing throughout the life-course (Gluckman and
Hanson, 2006). As a consequence of developmental plasticity, the potential exists for the early life
environment to permanently modify post-natal phenotype and therefore alter vulnerability to
disease risk in later life (Gluckman et al., 2011). This is known to extend across a full range of
maternal environments during pregnancy, from under-nourishment through to obesogenic, therefore
it is relevant for all children from both the developing and developed world (Gluckman et al. 2007).
Evidence suggests that epigenetic mechanisms partially account for this pattern of effects with some
indications of transmission of these effects into subsequent generations (Godfrey et al. 2010). The
compulsory education sector can potentially play a significant role in supporting efforts to reduce
NCD risk though education that facilitates adolescents to explore the underpinning science and
social issues. So while many teachers of science are utilizing aspects of NCD as contexts for the
development of understanding of key science concepts, and many health programmes in schools are
addressing aspects of this issue related to healthy behaviours, the complexity of the issue calls for
greater interdisciplinary interaction within schools, and between schools and the science and health
sectors. There is a need to support teachers to engage in open accessible dialogue with the science
and health communities, provide access to real data that students can explore, and support the
development of learning resources that allow the compulsory education sector to play a role in the
global efforts of addressing the NCD burden on future generations.

The connection between scientific literacy and health literacy

The internet is the first place most students search for scientific information, and with the ever
increasing volume and availability of web-based information on sites such as Wikipedia and
discussion forums, it is vitally important that a scientifically literate citizen needs to be able to
distinguish between science and pseudo-science, consider risks and benefits, and decide which
sources of information to trust. There are numerous and diverse definitions of scientific literacy (for
more comprehensive accounts see for example Bybee, 1997; Laugksch, 2000; Millar and Osborne,
1998; Millar, 2008). Although the proposed details vary, there is a general consensus that scientific
literacy involves applying scientific understanding to real situations which call for evaluation and
decision-making. The Organisation for Economic Co-operation and Development (OECD)
Programme for International Student Assessment (PISA) defines scientific literacy as: “...the
capacity to use scientific knowledge, to identify questions and to draw evidence-based conclusions
in order to understand and help make decisions about the natural world and the changes made to it
through human activity.” (OECD, 2003:133) Achieving this literacy involves development of an
understanding of the complexity of scientific issues and the nature of science itself, concepts that
have emerged as central in science curricula worldwide in recent years.

The World Health Organization defines health literacy as “the cognitive and social skills which
determine the motivation and ability of individuals to gain access to, understand and use
information in ways which promote and maintain good health” (Nutbeam, 1998: 357). Nutbeam
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(2000) makes distinctions between three types of health literacy: basic/functional literacy (reading
and writing in relation to health), communicative/interactive literacy (cognitive, literacy and social
skills to extract information, derive meaning and apply the information to changing circumstances),
and critical literacy (skills to critically analyse information and use it to help control changing
circumstances). Education for critical health literacy can lead to personal empowerment and
autonomy in relation to health, and involves developing a ‘critical consciousness’ of the kind
advocated by Friere (1970), supported by an individual’s orientation towards social and political
action. This has the potential to facilitate individual or community action which may alter the social,
economic and environmental determinants of health. This orientation reflects behavioural intention
rather than an attitudinal response. Ajzen and Fishbein’s (1980) theory of reasoned action indicates
that behaviour is a function of behavioural intentions rather than one of attitudes. Another important
outcome of critical literacy is improved self-efficacy. Garcia and Mann (2003) tested several
social-cognitive models for engaging people in health behaviours and found that models which
included self-efficacy were better predictors of intentions to engage in positive health behaviours.

Scientific literacy is conceptually broader than health literacy in that it also connects with
non-health related matters. Take for example, the question of where to site a new predator-free
restricted access nature reserve for the conservation of endangered species. This would involve
scientific, environmental, socioeconomic, cultural, and political components, but not necessarily an
overriding health dimension. So it is possible to engage students in scientific literacy without
necessarily considering health issues, but we argue that, at least from a normative post-positivist
perspective, it is much more difficult, and indeed untenable, to disconnect health literacy from
science. In discussing scientific literacy, Millar and Osborne (1998:25) recommend that students
should develop “...the capability to assess the reliability and validity of evidence, to distinguish
evidence from explanations, to identify obvious gaps in evidence or reasoning, and to appraise the
level of confidence to be ascribed to any claims advanced.” We would contend that without this
capability, students would be unable to navigate their way through health issues, and that health
literacy is therefore dependent on scientific literacy. Furthermore, just as scientific literacy
education should be for all students of all abilities, in addition to specialised scientific training for
the minority who aspire to become scientists, we advocate a parallel approach for health literacy: it
is for all young people growing up in our modern societies.

The difficulties teaching science for health literacy

Many health issues can be considered socio-scientific issues (SSIs) in the sense that they that they
have a basis in science and a potentially large impact on society (Ratcliffe and Grace, 2003). Sadler
(2004, 2011) gives thorough reviews of research and teaching about SSIs, and Lee (2011) gives a
useful overview of the nature of health and the relationship between SSI education and health
contexts. Engaging in substantive discussion and decision-making about SSIs requires scientific
literacy, and if these issues are health-related they also require health literacy. Over the past twenty
years there has been a global move to include SSIs in science curricula (e.g. HKCDC, 2007; NRC,
1996; KMK, 2004; QCA, 2004, MoE, 1993, 2007).

At first sight, one might expect health issues to lend themselves perfectly as a context for teaching
teenagers about SSIs - diseases and medical conditions can fascinate or frighten people, and
teenagers are often preoccupied by (and sometimes obsessed with) health matters. Furthermore, we
all have first-hand experience of health issues and can relate to them accordingly. They have
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attracted considerable media attention in recent years with the emergence of new contagions such as
avian and swine influenza, resistance severe acute respiratory syndrome (SARS), and the
burgeoning growth of NCDs such as diabetes, cardiovascular and lung diseases and certain forms of
cancer.

However, as Lee (2011: 2) has pointed out “...health issues are not commonly dealt with in the SSI
literature...”. So why this avoidance of health-related SSIs? Well actually there are a large number
of reasons, most of which relate to the experiences, background education, and expectations of
science teachers, such as:

e priority given within the curriculum and national assessment systems to acquiring
knowledge and understanding of concepts, rather than time for consideration of social and
ethical issues;

*  some teachers’ perception that social issues should not be part of the science curriculum;

* lack of teacher expertise or confidence in handling issues associated with large amounts
of often incomplete information with no ‘correct’ answers;

* lack of knowledge or expertise in teaching strategies to cope with controversial issues;

* lack of teaching resources which appropriately render the latest advances in science to a
level which is meaningful to school students;

* philosophical and logistical barriers in achieving potentially advantageous
cross-curricular collaboration;

e concern that health issues might overtly or inadvertently relate directly to the lives of
students in the class, which demands that the teacher employs additional skills of teaching
about sensitive issues alongside potentially unreliable access to appropriate support
services;

¢ the logistical and time-consuming requirement to gain written consent from all the
parents/carers of students in the class.

Engaging with SSIs is complex, involving forming opinions, making decisions at personal or
societal level, critical analysis of media reports (from where most of our daily information
emanates), evaluating knowledge claims, consideration of values, and ethical and moral reasoning
(Fowler et al., 2009), and may require some understanding of probability and risk (Levinson et al.,
2011; Rolfe, 2010) or even include humanistic perspectives (dos Santos, 2007). They are inherently
based on incomplete or often conflicting information and a degree of subjectivity, and are
frequently topical with a transient life and have no particular right solution. These are all inexact
properties which understandably unsettle many science teachers who have been trained throughout
their school and university lives to deal with, and therefore teach about, hard scientific ‘facts’, and
this is also what many lay people (including politicians) expect them to teach. The constraints
imposed by timetabling, compartmentalisation of subjects and organisational structures in
secondary schools also makes it difficult for teachers to consider a cross-curricular approach.
Hodson (2003) called for a socio-political science curriculum, training students to be both
scientifically and politically literate citizens who have active critical engagement with the issues.
Zeidler et al., (2005:359) argued that SSI education should “exploit the inherent pedagogical power
of discourse, reasoned argumentation, explicit nature of science [NOS] considerations, emotive,
developmental, cultural or epistemological connections within the issues themselves”. We fully
endorse these approaches, but many (probably most) science teachers are not adequately trained or
resourced to deliver it. Teachers have to contend with the uncertain, tentative, nature of science
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(explored thoroughly elsewhere, e.g. Lee, 2008; Abd-El-Khalick and Lederman, 2000; McComas &
Olson, 1998), and this is further compounded by requiring an additional understanding of the nature
of health and the complexity of the determinants of wellbeing (Dahlgren & Whitehead, 1991). This
might involve taking a holistic, integrated view of biological, cognitive, affective, behavioural and
social considerations, as suggested by Engel’s influential biopsychosocial model (Engel, 1977),
which has been used and adapted in many psychology and medical research studies ever since
(Armitage and Connor, 2000).

From the demanding breadth of knowledge and skills required of teachers to deliver the kind of
curriculum described above, it is easy to see why science teachers might prefer to avoid teaching
about health-related SSIs. These teaching strategies can seem alien to them and are perhaps more
familiar to humanities teachers, which itself raises another problem: who teaches health education?
However, the potential of these contexts for exploration of the nature and application of science is
far too rich to overlook. Curricula across the world obviously vary considerably, but we briefly look
at examples here from two contrasting national settings, our own countries of England and New
Zealand. In both places, the nature of science takes a central role in science curricula with the
potential for core concepts relevant to understanding of health issues to be explored. The devolved
nature of the New Zealand curriculum offers the challenge to schools to identify and engage in
learning that is of specific relevance to their community. Indications are that proposed changes to
the English Curriculum (2013) will also lead to this level of community autonomy. In England,
health education is mostly taught within a non-statutory subject called Personal, Social, Health and
Economic Education (PSHE) for Years 1-11 / Grades K-10 and is usually taught by non-science
teachers, so the underpinning science is under-represented. This may give outsiders the false
impression that health science literacy is alive and well. In New Zealand Health and Physical
Education are combined as one subject in the curriculum (compulsory from Years 1-10 / Grades
K-9, commonly included Year 11-13 / Grades 10-12), taught in the most part by Physical Education
specialists who have training in health, but not necessarily science. Connection between the health
and science programmes in schools is not commonly well developed. A strong emphasis in the New
Zealand Curriculum on key competencies that students need to “live, learn, work and contribute as
active members of their community” (MoE 2007:12). These competencies support the development
of relevant key behaviours and attitudes such as critical decision making, resilience, engagement
with society and an understanding of self.

A pedagogy supporting science for health literacy

We outline below an on-going science-based health education programme focussing on NCDs
which is operating in Auckland, New Zealand through LENScience (established 2006) and in
Southampton, England through LifeLab (established 2007). The project supports the
communication and translation of science relating to NCD risk, raising awareness about how
students' lifestyle choices, in particular those concerning nutrition, can impact on their future health
and the health of their future children. Programmes operate both within the context of participant
schools, through e-learning, and on-site within university/hospital settings. Core to all these
programmes is the ability of students and teachers to access stories of science, health, clinicians and
scientists relating to the development of understanding of socio-scientific factors affecting NCD
risk. Access to and interaction with scientists and real scientific and health data allows students to
enter into the culture of science and engage actively with the science and health communities.
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Programmes encourage teachers to use stories of science and student-centred investigations to
explore issues of health and wellbeing, make community action initiatives to take actions relating to
NCD risk prevention and community events to communicate their learning. E-learning activities
that bring students from multiple schools together allow interactions that support understanding of
the impact of NCD risk on communities beyond that of the student. The most interactive of these
programmes brings students face to face with specialist science educators and scientists in
classrooms within the university-hospital setting. Here they explore the scientific data, carry out
hands-on practical activities using equipment which is generally unavailable in schools, and
experience small group discussions with scientists.

We present below some key pedagogical approaches underpinning the science-science
education-school partnership programmes, designed by experienced science educators working
within scientific institutions, which have shown signs of success in promoting science for health
literacy.

1. Students' background knowledge, attitudes and behaviour

We take a social constructivist perspective of learning by beginning with an understanding of the
students' cultural setting and their cognitive, attitudinal and behavioural responses to health issues,
with a view to providing a supportive learning environment in which we can challenging their
epistemological orientations through cognitive dissonance. The setting of programmes is within a
context of relevance to the students, utilising both local and international issues to demonstrate the
cultural connectedness of NCDs to communities. A contextual approach such as this can motivate
students by engaging them in real topics, which have relevance and meaning on an individual level,
or which have an impact on their local community (Brophy, 1999; Kwiek et al., 2007; Rivet and
Krajcik, 2008).

2. Transactional and transformative learning

Improving knowledge and raising awareness about health issues is itself inadequate. The desired
outcome for science and health literacy is action resulting from informed decision making that will
lead to improved health, social and economic well-being. Constructivist interventions harmonize
well with transactional and transformative learning (Mezirow, 2000). A transactional model
engages all stakeholders (scientists, teachers, students, families) in interactions which have the
potential to challenge perceptions and lead to attitudinal and behavioural transformation.
Importantly, this model emphasises the value of the interactions to all stakeholders, acknowledging
the importance of scientists and the public learning from each other and the potential that this
presents for the shared construction of possible futures (EU, 2009).

3. A biopsychosocial model approach

The multifaceted nature of health issues relating to NCDs requires them to be viewed from a
biopsychosocial perspective (Engel, 1977; Lyons and Chamberlain, 2006; Lee 2011), bringing
together underlying scientific, socio-cultural, environmental and psychological determinants. The
key approach here is to strike the right balance between the science and non-science components.
Although science concepts are often overlooked in health education, Lee (2011) stresses that the
reverse can also be true, i.e. that the non-science aspects are often not taken into account, and poses
the example of what a lay person is to make of first-hand experience of people who chain-smoke
with no apparent ill-effects. The science alone, indicating a causal relationship between smoking
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and lung cancer will not suffice as an explanation, and may even be challenged and contested.
4. Risk and probability

One of the challenges in addressing health related SSIs is exploration of understanding of risk and
uncertainty. The teaching of risk and probability in relation to health plays an important role,
although risk itself is challenging to teach as it is also contextualised, incorporates mathematics and
statistics and consists of epistemic and non-epistemic values (Levinson et al, 2011), and as Lee
(2011) indicates, risks calculated scientifically are also sometimes distrusted as they don't seem to
relate to day-to-day experiences.

5. Using science stories and accessing scientific data

The use of science stories is employed to enable students to access the people and issues of the
context of Developmental Origins of Health and Disease (DOHaD) through time. For example the
story of the Hertfordshire Study (Barker et al. 1989) in which David Barker's team uncovered the
birth records of 16,000 men and women born in Hertfordshire between 1911 and 1930 and traced
these people to find out about their health in adulthood allows students to enter into the journey
which has led to the Barker Hypothesis and subsequently inspired work which has shown that NCD
risk is in part determined by the environment that we experience in the womb (Gluckman & Hanson,
2006). Students explore how the uncovering of the story of these people led to the posing of
questions which are answered in part through the story of the Dutch Hunger Winter (Painter et al.
2006). From here students explore stories of the work of current scientists such as Gluckman,
Hanson, Sloboda, Vickers and Godfrey which allows them to see how science knowledge develops
over time, yet constantly uncovers further questions. Science stories allow students to enter into the
culture of science and explore the nature of science (Solomon, 2002). Issues of ethics, decision
making and the timing of communication of science knowledge to society (when it is still uncertain)
can be explored as the stories unfold. Key to the telling of these science stories is the reimaging of
scientific data to enable students from age 11 - 18 to access and explore the data in an
age-appropriate setting. The ability of science educator and scientist to collaborate in the
development of learning resources to enable access to these stories and data is essential (Bay et al in
press).

6. Structured decision-making discussions

Small group decision-making discussions about SSIs, using a structured framework for guidance
serves a very useful way of sharing and listening to a range of viewpoints, and research has shown
that it helps students reflect on and modify their views. With a careful balance of structured
guidance and freedom to state one’s points of view with agreed ground rules, it is possible to
engage students in productive decision-making discussions about SSIs within the space of a couple
of lessons in a normal classroom setting (Grace, 2009; France et al., 2011). An appropriate
framework endeavours to incorporate metacognitive strategies such as reflective thinking to
integrate multiple perspectives (e.g. Zeidler et al, 2002), moral perspectives (e.g. Bell & Lederman,
2003; Sadler & Zeidler, 2004), integration of personal value identification, knowledge acquisition,
and argumentation (e.g. Lee, 2007), emotive and intuitive reasoning (Sadler and Zeidler, 2004), and
challenging students with opposing viewpoints to clarify their help thoughts (Simonneaux, 2001).

7. Professional development programmes for science teachers
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Access to programmes that allow teachers to engage with and explore the science underpinning
SSIs, such as the complexity of the global NCD epidemic, is provided to support effective
implementation of programmes into schools. The rapid development of science knowledge related
to health related SSIs means that professional development and access to appropriate summaries of
scientific evidence is essential for all teachers. This is accompanied by professional development
that explores the pedagogical basis of the suggested student programmes and supports teaching
teams to adapt these for use in their community and looks at issues related to approaches to
sensitive health issues, ethics, decision making and behaviour change. The approach follows
recommendations by Hanley et al.(2008) that flexibility in implementing professional development
programmes contributes to its success. This aims to prepare science teachers to work with their
students both at school and, during e-learning events and for those with access, the
university-hospital classroom visit. We have found it creates more knowledgeable and skilled
teachers, but most importantly it instils confidence and self-efficacy which is needed to ensure
sustained motivation within science departments and supports the school-university partnership
approach to the delivery of the teaching and learning package.

8. Accessing and interacting with the science and health communities

The LENScience-LifeLab programmes (Bay & Mora, 2008-2011; Woods-Townsend, 2011) are
based on school-university partnerships that integrate school-based (e.g. Bay & Mora, 2009 & 2010)
and out-of-school or synchronous national e-learning events (e.g. Bay, Denny & Sloboda, 2010;
Bay, Mora & Cutfield, 2011). The e-learning and out of school events offer unique settings upon
which the classroom teacher can build. Evidence from research shows that the university-hospital
classroom setting allows students to bridge the cultural divide between scientists and the
community (France & Bay, 2010). The UK government inspectors recently reported that "learning
outside the classroom was most successful when it was an integral element of long-term curriculum
planning and closely linked to classroom activities." (Ofsted, 2010).

On-going developments

Sustained health-related behavioural changes take a long time to measure, and LENScience and
LifeLab continue to track past and present students. Early signs of modified attitudes and lifestyles
are evident in data collected in both New Zealand and the United Kingdom to date. These data
suggest that the programmes are having a sustained effect on perceptions of the relationship
between diet in adolescence and future health of the individual and their potential offspring. They
also indicate that the programmes are effecting change in understanding of the relationship between
the nutritional environment during pregnancy and health in later life. Interview data suggests that
the programmes offer the potential to support the role of students as change agents in their families.
Full publication of these data is expected in 2012.

In this article we have stressed the prominence that science needs to play if we are to establish a
generation of health literate citizens, capable of engaging in critical thinking and decision making
resulting in transformative actions relating to health at an individual, family and community level.
We have offered the NCD epidemic as a health related socio-scientific issue of global relevance
which could be explored in all schools. We have provided examples of pedagogical strategies
successfully employed to deliver science for health literacy in this context. The examples come
from a project being implemented in settings at opposite ends of the world, and we hope they will
inspire other science and health educators to develop teaching programmes appropriate to their own
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contextual settings.

References

Abd-El-Khalick, F. & Lederman, N.G. (2000). Improving science teachers’ conceptions of nature of
science: A critical review of the literature. International Journal of Science Education, 22,
665-701.

Ajzen, 1. and Fishbein, M. (1980) Understanding Attitudes and Predicting Social Behaviour. London:
Prentice-Hall International.

Armitage, C. J. & Conner, M. (2000). Social cognition models and health behaviour: A structured
review.Psychology and Health, 15, 173-189.

Barker, D.J.P., Osmond, C., Winter, P.D., Margetts, B.M., Simmonds, S.J. (1989).Weight in infancy
and death from ischaemic heart disease Lancet 2-577-80 .

Basch, C.E. (2010). Healthier students are better learners: A missing link in school reforms to close.
Equity Matters: Research Review No. 6, Campaign for Educational Equity, Teachers College,
Columbia University, New York.

Bay, J.L., Sloboda, D.M., Vickers, M.H., Mora, H.A. (In Press) Multi-dimensional connections: The
Liggins Education Network for Science, Developing Partnerships to Enhance Science
Education. In: France B, Compton V, editors. Bringing communities together: Connecting
learners with scientists or technologists.Rotterdam: Sense Publishers.

Bay, J.L., Mora, H.A. (2008-2011). LENS-Wiki http://lens.auckland.ac.nz/.

Bay, J.L., Mora, H.A., Cutfield, W. [Authors], Hedge, D.R.L. [Producer] (2011). Diabetes: An issue
for my community; LENScience / Kordia / Volt TV Productions Ltd, 05-05-2011, 2011.
http://lens.auckland.ac.nz/index.php/Science_Research_Stories#Diabetes: An_issue_for m
y_Community

Bay, J.L., Sloboda, D.M., Denny, M.C. [Authors], Hedge, D.R.L. [Producer] (2010). Feast or
Famine: Understanding Gene Expression, 3rd Ed. LENScience / Kordia / Volt TV
Productions Ltd, 25-03-2010, 2010.
http://lens.auckland.ac.nz/index.php/Understanding_Gene Expression_2010

Bay, J.L., Mora, H.A. (2010). Me, Myself, My Environment: Nutrition, New Zealand Curriculum
Level 4 Teacher Resource. Auckland: Liggins Institute, The University of Auckland.

Bay, J.L., Mora, H.A. (2009). Me, Myself, My Environment: Growing Up, New Zealand Curriculum
Level 5 Teacher Resource. Auckland: Liggins Institute, The University of Auckland.
Beaglehole R, Bonita R, Horton R, Adams C, Alleyne G, Asaria P, & Haines A. (2011). Priority

actions for the non-communicable disease crisis. Lancet. 377(9775), 1438-1447.

Bell, R. L. & Lederman, N. G. (2003). Understandings of the nature of science and decision making
on science and technology based issues. Science Education, 87, 352-377.

Brophy, J. (1999). Toward a model of the value aspects of motivation in Education: Developing
appreciation for particular learning domains and activities. Educational Psychologist, 34(2),
75-85.

Bybee, R.-W. (1997). Towards and understanding of scientific literacy. In: W. Grabe and C. Bolte
(eds.), Scientific Literacy — an international symposium, IPN, Kiel, Germany.

Cavill, N., & Bauman, A. (2004). Changing the way people think about health-enhancing physical
activity: do mass media campaigns have a role? Journal of Sports Sciences, 22(8), 771 - 790.

Dahlgren, G. & Whitehead. M. (1991). Policies and strategies to promote social equity in health.
Stockholm: Institute for Future Studies

Copyright (C) 2011 HKIEd APFSLT. Volume 12, Issue 2, Foreword (Dec., 2011). All Rights Reserved.




Asia-Pacific Forum on Science Learning and Teaching, Volume 12, Issue 2, Foreword, p.11 (Dec.,
2011)
\ / Marcus GRACE and Jacquie L. BAY

Developing a pedagogy to support science for health literacy

Dahlgren, G. & Whitehead. M. (2007). European strategies for tackling social inequities in health:
levelling up, Part 2. Copenhagen: WHO Regional Office for Europe.

dos Santos, W.L.P. (2009). Scientific literacy: A Freirean perspective as a radical view of humanistic
science education. International Journal of Science Education, 93(2), 361-382.

Engel, G.L. (1977). The need for a new medical model: A challenge for biomedicine. Science, 196,
129-136.

European Commission [EU] (2009).MASIS Report Challenging Futures of Science in Society-
Emerging trends and cutting-edge issues. European Commission Directorate General for
Research, Brussels.

Fowler, S.R., Zeidler, D.L. & Sadler, T.D. (2009). Moral sensitivity in the context of socioscientific
issues in high school science students. International Journal of Science Teacher
Education, 31(2), 279-296.

France, B., Mora, H.A., Bay, J.L.(2011) Changing Perspectives: Exploring a pedagogy to examine
other perspectives about stem cell research, International Journal of Science
Education,DOI:10.1080/09500693.2011.630427.

France, B., Bay, J.L. (2010) Questions Students Ask: Bridging the gap between scientists and
students in a research institute classroom. International Journal of Science Education, 32(2),
173-94.

Friere, P. (1970). Pedagogy of the Oppressed. Continuum/Seabody: New Y ork.

Garcia, K. & Mann, T. (2003). From 'T wish' to 'l will": Social-cognitive predictors of behavioral
intentions.Journal of Health Psychology, 8, 347-360.

Gluckman P.D., and Hanson M.A. (2006). The developmental origins of health and disease: An
overview, in Developmental Origins of Health and Disease, P.D. Gluckman & M.A. Hanson,
(Eds.), Cambridge University Press: Cambridge.

Gluckman, P.D., Hanson, M.H., Beedle, A.S.(2007) Early Life Events and Their Consequences for
Later Disease: A Life History and Evolutionary Perspective. American Journal of Human
Biology, 19, 1-19.

Gluckman, P.D., Hanson, M.A., Cooper C, & Thornburg K.L. (2008). Effect of in utero and early-life
conditions on adult health and disease. New England Journal of Medicine, 359, 61-73.

Gluckman P.D., Hanson M.H., Low F.M. (2011) The Role of Developmental Plasticity and
Epigenetics in Human Health. Birth Defects Research (Part C), 93, 12-18.

Godfrey, K.M., Gluckman, P.D., Hanson, M.A.(2010). Developmental origins of metabolic disease:
life course and intergenerational perspectives. Trends in Endocrinology and Metabolism,
21(4), 199-205.

Grace, M. (2009) Developing high quality decision-making discussions about biological
conservation in a normal classroom setting. International Journal of Science
Education, 31(4), 551-570.

Guskey, T. R. (2000). Evaluating professional development. Thousand Oaks, Ca: Corwin Press.
Hanley, P., Ratcliffe, M. & Maringe, F. (2008). Evaluation of professional development: deploying a
process focused model. International Journal of Science Education, 30(5), 711-725.
Hodson, D. (2003). Time for action: Science education for an alternative future. International

Journal of Science Education, 25, 645-670.

Hong Kong Curriculum Development Council (2007). Biology: Curriculum and assessment
guide (Secondary 4-6). Hong Kong: Curriculum Development Council.

KMK Kultusminsterkonferenz (2004). Bildungsstandards im Fach Biologie fiir den Mittleren
Schulabschluss.www.kmk.org/schul/Bildungsstandards/Biologie MSA _16-12-04.pdf.

Copyright (C) 2011 HKIEd APFSLT. Volume 12, Issue 2, Foreword (Dec., 2011). All Rights Reserved.




Asia-Pacific Forum on Science Learning and Teaching, Volume 12, Issue 2, Foreword, p.12 (Dec.,
2011)
\ / Marcus GRACE and Jacquie L. BAY

Developing a pedagogy to support science for health literacy

Kwiek, N. C., Halpin, M. J., Reiter, J. P., Hoeffler, L. A., & Schwartz-Bloom, R. D. (2007).
Pharmacology in the High-School Classroom. Science, 317(5846), 1871-1872. Laugksch,
R.C. (2000). Scientific literacy: A conceptual overview. Science Education, 84(1), 71-94.

Lee, Y. C. (2007). Developing decision-making skills for socio-scientific issues. Journal of
Biological Education,41(4), 170-177.

Lee, Y.C. (2008). Exploring the roles and nature of science: The case of SARS. International Journal
of Science Education, 30, 515-541.

Lee, Y.C. (2011). Socio-Scientific Issues in Health Contexts: Treading a rugged terrain, International
Journal of Science Education, DOI:10.1080/09500693.2011.613417

Levinson, R., Kent, P., Pratt, D., Kapadia, R. & Yogui, C. (2011). Developing a pedagogy of risk in
socio-scientific issues. Journal of Biological Education, 45(3), 136-142.

Lyons, A.C., & Chamberlain, K. (2006). Health psychology: A critical introduction. New Y ork:
Cambridge University Press.

McComas, W.F., & Olson, J.K. (1998). The nature of science in international science education
standards documents. In W.F. McComas (Ed.), The nature of science in science education:
Rationales and strategies (pp. 41-52). Dordrecht: Kluwer Academic Publishers.

Mezirow, J. (2000). Learning as Transformation: Critical Perspectives on a Theory in Progress. San
Francisco: Jossey Bass.

Millar, R. & Osborne, J. (1998). Beyond 2000: Science education for the future. King’s College,
London.

Millar, R. (2008). Taking scientific literacy seriously as a curriculum aim. 4sia-Pacific Forum on
Science Learning and Teaching, 9(2) Foreword.

Ministry of Education [MoE] (1993) Science in the New Zealand Curriculum. Wellington: Learning
Media.

Ministry of Education [MoE] (2007) The New Zealand Curriculum for English-medium teaching and
learning in years 1-13. Wellington: Learning Media.

Mirowsky, J., Ross, C.E. (2005). Education, learned effectiveness and health. London Review of
Education, 3, 205-220.

Morrow, V. (2004). Children's “social capital”: implications for health and well-being. Health
Education, 104(4), 211-225.

National Health Service [NHS] (2011). Health and lifestyles.
http://www.ic.nhs.uk/statistics-and-data-collections/health-and-lifestyles

National Research Council [NRC] (2005). Decision making for the environment: Social and
behavioural science research priorities. Washington, D. C., The National Academies Press.

Nutbeam, D. (1998). Health promotion glossary. Health Promotion International, 13(4), 349-364.

Nutbeam, D. (2000). Health literacy as a public health goal: A challenge for contemporary health
education and communication strategies into the 2Ist century. Health Promotion
International, 15(3), 259-267.

Organisation for Economic Co-operation and Development [OECD] (2003). The PISA 2003
Assessment Framework — Mathematics, Reading, Science and Problem Solving Knowledge
and Skills. OECD.

Painter, R.C., de Rooi, S.R., Bossuyt, P.M., Simmers, T.A., Osmond, C., Barker, D.J.P., Bleker, O.P.,
Roseboom, T.J. (2006). Early onset of coronary artery disease after prenatal exposure to the
Dutch famine.American Journal of Clinical Nutrition, 84, 322-7.

Qualifications and Curriculum Authority [QCA] (2004). Science: The National Curriculum for
England. Qualifications and Curriculum Authority:

Copyright (C) 2011 HKIEd APFSLT. Volume 12, Issue 2, Foreword (Dec., 2011). All Rights Reserved.




Asia-Pacific Forum on Science Learning and Teaching, Volume 12, Issue 2, Foreword, p.13 (Dec.,
2011)
\ / Marcus GRACE and Jacquie L. BAY

Developing a pedagogy to support science for health literacy

London. http://curriculum.qcda.gov.uk/key-stages-3-and-4/subjects/key-stage-4/science/pro
gramme-of-study/index.aspx?tab=2

Ratcliffe, M., and Grace, M. (2003). Science Education for Citizenship, Maidenhead: Open
University Press.

Ringold, D. J. (2002). Boomerang Effects in Response to Public Health Interventions: Some
Unintended Consequences in the Alcoholic Beverage Market. Journal of Consumer
Policy, 25(1), 27-63.

Rivet, A. E., & Krajcik, J. S. (2008). Contextualizing instruction: Leveraging students' prior
knowledge and experiences to foster understanding of middle school science. Journal of
Research in Science Teaching,45(1), 79-100.

Rolfe, H. (2010). Learning to take risks, learning to succeed. National Endowment for Science,
Technology and the Arts. NESTA:
London. http://www.nesta.org.uk/library/documents/I earning_to_take risks.pdf.

Sadler, T. D. (2004). Informal reasoning regarding socio-scientific issues: A critical review of
research. Journal of Research in Science Teaching, 41(5), 513-536.

Sadler, T.D. (ed) (2011). Socio-scientific Issues in the Classroom: Teaching, Learning and Research.
Springer: New York

Sadler, T.D., & Zeidler, D.L. (2004). The morality of socio-scientific issues: Construal and resolution
of genetic engineering dilemmas. Science Education, 88, 4-27.

Simonneaux, L. (2001). Role-play or debate to promote students’ argumentation and justification on
an issue in animal transgenesis. International Journal of Science Education, 23(9), 903-927.

Solomon, J. (2002). Science Stories and Science Texts: What can they do for our students? Studies in
Science Education, 37(1), 85-105.

United Nations [UN] (2011). Political declaration of the High-level Meeting of the General Assembly
on the Prevention & Control of Non-communicable Diseases. Sixty-sixth session, Agenda
item 117. Follow-up to the outcome of the Millennium
Summit http://www.un.org/ga/search/view_doc.asp?symbol=A/66/L.1.

van Exel, N. J. A., de Graaf, G., & Brouwer, W. B. F. (2006). "Everyone dies, so you might as well
have fun!" Attitudes of Dutch youths about their health lifestyle. Social Science &
Medicine, 63(10), 2628-2639.

Woods-Townsend, K. (2011). LifeLab Web. http://www.som.soton.ac.uk/research/sites/lifelab/.

World Health Organization [WHO] (2008). 2008—-2013 Action Plan for the Global Strategy for the
Prevention and Control of Noncommunicable Diseases. Geneva: World Health Organization.

Zeidler, D.L., Sadler, T.D., Simmons, M.L. & Howes, E.V. (2005). Beyond STS: A research- based
framework for socioscientific issues education. Science Education, 89(3), 357-377.

Copyright (C) 2011 HKIEd APFSLT. Volume 12, Issue 2, Foreword (Dec., 2011). All Rights Reserved.




	Abstract
	Introduction
	The global non-communicable disease epidemic
	The connection between scientific literacy and health literacy
	A pedagogy supporting science for health literacy
	On-going developments
	References

