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Abstract 

The noncommunicable disease (NCD) crisis is one of the most pressing issues facing the 

world. Impacts influence all communities, but are most significant in those with limited 

resources. Evidence from Developmental Origins of Health and Disease (DOHaD) 

demonstrates that early life environmental exposures influence health in infancy and 

childhood, and later-life NCD risk, revealing the transgenerational nature of NCDs. 

Improved environmental exposures from the periconceptional period through to 

adolescence support primary NCD prevention. 

During adolescence, cognitive, psychosocial and lifestyle behaviours that persist into 

adulthood develop. Interventions during this period promote NCD risk reduction for 

adolescents and their future offspring. The Healthy Start to Life Education for Adolescents 

Project (HSLEAP) is a multi-sectoral DOHaD intervention. It utilises adaptable 

educational programmes within science, and related core learning areas in schools, to 

support capability-based adolescent empowerment in relation to critical citizenship, 

DOHaD and NCD risk.  

An extended mixed-methods approach investigated processes and outcomes associated 

with application of the HSLEAP model. Individually matched evidence from pre- to 12-

months post-intervention was available from students in 30 classes from 10 New Zealand 

schools and 21 classes from 3 Cook Islands schools. Teacher participation evidence also 

included work within 24 classes from three Tongan schools.  

Contextual application of the model promoted engagement in learning and capability 

development. Participants developed and retained understanding of associations between 

maternal environmental exposures and offspring health. In contrast, understanding of 

paternal exposures, not explored in the programmes, was unchanged.  Students in both New 

Zealand and the Cook Islands engaged as science communicators within their families, 

extending the collaborative narrative initiated in the classroom into their personal lives. A 

significant proportion of students made and sustained nutritional behaviour changes, 

offering the potential for NCD risk reduction. Analysis of processes and resourcing enabled 

understanding of the potential of transformative learning and participatory research to 

support teachers to integrate HSLEAP programmes into practice. This research identifies 

structural and philosophical requirements for programmes of this nature, emphasising the 

essential role of context. It offers transferable evidence to inform future development of 

education-science partnerships supporting school-based interventions that enable 

adolescents to engage with and act upon DOHaD evidence.    
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Part I Introduction and Overview  

Noncommunicable diseases (NCDs) are slow to develop, chronic health conditions, largely 

comprising cardiovascular diseases (CVD), cancers, respiratory diseases and diabetes. 

Collectively NCDs represent the greatest causes of death and disability in humans, 

accounting for 68% of deaths globally, 75% of which occur in low- and middle-income 

countries (LMIC). Approximately 45% of all NCD deaths and 82% of NCD deaths in 

LMICs are premature (prior to age 70), creating enormous social and economic burdens 

that are obstructing poverty alleviation and sustainable development (World Health 

Organization, 2015b). These unsustainable burdens, alongside the exponential growth of 

NCD incidence, and factors associated with NCD risk, have prompted integrated global 

efforts to curb the NCD crisis. The 2011 high level meeting of the United Nations General 

Assembly on the Prevention and Control of Noncommunicable Diseases, an action only 

once previously taken in regard to a health issue (HIV/AIDS), reflects the extent of this 

global crisis (United Nations General Assembly, 2011). 

This meeting acknowledged the complexity of the NCD crisis and, for the first time at the 

level of the United Nations (UN) and World Health Organization (WHO), recognized the 

intergenerational nature of NCD vulnerability. This brought global attention to the field of 

Developmental Origins of Health and Disease (DOHaD). This field has uncovered 

evidence demonstrating associations between nutritional and non-nutritional exposures in 

early life (even before birth) and later life vulnerability to NCDs (Hanson and Gluckman, 

2014). The political declaration called for integrated multi-sectoral efforts to contribute 

towards the long-term process of addressing the needs of those with NCDs, and reducing 

NCD vulnerability in children, young people and future generations. Amongst the 

recommendations within the political declaration were clear statements regarding risk 

associated with the periconceptional nutritional environment, and utilising education, 

including within schooling, to contribute to addressing the potential of primary NCD risk 

reduction in children and adolescents (United Nations General Assembly, 2011).  

This thesis examines the role of multi-sectoral collaborations involving education, science 

and health in empowering youth to participate as critically engaged citizens in examining 

and acting on DOHaD evidence in support of primary NCD risk reduction. It draws on 
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research representing multi-sectoral collaborations led by the author in New Zealand, the 

Cook Islands and Tonga. These collaborations lie within an overarching project led by the 

author, known as the Healthy Start to Life Education for Adolescents Project (HSLEAP). 

The project utilises adaptable educational programmes embedded within science, and 

related core learning areas in schools to facilitate communication and translation of 

DOHaD knowledge, alongside capability development required to enable critically 

engaged citizenship in relation to DOHaD and NCD risk. Research has informed the 

development of the model and examined its potential to enable understanding and 

application of DOHaD knowledge by young people. The HSLEAP pilot, initiated and led 

by the author in 2009, established the project and identified the potential for narrative-based 

pedagogies to support knowledge translation and in turn enable adolescent-led health 

promotion. The research presented within this thesis is associated with the period 2012 – 

2016 during which longer-term impacts were examined, learning programmes evolved in 

response to the pilot research and the project expanded to examine the influence of context 

on the potential of the model to support adolescents as agents of change in relation to NCD 

risk reduction.  Given the format of this thesis as a series of articles, there will be elements 

of repetition between the chapters.  

Chapter 1 presents a review of the opportunity for primary NCD risk reduction offered 

during adolescence. The work presented is a chapter within a book to be published by 

Springer Japan examining the application of DOHaD science from a public health 

perspective. The chapter was via invitation from Dr. Fumihiro Sata, Vice Representative, 

Japan Society for DOHaD. 

Part II presents theoretical frameworks for the development and evaluation of school-

based multi-sectoral interventions to engage youth as active contributors to primary NCD 

risk reduction. Chapter 2 is a peer reviewed invited paper published in Healthcare. This 

review presents theoretical perspectives from education, health and science and 

demonstrates how these can collectively inform the development of school-based DOHaD 

interventions targeting the adolescent life stage. Co-authors are DOHaD collaborators from 

science and public health.  

Chapter 3 is a peer reviewed debate paper published in Health Promotion International. 

This article examines the challenges associated with evaluation of multi-sectoral 

programmes. In particular, it examines the need to identify whether learning has occurred 

before the potential for health impacts can be understood. Co-authors are collaborators from 
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science, education and public health within the Worldwide Universities Network (WUN) 

Global Challenge Public Health (NCD) collaboration led by the author. This collaboration 

is investigating schools as a setting for NCD risk reduction.  

Part III examines the pedagogical framework underpinning the HSLEAP school-based 

interventions presented in the thesis. This focusses on the development of collaborative 

narrative to facilitate transformative learning for students, teachers and participating 

scientists. Chapter 4 provides an overview of the pedagogical concepts associated with 

collaborative narrative. The requirements of student learning resources designed to support 

examination of scientific evidence via narrative-based exploration of research are examined 

via a case-analysis. This article is currently being prepared for submission to a science 

communication journal. There are no co-authors.  

Chapter 5 focuses on transformative learning, examining how resources that facilitate 

exploration of scientific evidence within the HSLEAP programmes support the key stages 

of transformative learning. This is enabled via evidence from the Tongan and Cook Islands 

arms of HSLEAP. This article is currently being prepared for submission to a science 

education journal. Co-authors are from the Cook Islands arm of the collaboration.  

Chapter 6 examines the role of professional learning and development in addressing the 

contextual needs of education partners in multi-sectoral NCD risk reduction collaborations. 

Drawing on work from the Tongan arm of HSLEAP, this case study, published in the Asia 

Pacific Forum on Science Learning and Teaching, examines the role of collaborative 

narrative in supporting transformative learning in participating teachers. Co-authors are 

collaborators from Tonga.  

Chapter 7 presents a commentary published in the Journal of Developmental Origins of 

Health and Disease providing a vehicle for communication of concepts associated with the 

role of education in DOHaD translation interventions for scientists. This is presented as an 

example of a resource used to engage DOHaD scientists in collaborative narrative 

regarding the potential for multi-sectoral engagement. The co-author on this paper is a fetal 

physiologist who has engaged in all the collaborations presented in this thesis.  

Part IV presents evaluative evidence evolving from the development and implementation 

of HSLEAP programmes in schools in New Zealand and the Cook Islands for which the 

author is the Principal Investigator. Chapter 8 presents longitudinal evaluative evidence 

from the HSLEAP study conducted in New Zealand between 2010 and 2013. While the 
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early part of this study was conducted prior to registration for this degree in 2012, the latter 

section of the data was collected in 2012 and 2013. This enabled the essential analysis that 

was required to inform the Pacific arm of HSLEAP and without which the final analysis of 

the New Zealand arm of this project could not be published. The article is currently under 

review in a science education journal. The co-authors are collaborators from education, 

health and science.  

Chapter 9 presents evaluative evidence of Phase I of the Cook Islands arm of HSLEAP. 

During the period late 2013 - 2015 the New Zealand based project was deconstructed and 

the HSLEAP model was contextually reconstructed and implemented in schools in the 

Cook Islands to enable examination of its potential in a developing nation. The article is 

currently in preparation for submission to a journal with an emphasis on the role of 

education in development. The co-authors are collaborators from education, health and 

science in the Cook Islands and New Zealand.  

Chapter 10 presents a comparative case-study examining key differences in the approaches 

used in the New Zealand and Cook Islands versions of HSLEAP. The use of case study 

enables in-depth examination of process and outcome associated with contextual 

differences. The article is currently in preparation for submission to a journal with an 

emphasis on the role of education in development. The co-authors are collaborators from 

education in the Cook Islands.  

Part V presents a conclusion drawing together key outcomes of this research portfolio, 

examining overarching limitations and identifying areas for future research development.  
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Chapter 1. DOHaD interventions: Opportunities during 

adolescence 

1.1. Introduction  

Evidence from the field of Developmental Origins of Health and Disease (DOHaD) has 

highlighted biological mechanisms underpinning the intergenerational nature of 

noncommunicable disease (NCD) risk. It is now understood that early-life environmental 

exposures contribute to vulnerability to a wide range of adverse conditions spanning the 

life-course. These include neurocognitive developmental challenges, overweight, obesity, 

and NCDs ranging from metabolic and cardiovascular diseases to musculoskeletal, allergic 

and mental health conditions (Hanson and Gluckman, 2014). Investigation of the mechanisms 

underpinning these observations has demonstrated that environmentally mediated 

epigenetic modifications result in the latent phenotypic influences that are associated with 

increased NCD risk (Jiang, 2016). This evidence has highlighted previously untapped 

primary prevention opportunities that could contribute towards interrupting the 

intergenerational cycle of NCD risk. The potential of such interventions is increasingly 

recognized as a valid NCD risk reduction strategy by global agencies (Chestnov et al., 2013). 

The influence of socio-ecological factors on environmental exposures central to the 

DOHaD paradigm should always be considered in conjunction with the biological 

evidence. 

The window during which environmental exposures may influence later-life health 

stretches from pre-conception through early childhood and adolescence (Hanson and 

Gluckman, 2014). While both nutritional and non-nutritional exposures are important, the 

focus of this thesis is nutritional exposures. Both undernutrition and obesogenic early-life 

environments have been shown to be associated with adverse later-life health outcomes 

(Vickers, 2011), some of which may be indicated by changes as early as childhood (Godfrey 

et al., 2011). Additionally, maternal pre-pregnancy obesity and excessive gestational weight 

gain are associated with adverse short-term maternal and offspring impacts as well as 

obesity-related adverse later-life outcomes in offspring (Patel and Poston, 2016). Evolving 

from this evidence has been extensive discussion of the potential of targeted interventions 

during pregnancy and early childhood (Balbus et al., 2013; Gillman, 2010). These are 

important and should be pursued, particularly if they support parents to understand `the 
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long-term influences of nutrition in early-childhood. However, there is strong evidence to 

suggest that opportunities to change environmental exposures associated with nutritional 

practices during pregnancy are limited (Crozier et al., 2009; Kubota et al., 2013; Morton et al., 

2014). Additionally, once obesity is established it is extremely difficult to reverse the 

biological factors that support the ongoing condition in the individual (Blackstone, 2016). 

While evidence emerging from studies of weight loss prior to pregnancy in humans is 

limited, maternal surgical weight loss approaches appear to be beneficial for the offspring, 

as does limiting gestational weight gain (Nicholas and McMillen, 2016). However, evidence 

from animal models suggests that weight loss within the periconceptional period may be 

associated with negative downstream effects on metabolic health (Nicholas and McMillen, 

2016). Therefore, while addressing the impact of poor-quality nutrition, overweight and/or 

obesity in the mother during the pregnancy is well founded, it is challenging. Including 

adolescence alongside pregnancy as a life stage target for DOHaD interventions offers the 

opportunity to address nutritional practices and parental overweight/obesity prior to 

conception. This supports reduced impact of environmental exposures in the 

periconceptional period and during pregnancy, and removes the need for periconceptional 

weight loss and the associated potential risks.   

1.2. The opportunity of adolescence  

Adolescence, the period of transition between childhood and adulthood (age 10 – 19 years) 

is a life stage of significant change during which life-long cognitive and psychosocial 

behaviours are established (Craigie et al., 2011; Steinberg, 2005). Many of these behaviours 

will influence future health, particularly those associated with the development of 

overweight, obesity, and associated NCDs (Alberga et al., 2012; Chandola et al., 2006). 

Therefore, adolescence is considered an important component of the life-course approach 

to the prevention of chronic diseases (Darnton-Hill et al., 2004; Sawyer et al., 2012).  

Intervention during adolescence, even when this is significantly distanced from parenthood, 

provides an important opportunity to address environmental exposures across a wide range 

of critical and sensitive life stages. These include: 

 gametogenesis and the periconceptional period during which unfavourable health status in 

either parent, and/or a poor maternal nutritional environment are associated with adverse 

short and long-term health consequences for offspring (Fullston et al., 2016; Hanson and 

Gluckman, 2014; Nicholas and McMillen, 2016; Watkins et al., 2010); 
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 pregnancy, during which: 

o maternal over-nutrition, and overweight or obese status are associated with a wide 

range of adverse obstetric, infant, childhood and later-life health outcomes (Catalano 

and Ehrenberg, 2006; Nicholas and McMillen, 2016);  

o maternal undernutrition when associated with poor fetal growth leads to a range of 

irreversible adverse biological and social consequences, and when associated with low 

birth weight followed by rapid catch-up growth in childhood and adolescence is 

associated with increased risk of nutrition-related chronic diseases in adulthood 

(Victora et al. 2008); 

 infancy and childhood, where established nutritional practices of the parents influence the 

nutritional environment of the infant and child (Birch and Fisher, 1998; Lindsay et al., 

2006), impacting current and later-life health; 

 adolescence, where: 

o personal control over food choices increases (Videon and Manning, 2003) 

o the influence of family food environment on food choices reduces (Smith et al., 

2016) while the influence of peer food practices increases (Salvy et al., 2012);  

o lifelong nutritional and related lifestyle practices are established (Todd et al., 2015);  

o and the opportunity exists to promote food and lifestyle choices that reduce weight 

gain (Hu et al., 2016) either before overweight and obesity are established, or before 

obesity reaches the point where biologically it will be very difficult to reverse 

(Blackstone, 2016).  

The period of adolescence is almost universally dominated by formal education, 

encompassing schooling, followed for many by apprenticeships and/or tertiary training or 

education. The social structures within which formal education occurs support in-depth 

engagement with adolescents. In the schooling sector, this also engages the 

family/caregivers. Therefore, it is not surprising that recommendations regarding 

interventions associated with promoting adolescent health have a focus on multi-sectoral 

approaches and highlight opportunities associated with schooling (World Health 

Organization, 2013a, 2016b; United Nations General Assembly, 2011). Other social structures 

including religious organisations (for example churches, mosques and synagogues), 

sporting, service, arts and cultural clubs also support adolescent development and offer 

important opportunities that contribute to the development of wellbeing. While our focus 

is on the role of the formal education sector, aspects of the approaches described may also 

be applicable to informal education and community settings. 
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1.3. Schools as a setting 

Many school-based health-promotion interventions have not been particularly effective 

(Khambalia et al., 2012). Lack of connection to the core mission of schools has been 

identified as a key issue associated with poor outcomes (Waters et al., 2011). This suggests 

that programme design has failed to attend to the need for shared vision that is inclusive of 

all participating sectors, known to be the most critical success factor associated with multi-

sectoral partnerships (Wildridge et al., 2004). Heterogeneity of impact is a further challenge 

that is commonly identified as problematic when evidence-informed health policies and 

practices are applied to school-based health promotion (Keshavarz Mohammadi et al., 2010). 

In education, it is known that failure to address diversity within and between schools 

magnifies achievement variance (psychosocial and academic) (Haque, 2015). Heterogeneity 

of effect in school-based health promotion is likely to be associated with lack of connection 

to core principles of pedagogy and practice associated with recognizing and addressing 

diversity. This issue may be addressed through collaborative input of educators into school-

based health-promotion design.  

Thus, to achieve the potential of DOHaD interventions that support the opportunities 

offered by the development of positive health-related practices during adolescence, 

attention must be paid to developing multi-sectoral and community-based participatory 

research (CBPR) approaches that engage with school communities. Interventions must 

connect to core goals in education as well as health and science, and recognize the important 

role that each school community has in adapting and sustaining programmes that are 

specific to their setting (Bay et al., 2016a; Bay et al., 2016c; Bay and Vickers, 2016). CBPR 

approaches are optimal, recognizing that knowledge and expertise from within the 

community in which the intervention is occurring should have a central role in determining 

the nature of the research question, intervention tools, evaluation methods and 

interpretation (Tucker and Taylor, 2004). Such approaches support the potential for 

interventions to not only link to core national education goals, but also to specific goals 

within each school community. This ensures that interventions can be enacted within the 

core business of the school. These approaches address issues of sustainability, while 

simultaneously facilitating the development of capabilities in youth that support action-

oriented adolescent empowerment associated with engaged citizenship (Bay et al., 2016a). 

It was therefore encouraging to see a shift in the thinking of the World Health Organization 

(WHO) in the recently published Report from the Commission for Ending Childhood 
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Obesity (ECHO), that explicitly identified the importance of engagement and consultation 

with the education sector to ensure educational rigor in intervention design, and enable 

interventions to be embedded in mainstream curricula (World Health Organization, 2016b).    

1.3.1. Understanding the core mission of schools 

Modern education systems are concerned with holistic development that “prepares young 

people to participate as critically engaged citizens and lifelong-learners able to negotiate 

present realities as well as futures that we cannot predict” (Bay and Vickers, 2016). To 

achieve this schools are equipped with structures that support cognitive, physical, and 

psychosocial (mental, emotional, social and spiritual) development, as well as pastoral care. 

This holistic approach has seen a shift away from silo-based didactic education of the mid-

20th century towards integrated educational approaches that support youth to develop 

capabilities (knowledge, skills, attitudes and values) seen as being essential for living and 

thriving in the 21st century (Rychen and Salganik, 2003). These extend learning to include 

cultivation of skills and dispositions associated with critical and creative thinking, 

collaboration, leadership, entrepreneurship, and active participation in society (Perkins, 

2014). This does not preclude learning associated with mastering content knowledge. 

Rather it stretches adolescents to develop capabilities that enable them to apply academic 

content knowledge to life situations, including complex contemporary problems such as 

the NCD epidemic, global warming, poverty and political instability (Hipkins et al., 2014; 

Perkins, 2014). This approach to education supports the development of critically engaged 

citizenship, a way of being that is associated with questioning, seeking evidence and 

understanding, assessing multiple perspectives and taking considered actions that are 

mindful of the complexity of the challenges and opportunities facing modern societies. 

Thus, the NCD epidemic and DOHaD provide a broad array of contexts that can be utilized 

by teachers in the delivery of education programmes that support curricula goals related to 

capability development across and within traditional learning disciplines (Bay and Vickers, 

2016).  

1.3.2. Capabilities that enable adolescents as critically engaged citizens  

Capabilities developed during adolescence should enable critically engaged participation 

in all aspects of society. In the context of the NCD epidemic, critically engaged citizens 

will interact with the issue of NCD risk, burden and impact. They will question the status 

quo (particularly when this is associated with inequities), and seek out and examine 
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evidence from multiple perspectives. This process leads to active participation in evidence-

based actions at personal, family and potentially community/societal level that address 

challenges associated with the issue. Specific capabilities required to achieve engaged 

citizenship related to issues associated with NCDs/DOHaD include scientific, health, 

environmental and sociological literacies, as well as key competencies and self-efficacy 

(Bay et al., 2016a). Literacies in this context refer to the ability to seek out, engage with, 

examine and use evidence to make informed decisions. For example, scientific literacy is 

associated with attaining and using relevant knowledge, skills, attitudes and values that 

enable individuals and/or groups to engage with and act upon scientific evidence relating 

to everyday experiences as well as complex, open-ended issues. Because of the complex 

and values-laden nature of issues related to the NCD epidemic, education programmes 

should also facilitate understanding of the need to integrate multiple perspectives from the 

sciences, humanities and arts, along with social and ethical perspectives into consideration 

when approaching decision-making (Kahn and Zeidler, 2016). This can be challenging but is 

transformative when it allows young people to identify and use frames of reference outside 

their current experience, that offer the potential to address issues of concern.    

Intervention design must take account of the processes via which capability development 

and behaviour setting occurs during adolescence. Capability development during 

adolescence is a component of human development, influenced by complex interactions 

over time between the individual’s personal attributes and the socio-ecological systems 

within the environment(s) in which they are developing (Bronfenbrenner, 1989). This 

emphasises the nature of human development as a complex adaptive system. As such, 

capability development is a dynamic process involving a large number of elements 

interacting in a non-linear manner with each other and their environment. These elements 

can be influenced by the system’s history as well as its current context, and can be 

disproportionately affected by small changes (Eidelson, 1997). Bronfenbrenner’s 

bioecological model of human development, while acknowledging the complex 

interactions between the individual and both direct and indirect aspects of the environment, 

emphasises the strength of influence of the individual’s microsystem, being the most 

proximal layer of interaction that an individual has with their environment and processes 

within it (Bronfenbrenner, 2005).  

The proximal environment of the adolescent is dominated by family, school, peers and 

community interactions (actual and virtual). The knowledge, attitudes, and beliefs that are 



Part I | Introduction and Overview 

11 

held individually by the adolescent and by social consensus within the environments in 

which they interact will influence their behavioural development and their potential to 

develop the habits of mind associated with critically engaged citizenship. There is 

increasing public awareness of overweight, obesity and related diseases known to health 

and science communities as NCDs. Media, politics, public health messaging and increasing 

community experience of these issues are contributing to this and reach adolescents through 

family, school and community interactions. However, this awareness is dominated by 

reductionist thinking that places the actions of the individual at the centre of the cause of 

overweight, obesity, and NCDs. In communities ranging from Japan, New Zealand, Pacific 

Island states, and Europe, levels of awareness of life-course perspectives of NCD risk in 

adolescents, parents, young adults and the public have been found to be very low (Bay, 

2015a; Bay et al., 2012a; Bay, 2015c; Bay et al., 2015; Endo and Oyamada, 2013; Gage et al., 

2011; Grace et al., 2012). Exposing adolescents to evidence that challenges this reductionist 

perspective should be a key objective of school-based DOHaD interventions. 

1.3.3. Intervention tools and frameworks  

If teachers are to use NCD/DOHaD related contexts to support the development of 

capabilities as we have described, they need access to learning resources that enable young 

people to examine evidence relating to NCD risk and incidence, as well as DOHaD 

observational and mechanistic evidence (Figure 1.1).  

 
Figure 1.1.   HSLEAP learning and teaching module framework  

(Adapted from LENScience learning modules (Bay and Mora, 2014; Bay and Yaqona, 2016)) 
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The use of narrative-based pedagogies has been shown to be very effective in supporting 

young people to explore and act on research evidence (Bay et al., 2012a). Narrative-based 

pedagogies are designed to enable learners to engage with the culture of science and 

develop deeper understanding of the nature of science as a knowledge system (Grace et al., 

2012). By providing young people with reimaged scientific evidence to explore (Bay, 2016a) 

and interpret, students are able to construct understanding of both the process of science 

and the emergent evidence (Bay et al., 2012c). This process of constructing understanding is 

supportive of transformative learning that leads to action taking that can impact not only 

the young person, but also their peers and/or family (Case Study 1).  

 

Case Study 1: David, Auckland, New Zealand  

The Healthy Start to Life Education for Adolescents Project utilizes the trend for 

contextualization of science education in exploration of socio-scientific issues to support 

development of scientific and health literacy in the context of a life-course approach to NCD risk 

reduction. Matched pre-post questionnaire evidence demonstrates knowledge, attitude and 

behaviour (KAB) change, facilitating health-promoting actions that we have demonstrated are 

sustained in most to 12-months post-intervention (Bay et al., 2012a; Bay, 2015b). Triangulation 

with parental data contextualizes aspects of this quantitative evidence. David* is a 13-year-old of 

Pacific Island heritage from a low socio-economic community in New Zealand. Adult obesity 

within Pacific peoples in New Zealand is 65% (New Zealand Ministry of Health, 2015). David’s 

pre-post questionnaire data showed KAB change, including reducing the consumption of deep-

fried chips from daily to once per week. Parental interview evidence places this change in context, 

demonstrating an association with peer-relationships.  

“There is a local take-away up here … he would always go up after school to get hot chips with 

his mates. I am so glad that he has actually come away from that. Because he has learnt about 

diabetes and sugar and fat he has come away from that and he is not doing it.” (Parent of David*, 

12-week post-intervention interview.)  

Parental data can uncover family-level impact. Questionnaires demonstrated that adolescents had 

facilitated changes in parental knowledge relating to evidence of the association between early-

life nutrition and later-life health (p <0.001), with 72% of parents reporting relevant family-level 

learning had occurred during the period of the intervention. Qualitative data provides 

contextualization of this. Jonah* is from the same community as David. His parents spoke of 

family-level change, as well as reporting that Jonah stopped truanting school during the 

programme.      
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“He brought the [programme] book home and at dinner he told us all about what he has been 

learning in science about food…..And we talked about that and how it was different to what we 

were eating…….and we have started eating salads every night since that week. We are proud of 

him and……he is attending class…. he is really motivated about school.” (Parents of Jonah, joint 

12-week post-intervention interview.) 

*Names have been altered. 

1.3.4. Addressing gender equity issues 

DOHaD interventions tend to emphasise adolescent girls and mothers. While this is 

important, if only females are exposed to programmes that support development of 

understanding of a life-course approach to NCD risk we cannot expect to change socio-

cultural norms associated with reductionist thinking regarding NCD cause and/or lack of 

prioritisation of women and children’s health and wellbeing. Behaviours associated with 

food resources in households are inherently linked to socio-cultural norms. In many 

communities, gender equity issues contribute to the challenges associated with ensuring 

that adolescent girls and women are empowered to take actions that support wellbeing. 

These include simply having full access to available nutritional resources. Incorporating 

boys and young men into intervention programmes is of paramount importance in ensuring 

that males, through the development of understanding of the importance of nutrition for 

women and girls, and of their own environment, will be supportive of women’s efforts to 

initiate health-promoting change (Gates, 2014). While the NCD/DOHaD evidence is 

weighted strongly towards the role of maternal exposures before and during pregnancy, as 

noted by Richardson and colleagues (Richardson et al., 2014), public communication that 

ignores the role of paternal nutrition prior to pregnancy increases the likelihood of ‘mother 

at fault’ being the overwhelming message heard by society. In addition to the known social 

influence of males on resources for women and children in many societies, there is clear 

and growing evidence of the role of paternal pre-conceptional health in 

programming/conditioning of later-life health of offspring (Fullston et al., 2016; Lane et al., 

2015). Therefore, consideration of gender equity issues, and engaging boys and men should 

not be overlooked in the development and implementation of adolescent interventions.  
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1.3.5. Teachers as partners in health promotion    

Teachers from multiple learning disciplines have the potential to play a very valuable role 

in facilitating action-oriented health-promotion. However, this is not the core business of 

schools facing pressure to meet extensive and growing academic, psychosocial, and 

pastoral care demands within limited classroom contact time. For teachers to engage in 

collaborative programmes that promote adolescent empowerment regarding life-course 

NCD risk reduction they must be provided with appropriate professional development that 

(a) addresses pedagogical issues while also examining NCD and DOHaD evidence (Bay et 

al., 2016b; Bay et al., 2016d), and (b) enables teachers to identify added educational value 

emerging from programme  participation (Case Study 2).  

 

Case Study 2: Apii, Rarotonga, Cook Islands  

Apii* lives in the Cook Islands, a Small Island Developing State (SIDS) in the Pacific with the 

adult overweight/obesity rates of 91%/72% and type 2 diabetes rates of 26% (Ministry of Health 

Cook Islands, 2016). At age 13 Apii participated in a Healthy Start to Life Education for 

Adolescents Programme that was co-constructed by his science teacher, working with a team 

from the Cook Islands Ministries of Health and Education and the Liggins Institute. The 

programme centred on exploration of Cook Islands NCD evidence alongside DOHaD 

observational and mechanistic evidence. Apii is an engaged student in a mixed ability class with a 

BMI within the healthy range. Pre-intervention evidence, demonstrated that some of his food-

related behaviours were not ideal, placing him at increased future NCD risk. Three-month post-

intervention data (questionnaire and interview) demonstrated a positive change in relevant food-

related behaviours, typical of that demonstrated across intervention cohorts in the precursor 

programme. 

In response to the positive cohort-wide educational impact of the programme, Apii’s science 

teacher redesigned the following year’s learning plan to include a module exploring relevant 

physiological systems, linking this to the learning goals of the national curriculum. Students were 

required to research and develop an oral and/or visual presentation examining impacts associated 

with poor diet in the Cook Islands. Apii (aged 14 years) sought out and presented national-level 

data on obesity, relating this to NCD risk and determinants of health in the local environment. 

Using his own data (BMI and life-style behaviours), he explored the concept of risk development 

over time and challenged his peers to examine and change their behaviours, as he explained he 

had as a result of the previous year’s learning programme. Assessment of capabilities associated 

with seeking out, interpreting and using data to present and act on a justified opinion regarding a 
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socio-scientific issue (an achievement objective within the Cook Islands National Curriculum) 

demonstrated that Apii was now working above the level expected for his age, and in relation to 

his prior academic performance.     *Names have been altered. 

 

1.4. Conclusions: With not to… the untapped potential of adolescence  

Adolescents are frequently represented as “passive participants in social life with little 

agency in matters concerning them” when in fact they have considerable agency in food 

practices and actively contribute to and exert power in shaping of food consumption and 

lifestyle practices (Neely et al., 2014). If developed, the potential to harness this agency to 

drive positive outcomes for adolescents, their families, and their future offspring can be 

transformational. Achieving this requires investment in multi-sectoral partnerships that 

recognise that access to scientific evidence is a fundamental human right (United Nations 

General Assembly, 1948) that is all too frequently ignored.  

The purpose of such partnerships must be seen as empowering, communicating with, not 

to. This requires resource investment that facilitates the sharing of research evidence in a 

manner that allows adolescents to construct meaning from and act on evidence in ways that 

are appropriate to their personal and social context. By collaborating with education and 

applying modern pedagogy and practice, it is possible to develop innovative interventions 

that can effect positive change at the level of participating schools, adolescents, and 

families. Unless such programmes are responsive (and hence messy), they will not be 

meeting the needs of the community in which they are being enacted. This can be 

challenging as it demands that power in the research relationship is shared, and that all 

participants (scientists, public health professionals, educators, students and families) are 

learners. Furthermore, adolescent voices need to be valued in the development of such 

interventions. We will therefore conclude with an excerpt from a speech given by Jasmine 

Crosbie, a 19 year-old high school graduate from Auckland, New Zealand who has 

participated in such intervention programmes since the age of 14, and is also a mother. 

Jasmine’s contribution to a forum in which members of the WHO Commission on Ending 

Childhood Obesity met with youth from New Zealand schools who had experienced such 

programmes led to her accepting an invitation to present on behalf of youth at the launch 

of the ECHO report during a side event at the 69th World Health Assembly. Her speech 

reflects a combination of her experience as a programme participant, and her role as a youth 
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leader in supporting schools and research communities to ensure that youth perspectives 

are incorporated strongly into programme development.  

“…There are two issues here. Firstly, the environment obviously needs to change. 

How can young people make healthy food decisions when they are being suffocated 

by excess unhealthy options in their communities …. Secondly, young people need to 

be empowered as evidence-based decision makers. Environmental changes without 

empowerment are not the answer. Young people, just like adults, don’t follow rules 

that they don’t understand. We could throw in more fruit and vegetable stores of 

better quality… …all to outweigh the unhealthy options. Could do, but the community 

won’t understand! They’ll simply head elsewhere for the food they’re used to, the 

food they’ve been raised around. You may remember being a kid and your parents 

asking you to do something, you responding with ‘why?’, and them answering with 

‘because I said so!’ Did you ever do it? No, because you weren’t provided with any 

reasonable explanation of why you should. Young people need to be treated with 

respect and therefore given the opportunity to explore the issue and evidence and to 

make decisions based on evidence that work in our context. We not only need to 

change the obesogenic environment, but education also. I don’t believe the classes 

on healthy eating in Health Studies were enough, nor were the P.E lessons. We need 

to start education around this issue at primary school age, if not before, and in 

multiple different approved subjects in high school, not just Health and P.E. So, to 

be clear, I do not mean that we would have a few add-on lessons about this. What I 

am talking about is exploring issues such as obesity, NCDs, diabetes, and life-course 

evidence in depth within our ordinary subjects like science, social studies, food 

technology, health and PE, English and maths. Because young people ARE interested 

in issues. We DO care. We DON’T just live in the present. We DO think about our 

futures and the futures of our families. We are intelligent and we can be the decision 

makers. May I remind you that the Universal declaration of human rights states that 

it is the right of every human to “share in scientific advancement and its benefits” 

So to learn about the life-course approach to NCD risk reduction and the wider 

societal issues is empowering. As a young mother, that sense of empowerment was 

huge for me.” 

 Jasmine Crosbie, Geneva, May 2016 (Jasmine Crosbie) 
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Part II Theoretical Frameworks 

The field of Developmental Origins of Health and Disease (DOHaD) has moved into a 

phase where depth of evidence is demanding that translation of knowledge into actions 

supporting primary NCD risk reduction should become a priority. The significant potential 

for application of DOHaD evidence has been an acknowledged driver for DOHaD science 

from its inception in the 1980s. However, the depth of evidence required to shift towards 

enacting this potential is relatively recent. Achieving the goal of effective knowledge 

translation demands a broadening of the scope and membership of the DOHaD community 

to include a focus on public health. This requires engagement with sectors through which 

potential for intervention exists, including government, health practitioners, education, 

environment, and social services. DOHaD evidence is broad, as is the potential reach. Our 

focus is on the potential of education-science-health collaborations to facilitate translation 

during adolescence of one of the core elements of DOHaD evidence, the impact of early-

life environmental exposures on vulnerability to later-life NCD risk. 

Evidence demonstrating the potential offered by intergenerational interventions enabling 

improved environmental exposures during adolescence is strong. It has been highlighted 

by recent reports from the United Nations and the World Health Organization 

recommending the prioritization of multi-sectoral actions supporting interventions 

targeting these life stages. However, multi-sectoral collaborations across complex adaptive 

systems (health, science, education) and set within the complex socio-scientific issue of the 

NCD crisis are challenging. Comprehensive literature exists in science, public health, and 

education on sector-specific evidence and theory regarding the components that should 

contribute to multi-sectoral strategies within the context of schooling. However, the 

literature examining application of evidence and theory within multi-sectoral 

collaborations and from multi-sectoral perspectives is limited.      

Chapter 2 presents a review paper examining theoretical frameworks underpinning the 

design of multi-sectoral interventions supporting school-based interventions empowering 

adolescents to engage in translation of DOHaD evidence into actions. Chapter 3 presents 

a debate paper examining from a multi-sectoral perspective theoretical frameworks 

underpinning evaluation with respect to school-based interventions.  
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Chapter 2. Multi-Sectoral Design Frameworks 

Preface 

The invited review presented in this chapter was published in a Special Issue of the Journal 

Healthcare, “Developmental Origins of Health and Disease (DOHaD): Implications for 

Health Policy and Health Promotion”.  

The purpose of this Special Issue was to explore implications of the rapidly growing field 

of DOHaD in terms of public health and health promotion/prevention. The invitation 

reflects the increasing awareness within the DOHaD community of the importance of 

adolescence as a life stage during which intervention has potential, and the associated need 

to engage with the education sector in examining intervention opportunities. This peer 

reviewed paper addresses a gap in the literature with respect to combined application of 

theoretical evidence from science, education and public health to inform intervention 

design. It presents a review of evidence informing theoretical frameworks for adolescent 

DOHaD interventions that is accessible collectively to all relevant sectors. It is intended for 

audiences spanning science, health and education. Consequently, the paper is designed to 

enable accessibility to readers with varying levels of knowledge of the literature within 

each field.    

 

Bay, J.L, Morton, S.M, Vickers, M.H. (2016). Realizing the Potential of Adolescence to 

Prevent Transgenerational Conditioning of Noncommunicable Disease Risk: Multi-

Sectoral Design Frameworks. Healthcare 4, no. 3: 39. doi:10.3390/healthcare4030039   

http://dx.doi.org/10.3390/healthcare4030039
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2.1. Introduction 

Escalating rates of obesity and associated avoidable noncommunicable diseases (NCDs) 

have increased global attention on impacts, prevention, and control. NCDs, primarily 

cardiovascular diseases, cancers, chronic respiratory diseases and type 2 diabetes mellitus, 

are responsible for 68% of global deaths, with 40% occurring prematurely (before age 70). 

Low- and middle-income nations bear 75% of all, and 82% of premature, NCD deaths 

(World Health Organization, 2015b). The World Health Organization (WHO) and United 

Nations (UN) have heightened societal awareness of this issue, calling for multi-sectoral 

evidence-based actions focused on prevention and equity (Chestnov et al., 2013). 

Principles and approaches guiding fulfilment of the vision, “a world free of the avoidable 

burden of NCDs”, propose multi-sectoral, empowerment-based knowledge-translation 

strategies, including life-course approaches to prevention and control (World Health 

Organization, 2013a). Life-course approaches draw on evidence from the field of 

developmental origins of health and disease (DOHaD). This identifies that nutritional and 

non-nutritional exposures during development (from gametogenesis to early childhood) 

contribute towards later-life NCD vulnerability (Hanson and Gluckman, 2014), and that 

maternal health (including preconception), and maternal, infant, childhood and adolescent 

nutritional quality, contribute to NCD prevention and control (World Health Organization, 

2013a). 

Pregnancy, lactation and infancy were rapidly identified as life stages appropriate for 

DOHaD-informed interventions (Gillman, 2010; Gluckman et al., 2011). However, evidence 

demonstrates that health prior to conception, along with nutritional environments during 

the periconceptional period, contribute to programming/conditioning of later-life health 

and disease (Hanson and Gluckman, 2014). Therefore, addressing determinants of health 

prior to conception, and periconceptional environmental exposures, is extremely important. 

Adolescence is a determining point for nutritional, physical activity, and cognitive 

behaviours that persist into adulthood (Craigie et al., 2011; Steinberg, 2005) and influence 

future health (Alberga et al., 2012). Consequently, these behaviours will influence 

periconceptional environmental exposures and health prior to conception. Even if 

pregnancy is a considerable distance from adolescence, behaviours that develop during 

adolescence contribute towards later-life NCD vulnerability in offspring. Thus, 
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adolescence is a life stage offering significant potential for transgenerational primary 

prevention of obesity and NCD risk (Todd et al., 2015). 

Reports recommending inclusion of adolescent interventions within prevention strategies 

suggest multi-sectoral approaches, highlighting the potential of schools as intervention 

settings (World Health Organization, 2013a, 2016b; United Nations General Assembly, 2011). 

Realizing this requires education to partner with health and science in intervention design, 

delivery, and evaluation. While multiple other intervention foci are possible (including 

community-, family-, and healthcare-based approaches), our emphasis is on the potential 

identified by school-based interventions and the theoretical frameworks informing these. 

Having led the development of multi-sectoral education–science–health adolescent 

intervention partnerships in Oceania (Bay et al., 2012a; Bay and MacIntyre, 2013), and 

supported UK colleagues to develop culturally adapted versions of our interventions 

(Woods-Townsend et al., 2015), we observe that even when key multi-sectoral partnership 

success factors of shared vision, strong relationships, and resourcing (Woulfe et al., 2010) 

are available, it is challenging for partners to understand and integrate contributing 

perspectives into intervention design. We suggest that sector-specific literature exacerbates 

this challenge. This paper, intended for science, health and education audiences, addresses 

a gap in the literature, examining conceptual frameworks underpinning adolescent DOHaD 

intervention design from a multi-sectoral perspective. It is intended as an enabling tool 

supporting participating sectors to recognize sectoral-specific perspectives. From this 

collaborators may gain understanding of evidence and drivers from partner sectors, and 

consider how evidence and practice can be integrated to achieve the potential of 

transgenerational NCD risk reduction offered within adolescence. 

2.2. Multi-Sectoral Partnerships 

Multi-sectoral partnerships are recommended where complexity determines that no single 

sector has the required expertise or resources to bring about change (Bailey, 2010). It has 

been identified that this is the case with the NCD epidemic (World Health Organization, 

2013a; United Nations General Assembly, 2011). Multi-sectoral partnerships are known to be 

challenging, time consuming, and often fail. However, when multi-sectoral partnerships 

are successful, they achieve more collectively than partners achieve alone (Wildridge et al., 

2004). When addressing the potential for DOHaD-informed interventions supporting NCD 
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risk reduction for adolescents and their potential future offspring, key partners are 

education, science, health, and social/community agencies. 

2.2.1. Schools: A Setting for Multi-Sectoral Adolescent Intervention 

Multiple social structures offer settings for DOHaD-driven interventions aiming to 

empower adolescents to engage in evidence-based preventive actions. Settings need to 

enable individuals and/or communities to examine evidence (health, scientific and 

sociological), identify the significance of this evidence for their context, and identify and 

engage in evidence-based risk-reducing actions. To facilitate the potential of positive 

health-behaviours prior to parenting, intervention settings should engage adolescents 

before and within the reproductive years. Participation should be sustained for long enough 

to allow in-depth interaction and effect learning and development that leads to evidence-

based actions. Intervention settings sit within and are impacted by the social, environmental 

and political context of the community. This influences resourcing (available and required) 

to support adolescent empowerment, the type of actions adolescents will identify as 

opportunities for change, and the manner in which adolescents may approach 

empowerment-based social disruption to bring about change in the health status of their 

families and communities. 

Schools offer established social networks wherein education can facilitate development of 

competencies (knowledge, attitudes, skills and values) that empower adolescent-led 

evidence-based actions within the socio-ecological context of the individual and their 

community (Bay et al., 2012a). However, not all adolescents are positively connected with 

schooling, therefore community-based interventions are also important. Cultural, service, 

religious, sporting, or hobby-based groups that meet regularly and engage in informal or 

formal learning linked to themes associated with health and wellbeing, offer further 

intervention settings for adolescents and adults (Brown et al., 2012; Kohlstadt et al., 2015). 

2.2.2. Shared Vision within Multi-Sectoral Partnerships 

Shared vision is the most significant critical success factor for multi-sectoral partnerships 

(Wildridge et al., 2004). Also required are: resources (human and other), leadership, 

organisational structure and capacity, appropriate membership, quality of relationships, and 

understanding of external and contextual factors (Woulfe et al., 2010). This list could be 

applied equally to multi-disciplinary collaborations. However, unlike multi-disciplinary 
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interactions, multi-sectoral partnerships require negotiation of language, knowledge, and 

practice across sectors. Furthermore, sector-specific goals essential to achieving shared 

goals must be recognised and respected. 

Within multi-sectoral partnerships it is known that differing goals lead to devaluing of 

others’ strategies by partners, and that this limits success (Fawcett et al., 2010). In school-

based health-promoting programmes it is reported that lack of connection between the 

programme and the core mission of the school is the most common reason for failure 

(Waters et al., 2011). This suggests that programme goals are typically not shared by the 

participating sectors, and lack relevance to education. Addressing this issue is essential. 

The science and health sectors share goals related to improving nutrition and associated 

factors in childhood and adolescence, promoting transgenerational NCD risk reduction 

(World Health Organization, 2013a, 2016b; United Nations General Assembly, 2011). While 

health and wellbeing are important to the education sector, overarching goals in education 

focus on development of competencies empowering adolescents as life-long learners 

capable of engaging in current and future issues; negotiating ethical dilemmas, conflicting 

evidence, and application of evidence within the frame of social and cultural values (Hipkins 

et al., 2014). Although these sector-specific goals for education are different to those for 

health and science, when integrated the combined goals offer the potential to enhance 

outcomes for each sector. By reframing the health/science vision relating to 

transgenerational NCD risk reduction to include related educational goals, it is possible to 

create a vision that all participating sectors can value, Figure 2.1. This mandates recognition 

of each sector in planning, development, delivery, and evaluation. 

 

Figure 2.1.  Reframing of sector-specific goals to enable a multi-sectoral goal that identifies shared 

vision while including and respecting sector-specific vision. 
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Achieving shared vision requires investment in partnership development, including 

recognition and respect for sector-specific goals (Bay and MacIntyre, 2013). The impact of 

investment in inter-sectoral consultation was demonstrated recently in the published reports 

(from draft to final) of the WHO Commission on Ending Childhood Obesity (ECHO) 

(World Health Organization, 2015a, 2016b; World Health Organization Commission on Ending 

Childhood Obesity, 2015). The final report proposes school-based interventions as one 

component of the six strategies identified to support reduction in childhood obesity and 

contribute towards long-term NCD risk reduction. It identifies the need for engagement and 

consultation with education, acknowledging that interventions must have educational rigor, 

be co-constructed with teachers and embedded within mainstream curricula (World Health 

Organization, 2016b). Inclusion of this statement, not seen in the interim report (World Health 

Organization Commission on Ending Childhood Obesity, 2015), followed consultation with 

education (Commission on Ending Childhood Obesity, 2015). This transactional process 

supported recognition and respect of partner sector perspectives. By investing in inter-

sectoral consultation the Commission moved the report from a draft document imposing 

health-driven guidelines on education, to a document proposing action via multi-sectoral 

partnership. This significant change in approach offers potential to address recurrent failure 

of school-based health interventions resultant from lack of connection with the core mission 

of schools (Waters et al., 2011). 

2.2.3. Partnership Engagement 

Education, often seen as a panacea for multiple social ills, may react sceptically when yet 

another issue to be addressed in schools is identified. While science/health has recognized 

adolescence as a valid point to disrupt transgenerational obesity/NCD cycles, this is not 

core business for education. To accept and sustain the invitation to lead intervention design 

and facilitation, the education sector (both leaders and teachers) needs to examine the 

relevant scientific and health evidence in depth, and consider the potential for the 

NCD/DOHaD context to support educational goals. We intentionally define education as 

the leader of intervention design. Health and education leaders within our DOHaD 

translation partnership programmes believe that inviting education to lead intervention 

design has achieved significantly more than when health develop and offer interventions to 

schools (Iro and Townsend, 2016), which inevitably do not fit with schools’ core missions, 

and as commonly cited (Waters et al., 2011), as a result are not sustained. 
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Non-educators involved in partnerships need to appreciate modern pedagogy and practice. 

Shifts in understanding of the nature of knowledge (epistemology) in the past 20 years have 

seen a move from positivism towards constructivism,1promoting learner-centred 

classrooms (Land et al., 2012). While this move towards learner-centred classrooms 

promotes development of competencies recognized as essential for 21st century learners 

(Hipkins et al., 2014), it also challenges the enduring belief that teaching is “primarily about 

the transmission of subject matter from teacher to student” (Timperley H., 2011,paragraph 

11). Multi-sectoral engagement must therefore provide opportunities for partners to explore 

and challenge personal attitudes, beliefs and perceptions (about NCDs and education), 

enabling others’ perspectives to be considered. 

2.3. Intervention Design: Theoretical Underpinnings 

It is appropriate that intervention design is informed by the core contributing fields; science, 

education, public health. This adds challenges to the process of intervention design as each 

contributing sector must engage with and develop an appreciation of all relevant evidence. 

We present in this section important theoretical contributions from relevant contributing 

sectors. 

2.3.1. Sense-Making in Complex Adaptive Systems: Challenging 

Reductionist Thinking 

Intervention design facilitating multi-sectoral action to empower adolescents as agents of 

transgenerational NCD risk reduction can be usefully informed by complexity theory, “a 

theory of change, evolution, adaptation and development for survival”, which challenges 

reductionist approaches to understanding phenomena (Morrison, 2008). Both the NCD 

epidemic (Pearce and Merletti, 2006) and schools (Morrison, 2008) are classified as complex 

adaptive systems. They are dynamic, involving multiple elements interacting non-linearly 

with each other and the environment. Elements evolve in response to interactions, 

influenced by historical and current settings. Small changes within the system may produce 

disproportionately significant consequences (Plsek and Greenhalgh, 2001; Snowden and 

Boone, 2007). Thus, actions to address transgenerational NCD risk require change about and 

within interacting complex adaptive systems. 

                                                           
1 Positivism refers to a position where knowledge is only determined by empirical observation. 

Constructivism identifies that people construct understanding of new knowledge based on previous 

knowledge, understanding and experiences. 
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Sense-making is a social process involving exploration and interpretation of divergent 

perspectives to make sense of and respond to current and future issues (Snowden, 2005). 

The Cynefin model, describing knowledge in relation to cause and effect as known, 

knowable, complex (or emergent) and chaotic (Kurtz and Snowden, 2003) supports this 

process. While developed for organizational management, it is applicable to health (Van 

Beurden et al., 2011) and education (Rosebery and Puttick, 1998), and useful within multi-

sectoral planning and resultant interventions. 

Reductionist thinking, promoting individual responsibility or blame over understanding of 

complex social and biological determinants of risk, is frequently used in relation to 

NCDs/DOHaD, particularly at the level of public communication. Legitimate in the context 

of defined best-practice, where cause and effect relationships are, or can be, made evident 

to everyone, this perspective is inadequate in relation to causality of NCD risk. Application 

of the Cynefin sense-making approach to inform health promotion strategies addressing 

complex issues “challenges preferential engagement with ‘down-stream’ issues and 

validates contextualized emergent practice within communities when working with complex 

issues” (Van Beurden et al., 2011). In relation to school-based interventions, sense-making, 

because it focuses on exploring multiple perspectives, can support: 

• intervention design by multi-sectoral teams; 

• contextual adaptation and integration of interventions within schools; and 

• age-appropriate exploration of dynamic relationships between knowledge (known, 

knowable and emergent) and system agents contributing to the determination of 

NCD risk by participating adolescents, leading to evidence-based decision-making. 

2.3.2.  DOHaD: Biological Evidence Supporting Adolescent Intervention 

The rationale for primary and transgenerational prevention of NCD risk via adolescent 

intervention, outlined briefly in the introduction, emerges from the field of DOHaD. This 

evidence must be made accessible to all partners in a manner that enables it to be understood 

and contextually interpreted by programme facilitators. 

In animal models, under-nutrition and obesogenic early-life environments result in 

offspring with a propensity towards subsequent development of metabolic or 

cardiovascular diseases (Vickers, 2011). Evidence exploring the timing of environmental 

insults impacting development shows that from gametogenesis through fetal development, 

impacts from environmental exposures may contribute towards adverse long-term 
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outcomes (McMillen et al., 2008; Watkins et al., 2010). Longitudinal human cohort studies 

have identified the contribution of early life environmental exposures to long-term health 

and wellbeing within differing socio-ecological settings (Godfrey et al., 2011; Joglekar et al., 

2007; Roseboom et al., 2000). Importantly, these data highlight relationships between 

sociological and physiological determinants of long-term health. We emphasize 

contribution, rather than absolute determination of adverse outcomes, a point important in 

communicating and translating DOHaD evidence. 

Evidence of mechanisms underpinning the impact of early life environmental exposures on 

later-life health has demonstrated that during critical life-course periods, developmental 

plasticity creates the potential for environmental exposures to influence regulatory 

pathways by altering gene expression in response to favourable or unfavourable conditions. 

The latent phenotypic influences resulting from developmental plasticity may be associated 

with increased neuro-cognitive developmental challenges (Räikkönen et al., 2012; Shenkin et 

al., 2004), early puberty (Sloboda et al., 2007), overweight and obesity, metabolic syndrome 

(Fall, 2011; Godfrey et al., 2010), type 2 diabetes mellitus, cardiovascular diseases (Blackmore 

and Ozanne, 2013), osteoporosis (Holroyd et al., 2012), allergic diseases (North and Ellis, 2011), 

affective disorders (Räikkönen et al., 2012; Schlotz and Phillips, 2009), and altered 

reproductive function (Chadio and Kotsampasi, 2013). Current evidence strongly supports the 

hypothesis that epigenetic mechanisms, such as DNA methylation, histone acetylation and 

non-coding RNA expression, are responsible, at least in part, for altered phenotypes 

(Godfrey et al., 2011; Lillycrop and Burdge, 2012; Wang et al., 2013). In some cases these 

changes could be transmitted across generations as well as between mother and fetus (Aiken 

and Ozanne, 2013; Skinner et al., 2011), and are not always stable, offering the potential for 

modification via targeted nutritional or other intervention (Burdge et al., 2012). 

Collectively, these data suggest that two forms of preventive intervention are theoretically 

possible. First, by improving adverse nutritional and environmental exposures before and 

during pregnancy, predictive adaptive or conditional responses that lead to phenotypic 

vulnerabilities such as increased later-life NCD risk could be minimized, Figure 2.2. 

Secondly, the potential to identify mechanisms to reverse epigenetically mediated 

modulation of gene expression for key genes and regulatory pathways could lead to focused 

interventions. Currently, very limited evidence of the potential to reverse the impacts of 

programming exists and is predominantly based on outcomes from experimental animal 

models (Vickers, 2011; Vickers and Sloboda, 2012); therefore, significant further evidence is 
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required before such approaches are considered. This leaves behaviour change relevant to 

improving environmental exposures prior to and during pregnancy, childhood and 

adolescence as the primary focus for interventions. Combined with evidence of the role of 

adolescence in the setting of health-related behaviours (described earlier), this established 

the biological basis for DOHaD interventions during adolescence. To design and facilitate 

school-based interventions, teachers, no matter what their discipline, should be provided 

with opportunities to examine and make sense of these data. 

 

 

 

Figure 2.2.  Life-course view of noncommunicable disease (NCD) risk.  

Risk increases in a nonlinear way as a result of declining plasticity and accumulative damage from lifestyle-

imposed or other challenges. The effect of mismatch between developmentally and evolutionarily influenced 

phenotype and adult environment also increases through the life-course. Interventions in adults, especially 

those at high risk, can be beneficial, but only to a degree. Screening in middle-aged adults may also be too 

late to reduce risk substantially. Interventions in adolescents and young adults are likely to be more effective 

and, importantly, can reduce the risk of NCDs in the next generation. The prenatal period establishes risk 

through interaction between genetic, epigenetic and environmental factors. (From Hanson and Gluckman 

2014, Physiology Review 94: 1027–1076, with permission.) 
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2.3.3. Science Communication: Challenging Transmission, Promoting 

Transaction 

DOHaD research evidence has reached a point where, if applied in community settings, it 

has the potential to improve health and wellbeing (social and economic). This does not 

mean that new evidence will not continue to emerge, but does mean that the right of every 

human to “share in scientific advancement and its benefits” (United Nations General 

Assembly, 1948) must be respected. Thus, effective communication and translation of 

DOHaD research evidence must be prioritized. 

Core to this science communication/translation process is the concept that programmes 

must facilitate contextual interpretation of evidence within communities for whom it has 

relevance, so that individuals and/or groups can decide how to use (or not use) the evidence. 

Hence, we need to examine the concept of science communication, and how this is 

interpreted by sectoral partners within intervention design to enable individuals and 

communities (not scientists and health professionals) to decide on contextually relevant 

evidence-based actions. 

Traditional views of science communication, defined by positivist epistemology, identify 

knowledge as descriptions of phenomena that can be observed, measured and absolute. This 

leads to the belief that knowledge can be transmitted from expert to public, creating an 

informed society that uses scientific evidence in decision-making (Wynne, 1991). 

Established by the Public Understanding of Science (PUS) movement in the 1980s and 

underpinned by deficit models of learning (Siune et al., 2009; Wynne, 1991), transmission-

based communication models lack meaningful engagement, supporting neither 

development of trust nor empowerment of citizens to use science knowledge in decision-

making (Nisbet and Scheufele, 2009). More enlightened ideals associated with the Science in 

Society movement (Siune et al., 2009), alongside concepts of Knowledge Translation, 

Knowledge Exchange, and Integrated Knowledge Translation (Gagnon, 2011), support 

transactional communication and engagement. These recognize that knowledge application 

is situated, and that requirements for interaction between research and knowledge-user 

communities necessitate this process to be social (Bennett and Jessani, 2011), and 

consequently dependent on relationships. This represents a constructivist epistemology, 

common in education. Constructivism identifies that because knowledge is situated, it 

cannot be transmitted, meaning that individuals construct understanding based on previous 

knowledge and experiences (Ultanir, 2012). However, what do we mean by knowledge? 
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Should we be discussing knowledge at all? Has it not been proven that knowledge does not 

contribute to behaviour change? While it is known that knowledge does not necessarily 

lead to behaviour change (Bruun Jensen, 2000), it is also known that knowledge is necessary, 

but not the sole factor required to facilitate behaviour change (Worsley, 2002). 

Knowledge is a multi-dimensional concept that encompasses more than a collection of 

facts. It can be categorized as declarative (or content), procedural, and epistemic. The 

ability to use knowledge in decision-making is influenced by attitudes, competencies and 

context. In modern schooling, rather than transmitting declarative knowledge, teachers 

facilitate learning experiences that allow students to examine, question, challenge, and 

formulate their own ideas, opinions, and conclusions (Ultanir, 2012). As well as supporting 

the construction of understanding such learning promotes: exploration of values and 

dispositions; development of skills associated with interpretation and analysis of evidence 

from varying perspectives; and capabilities associated with acting on evidence. This 

process is learner-centred and transactional, recognizing that social processes support 

students to question beliefs and negotiate uncertainty and diverse ideas. This does not reject 

core disciplinary knowledge. Teachers facilitate opportunities for students to access 

established disciplinary knowledge from which they can examine their own and others’ 

perspectives (Hipkins et al., 2014). 

When research evidence is explored in open, non-linear learning environments that present 

multiple perspectives on an issue alongside core scientific and sociological concepts, 

development of understanding that leads to conscious decision-making initiated by 

adolescents is possible (Bay et al., 2012a). This transactional process is enabled via use of 

narrative, known to facilitate learning and enable access to evidence (Bay et al., 2012c; Grace 

and Bay, 2011). Therefore, teachers need access to narratives that humanize the process by 

which this evidence has evolved (Barker, 2008; Bay, 2016b; Bay, 2016a), enabling 

exploration of the journey of scientific and/or sociological discovery, as well as stories of 

NCDs and their impacts within communities (Bay and Yaqona, 2016). These narratives 

simultaneously facilitate development the capabilities required to negotiate evidence and 

complex socio-scientific issues. 

Transactional, learner-centred programmes that facilitate construction of meaningful 

understanding of evidence from which decision-making can emerge differ significantly 

from transmission-based science communication, such as that used to facilitate mass public 

awareness. Campaigns such as “5+ a day” transmit declarative knowledge via mass media, 
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pamphlets, posters etc. without the opportunity to enable the public to engage with evidence 

that has led to the knowledge. Furthermore, in such programmes little opportunity exists 

for collaborative construction of contextual understanding of this knowledge. Thus, it is 

not surprising that such programmes are known to improve awareness but not change 

behaviours (Ashfield-Watt, 2006). While often labelled as “education programmes”, use of 

the term education in this context differs significantly from education as a transactional 

learner-centred process. Therefore, it is important to unpack what we mean by education, 

as when working across multi-sectoral science-health-education partnerships we have 

identified that differing understanding of terms such as education, curriculum, knowledge, 

capabilities and learning are a key issue that if not addressed can lead to significant 

misunderstanding. 

2.3.4. Complexity of Risk and Impact: Why Educators are Enthusiastic 

about NCDs 

The complexity of NCD cause and effect must underpin intervention design. This 

complexity, while challenging, presents significant educational opportunity with respect to 

development of competencies enabling critical engagement in open-ended social issues 

(Hipkins et al., 2014), validating partnership engagement for education. From a citizen’s 

perspective, the challenges in making sense of NCD cause and effect stem from the: 

 extremely broad profiles of NCDs as a disease cluster; 

 latency between environmental exposure and potential identification of risk; 

 extended time over which risk and morbidity develops; 

 breadth of physiological systems that may be impacted; and 

 complex interaction of sociological, environmental, genetic and epigenetic factors that 

contribute to NCD risk profiles for individuals, families, and populations, including 

o the double burden of maternal and child malnutrition alongside child and/or adult 

overweight, obesity and NCDs found in low- and middle-income countries and 

socially/economically disadvantaged populations, and 

o impacts emerging from climate change, nutritional transitions, and food insecurity. 

DOHaD evidence is a component of this complexity. The impact of early life exposures on 

later-life NCD risk is neither isolated nor absolute, but resides within a life-course approach 

to understanding NCD risk, disease and prevention (Ben-Shlomo and Kuh, 2002). 

Furthermore, DOHaD mechanistic evidence frequently comes from tightly controlled 

animal models. When over-simplified, these models can inadvertently suggest individual 
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blame, with the mother’s actions determining outcomes in the next generation (Richardson 

et al., 2014). While this contrasts from commonly held views of individual lifestyle 

determination of NCD risk, both are inadequate. 

This matrix of interacting factors impacting NCD risk creates multiple rich contexts for 

learning that is designed to facilitate development of capabilities required for critical 

engaged citizenship. Intervention design should enable age-appropriate exploration of 

current and historical influences on and beliefs about NCD risk, facilitating students to 

identify and challenge beliefs and assumptions (personal, family, and societal) and 

negotiate concepts of: association rather than determination; transgenerational risk; and 

interaction between environmental and biological factors within a broader societal context. 

Learning such as this supports competency development, and empowers evidence-based 

actions. 

2.3.5. Capabilities Required to Negotiate Socio-Scientific Issues: 

Partnership Value of and for Education 

Initiated by the 1970s Science, Technology and Society movement, examination of socio-

scientific issues is a universally agreed component of schooling (Millar and Osborne, 1998; 

NGSS Lead States, 2013). Despite extensive literature examining learning frameworks 

(Levinson, 2006; Sadler, 2009), science education remained strongly focused on development 

of universal and decontextualized knowledge (Levinson and Thomas, 1997), lacking 

exploration of social and political interactions with science. Only recently has education 

planning and design examined the need for adolescents to develop capabilities required to 

engage actively with open-ended, complex, and socially relevant issues (Hipkins et al., 2014) 

within and across multiple subject areas. These capabilities encompass key competencies, 

scientific and health literacies, and self-efficacy. Their development via exploration of 

NCDs should be central to intervention design and offers validity to the education sector in 

joining partnerships. 

2.3.5.1. Key Competencies 

In response to challenges of increasing social complexity, the education sector, via the 

Development and Selection of Competencies (DeSeCo) programme, defined competencies 

required for individuals (beyond the basics of reading, writing, and calculating) to “lead an 

overall successful and responsible life and for contemporary society to face present and 
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future challenges” (OECD, 2001). They sit within a matrix of context-specific capabilities 

associated with: 

• interactive use of tools (language, text, knowledge, information, technologies); 

• interactions within heterogeneous groups (the ability to relate well to others, 

cooperate, manage and resolve conflict); and 

• the ability to act autonomously (act within the big picture, form and conduct life-

plans and personal projects; defend and assert rights, interests, limits, and needs) 

(Rychen and Salganik, 2005). 

In the context of NCDs, these competencies contribute to the ability of adolescents to 

engage with evidence (sociological and scientific) and decide how individual, community 

and societal actions may be beneficial. Capabilities associated with knowledge and 

understanding of science and health are also required. 

2.3.5.2. Health Literacy 

Health literacy describes a set of capabilities supporting and enabling evidence-based 

decision-making related to wellbeing and health at personal, community and societal levels 

and is therefore an important aspect of intervention design. While definitions are variable 

and at times confined to health-service literacy, the asset model of health literacy proposed 

by Nutbeam considers the capabilities required to enable critical informed engagement in 

decision-making.  

“Health literacy implies the achievement of a level of knowledge, personal skills and 

confidence to take action to improve personal and community health by changing personal 

lifestyles and living conditions. Thus, health literacy means more than being able to read 

pamphlets and make appointments. By improving people’s access to health information, 

and their capacity to use it effectively, health literacy is critical to empowerment.”  

(Nutbeam, 1998). 

Nutbeam’s ongoing refinement of this model presents the capabilities within a frame of 

increasing cognitive demand. Useful from an educational perspective, it moves from 

basic/functional literacy, associated with skills for daily living, towards 

communicative/interactive literacy, and finally critical literacy, associated with capabilities 

required for decision-making within complex contexts (Nutbeam, 2000). Importantly, for 

application to primary NCD prevention, this definition is based on a salutogenic framework 

(Lindström and Eriksson, 2005), focusing on wellbeing rather than disease, and recognizing 

the role of individuals and community in determining the potential of available resources 
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in health-related decision-making. This correlates strongly with perspectives of capability 

development required for critical engagement in open-ended social issues (Hipkins et al., 

2014). 

2.3.5.3. Scientific Literacy 

Scientific literacy is associated with the ability to use scientific knowledge and 

understanding in decision-making at personal, community and societal levels (Laugksch, 

2000). Therefore, in conjunction with health literacy is a critical component of intervention 

design. Scientific literacy describes capabilities enabling suitably motivated individuals to 

engage in discourse about science and technology to: 

• explain natural and technical phenomena; 

• evaluate and design scientific enquiry; and 

• interpret data and evidence scientifically (OECD, 2013). 

This recognizes that attitudes associated with interest and engagement in the role of science 

and use of scientific knowledge within society are components of scientific literacy (OECD, 

2006). It identifies that required capabilities include more than just knowledge; however, 

that knowledge is important. Furthermore, it highlights the importance of understanding 

processes by which scientific knowledge is derived and validated (OECD, 2013). 

Intervention design should support development of capabilities associated with scientific 

literacy within three increasingly complex levels of engagement: personal/family, 

community, and societal (nationally, regionally, and globally). They are moderated by 

development of attitudes and dispositions promoting engagement in social issues. As such, 

scientific literacy contributes to the matrix of capabilities required for critical, informed 

and responsible citizenship (Rychen and Salganik, 2003) required to enable societal 

interaction with NCD and DOHaD evidence. 

2.3.5.4. Self-Efficacy 

The matrix of capabilities described above contributes to individuals or groups engaging 

with and acting upon scientific and sociological evidence. The extent to which intention 

leads to sustained action is impacted by self-efficacy and the social/emotional environment. 

Self-efficacy is the extent to which individuals or communities believe they have the 

capacity to accomplish a task. Self-efficacy may fluctuate. It is influenced by past 

experiences, vicarious experiences (modelling from significant others), verbal persuasion, 



Part II | Theoretical Frameworks 

  

35 

and physiological feedback (Bandura, 1977). Self-efficacy understanding and development 

should be integrated into intervention design. 

2.3.6. Investing in Teachers: Developers and Facilitators of School-Based 

Interventions 

Teacher quality, preparation, beliefs, and commitment are significant controllable factors 

that enable educational change and influence student learning (Darling-Hammond et al., 2009; 

Hattie, 2012). Health workforce capacity development is an agreed NCD prevention and 

control strategy (Barry et al., 2013). Where the workforce comprises teachers, intervention 

design must include teacher professional learning and development (PLD) encompassing 

education, health, and science. 

Within multi-sectoral partnerships, lead providers are likely to develop intervention 

frameworks and core resources, enabling schools to lead intervention adaptation to create 

contextually appropriate programmes contributing towards educational and health goals in 

each community. Participatory teacher research, a collaborative process whereby teachers, 

via critical analysis, develop, implement, and evaluate education interventions, is an 

effective form of PLD to facilitate change (Henson, 2001). This requires teachers to be 

learners, a fundamental condition for educational development (Weinbaum, 2004). This 

process is inclusive of pedagogy, health and science, and should identify how 

NCDs/DOHaD can be usefully employed as contexts for learning, contributing towards 

both health and education goals (Bay and Mora, 2014). 

Through PLD processes, teachers will adapt programmes to ensure they are supportive of 

learning for and within school communities. This addresses the ever-present challenge of 

diversity within and between schools, suggested as a reason why evidence-informed health 

policies and practice applied to school-based health promotion do not always yield similar 

outcomes (Keshavarz Mohammadi et al., 2010). 

Schools are constantly challenged by change and the need to respond to change (Morrison, 

2008). Diversity within and between schools, created by multiple dynamic social, cultural 

and economic factors, contributes to this complexity. When diversity is not addressed, 

achievement variance (social and academic) is magnified, indicating under-serving of some 

groups (Haque, 2015). Non-prescriptive or devolved education policies (such as national 

curricula) promote school-level autonomy, creating opportunities to address heterogeneity. 

This recognizes that because of complexity, application of best practice is frequently not 
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legitimate in school settings. Educators are required to be adaptive experts, “retrieving, 

organizing and applying professional knowledge in light of the challenges and needs 

presented by the students they are teaching” (Timperley H., 2011). This reflects the ‘teaching 

as inquiry’ cycle (Weinbaum, 2004), promoting evidence-based actions by teachers, not as 

generalizations, but as differentiated responsiveness, ensuring that learning is meaningfully 

and efficiently directed to all students (Hattie, 2012). Difficulties related to heterogeneity 

suggest programme design may lack adequate educational input, including opportunities at 

the outset for school-level contextualization followed by development/adaptation in 

response to reflective critique. 

2.4. Conclusions 

Biological and sociological evidence points to the potential of schools as a setting for 

interventions that support transgenerational interruption of the NCD/obesity cycle; 

however, historically, school-based health interventions have been problematic. 

Recognition of evidence from multiple sectors and disciplines offers the opportunity to 

address these historical challenges, which may have occurred due to lack of true 

partnerships demonstrating mutual respect within multi-sectoral engagement. 

On investigation, educators identify in NCD/DOHaD socio-scientific issues of relevance 

to multiple communities with significant potential as contexts to facilitate learning. When 

the breadth of later-life health issues impacted by early life environment is linked to social 

determinants such as poverty, food security, sustainable energy, climate change and 

technologies, the potential of the context across learning areas ranging from science and 

health to humanities, arts and languages is identified. This breadth enables multiple 

exposures via related learning experiences, increasing intervention dose and strength. 

Educators need to create the conditions in which adolescents can be empowered as agents 

of change with respect to obesity, NCDs and socio-ecological impacts. This can only occur 

when educators are themselves empowered as facilitators of this change, a process that 

requires transactional engagement between education, health and science communities so 

that collectively the opportunities can be recognized and enabled. 

In effective school-based partnerships, intervention design, while co-constructed, will be 

led by educators, ensuring links to the core mission of schools. Interventions should: 

 support educational and health goals in equal measure; 
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 be underpinned by appropriate pedagogies utilizing constructs such as student-

centred learning, constructivist and inquiry-based epistemologies and epistemic 

thinking; 

 support fulfilment of national-level curriculum, assessment and pastoral care 

policies and objectives; 

 enable integration into school-level curriculum and policies (academic and 

pastoral), and support strategic development goals; 

 provide resources that are designed to be adapted by teachers to meet social, 

cultural, pastoral and academic needs within their school community and classes, 

thus supporting development for all learners; 

 be evaluated via protocols that are inclusive of the school community and the 

sectoral partners; and 

 acknowledge that learning environments, scientific and health evidence are 

dynamic constructs, and that programmes should evolve over time. 

There are currently some programmes addressing the potential for DOHaD informed 

adolescent interventions based on the principles described in this paper occurring in a range 

of socio-cultural settings. Evidence is emerging, but needs to be developed. The complexity 

of the school setting, and NCD risk is challenging, and there is room for further exploration 

of interactions such as those between the school, the adolescent, the family and the 

community. Research into how such partnerships are developed and maintained should be 

prioritized, as should publication of evidence that is inclusive of education perspectives. 

Examination of the impact of programme initiation at different phases of child development 

(for example pre, vs. post pubescent), the impact of ongoing programme engagement from 

childhood into adolescence, and the potential for family-involvement should be explored 

in greater depth. Detailed analysis of intervention tools and empirical evidence relating to 

education and health, including case studies from a range of contexts and eventually 

prospective studies, are required.



 

38 

 

  



Part II | Theoretical Frameworks 

  

39 

Chapter 3. School-based primary NCD risk reduction: 

Education and public health perspectives  

Preface 

The debate presented in this chapter was published in Health Promotion International. It 

presents a body of work that has evolved through a Worldwide Universities Network 

collaboration for which I am the academic lead. This collaboration has brought together a 

multi-sectoral team from education, public health, and science working in developed and 

developing nations spanning Oceania, Asia, Europe, the Americas and Africa. The focus 

of the collaboration is the appropriate evaluation of multi-sectoral intervention programmes 

associated with opportunities for primary NCD risk reduction in the adolescent life-phase. 

The paper examines the challenges associated with enabling assessment measures that 

account for education and health viewpoints in determining the potential efficacy of schools 

as a setting for primary NCD risk reduction.   

As in Chapter 2, this paper is intended for audiences spanning science, health and 

education. Consequently, the paper is designed to enable accessibility to readers with 

varying levels of knowledge of the literature from each field.    

 

Jacquie L. Bay, Rosemary Hipkins, Kamran Siddiqi, Rumana Huque, Robyn Dixon, Debra 

Shirley, Karen Tairea, Delaney Yaqona, Amanda Mason-Jones, Mark H. Vickers (2016) 

School-based primary NCD risk reduction: education and public health 

perspectives. Health Promotion International daw096. doi: 10.1093/heapro/daw096  
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3.1. Introduction  

The incidence of noncommunicable diseases (NCDs) and prevalence of related risk factors 

are rising rapidly, creating social and economic burdens across both developed and 

developing nations. This threatens the considerable progress in economic growth and social 

standards achieved in the past century (Bloom et al., 2011). Primarily comprising type-2-

diabetes mellitus (T2DM), cardiovascular diseases (CVDs), cancers, and chronic 

respiratory diseases, NCDs are the leading causes of preventable morbidity, related 

disability, and premature death globally. The greatest impact is in low and middle-income 

economies, transitioning populations, minority ethnic groups and socially disparate 

populations (World Health Organization, 2011). 

An estimated 80% of premature deaths caused by T2DM and CVDs may be prevented by 

changing risk behaviours, such as unhealthy diet, physical inactivity, tobacco and harmful 

alcohol use throughout the life course (World Health Organization, 2011). Of significant 

concern are the rapidly rising rates of overweight and obesity, major NCD risk factors 

directly associated with T2DM, CVDs and some cancers (Park et al., 2012). Once 

established, risk factors (e.g. overweight, obesity and smoking) are difficult to reverse, and 

if established by adolescence, may continue into adulthood (Robinson and Bugler, 2010; 

Waters et al., 2011). One consequence is high proportions of overweight or obese women of 

reproductive age (Hillemeier et al., 2011), thus perpetuating the disease cycle across 

generations (Hanson and Gluckman, 2014). 

Traditionally, strategies addressing NCD risk focus on secondary prevention and treatment, 

addressing overweight and hypertension once emerged, aiming to reduce disease 

development (Müller et al., 2001) or curb progression once established. While these 

approaches help to reduce morbidity and mortality, and should continue, some are 

prohibitively costly, particularly in lower income countries (Beaglehole et al., 2011a). 

Incorporating primary NCD risk prevention strategies would slow the exponential growth 

of the global NCD burden by precluding development of risk factors, that when present, 

may lead to disease onset (Hanson et al., 2012). 

Primary prevention strategies typically centre on children, adolescents and young women, 

and support actions facilitating long-term, sustainable behaviour change to prevent the 

development of risk factors and subsequent disease onset in later-life or future generations. 

The validity of these approaches arises from evidence of developmental components of 
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metabolic disease risk (Balbus et al., 2013). Development of sustainable health-promoting 

behaviours in critical and sensitive periods prior to conception and during early-life 

development offers opportunities to establish low-risk trajectories for future metabolic 

disease with far greater effect than traditional secondary strategies (Hanson and Gluckman, 

2014). 

Our focus is the potential of school-based programmes implemented during adolescence, a 

significant life phase during which patterns of future health are established (Todd et al., 

2015). These patterns are influenced by complex interactions between puberty, 

development of neurocognitive maturity and social role transitions within the adolescent’s 

social context (Sawyer et al., 2012). Schooling is a significant component of this context, 

strongly influencing cognitive, behavioural and social development. Patterns of adolescent 

behaviour, including diet, physical activity and cognitive development, track through to 

adulthood (Craigie et al., 2011; Steinberg, 2005). 

The potential role of education in primary prevention of NCD risk was highlighted at the 

2011 United Nations’ Meeting on the Prevention and Control of NCDs. While focusing 

mainly on secondary prevention strategies for adults, the emerging declaration formally 

recognized the role of early-life development in NCD risk (paragraph 26) and identified 

education (both in and out of school) as an essential component within cross-sectoral 

strategies addressing NCD risk (paragraph 43) (United Nations General Assembly, 2011). 

Although schools are a common setting for health promotion, their value in reducing risk 

factors for NCDs is unclear (Khambalia et al., 2012). This paper aims to examine aspects of 

cognitive development required to support and sustain behaviour change. It identifies both 

immediate and longer-term outcomes that should be measured to assess the efficacy of 

school-based programmes linking learning relevant to school curricula to learning 

supporting long-term health and wellbeing. Thus we focus on development of personal 

skills and capacity, one of the five strategies for health promotion identified within the 

Ottawa Charter (World Health Organization, 1986); acknowledging that this occurs within the 

socio-ecological context of students, their families, school communities and wider society. 

We believe this discussion is critical and long overdue. The physiological and mechanistic 

evidence for primary intervention to support reduction in NCD risk factors prior to disease 

onset is strong. However, without application of education theory alongside health and 

scientific theory, attempts to capture the potential of school-based primary NCD prevention 
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interventions are likely to be minimal. Neither health programmes nor education alone can 

effectively capture this potential. Multi-sectoral collaborations that measure whether or not 

learning which has the potential to stimulate empowerment leading to sustainable 

behaviour change has occurred, thereby conceivably altering health trajectories, have 

significant prospects for long-term health and social gain. 

3.2. Discussion 

3.2.1. Requirements for programmes empowering youth to take and sustain 

health-promoting actions 

The challenges associated with developing and sustaining health-promoting behaviours 

associated with reducing NCD risk factors, are significant. They encompass complex 

interrelated socio-ecological determinants of health-related behaviours (individual and 

societal). For adolescents to engage in issues pertaining to NCD risk and its impact on 

individuals, families, communities and society, they need to become empowered life-long 

learners who possess the capabilities required to seek out and use appropriate evidence in 

health-related decision-making. These capabilities are core within school curricula 

internationally. Utilizing schools for primary NCD risk reduction requires understanding 

of what these capabilities are and how they may be developed. Impact assessment should 

examine whether appropriate learning and capability development has occurred and, if so, 

whether this leads to sustainable health-promoting behaviours. Thus, factors relevant to 

both education (engagement, learning, and development of capabilities supporting 

evidence-based decision-making) and health (resultant behaviour, impact on current and 

future health) must be assessed in tandem. As programmes are set within schools, evidence 

of positive contributions towards achievement of learning outcomes, defined by national 

and local curricula, should be identifiable to validate the use of school time. Therefore, 

measurement of the impact of education programmes aiming to contribute to primary NCD 

risk reduction requires multidisciplinary approaches acknowledging the core learning and 

development role of schools. 

The capabilities required for evidence-based decision-making and actions concerning 

health-related socio-scientific issues such as NCDs are associated with the development of 

key competencies for living, health and scientific literacies, and self-efficacy (Bandura, 

1977; Laugksch, 2000; Nutbeam, 2000; Rychen and Salganik, 2005). Within schools, learning 

supporting development of these capabilities is initially related to decision-making and 
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action at individual, family and peer group levels. As learning advances, this extends to the 

analysis of potential evidence-informed actions at community and societal levels (OECD, 

2013), such as those required to address the impact of inequities on health and wellbeing. 

These educational constructs, central to the potential of school-based contributions towards 

primary NCD risk reduction, are explored below. 

3.2.2. Key competencies for engaged citizenship  

The increasing societal impact of complex socio-scientific issues has been a key driver for 

change in education over the past 20 years (Rychen and Salganik, 2005). Socio-scientific 

issues (SSIs) are complex, socially relevant issues with conceptual or procedural links to 

science (Sadler, 2004), many of which impact health and wellbeing. Complex issues involve 

multiple factors with the potential to interact with each other and the environment in non-

linear and unexpected ways, impacted by historical and current social and physical contexts 

(Plsek and Greenhalgh, 2001). Responses to complex issues are values-laden and require 

consideration of divergent perspectives (Hipkins et al., 2014). Examination of how education 

should respond to prepare adolescents for such complexities resulted in the Organisation 

for Economic Co-operation and Development (OECD) Definition and Selection of 

Competencies (DeSeCo) programme, which defined the key competencies for a successful 

life and well-functioning society (Rychen and Salganik, 2003). This characterizes capabilities 

contemporary youth need to participate as critical, informed and responsible citizens, 

proactively facing current and future challenges, including those associated with health 

(Rychen and Salganik, 2005). Examples of SSIs applied as contexts for learning aiming to 

empower authentic action include climate change, food security and social inequities. 

Crossing multiple learning disciplines SSIs provide contexts for the development of 

competencies for engaged citizenship (Hipkins et al., 2014). 

3.2.3. Health and scientific literacies 

Health and scientific literacies are related capability sets supporting evidence-based 

decision-making leading to action at personal, community and societal levels. Health 

literacy relates to health and wellbeing. It requires application of skills, capabilities and 

understanding that allow an individual or group to access, interpret and act upon health-

related information (Nutbeam, 2000). Scientific literacy relates to relevant issues for which 

the application of conceptual and procedural understanding is linked to science (OECD, 

2013). As with health literacy, these capabilities are associated with access to, and 
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interpretation of, scientific information relevant to the context or issue in question. 

‘Literacies’ in this context describe the possession of knowledge, skills and dispositions 

that allow engagement in aspects of modern life (Harlen, 2001). School-based education 

occurs in learner-centred, transactional environments where, rather than information being 

transmitted (which by necessity occurs in mass media based health promotion), learners 

interact with evidence and construct meaning from which may emerge understanding and 

actions. Thus, the development of capabilities that enable meaning-making is essential for 

empowerment that provides opportunities for evidence-based decision-making. Scientific 

evidence is significant in health-related issues, making scientific literacy highly relevant to 

health literacy, and offering potential for co-development in schools (Grace and Bay, 2011). 

These authors argue that health literacy is a precondition for education for sustainable 

development and citizenship and cannot be isolated from scientific literacy. Furthermore, 

it is increasingly argued that the examination of SSIs within future-focussed learning 

requires integration of concepts and thinking relevant not only to science and health, but 

also environmental education (Zeyer, 2014). This concept of interdisciplinary learning is 

increasingly promoted in modern educational thinking. Re-organisation of curricula from 

isolated disciplines to network-based learning draws together multiple disciplines to 

examine ‘life and world problems and opportunities’ that provide context for future-

focussed learning (Perkins, 2014). While still not common-place (particularly in secondary 

education), this evolving approach to learning and teaching offers significant potential to 

empower young people to embrace engaged citizenship and challenge socio-ecological 

determinants of health inequities, including those that promote increased NCD risk across 

the life-course. 

3.2.4. Self-efficacy and engagement 

Capabilities are defined as requiring the integration of knowledge, skills, attitudes and 

values. Inclusion of attitudes and values underscores the importance of being disposed to 

act on new learning, precisely the challenge posed by the intention of school-based 

programmes to facilitate NCD risk reduction. Capabilities also draw attention to the 

importance of ongoing learning, and learning how to learn (Hipkins and Cowie, 2014). Some 

programmes also specify a focus on ‘being’, that is, the qualities that education systems 

aspire to nurture in young people (Hipkins and Cowie, 2014). The values component plays a 

critical role, by nurturing young people to become active builders of their own lives, rather 

than passive recipients of what happens to them (Hipkins, 2005). This concept of being is 
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associated strongly with self-efficacy, the fourth component of development required by 

school-based programmes designed to support life-long health and wellbeing. Self-efficacy 

is the extent to which a person or group believes they have the capacity to learn, carry out 

a task, take action, or function socially (Bandura, 1977). This is influenced by a matrix of 

factors that, in adolescents within a school environment, can be enhanced to encourage 

positive development (Gibbs and Poskitt, 2010). Self-efficacy is also associated with 

engagement in learning, an essential precursor to the achievement of learning outcomes, 

such as development of the aforementioned capabilities (Gibbs and Poskitt, 2010). 

Engagement is a complex construct encompassing interactions between behavioural, 

emotional and cognitive dimensions (Fredricks et al., 2004). Levels of engagement vary over 

time, impacted by internal factors such as self-efficacy, and external factors determined by 

teaching style and context (Hipkins, 2012). Collectively, development of key competencies 

for engaged citizenship, health and scientific literacies and self-efficacy, within the socio-

ecological context of the young person and school community, impacts programme 

effectiveness. 

3.2.5. Education and health: sector-specific differences in approaches to 

impact measures 

While the relevance of health-associated learning programmes is supported by education 

and health sectors, programme purpose and associated impact measures are often defined 

differently by each (St Leger et al., 2007). Health-driven programmes generally are relatively 

short-term and focus on physical health outcomes associated with prevention of risk factors 

and disease (Dobbins et al., 2013; Lobelo et al., 2013). Some only target significantly at-risk 

populations, while others employ school- or cohort-wide approaches. Alongside measures 

of attitude and behaviour, measures of change in physical health status indicators (e.g. 

blood pressure, body mass index (BMI) or lipid profiling) are commonly used as key 

indicators to evaluate such programmes (Khambalia et al., 2012). However, in general, less 

attention is paid to evaluating whether or not learning has occurred that enables 

development of the capabilities required to engage in health-promoting behaviour change, 

and, if so, whether capability development achieved has potential for life-long application. 

Programmes driven by the education sector tend to link directly to curriculum and learning 

goals, emphasizing application of pedagogies supporting health as well as educational 

outcomes. These focus attention on the development and assessment of capabilities 

supporting young people, either individually or collectively, to make informed sustainable 
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decisions about their health and wellbeing (Grace and Bay, 2011). Measures of capability 

development, knowledge, attitudes and behaviours are often used in assessment. However, 

these programmes tend not to include objective measures of physical impact. 

3.2.6. Comprehensive measures accounting for both educational and health 

outcomes 

Learning is a complex process that evolves over time and is impacted by interactions 

between the individual, their life history and their environment. Comprehensive assessment 

of the potential for learning programmes to support reduction in NCD risk factors should 

acknowledge the complexity of both learning and NCD risk development. Examination of 

multiple interacting factors contributing to processes leading from participation in an 

educative programme to sustained longer-term health-promoting behaviour change is 

required. These include programme design, implementation strategy (within the context of 

the classroom, the school, national educational policy, and the community (Samdal and 

Rowling, 2015)), and factors pertinent to the impact of the programme on individuals within 

classroom settings. These impact factors should be relevant to the programme and the 

setting and include: 

• attitudes towards NCD-related health issues 

• engagement in the learning programme and issues under investigation 

• knowledge of NCD impact, risk and prevention across the life-course. (Impact, risk 

and prevention are inclusive of individual, family, community and society and 

include socio-cultural, environmental, economic, physical, emotional, and familial 

(genetic, epigenetic and social) factors) 

• health behaviours – personal, family and peer group 

• key physical and metabolic markers of health and wellbeing indicative of current 

and projected NCD risk. 

Assessment at this depth is a significant undertaking. Restrictions associated with funding, 

time-related barriers in schools and families, and intrusiveness of evaluation strategies on 

participants will impact decisions regarding the extent of evaluation. 

3.2.7. Indicators of development and application of capabilities 

Assessment of complex learning, leading to the development of capabilities that enable 

potential for decision-making relevant to socio-scientific issues, is challenging (Acar et al., 
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2010). Theoretically such assessment should centre on evidence demonstrating that, when 

given the opportunity to participate in learning experiences that facilitate examination of 

socio-scientific issues, participants are motivated to engage in developing understanding 

and making evidence-based decisions relevant to their context. In a research setting this is 

typically assessed by combinations of pre/post questionnaires, focus groups or interviews, 

and examination of learning artefacts, such as student writing, presentations and reflective 

journals (Bay et al., 2012a). Learning artefacts, in particular, require significant educative 

interpretation. These diverse evidence sources must be combined to arrive at more generic 

metrics for purposes of further analysis (e.g. correlation with other measures). 

The limitations associated with the resources required to measure authentic action emergent 

from learning mean that measures of capability development in schools typically may not 

extend to identifying whether students take and/or sustain actions. This is a challenge for 

the education sector. For example scientific literacy, one component of the required 

capabilities we have identified can be measured via assessments such as those presented in 

the internationally validated Programme for International Student Assessment (PISA) 

(OECD, 2013). These assessments present students with real-world problems and questions 

requiring use of capabilities associated with application of scientific literacy. However, 

such theoretical assessment is one step removed from making and justifying evidence-

based decisions in life. Addressing this shortcoming requires measurement of actions 

initiated and potentially sustained in response to the exploration and analysis of evidence 

relating to complex social issues such as the impact of food insecurity on the prevalence of 

obesity in a defined community. Assessment measures of this type have the potential to 

provide indications of whether or not students will apply capabilities required for evidence-

based action to their own lives. Knowledge, attitude and behaviour (KAB) questionnaires, 

tracked pre- to post-intervention through to at least 12 months, can provide evidence of 

such change. Behavioural measures utilise tools such as food, activity and health-risk 

behaviour frequency questionnaires, adjusted for contextual relevance (World Health World 

Health Organization, 2013). This type of self-reporting is accurate in adolescents for non-

sensitive behaviours (e.g. diet and physical activity) (Norman et al., 2010), but may be 

compromised for sensitive issues (e.g. alcohol consumption or sexual behaviour) (Brener et 

al., 2003) and could be enhanced by the use of more resource-intensive measures such as 

food recall diaries and real-time activity monitoring. Comparative KAB data can provide 

evidence of capability use, associated with scientific and health literacies, to support 
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evidence-based decision-making (Huque et al., 2015). Where such questionnaire data are 

triangulated with interview data, the evidence is strengthened (Bay et al., 2012a). However, 

these examples represent the shortcomings of many assessment frameworks. They both 

lack evidence of physical health indicators over time, which if combined with the KAB 

data, could enable more definitive evidence of programme impact. 

Examination of learning artefacts offers further evidence to evaluate whether learning 

facilitates change in capability development associated with evidence-based decision-

making. Teachers have specialized skills in this type of assessment. For example, the 

tracking of capability development in science education should monitor improvements over 

time in the ability of students to ask questions, interpret evidence, make decisions and 

justify these from a combination of evidence and context analysis (Osborne, 2013). While 

challenging to achieve and interpret, evidence of this type can be used to demonstrate the 

development and application of competencies within and beyond the current academic year 

for individual students and cohorts. Additionally, this evidence validates the use of 

curriculum-based learning time. Utilization of data collected by schools, examining the 

relationship over time between capability development supported by a programme, and the 

degree to which participation leads to sustained behaviour change offers important 

information regarding programme design and how future learning, relevant to health-

promoting behaviours, should be developed. Importantly, in a school setting, such data are 

collected from individuals as well as cohorts. Continuity of learning over time, an essential 

element within educational design and assessment, appears to be largely ignored by the 

health sector in analyses of using schools for promoting risk reduction for NCDs. 

Processes enabling assessment of capability application in evidence-based decision-making 

are equally relevant to health and scientific literacies. However, perspectives differ on the 

meaning of health literacy and measurement of its development in terms of learning 

outcomes (Paakkari and Paakkari, 2012). In the context of adolescents and the role of schools 

in facilitating development and application of capabilities associated with health-promoting 

behaviours, we believe that health literacy should be viewed within a salutogenic 

framework (Lindström and Eriksson, 2005). This emphasizes a focus on wellbeing rather than 

disease, and recognizes that decisions and actions are determined by individuals, or 

communities, in the context of available resources. School-based education usually 

promotes critical health literacy models, through which, "students develop raised 

awareness of socio-ecological determinants of health, and recognise that individual and 
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collective actions may lead to modification of damaging determinants" (Sinkinson, 2011, 

ePub para.14). However, the literature also includes assessment of health literacy based on 

ability of individuals to obtain, process and understand basic health information and 

services (Ratzan and Parker, 2000). This model emphasises basic or functional health 

literacy, which while important, has a narrow focus, not accounting for the potential of 

individuals to take pre-emptive health-promoting actions. 

Multiple interacting psycho-social factors relating to individuals will impact on whether or 

not adolescents move from decision-making to action-taking in relation to enactment of 

capabilities associated with both scientific and health literacies. The wider environment of 

the adolescent, including that of the family, is important in achieving sustained health-

related behaviour change (Todd et al., 2015). In the context of school-based learning, the 

wider environment relates not only to the sociocultural context of the students and their 

family, but also to the wider context of the school community and the way in which the 

students and their family interact with the school community. These complex interacting 

factors are core considerations for teachers when designing learning programmes to meet 

the varying needs of students and unravelling factors influencing variable programme 

effects, Figure 3.1. Evaluation measures seeking to identify and understand these factors 

should include perspectives from the family, who are considered to be the most significant 

partner in supporting learning. As well as elucidating understanding of standard data held 

by schools relating to socio-economic and cultural factors, family perspectives can assist 

in determining whether learning has an impact beyond the individual, and confirm self-

reported questionnaire data from the adolescent. Within schools the teaching as inquiry 

model (Weinbaum, 2004) is an established methodology used to examine relationships 

between context, mechanism and outcomes, and justify decisions pertaining to educational 

programme development. It is important to appreciate that learning programmes in schools 

are not static, but continually evaluate and respond to the context of the individual and 

community within which they are a critical socio-cultural component. Pawson and Tilley’s 

theory of realistic evaluation based on concepts of generative causality sits well with typical 

evaluative practice in schools, and similar to the teaching as inquiry cycle, recognises that 

evaluation findings are contextual, and thus have the potential to explain how, why and for 

whom particular programmes work (Pawson and Tilley, 1997). 

 



Chapter 3 | Education and Public Health Perspectives   

50 

 

Figure 3.1 Contextual adaptation process 

The process of programme adaptation undertaken within a school community takes into account the socio-

cultural context of the learners, the school and the community that contributes to the essential heterogeneity 

of enactment of school-based health promotion programmes. Adapted with permission from Bay and Mora, 

2014 

3.2.8. Sense-making: examining evidence from multiple perspectives 

‘Sense-making’ is a social process supporting the use of divergent perspectives related to 

decision-making (Snowden, 2005). In school-based programmes supporting linked health 

and education outcomes, sense-making may involve collaboration between teachers, public 

health professionals, community leaders and researchers. Collective examination of 

evidence (e.g. using Snowden’s framework) can provide insight otherwise hidden to 

researchers. In particular, in-depth consideration of perspectives of teachers responsible for 

programme adaptation and implementation should be utilized in addition to the traditional 

evaluations which tend towards the perspectives of researchers. 

Prior to using externally developed learning resources, teachers engage in a process of 

analysis, examining potentials for resources to support the prescribed and/or intended 

curriculum. A process of interpretation and local adaptation follows, creating a programme 

plan designed to support the learning needs of students in a manner contextually appropriate 
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for the school community, Figure 3.1 (Bay and Mora, 2014). Impacted by multiple interacting 

factors this nonlinear process determines the nature of final enacted programmes within 

classrooms. The impact of heterogeneity of programme enactment within and between 

schools can be explored through examination of teacher planning, learning artefacts and 

focus group data (teacher, student and family), triangulated with quantitative KAB and 

health data. Teachers implementing programmes should not be restricted to contributing 

evaluation data; they should be integral in bringing a unique lens to evidence interpretation. 

Alongside recognition of requirements for learning programmes to evolve and be 

responsive to strategic goals in schools and the needs of their community, this supports the 

potential for long-term sustainability. 

3.2.9. Appropriate use of physical measures to assess long-term impacts on 

health 

Sustainability of health-promoting behaviours is a key objective of school-based health-

promotion; the potential is far reaching. However, obtaining and interpreting appropriate 

physical health measures is challenging. 

Criticism of school-based interventions often centres on the lack of evidence of short-term 

change in clinically-acquired impact assessment factors (e.g. BMI) (Van Cauwenberghe et 

al., 2010). Although BMI is an easily collected objective measure, its utility remains 

controversial, and there is significant resistance to its use in some school communities 

(Nihiser et al., 2009). Challenges associated with BMI interpretation include: inadequate data 

across multiple ethnic groups where BMI cut-offs are not easily standardised (WHO Expert 

Consultation, 2004); and variable and continuous changes in adolescents (World Health 

Organization, 2000). Furthermore, BMI does not measure body fat distribution. BMI should 

not change significantly over periods of school-based interventions, particularly those 

associated with formal learning programmes. If achieved, such short-term BMI change may 

in fact indicate inappropriate nutritional or physical activity behaviours (Sahota et al., 2001). 

Supplementary physical measures (e.g. waist circumference or waist-to-height ratios) may 

provide additional valid evidence since waist-to-height ratio values do not require 

standardization for age or gender (Taylor et al., 2011). When collected, any physical 

measures should be accompanied by relevant background information for teachers and 

learning activities that allow adolescents to understand the measure and its meaning, and 

explore evidence such as associations between BMI and NCD risk (Bay and Mora, 2014). 
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The focus of evaluation should be on small, manageable long-term behaviour changes 

offering maximal long-term impact with minimal potential for harm (Todd et al., 2015). 

Some challenges associated with the collection of physical measures such as BMI may be 

reduced by collaboration between school-based programmes and regular health profiling 

in school settings. Surveys such as WHO Global School-based Student Health Survey 

(World Health Organization, 2012), or school health centre-based assessments that already 

include measurements such as BMI. Over time these measures could be mapped against 

learning programme impact data and in this way the analyses combine longitudinal 

dimensions that accommodate gradual change in BMI, evidence of sustained behavioural 

change, and more episodic classroom-based learning. 

3.2.10. Metabolic and epigenetic profile data: broadening the scope of 

evaluation 

Metabolic data, with phenotypic profiling, could provide additional quantitative evidence 

that, when tracked alongside KAB and education data, could increase the likelihood that if 

health impacts are occurring as a result of school-based programmes, these are measured. 

Additionally, it offers the potential to understand the depth and reach of impact with respect 

to metabolic health. Tracking of suitable biomarkers over longer time periods offers 

potential to map appropriately paced changes in the trajectory of risk factors, particularly 

those associated with nutritional behaviours. Metabolomics, an analytical technique 

identifying and quantifying small metabolites, may overcome challenges associated with 

self-reporting of dietary intake (O'Gorman et al., 2013). Similarly, epigenetic profiling may 

quantify impacts of dietary changes because nutrients and bioactive food components can, 

via epigenetic mechanisms, alter gene expression, which in turn may impact metabolism 

and disease susceptibility (Choi and Friso, 2010). 

This is an evolving field. Currently, epigenetic analysis provides limited evidence of 

associations between environmental factors and disease susceptibility (Ling and Groop, 

2009). As capacity to identify and analyse metabolomic and epigenetic biomarkers 

improves, the potential for profiling risk, and measuring the impact of risk reduction 

following behaviour change, will offer improvements in tracking long-term effects of 

school-based programmes (Martínez et al., 2014; Zeisel, 2007). 

Several important factors need to be considered before introducing such data collection 

techniques. These include ethical considerations relating to the collection and storage of 
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samples that, while not originally intended for this use, offer the potential for future DNA 

profiling and phenotype trait mapping; cost in relation to increased evidence; invasiveness 

(physical and cultural) of sampling techniques; ability for meaningful reporting of data to 

young people and their families. Whatever the sampling, it is essential that there are 

appropriate learning opportunities for students, access to information and opportunity for 

discussion for the school community. If school-based programmes leading to the 

application of evidence-based decision-making are to offer effective health promotion and 

learning opportunities, the entire programme, including impact tracking, must respect the 

rights of the adolescent, their family, and the school community as informed decision-

makers. 

3.3. Summary 

3.3.1. Realizing the potential of schools as a setting for reducing risk factors 

for NCDs 

The potential offered by primary NCD prevention to reduce the continuous expansion of 

the social and economic burden of NCDs must be acted upon, particularly within 

developing nations and communities where social and economic disparity exists. 

Adolescence offers a unique opportunity for educational programmes supporting psycho-

social and cognitive development, building life-long capabilities associated with scientific 

and health literacies, citizenship and self-efficacy. By participation in such programmes, 

short-term attitudinal, cognitive and behavioural change should be accomplished. In the 

longer term, if continued development is supported, it should be possible to measure 

physical and metabolic impacts of sustained health-promoting behaviours, as well as 

transference of cognitive capabilities across health-related contexts. 

However, to achieve this, greater cooperation between education and health is required, 

along with an acknowledgement that within the school setting, all programmes must 

contribute to ongoing cognitive and psychosocial development within the framework of 

local and national curricula. Impact measures are challenging, particularly health measures 

within a school setting. However, by ensuring that understanding of impact measures is 

embedded into the process of learning, and allowing adolescents to engage with and take 

ownership of these measures, the demand for objective physical evidence could be met in 

a manner respectful of the rights of adolescents over their physical, cognitive, social and 

emotional development. Rather than rejecting physical and metabolic measures as 
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imposing and potentially dangerous in a school setting, educators should examine the 

potential that, if well managed, these offer benefit for educational development. 

Future work should focus on improved inter-sectoral interaction; publications, accessible 

to all relevant professional communities, supporting understanding of evidence from both 

sectors; development and longitudinal analysis of school-based educational interventions 

supporting health promotion that account for both educative and health goals; examination 

of effective long-term tracking incorporating existing educative progress analysis in 

schools; examination of particular challenges associated with developing nations and 

context of deprivation; and analysis of the potential for long-term health tracking using 

emerging technologies.
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Part III Facilitating Collaborative Narrative  

Fundamental to the research presented in this thesis are resources that facilitate the 

development of the collaborative narratives that enable HSLEAP programmes. These 

encompass books, learning activities, workshops, student conferences, web pages, videos 

and articles. The analysis of their potential to facilitate development of multi-sectoral 

collaborations that support adolescents to engage with and act on DOHaD evidence while 

simultaneously supporting learning in core subject areas in schools is an essential 

component of our ongoing research and development of HSLEAP programmes.  

This section examines the concept of collaborative narrative as a core component of our 

pedagogical model. Chapter 4 outlines components of the pedagogical model used within 

HSLEAP programmes. We analyse an example of a core resource from HSLEAP 

programmes to identify how this is designed to support the development of collaborative 

narrative.  

Chapter 5 examines how resources provided for teachers support their development as 

facilitators of collaborative narrative in classrooms and facilitate transformative learning 

associated with application of scientific perspectives as a component of decision-making 

for adolescents. 

Chapter 6 presents a study demonstrating how the use of participatory action research in 

Tonga facilitated the development of collaborative narrative that facilitated teachers to 

transform their approach to the use of questions in science learning.   

Chapter 7 presents a commentary published in the Journal of Developmental Origins of 

Health and Disease as a resource to support DOHaD scientists to engage in collaborative 

narrative with regard to the potential of collaboration with education in support of DOHaD 

translation.   

These chapters cannot capture the full breadth of resource development undertaken to 

enable the empirical research presented in Part IV of this thesis. They are intended to 

provide an appreciation of the depth of resourcing that is required for effective community 

based multi-sectoral development alongside evidence of the efficacy of examples used in 

the school setting. 
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Chapter 4. A Narrative Pedagogy: Structure and resourcing 

 

Preface 

The education community values the potential offered by the contextualisation of learning 

in exploration of socio-scientific issues. This has been shown to support capability 

development associated with scientific literacy, and more broadly critically engaged 

citizenship. Sectors beyond education are likewise seeing value in enabling young people 

to examine and act on evidence. However, evidence from science is not commonly reported 

in formats that are appropriate for use in schools.  

For young people to construct meaning of, and contextually interpret scientific evidence, 

they need to be given opportunities to examine and debate the evidence. The Healthy Start 

to Life Education for Adolescents Project has developed and utilised a narrative-based 

pedagogy to support this process. This requires resources that enable students to engage 

with and interpret data. This chapter examines the use of narrative as a vehicle for enabling 

young people to access and explore scientific evidence.  Via exemplar analysis, we examine 

the requirements of narrative-based resources that facilitate adolescents to engage in 

capability development resulting in the translation of scientific evidence into contextually 

relevant actions. 

The publication associated with this chapter is listed below, and reproduced in full in 

Appendix 4A. 

Bay, J.L., 2016. My First 1000 Days. Read Pacific Publishers Ltd, 

Auckland, New Zealand. 
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4.1. Introduction  

The Healthy Start to Life Education for Adolescents Project (HSLEAP) is based on a 

narrative pedagogical model designed to facilitate development of scientific and health 

literacies in support of engaged citizenship (Grace and Bay, 2011).  

Scientific literacy encompasses the capabilities (attitudes, values, knowledge and skills) 

required to apply knowledge and understanding of and about science in decision-making 

relating to everyday occurrences as well as complex open-ended socio-scientific issues 

(SSIs) (OECD, 2016; Roberts, 2007). Health literacy similarly describes a matrix of 

capabilities that contribute towards individuals and groups making evidence-based 

decisions about health-related issues (Nutbeam, 2000). We have argued previously that 

scientific literacy is integral to the development of health literacy (Grace and Bay, 2011) and 

concur with the increasingly common view expressed in the literature that capabilities 

specific to the arts and humanities are also essential to enabling evidence-based responses 

to SSIs (Kahn and Zeidler, 2016; Zeyer, 2014).  

Engaged citizenship reflects a commitment to active engagement in the building of 

stronger, healthier and safer communities (Zaff et al., 2010). We argue that development of 

engaged citizenship starts at the level of family, peers and school communities, building 

over time towards engagement at the level of community, society and eventually 

engagement as a global citizen. This is reflected in the hierarchy of contexts in which 

scientific literacy can be applied outlined in the PISA definition of scientific literacy 

(OECD, 2016) and in many curricula internationally. In this hierarchy, scientific literacy 

development progresses from application of scientific evidence and perspectives in 

decision-making at a personal level to engaging in the application of science in problem 

solving at a societal and global level. A similar hierarchy of development is seen in 

Nutbeam’s model of health literacy (Nutbeam, 2000). 

The science for health literacy pedagogical model employed in HSLEAP evolved from 

exploratory work undertaken by the Liggins Institute between 2007 and 2009 (Grace and 

Bay, 2011). It utilises collaborative narrative to facilitate learning that enables adolescents 

to explore contextual application of a scientific frame of reference when considering 

personal and societal challenges associated with health related socio-scientific issues (SSI) 

(Bay et al., 2012c). Contextual application accounts for socio-ecological and cultural 

perspectives, considering how scientific evidence and thinking may be incorporated with 
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these perspectives in problem solving processes. The particular SSI addressed within 

HSLEAP programmes is the noncommunicable disease (NCD) epidemic, a complex socio-

scientific issue of global significance (Beaglehole et al., 2011b). The NCD epidemic offers a 

valid context for learning due to:  

• its relevance to all communities;  

• the potential for intervention during adolescence to support long-term change;  

• the potential for actions within the control of adolescents to contribute to long-term 

change and;  

• the potential for applicable contextualisation of learning linked to objectives across 

multiple core learning areas in schools (Chapter 2) (Bay et al., 2016a).   

Frames of reference reflect a specific worldview, based on assumptions and expectations 

involving values, beliefs and concepts (Dirkx et al., 2006). These form over time through 

experience and the development of understanding, and are influenced by epistemic 

assumptions about what is and can be known and the role of evidence in problem solving 

(Mezirow, 2011).  

Collaborative narrative enables individuals and groups to join stories from within their 

personal and cultural context with stories from outside of their experience to construct 

meaning (Lauritzen and Jaeger, 1997). Within HSLEAP this process is relevant for youth, 

educators, health professionals and scientists alike. It aligns to a constructivist perspective, 

appreciating that interpretation of evidence and development of understanding is 

determined by factors associated with personal and socio-ecological context, and impacted 

by opportunities and exposures.  

Scientific literacy development is central to the HSLEAP framework as without it students 

cannot be expected to engage with frames of reference that reflect a scientific perspective. 

This is inclusive of examination of the epistemology of science, usually referred to in 

education as the nature of scientific knowledge (NOS). The importance of NOS 

understanding in support of scientific literacy is well established (Roberts, 2007) and has 

resulted in NOS being the central component of science curricula internationally (Fouad, 

2014). Scientific literacy, science literacy and NOS are complex constructs. Debate 

regarding these concepts and the nature of science education appropriate to the needs of 

adolescents is ongoing (Douglas and Rodger, 2014). Known as Vision I and Vision II, 

different meanings are associated with the terms science literacy  (Vision I) and scientific 
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literacy (Vision II) (Roberts, 2007). The HSLEAP learning programmes are supportive of 

scientific literacy development associated with the use of science knowledge in decision-

making in combination with knowledge from sociological and cultural perspectives. Key 

to this is the concept that scientific literacy should enable individuals and communities to 

decide if, when, and how scientific evidence may be applied in their setting. This is aligned 

to development of NOS understanding within a Vision II scientific literacy framework 

rather than one confined to science literacy and the dominance of scientific perspectives in 

decision making as represented in Vision I (Douglas and Rodger, 2014).  

The specific frame of reference exposed within the narratives used in the HSLEAP learning 

programmes is the Developmental Origins of Health and Disease (DOHaD) theory, 

presenting scientific evidence of associations between early-life environmental exposures 

and vulnerability to overweight, obesity and NCDs in later-life (Hanson and Gluckman, 

2014). Awareness of this evidence is very low in adolescent and adult populations (Bay, 

2015a; Bay et al., 2012a; Bay et al., 2015; Endo and Oyamada, 2013; Gage et al., 2011; Oyamada, 

2015). The HSLEAP programmes facilitate exploration of DOHaD perspectives in the 

context of NCD risk and impact. Learning experiences that facilitate exploration, 

discussion and reflection of a particular perspective on an issue offer opportunities for 

learners to challenge and shift existing beliefs, values and behaviours associated with 

experiences and perceptions (Sharpe, 2016). Change of this nature, if it were to occur, would 

embody transformative learning; a process occurring when exposure to frames of reference 

outside of one’s own experience encourages examination of assumptions and beliefs, 

facilitating construction of new or revised frames of reference (Mezirow, 2011). In 

particular, transformative learning experiences challenge ‘taken for granted’ frames of 

reference that may be associated with social and cultural norms (Mezirow, 2003). While 

developed to support adult learning, transformative learning theory is applicable to 

secondary school settings (Williams, 2013).  

Critical thinking is integral to the development of scientific and health literacies in support 

of evidence-based responses to SSIs (Vieira and Tenreiro-Vieira, 2016). The HSLEAP 

framework recognises that competencies associated with critical thinking, problem solving 

and resilience are required if adolescents are to engage in collaborative narrative supportive 

of evidence-based actions beyond the classroom setting. These competencies are 

encompassed within the ‘key competencies for living’ defined in the OECD Definition and 

Selection of Key Competencies (DeSeCo) project (Rychen and Salganik, 2003) and are 
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reflected in many curricula internationally. As the HSLEAP programmes emerged from 

New Zealand and examination of potential for adaptation for use in developing nations was 

led out of the Cook Islands, we have paid particular attention to the interpretation of the 

competencies defined by the DeSeCo project in the New Zealand and Cook Islands 

curricula (Cook Islands Ministry of Education; Ministry of Education, 2007). 

 

Figure 4.1  Interrelated components of HSLEAP  

Interrelated component of education programmes supporting development of capabilities 

associated with evidence-based decision-making in the context of a health-related socio-

scientific issue 

 

Figure 4.1 offers a diagrammatic representation of the pedagogical model, demonstrating 

the importance of integrated learning in the development of engaged citizenship. While 

represented in the diagram as a linear process, learning is messy, not linear. Each step 

influences variably forwards and backwards, creating a cumulative and ongoing process of 

development that will be unique for each learner. The emphasis on capability development 

at the core of HSLEAP programmes ensures that adolescents are equipped with the 

resources required to critically engage with socio-scientific issues relevant to their 

communities. It also ensures that programmes link to curriculum-based learning objectives. 

This ensures that HSLEAP programmes can be embedded in core learning programmes 

and support the core business of schools (Bay et al., 2016a). It addresses key concerns 
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regarding the lack of connection between health promotion in schools and the core business 

of learning (Waters et al., 2011).  

The reliance on the support of curriculum-based learning to enact HSLEAP programmes 

ensures capability development and encourages ongoing programme development by 

schools. This supports sustainability of the opportunity for adolescents to access and use 

DOHaD evidence in support of personal, family and community wellbeing. However, this 

is dependent on access to DOHaD and relevant health evidence in the form of narratives 

that can be used to facilitate learning. This provision sits outside the capabilities of teachers 

in schools due to limitations associated with access to evidence, time to develop resources, 

and access to deep engagement with the community from which the evidence has emerged. 

This chapter examines the requirements of such resources via analysis of an exemplar from 

within the HSLEAP programme. This provides understanding of the requirements of 

narrative-based resources that facilitate adolescents to engage in capability development 

resulting in the translation of scientific evidence into contextually relevant actions. 

4.2. Developing science stories supportive of collaborative narrative    

4.2.1. Narrative as a form of science communication 

The use of narrative is an established format for the communication of science to non-

expert audiences (Dahlstrom, 2014). A relatively small group of scientists with a 

combination of extensive scientific credibility and unique communication capabilities have 

become adept at this form of science communication within the public arena. Literary 

stories are another form of narrative that can effectively communicate science to the public 

(Negrete and Lartigue, 2010), along with fictional narratives that look at potential futures 

based on scientific evidence. These are all important forms of science communication. 

However, what they often lack is the potential to enable the participant to explore rather 

than ‘be told’ of evidence, and to integrate their own stories into the narrative to develop 

contextual evidence-based responses.  

4.2.2. Narrative vs story 

To create collaborative narrative that allows engagement with data within a school setting 

we use both narrative and story. Differentiating between narrative and story is a useful 

exercise in considering the design of learning resources and experiences purposed to 

facilitate the assembly, consideration and use of different frames of reference when 
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addressing complex issues such as the NCD epidemic. Denzin’s definition of narrative and 

story assists us to understand that while these terms are very similar, an important 

distinction should be made associated with the influence of the process of narrative on the 

interpretation of story (Denzin, 2002). 

“Narrative is a telling, a performance event, the process of making or telling a story. A 

story is an account involving the narration of a series of events in a plotted sequence which 

unfolds in time. A story and a narrative are nearly equivalent terms. A story has a 

beginning, a middle and an ending. Stories have certain basic structural features, 

including narrators, plots, settings, characters, crises, and resolutions. Experience, if it is 

to be remembered, and represented, must be continued in a story which is narrated. We 

have no direct access to experience as such. We can only study experience through its 

representations, through the ways stories are told.” Denzin, 2002, p. xi 

 

Narrative incorporates judgement, and therefore is complex (Brophy, 2009). The storyteller 

makes decisions about what to leave in and take out, how to interpret and how to present 

the story. These decisions are influenced by the socio-ecological context of the storyteller. 

Multiple players in the collaboration can take the role of storyteller at different times. The 

storyteller(s) may be the: 

• writer(s) of the learning resources 

• teacher(s) facilitating use of stories to contextualise learning 

• adolescent(s) telling their stories within the classroom and peer setting or retelling 

the scientists’ stories in their family, peer, or community setting 

• community member(s) telling experiential stories relating to NCDs 

• scientist(s) telling their stories of science and of their own NCD experiences  

Those engaging with the story through the narrative of the storyteller will interpret and 

make meaning of the story. This interpretation will be dependent on the personal and wider 

socio-ecological context(s) that form the lived experience of the listener. Interpretation is 

also dependent on associated learning experiences that allow listeners and storytellers to 

engage in discussion about the stories that form the collaborative narrative. This process of 

engagement may reflect sense-making, a social process whereby potentially divergent 

perspectives are engaged to empower evidence-based actions (Snowden, 2005). This is 

particularly true if the storytelling process engages the participant in the analysis of the 

evidence rather than presenting pre-determined facts. This form of engaged narrative is 

achievable within educational environments if appropriate stories are made available.  
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4.2.3. An evidence-based approach to the development of narrative  

The development of the narrative-based resources within HSLEAP is a collaborative 

process involving educators in the DOHaD community and in schools, DOHaD scientists, 

adolescents, and health professionals. Educators embedded in the scientific communities 

within which the evidence has emerged lead the process. Evidence from education, science 

and health alongside feedback from participating teachers, adolescents and scientists 

inform development. This ensures collaboration between those whose story is being told, 

those who understand how narrative can be used in educational settings, and those for 

whom these narratives are being developed (Bay et al., 2012c).  

Embedding science educators within the scientific community is beneficial, although not 

common. Over time, these educators find themselves belonging equally in both the science 

and education communities. They develop deep understanding of the science, offering 

significant advantage in the process of resource development. This dual belonging is 

supportive of relationship building and trust relevant to the development of learning 

resources and the ongoing development of relationships within education/science/health 

partnerships (Bolstad and Bull, 2013). The process of collaboration required to develop the 

narratives also contributes significantly to the collaborators exploring differing 

perspectives about the communication of scientific evidence and applying this to 

programme and intervention design.  

4.2.4. ‘My First 1000 days’ | An analysis of narrative developed to enable 

adolescents to access and engage with scientific evidence 

“My First 1000 days” explores the science from which 

DOHaD emerged and looks at its relevance to the NCD crisis 

(Bay, 2016a). Written for Year 7 – 10 students, it tells the story 

of a group of scientists from the University of Southampton 

who engaged with the community to explore whether early life 

experiences could influence later-life risk of hypertension, 

coronary heart disease, stroke and metabolic syndrome. The 

studies described are from the Hertfordshire Cohort Study 

(HCS) (Hertfordshire Cohort Study, 2012). 

 

Figure 4.2  My First 1000 Days 

Full text in Appendix 4A 
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“My First 1000 Days” was written in 2014 using materials developed and tested over a 

period of eight years. During this time, the author and colleagues used versions of the story 

with Year 7 – 13 classes at the Liggins Institute and in New Zealand schools, and with Year 

9 classes at the University of Southampton. At the Liggins Institute, this involved direct 

contact with over 50,000 students in face-to-face school-university partnership 

programmes (Bay et al., 2012b; Bay et al., 2012c). The author worked with members of the 

HCS team to ensure the science and the story was accurate. The final resource was tested 

in schools in the Cook Islands and Tonga prior to publication in 2016. It is generic in nature, 

designed for use across cultural boundaries.  

The structural analysis of “My First 1000 Days” is intended to support educators, scientists 

and public health professionals to understand how research stories can be used within a 

narrative pedagogy to communicate science in support of improved health outcomes and 

support capability development relevant to educational goals associated with the 

development of scientific literacy.   

In examining the design in relation to development of NOS understanding we reflect on 

those characteristics presented by Lederman, 2013, as being relevant to the needs of K-12 

learners. These are that scientific knowledge is tentative, empirically based, and subjective, 

requires human inference, imagination and creativity to develop, and is socially and 

culturally embedded (Lederman et al., 2013).  

The resource is not designed to stand-alone. It is designed to contribute to the development 

of scientific literacy and related capabilities within HSLEAP programmes that utilize a 

range of resources made available to teachers. Each teacher will use the resources variably 

to design a learning programme exploring NCD/DOHaD contexts that is contextually 

relevant to their students (Bay et al., 2016c). Details of the concept of contextual adaptation 

of resource to meet the needs of students are discussed in Part II.  

4.2.5. Rationale 

The HCS studies are highly significant in the emergence of DOHaD science. They 

established links between low birth weight, weight at 1 year of age, and hypertension, 

coronary heart disease, stroke and metabolic syndrome. This demonstrated that in 

communities characterised by poverty, poor nutrition, overcrowding, and infection, 

children often died early in life, or if born had low birth weights, suffered from poor 

development, and as adults had increased risk of cardiovascular and metabolic diseases. 
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Studies that followed showed that even if the children moved from poverty into affluence, 

the impacts of the poor start to life persisted (Hanson and Gluckman, 2014).  

The decision to use the story of the Hertfordshire Cohort Study (HCS) in the HSLEAP 

programmes was based on both scientific and educational perspectives. The story: 

• is a focal point from which DOHaD has emerged into a global scientific community 

informing a wide range of health related socio-scientific issues  

• provided the first evidence to challenge reductionist perspectives that associate 

NCD risk with affluence, overindulgence and adult lifestyle factors 

• represents science conducted in response to an SSI (high premature death rates from 

heart disease in the UK in the early part of the second half of the 20th century) 

• is about science that engages in community collaboration to examine and make 

sense of an issue of significance to the collaborating community 

• demonstrates that science can cross cultural and contextual boundaries as this 

evidence has formed the basis of a multitude of studies that are now informing 

health-related action globally 

• creates opportunity for narratives that  

o expose aspects of the nature and process of science supportive of development 

of key epistemic, procedural and substantive knowledge of and about science 

o tell a people-based story enabling students to explore the culture of science as a 

human endeavour that is situated in communities (scientific and lay). 

4.2.6. Science as a human endeavour embedded in social context 

Science is a human endeavour that engages with understanding the natural and physical 

world. The development of characters in the narrative offers an important connection to 

this concept, as well as making the story accessible to adolescents. The characters are: 

• The students’ families, facilitating connections between the scientific evidence that 

is uncovered by the story and the lives of the students 

• Professor David Barker, the epidemiologist who led the scientific team  

• Miss E. Margaret Burnside, a midwife whose work in the early 20th century to try 

to improve outcomes for infants in the Hertfordshire region enabled the research  

• Mr Ron Farr, a study participant who engaged with the HCS team to support 

communication about the study. Mr Farr’s family gave permission for use of his 
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story in My First 1000 Days, providing community and personal context for 

adolescent readers.  

The story is interactive requiring engagement and action from students. Action tasks are 

designed to engage students in building the narrative while supporting development of 

understanding of the nature of scientific enterprise.  

The story opens not with scientist, but with the family of the students in the class being the 

first characters (Appendix 4A, p.1). Basic facts about reproduction are provided to link to 

prior learning and stimulate interest. In our experience students tend to be either fascinated 

or appalled by the idea that the cell that forms a human egg develops in a female while still 

a fetus in her mother’s uterus. Discussion around this fact stimulates engagement and 

creates an entry point for consideration of the impacts of intergenerational environmental 

influences on health and wellbeing. The question “What was the world like when your 

grandmothers were pregnant with your mum and dad?” is an example of how the resource 

provides entry points for teachers to encourage students to bring their stories into the 

narrative. If teachers use this opportunity, it initiates a collaborative narrative linking the 

students’ stories with the scientists’ stories. We have observed teachers use this opportunity 

variably from a passing comment in the class through to students interviewing grandparents 

and bringing the stories back into group discussions. The social studies learning resources 

that have been developed and tested by teachers in the Cook Islands use this as the entry 

point for examination of the impact of social and political change over 200 years on the 

nutritional environment (Barrett-Watson, In Press ).      

Barker is the next character introduced into the story, Figure 4.3. Earlier in the programme 

students undertake research to explore perceptions of health and wellbeing in their family 

or community (Bay and Yaqona, 2016). Barker’s research question (marked in yellow) is 

intentionally worded to link to this concept, creating a bridge to the prior learning 

experience. This is intended to support students to identify that Barker and his team were 

interested in ideas that they have been exploring. Referral in the story to the research team 

is intentional, encouraging understanding of science as a collective enterprise.   

The introduction of Baker as a scientist who was trying to address a health issue impacting 

a community (marked in green) supports students to identify that the research occurred in 

response to a social need. This creates links to the concept that science is culturally and 

socially embedded (Lederman et al., 2013) and can influence and respond to social needs 

(Moss, 2001). 
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Figure 4.3  Introduction of the lead character in “My First 1000 Days” 

(Bay, 2016a), p. 3 |  Full text in Appendix 4A 

 

We recommend that teachers facilitate exploration of NCD related issues in their 

community prior to using this resource. Short stories of local NCD monitoring research are 

supplied (e.g. Bay and Yaqona, 2016, In Press). If used, these create the opportunity to link 

between current social needs in the community in which the school is set and social needs 

in the community in which Barker was working. This enables exploration of the concept 

that research exploring ways to improve the health and wellbeing of communities is a 

universally applicable enterprise.  

4.2.7. Pattern Seeking | The empirical nature of scientific knowledge  

A key NOS concept is that which identifies science as an empirically based process that 

via interpretation of observations asks questions and develops understanding. Development 

of an appreciation of the distinction between observation and inference, and the tentative 

nature of scientific knowledge is also important (Lederman et al., 2013).  Activities that 

engage students in exploring data within the story are designed to support students to 

construct understanding of the evidence while also developing appreciation of the role of 

observation and evidence in science.  

The key observation that led to the development of the HCS was that in England and Wales 

regional prevalence of infant mortality in the early 20th century was similar to regional 
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prevalence of CVD related mortality in the second half of the 20th century. The resource 

presents this story in a manner that enables students to explore the evidence and identify 

these patterns. Experience from extensive use of these data with Year 7-10 students prior 

to the writing of the resource identified the level of scaffolding required. This is reflected 

in Activities 1 – 3 (Appendix 4A, p 3-6).     

Activity 1 “Looking for Patterns” requires students to apply comprehension skills to 

identify Barker’s research question, and engage with and interpret the data from which this 

question arose, Figure 4.4. In addition to building a picture of the evidence, this activity 

supports understanding of science as an empirically based knowledge system that uses 

interpretation of observations to ask question and draw conclusions. The data map is the 

original used by Barker. Compass directions have been added to support students to 

describe the patterns. The pictorial nature of the data map is supportive of visual learners 

and learners who experience challenges associated with numeracy. We acknowledge that 

the use of red-green to differentiate between high and low is a significant shortcoming for 

red-green colour-blind students. This is discussed in PLD to ensure teachers are aware of 

the potential difficulty it poses for this group. Classroom observations and student 

discussions in New Zealand, the Cook Islands and Tonga indicate that the data map is 

interpretable by most 11-14 year olds. This is important as the exercise is designed to 

support students to identify that they can engage with ‘real’ science. 

 
Figure 4.4  My First 1000 Days: Activity 1 

(Bay, 2016a), p. 3 | Full text in Appendix 4A 
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Activity 2 “Comparing Patterns” builds on the interpretation of the data in Activity 1 to 

support development of understanding of the concept that questions emerge from 

observations. The pattern-seeking task comparing the data in the two maps requires 

application of thinking skills. In particular, issues arise as a result of white representing the 

lowest incidence of mortality in the 1901-1910 map and the mid-range in the 1968-1978 

map. This is not insurmountable for more able students, and usually stimulates discussion. 

For less able students, we recommend that teachers provide additional scaffolding. A 

simple way to achieve this is to overlay orange onto the white sections of the coloured map, 

or provide students with a copy that they can colour themselves. Importantly, the activity 

engages the students in thinking about and interpreting the data.  

The students are not told what the scientists interpretation of the data was until the next 

page in the story. Asking students to identify the pattern before informing them of the 

scientists’ interpretation of the data builds confidence in students that they can interpret 

patters as a scientist would. 

 

 
Figure 4.5  My First 1000 Days: Activity 2 

(Bay, 2016a), p. 4 |  Full text in Appendix 4A 

 

Activity 2: Comparing 

Patterns 
1. Are the patterns in the 

maps similar or different? 

2. Imagine you are in 

Professor Barker’s team. 

What new questions 

would you ask now that 

you have seen both maps? 

3. In your family, who was 

alive in 1910? Were your 

great grandparents born 

by then?  
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4.2.8. Questions emerge from observations   

Misconceptions relating to the nature of hypotheses are known (Carey et al., 1989). We have 

observed that students often refer to a hypothesis as ‘a guess’ and have engaged in 

discussion with teachers who had been framing the concept of hypothesis in this way (see 

Chapter 5). Activity 3 “Making an Hypothesis” (Appendix 4A, p. 5-6) supports 

understanding of the concept that hypotheses may be developed from observations and are 

testable through scientific enterprise (Moss, 2001). The story describes the scientists as 

being surprised by the patterns they observed in the data, providing students with reasons 

why the scientists were surprised. If teachers facilitate exploration of the concept that 

Barker’s team identified that the observations appeared to contradict current scientific 

knowledge this may support students to understand the concept that interpretation of 

evidence is subjective (Lederman et al., 2013) and that observations that contradict current 

knowledge can generate new questions (Moss, 2001). Activity 3 requires students to use a 

comparison of what was known with what was observed to identify the hypothesis that the 

HCS team developed. This supports development of understanding that scientific 

knowledge is tentative and assists students to unpack the thinking that the scientists 

engaged in to develop their hypothesis. Lederman et al discuss concerns regarding the 

conflation of NOS with the process of scientific inquiry (Lederman et al., 2013). These are 

undoubtedly different. However learning that is structured to explore the thinking 

underpinning decisions made in designing a scientific research process contributes towards 

understanding of both procedural and epistemic knowledge, key requirements in 

development of scientific literacy (OECD, 2016). 

4.2.9. Serendipity and Persistence 

School science is a contentious issue with ongoing debate around purpose, focus and 

strategy (Bull, 2011; Osborne, 2007; Roberts, 2007). Science education in the latter 20th 

century was strongly focussed towards development of substantive knowledge with limited 

exploration of procedural or epistemic knowledge. This created inaccurate representations 

of science as a body of facts ascertained by following a rigid method that could be 

mimicked in the school setting. This is still seen in aspects of science education today. The 

mid-section of the story takes students on a journey in which characteristics that discredit 

the idea of science as a rigid set of facts are exposed. These include curiosity, serendipity, 
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creativity, problem solving and perseverance, all of which play a significant role in 

scientific enterprise (Moss, 2001).  

Activity 4 (Appendix 4A, p. 7-8) requires students to explore data in a page from the birth 

records from Margaret Burnside’s team of midwives, used as the basis for the HCS 

investigation. Students are asked to identify whether this is scientific data and explain their 

reasons. This offers potential to engage students in considering the nature of scientific data. 

The task demands that students think about their own birth records, encouraging students 

to think about their early life experience and link the evidence they are exploring to their 

own story. Activity 5 (Appendix 4A, p. 9-10) explores the process of connecting with the 

adults whose birth records were found. This exposes students to the concept of science as 

a collaboration with the community. Role-play is suggested as a means of engaging 

students with the story at a level that would allow them to re-tell it to peers and family.  

Evidence indicates that students’ perceptions of science and scientists is broadening 

(Hillman et al., 2014). However, the experience of the LENScience team over a period of 10 

years has not infrequently been that some teachers perceive the story of the HCS studies as 

not representing ‘real science’. Collectively these activities challenge perceptions of what 

science is, how it is conducted, and who conducts it. 

4.2.10. Reimaging science: Making complex data accessible 

The most challenging component of creating the narratives that are used in HSLEAP is the 

reimaging of scientific data into age-appropriate formats. The process requires input from 

scientists, educators, and students. Educators and scientists work together to visualise and 

create representations that are scientifically accurate and account for the developmental 

level of the target group and the focus of the programme. In our experience the process of 

observing students using the resources has almost always led to improvements. The data 

represented in the final section of ‘My First 1000 Days’ only tells part of the story, Figure 

4.6 . However, it provides enough information to enable discussion of the key findings – 

that babies born smaller were more likely to be susceptible to higher blood pressure later 

in life. A trend we have observed in data reimaging is that for Year 7-9 students, data is 

more accessible if it is presented with only one variable manipulated. This is often not the 

reality in science. We have found that Year 10-13 students easily cope with data 

representing several variables if this is structured to provide scaffolding supporting 

identification of each variable (Bay et al., 2012c).   



Part III | Facilitating Collaborative Narrative 

  

73 

Key factors making the data presented in this example more accessible to Year 7-10 

students include: 

• replacement of numbers on the vertical axis with an arrow 

• addition of coloured indicators of normal and high blood pressure  

• replacement of the figure legend with a simplified title  

• the use of an image of a blood pressure monitor alongside the figure 

 
Figure 4.6   Reimaged data used in Activity 7, My First 1000 Days:  

(Bay, 2016a), p.12 | Full text in Appendix 4A 

 

4.2.11. Evidence: Concepts of certainty and risk 

The tentative nature of scientific knowledge is identified as a key concept that should be 

explored in school science (Lederman et al., 2013; Osborne et al., 2003). This is represented 

throughout the story, use of which should provide significant opportunities to facilitate 

exploration of the concept.  

Understanding of risk or conceptualising uncertainty is a separate issue that is highly 

relevant to the application of scientific literacy to support evidence-based actions. Rather 

than pertaining to the tentative nature of scientific evidence this issue is associated with the 

concept that in most instances scientific evidence presents information about risk levels 

rather than certainty.  

Risk, and communication about risk, are complex. Communication about risk involves 

exploration of the certainty of the evidence of the risk, the level of the risk, and the potential 

effect of the risk (Calman, 2002). Risk and understanding of risk are features of scientific 

knowledge that contribute to mistrust of science (Engdahl and Lidskog, 2014). The story of 
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the HCS studies presented in “My First 1000 Days” provides an opportunity to explore 

risk in a context of relevance to adolescents. However, if risk is not explored, the story 

offers an opportunity to contribute to mistrust in science.  

Communication of risk is a dynamic process enabling individuals or groups to make 

evidence-based decisions (Calman, 2002). The HSLEAP programmes are communicating 

scientific information about risk related to NCD vulnerability within and between 

generations. The key difference between the HSLEAP programmes and many science 

communication efforts is that the programmes support development of the capabilities 

required to explore evidence of risk, while exploring this evidence.   

The resource provides ‘black-board ideas’ (Appendix 4A, p. 13) that teachers may use to 

initiate discussion about risk. If teachers have explored NCD risk levels with students prior 

to engaging in the story, students will enter the story having identified that NCD risk is 

relevant to their family and/or community. The story is part of a phase of learning about 

the issue. It contributes to development of understanding of the level of certainty of 

scientific knowledge around the associations between early-life experiences and later-life 

NCD risk. The story from HCS only presents the evidence pertaining to low birth weight. 

The initial ‘black-board’ presents information showing that there are other patterns in early-

life that cause a similar response. Having explored (in a small way) the certainty of some 

evidence from DOHaD, students can engage in connecting this with evidence of NCD risk 

in their community, their environment, and their family history, and consider risk levels 

and responses. Ideas for activities beyond the story associated with further exploration of 

evidence and the development of contextual responses are provided for teachers (Bay et al., 

2016d; Bay and Yaqona, In Press). 

Evidence suggests that the lay public often look for black and white representations of 

scientific evidence (Kimmerle et al., 2015), which in this case could be interpreted to imply 

mother blame, an issue that the DOHaD community are well aware of, (Richardson et al., 

2014) or a fatalistic negative conclusion dependent on birth weight rather than an 

understanding of early life environment as one important contributor in determining risk. 

The way information is communicated is known to influence responses to information, with 

positive framing leading to optimistic responses and negative framing supporting 

pessimistic responses (Kimmerle et al., 2015). The HSLEAP programmes are intentionally 

framed positively and designed to support critical engagement with both the issue and the 

evidence.  
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4.3. Conclusions 

There is growing evidence for the relevance of adolescent-led actions to support positive 

change in NCD vulnerability and the potential for multi-sectoral collaborations, involving 

education, to contribute towards this goal (Crosby et al., 2009; Hanson, 2016; World Health 

Organization, 2016b). In parallel, there is wide evidence for the validity of contextualisation 

of learning as one strategy that contributes to development of scientific literacy via 

conceptual understanding of and about science (Sadler et al., 2004; Sadler et al., 2016) and 

capabilities associated with critical thinking and argumentation (Dawson and Venville, 2013). 

Opportunities that support goals associated with both education and science/health via 

narrative-based learning in schools offers significant potential (Bay et al., 2012a; Grace et al., 

2012). However, this requires specialised resources that enable the learner to engage with 

the evidence in an age-appropriate format. A common theme emerging from discussion 

with teachers utilising resources of the genre is the opportunity they provide to experiment 

with contextualisation of learning – a concept they understood theoretically but lacked 

resource to enact (discussed in Chapter 5).  Our analysis of “My First 1000 Days” as an 

example of a learning resource supportive of the use of narrative pedagogy to meet such 

goals offers some key evidence that could be applied to the development of such resources 

across contexts.  

Developing resources to enable adolescents to engage in and act upon contextual 

exploration of SSIs in via school-based learning requires the development of trust between 

the collaborating partners. Hupcey et al, 2001 propose an interdisciplinary scientific 

definition of trust that provides a useful basis on which to consider the development of trust 

in the building of relationships from which science narratives for use in schools can evolve. 

“Trust emerges from the identification of a need that cannot be met without the assistance 

of another and some assessment of the risk involved in relying on the other to meet this 

need. Trust is a willing dependency on another’s actions, but it is limited to the area of 

need and is subject to overt and covert testing. The outcome of trust is an evaluation of the 

congruence between expectations of the trusted person and actions.”  

  (Hupcey et al., 2001) 

Resources enabling adolescents to engage with the scientific evidence have value to 

scientists as communication tools reaching a key target audience. To educators the value is 

as learning tools enabling cognitive and psychosocial development. Neither the educator 

nor the scientist can meet the needs of the adolescent alone, yet both have resource that 
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collectively may facilitate empowerment of adolescents as critically engaged citizens 

capable of facilitating positive change in society. 

Risk is a key element of teaching and of science. However, the risk involved in engaging 

in cross-sectoral partnership occurs outside of the environment of trust that is usually 

established within disciplinary-specific professional communities. To build trust across 

disciplines or sectors takes time, and requires understanding of shared and sectoral specific 

goals (Bay et al., 2016a). The outcome of risk taking dependent on the expectations set 

entering into the relationship (Hupcey et al., 2001). For the science sector, outcomes are 

likely to be associated with outputs related to communication of science and evidence of 

the effect of this communication. For the education sector, outcomes will be associated 

with perceived and measured efficacy of the resource to support educative goals. In each 

case, these will be measured against the burden of resourcing as a limiting factor associated 

with development.  

The depth of potential offered by narratives such as “My First 1000 Days” can be 

established via a combination of structural analysis of the resource against education goals 

associated with scientific literacy development and impact analysis pertaining to 

educational and health/science outcomes (Bay et al., 2016c). Analysis of the former indicates 

significant potential. Analysis of key aspects of the latter are provided in Part IV of this 

thesis and similarly promise significant potential.  

The role of ‘intermediaries’ who bridge the science/education divide (Bolstad and Bull, 2013) 

offer potential to facilitate the development of adaptable resourcing that teachers can use 

to meet the differing needs of student  (Bay and Vickers, 2016). This offers the potential to 

reduce the overall cost of resource development while maintaining quality. Further research 

and development is required to identify structural and evaluative strategies to enable 

broader access of reimaged resource evidence for use in schools.   
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Chapter 5. Facilitating transformative learning  

 

Preface 

To facilitate learning that is contextualised in exploration of a socio-scientific issue, 

teachers require time and resources to support their personal and professional 

understanding of the issue, and of appropriate pedagogical approaches. Alongside this, they 

must have access to relevant adaptable student learning resources. 

The pedagogical model that we developed at the outset of the Healthy Start to Life 

Education for Adolescents Project seeks to use collaborative narrative to support capability 

development within a transformative learning framework. Student learning experiences 

encourage exploration of personal and other perspectives, and reflection on the meaning of 

evidence from scientific, social and cultural perspectives.  

This chapter presents an analysis of the role of transformative learning in the HSLEAP 

model. It examines the potential offered by the learning and teaching resources used in the 

Pacific arm of HSLEAP from 2014-2015, to enable transformative learning for teachers 

and for students. This enables evidence that could inform the development of similar types 

of learning programmes within different or related contexts.  

The publications associated with this chapter are listed below. Limited extracts from the 

relevant learning resources are reproduced in Appendix 5A. Copies of all relevant 

publications are available on request.  

Bay, J.L., Mora H.A., Sloboda, D., Vickers M.H., 2016. Children Programmed for 

Obesity. Read Pacific Publishers Ltd, Auckland, New Zealand 

Bay, J.L., Mora, H.A., Tairea, K., Yaqona, D., Sloboda, D.M., Vickers, M.H., 2016. Te Maki 

Toto Vene (T2): E Manamanata no Toku Iti Tangata. Teacher resource. Read Pacific 

Publishers Ltd, Auckland. 

Bay, J.L., Yaqona, D., 2016. Ko Au e Toku Aorangi: Kai no te Oraanga Meitaki. Student Book. 

Cook Islands Edition. Read Pacific Publishers Ltd, Auckland. 

Bay, J.L., Yaqona, D., In Press. Me, Myself, My Environment: Me’akai. Student Book. 

Tongan Edition. Read Pacific Publishers Ltd, Auckland, New Zealand 
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5.1. Introduction  

The Healthy Start to Life Education for Adolescents Project (HSLEAP) is a multi-sectoral 

community-based participatory research (CBPR) project involving science, education, and 

health communities from New Zealand, the Cook Islands and Tonga. The Pacific Island 

arm of the project is known as the Pacific Science for Health Literacy Project (PSHLP). 

The project facilitates school-based learning that is contextualised in exploration of the 

noncommunicable disease (NCD) epidemic, a complex socio-scientific issue (SSI) of 

relevance to communities globally (Bay et al., 2016a). The aspect of the NCD crisis explored 

relates to evidence from the field of Developmental origins of Health and Disease 

(DOHaD) demonstrating associations between adverse environmental exposures in early 

life (even before birth), and later life NCD vulnerability. This highlights the potential for 

actions during adolescence to reduce later-life NCD risk for individuals and their potential 

future offspring (Hanson and Gluckman, 2014). Depending on the implementation strategy 

developed by each school, learning areas associated with the project may include science, 

health and physical education (HPE), English, and social sciences. The predominant 

learning area is science. 

The inequities that perpetuate adverse nutritional exposures and associated social, 

educational, health and economic outcomes in geographically isolated and/or economically 

disadvantaged communities are preserved by social, cultural, and political norms. Evidence 

from the sciences (including social and applied sciences), can contribute alongside cultural 

and social perspectives to challenge factors that perpetuate these inequities. To achieve this, 

communities contributing to or impacted by inequities, need to examine and consider the 

implications of evidence from divergent sources. Sense-making (Snowden, 2005) and 

transformative learning (Mezirow, 2011) are processes supportive of individuals and/or 

groups examining divergent perspectives relating to complex issues such as the NCD crisis, 

and potentially making decisions that may disrupt social norms that promote inequities.  

The contextual framing of learning in HSLEAP is supportive of both educative and health 

goals (Bay et al., 2016a). In promoting the development of capabilities associated with 

scientific literacy and critical citizenship through exploration of the NCD crisis, the 

programmes aim to provoke students to identify and take actions in their lives resultant of 

their learning (Bay et al., 2012a; Bay and Vickers, 2016).  
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The pedagogical model used in HSLEAP is informed by concepts associated with the 

development of scientific and health literacies via collaborative narrative, inclusive of 

application of transformative learning theory (Grace and Bay, 2011). Collaborative narrative 

is the deliberate bringing together of stories from differing perspectives to support learners 

to construct meaning of experiences (Lauritzen and Jaeger, 1997). The HSLEAP learning and 

teaching framework (Figure 5.1) illustrates the learning journey facilitated by teachers to 

enable students to explore personal and other perspectives relating to the issue, and develop 

capabilities supportive of evidence-based actions (Bay and Mora, 2014). To build and 

facilitate learning programmes of this genre, teachers need access to context-specific 

resources and professional learning and development (PLD). 

  

Figure 5.1   HSLEAP Learning and Teaching Framework 

 

5.1.1. Purpose 

To identify how resources support teachers to use the HSLEAP learning and teaching 

framework to facilitate the development of collaborative narratives that contribute to 

capability development, and facilitate opportunities for students to consider scientific, 

cultural and social perspectives in their analysis of issues pertaining to NCD risk.  
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5.1.2. Procedure  

Qualitative analysis was used to examine examples of HSLEAP resources and their use by 

teachers in the Cook Islands and Tonga (Bay et al., 2016d; Bay and Yaqona, 2016, In Press). 

Detailed methods of the overall study are described in Chapters 9 and 10. Contributing 

evidence for this analysis comes from teacher focus groups, observations of lessons, 

exemplars of student work, student focus groups and student surveys. Forty-five teachers 

were variably involved in teaching classes associated with the project over the period 2014-

2015 in the Cook Islands and Tonga. This evaluation is limited to a group of 18 science 

teachers who participated in focus groups and classroom observations. Extensive mixed-

methods analysis has examined cohort-wide outcomes for students (Chapters 8 – 10) but 

does not examine relationships between the learning resource design, the pedagogical 

model and learning experiences.    

The study was approved by the University of Auckland Human Participants Ethics 

Committee (Ref. 011207), the Cook Islands Research Committee (Ref. 05/14), and 

National Health Ethics and Research Committee of Tongan (Ref. 040614.2).  

5.2. Theoretical and conceptual background 

5.2.1. Context-embedded learning  

The contextualisation of learning in complex, open-ended and values-laden socio-scientific 

issues (SSIs) is widely identified as being beneficial for adolescent development. Often 

labelled as ‘future-focussed learning’, this is supportive of equipping adolescents with the 

capabilities required to engage in today’s world, and to continue to learn throughout life in 

order to engage in a future that cannot yet be determined (Hipkins et al., 2014; Perkins, 2014). 

Context-embedded learning is relevant to the development of actively engaged citizenship 

(Zaff et al., 2010) and key life-competencies (Rychen and Salganik, 2003), and encompasses 

learning that integrates knowledge, skills attitudes and values and encourages dispositions 

associated with acting on learning (Bay et al., 2016c). In science education, learning 

experiences contextualised in SSIs are known to be supportive of development of 

understanding of the nature of science (NOS) (Sadler, 2009; Sadler et al., 2004), 

argumentation skills (Venville and Dawson, 2010), substantive knowledge related to the SSI 

context, and general scientific content knowledge (Sadler et al., 2016; Yager et al., 2006; Zohar 
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and Nemet, 2002). Our work has demonstrated that education of this genre can facilitate 

students to act on learning beyond the classroom (Bay et al., 2012a).  

Complex open-ended issues such as the NCD crisis or climate change are values laden and 

cannot be dissociated from issues of equity and social justice. Therefore, education that 

contextualises learning in exploration of socio-scientific issues brings issues of social 

justice and values discussions into classrooms (Hipkins et al., 2014; Hodson, 2011). Learning 

of this type aims to enable students to engage in the use of scientific knowledge alongside 

knowledge from sociological and cultural perspectives, creating the potential for responses 

that reflect on issues of social justice. Experiences should allow learners to identify and 

reflect on their personal frame of reference regarding an issue, and examine and consider 

the perspectives of others before contemplating actions. When this process includes 

experiences that cause individuals and/or groups to identify and reflect on evidence that 

challenges status-quo thinking, it represents transformative learning (Mezirow, 2011). 

Aspects of transformative learning associated with the exploration of multiple perspectives 

have similarities to sense-making.  This is a social process involving exploration of 

divergent perspectives to enable understanding and inform decision-making relating to 

issues within complex adaptive systems (Snowden, 2005).  

Transformative learning also aligns well with talanoa, a communication medium common 

across Pacific cultures involving respectful sharing and listening (Halapua, 2008). Within 

talanoa, conversation, storytelling, and relating of experiences, aspirations and viewpoints 

facilitates participants to listen to and reflect upon differing perspectives (Vaioleti, 2006). 

Talanoa creates a safe environment in which critical discussion, reflection and the 

emergence of new or altered perceptions and informed decisions can emerge. 

5.2.2. Transformative Learning  

Learning is a process of growth and development resultant from experiences and reflection, 

and encompassing a broad array of capabilities (knowledge, attitudes, values and skills). 

Transformative learning describes a developmental journey involving critical reflection 

that leads to increased awareness of personal and other divergent perspectives, Figure 5.2. 

This can lead to changes in conceptions, points of view, habits of mind and deeply held 

beliefs (Mezirow, 2011). While developed to inform understanding of adult learning, there 

is inadequate evidence to claim that it is only applicable to adult learning (Schugurensky, 
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2002). The theory has expanded to inform adolescent learning in secondary school settings 

(Larson, 2017; Lawrence and Global, 2014; Taylor and Snyder, 2012; Williams, 2013).  

 

Figure 5.2  The process of transformative learning, derived from (Kroth and Cranton, 2014) 

By the time an individual reaches adolescence they have formed habits of mind and deeply 

entrenched beliefs and conceptions resultant of life experiences. These are strongly 

influenced by the proximal environment of family, peers, school, community and internet 

enabled techno-subsystems within the context of the wider social, economic, political and 

geographic environment (Bronfenbrenner, 2005; Johnson and Puplampu, 2008). Capability 

development during adolescence will inevitably involve situations that challenge these 

deeply held beliefs and conceptions.   

During adolescence, young people begin to establish a greater sense of self. They expand 

their being beyond the family unit, and potentially their community and culture, in 

preparation for the transition into adulthood (Kroth and Cranton, 2014). These characteristics 

may engender an openness to exploration of divergent frames of reference, particularly if 

learning experiences create opportunities for non-judgemental exploration, critical 

analysis, and reflection.  

In the school setting, education leaders, teachers and adolescents should all be engaged in 

learning that has the potential to be transformative. This is not always a comfortable journey 

as people may encounter cognitive dissonance. This occurs when learning presents 

evidence that contradicts deeply held understanding or beliefs (Jackson, 2008).  

Experiences creating a disorienting 
dilemma - (e.g. encountering 

evidence that is counter to deeply 
held conceptions or beliefs) 

Experiences that encourage the defining of 
and reflection upon existing frames of 

reference regarding the beliefs or 
conceptions that were questioned  

Opportunities to 
examine different and 
potentially divergent 
frames of reference 

 

Critical reflection leading to 
decisions that may involve engaging 

or incorporating different ways of 
thinking or acting into everyday life 

 

Opportunities for 
critical reflection 

and dialogue  
 

Imagining, considering or 
developing different 

options or ways of thinking 
 

Developing new 
capabilities to enable 

different options 
 

Testing out potentially 
different or amended 
frames of reference  
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5.2.3. Facilitating Transformative Learning via Collaborative Narrative  

To facilitate transformative learning embedded in exploration of a SSI, teachers need access 

to resources and professional learning and development (PLD) relevant to the SSI, and to 

the community in which the learning is taking place. Within HSLEAP PLD aims to support 

teachers to develop knowledge of the NCD epidemic and DOHaD science as well as 

knowledge of the available learning resources and exploration of the pedagogical model on 

which the programme is based. This knowledge is integrated into existing pedagogical 

content knowledge (PCK) to enable teachers to construct, implement and evaluate learning 

programmes suitable for the variable needs of students in their classrooms, Figure 5.3. This 

process of integration emphasises the topic specificity of PCK (Hashweh, 2013) and 

highlights the need for teachers to actively build individual and collective capabilities 

required to implement future-focussed learning (Hipkins et al., 2014). PLD may deliberately 

present evidence that is new and/or challenging to participants. This may be associated with 

the SSI, the community, and/or pedagogy and practice. Such events create opportunities 

for open and respectful listening and discussion and have been shown to nudge individuals 

and groups to question strongly held beliefs and firmly entrenched learning and teaching 

practices (Bay et al., 2016b). 

 
 

Figure 5.3  Model of pedagogical content knowledge, adapted from Hashweh (2013). 
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Teaching is more than having a good kit of activities (Loughran et al., 2012). However, 

without purpose-built resources that support capability development and SSI exploration, 

teachers will not be able to facilitate the type of learning that we have described. With 

purpose-built resources and contextual application of PCK within a supportive professional 

learning community, teachers can facilitate learning that examines SSIs. The HSLEAP 

learning resource are designed to support the creation of opportunities for students to 

engage with and explore age-appropriate NCD/DOHaD issues from a range of 

perspectives; build capabilities required to engage in this process of exploration; and 

engage in testing out and communicating ideas emerging from learning that may nudge 

behaviour change. Access to evidence, dialogue, space for reflection, and support for 

potential action is required, Figure 5.4.  

 

  

Figure 5.4  Factors supportive of context-embedded transformative learning 
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5.3. Findings and Discussion 

5.3.1. Identification of personal frames of reference 

Commonly held perspectives associate NCD susceptibility with a combination of 

individual behaviours during adulthood and genetic dispositions (Bay, 2015a; Bay et al., 

2015; Hanson, 2016; Koloto, 2013). This perpetuates reductionist thinking that assigns blame 

to individuals. Evidence from the DOHaD field challenges this perspective by 

demonstrating that nutritional and non-nutritional environmental exposures from early life 

interact with socio-ecological factors in childhood and later life to impact NCD risk (Hanson 

and Gluckman, 2014). A key aim of the HSLEAP programmes is to facilitate learning that 

enables adolescents to explore this evidence and identify why the commonly held belief of 

individual blame is inaccurate and damaging. To enable learning to disrupt this frame of 

reference, learners must have the opportunity to identify and reflect on their personal frame 

of reference regarding the issue. This establishes the opportunity to consider other 

perspectives and reflect on the meaning of evidence.  

NCD risk is a potentially sensitive issue to explore in classroom settings due to the 

possibility for personal experiences, including premature death of family members, to 

provoke strong emotions. Therefore, it is not recommended as an introductory focus in 

HSLEAP programmes. Rather, we recommend consideration of what it means to be healthy 

and well, and factors that contribute towards a sense of health and wellbeing, as an entry 

point for exploration of personal perceptions It is imperative that learning environments 

encourage participation by all and are non-judgemental, thus allowing students to explore 

and express personal perspectives. Analysis of an example of this from the Year 9 resources 

developed for use in the Cook Islands (Appendix 5A), and culturally adapted for use in 

Tongan and New Zealand schools shows that factors supporting exploration of personal 

perspectives in a non-judgemental manner include: 

• unpacking of technical language e.g. “Oraanga e Pitoenua or health and wellbeing 

is about all the things that contribute to making us healthy, happy and well”  

• connections to prior learning (health and wellbeing) 

• use of language that connects to cultural identity 

• the emphasis on personal perspectives, promoting the validity of all ideas  

• separation of descriptions and explanations; reducing the potential for the 

requirement for explanation to block the potential for participation  
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• the use of images representative of the local context; supporting contextualisation  

• use of small discussion groups, optimising the potential for participation. 

The asset-based salutogenic representation of health and wellbeing used within these 

resources reflects the definition given within the constitution of the World Health 

Organization (1948) (World Health Organization, 2017) and is strongly aligned to 

perspectives of health and wellbeing inclusive of spiritual wellbeing expressed in Pacific 

and Māori cultures (Cook Islands Ministry of Education, 2004; Durie, 1985). Identification and 

discussion of the place of culture, spirituality and the socio-ecological environment in 

health and wellbeing at this stage of the learning journey points strongly towards science 

being socially and culturally situated. The gradual engagement throughout the programme 

with concepts that encourage this thinking is designed to encourage the integration of 

scientific perspectives with social and cultural perspectives in decision-making. This 

reflects the development of scientific literacy (Vision II) as opposed to science literacy 

(Vision I) (Douglas and Rodger, 2014). Observations of classes and teacher feedback in focus 

groups indicated that this task enabled students to explore the concept of health and 

wellbeing and express their personal views.  

Teachers also need experiences where they can consider and reflect on perspectives on 

NCDs as a SSI. An early exercise within the PLD programme engaged teachers in using 

the ‘Think-Pair-Share’ strategy (Lyman, 1981) with a trusted colleague  to consider how 

NCDs are connected to their family story (Bay et al., 2016d). Differences in perspectives 

were recognised. Teachers who could identify with NCD experiences that affected their 

family or friends tended to reflect deeply about this. Where these teachers were willing to 

share their experiences with the group the discussion created opportunities to enable those 

who had expressed reservations around the extent of the issue an opportunity to hear a 

contrasting perspective. Many of the teachers who had personal experience of NCDs 

affecting their family became deeply engaged in developing their professional knowledge 

of the issue as the project evolved. Some used their family experiences to encourage 

personal experience to enter into the collective narrative evolving in the classroom.   

“Growing up in a family with a history of diabetes, many of the personal impacts of 

diabetes were familiar with me. This was my buy-in to the project. My family life gave me 

‘real-life’ experiences that I used to engage my students. We also had a staff member with 

diabetes who was willing to share his experiences - that was of great value. This knowledge 

of diabetes drove me to explore the issue further through PLD sessions as well as 
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professional readings. To help develop my understanding of the issue I sought information 

from the Ministry of Health who provided me with a wealth of knowledge on the current 

and historical state of diabetes and nutrition in the Cook Islands. The STEPS report was 

a great tool that gave me insight into the nutritional issues facing the Cook Islands 

people.” Senior teacher, Cook Islands 

5.3.2. Exploring differences in thinking  

To expose and potentially facilitate reconsideration of frames of reference it is essential 

that participants can identify that different frames of reference exist, and consider how and 

why these might differ from their perspectives. We analyse here processes and outcomes 

from learning resources used to facilitate examination of differences in thinking within the 

middle school programmes (Years 7-10) in the Cook Islands and Tonga. These offer 

opportunities for students to engage in research within a scientific framework while 

exploring differences in thinking (Appendix 5A). This supports curriculum-linked learning 

outcomes associated with development of understanding of the nature of scientific evidence 

and the process of scientific research. It also assists students to experience science as a 

human endeavour.  

These resources were developed in response to a workshop in which teachers indicated that 

most Year 11 students were challenged by requirements to develop and refine research 

questions. By engaging Year 8-9 students in learning that aims to develop capabilities 

associated with asking questions and undertaking research, the resources offered support 

for a key educational goal. Framed by the title “Think like a Researcher” the tasks facilitate 

students to create their own narrative about doing research ((Bay and Yaqona, 2016), page 

10 – 25, Appendix 5A). Experiences of this type support critical reflection within trusted 

learning relationships, facilitating the development of understanding and the potential for 

altered perceptions (Taylor, 2011). In this case, learning is assisting students to explore 

perceptions of what science is and how it is carried out, as well as beliefs about health and 

wellbeing.  

Students were presented with a question that was too large to answer, an issue identified 

by teachers as very common in work presented by Year 11 students. The question asked 

“Do people of different ages have similar or different ideas about what makes us happy, 

healthy and well?” The use of ‘us’ prompts students to identify that they must refine the 

question to sit within the frame of their context (e.g. school. family. community). Activities 
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support students to examine why this question is too broad and to design their own question. 

A series of differentiated worksheets provide variable scaffolding, designed to support all 

students to engage in the research task (Appendix 5A). 

A fictitious story is interwoven between the activities in which the students are designing 

and undertaking their research. In the story, a boy (Tama in the Cook Islands and Sione in 

Tonga) is undertaking research to identify whether shirts hanging on the line from the tail 

or the collar dry faster. Tama and Sione’s story provides scaffolding to support learning. It 

links to previous learning associated with the design of scientific research, supporting 

students to review and reconnect with these concepts. The story offers contextual 

explanation of technical terms such as hypothesis and variable, supporting access to 

knowledge required to engage in the inquiry.  

Some teachers could not see the point of the integration of the Tama/Sione story, suggesting 

that this should be removed as it distracted from the task. Others used the story to support 

development of understanding of components of the research process. Several teachers who 

had previously not used visual stimuli to aid learning strung clotheslines with shirts, and in 

one case relevant vocabulary, across their classrooms. A group of experienced teachers in 

Tonga who have not had the opportunity to study science at university identified that the 

story facilitated discussions between teachers about their understanding of research 

methods. In some cases, the story had assisted teachers to recognise misconceptions 

regarding the nature of an hypothesis that they believed they had been passing on to 

students. The teachers raised these questions in a PLD workshop, facilitating discussion 

that prompted change in understanding that they then applied in their practice. 

The provision of differentiated learning resources created variable outcomes which were 

broadly associated with differences in teaching experience. Senior teachers with deep and 

broad PCK, including strong content knowledge, teaching practice knowledge and 

knowledge of the community in which the school was set, found that the differentiated 

learning resources encouraged collaborative learning, and through this engagement in 

discourse about learning.  

“The teaching resources had differentiated activities as well as both hands-on and 

theoretical activities set in an ‘Inquiry Learning’ model.  To utilise the potential of these 

resources, I had to find the best activities to suit the needs of my students.  To achieve this 

I used data such as literacy assessment data. This gave me evidence of the literacy levels 

of each student and allowed me to provide each student with suitably pitched activities. 
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This gave rise to the question, “Do I let the students work individually or in groups? And 

if in groups would they be mixed or similar ability groups?” As a teacher, this left me with 

a ‘wonderful dilemma’ because despite having to make all these decisions, I was confident 

that my choices were evidence based!  While there was no ‘one size fits all’ scenario, the 

strategy I used most often was differentiated activities within a mixed ability group.  This 

strategy created a lot of interest among the students as to what the others were doing.  

Without needing specific instruction, the students began working together to help work 

through each other’s activities. This gave students a sense of being a part of a solution, 

especially the lower ability students.” Senior teacher, Cook Islands 

 

Some early-career teachers identified that while they understood differentiation 

conceptually, they were tentative about what differentiated learning might look like in a 

classroom setting. Teachers in this category reflected that the provision of resources 

enabled them to visualise and trial differentiation.  

Other early-career teachers chose not to engage in the use of the resources, either as whole 

class or differentiated exercises, stating that this would be too time consuming. It was 

noticeable that in these classrooms students had difficulty in defining a manageable 

research question, affecting the quality of student outputs.  The most common problem 

identified the questions put forward in these classes was associated with the selection of 

independent variables that enabled comparisons between two groups.  

Discussion within the PLC created opportunities for early-career teachers to hear the stories 

of other teachers who were using differentiation. In schools where integrated learning 

approaches were being used this was particularly effective as teachers who taught the same 

class in a different subject area could share their experiences. These discussions prompted 

questions for some novice teachers about why the experienced teachers could successfully 

use differentiation with a class in which they believed students would not cope with such 

activities. In asking these questions, teachers were demonstrating critical reflection.      

A group of experienced teachers in Tonga, who described their usual practice as not 

involving open-ended learner centred activities, selected from the differentiated activities 

to create learning episodes that accounted for this lack of prior experience. Recognising the 

complexities associated with student-centred open-ended learning they decided to work 

with their classes to define one question, and then allowed each group to undertake their 

research. This collective planning demonstrated application of multiple aspects of PCK 
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alongside a very high level of self-awareness of personal teaching practice. The teachers 

reported very positive experiences of group work in their classrooms. Observation of 

student responses and analysis of student outputs indicates that these students were 

engaging in open-ended learning. Their written outputs reflected less depth of analysis 

compared to those from classes taught by experienced teachers for whom open-ended 

learner centred activities were the norm. However, the students were able to analyse and 

discuss their findings when questioned.  Observation and teacher reporting of ongoing use 

of this style of learning indicates that the resources allowed teachers to test out an 

alternative frame of reference, which to varying degrees they have integrated into their 

normal practice over a period of two years (La'akulu, 2016).   

5.3.3. Disrupting thinking 

A core element of transformative learning is the concept that exposure to disorienting ideas, 

experiences or evidence can promote the potential for consideration of alternative 

perspectives (Mezirow, 2011). Increasingly alarming evidence of the extent of the NCD 

crisis in the Pacific (Hawley and McGarvey, 2015) has promoted significant efforts from 

governments to engage communities in awareness and actions (Cook Islands Ministry of 

Health, 2015; Tonga Health Promotion Foundation, 2016). However, many of these efforts are 

relatively recent, evolving during the period of the PSHLP project. A relatively high level 

of denial was expressed amongst teachers in the early stages of professional development 

regarding the extent of the NCD issue. Thus, we consider the presentation of evidence of 

the NCD epidemic in Pacific nations to represent a disorienting dilemma for some teachers, 

as well as for students. Evidence suggests that the NCD epidemic in the Pacific is a crisis 

(Hawley and McGarvey, 2015), making transformative learning approaches highly 

appropriate (Sharpe, 2016). 

Learning resources designed to expose students to evidence associated with NCD risk were 

presented to Year 8-9 students in the context of narratives exploring the work of scientists 

within their communities (e.g. Bay and Yaqona 2016, p 30-39). These included reimaged 

data for students to examine and interpret. For Year 11 students, evidence was presented in 

the form of reimaged data exploring incidence and risk factors locally and internationally 

(Bay et al 2016d, p 64-83). Teachers were provided with workshop experiences, adult 

learning resources and original research reports to support development of their 

understanding of the extent of the issue.  
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As with the previous learning resources, these were all designed to support core curriculum 

goals as well as engage students in the SSI context. The narratives developed for the Year 

8-9 students support the notion that scientific research is a human enterprise conducted by 

real members of the community and relevant to issues of concern to the community. Used 

alongside experiences of meeting scientists within the narratives, we observed that learning 

of this nature challenged perceptions about scientists, e.g.  

“We thought scientists are people in white coats and glasses but they are just ordinary 

people…they are just the same person I’ve always walked past.”   

 Year 9 Student, Cook Islands 

 

The process of data analysis and reflection supported by the Year 11 resources disrupted 

the frame of reference commonly held by these students, e.g. 

 “I was really surprised by how many people there are suffering from diabetes and obesity 

because it does not seem like much to us. But, when we saw the data it was a lot which 

was really surprising. I am glad we did the topic because now we know and now we can 

try and make a difference.” Student, Year 11, Cook Islands 

 

Students used their newly acquired knowledge to support discussion within families that 

challenged the predominantly held viewpoint, e.g.   

“My family didn’t believe when I said that we were number one [for obesity] because I 

think my Dad still believes that Cook Islanders are still all fit. So you have to show them 

the data. They were surprised because they did not know about this because back in their 

time there were no problems with weight. After like I explained this to them they too agreed 

because one of my parents said they saw one of their friends from when they kids already 

has diabetes - and so we were like talking about how it is real and that we all need to 

change and eat more veges and do more exercise. So we have been talking about that quite 

a lot in our house and we are eating more vegetables for our dinners.”   

 Student, Year 11, Cook Islands 

 

For some students, the experience of examining the data created uneasiness. It is important 

that teachers reflect on the potential for exploration of evidence of this nature to be 

frightening to adolescents and ensure that they are given appropriate support e.g.  
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“We were given handouts and were reading through it and first it started with how many 

people in the Cook Islands had diabetes and from there with the reading and talking we 

just found out that us the younger generation are at risk of getting diabetes. I am actually 

scared about that.” Student, Year 11, Cook Islands 

 

The resources associated with disrupting thinking for Year 8/9 and Year 11 contained 

differentiation strategies. Literacy demand variability was provided to enable task 

differentiation. Teachers were encouraged to engage student pairs in taking responsibility 

for exploring one aspect of the evidence, and sharing their findings within a larger group. 

This represents students contributing to collaborative narrative about the issue. As with the 

earlier resources, novice teachers and teachers with less experience of learner-centred 

practice tended not to use the resources in this way. In some cases, this created issues of 

excessive work being presented to students, and teachers stating that allowing students to 

explore the evidence takes too much time.  These observations have highlighted areas that 

require further attention via PLD.   

5.3.4. Developing conceptual understanding 

The development of understanding of relevant content knowledge is required to enable 

application of scientific perspectives to critical evaluation and decision-making related to 

socio-scientific issues (Hodson, 2011). Conceptual understanding is greater than the 

collection of knowledge of facts (Konicek-Moran and Keeley, 2015), reflecting the ability to 

integrate knowledge of and about concepts to describe, explain and analyse phenomena. 

The inclusion of resources supporting the development of relevant contextual 

understanding is intentionally placed after learning that facilitated engagement with the 

issue and before the introduction of DOHaD related scientific evidence. For example, 

having defined personal perceptions of diabetes and its impacts and explored evidence of 

the prevalence of diabetes locally, regionally and globally, the Year 11 programme enters 

a phase of conceptual understanding development. This recognises that without 

understanding of what diabetes is and how it impacts physiological systems, students 

cannot engage in effective exploration of evidence associated with socio-ecological and 

biological determinants related to the diabetes epidemic (Bay and Mora, 2016, p 95-111). 

Analysis of student outputs demonstrated the use of content knowledge in the development 

of evidence-based discussions.  
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5.3.5. Science narratives: Introducing alternative frames of reference 

All people lead storied lives. The use of narratives to engage youth in exploration of data 

that may present alternative perspectives is underpinned by evidence of the efficacy of 

narrative-based learning in science communication and education (Dahlstrom, 2014; 

Hadzigeorgiou, 2016; Lauritzen and Jaeger, 1997; Solomon, 2002). Furthermore, narrative 

pedagogies create power-sharing opportunities in classrooms through committed, 

connected participatory relationships known to be supportive of students from indigenous 

cultures (Bishop and Glynn, 2003). The nature of the narratives used in HSLEAP  to explore 

scientific evidence has been described via an exemplar analysis in Chapter 4.  

Quantitative survey data demonstrated that participation in the learning experiences 

increased awareness of associations between early-life nutritional exposures and later-life 

NCD risk. Evidence from focus groups indicates that the narratives supported change in 

understanding; and that students valued the access to data provided, and discussed the 

evidence presented in the narratives with their families. This sharing with family indicates 

that the students developed the collaborative narrative about NCDs beyond the classroom.  

 

“The data made it interesting. It was new data, information on NCDs that we did not 

previously have access to.”  Year 11 Student, Cook Islands 

 

“I learned that the food that the pregnant mothers eat can be part of the cause of diabetes. 

I talked to my mum about that. She was kind of shocked at first and so I started explaining 

it to her and she started understanding.” Year 9 Student, Cook Islands 

 

“The benefit of this [the narrative] is it was really good for learning. We learnt and we can 

learn how to teach other people or to make other people aware of what is going on 

it a cycle - you can talk to your family. Like we were teaching our family and they were 

surprised because they did not know about it.” Year 11 student, Cook Islands 

 

A common theme arising to questions asking students about improvements that could be 

made to the programme related to increasing access to evidence via stories. This suggests 

that the students appreciated this method of learning.  
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“We need to make everyone else aware of this epidemic. Not just us, but also the primary 

[students]. Have some little books and stories for them as well”  

Year 11 student, Cook Islands.  

 

“The student book, could we have more detail of the rat models and those stories. That 

would make it easier to understand. Because I understood that you could not make a 

human to do that - so you need the rats to make the model - but yeah we need lots more 

around that because it is interesting and we wanted to know more”.  

Year 11 Student, Cook Islands 

 

Further discussion with Year 11 students around this issue identified that they had seen, 

and requested to use the teacher resources because they felt that the level of detail provided 

for teachers gave them greater potential to understand the issues. This was a small (~ 15 

students) Year 11 class in one school. In another school where the Year 11 class was larger, 

students had become aware of Professor David Barker’s book exploring DOHaD evidence 

(Barker, 2008) and had requested access to this because they wanted to find out more.  These 

examples of responses from Year 11 students suggest a high level of engagement with the 

SSI and the evidence. They also indicate that students in this context (Cook Islands) 

responded well to the narrative genre.  

Evidence from teachers indicates that the sharing of stories about NCDs and DOHaD 

occurred between peers as well as in the families.  

“The power of storytelling was clearly evident in the school. Through the sharing of stories 

amongst the students a lot of interest has been created. Students are coming into the 

classroom with either some form of prior knowledge or questions about the work which is 

great! The stories were not only circulating among the students. Staff were beginning to 

ask questions about the modules as well. These discussions initiated the journey of cross-

curricula teaching and assessment using the context of the modules.  This led to the Year 

11 study of the issue of type 2 diabetes in Science being used in English for formal writing 

as well oral presentation.  This has helped reduce the teaching time in English but more 

importantly students are using issues in their study of English that they are very familiar 

with.  Once we have the required staff capacity this will be extended to Social Studies 

where students will be studying a Social Issue.” Senior teacher, Cook Islands   
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Initial PLD workshops indicated that while almost all teachers used anecdotes and 

exemplary stories in their teaching and encouraged students to bring their experiential 

stories into learning, very few science teachers had previously used narratives such as those 

presented in “My First 100 Days”. Patterns associated with experience of learner-centred 

classroom emerged in reflections on the use of resources of this kind. While senior teachers 

reflected on literacy across the curriculum strategies that they employed in using these 

resources, less experienced teachers and teachers for whom substantive content was a key 

driver in learning were less enthusiastic about using the narratives.  

“It was important that literacy strategies were used. One such approach to enhance 

reading for deep understanding is ‘shared reading’ which involves reading with and 

talking with students. This strategy allows the teacher to model and think aloud about 

adopting literacy strategies during the reading.  While the teacher is reading, the students 

are following the teachers reading with their text.  When the teacher pauses to discuss the 

text, ask questions and make predictions, the students listen, respond, question and learn 

how a strategic reader processes information.  One of the main benefits of this strategy is 

that students often get the feel of the important aspects of the reading through the tone of 

the teacher’s voice.  This instigates critical thinking. It is important to provide students 

with opportunities to discuss and explore the issue being read.”  

 Senior Teacher, Cook Islands 

 

An experienced teacher in Tonga used role-play extensively to support students to explore 

the narratives. She then used role-play to enable students to envision different ways of 

approaching thinking about food choices in their families. Less experienced teachers 

commonly reflected problems associated with inadequate time for learning and the 

importance of getting through content in the syllabus. These teachers believed that the use 

of narratives was too time intensive.  

5.3.6. Nudging: From decision making to sustainable actions 

HSLEAP aims to support capability development that facilitates participants to act on 

learning, and nudges small sustainable behaviour changes that are supportive of long-term 

and intergenerational advancement of health and wellbeing. We emphasise small and 

sustainable, as sudden large behaviour changes are usually unsustainable and are known to 

be potentially dangerous (Todd et al., 2015).  
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Survey data from the Cook Islands cohort shows changes in behaviour associated with junk 

food consumption, (Chapter 9). Focus group discussions indicate that students who are 

initiating change relate this to the evidence they have been exploring, and understand that 

there are challenges associated personal choices when changing nutritional practices.  

I have started cutting down on meat and I have started eating the right food at the right 

time. Also changed some of the eating rules in our house. For breakfast my little niece and 

nephews used to have chocolates and fizzy drinks, and then now, ever since I started on 

the survey [research task] I have thought about it and I have actually told my mum there 

are fruits, there is cereal and there is toast. Before we used to have Nutella chocolate and 

now that’s changed to Vegemite.” Year 9, Cook Islands 

 

Food is a big risk factor for diabetes - what we eat now as well as what our mum could 

have when we were in the womb with her - that affects the risk of the baby. So it is 

important for us to eat healthy food now and exercise but that is not easy. Eating is hard 

because we have learnt to love junk food. It is hard to get away from something you have 

learnt, the fast food is hard to change. I tried eating more fruits but I still want to eat the 

meat and you try not eating the fast food but you want it; you want the fruit - but the fast 

food is there and that makes it hard.  Year 11, Cook Islands  

 

Overall, the evidence suggests that transformative learning has been enabled for some 

students. Phenomenological case study analysis of differences between students for whom 

learning has and has not nudged actions outside the classroom would be valuable.  

5.3.7. Change in teaching practice 

Evidence suggests that for some teachers, processes associated with transformative 

learning have been activated with respect to pedagogy and practice. Resources provided to 

facilitate exploration of the SSI were used differently by experienced and novice teachers. 

Teachers from across this spectrum reflected on the value of learning resources providing 

them with examples of different strategies. Some novice teachers reflected that they felt 

that seeing experienced teachers in action using the types of strategies that were being 

explored in PLD would be valuable. Discussions within the clusters in response to these 

reflections led to the development of short videos where teachers explain the strategies,  

using footage from classes and short interviews with students to support understanding e.g. 

(La'akulu, 2016). Investigation into the use of these narrative-based videos in supporting 
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teachers to engage in collaborative narrative about learning and explore the potential for 

change would be valuable.      

Evidence of teachers developing and visualising ongoing use and development of the 

project is indicative of a frame of reference that is inclusive of future-focused learning. 

Where this was not previously occurring, this suggests that the PLD created the opportunity 

for new thinking to become embedded in core practice. Examples of the types of actions 

that have been observed include: 

• development of learning modules based on concepts of context-embedded SSI 

exploration outside of the project context (e.g. sustainable water use) 

• development of complementary learning modules building on the learning within 

the project (e.g. Case Study 1.1) 

• development of integrated learning opportunities (e.g. cross-curricula 

collaborations) 

• integration of evidence presented within the project in wider aspects of school life 

such as food festivals, fundraising events, action associated with school tuck shop 

foods, catering used in workshops, staff and parent meetings 

• increased integration of participation in health promotion activities in the 

community into learning 

• engaging teachers from schools outside of the project in development of the 

potential for integration of the project in their schools 

• planning to continue to formally evaluate the project from both education and health 

perspectives beyond the initial period of the pilot 

These examples of actions by teachers are supportive of long-term sustainability of the 

project and represent the integration of new thinking into practice.  

5.4. Conclusions 

The HSLEAP programmes promote the use of collaborative narrative in facilitating 

personal and professional development for adolescents and their teachers. Humans are 

storied people who learn from the past, live in the present and visualise the future through 

stories. Families, schools and communities all possess collaborative narratives built over 

generations that influence who they are and the journey that they are on. To learn from the 

journeys of others, people need access to opportunities to explore those journeys and reflect 

on their meaning. We have shown that when teachers can access stories about SSIs, and 
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possess the professional capabilities required to use these, stories may facilitate 

transformative learning experiences.  

Transformative learning reflects a learner-centred model within a constructivist framework 

(Ultanir, 2012) within which dialogue and reflection are considered pivotal in influencing 

outcomes (Sharpe, 2016). Narrative-based transformative learning also aligns well with the 

talanoa communication model common across many Pacific cultures. The teachers in the 

clusters include locals and expatriates. The size of the cluster is not large enough to 

determine whether being of Pacific cultural heritage influenced responses to narrative-

based transformative learning models. However, the PLD model has promoted significant 

changes in practice amongst teachers of Pacific cultural heritage within the clusters, 

including those for whom learner-centred practice was not the norm.   

Teachers cannot facilitate learning that explores stories from science and the community 

relating to SSIs if they do not have access to narrative-based resources. We have identified 

that resources provided within HSLEAP offered opportunities for teachers and PLD leaders 

to facilitate transformative learning experiences. However, we have also identified that 

teacher experience is a key factor in enabling effective use of narrative-based learning. 

Therefore, careful attention to the needs of early career teachers and teachers whose usual 

practice is not aligned to a learner-centred constructivist approach is required.  

If I have a kete (basket) of coconuts but no knowledge or tools with which to open the 

coconuts, the nutritional goodness contained within the coconut will remain locked inside. 

Future research should examine in-depth the experience of a range of teachers engaging in 

context-embedded learning exploring SSIs to better understand how teacher experience 

impacts learning, and how effective resourcing can support teaching.   
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Chapter 6. Questioning in Tongan Science classrooms: A pilot 

study to identify current practice, barriers and 

facilitators 

 

Preface 

This case study, published in the Asia Pacific Forum on Science Learning and Teaching, 

examines how the use of participatory action research supported teachers in Tonga to 

define, challenge and amend their frame of reference with regard to the use of questions in 

science classrooms. The altered approaches to learning and teaching strategy that emerged 

are described in videos the teachers produced as professional development resources 

supportive of communication of the impact of the changes they have made within their 

schools and the wider education community in Tonga. Two examples of these video-based 

resources can be viewed on the PSHLP website where the story of this research is presented 

by members of the professional learning community (PLC). The creation of this web page 

represents a ‘story’ designed by the PLC to support the development of collaborative 

narrative with teachers beyond the PLC. Thus. this professional learning community used 

the process of creating their own narrative to in turn create a resource (story) that they could 

use with other teachers in the formation of future collaborative narratives. By using video 

to create the story they have embedded their interpretation of the story into the resource. 

Thus, the challenge of interpretation by the storyteller is overcome to an extent. Ideally the 

narrators need to be able to engage in discussion with any new groups of teachers wanting 

to embark on a professional development journey based on this work.  

www.lenscience.auckland.ac.nz/en/about/partnership-programmes/pacific-science-for-health-

literacy-project/asking-questions-in-a-tongan-science-classroom.html  

 

Bay J.L, Fehoko. F., La’akulu M, Leota O, Pulotu L, Tu’ipoloto S, Tutoe S, Tovo O, 

Veikoso A, Pouvalu E.H. (2016). Questioning in Tongan science classrooms: A pilot study 

to identify current practice, barriers and facilitators. Asia-Pacific Forum on Science 

Learning and Teaching, 17 (2, 10). www.ied.edu.hk/apfslt/v17_issue2/bay/index.htm#con     

  

http://www.lenscience.auckland.ac.nz/en/about/partnership-programmes/pacific-science-for-health-literacy-project/asking-questions-in-a-tongan-science-classroom.html
http://www.lenscience.auckland.ac.nz/en/about/partnership-programmes/pacific-science-for-health-literacy-project/asking-questions-in-a-tongan-science-classroom.html
http://www.ied.edu.hk/apfslt/v17_issue2/bay/index.htm#con
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6.1. Introduction  

6.1.1. The role of questioning in the development of scientific literacy  

Scientific literacy is identified internationally as a core objective within 21st century school 

science education (Douglas and Rodger, 2014; Millar, 2008). Definitions of scientific literacy 

are variable but all relate to the development of capabilities (knowledge, skills, attitudes, 

and values) that enable the use scientific knowledge and understanding in decision-making 

at personal, community, and societal levels (Bybee, 1997; Laugksch, 2000; Millar and Osborne, 

1998; OECD, 2013). The scientific literacy approach to science curricula arose initially from 

the need to address the purpose of science education in schools (Douglas and Rodger, 2014). 

Twentieth century science education was dominated by content-laden curricula. These 

were designed to train future scientists, and usually delivered using decontextualized 

didactic approaches (Osborne, 2007). Increasingly complex interactions between science 

and society in the latter half of the twentieth century demanded review of these approaches. 

Science education that supported the development of critical consumers of science as well 

as potential future scientists was required (Bull, 2011; Osborne, 2007). Thus, the past 20 years 

has seen a gradual shift towards science education that promotes the development of 

knowledge, skills, attitudes, and values required to engage with and use scientific evidence. 

When embedded in a contextual approach this contributes to the cross-curricular task of 

development of critical, informed citizenship; a process enabling adolescents to engage 

with and act upon evidence relating to complex, open-ended, future-focused issues (Hipkins 

et al., 2014). Such issues are associated with complex interactions between science, 

technology, health, the environment, economics, culture, and sociology. Thus, while the 

focus of this paper is on the role of questioning in the development of scientific literacy 

(including interactions between science and society), we note that in science classrooms 

exploration of such issues should be inextricably linked to the development of contributing 

capabilities such as health and environmental literacies (Grace and Bay, 2011; Zeyer, 2014). 

Furthermore, exploration of multiple perspectives should evolve within the learning 

experiences. This enables students to explore and value diverse perspectives that include 

science (Kahn and Zeidler, 2016). 

Development of scientific literacy requires critical thinking. This is associated with 

dispositions that encourage inquiry alongside questioning linked to observation, evidence-

seeking, analysis, and examination of uncertainty, debate, and justification of 
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decisions/positions/arguments. To cultivate critical thinking, learning environments should 

encourage students to ask questions, think about their thought processes, and develop habits 

of mind that enable them to transfer critical thinking skills from the classroom to life 

situations (Molnar et al., 2011). Therefore, questioning is an essential component of learning 

environments that promote development of scientific literacy and contribute towards life-

long critical informed citizenship. 

6.1.2. Questioning in Tongan Science Classrooms 

The Pacific Science for Health Literacy Project (PSHLP) is a multi-sectoral partnership 

involving education, health, and science communities in Tonga, the Cook Islands, and New 

Zealand (NZ). The project supports the development of capabilities required for 

adolescents to explore and take actions relating to the non-communicable disease (NCD) 

epidemic, a complex, open-ended issue of significance in Pacific Island communities (Bay 

and MacIntyre, 2013). Health literacy is identified as a core capability alongside scientific 

literacy required to enable students to negotiate health-related SSIs (Bay et al., 2016a). 

Health literacy is associated with application of knowledge, skills and self-efficacy 

enabling evidence-based decision-making and actions related to health and wellbeing 

(Nutbeam, 2000). As with scientific literacy, this is applied at the level of personal, 

community, or societal decision-making and is considered critical to empowerment 

(Nutbeam, 2000; Nutbeam, 2008). Therefore, in the context of the PSHLP project and this 

study strategies to support the development of health literacy and scientific literacy are 

examined simultaneously within PLD.  

Practicing teacher capability development is a key component of PSHLP. This supports 

teachers to make evidence-based decisions related to learning and teaching that facilitate 

improved development and application of scientific and health literacies within the 

adolescent population. Learning resources contextualized in aspects of the NCD epidemic 

have been co-constructed by the project team. Narratives supporting students to explore 

research evidence are central to the pedagogy on which these resources are based (Bay et 

al., 2012c; Grace and Bay, 2011). Through these stories, students explore factors contributing 

to the NCD epidemic, develop relevant knowledge and understanding (conceptual, process 

and epistemic), examine scientific and health data (reimaged to suit the age of the students), 

and construct evidence-based arguments for actions that they could undertake to support 

NCD risk reduction in their families and school communities.   
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During professional learning and development (PLD) workshops examining interactions 

between and the development of scientific and health literacies, teachers within the PSHLP 

Tonga team identified a dilemma with regard to the importance of questioning as a 

capability required for the development and application of scientific literacy. The teachers 

proposed that questioning, debate and argumentation were not actively encouraged in 

classrooms within the team, nor in many Tongan families. While the teachers agreed that 

the development of critical thinking was a stated aim promoted in schools participating in 

the project, they felt that in practice, a combination of traditional teacher-centred 

classrooms and cultural factors meant that minimal questioning occurred. The teachers 

proposed that it was very difficult to support students to use scientific and health evidence 

in decision making if students had little experience of questioning and argumentation at 

school or at home. This hypothesis sits well with established literature examining the 

importance of argumentation in science, and thus in science education (Chin and Osborne, 

2010; Lawson, 2003). 

This dilemma is not unique to Tonga. Addressing respectful silence in learning within 

Pacific cultures is well documented (Chu et al., 2013; Lee Hang and Bell, 2015). In Tongan 

culture, faka’apa’apa (to be respectful, humble and considerate) is an important quality 

(Vaioleti, 2006). Traditionally, questioning and asking questions is not seen as a process 

supportive of development of knowledge, clarification, or understanding. Rather it is seen 

as questioning the authority of the elders, being parents, teachers and all those that are 

supposed to 'know' and are expected to tell others what to do, or give instructions. While 

indigenous knowledge and culture is often incorrectly perceived by western-dominated 

thinking as being timeless, this is not the case (Quanchi, 2004). In Tonga there is a gradual 

drift from the traditional position on questioning to one that finds questioning acceptable, 

depending on who is asking the question and for what purpose the answer is going to be 

used. This is particularly evident in younger generations with acceptance from some that 

the one who is questioned is expected to 'know' (therefore is being respected) and is ready 

to share information for learning. Therefore if the question is not challenging the authority 

of traditional thinking, but is asking for clarification or elaboration, and the respondent is 

prepared to engage, questioning may occur. 

The PSHLP teachers proposed testing of two hypotheses to establish understanding of their 

current practice with regard to questioning in science classrooms and enable a baseline 

from which action research could be developed and evaluated. 
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1. That issues associated with questioning and respect in Tongan culture limit 

opportunities for questioning and discussion in classrooms, impacting potential for 

students to develop critical thinking capabilities required for development and 

application of scientific and health literacies.  

2. That while open questions were supportive of development of capabilities 

associated with critical thinking and scientific inquiry, where questions were used 

by teachers in science classrooms in Tonga, these tended to be closed questions.  

The testing of these hypotheses via participatory action research placed the PSHLP teachers 

in the role of teacher-researchers (TRs) within this study. They identified this as an 

important aspect of their professional development within the PSHLP intervention, 

growing their capacity to support the development of scientific and health literacy in 

adolescents via learning contextualized in exploration of the NCD epidemic.  

 

6.2. Purpose 

To develop a peer-to-peer protocol enabling teacher-researchers to characterize current 

teacher-led questioning practice and identify barriers and facilitators to the use of 

questioning in Tongan science classrooms. By utilizing an action-research approach, the 

study encourages teachers to engage in an ongoing ‘Teaching as Inquiry’ cycle (Ministry of 

Education, 2007; Weinbaum, 2004).  

 

6.3. Methods 

6.3.1. Study Design: Talanoa-based participatory action research 

Within PSHLP-Tonga, methodologies grounded in Tongan thought and culture are 

purposefully used to ensure that study methods are centred within a Tongan epistemology. 

The study used a talanoa-based qualitative participatory action research (PAR) 

methodology. Talanoa is a communication medium shared amongst Pacific cultures. It is a 

process of conversation, storytelling, relating of experiences, aspirations and views and 

listening to different voices within respectful relationships (Halapua, 2008; Vaioleti, 2006). 

Talanoa allows authentic ideas to be expressed which may lead to “critical discussions or 
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knowledge creation that allows rich contextual and inter-related information to surface as 

co-constructed stories” (Vaioleti, 2006).  

The PSHLP professional development workshops within which the dilemma relating to 

questioning in Tongan science classrooms arose were also based on concepts of talanoa, 

emphasizing the importance of voices being heard, and most importantly listening 

purposefully. The depth to which listening occurs is central to talanoa, and from this 

emerges communication and dialogue where respect and attention is given to all participant 

voices (Halapua, 2008). Through talanoa, a safe space is created for dynamic processes 

supporting critique, from which can emerge evidence-based actions that are appropriate for 

the social and cultural context. In the case of our talanoa pertaining to scientific and health 

literacy development, through a process of sharing and listening, reflections emerged that 

developed into a question, from which the action research reported in this paper has arisen.  

A summary of the action-research process is presented in Figure 6.1. Details of the setting 

and each component of the methods are described in the paragraphs that follow.  The 

PSHLP study was approved by the University of Auckland Human Ethics Committee (Ref. 

011207), the Tonga National Health Ethics Research Committee (Ref. 040614.2). The 

study was approved by the Director of Education, Tonga Ministry of Education and 

Training. 

  

6.3.2. Setting and Participants 

Tonga is a middle-income Pacific Island nation, with a population of just over 100,000, 

56% of whom are less than 15 years of age. Approximately 73% of the population reside 

on the main island of Tongatapu (Tonga Department of Statistics, 2011). The study team 

consisted of 16 practicing science teachers and one deputy principal from three government 

schools on the island of Tongatapu, and the project leader. Two of the schools conduct 

lessons in English, supplemented by Tongan, and one uses Tongan exclusively. Teacher-

researchers were strongly supported by the principals of each school. The teacher-

researchers all teach science in Forms 1 – 2/Years 7-8, where students are 11 to 13 years-

old. Most also teach science through to Form 5/Year 11. Other than one, the deputy 

principal and principals supporting the team were not science teachers. Their role was in 

linking the project to learning and teaching practice PLD in participating schools, ensuring 

the teachers felt confident that they could try new ideas within the project. The majority of 
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teacher-researchers have a diploma in teaching but have not had the opportunity to 

undertake university level study in science. This is typical of form 1 – 5 science teachers in 

Tonga where only 3% of the population have a tertiary qualification (Tonga Department of 

Statistics, 2011). The research was the first experience of action research for the teacher-

researchers, but not the principals. Teacher-researchers recorded their written intentions, 

observations and reflections in English. Discussions occurred in both Tongan and English 

throughout the research process. The project was overseen by the CEO of Education. This 

leadership gave permission for teachers and schools to openly explore their practice.  

 

6.3.3. Data Collection 

Peer-to-Peer (teacher-to-teacher) observation was used to gather data on typical teaching 

practice with  eight of the sixteen teacher-researchers in the project group participating in 

data gathering as teachers and eight as observers. This process is described in Figure 6.1. 

All teacher-researchers were familiar with classroom observation by a principal or deputy 

principal for appraisal, but peer-to-peer observation was novel. Participating teachers 

identified a science lesson with a Form 1 or 2 class in which they intended to undertake 

active questioning with the class-group. Learning intentions were exchanged with a trusted 

peer who was invited to observe the questioning episode within the lesson and record 

observations using a standardised observation record sheet. The observer categorized 

questions used by the teacher as open or closed, recorded the number of students offering 

to respond to each question, and the number of student questions arising from each teacher 

question. Student responses and questions were not recorded. Following the teaching 

episode reflections were recorded by both the teacher and observer independently, prior to 

meeting to exchange and discuss reflections. Following this meeting final reflections were 

recorded and development goals set. 
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Defining the 

Research Question  

The research question emerged within PSHLP teacher PLD examining scientific and 

health literacies, and their relevance to science education in Tonga. Consensus was 

sought from the Ministry of Education and Training (MET), participating schools and 

teachers to investigate the use of questions by teachers within the PSHLP-Tonga study 

group via teacher observation, an approved research method in the PSHLP project. 

Co-construction of 

the study protocol 

Workshop A (3 hours): The Study Design Workshop explored concepts associated with 

types of questions, use of questions in classrooms, and research methods. A protocol 

based on the approved teacher-observation protocol was co-constructed. This involved 

formation of trusted-peer partnerships within the teacher-researcher team; invited 

observation of a teaching episode; data analysis and interpretation via collaborative 

workshop. The protocol was confirmed by MET & participating schools. 

Data Collection 

 

Classroom observations with a trusted peer. 

Teacher-researchers (TRs) self-selected into pairs. Within pairs, one member elected 

to teach and the other to observe. TR pairs agreed on a time and context for the 

observation focusing on the use of questions by the teacher in a 10-20 minute episode 

within a science lesson. The observer recorded questions asked by the teacher and the 

number of student responses. Both TRs conducted written self-reflections and shared 

these with each other at a mutually agreeable time. Agreed data was submitted to 

project lead (PL). 

Data Analysis 

 

Workshop B: 4 hours 

Facilitated by the PL the workshop introduced TRs to concepts of qualitative data 

analysis. A consensus coding criteria evolved from sharing of results of small group 

coding of anonymized data. This process was supported by the development of coding 

exemplars via discussion & consensus. The group coding process was repeated until 

consensus was achieved. Six TRs were elected by the group to summarize the findings. 

Workshop C: 4 hours 

Facilitated by the PL; 6 elected TRs working in pairs summarized and presented the 

data analysed in Workshop B in written formats in preparation for internal peer review. 

Writing & 

 Peer Review 

 

Workshop D: 2 hours; Facilitated by the PL and attended by all TRs.  

The 6TR group presented the findings of Workshops B and C. Peer review discussions 

involving all TRs were undertaken. These resulted in agreed instructions for the 6TR 

group to complete development of a research poster and seminar presentation.  

Workshop E: 1 ½ hours;  

Facilitated by the project leader and attended by the 16 TRs. The 6TR group presented 

the draft poster and seminar. Peer review occurred via small group and then full-group 

discussion. The 6TR group undertook to make collectively agreed changes.  

Communication 

 

Seminar presentation: 

The 6TR group presented the seminar on behalf of the team. The audience consisted 

of the CEO of Education, principals and teachers from participating schools. The 30 

minute seminar presentation was followed by a response from the CEO and an open 

discussion. TRs were presented with a certificate of achievement by the CEO of 

education. A shared meal for the TRs, their families and school/MET leadership 

provided a culturally appropriate celebration of the achievements of the TR team. 

Final adjustments were made to the poster presentation via consensus following 

comments from CEO and Principals. A0 and A3 copies of the poster were distributed 

to participating schools for use in school-staff discussions.  

TRs from each participating school gave seminar-presentations to full staff meetings. 

These were supported by the PL and the school principal. Departmental discussion and 

planning for actions based on the evidence presented in the seminar followed. 

Year-end 

reflections 

Annual PSHLP teacher focus groups were used to gather evidence regarding ongoing 

impact of the action research programme. 

Figure 6.1  Study flow diagram 
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6.3.4. Data analysis 

A series of workshops described in Figure 6.1 were used to introduce participating teachers 

to qualitative data analysis methods including coding and inter-researcher consistency, a 

process that was novel to all participating teacher-researchers. Coding was undertaken in 

small groups to support research capability development in the teacher-researchers. An 

inter-researcher coding consensus development process during Workshop B was used to 

establish codes. Groups of four teachers were given anonymized data from two TR pairs 

and required to code each teacher question as open or closed. Groups were then required to 

share and justify their coding, initially with one other group, and then with the entire 

workshop. This process revealed variation within and between groups arising from 

inconsistent conceptions of open and closed questions. Through the talanoa process of open 

and respectful dialogue, the groups were able to collectively agree on perceptions of open 

and closed questions, and reach consensus on the coding system. During this process, 

questions were placed along three continuums, initially in a linear manner, and then within 

a three-dimensional axis (Figure 6.2). Open and closed questions were distinguished by the 

potential for multiple acceptable answers (open) vs defined answers (closed) and cognitive 

demand (represented by simple to complex in the axis), being greater for open questions 

(Kawalkar and Vijapurkar, 2013). Within the cognitive demand axis the terms ‘recall’, 

‘explain’ and ‘analyse’ were used to categorize questions. The passive to active axis 

represents the group’s interest in student-centred learning environments, a significant focus 

of PLD with the project, and a strategic focus within the Lakalaka Policy Framework being 

implemented in schools at the time of the project (Ministry of Education and Training, 2012). 

This was not used in the coding process as all questions in the collected data were passive. 

However, we have included this as it represents the questioning framework that the teacher-

researchers aspired to and can be used in future action-research. In developing this coding 

frame exemplars were established from the data as well as from recent teaching experiences 

(Figure 6.3). Notably, once a collection of exemplars was established by the research team, 

categorization occurred more rapidly. 

Coding of reflections was conducted via a constant comparative approach with inductive 

reasoning (Boyatzis, 1998). A talanoa-based group discussion was used to establish inter-

researcher consistency in the manner described above. 

 All statistical data analyses were performed using SPSS (IBM Corp, 2015). Talanoa 

followed by peer review were used to support the process of data analysis, writing and 
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seminar presentation development. Themes emerging from the analysis were used to form 

three hypotheses for future investigation. 

 

 

Figure 6.2  Components of questions 

Interacting components of teacher-initiated questions identified by teacher-researchers to support 

coding of questions represented in the data. 

 

 

 

Figure 6.3  Exemplification of open and closed questions on a continuum 

Used to support teachers in the process of coding of question characterization data. 
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6.4. Findings and Discussion 

6.4.1.  Characterization of questions used by teachers  

Seven of the eight participating teacher-observer pairs collected quantitative and qualitative 

data from the observation exercise (Table 6.1). At the point of personal reflection (prior to 

Workshop B), teacher-researchers categorized the majority of the questions they or their 

observation partner asked as open (77%). Analysis of these data following the coding 

consensus development process in Workshop B resulted in only 15% of questions being 

coded as open. The final collective classification is presented in Table 6.1. This indicates 

that closed questions (85%) were more likely to be used in the teaching episodes (2(1) = 

24.923, p<.001).  

 

Table 6.2 Examples of typical questions used by teachers in these learning episodes 

Closed Questions Open Questions 

What do you call the process that plants use to make 

their food?  Teacher 1 

Where does photosynthesis take place? Teacher 6 

What were the three types of microbes we studied in 

our last class?  Teacher 8 

What should the community or government do to 

assist in preventing this disease?   Teacher 2 

Explain how roots help plants.  Teacher 7 

In what ways could you help to avoid the spread of 

viral infections?   Teacher 8 

 

Table 6.2 provides examples of closed and open questions observed in the learning episodes. 

Closed questions were typically used to examine students’ content knowledge, potentially 

reviewing prior learning. Teachers reflected that these were intended to be easily answered 

by students to encourage participation. 

“In my introductory activities I start using questioning to check students’ prior knowledge 

….most of my questions are easily answered correctly by the students.” Teacher 7 

“I opened with the easiest questions I could ask…and three students answered correctly 

all at once. I asked the others [students] to give them a big hand before praising them 

myself…Students who frequently give positive responses and frequently receive positive 

reinforcement tend to attempt almost every question, without being asked, with great 

enthusiasm.” Teacher 8 
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In contrast, open question used by the teachers targeted exploration of more complex 

concepts or issues, and provided opportunities for students to engage in explanation and 

analysis. 

The level of cognitive demand in teacher questions was characterized using recall, 

explanation, and analysis, representing increasing cognitive demand from recall to analysis. 

Closed questions were more likely to require recall (80%) than explanation (20%) (2(1) = 

15.356, p<.001) (Analytical questions were not considered in this analysis). Analysis of the 

open questions is limited by the small sample size (n=8). However, the trend in the data is 

towards increased frequency of questions requiring explanation (5) and analysis (2), 

compared to recall (1). 

Observing teachers counted the number of students offering to respond to each question 

and the number of student questions that arose from a teacher-led question. On average, 

students were more likely to offer to respond to closed questions (2(1) = 9.000, p=.003). 

However, the type of teacher-led question (open or closed) had no impact on the likelihood 

of student-generated questions arising (2(1) = 0.818, p=.366). 
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Table 6.1 Categorization of teacher questions and student responses 
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Final categorization of questions asked by teachers 

Student responses to 

teacher questions* 

Student questions arising 

from teacher questions 

Closed 

Questions 
 

Number 

(% Total) 

Categorization of closed questions Open 

Questions 
 

Number 

(% Total) 

Categorization of open questions Closed Open Closed Open 

Recall Explain Analyze Recall Explain Analyze 

Number (Average) Number (Average) 
Number  (%) Number  (%) 

1 20 11 11 (100) 8 (72.7) 3 (27.3) 0 (0.0) 0 (0.0) n/a  n/a  n/a  35 (3.2) n/a  10 (0.9) n/a  

2 10 3 2 (66.7) 1 (50.0) 1 (50.0) 0 (0.0) 1 (33.3) 0 (0.0) 0 (0.0) 1 (100) 26 (13.0) 18 (18.0) 5 (2.5) 3 (3.0) 

3 10 4 3 (75.0) 2 (66.7) 1 (33.3) 0 (0.0) 1 (25.0) 0 (0.0) 0 (0.0) 1 (100) 17 (5.7) 9 (9.0) 0 (0.0) 0 (0.0) 

4 15 9 8 (88.9) 8 (100) 0 (0.0) 0 (0.0) 1 (11.1) 0 (0.0) 1 (100) 0 (0.0) 57 (7.1) 0 (0.0) 0 (0.0) 0 (0.0) 

5 10 4#                         

6 15 11 11 (100) 9 (81.8) 2 (18.2) 0 (0.0) 0 (0.0) n/a  n/a  n/a  52 (4.7) n/a  0 (0.0) n/a  

7 11 5 4 (80.0) 2 (50.0) 2 (50.0) 0 (0.0) 1 (20.0) 0 (0.0) 1 (100) 0 (0.0) 32 (8.0) 6 (6.0) 0 (0.0) 0 (0.0) 

8 20 9 5 (55.6) 5 (100) 0 (0.0) 0 (0.0) 4 (44.4) 1 (25.0) 3 (75.0) 0 (0.0) 98 (19.6) 4 (1.0) 16 (3.2) 3 (0.8) 

Total 52# 44 (84.6) 35 (79.5) 9 (20.5) 0 (0.0) 8 (15.4)    1 (12.5) 5 (62.5) 2 (25.0) 317 (7.2) 37 (4.6) 31 (0.7) 6 (0.8) 

#Teacher 5 asked four questions in the teaching episode, three of which the observer categorized as open. The observer did not record the questions. Therefore, analysis was not 

possible and these questions were not counted in the total.   

* During analysis it was confirmed that observers recorded the total number of students offering to respond/question (indicated by hand-up). Reflection within the group 

recommended for future use of the protocol that both the number of students indicating willingness to respond, and the number of students that teachers allowed to respond 

should be recorded.  

Expecting students to respond to questions en masse was common practice for participating teachers. This explains data such as 98 students responding to 5 questions (Teacher 8)  
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6.4.2. Barriers and Facilitators 

In examining the data two key themes emerged, that of barriers and facilitators. Following 

the collective coding process, each group went back to the data and examined the 

reflections to identify common barriers and facilitators. The frequency with which these 

occurred in self or peer reflections was recorded in Tables 6.3 and 6.4. 

That there is a need to increase student interaction and reduce the presence of silence in 

classrooms was not denied by the teacher-researcher team.   

“I really need my students to break the silence.”  Teacher 7 

As hypothesised, the peer observation evidence suggests that factors associated with socio-

cultural context contribute to barriers that potentially reduce the use of questioning. These 

include respect for teachers as elders, who because of their position should be respected 

and potentially may be seen by some students as people who should not be questioned 

(Table 6.3).  

The highly structured environment typical of classrooms in the participating schools, as 

well as a strong desire by all (teachers and students) not to be incorrect, are identified as 

barriers that can be addressed, and link back to the wider socio-cultural context of the 

school communities. 

“Maybe that [students answering questions all at the same time] is the reason why my 

students are usually quiet. They always wait for my orders to throw it to them to answer it 

together at the same time.” Teacher 7 

  

“Most of the students respond by sitting up straight….some look at their books before 

looking at the teacher.” Observer of Teacher 3  

 

“You were very effective. Students were very attentive. A very loud and demanding voice 

captured students’ attention.” Observer of Teacher 6 

 

“Another barrier… was the frequent wrong answers given by some students. Actually I 

wanted to ask them more questions but because I knew they will be discouraged if they 

continue to give wrong answers, I was reluctant to ask those students more.” Teacher 8   
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Table 6.3 Barriers to the use of questions by teachers, identified from self-reflection and peer 

observation. 

BARRIERS Examples from the Peer-to-Peer Questioning Reflections Frequency  

Students worried 

about giving wrong 

answer.  

“In our Tongan classrooms, some of the students do not respond to 

the questions because once their answers are not correct some of 

their peers might laugh or mock them.” Teacher 1 

4 

Time Limitations “I had found out from my colleague that I did not allow some of the 

students to respond to my questions but they were willing to answer 

the questions.” Teacher 1 

“I did not give adequate thinking time for students about certain 

questions.” Teacher 8 

3 

Personal past 

experience of 

students 

“I almost asked one of the students to explain the harmful effect of 

virus on our bodies, but then I remembered that the child [had] lost a 

loved one because of AIDS, I refrained myself from asking the 

question to that particular student.” Teacher 8 

1 

Lack of visual 

resources to support 

students to 

understand the 

question  

 “I should have got pictures of real animals to help my 

questioning” Teacher 5 

“I should have shown students the process of osmosis by bringing 

tapioca and a container of water and do the activity.” Teacher 6 

5 

The impact of 

cultural norms 

“Culture is another barrier. In our school some of the students really 

respect the teachers and avoid - the students do not come close to the 

teacher and build a barrier between the teacher and the student. 

When we ask the questions the students are afraid to respond to the 

questions, and this makes the students keep silence all of the 

time.” Teacher 1 

“Students cannot openly discuss this as it is a taboo subject 

according to tradition and customs … and there are cousins and 

close relatives in the same class.” Teacher 2 

4 

Literacy Barriers “Difficult scientific terms that may be too complicated for students 

and hard to express.” Teacher 2 

“Last but not least - my English and language skills.” Teacher 7 

3 
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Table 6.4 Facilitators to the use of questions by teachers, identified from self-reflection  and peer 

observation. 

FACILITATORS Examples from the Peer-to-Peer Questioning Reflections Frequency  

Using questions to 

encourage 

participation. 

“Students who are involved and participate in discussion and questions 

[build] self-confidence to bring out their views and ideas.” Teacher 1 

”... formulate questions based on their wrong responses [to] guide 

questioning [towards] the correct answer.” Teacher 8 

7 

Knowing your 

students: 

recognising and 

addressing needs. 

“…but then I remembered that the child has lost a loved one to AIDS. 

So I refrained from asking the question to that particular student. 

Instead of asking that particular question [in class] I used it as a 

homework question… to be [completed] in pairs. I assigned one student 

in each pair to [answer] the question, and the other students to do the 

task...” Teacher 8 

2 

Positive 

reinforcement 

“Instead of myself reinforcing their positive responses directly I asked 

others to give them a big hand before I praised them myself”  

 Teacher 8 

6 

Using 

differentiation to 

meet the variable 

needs of students 

“I rephrase the wording of the questions to make it clearer to 

students...”  Teacher 1 

“…attention should be given to the wording of the questions to ensure 

coherency between levels of difficulties of the words used…”  

 Observer of Teacher 8 

“The questions uses needed to be worded with simpler phrases or 

words ...” Teacher 8 

6 

Using visual, 

hands-on or 

experiential 

resources to 

encourage 

engagement 

“…[you could] provide a health talk from an organization…”  

 Observer of Teacher 2   

 “A fieldtrip would be helpful....” Teacher 3 

 

4 
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6.4.3. The impact of teachers as researchers  

The study placed teachers in the role of researchers, supporting empowerment of teachers 

to become adaptive experts, who are “engaged in ongoing cycles of inquiry and knowledge 

building to develop their expertise in response to specific challenges students face.” 

(Timperley H., 2011). Because of this resultant empowerment, the process through which 

these outcomes were established is potentially more important than the baseline 

characterization itself. McIntyre defines four principles that are core to PAR 

methodologies, each of which we identified in the process that led to the development and 

undertaking of this study. These are “(a) a collective commitment to investigate an issue 

or problem; (b) a desire to engage in self- and collective reflection to gain clarity about 

the issue under investigation; (c) a joint decision to engage in individual and/or collective 

action that leads to a useful solution that benefits the people involved; and (d) the building 

of alliances between researchers and participants in the planning, implementation, and 

dissemination of the research process.” (McIntyre, 2008, p.1).  

These principles fit well with a talanoa methodology. The PAR process has established a 

model that can be applied by this research group in ongoing analysis and development 

relating to the issue of questioning, or to other challenges they identify.  

Analysis of the process also indicates that it represents the work of a professional learning 

community (PLC) promoting teaching as inquiry, and the role of teachers as researchers 

engaged in analysing and addressing issues critical to supporting student learning. Core to 

this classification is the notion that in contrast to one-off workshops known to be ineffective 

in facilitating change, the PLD workshops in the model were part of a series that provided 

a foundation for ongoing critical reflection and analysis, supported by internal and external 

leadership over an extended period (Lumpe, 2007). This is reflected in a focus group 

discussion held with teacher-researchers at the end of the academic year in which the work 

was initiated.    

“It was different [to prior PLD] because you [external project leaders]  kept coming back 

to us - we kept coming back together – that made us do something, we could not just go - 

I’m too busy...” Participating teacher-researcher, School A; focus group 

 

“We talked together – it was not just being talked at.”  

  Participating teacher-researcher, School B; focus group 
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“Also the [PLD] programme had real examples – we were hands on learners, so that 

works for us as well as the kids!”  

 Participating teacher-researcher, School C; focus group 

 

PLCs are characterised by shared values and vision, collective responsibility, reflective 

inquiry, collaboration, and group as well as individual learning (Stoll et al., 2006). These 

characteristics can be identified in the focus groups comments as well as within the process 

and outcomes of the study. Shared values and vision, while established earlier in the project 

at a high level (Bay & MacIntyre, 2013), were co-constructed by the PLC within Workshop 

B. This involved defining the research process that was required in order to address the 

question of interest, which sat within the overarching shared project goals relating to 

scientific and health literacy development.  

The PAR process enabled the team to critically examine and reflect on their practice, and 

the frames of reference supporting that practice with regard to the use of questions in 

learning and teaching. The emerging evidence supported the hypothesis that questioning, 

when used, was more likely to be closed. The significant shift from initial to final coding 

with regard to what constituted open or closed questions demonstrates that participants 

engaged in a transformative learning process. Key elements of transformative learning seen 

within the process include identification of prior experience and critical reflection within a 

community of learners (Taylor, 2011). This supported the questioning of assumptions, 

promoted awareness of the presence of alternative perceptions and led to changed 

perceptions that were in turn examined in greater depth.  

While exploring concepts associated with the use of questioning in learning the team were 

aware that they in turn would be facilitating the process of examination of the role of 

questioning in science learning with other teachers. They reflected that identification of 

exemplars had been useful to them in refining their perceptions of categorisation of 

questions (Figure 6.3), and hypothesised that such exemplars could support other teachers 

to analyse the types of questions being used in classrooms. In order to develop the 

continuum exemplars represented in Figure 6.3, the team had to imagine learner centred 

activities that represented the far right of the continuum as they identified that such 

questions were not as a common part of their current practice. The associated PLD 

programme had introduced learner-centred discovery activities, so these were not 

unfamiliar in theory. The PLD had enabled teachers to experiment as a group with these, 
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but the team was yet to apply these ideas in practice. That learner centred activities could 

be imagined for learning contexts and topics beyond the project represents the potential 

offered by talanoa to facilitate active engagement and learning in this professional 

community.    

“There were actual learning resources that we could trial to use these ideas - in the past 

we just get told - do this, do that - there are never any examples of how we could change 

things in our classrooms.”  Participating teacher-researcher, School A; focus group  

 

The evidence suggests that the process of participating in action research created 

opportunities for participating teacher-researchers to question assumptions with respect to 

the use of questions in science learning, test out the use of questioning, and reflect on how 

students responded to this different approach to learning and teaching.  

“During my questioning session, I can feel how the learning environment changed in this 

time. Once I start asking questions, some of my students [were] eager to respond to the 

questions and some do not. For the students who involve and participate in the discussions 

of the questions, they build self-confidence which brings out their ideas and view about 

the questions. At this time, some of the students [are] against the opinion and view of some 

other students and even my ideas but this builds up some new questions for me to ask the 

students. At this stage, it shows me that some of my students can critically analyse some 

of the answers to the questions.” Teacher 1 

 

Furthermore for some teachers it provided an important opportunity for identification of 

potential changes in their practice that could enhance the ability of students to engage in 

open-ended dialogue, through which learning could occur.  

“From my colleague’s reflections, the wording of some of my questions were a bit 

advanced for my students and needs improvement. The students failures in their first 

attempts to answer some of the questions correctly was not due to unknowing, but rather 

misunderstanding of the questions. Another weakness……was that I did not give adequate 

thinking time for students ...mostly with questions that required an explanation.”  

 Teacher 8  

 

These reflections indicate that teachers are testing, or proposing to test perspectives or 

activities different to those typical of their practice. This is a hallmark of transformative 

learning.   
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Overall, the reflections indicate teacher-researcher awareness of cognitive and social needs 

of students within the classroom and a strong desire to support student learning. The PAR 

process utilising collective critique and analysis offered the opportunity for teachers to 

identify potential actions that could be tested to understand how to enhance learning. This 

resulted in the development of an action research question relating to strategies that may 

enhance the use of questions in Form 1 – 5 Science classrooms in Tongan schools. 

Specifically from the evidence it was identified that the following three hypotheses should 

be investigated: 

∙ That engaging in hands-on learning activities will support increased student 

participation in questioning. 

∙ That engaging in learning experiences supported by visual stimuli will increase 

student participation in questioning. 

∙ That placing questions within a Tongan cultural framework will increase active and 

effective student participation in learning. 

These hypotheses offer teacher-researchers potential actions that could be evaluated using 

the methods established in this pilot study. 

6.5. Limitations  

The potential for participation in research to impact the behaviours of the participants 

should be acknowledged as a limitation of this study. This is highlighted by the lesson 

intentions and reflections from participants, examples of which are indicated below.   

“Questioning is a key part of the teaching-learning process in any classrooms of any level. 

All strategies used to impart a teaching concept in the classrooms to the students will 

surely fail to bring out the desirable learning outcome if questioning is not or less used 

while the lesson is undertaken. Thus, I will ask more number of questions in this period 

than I have ever used before in my science classes.” 

  Lesson intentions, Teacher 8 

 

“The purpose of this lesson is for all learners to identify and label these two plant systems 

- shoot system & root system and also to describe the function of each part of the two 

systems. I was planning to spend most of my questions in open questions because I really 

need my students to break the silence and come out from their shells. They are all 

capable but they need to be more curious.”  Lesson intentions, Teacher 7 
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“From this teaching episode, I have found out how the use of open-ended questions in 

teaching is really effective. Not only [does] it engage students to participate and express 

their ideas and opinion about the questions but it also make other students criticized the 

ideas of others.” Lesson analysis, Teacher 1 

 

These records indicate that the learning episodes selected for observation by these teachers 

may not have been typical of their practice. The statements indicate towards usual learning 

environments where interaction via questioning may be more limited than that observed in 

this action research setting. This reflects research participation effect, an extensively 

documented phenomena in human behaviour research, but one that is not fully understood 

in terms of research design to minimise impact (McCambridge et al., 2014).  

The number of observations could also be considered as a limitation. However, this is a 

pilot study limited to three schools collaborating in the project and defined by the teacher-

researcher team as the extent to which they could enable data collection. Potentially a larger 

research team or observations outside of the team could have exposed further factors, 

however the limitation of observation and analysis to the active research team was an 

intentional act within the design, identified as being important as trust was established 

within and between the teachers in this group and the group leaders. 

This study only examined the content of questions asked by teachers. Once teachers are 

confident in the use of this method it should be extended to include analysis of the content 

of student responses and student questions.  

6.6. Conclusions 

This study evolved from identification of a dilemma within the project team with respect 

of the absence of questioning and argumentation within many Tongan science classrooms. 

The objective of developing a methodology to identify evidence of the extent of this issue 

from which it could be examined and potentially addressed has been enabled by the study. 

The use of peer-to-peer observation and reflection with anonymized data being analysed 

within a respectful group setting enabled an environment in which teacher-researchers 

could confidently participate in analysis and critique of classroom practices. This identified 

that where questions were being used they were likely to be closed, thus limiting 

opportunities for discussion and argumentation. It supported the development of 
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pedagogical content knowledge pertaining to questioning as a tool for the development of 

engaged learning.  

Key factors identified as barriers to the use of questions in Tongan science classrooms were 

linked to the socio-cultural factors that teachers hypothesised to be barriers to the use of 

questions in learning.  

Factors relating to supporting and scaffolding students were identified by participating 

teachers as positive facilitators that were or could be put in place to increase the confidence 

and ability of students to ask and answer questions, thereby developing understanding and 

capabilities. 

The PLD process imposed expectations of action on participating teachers. This included 

taking responsibility for analysis of research findings, communicating these formally 

within the project collective and their school, and making resultant evidence-based 

decisions about practice. This is a highly action-oriented PLD process, which we propose 

led to increased pedagogical content knowledge and its implementation in practice. We will 

report on the next stage of this work in due course, identifying how the teacher-researchers 

implemented actions in their practice, and their roles as leaders within their professional 

communities. 
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Chapter 7. Adolescent education: An opportunity to create a 

DOHaD circuit breaker  

Preface 

 

This chapter presents a paper published in the Journal of Developmental Origins of Health 

and Disease. It outlines for scientists from within this community the potential of schools 

as a setting for DOHaD translation. The narrative presents a frame of reference that 

encourages scientists to consider their perceptions of what schooling is, what curriculum 

is, how learning to support engaged citizenship is organised and how this may be used to 

support DOHaD translation. The paper is designed as a resource to support the DOHaD 

community to consider engaging with the education sector as a partner in DOHaD 

translation. Conferences present an essential opportunity for dialogue, supporting the 

ongoing need to engage this community in participation in a collaborative narrative that 

includes education and youth. 

 

 

Bay, J. L., & Vickers, M. H. (2016). Adolescent education: an opportunity to create a 

Developmental Origins of Health and Disease (DOHaD) circuit breaker. Journal of 

Developmental Origins of Health and Disease, 7(5), 501-504. 

10.1017/s204017441600026x 
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7.1. Adolescence: A life stage for translation of DOHaD evidence into 

action   

The field of developmental origins of health and disease (DOHaD) has provided 

epidemiological and experimental evidence indicating that nutritional and non-nutritional 

exposures, during preconception and developmental periods, contribute towards later-life 

vulnerability to obesity and chronic diseases such as type 2 diabetes mellitus and coronary 

heart disease (Newnham and Ross, 2009). This evidence has been successfully communicated 

to the science and health research sectors, now reaching a point where population-wide 

application is being promoted by organizations of global significance (Chestnov et al., 2013). 

This heralds a growth phase for the DOHaD Society, requiring increased breadth of scope 

and capabilities to enable knowledge exchange with governmental and community 

organizations that have the potential to facilitate population level application of DOHaD 

evidence.  

To date attention on DOHaD intervention opportunities has largely focused on mothers and 

children. However, application of DOHaD evidence in conjunction with evidence 

surrounding adolescent development (cognitive and psychosocial) points strongly towards 

the  validity of adolescence as a DOHaD  intervention stage (Todd et al., 2015).  In presenting 

this argument, it is important to appreciate that behaviour patterns exhibited during 

adolescence, including those associated with diet, physical activity and cognitive 

development, track through to adulthood, (Craigie et al., 2011; Steinberg, 2005) and are 

associated with future health (Todd et al., 2015).  Thus, even when adolescence is 

significantly distanced from pregnancy, capabilities and behaviours that evolve during this 

period will influence preconception and periconceptional health and environmental 

exposures, thus contributing to the prospect of improved long-term health potential for 

offspring. 

Schooling is a core social structure providing in-depth engagement with adolescents up to 

the age of 11-18 years (variably by context). Within this often relatively well-resourced 

social structure exists opportunities for empowerment-based learning interventions 

supporting adolescents to engage with, understand, contextually interpret, and act upon life 

course NCD risk evidence. Such interventions must not be additional to the core business 

of the school. They should be integrated into existing curriculum, assessment and pastoral 

care objectives and have relevance to the socio-ecological context of the school community. 
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Intervention design, facilitation and evaluation requires understanding of education, 

DOHaD and public health, alongside professional capabilities associated with the design, 

delivery and assessment of adolescent education. Therefore, this activity requires 

collaboration between education, science and health. Collaborations must enable teachers 

and education leaders to examine relevant evidence and determine where and how DOHaD-

informed interventions may exist so as to support the objective of positive adolescent 

health-behaviour development, while simultaneously contributing towards core 

educational objectives of schools. Thus, if the work of the DOHaD Society is to include 

interventions that “promote healthy early development, beginning even before conception, 

as well as interventions aimed at sustaining health in children, adolescents and adults”  

(International Society for Developmental Origins of Health and Disease, 2015), it is important 

that expertise from the education sector is incorporated into the Society to support child 

and adolescent aspects of this work.  

A growing number of DOHaD translation programmes addressing the potential of school-

based education to empower action competence leading to behaviour change in adolescents 

have been developed, and in some cases, evaluated and shown to have potential for 

population-level integration (Bay et al., 2012a; Bay, 2015b, c; Grace et al., 2012). As primary 

to secondary (K-12) education is not the core work of most within the DOHaD Society, we 

believe that this short commentary outlining how the education sector can engage with 

DOHaD communities to develop and facilitate interventions may be of assistance to 

scientists interested in exploring the potential of collaboration with education to 

“…promote the health of the current generation... [and] …ensure a healthy life course for 

future children and grandchildren.”(International Society for Developmental Origins of Health 

and Disease., 2015) 

7.2. Schooling: Where and how could DOHaD-informed community 

partnership actions fit?  

Capturing the potential of school-based DOHaD-interventions requires the development of 

partnerships between DOHaD research and education communities. Such partnerships 

should be jointly informed by scientific evidence and understanding of the nature of 

pedagogy, curriculum and practice in modern schooling. When presenting evidence of 

impact of the Liggins Institute’s Healthy Start to Life Education for Adolescents Project, 

(Bay et al., 2012a) we are frequently asked by scientists how we “got DOHaD into the school 
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curriculum?” The answer is, we didn’t. Modern curricula2 almost universally specify the 

development of capabilities, but do not specify the context in which this may occur. 

Therefore, we identified where and how it would be appropriate to integrate DOHaD and 

life course NCD risk as contexts of relevance to adolescents, through which teachers may 

develop and facilitate learning programmes supportive of curricula goals and the learning 

needs of students (Bay et al., 2012c).  

The focus of education has moved considerably in the past 20 years. No longer is education 

primarily concerned with the mastery of content knowledge. Rather, in response to the rapid 

pace of societal development, modern education systems are designed to prepare young 

people to participate as critically engaged citizens and life-long learners able to negotiate 

present realities as well as futures that we cannot predict. Curricula focus on the 

development of capabilities (knowledge, understanding, skills, attitudes and values) that 

enable critical and active participation in all aspects of society. Often referred to as twenty-

first-century skills and dispositions these capabilities cultivate “critical and creative 

thinking, collaborative skills and dispositions, leadership, entrepreneurship, and related 

skills and dispositions that speak strongly to living and thriving in our era” (Perkins, 2014).  

While in the past knowledge acquisition was commonly dissociated from context within 

schooling, learning in modern education systems is contextual. This enables young people 

to develop, refine and apply capabilities within contexts of local and global relevance, and 

is supportive of the development of action-competencies, a precursor to evidence-based 

decision-making (Bruun Jensen, 2000). Learning areas (disciplines) that lend themselves to 

the use of DOHaD as a context of relevance include sciences, health, social sciences, 

languages, technology and physical education. While this may seem diverse, and science 

and health will take a leading role, the diversity reflects the breadth of capabilities required 

for critical citizenship and the importance of interdisciplinary learning to enable 

adolescents to develop competencies relevant to diverse and complex issues that require 

application of systems thinking (Hipkins et al., 2014). For example in the Cook Islands the 

national college is utilizing DOHaD/NCDs as a cross-disciplinary learning context in 

science, social science, health and physical education at Year 9, while in Year 11 it is being 

                                                           
2 The term curriculum in education refers to a policy document created nationally and adapted locally to define high-level 

objectives that guide learning and teaching in schools. From these documents, teachers create annual work plans, composed 

of learning modules/units/programmes that collectively support the objectives of the curriculum. We make this point 

because the term curriculum is often used differently in science and health sectors where it can describe a discrete series of 

lessons, which in the education sector would be called a learning programme or module. This sectoral difference in the use 

of terminology can cause considerable confusion if it is not understood.   
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used solely in science. A neighbouring school is utilizing the context in an integrated 

programme crossing science and languages at Year 11, whereas at Year 9 they are currently 

only using the context in science while they build appropriate staff capacity to enable 

inclusion of the context in cross-disciplinary learning. These examples reflects the breadth 

of opportunity for learning that teachers identify in DOHaD/NCD contexts. They also 

reveal the importance of context and the centrality of school-level autonomy in education. 

While these schools are part of a cluster developing the use of DOHaD/NCD contexts to 

support national education and health strategy, their programmes are differentiated in 

accordance with contextual variance in each school community.  

Learning programmes should always be flexible so that teachers can adapt objectives and 

resources to meet individual and collective learning needs of the students in their 

classroom. Educators share and use programmes that provide adaptable resources enabling 

teachers to develop appropriately differentiated programmes. Using approaches such as the 

action research informed ‘teaching as inquiry cycle’, (Weinbaum, 2004) teachers 

continuously analyse student engagement and performance, and accordingly adjust 

programme design to inform ongoing learning within the current cohort, and programme 

design for future cohorts. Thus, school learning environments and the programmes within 

them are dynamic. DOHaD-informed school-based interventions need to be designed to 

empower teachers to analyse and adjust programmes, ideally in professional clusters within 

or between schools that are connected to a DOHaD community and the local health 

community, and therefore offer both educational and DOHaD engagement in the process 

of analysis and contextual refinement. 

7.3. Health literacy: A component of the capabilities required to 

engage in and act upon DOHaD evidence  

The promotion of health literacy development in adolescence is identified as an aim by the 

DOHaD Society (International Society for Developmental Origins of Health and Disease., 2015). 

However, to achieve transformative empowerment enabling adolescents as decision 

makers, health literacy development must be seen as a component within a matrix of 

interrelated capabilities that enable application of knowledge, understanding and critical 

thinking skills to support evidence-based actions supportive of life course and 

intergenerational health and wellbeing. These capabilities include: health, scientific and 

environmental literacies; knowledge of and about the impact of social, cultural and 
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economic and political factors on wellbeing (individual and societal); and metacognitive 

and critical thinking (identified as central to transformative learning (Mezirow, 2003) and 

integral to competencies required for citizenship). Therefore, development leading to 

empowerment is a complex educational task requiring considerable time. The potential for 

and nature of transformative action emerging from interventions supporting empowerment 

will be determined by interactions between capability development, access to evidence, 

opportunities for discourse, and the socio-ecological context of the individual and 

community. While challenging, this task fits extremely well with the development of 

twenty-first century capabilities promoted in the education sector. Therefore, it is important 

not to approach adolescent interventions with a narrow focus on health, but rather to ensure 

that teachers across the spectrum of relevant learning areas are provided with the 

opportunity to engage with DOHaD evidence and its application as a context of educational 

relevance.   

7.4. Intermediaries: Enablers working between DOHaD and education 

communities 

While scientists should be involved in aspects of the intervention partnership, it is an 

unusual scientist who has capabilities and expertise in communication and learning 

required to facilitate adolescent education interactions of the nature we have described. 

Therefore, connections are required between DOHaD and in the case of school-based 

adolescent interventions, education communities. These can be facilitated by 

intermediaries, “people with the knowledge, experience and dispositions that enable them 

to effectively liaise between the education and science communities.” (Bolstad and Bull, 

2013, p 54). While Bolsted & Bull focus on the need for intermediaries to have  “a 

sophisticated level of understanding of the multiple purposes of science learning, and 

familiarity with the operational characteristics of school science teaching and learning, 

including curriculum and assessment frameworks, and whose work often involves building 

and maintaining relationships, seeking and managing funding and resourcing, and 

identifying areas where research or evaluation is needed to contribute to the development 

or refinement of programmes”[ibid], we suggest that intermediaries also need to develop 

in-depth understanding of DOHaD science and public health.   

Significant roles for intermediaries enabling school-DOHaD partnerships include: building 

engagement and relationships between DOHaD and education communities that facilitate 
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awareness of intervention potential;  re-imaging of research data for use in adaptable 

learning resources; (Bay et al., 2012c) facilitation of professional learning and development 

communities and related resources (Bay and Mora, 2014) that empower teachers to engage 

in and develop the use of DOHaD research as contexts for learning; and research evaluating 

intervention impact and informing development.  

The process of data re-imaging is collaborative, requiring scientists and educators to 

examine how data can be presented in meaningful formats for students of different ages. 

We have found that for K-12 education settings, presenting data within narratives about 

scientists and the process of science, accompanied by narratives that participating 

communities provide about their experiences of NCDs, (Bay and Yaqona, 2016) is an enabler 

of interaction in classrooms. Additionally, via these stories, young people can take DOHaD 

evidence into their homes and facilitate evidence-based behaviour change at the family 

level (Bay et al., 2012a).  

In addition to resources, transactional engagement is required between stakeholders from 

communities who have developed or fully understand the evidence, and teachers in 

communities for whom the evidence may have application. This engagement should enable 

exchange of ideas, issues and evidence, leading to synthesis of the relevance and potential 

of DOHaD evidence within the particular context. Transformative learning theory 

examines the processes of critical reflection that leads learners to examine, assess and 

potentially alter their frame of reference with regard to a particular issue (Mezirow, 2003). 

It is known to lead to active decision-making and action taking. While the objective of 

interventions is to achieve this goal for students, transformative learning is also required to 

support teachers to identify with the value of the DOHaD context, and to engage personally 

with the evidence. Transformative learning is often, stimulated by a disorienting dilemma. 

In the case of DOHaD informed interventions this may be engagement that leads 

participants to examine for example the extent to which obesity is impacting 

people/communities/societies. Via critical assessment and examination of assumptions, 

frames of reference are exposed and can be challenged. When learners are exposed to 

alternative frames of reference, via critical analysis they are able to evaluate and potentially 

alter their view point. This leads to exploration of options, identification of alternative 

actions, active experimentation and eventually new frames of reference which in the case 

of understanding of the role of early life exposures in vulnerability to NCD risk, could lead 

to behaviour change. Teachers need to experience this process of critical reflection with 
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regard to frames of reference related to NCD risk before they can facilitate educational 

programmes that will enable adolescents to examine and make-meaning of DOHaD 

evidence. Therefore creating opportunity for learning such as this is a key purpose of 

professional learning communities that engage DOHaD and education together.   

 

7.5. Conclusions  

To unlock the potential of DOHaD evidence to improve health and social wellbeing 

requires society to be given the opportunity to learn about this evidence, examine its 

relevance, and make decisions about how it is used, thus facilitating community-led actions. 

This requires knowledge exchange between the DOHaD community, and all communities 

where families desire their children to grow and contribute as healthy adults within society. 

Health and education professionals in regular contact with families and young people 

during developmental periods from pre-conception through childhood and adolescence are 

in the best position to implement programmes supporting and empowering families to 

engage in health-promoting behaviours (Gillman  and Ludwig 2013; Gluckman et al., 2011). 

These sectors have expertise in communication, learning, community engagement and 

behaviour required to support sustained interactive intervention programmes within 

existing social settings. However, they also require opportunities to develop understanding 

of relevant scientific evidence. For the education sector, NCD risk reduction is not core 

business, therefore it is important to create opportunities to engage this sector and identify 

shared value that can emerge from their participation in DOHaD-informed adolescent 

interventions. The DOHaD Society has confirmed the potential of adolescent interventions 

in the Cape Town Manifesto. Achieving positive action with regard to the goals relevant to 

adolescent education could be significantly enhanced by increased educational input into 

the work of the Society and consideration of strategies that may enhance the availability of 

DOHaD relevant resources to the education sector. 
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Part IV Adolescents as Agents of Change   

This section presents evaluative evidence examining the effect of participation in Healthy 

Start to Life Education for Adolescents Project (HSLEAP) programmes for adolescent 

cohorts from New Zealand and the Cook Islands. Each chapter represents work that I lead 

in collaborations that encompass education, science and public health, set within the 

context of diverse school communities across Auckland and Rarotonga. A group of three 

schools in Tongatapu is also part of this collaboration, and will add data to this evidence in 

the near future.  

This evidence examines the potential for education to work in collaboration with science 

and health to support World Health Organization (WHO) goals associated with adolescent 

health and wellbeing, and the reduction of NCD risk and incidence in current and future 

generations. The recent work of the WHO relating to addressing the growing issue of child 

and adolescent obesity has highlighted the need for core curriculum subjects including 

STEM to play a role in multi-sectoral efforts to address child and youth obesity. For STEM 

education, this opportunity fits very well with the potential of learning contextualised in 

exploration of socio-scientific issues to support the development of scientific literacy. 

In 2015, members of the WHO Commission on Ending Childhood Obesity requested to meet 

with students and teachers from schools that have participated in HSLEAP. The 

Commissioners were interested in understanding how learning designed around STEM 

educational goals was supporting health goals as they recognise that school-based health-

promotion has often not been linked well to the core mission of schools.  

Chapters 8 and 9 present papers examining evidence from the New Zealand and the Cook 

Islands individually. Chapter 10 examines and compares differences that were applied to 

the programmes in each country to enable understanding of the potential for contextual 

adaptation.   

http://www.who.int/end-childhood-obesity/news/report-consultation/en/
http://www.who.int/end-childhood-obesity/news/report-consultation/en/
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Chapter 8. The  Noncommunicable Disease Epidemic:  
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Scientific Literacy Development in New Zealand 
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8.1. Introduction 

The development of scientific literacy is a key goal of science education (Hodson, 2011), 

contributing to the capabilities required for engaged citizenship. Scientific literacy enables 

use of science knowledge in decision-making relating to everyday occurrences as well as 

complex open-ended socio-scientific issues (SSIs). Understanding of the epistemology of 

science as a way of knowing, (the nature of science (NOS)), is central to scientific literacy. 

However, knowledge and understanding of relevant scientific concepts is also required, 

alongside competencies associated with critical thinking, problem solving, communicating, 

acting autonomously (Rychen and Salganik, 2003), and attending to moral and ethical 

ramifications (Sadler et al., 2004).  

Development of scientific literacy and associated competencies is enhanced when learning 

is contextualized in real-world issues (Hipkins et al., 2014). The noncommunicable disease 

(NCD) epidemic is one such issue. Considered one of the most pressing SSIs of our time 

NCDs are responsible for considerable and growing social and economic burden (Bloom et 

al., 2011). Dominated by overweight, obesity, cardiovascular disease (CVD), cancers, and 

type 2 diabetes mellitus (T2DM), these slow developing chronic conditions account for 

64% of deaths globally. The burden of long-term morbidity and premature death associated 

with NCDs is disproportionately high in populations with limited resources (World Health 

Organization, 2015b). NCD risk is impacted by a matrix of biological and socio-ecological 

factors that create rich contexts for learning associated with the development of scientific 

literacy (Bay et al., 2016a). Because the NCD epidemic is a health-related SSI, when 

scientific literacy development is contextualized in NCD related issues this should be 

integrated with health literacy development (Grace and Bay, 2011). Similar to scientific 

literacy, health literacy enables the use of evidence in health-related decision-making 

(Nutbeam, 2008).  

Increasing understanding of the complexity of overweight, obesity and NCD vulnerability 

has led to calls for multi-sectoral approaches to NCD risk reduction (Chestnov et al., 2013). 

These include primary prevention strategies prior to the onset of risk. Primary prevention 

is informed by evidence from the field of Developmental Origins of Health and Disease 

(DOHaD) demonstrating that early-life exposures, even before birth, as well as health status 

and nutritional exposures of either parent prior to conception, influence the vulnerability of 

an individual to later-life obesity and NCDs (Hanson and Gluckman, 2014). 
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Adolescence, a life stage where cognitive and lifestyle behaviours that track into adulthood 

are established (Craigie et al., 2011; Hu et al., 2016; Steinberg, 2005) offers significant 

opportunity for primary NCD risk prevention for the adolescent and their potential future 

offspring (Todd et al., 2015). Overweight and obesity in adolescence is known to persist into 

adulthood and impact future health (Alberga et al., 2012). Even if adolescence is significantly 

distanced from pregnancy, adolescent behaviours that track into adulthood will influence 

nutrition in the periconceptional period and pregnancy, consequently influencing offspring 

vulnerability to obesity and related NCDs in later life (Bay et al., 2016c). Thus, establishing 

positive nutritional and related lifestyle behaviours in the teenage years offers significant 

long-term health and social benefits for adolescents and their future offspring.   

Life-long behaviours that develop during adolescence are strongly influenced by 

educational, biological, cognitive, and socio-ecological factors. Therefore, schools are 

recognized by the World Health Organization (WHO) as having a key role in enabling 

primary NCD risk reduction (World Health Organization, 2016b). However, school-based 

health interventions often have not been particularly successful (Khambalia et al., 2012) due 

to lack of connection to the core mission of schools (Waters et al., 2011). We have argued 

that this could be resolved by ensuring that school-based interventions: are designed by 

educators working in partnership with health/science communities; integrate educational 

and health goals; utilize opportunities within existing curriculum objectives; are adaptable 

to enable differentiation; and involve educational as well as health-based evaluation (Bay 

et al., 2016c; Bay and Vickers, 2016). Science is a key learning area where opportunities for 

contextual learning supportive of scientific and health literacy development and primary 

NCD risk reduction exist. Such learning can support educational and health goals and offer 

adolescents the potential to apply scientific perspectives to decision-making that will 

influence their future NCD risk, and assist them to understand the complexity of the NCD 

epidemic as a significant global issue. 

New Zealand (NZ) has a devolved curriculum centred on key competencies developed 

across all learning areas. High-level achievement aims grouped by strands are defined for 

each learning area. In science the core strand, ‘Nature of Science’, is divided into four 

themes: understanding about science, investigating in science, communicating in science, 

and participating and contributing (bringing a scientific perspective to actions). Contextual 

strands (living-world, physical-world, material-world and planet earth and beyond) support 
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achievement aims defined in the NOS strand alongside aims associated with understanding 

of scientific concepts (Ministry of Education, 2007). 

Representative of many settings, New Zealand is experiencing increasing overweight and 

obesity in children and adolescents as well as in adults (Ministry of Health, 2012; Rajput et 

al., 2015; Utter et al., 2015). Considered together with information on the decreasing age of 

onset of T2DM in youth (Jefferies et al., 2012) and the increasing rates of pre-diabetes and 

diabetes in adults (Coppell et al., 2013) these data signal a growing future NCD burden for 

New Zealand. Thus, the NCD epidemic offers a highly relevant learning context for 

schools.   

The Healthy Start to Life Education for Adolescents Project (HSLEAP) is a multi-sectoral 

science-education partnership involving the Liggins Institute and schools (Liggins Institute. 

2016b). Based on our ‘science for health literacy’ pedagogical model (Grace and Bay, 2011) 

programmes facilitate learning within a narrative pedagogy, supporting scientific and 

health literacy development by enabling adolescents to examine the potential of primary 

NCD risk reduction to support improved long-term health and wellbeing. Programmes 

support NOS learning objectives at levels 4 and 5 of the New Zealand Curriculum, Figure 

8.1, ensuring validity for schools.  

 

Figure 8.1   New Zealand Curriculum, Nature of Science Learning Objectives, Levels 4 and 5 

(Ministry of Education, 2007) 
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This study aimed to assess the potential of HSLEAP programmes undertaken in Year 7 – 

10 science classrooms in New Zealand to contribute towards development of science and 

health literacies, and simultaneously empower adolescents to engage in evidence-based 

decision-making in relation to lifestyle factors associated with nutrition. We have shown 

previously that exposure of  Year 7-10 students in New Zealand to HSLEAP programmes 

stimulated evidence-based decision-making related to health-promoting behaviours at 3-

months post-intervention (Bay et al., 2012a). This paper reports on educational and health-

related impacts of this programme exposure 12-months post-intervention.  

8.2. Methods  

The study utilized a mixed-methods approach within an individually-matched repeated 

time-series design (Biglan et al., 2000), Figure 8.2, approved by the University of Auckland 

Human Participants Ethics Committee (Ref. 2009/426). 

Self-matched questionnaire data collected at baseline (T0), 3-months, (T2) and 12-months 

post-intervention (T4) assessed the potential for programme participation to support 

scientific and health literacy development, and for this to impact health and science-related 

knowledge, attitudes and behaviours (KAB). Use of an explanatory mixed methods design 

(Punch, 2009) enabled examination of the potential of qualitative data to corroborate 

quantitative data (Bryman, 2008) and contributed evidence relating to why change did or did 

not occur. Matching of individual participant data enabled reporting of cohort-wide KAB 

trends at time-points, and change patterns based on aggregation of individual differences 

between time-points. Analysis of individual change is important within community-based 

interventions as impacts will vary dependent on participant circumstances (Biglan et al., 

2000).  

8.2.1. Context  

The study was conducted in 30 classrooms ranging from Years 7-10 across 10 Auckland 

schools. In New Zealand, curriculum levels span year levels. Curriculum levels 4 and 5 

span Years 7-10. Teachers design learning programmes enabling students to progress 

through appropriate curriculum levels in mixed-ability classrooms. Hence, the diversity of 

year levels and schools in the study is appropriate and contributes towards addressing issues 

related to the impact of heterogeneity and complexity in school settings. Participating 
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schools elected when to undertake the study to ensure integration into their science learning 

programmes. The resulting data collection period spanned from 2010 to 2013.  

 

 

Figure 8.2   Study flow diagram 
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8.2.2. Recruitment 

Schools were selected from a group of 46 participating in the Liggins Institute’s schools 

partnerships programmes in 2009 (Bay et al., 2012b). Inclusion criteria described in Figure 

2 generated a sample of 20 schools. Using purposive sampling 13 schools were invited, 

aiming to create a sample representative of schools in the region. Nine schools accepted, 

three of which were single-sex girls’ schools. On completion of the T0 data collection a 

combination of two single-sex girls’ schools with high rates of participation and three co-

educational schools from the lowest socioeconomic setting (SES) with low rates of 

participation had created a significant gender imbalance. To address this a single-sex boys’ 

school joined the study. Published evidence at 6-months post-intervention included nine 

schools (Bay et al., 2012a). Impacts to 12-months post-intervention reported here are from 

all ten schools. 

Consent/assent to participate was obtained from principals, teachers, parents and students. 

Irrespective of participation in evaluation, all students were exposed to HSLEAP learning 

modules. Learning resources and professional development were provided for each school.  

8.2.3. Intervention Tools 

Intervention tools were developed by a multi-sectoral team led by science educators 

working as ‘intermediaries’ (Bolstad and Bull, 2013) capable of crossing science, education 

and health. Tools consisted of adaptable learning modules based on the HSLEAP learning 

and teaching framework (Figure 8.3) and contextualized in exploration of aspects of the 

NCD epidemic (Bay and Mora, 2009a; Bay and Mora, 2009b). The contexts were (a) nutrition 

(including early-life) and later-life obesity and CVD vulnerability or (b) early-life nutrition, 

early puberty and later life obesity and NCD risk. Opportunities for students to explore 

scientific evidence are central to the framework. This is achieved via narrative-based 

learning resources containing scientific evidence, reimaged to enable age-appropriate 

access (Bay et al., 2012c). This enables students to traverse into the culture of science, 

encounter scientists, their stories, and scientific evidence and explore similarities and 

differences between scientists’ ideas and ways of thinking and their own. Combined with 

experiences of NCDs from families and/or communities these narratives enable adolescents 

to construct and potentially act upon contextual understanding of evidence relating to life 

course approaches to NCD risk reduction. Each school developed a 4-6 week learning-

module (12-18 classroom hours) based on the framework and appropriate for their setting. 
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During the module classes were exposed to ‘LENScience Face-to-Face’, a one-day hands-

on learning programme exploring DOHaD research evidence at the Liggins Institute 

(Liggins Institute, 2016a). 

 
Figure 8.3   HSLEAP Learning and Teaching Framework 

8.2.4. Data Collection 

Questionnaires enabling quantitative KAB analysis utilized Likert attitude scales and 

closed items. Parent questionnaires also included open items (available on request). Student 

questionnaires were completed in class under the guidance of a teacher who ensured 

students understood the nature of the questions and could seek clarification. Interviews 

were conducted within the school environment using semi-structured open-ended 

questions. Review meetings with teachers and classroom observations confirmed that 

delivery of the intervention module was representative of the HSLEAP framework.  

8.2.5. Data Analysis 

Publically available school demographic data (Ministry of Education, 2009) provided 

information on the range of communities represented within the study. Quantitative data 

was analysed using SPSS, (IBM Corp, 2015). Descriptive statistics were used to identify 

frequencies. Comparison of response frequencies between groups was evaluated with Chi-

square, Fisher’s exact and Mann-Whitney U tests as appropriate. Distribution of responses 

of self-matched ordinal data at T0, T2 and T4 was analysed using the Friedman test 
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followed by post-hoc assessment using the Wilcoxon Signed-Rank test. Matched binomial 

data were analysed using Cochran’s Q test. Ordinal logistic regression was used to ascertain 

the effects of gender on cohort-wide response patterns. Bonferroni-Holm’s correction for 

multiple comparisons was applied (Aickin and Gensler, 1996). Interviews were transcribed 

and anonymized prior to theme sorting using a constant comparative approach and 

inductive coding (Boyatzis, 1998) in line with the relativist ontological and subjective 

epistemological approach (Levers, 2013). Coding was conducted independently by two 

researchers and checked for inter-observer variability. Qualitative responses from parent 

questionnaires were treated similarly. 

8.2.6. Participants 

Table 8.1 describes demographic characteristics and response rates for students. The 

students who participated in evaluation (n=349) may not be representative of the 

intervention cohort (n=844). Without access to school records this could not be assessed.  

However, comparison of baseline data for those who did or did-not complete all 

questionnaires demonstrated that the students who completed all questionnaires had a 

similar demographic and baseline response profile to those who responded to T0 and/or 

T0-T2 only, Appendix 8A. Where differences were found the T0-T2-T4 matched group 

demonstrated attitudes and behaviours that are slightly less health-aware than the T0 and/or 

T0-T2 group. Parental evidence was received from 32% of the cohort at baseline with 

matched T0-T2 data available from 165 parents (Figure 8.2), more than 50% of whom were 

linked to schools in the highest SES category. 

The schools, nine of which were described in detail in Bay et.al. 2012a, represented a cross-

section of communities from low to high SES. Parents from schools in the lowest SES 

category were least likely to consent to students participating in the study (Bay et al., 

2012a). Discussion with teachers and parents suggested that this was associated with the 

requirement for written consent. Evaluation retention of students from this group was 1.2-

fold greater than overall retention rates, Table 8.1. However, at only 20% of the total cohort 

this was inadequate to enable analysis of SES impacts on programme response. Despite the 

female bias in the cohort noted earlier as a limitation of the study, T0-T2-T4 matched 

sample was 38% male, enabling limited evaluation of the impact of gender on programme 

response.  
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Table 8.1.  Cohort characteristics 

  

Schools in 

Auckland 

Region2 

Intervention participation & 

Invitation to participate in evaluation 

 Matched pre- and post-intervention responses (students) 

T03 

 

T0-T2 

Matched 

% T0 

Retention 

T0-T4 

Matched 

% T0 

Retention 

T0-T2-T4 

Matched 

% T0 

Retention 
School Classes Students 

School 

Community 

SES1 

Decile 1-4 39 (33.9) 4 (40) 11 (36.7) 298 (35.3) 58 (19.5) 44 (14.8) (75.9) 49 (21.7) (84.5) 40 (19.9) (69.0) 

Decile 5-7 20 (17.4) 1 (10) 6 (20.0) 174 (20.6) 111 (63.8) 99 (33.2) (89.2) 68 (30.1) (61.3) 64 (31.8) (57.7) 

Decile 8-10 56 (48.7) 5 (50) 13 (43.3) 372 (44.1) 180 (48.8) 155 (52.0) (86.1) 109 (48.2) (60.6) 97 (48.3) (53.9) 

Gender Male       290 (34.4) 123 (38.0) 106 (35.6) (86.2) 87 (38.5) (70.7) 78 (38.8) (63.4) 

Female        554 (65.6) 226 (36.6) 192 (64.4) (85.0) 139 (61.5) (61.5) 123 (61.2) (54.4) 

School Year 
Level 

 Year 7-8       227 (26.9) 140 (61.7) 133 (44.6) (95.0) 85 (37.6) (60.7) 82 (40.8) (58.6) 

Year 9-10       617 (73.1) 209 (33.9) 165 (55.4) (78.9) 141 (62.4) (67.5) 119 (59.2) (56.9) 

Median age at intervention          13y1m 12y11m  13y1m  13y0m  

[Inter-quartile range]          12y2m – 14y1m 12y1m – 14y0m 12y3m – 14y1m 12y1m – 14y0m 

Ethnicity 

[Multiple 

responses 
accepted] 

Māori          45 (12.9) 35 (11.7) (77.8) 30 (13.3) (66.7) 25 (12.4) (55.6) 

Pacific          47 (13.5) 40 (13.4) (85.1) 35 (15.5) (74.5) 31 (15.4) (66.0) 

Asian         50 (14.3) 40 (13.4) (80.0) 34 (15.0) (68.0) 26 (12.9) (52.0) 

Indian         14 (4.0) 12 (4.0) (85.7) 11 (4.9) (78.6) 9 (4.5) (64.3) 

NZ European         222 (63.6) 197 (66.1) (88.7) 139 (61.5) (62.6) 129 (64.2) (58.1) 

Other         36 (10.3) 31 (10.4) (86.1) 17 (7.5) (47.2) 15 (7.5) (41.7) 

 Total 115 10 30 844 349 (41.4) 298 (35.3) (85.4) 226 (26.8) (64.8) 201 (23.8) (57.6) 

Values are numbers; (percentage by column); (percentage by row) 
1 SES categorization for NZ schools is based on the SES of families within the school’s catchment area, calculated by census data relating to household income, educational 

qualifications, and occupation of adults within the household, household crowding, and income support provided to the household. Decile 10 includes the 10% of schools with the 

lowest proportion of low SES families within the catchment.  
2 Decile 1 includes the 10% of schools with the highest proportion of low SES families within the catchment (Ministry of Education, 2011). Data from NZ Ministry of 

Education (Ministry of Education, 2009), based on schools in the Auckland region comprising Years 7-13, 9-13, 7-10 or 11-13.  
3 Parents were encouraged to make the consent decision in consultation with their children. Where parents gave consent for children to participate, 96% of adolescents gave 

assent.  
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8.3. Results 

If sustained actions are to emerge from programme participation it should be possible to 

identify behavioural and emotional engagement during and beyond the intervention period.  

Teachers from diverse settings identified positive behavioural engagement during the 

intervention. 

“I have observed full engagement from students who often opt out.”  Teacher, Decile 1-4 

 

“Students are seeing a different side of science. They are very positive about learning 

more about their health and wellbeing.” Teacher, Decile 8-10 

 

“It got the students working and engaged.”  Teacher, Decile 5-7  

 

Emotional engagement was indicated by factors such as enjoyment, interest and 

identification of relevance of the programme to personal situations.   

 

“It is all relevant. That enables the students to stay engaged.” Teacher, Decile 8-10 

“I am interested that they appear so receptive. Great to see the kids’ enthusiasm in 

delivering their findings and information at the conference” 

 Parent, Decile 8-10, T2 interview 

 

“All the time he is talking about it. Before [the project] most of the time he didn’t talk 

about school but since this project started he has really started talking about this – about 

Health, Science and PE. He has been going on the computer and he has done a lot of 

research. To be honest I am amazed he has stepped out of the school space and is doing 

work on his own at home. He is motivated.” Parent, Decile 1-4 school; T2 interview 

 

Further examples of emotional engagement were reported previously (Bay et al., 2012a). 

When behavioural and emotional engagement leads to cognitive engagement the potential 

exists for development and application of capabilities resultant in action-taking. We present 

evidence relating to attitudes and understanding followed by evidence associated with 

actions emerging from cognitive engagement.  
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8.3.1. Awareness of and engagement with science 

Questions examining NOS understanding (Table 8.2, Figure 8.4) indicate that pre-

intervention the cohort generally understood science as an activity that seeks to understand 

the natural world via observation and inquiry. A common misconception relating to NOS 

is that which associates science with a lack of creativity (Lederman et al., 2013). Pleasingly 

at T0 64.7% of adolescents associated creativity and imagination with scientists. While 

overall cohort change is not significant, of the 69 students who responded Disagree (D), 

Strongly Disagree (SD) or Don’t Know (DK) at T0, 45% changed to a position of Agree 

(A) or Strongly Agree (SA) post-intervention and retained this to T4, p<.001. In contrast, 

only 18% of the 126 students who initially responded SA/A changed to an uncertain or 

negative position at T4.    

Certainty of knowledge is a common NOS misconception (Lederman et al., 2013), promoted 

by content-laden science curricula alongside misrepresentation of the certainty of science 

by the media (Sinatra et al., 2014). Application of epistemic beliefs about the nature of 

scientific knowledge will influence the way individuals or groups respond to SSIs (Engdahl 

and Lidskog, 2014). Therefore, it is important to support adolescents to acknowledge and 

negotiate concepts associated with the inherent uncertainty of scientific evidence if they 

are going to negotiate issues associated with primary NCD prevention. Pleasingly, at T0 

over 50% of students disagreed with the statement “Science is always about being sure of 

the answer.” Overall proportions of students taking this view did not alter significantly. 

However, 43% of the 75 students who pre-intervention responded SA/A moved to SD/D 

while only 22% of the 110 students who pre-intervention responded SD/D moved to SA/A. 

The odds of boys associating science with certainty was 2.638 times that of girls at T0, 

p<.001. At T2 this rose to 2.950 times that of girls, p<.001; while at T4 it reduced to 2.010 

times that of girls, p=.008. These data should be of interest in boys’ schools as they suggest 

that unless teachers actively provoke discussions it may be less likely that this frame of 

reference will be challenged. 

Public distrust of science is common. It is associated with use of science in regulatory 

capacities (Engdahl and Lidskog, 2014) and risk analysis (Retzbach et al., 2016). Asked if 

science could be trusted 74% of students responded SA/A at T0, with a small significant 

shift towards SA at T4. Of the 149 students responding SA/A at T0 only 18% moved to a 

negative response by T4 whereas 57% of the 51 students responding DK/D/SD at T0 moved 

to SA/A at T4. No significant gender difference was seen at T0. By T2 the odds of boys 
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agreeing that science could be trusted was 2.773 times that of girls, p=.001, dropping to 

2.002 at T4, p=.013. The relatively high level of trust in science exhibited may be 

supportive of engagement in exploration of NCD risk. The gender difference post-

intervention warrants further investigation. Combined with the gender difference regarding 

the tentative nature of evidence this should be a point of discussion for teacher planning. 

Doing science is associated with contributing towards NOS understanding when combined 

with explicit instruction and opportunities for reflection (Kahana and Tal, 2014). At baseline 

13.8%/41.5% of students respond SA/A to the statement “I have done proper scientific 

investigations at school” At T2 this shifts to 23.6%/46.2%, rising slightly at T4, 

25.5%/53.8%, p<.001. Contributors to this shift could include changes in understanding of 

the process of science and thus appreciation of prior experiences, changes in teaching 

practice reflected in student experience, or a combination of both. It is likely that most 

students had undertaken open-ended investigations prior to the intervention as this is a 

component of the New Zealand curriculum. During the intervention, all classes experienced 

learning exploring the process of science and carried out some form of open investigation. 

This suggests that the use of science narratives within the intervention may increase 

understanding of what science is and allow students to recognize science more readily. 

Meeting scientists (actually and through narratives) enables students to explore 

epistemologies that may be different to their own. This supports the potential for frames of 

reference to be adapted to include evidence-based scientific perspectives in addition to 

perspectives arising from personal contexts. Most adolescents had little or no contact with 

scientists outside of their school environment, Table 8.3. Pre-intervention, 37% of students 

identify with having met a scientist. Of this group, 63.5% identify either a teacher or a 

person they have met via a school event. Students did not identify all teachers as scientists. 

E.g. in a school with six participating teachers, 39% of students identified having met a 

scientist at T0 and 68% of these qualified their answer by naming one or other of two 

teachers, both of whom had prior work experience in science. Post-intervention the 

proportion of students identifying as having met scientists increases to greater than 70%, 

p<.001. While school-related encounters still dominate, there is a significant shift towards 

school-events linked to the programme. 
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Table 8.2.  Perceptions of science, matched pre-post responses, n = 201  

Statement 4. Science is about 

understanding the 

world 

5. Scientists do 

experiments 

6. Scientists are 

creative and 

imaginative people 

7. Science is always 

about being sure of 

the answer 

8. You can trust 

science 

9. I have done proper 

scientific 

investigations 

Matched Responses n=198 n=201 n=195 n=199 n=200 n=195 

 
T0 T2 T4 T0 T2 T4 T0 T2 T4 T0 T2 T4 T0 T2 T4 T0 T2 T4 

% Strongly Agree 39.9 33.8 42.9 64.7 66.2 64.7 17.5 18.5 19.5 7.5 11.1 12.1 16.0 14.5 24.5 13.8 23.6 25.6 

% Agree 44.4 52.0 47.0 31.8 32.3 34.3 47.2 45.6 49.2 30.2 23.6 21.6 58.5 55.0 51.0 41.5 46.2 53.8 

% Don't know 1.0 2.0 0.5 0.5 0.5 0.0 4.6 9.2 3.6 7.0 8.5 10.6 3.0 1.5 1.0 2.6 2.6 2.1 

% Disagree 8.6 9.6 7.1 1.5 1.0 0.5 21.0 20.0 21.5 21.6 24.1 18.1 13.5 15.5 16.0 26.2 16.9 12.3 

% Strongly Disagree 6.1 205 2.5 1.5 0.0 0.5 9.7 6.7 6.2 33.7 32.7 37.7 9.0 13.5 7.5 15.9 10.8 6.2 

Friedman test            χ2(2)=4.678,  p=.096 χ2(2)=0.788,   p=.674 χ2(2)=1.219,  p=.544 χ2(2)=0.287,  p=.866 χ2(2)=9.115,  p=.010* χ2(2)=42.213,   p<.001* 

Pairwise comparison T0-T2 T0-T4 T2-T4 T0-T2 T0-T4 T2-T4 T0-T2 T0-T4 T2-T4 T0-T2 T0-T4 T2-T4 T0-T2 T0-T4 T2-T4 T0-T2 T0-T4 T2-T4 

z 0.215 1.821 1.762 0.215 1.821 1.762 0.794 1.063 0.615 0.172 0.322 .0206 1.655 0.872 2.811 3.714 6.005 2.929 

Adj p .832 .069 .078 .832 .069 .078 .427 .288 .539 .864 .747 .837 .098 .383 .005* <.001* <.001* .003* 

                   

 T0 T2 T4 T0 T2 T4 T0 T2 T4 T0 T2 T4 T0 T2 T4 T0 T2 T4 

OR (Male cf. Female) 0.825 1.702 1.303 1.318 1.377 0.729 1.947 1.731 2.431 2.638 2.950 2.010 1.430 2.773 2.002 1.392 1.043 1.771 

95% CI 
0.482 - 

1.411 

0.983 - 

2.947 

0.754 - 

2.253 

0.724 - 

2.397 

0.749 - 

2.533 

0.404 - 

1.314 

1.136 - 

3.337 

1.020 - 

2.940 

1.400 - 

4.221 

1.554 - 

4.479 

1.744 - 

4.991 

1.197 - 

3.375 

0.817 - 

2.501 

1.558 - 

4.937 

1.157 - 

3.462 

0.823 - 

2.355 

0.618 - 

1.760 

1.019 - 

3.078 

χ2(2) 0.493 3.601 0.901 0.817 1.061 1.106 5.872 4.133 9.947 12.896 16.258 6.966 1.571 12.013 6.165 1.519 0.025 4.102 

p .483 .058 .342 .366 .303 .293 .015* . 042* .002* <.001* <.001* .008* .210 .001* .013* .218 .875 .043* 

Variance in distribution of matched responses at T0, T2 and T4 was measured using the Friedman test. Post hoc pairwise comparisons were conducted using Wilcoxon Signed-

Rank test. The effect of gender on responses was assessed using ordinal logistic regression with proportional odds. *Bold: significant (=0.05). T0 = Pre-intervention; T2 = 6-12 

weeks post-intervention; T4 = 12-months post-intervention; n = number; p’ = Adjusted Significance values and include Bonferroni-Holm’s correction for multiple comparisons.  
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Figure 8.4.  Awareness of & engagement with science: T0-T4 Individually matched change, n=201 
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Table 8.3.  Experiences of meeting scientists. Matched pre-post responses n = 201. 

Statement 7. Have you met a scientist? 

 T0 T2 T4 

Matched Responses: n=200 

% Yes 37.0 76.0 71.0 

% No 63.0 24.0 29.0 

Cochran's Q Q=98.255,  p<0.001* 

Odds Ratio 

Male cf. Female 

0.683 (95%CI 0.374-1.247) 

χ2(1)=1.539,  p=0.215 

0.817 (95%CI 0.421-1.583) 

χ2(1)=0.360,  p=0.549 

0.605 (95%CI 0.325-1.126) 

χ2(1)=2.515,  p=0.113 

Pair-wise comparison T0-T2 T0-T4 T2-T4 

McNemar 2(1)=64.446,  p’<.001* 2(1)=51.011,  p’<.001* 2(1)=2.025,  p’=.155 

Statement 8. If you have met a scientist, please say who it was or what kind of scientist they were.  

Responses  

(Multiple responses 

possible) 

T0 T2 T4 

n=74 n=143 n=143 

% Relative/family friend 16.2 4.2 9.7 

School 

related  

% Teacher 44.3 33.6 32.1 

% School event 18.9 54.6 32.1 

% Other 9.5 11.9 19.6 

% No response 10.1 46.9 50.3 

 χ2(2)=51.750,  p<.001* 
  

Variance in distribution of matched responses at T0, T2 and T4 was measured using the Cochran’s Q test. 

Post hoc pairwise comparisons were conducted using McNemar’s test. The effect of gender on responses 

was measured using binomial logistic regression. *Bold: significant (=0.05). T0 = Pre-intervention; T2 = 

6-12 weeks post-intervention; T4 = 12-months post-intervention; n = number; p’= Adjusted Significance 

values and include Bonferroni-Holm’s correction for multiple comparisons. 

 

8.3.2. Perceptions of the importance of health and lifestyle 

Matched pre-post comparisons of responses to statements exploring perceptions of the 

importance of health and lifestyle provide indications of impact on engagement with health 

as an issue of relevance to adolescents. We reported previously that students considered 

health as a concept that encapsulated physical, social, and emotional factors and correctly 

interpreted concepts of healthy and unhealthy foods (Bay et al., 2012a). Pre-intervention 

students rated highly (‘quite a lot’ or ‘a lot’) the importance of ‘being healthy’ (94.5%), 

‘what you eat’ (88.5%) and ‘daily exercise’ (87.9%), Table 8.4. At baseline, students were 

less likely to rate ‘what you eat’ as mattering ‘a lot’ (39.0%) compared to being healthy 

(55.1%) and exercising daily (51.0%), assessed via Cochran’s Q test to be significant 2(2) 

= 18.143, p<.001. Post-hoc analysis reveals that the difference is between ‘what you eat’ 

vs ‘being healthy’, p<.001, and ‘what you eat’ vs ‘daily exercise’, p=.006. At 3- and 12-

months post-intervention there was a significant increase in students identifying ‘being 
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healthy’2(2) = 9297, p=.010 and ‘what you eat’ as mattering ‘a lot’ 2(2) = 6.889, p=.032, 

indicating that engagement led to positive attitudinal change. Conversely, there was no 

change in students’ perceptions of the importance of daily physical activity, a concept not 

explored within the programme.  

 

Table 8.4.  The importance of health and lifestyle: matched pre-post responses n = 201  

Statement:    

 

9. How much does it matter 

whether or not you are 

healthy? 

10. How much does it matter 

what you eat? 

11. How much does it 

matter whether or not 

you are active or 

exercise every day? 

Matched Responses: n=197 n=197 n=196 

T0 T2 T4 T0 T2 T4 T0 T2 T4 

       %  A lot (AL) 55.1 68.2 59.5 39.0 46.2 51.0 51.0 51.2 46.7 

%
 <

 A
 l

o
t 

(A
L

) 

% Quite a lot 39.4 27.4 36.5 49.5 42.2 35.5 36.9 37.3 41.7 

% Not very much 5.6 4.0 3.5 11.0 11.1 12.5 11.6 9.5 10.6 

% Not at all 0.0 0.5 0.5 0.5 0.5 1.0 0.5 2.0 1.0 

Cochran’s Q  

(AL vs < AL) 
2(2)=9.297 p=.010* 2(2)=6.889 p=.032* 2(2)=1.604 p=.448 

Pair-wise comparison T0-T2 T0-T4 T2-T4 T0-T2 T0-T4 T2-T4    

Adj Sig .003* .490 .189 .113 .018* .925    

Odds Ratio: Male cf. 

female, selecting ‘A lot’ T0 T2 T4 T0 T2 T4 T0 T2 T4 

OR 1.043 1.254 0.660 0.762 0.475 1.163 0.782 0.849 0.810 

95% CI 
0.593-

1.835 

0.676-

2.327 

0.372-

1.172 

0.440-

1.320 

0.272-

0.829 

0.672-

2.015 

0.453-

1.350 

0.491-

1.470 

0.468-

1.402 

2(1) 0.021 0.515 2.011 0.943 6.874 0.291 0.777 0.340 0.566 

p .884 .473 .156 .332 .009* .589 .378 .560 .452 

Variance in proportion of responses confirming ‘A lot’ vs less than ‘A lot’ was assessed via Related 

Samples Cochran’s Q test with post-hoc pairwise comparisons where the variance in proportional 

distribution between T0-T2-T4 was significant. The effect of gender on responses was measured using a 

cumulative odds ordinal logistic regression with proportional odds. *Bold: significant (=0.05). T0 = Pre-

intervention; T2 = 6-12 weeks post-intervention; T4 = 12-months post-intervention; n = number; Adj.Sig = 

Adjusted Significance values and include Bonferroni-Holm’s correction for multiple comparisons. OR = 

Odds Ratio; CI = Confidence Interval. 

 

8.3.3. Awareness of associations between nutrition and health 

Responses to statements exploring awareness of associations between nutrition in early life 

and adolescence and health assessed the potential for narrative-based exploration of 

DOHaD evidence to support development of awareness of this evidence as a component of 

NCD vulnerability, (Table 8.5, Figure 8.5).  
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Table 8.5.  Awareness of associations between nutrition and health across the life course, n = 201  

Statement  12. The food a woman 

eats when she is 

pregnant affects the 

health of her baby 

13. The food a woman 

eats when she is 

pregnant affects the 

health of her baby 

when it is grown up 

14. The food a father 

eats will affect the 

health of his children 

when they are babies 

15. The food a father 

eats will affect the 

health of his children 

when they grow up 

16. It is important for me 

to eat healthy food 

now 

17. The food I eat now 

will affect my health 

in the future 

18. The food I eat now 

will affect the health 

of any children I 

have in the future 

Matched Responses n=196 n=191 n=195 n=193 n=195 n=194 n=193 

 T0 T2 T4 T0 T2 T4 T0 T2 T4 T0 T2 T4 T0 T2 T4 T0 T2 T4 T0 T2 T4 

% Strongly Agree (SA) 53.1 62.8 61.2 15.2 30.9 28.3 4.1 5.6 7.7 6.2 4.1 7.8 61.0 66.2 69.2 40.2 51.0 52.6 10.4 12.4 16.1 

% Agree (A) 40.8 35.7 36.2 37.7 49.7 41.9 25.2 34.4 33.3 22.8 31.6 30.6 36.4 30.8 27.7 51.5 43.3 41.2 33.2 39.4 37.7 

% Don't Know (DK) 1.0 0.0 0.5 6.8 2.1 2.1 12.8 11.8 11.8 14.0 8.8 7.8 0.5 1.0 1.0 0.5 0.5 0.5 9.3 6.2 4.7 

% Disagree (D) 4.1 1.5 2.1 25.7 11.5 19.9 25.1 21.0 22.6 30.6 32.1 30.1 0.5 2.1 2.1 3.1 3.1 2.6 22.8 26.4 23.8 

% Strongly Disagree 

(SD) 
1.0 0.0 0.0 14.7 5.8 7.9 4.1 27.2 24.6 26.4 23.3 23.8 1.5 0.0 0.0 4.6 2.1 3.1 24.4 15.5 18.1 

Friedman test            χ2(2)=8.313,  p=.016* χ2(2)=40.671,  p<.001* χ2(2)=7.121,  p=.028* χ2(2)=1.412,  p=.494 χ2(2)=2.714,  p=.257 χ2(2)=9.552,  p=.008* χ2(2)=3.850,  p=.146 

Pairwise comparison T0-T2 T0-T4 T2-T4 T0-T2 T0-T4 T2-T4 T0-T2 T0-T4 T2-T4 T0-T2 T0-T4 T2-T4 T0-T2 T0-T4 T2-T4 T0-T2 T0-T4 T2-T4 T0-T2 T0-T4 T2-T4 

z 3.010 2.409 -0.625 5.704 3.985 2.589 1.381,  2.902,  0.843,  0.859,  1.377,  0.434,  1.002 1.140 -5.657  2.507 2.322 -0.208 2.164 1.491 -0.239 

Adj p .003* .032* 1.000 <.001* <.001* .030* .023* .008* 1.000 .390 .338 1.000 .316 .508 1.000 .025* 040* 1.000 .030* .062 1.000 

 T0 T2 T4 T0 T2 T4 T0 T2 T4 T0 T2 T4 T0 T2 T4 T0 T2 T4 T0 T2 T4 

OddsMale / 

OddsFemale 

Responding 

Strongly Agree 

 

OR 0.615 0.699 0.629 2.234 1.344 2.224 3.054 2.196 2.858 2.634 1.834 2.745 0.467 0.927 0.500 0.759 0.679 1.074 2.078 1.385 1.831 

95% 

CI 

0.351-

1.411 

0.388 - 

1.260 

0.351 - 

1.128 

1.315 - 

3.796 

0.781 - 

2.312 

1.296 - 

3.816 

1.792 - 

5.202 

1.299 - 

3.711 

1.677 - 

4.870 

1.555 - 

4.460 

1.088 - 

3.093 

1.611 - 

4.676 

0.260 - 

0.840 

0.506 - 

1.696 

0.274 - 

0.937 

0.433 - 

1.332 

0.387 - 

1.189 

0.610 - 

1.889 

1.233 - 

3.501 

0.825 - 

2.237 

1.083 - 

3.096 

χ2(2) 2.908 1.421 2.421 8.834 1.139 8.417 16.865 8.626 14.907 12.988 5.174 13.797 6.463 0.061 4.699 0.924 1.835 0.061 7.550 1.517 5.091 

p .088 .699 .629 .003* .286 .004* <.001* .003* <.001* <.001* .023* <.001* .011* .805 .030* .337 .176 .805 5.091 .218 .218 

Variance in distribution of matched responses at T0, T2 and T4 was measured using the Friedman test. Post hoc pairwise comparisons were conducted using Wilcoxon Signed-

Rank test. The effect of gender on responses was assessed using ordinal logistic regression with proportional odds. *Bold: significant (=0.05). T0 = Pre-intervention; T2 = 6-12 

weeks post-intervention; T4 = 12-months post-intervention; n = number; p’ = Adjusted Significance values and include Bonferroni-Holm’s correction for multiple comparisons, 

OR = Odds Ratio 
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Figure 8.5  Awareness of associations between nutrition & health: T0-T4 Individually matched 

change, n=201 
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Pre-intervention SA/A responses to Statement 12 “The food a woman eats when she is 

pregnant affects the health of her baby” are high (53.1/40.8%). Significant positive shift 

towards SA occurs at T2 (62.8/35.7%) and is sustained to T4, (61.2%/36.2%), indicating 

that the programme increased awareness of this concept, p=.016. Gender difference in T0 

response indicating that boys were less likely than girls to respond positively (p=.088) did 

not alter markedly post-intervention.  

The concept of association between the nutritional environment of the mother during 

pregnancy and later life health (Statement 13) elicited a wide range of pre-intervention 

responses. The odds of boys responding positively at T0 was 2.234 times that for girls 

p=.003. Strong positive change in awareness was observed at T2 and sustained to T4, 

p<.001. Of the 47.2% of participants who pre-intervention did not demonstrate awareness 

of this concept, 73.3% demonstrated awareness at 12-weeks post-intervention, 81.8% of 

whom continued to demonstrate this awareness at 12-months post-intervention. Awareness 

in girls increased markedly between T0 and T2, with the odds of boys responding positively 

at T2 lowering to 1.344 compared to that of girls p=.286. Retention of SA/A response was 

higher in boys (92%) compared to girls (83%) at T4. Correspondingly the odds of boys 

responding positively at T4 increased to 2.224 that of girls, p=.004. 

The learning resources did not explore associations between paternal nutritional 

environment prior to conception and offspring health. However, this concept was attracting 

increasing attention within the DOHaD community at the time of the intervention (Ng et al., 

2010). It was raised as a question in teacher professional development, as well as by students 

in the one-day Liggins Institute programme in the years prior to this intervention. 

Therefore, the concept was included as a point of emerging interest without exploration of 

evidence in the one-day Liggins Institute sessions attended by all participants. A small 

change in awareness is detected in responses to Statement 14, suggesting that information 

sharing without examination of evidence has limited impact. When compared to the 

significant positive change in awareness of associations between maternal nutritional 

environment and later life offspring health this confirms that for students to develop 

understanding of research evidence they need to explore data rather than be told of findings. 

Clear evidence of associations between paternal environmental exposures and later-life 

health outcomes is now available (Bale, 2014; McPherson et al., 2014). Relevant adolescent 

learning resources should be created. 
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Most adolescents receive signals from home, school, and community indicating the 

importance of healthy eating. Therefore, unsurprisingly 61.0/36.4% of students responded 

SA/A to Statement 16 exploring the importance of eating healthy food. While not 

statistically significant, the change upwards to 69.2%/27.7% at 12-months post-

intervention is promising. Gender based differences were statistically significant at T0 and 

T4. At T0 the odds of boys responding positively to this statement were 0.467 that of girls, 

p=.011. Responses of boys shifted markedly at T2, bringing responses in line with those of 

girls. Girls responses at SA/A level continued to move upwards between T0 (69%/28.4%) 

and T4 (75.2%/22.2%). However, boys dropped back to 59.5%/36.5% at T4, still somewhat 

higher that their T0 rates of 50.0%/47.3%. Thus, the odds of boys responding positively at 

T4 lowers back to 0.507 that of girls, p=.030.  

Positive (SA/A) responses to Statement 17 “The food I eat now will affect my health in the 

future” were lower than those for Statement 16 at T0, (40.2/51.5%). Post-intervention 

responses shifted significantly upwards and were sustained at 52.6/41.2% 12-months, 

p=.008.  

Statement 18 “The food I eat now will affect the health of any children I have in the future” 

tested the potential for students to engage with DOHaD concepts in relation to their 

potential future offspring. Given their age (11-14 years), this was conceptually challenging 

as it related to events in their adult future. Responses at T0 were mixed, potentially 

reflecting this challenge. While overall there was a positive shift in responses, significant 

moves occurred in both directions. This suggests that applying these concepts to their future 

as adults is challenging and should be explored further. 

8.3.4. Cognitive engagement and actions  

Recognition of relevance, when followed by action signals investment in learning and is 

indicative of emotional and cognitive engagement, e.g. 

“I had thought about it but I had never really done healthy eating before. Now I pay more 

attention to healthy eating and exercise. In P.E. I participate more. Like I used to just 

stand there but now I take part and it is really fun. [Before] I was ashamed, but now I 

enjoy it and I really take part and I eat healthy too. I eat vegetables.” 

 Year 9 female, Decile 1-4, 6 months post-intervention  
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The potential of programme participation to facilitate nutritional behaviour change was 

assessed using matched self-reported evidence relating to eight key food categories, Tables 

8.6a and 8.6b. Not all adolescents need to make nutritional behaviour changes. Therefore, 

we divided the assessment of behaviour change into two categories based on the risk-level 

represented by baseline patterns. We reported at 12-weeks post-intervention indicators of 

positive change in students whose pre-intervention nutritional behaviours could increase 

later risk of overweight/obesity and NCD. This was triangulated with interview evidence 

indicating that change was determined by adolescents in response to evidence they had 

explored in the HSLEAP programmes (Bay et al., 2012a). Matched analysis demonstrates 

statistically significant sustained behaviour change from T0 to T2 and T4 for all food 

categories for students in the ‘at-risk’ group, Table 6a. Consistent with our reported 12-

weeks post-intervention evidence, some negative behaviour changes were observed at 12-

months post-intervention in the group for whom pre-intervention behaviour was not in the 

‘at risk’ category Table 6b. Exploration of whether the programme has greater impact for 

those who recognize NCD risk in their families or identify with behaviours that they learn 

are associated with increased NCD risk would be valuable. However, conclusions relating 

to this cannot be drawn from the data presented. Overall, the nutritional change data shows 

that the odds of positive behaviour change for students in the ‘at risk’ group were 

significantly higher than the odds of students in the ‘low/no risk’ group making negative 

changes. 
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Table 8.6a.  Change in self-reported diet behaviours indicated by individually matched pre & post intervention responses, n=167* 

Food item 

Self-reported 

consumption  
pattern defined as 

indicating risk 

T0 responses in ‘at risk’ category 

T0 – T2 – T4 

Pre- to 12-weeks 

post intervention (T0-T2) 

Pre- to 12-months 

post-intervention (T0-T4) 

OddsMale/OddsFemale 

T0 to T4 Positive Change n % 

OddsMale/OddsFemale 

Being in the ‘at-risk’  

category at T0 2(2) P 

Positive 

change (%) 

Negative 

change (%) Pꞌ 

Positive 

change (%) 

Negative 

change (%) Pꞌ 

Potato chips 

[crisps] 
> once per week 69 42.3 

1.352 (95%CI 0.719 to 2.542), 

χ2(1)=0.878, p=.349 
30.516 <.001* 39.1 1.5 <.001* 42.9 5.7 <.001* 

0.597 (95%CI 0.232 to 1.537), 

χ2(1)=1.142, p=.285 

Fried food (e.g.  

hot chips, fried 
chicken, burgers) 

≥ once per week 93 58.5 
1.289 (95%CI 0.680 to 2.442), 

χ2(1)=0.606, p=.436 
17.857 <.001* 43.0 16.1 <.001* 36.6 9.7 <.001* 

0.844 (95%CI 0.377 to 1.886), 

χ2(1)=0.171, p=.679 

Soft drinks [fizzy, 
cordials, sports 

drinks] 

≥ 2-4 times per 

week 
41 24.5 

2.100 (95%CI 1.027 to 4.296), 

χ2(1)=4.129, p=.042* 
13.904 <.001* 36.6 7.3 <.01* 43.9 7.3 <.01* 

1.458 (95%CI 0.442 to 4.809), 

χ2(1)=0.384, p=.535 

Sweet snacks (e.g. 

biscuit, muesli bar, 

sweet [candy]) 

> 2-4 times per 

week 
28 17.8 

1.035 (95%CI 0.504 to 2.124), 

χ2(1)=0.009, p=.925 
18.764 <.001* 42.9 N/A .001 50.0 N/A <.001* 

1.204 (95%CI 0.597 TO 2.428), 

χ2(1)=0270, p=.604 

Green vegetables 
(e.g. spinach, beans, 

lettuce) 

< Daily 58 36.5 
1.224 (95%CI 0.641 to 2.339), 

χ2(1)=0.336, p=.540 
20.520 <.001* 46.6 5.2 <.001* 39.7 10.3 <.01* 

1.209 (95%CI 0.443 to 3.301), 

χ2(1)=.137, p=.711 

Starchy vegetables 

(e.g. sweet potato, 
potato, pumpkin) 

≤ once per week 26 16.4 
1.496 (95%CI 0.643 to 3.480), 

χ2(1)=0.874 6, p=.350 
26.275 <.001* 73.1 0.0 <.001* 73.1 3.8 <.001* 

2.922 (95%CI 0.453 to 18.853), 

χ2(1)=1.271 p=.260 

Fruit (e.g. apples, 

pears, bananas) 
< Daily 57 35.0 

1.875 (95%CI 0.975 to 3.608), 

χ2(1)=3.545 6, p=.060 
16.528 <.001* 38.6 5.3 <.001* 45.6 14.0 <.01* 

2.951 (95%CI 1.055 to 8.250), 

χ2(1)=4.255  p=.039* 

Raw fruits  

and vegetables 
< Daily 88 54.3 

1.136 (95%CI 0.607 to 2.128), 

χ2(1)=0.159 6, p=.690 
23.452 <.001* 48.9 11.4 <.001* 52.3 19.3 .002* 

0.820 (95%CI 0.365 to 1.843), 

χ2(1)=0.230 p=.632 

*An administrative error in data collection at one site reduced the number of valid responses to food frequency questions at T0. Hence n=167 rather than 201.  

T0, Pre-intervention; T2, 6-12 weeks post-intervention; T4, 12-months post-intervention; n, number; p* Bold: significant (=0.05). Adj.Sig = Adjusted Significance values and 

include Bonferroni-Holm’s correction for multiple comparisons. The Friedman test was used to measure variance in distribution at T0, T2 and T4. Post hoc pairwise comparisons 

were conducted using Wilcoxon Signed-Rank test.   
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Table 8.6b  Comparative behaviour change patterns (at risk vs no/low risk), n=167 

                                                               Pre-intervention to 12-months post-intervention behaviour change 

  T0 Behaviour Category = Risk  T0 Behaviour Category = No/low risk  

Food item 

Self-reported 

consumption  

pattern defined as 

indicating risk n 

% Negative 

change towards 

greater risk % No change 

% Positive change 

towards no/low 

risk category 

% Positive change 

into the no/low risk 

category  n 

% Retains 

position in 

no/low-risk 

category 

% Negative  

change into at risk 

category 

Odds Ratio 

T0-Risk / T0-No/low Risk 

T0-T4 change towards opposite 

category 

Potato chips 

[crisps] 
> once/week 69 5.8 52.2 7.2 34.8 

 

94 80.9 19.1 
3.061 (95%CI 1.152 to 6.175), 

χ2(1)=10.15, p<.001* 

Fried food (e.g.  
hot chips, fried 

chicken, burgers) 

≥ once per week 93 9.7 53.8 17.2 19.4 

 

66 66.7 33.3 
1.153 (95%CI 0.594 to 2.237), 

χ2(1)=0.18, p=.671 

Soft drinks [fizzy, 

cordials, sports 

drinks] 

≥ 2-4 times per 

week 
41 7.3 48.8 4.9 39.0 

 

123 87.8 12.2 
5.635 (95%CI 2.482 to 12.792), 

χ2(1)=19.23, p<.001* 

Sweet snacks (e.g. 
biscuit, muesli bar, 

sweet [candy]) 

> 2-4 times per 

week 
28 N/A 50.0 N/A 50.0 

 

131 82.4 17.6 
4.696 (95%CI 1.974 to 11.173), 

χ2(1)=13.60, p<.001*  

Green vegetables 
(e.g. spinach, beans, 

lettuce) 

< Daily 58 10.3 50.0 5.2 34.5 

 

101 84.2 15.8 
3.491 (95%CI 1.650 to 7.389), 

χ2(1)=11.29, p=.001* 

Starchy vegetables 
(e.g. sweet potato, 

potato, pumpkin) 

≤ once per week 26 3.8 23.1 7.7 65.4 

 

133 91.0 9.0 
27.329 (95%CI 9.576 to 

78.225), χ2(1)=56.85, p<.001* 

Fruit (e.g. apples, 

pears, bananas) 
< Daily 57 14.0 40.4 17.5 28.1 

 

109 84.9 15.1 
5.714 (95%CI 2.727 to 11.971), 

χ2(1)=56.85, p<.001* 

Raw  fruits  

and vegetables 
< Daily 88 19.3 28.4 29.5 22.7 

 

74 73.0 27.0 
2.957 (95%CI 1.525 to 5.733), 

χ2(1)=10.61, p=.001* 

T0, Pre-intervention; T2, 6-12 weeks post-intervention; T4, 12-months post-intervention; n, number; p* Bold: significant (=0.05). The effect of T0 response group (‘at risk’ vs 

‘low/no risk’) on change response was measured using ordinal logistic regression with proportional odds. 
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8.3.5. Cognitive engagement and communication  

Evidence indicating that students became science storytellers is a sign of cognitive 

engagement that offers important potential for school-based interventions to reach into 

families. At T2, positive changes in parental awareness of DOHaD-related concepts were 

identified (Bay et al., 2012a) and 73% of parents responding to a request to comment on the 

programme (n=55) indicated interest in learning about aspects of science explored within 

the programme. Additionally 37 of the 40 adolescents interviewed at 6-months post-

intervention talked about engaging their family in learning from the programme and 19 

discussed application of their learning in evidence-based actions, examples of which we 

reported previously (Bay et al., 2012a). These data indicate that students became science 

communicators in their families. In addition to supporting family-level behaviour change 

reported in Bay et al., 2012a, this has supported parents to develop an understanding of 

science as a human endeavour of relevance in their community.  

“Back in my day science at school was not so relevant to the children’s world. Soana* is 

telling me about what she is doing. She is really interested and they are looking at how 

things work. That has changed my mind on what science is so I can see there are branches 

of it in everyday things and I can see the value of science for her. When I came to the 

parent’s night I was interested and wanting to know more about what Soana* was learning 

at school and I went away learning something, and I enjoyed the evening. I wanted to 

come to this meeting because she has been talking about science ever since this 

programme started and she has said that she likes science so I thought well I should come 

and support her.”   

Parent, Decile 1-4 school; 6-months post-intervention, *name altered  

 

This type of impact is valued by schools as it promotes the worth of science education 

within communities.   

 “The value of the programme for parents in our community is that they have begun to see 

what science is a little more. The students are taking back ideas to their families and their 

communities. We are getting a lot more understanding about how science is impacting the 

community. We are getting more students wanting to take science – they can see the 

relevance of it. There is a strong link to their lives.”  

HOD Science, Decile 1-4 school 
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8.4. Discussion 

This study tested the potential of narrative-based science learning contextualized in NCD 

related issues to support scientific and health literacy development and facilitate health-

promoting actions. Participation was strongly associated with engagement, known to be a 

prerequisite to the development of capabilities associated with critical citizenship, and 

associated with higher levels of scientific literacy (Caygill and Sok, 2008). This led to 

increased understanding of the culture, nature and process of science as well as research 

evidence associated with life course understanding of NCD risk. Greater knowledge change 

was associated with exposure to learning resources enabling students to explore evidence 

compared to questions relating to evidence not presented in this manner. Assessment of 

nutritional behaviour change demonstrated that the positive change in the ‘at-risk’ group 

was significantly higher than negative change in the ‘no/low-risk’ group for all but one 

food item (fried foods). Combined with the significant qualitative evidence from the 6-

month post-intervention interview data demonstrating that the observed positive behaviour 

changes were associated with application of evidence-based thinking (Bay et al., 2012a) 

these data indicate that students in the ‘at-risk’ group made and sustained evidence-based 

decisions in relation to learning associated with the intervention. The high level of 

communication into the family by students is encouraging as it supports evidence linked to 

the importance of family-engagement in achieving positive adolescent health promotion 

(Todd et al., 2015).  

In some aspects of the evaluation we identified small increases in understanding and 

capability development between 3- and 12-months post-intervention, indicative of ongoing 

development beyond the intervention period. This reflects the notion that each learning 

module in a programme contributes to overarching educative goals. Therefore, ideas 

explored will be linked into learning beyond the module, supporting ongoing capability 

development.  

The impacts of this study sit in contrast to the questionable value of school-based health-

interventions expressed in the literature (Khambalia et al., 2012). Unusually for school-based 

health-interventions, experienced science educators embedded in a health-research setting 

led the intervention design. This enabled a programme supportive of educational as well as 

health/science goals (Bay et al., 2016a) and set within a core curriculum area (World Health 

Organization, 2016b), addressing issues relating to connection to the core mission of schools 

(Waters et al., 2011). Ensuring that the intervention resources supported teachers to develop 
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locally relevant programmes addressed issues associated with the impact of school diversity 

on intervention impacts (Keshavarz Mohammadi et al., 2010).  

Evaluation recognized that for education to impact health, assessment must look at whether 

learning took place before asking whether this learning influenced health. Ideally, the 

programme should also support measurement of long-term health impacts, an issue that we 

hope to address in the future.  

8.5. Limitations 

The study is limited by several factors, including lack of matched control schools. 

However, factors within the study design address internal validity. Individually matched 

analysis has been used throughout the study, addressing issues of individual variance and 

fixed confounding variables. The use of 30 classrooms across 10 schools contributed to 

addressing factors associated with heterogeneity in school settings. Biglan et al, argue that 

time-series studies should be considered as experimental, rather than quasi-experimental 

(Biglan et al., 2000). However, in this study we were limited to a single pre-intervention 

baseline where to be considered experimental the baseline questionnaires should be 

repeated to determine stability prior to intervention (Biglan et al., 2000). When conducting 

research in schools the use of curriculum time for evaluation must be carefully considered. 

Most New Zealand schools timetable 3-hours per week for science learning in Years 7-10. 

The evaluation processes required 5-hours of this time. The addition of a further hour to 

collect a second baseline was rejected by participating schools. This was addressed by 

comparing baseline evidence with known evidence relating to NOS understanding and 

nutritional behaviours in New Zealand adolescents. The high level of NOS understanding 

at baseline was reflective of international assessment of NOS in New Zealand 15 year-olds 

(Ministry of Education). Food frequency data was comparative to patterns in the New 

Zealand National Youth Nutrition Survey (Clinical Trials Research Unit Synovate, 2010). 

Awareness of associations between nutrition in early-life and later life health was 

consistently low across all 10 schools at baseline, measured over a period of 2 years as each 

school timed the study to suit their own needs. This is parallel to data we have from 900 

adults in the Auckland region (Bay, 2015a), indicating reliability of the baseline. 

Furthermore, change data was triangulated with interview data from parents and students. 

Collectively this indicates that it is highly likely that changes found in individually matched 

pre-post assessments can be attributed to intervention participation.  
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As noted the study cohort presented limitations in terms of the potential to explore the 

impact of gender, age and SES. Gender differences observed should be treated cautiously 

as we were not able to assess differences in SES and age due to the mid-SES group being 

from single-sex girls’ schools and the Year 7-8 cohort being from mid- and high-decile 

schools only. Further research is underway to address these questions.   

8.6. Conclusions  

The World Health Organization (WHO) is promoting the importance of curriculum-

embedded school-based partnerships to support primary NCD risk reduction. This study 

examined whether addressing known shortcomings relating to school-based health-

promotion such as shared vision, and understanding of pedagogy and practice could 

demonstrate the value of combining educative and health goals in support of DOHaD 

translation in the adolescent life stage. Our study suggests that use of a narrative-based 

pedagogy centred on development of scientific literacy is effective in promoting evidence-

based actions by adolescents that are supportive of long-term health. Utilization of mixed-

methods enabled student-, teacher- and parent-voices to identify associations between 

observed KAB changes and programme participation. Strong links to the goals of the 

national curriculum combined with evidence of positive change in NOS understanding 

validated the use of science learning time and offers strong potential for sustainability and 

future development. Further development and testing of tools and contexts associated with 

primary NCD risk reduction linked to learning objectives in science, as well as other core 

learning areas should be explored. Understanding of impacts associated with teacher 

diversity, student age, gender, and socio-ecological setting are required, along with 

assessment of relative sustainability and contextual transferability of scientific literacy 

capabilities developed in this manner.  
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Chapter 9. Cook Islands Adolescents as Agents of Change in 

the Face of the NCD Crisis  

 

Preface 

 

This chapter presents evaluative evidence from application of the HSLEAP model in three 

schools in Rarotonga. It represents the work of a community-based participatory research 

programme involving the Ministries of Education and Health in the Cook Islands, the 

Liggins Institute, and the participating school communities. The contextual adaptation of 

the HSLEAP model for use in developing nations in the Pacific region is contributing to 

the urgent need to address the NCD crisis in the Pacific. The work represented in this 

chapter is in final preparation for submission to an academic journal with a focus on the 

role of education in development. Authors will include the lead collaborators from the 

partnership.  
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9.1. Introduction 

The prevalence of adult and childhood obesity and associated noncommunicable diseases 

(NCDs) continues to rise globally, causing great concern (World Health Organization, 2015b, 

2016b). NCDs primarily include cardiovascular diseases (CVD), type 2 diabetes mellitus 

(T2DM), cancers, and chronic respiratory diseases. They are responsible for 68% of global 

deaths, 40% of which occur prematurely (prior to age 70-years). Low- and middle-income 

countries (LMICs) carry a disproportionately high NCD burden accounting for 75% of all, 

and 82% of premature NCD deaths (World Health Organization, 2015b). The prohibitive cost 

of treatment (Beaglehole et al., 2011a) combined with the social and economic loss resultant 

of NCD morbidity and mortality is significantly curbing development in LMICs (Bloom et 

al., 2011; World Health Organization, 2011). The United Nations (UN) and the World Health 

Organization (WHO) have called for multifaceted approaches to address the issue (Chestnov 

et al., 2013). Amongst the wide range of political, economic and public health strategies is 

a call for school-based education to contribute to intergenerational NCD risk reduction 

(World Health Organization, 2016b).    

9.1.1. Why involve school-based education in NCD risk reduction?  

Traditionally, NCD risk was thought to be associated with a combination of genetic 

predisposition and unhealthy adult lifestyle (Hanson, 2016). Risk reduction strategies 

targeted adults with risk factors such as hypertension, or requiring treatment to curb 

progression of diseases such as diabetes. Despite extensive investigation, no strong genetic 

links have been found that account for obesity risk (Manolio et al., 2009). Improved 

understanding of the biology of obesity has shown that once established it is extremely 

difficult to reverse due to biological factors that support the ongoing condition in the 

individual (Blackstone, 2016). However, a field of research known as Developmental Origins 

of Health and Disease (DOHaD) has shown that vulnerability to NCD risk is strongly 

influenced by environmental exposures from early life through to adolescence that affect 

our epigenome, changing the way in which cells use instructions contained within DNA. 

Adverse nutritional exposures (undernutrition &/or obesogenic environments) experienced 

by either parent prior to conception, the mother during pregnancy, and the infant and child, 

contribute towards vulnerability to obesity and NCDs in later life (Hanson and Gluckman, 

2014). This knowledge has driven the development of programmes supporting positive 

nutritional and lifestyle behaviours prior to and during pregnancy, and during childhood. 
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However, parents find it very difficult to change nutritional behaviours during pregnancy 

(Crozier et al., 2009; Morton et al., 2014). Furthermore, maternal overweight or obesity prior 

to conception and excessive weight gain during pregnancy are associated with adverse 

maternal and offspring impacts, including increased vulnerability to obesity and later-life 

NCDs for the offspring (Patel and Poston, 2016). Thus, while it is important to persevere with 

interventions during pregnancy, opportunities for change during childhood and adolescence 

that address behaviours and obesity risk prior to adulthood may be more likely to succeed. 

This is particularly relevant given that overweight established during childhood and/or 

adolescence persists into adulthood (Alberga et al., 2012). Additionally, cognitive and 

psychosocial behaviours established during adolescence (including those associated with 

nutrition and lifestyle) persist into adulthood (Craigie et al., 2011; Steinberg, 2005). Therefore, 

this key developmental phase offers an important opportunity to support adolescents as 

decision-makers engaged in their current and future health and wellbeing.   

9.1.2. Is this a realistic demand on schools?  

Multiple demands on curriculum and pastoral care time in schools create an understandable 

reluctance to add programmes addressing societal issues. In identifying the potential of 

schools to contribute towards primary NCD risk reduction the WHO noted that traditionally 

school-based health interventions have faced issues of sustainability associated with lack 

of connection to the core mission of the school (World Health Organization, 2016b). UN 

agencies have spoken very clearly of establishing multi-sectoral programmes to address 

NCD risk (World Health Organization, 2013a; United Nations General Assembly, 2011). To be 

successful, multi-sectoral programmes must value, and address goals from all contributing 

sectors (Wildridge et al., 2004). Achieving this overcomes the issue of lack of connection to 

the core mission of the school as interventions that simultaneously support educational and 

health outcomes can be embedded in core learning programmes (Bay et al., 2016a). The shift 

in schooling towards future-focused learning centred on the development of capabilities 

equipping youth to participate as critically engaged citizens opens up this opportunity 

(Hipkins et al., 2014). The NCD epidemic with its links to multiple biological, social, 

economic and cultural factors offers good opportunities for contextual future-focused 

learning within single subject or integrated learning programmes (Bay et al., 2016a). This 

has been demonstrated within school science programmes in New Zealand (NZ) via the 

Healthy Start to Life Education for Adolescents Project (HSLEAP). Participating 11-14 

year olds developed improved understanding of the Nature of Science (NOS), 
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communicated scientific evidence about NCD risk across the life-course within their 

families, and made evidence-based decisions that led to sustained actions associated with 

improving their nutritional environment (Bay et al., 2012a; Bay, 2015b). HSLEAP is based 

on a narrative pedagogical model informed by transformational learning theory (Kroth and 

Cranton, 2014) and designed to develop capabilities associated with scientific and health 

literacies and key life competencies (Grace and Bay, 2011). Programmes enable adolescents 

to explore and interpret evidence from science, health and the community, supporting 

examination of new frames of reference that may be used in decision-making and action 

taking.    

9.1.3. The Cook Islands: Living with the most challenging NCD statistics in 

the world.   

The Cook Islands is a Small Island Developing State (SIDS) in the Oceania consisting of 

15 islands comprising 240 square kilometres of land spread widely within an exclusive 

economic zone covering 2.2 million square kilometres of ocean. The main island of 

Rarotonga is 32km in circumference and home to 74% of the resident population of 14,874 

(Cook Islands Statistics Office, 2012). The Cook Islands ranks highest in the world for age 

standardised statistics relating to obesity (50.8%), insufficient physical activity (65%) and 

diabetes (29.1%) (World Health Organization, 2015b). The measured prevalence levels from 

which these data are calculated are frighteningly high, Table 9.1.  

Table 9.1  Cook Islands adult NCD risk 2004-2015 

NCD Risk Factor 

%Adults aged 25-64 years 

2004  
(n=2,629) 

2015  
(n=1,271) 

Overweight (BMI≥25.0)/Obesity (BMI≥30.0) 88.5/61.4 91.1/72.2 

Hypertension (SBP≥140 &/or DBP≥90mmHg or medicated for elevated BP) 33.2 32.9 

Elevated blood glucose (≥6.1mmol/L) 23.6 26.8 

Elevated blood cholesterol (≥5.0mmol/L) 75.2 50.9 

Fruit (F) and vegetable (V) consumption <2F&3V/day  81.8 84.8 

Low daily physical activity (<600 MET-minutes/week)  75.3 33.0 

(Ministry of Health Cook Islands, 2011, 2016) 

BMI, Body Mass Index; SBP, Systolic Blood Pressure; DBP, Diastolic Blood Pressure; F&V, Fruit and 

Vegetable, MET, Metabolic Equivalent 

Despite achieving significant reductions in the prevalence of insufficient daily activity 

between 2004 and 2015, levels of overweight/obesity continue to rise. Childhood and 

adolescent overweight increased 1.5-fold between 2003 and 2015 (Cook Islands Ministry of 

Health, 2003-2015) and rates of overweight double between adolescence (43%) and early 
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adulthood (87%) (Ministry of Health Cook Islands, 2016). NCDs account for 74% of all deaths 

in the Cook Islands, with 36% of these occurring prior to age 60. This loss during the period 

of greatest social and economic contribution at a rate 1.25-fold higher than the global 

average for LMICs (World Health Organization, 2016a) is indicative of the enormity  of the 

NCD burden in the Cook Islands. It has been established that primary NCD risk reduction 

should be a component of the matrix of programmes that comprise the Cook Islands 

National NCD Strategy (Cook Islands Ministry of Health, 2015).  

9.1.4. Educational development in support of health development 

The Pacific Science for Health Literacy Project (PSHLP) is a community-based 

participatory research (CBPR) programme established via collaboration between education 

and health sectors in the Cook Islands and Tonga, and the University of Auckland’s Liggins 

Institute. It is examining the potential for education-based interventions to support NCD 

risk reduction alongside educational development. Initiated by the NZ Ministry of Foreign 

Affairs and Trade’s New Zealand Aid Programme (NZAid), the invitation to collaborate 

stemmed from NZAid identifying potential shared interests between the Liggins Institute’s 

established school-based programme to support primary NCD risk reduction in New 

Zealand, and educational and health development goals in Pacific SIDS. For the purposes 

of this paper, we will deal only with the portion of the project set in the Cook Islands.  

The Cook Islands has a devolved national curriculum that emphasizes the development of 

capabilities associated with engaged citizenship. It aims to ensure that through “relevant 

learning and relevant application of learning…[young people]…develop as individuals 

and become responsible and informed members of the community.” Across core subjects 

learning objectives support “the development of knowledge, skills, attitudes, and values to 

enable people to put their capabilities to best use in all areas of their lives.” (Cook Islands 

Ministry of Education, 2002) This capability-centric curriculum lends itself to contextual 

learning, thus offering potential to adapt HSLEAP programmes to support educational 

development alongside primary NCD risk reduction. Phase one of PSHLP involved the 

development and testing of culturally appropriate learning resources. This aims to identify 

whether in the context of the Cook Islands, contextual learning programmes supporting 

educational goals can enable youth to understand and take positive actions regarding 

nutritional exposures and NCD risk.  
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9.2. Design and Methods 

9.2.1. Research aim 

This study evaluated outcomes related to learning and health behaviours for Year 9 (Y9) 

and 11 (Y11) Rarotongan students participating in PSHLP programmes during the 

intervention development phase (2014 - 2015). Evaluation informed the potential for 

investment in education programmes to contribute to development relating to education 

and NCD risk reduction. Comparison of the Y9 and Y11 cohorts enabled consideration of 

the placement of programmes within schooling.  

9.2.2. Research design  

The study was co-constructed by project leaders in consultation with the three participating 

school communities, the Cook Islands Ministry of Education (CIMoE) and the Cook 

Islands Ministry of Health (CIMoH). The design needed to meet objectives presented by 

participating ministries, schools and the funding agency, and be acceptable to the 

community of Rarotonga.  The agreed plan utilized an individually matched repeated time-

series design supporting quantitative and qualitative data collection and recognizing the 

importance of individual change analysis within community-based interventions (Biglan et 

al., 2000). CBPR based research is a partnership sharing process. It involves translational 

action-research that examines an issue with those affected by the issue, for the purpose of 

education and action to effect change (Wallerstein and Duran, 2010). The partnership begins 

at the point of research conceptualisation and continues throughout the research process 

(Rhodes, 2014). Because of the CBPR nature of the study, implementation strategies evolved 

in each school community over the period of the project as decisions about where the 

project should develop to best support strategic initiatives within the school were made,  

Figure 9.1. The study was approved by the Cook Islands Research Committee (Ref. 05/14) 

and the University of Auckland Human Participants Ethics Committee (Ref. 011207).   

Matched survey data was collected at pre-intervention (T0), 6 to 12-weeks post-

intervention (T2), and 12-months post-intervention (T4). Examples of student work were 

collected during the intervention (T1). Interviews and focus groups with students were 

conducted approximately 6-months post-intervention (T3) and with key stakeholders at T2 

and T4. Classroom observations were conducted at key points throughout the study. 

Measures relating to participating adolescents enabled analysis of engagement in learning 
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and changes in health and science related knowledge, attitudes, and behaviours (KAB). As 

well as reporting on cohort-wide trends at each time-point, via analysis of individually 

matched data we can report aggregated change patterns based on individual differences 

between time-points. Comparison of T0 data in 2014 and 2015 found the baseline to be 

stable across this period. Data from the Cook Islands Global School-Based Health Survey 

(GSHS) (Cook Islands Ministry of Health, 2014) was used to assess the reliability of  the food 

frequency questionnaire at baseline.  

The survey instrument examined demographic factors, health attitudes, awareness and 

knowledge, and food behaviours (available on request). Surveys were self-completed by 

students in class. Supervising teachers or researchers ensured that students understood the 

questions. Focus groups used semi-structured questions. Lesson observations occurred 

during each phase of teaching and included discussion meetings to ensure agreed 

interpretation of the events observed. Other data sources included planning documentation, 

and school demographic and assessment data.  

9.2.3. Setting 

The study was conducted in Y9 and Y11 classes in the three secondary schools on 

Rarotonga, an island with a population of 11,000 occupying 67 square kilometres of land. 

The town and the villages are located along the coast. One main road encircles the island 

and the population is highly mobile. The three pilot schools represent >95% of secondary 

education students on the island. They range in roll size from 75 to 650. Only the national 

college offers Year 12-13 classes. Families elect to send their children to any of the three 

schools. Some households have children at more than one secondary school. 

Schools nominated subject areas and classes to be included in the trial (Figure 9.1). All 

schools used science as the main learning area associated with the project. The variation in 

approaches reflected current strategic objectives within each school. This heterogeneity in 

approach is typical of educational settings and must be respected if the needs of students 

are to be met (Haque, 2015) and research is to reflect the reality of school-based settings. A further 

level of heterogeneity should be observable between and within classrooms in each school 

as teachers adapt programmes to suit the diverse needs of students. Differentiated learning 

resources were provided to enable this.  
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9.2.4. Intervention tools 

The intervention tools consisted of core learning and teaching resources within adaptable 

learning modules accompanied by professional learning development (PLD) workshops for 

teachers. Modules were based on the HSLEAP learning and teaching framework supporting 

context-embedded learning through a narrative pedagogy, Figure 9.1.  

The Y9 resource “Me, Myself, My Environment; Nutrition” (Bay and Yaqona, 2016) evolved  

from one of the HSLEAP-NZ programmes exploring the role of early-life nutrition in later 

life heart health  (Bay and Mora, 2009a). It was adapted and developed to ensure cultural 

relevance and build on evidence from evaluation of the New Zealand programme. The 

resultant resources allowed teachers to develop programmes that enabled students to:  

• investigate community perceptions regarding health and wellbeing;  

• explore who scientists are and how they work locally and internationally;  

• examine and interpret NCD risk-monitoring evidence; 

• develop understanding of concepts associated with nutrition, circulation, and 

relationships between organisms and their environment; 

• explore the work of DOHaD scientists, including appropriately reimaged data; 

• conduct open-ended investigations related to the learning programme; 

• and participate in evidence-based decision-making and communication  

In 2014 teachers within the national college identified the potential for students to examine 

the role of globalisation and social change on the nutritional environment over the past 200 

years. Learning resources were developed to enable extension of the project into social 

studies classrooms (Barrett-Watson, In Press ).   

The Y11 resource “Exploring type 2 diabetes: A socio-scientific issue for my community”  

(Bay et al., 2016d) was adapted from a New Zealand resource designed to support contextual 

learning prior to assessment of a national achievement standard in New Zealand (Bay and 

Mora, 2014). This programme also utilizes the HSLEAP learning and teaching framework. 

It culminates in an assessment task requiring students to prepare a comprehensive report 

on an aspect of the type 2 diabetes epidemic in their community. The resources were 

adapted for the Cook Islands via addition of culturally relevant narratives and data, and 

contextual adaptation in relation to food sources and the socio-ecological environment. As 

had occurred in New Zealand, one school identified the potential for the integration of this 

learning module with learning in English associated with oral presentation skills. Students 

in this school presented both written and oral reports for assessment purposes.   
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Figure 9.1  CBPR partnership development and study flow diagram  



Chapter 9 | Cook Islands Adolescents as Agents of Change in the Face of the NCD Crisis 

168 

9.2.5. Recruitment and Participants  

The participating schools were part of the CBPR team, established during the partnership 

formation phase (Bay and MacIntyre, 2013), Figure 9.2. Consent to participate was obtained 

from heads of institutions and participating education and health professionals. Research 

team members in these institutions completed a confirmation of confidentiality process.  

A combined professional development workshop held in February 2014 introduced the 

programme to all school staff. The closure of the schools for this event created community 

interest and via media coverage supported the introduction of this phase of the programme 

to parents and the wider community. This supported the relationship building process 

between the research team and the community. School assemblies and parent-teacher 

association meetings were used to explain the programme to students and parents. 

Information inviting participation in the evaluation was sent to the families of students in 

participating classes and followed up by phone. Television, newspaper, and radio 

advertisements alongside school newsletters were used to encourage parents to consent to 

children participating in the evaluation. Parental/legal guardian consent was collected and 

student assent was collected from all students under the age of 16. Students 16-years and 

over could consent independently.   

Table 9.2 describes the demographic characteristics and response rates for the combined 

cohort. Seventy-five percent of the intervention cohort (n=492) participated in evaluation, 

with 66% completing evaluation from pre-intervention to 12-months post-intervention. 

Analysis by year demonstrates that as the project evolved the participation rates improved 

from 53% in 2014 to 95% in 2015. During sense-making workshops held to support 

interpretation of data in late 2014, schools identified value in the data and initiated changes 

in their approach to encouraging participation in the evaluation process for 2015. This 

reflects increasing ownership of the project by school communities, an important factor in 

ensuring sustainability. Analysis of participation by year is available in Appendix 9A.   

9.2.6. Data Analysis 

Quantitative data was analysed using SPSS. Descriptive statistics generated frequencies 

that were compared between groups using appropriate parametric and non-parametric tests. 

Distribution of responses of self-matched ordinal data at T0, T2 and T4 was analysed using 

the Friedman test followed by post-hoc assessment using the Wilcoxon Signed-Rank test. 

Matched binomial data were analysed using Cochran’s Q test. Ordinal logistic regression 
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was used to investigate the impact of gender and age on cohort-wide response patterns. 

Bonferroni-Holm’s corrections for multiple comparisons were applied (Aickin and Gensler, 

1996).  

Data for Y9 and Y11 was retrieved from the most recent Cook Islands GSHS data set and 

compared to key nutritional behaviours in the baseline survey.  

Qualitative data was transcribed prior to thematic analysis using a constant comparative 

approach and inductive coding (Boyatzis, 1998) in line with the relativist ontological and 

subjective epistemological approach (Levers, 2013).  

9.2.7. Limitations 

Key limitations associated with the research setting were factored into the design. This is 

not a fully experimental study as limitations associated with the size and nature of the 

population precluded the use of control groups.  The CIMoH reported that when control 

trials had been attempted in Rarotonga using village-based groups they had failed due to 

contamination of the control group within the small, mobile, and close-knit community. 

The common occurrence of families having children at more than one secondary school 

along with the integration of young people from different schools and villages within 

church, service, sporting and social groups would compound this issue. The potential to use 

schools from outer islands as controls was rejected due to significant differences in context 

between the outer islands (many with populations <500) and Rarotonga.  

Variance in the size and nature of the three schools described in Figure 9.1 adds both value 

and challenge. Analysis of the different approaches would be extremely valuable, but is 

limited by the variation in size and composition of the schools.  

To examine the potential for learning to impact health, assessment should ideally analyse 

engagement, capability development, and impacts on behaviours, anthropometric and 

metabolic factors associated with NCD risk (Bay et al., 2016c). In a CBPR programme it is 

important that all parties agree to assessment measures, are comfortable that they can be 

implemented safely, and in the case of school-based projects, that measures will not disrupt 

learning. The opportunity to measure anthropometric and metabolic factors was considered 

and accepted with some reservations by schools, but rejected by the funding agency. The 

concerns for schools related to disruption to learning and the resources required to support 

adolescents to understand the data. Teachers were somewhat relieved when the funding 
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agency identified this area of evaluation in a request to reduce the budget. Therefore, we 

do not have anthropometric or metabolic measures in this study. However, at the end of 

2015 (2 years into the intervention) the project teachers, some of whom had questioned the 

inclusion of health-measures in the original plan, presented a request for inclusion of 

anthropometric and metabolic measures in the third year of intervention (2016). This 

proposal included the development of a learning resource to support teachers, students, and 

parents to understand and use these data. The rationale for this request was associated with 

increased understanding of the value of this type of evidence, alongside discussion with 

students. These discussions revealed a desire by students to know more about their own 

health data after investigating national and global health data. This is not without 

controversy as some view this type of engagement by adolescents in health-related 

evidence as dangerous (Fitzpatrick and Tinning, 2014; Nihiser et al., 2009). However, it is 

important to respond to student and teacher voices. Furthermore, the PSHLP programmes 

examine the impacts on NCD risk of complex socio-ecological factors within and between 

generations, contesting commonly held perceptions of individual blame and supporting 

engagement in health promotion at an intergenerational, socio-ecological level. This means 

that adolescents are learning that health statistics reflect a complex matrix of factors and 

are not simply resultant of individual choices. Research is underway to identify the 

perspectives of students and key stakeholders regarding participation in health assessment 

as part of the integrated learning programme in 2016.  

We are aware that the potential exists for change in data from pre- to post-intervention to 

reflect regression to the mean (RTM) (Barnett et al., 2005). Ideally, two baseline data 

collections should have been made with the same group of students prior to each 

intervention to enable assessment of stability and assess the impact of RTM (Biglan et al., 

2000). However, this was not realistic given the limited time available for learning. The use 

of two parallel baseline surveys across 2014 and 2015 proved stability at cohort level. We 

considered using one-way analysis of covariance (ANCOVA) to assess the potential for 

RTM to influence the validity of food behaviour score changes measured at three time 

points within the study (Barnett et al., 2005; Huitema, 2011). The distribution of data was not 

appropriate to meet the assumptions of ANCOVA rendering this an invalid option (Laerd 

Statistics, 2015).  
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Table 9.2  Cohort characteristics (Number and Percentage)  

  

Intervention participation  

2014-2015 

Evaluation Participants 2014-2015  

T0 
  

% Intervention  
cohort 

T0 - T2 T0 - T4 T0 -T2-T4 

Classes Students Matched T0 Retention Matched T0 Retention Matched T0 Retention 

 

Year 9 11 302 61.4 240 79.5 203 63.0 84.6 172 66.2 71.7 163 66.3 67.9 

Year 11 10 190 38.6 131 68.9 119 37.0 90.8 88 33.8 67.2 83 33.7 63.4 

All 21 492  371 75.4 322  86.8 260  70.1 246  66.3 

School A [Year 7-11] 
Year 9 2 66 21.9 50 75.8 43 21.2 86.0 40 23.3 80.0 39 23.9 78.0 

Year 11 2 40 21.1 30 75.0 24 20.2 80.0 18 20.5 60.0 16 19.3 53.3 

School B [Year 9 – 13] 
Year 9 8 223 73.8 179 80.3 151 74.4 84.4 123 71.5 68.7 115 70.6 64.2 

Year 11 6 130 68.4 82 63.1 78 65.5 95.1 60 68.2 73.2 57 68.7 69.5 

School C [Year 7 - 11] 
Year 9 1 13 4.3 11 84.6 9 4.4 81.8 9 5.2 81.8 9 5.5 81.8 

Year 11 2 20 10.5 19 95.0 17 14.3 89.5 10 11.4 52.6 10 12.0 52.6 

Gender 

 All 
Male  243 49.0 180 74.1 154 47.8 85.6 126 48.5 70.0 120 48.8 66.7 

Female  253 51.0 191 75.5 168 52.2 88.0 134 51.5 70.2 126 51.2 66.0 

Year 9 
Male  151 50.0 121 80.1 102 50.2 84.3 88 51.2 72.7 85 52.1 70.2 

Female  151 50.0 119 78.8 101 49.8 84.9 84 48.8 70.6 78 47.9 65.5 

Year 11 
Male  91 47.9 59 64.8 52 43.7 88.1 38 43.2 64.4 35 42.2 59.3 

Female  99 52.1 72 72.7 67 56.3 93.1 50 56.8 69.4 48 57.8 66.7 

Median age at 

intervention [Inter-

quartile range] 

All  14y2m [13y8m to 15y4m] 14y1m [13y8m to 15y3m] 14y1m [13y8m to 15y3m] 14y1m [13y8m to 15y3m] 14y1m [13y8m to 15y3m] 

Year 9  13y9m [13y5m to 14y1m] 13y10m [13y6m to 14y1m] 13y10m [13y6m to 14y1m] 13y10m [13y6m to 14y1m] 13y10m [13y6m to 14y1m] 

Year 11  15y6m [15y2m to 15y10m] 15y6m [15y6m to 15y10m] 15y6m [15y2m to 15y10m] 15y6m [15y3m to 15y10m] 15y6m [15y3m to 15y8m] 

E
th

n
ic

it
y

  

[I
n

cl
u

si
v

e 
o

f 
m

u
lt

ip
le

 r
es

p
o
n

se
s]

 

All 

Cook Islands Māori    457 93.3 347 75.9 305 95.3 87.9 248 95.8 71.5 237 96.7 68.3 

New Zealand   15 3.1 9 60.0 6 1.9 66.7 3 1.2 33.3 3 1.2 33.3 

Other Pacific   12 2.4 10 83.3 6 1.9 60.0 6 2.3 60.0 3 1.2 30.0 

Other   6 1.2 3 50.0 3 0.9 100.0 2 0.8 66.7 2 0.8 66.7 

Year 

9 

Cook Islands Māori    284 94.4 229 80.6 196 97.0 85.6 168 98.2 73.4 160 98.8 69.8 

New Zealand   11 3.7 5 45.5 3 1.5 60.0 1 0.6 20.0 1 0.6 20.0 

Other Pacific   5 1.7 5 100.0 3 1.5 60.0 2 1.2 40.0 1 0.6 0.0 

Other   1 0.3 0 0.0 0 0.0 n/a 0 0.0 n/a 0 0.0 n/a 

Year 

11 

Cook Islands Māori    173 91.5 118 68.2 109 92.4 92.4 80 90.9 67.8 77 92.8 65.3 

New Zealand   4 2.1 4 100.0 3 2.5 75.0 2 2.3 50.0 2 2.4 50.0 

Other Pacific   7 3.7 5 71.4 3 2.5 60.0 4 4.5 80.0 2 2.4 40.0 

Other   5 2.6 3 60.0 3 2.5 100.0 2 2.3 66.7 2 2.4 66.7 
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9.3. Results  

Planning documentation, lesson observations, student work, and assessment tasks 

confirmed that all classes followed a programme using the HSLEAP learning and teaching 

framework. This enabled students to examine and interpret evidence relating to NCD risk 

and burden in the Cook Islands and evidence of the impact of nutritional environment in 

early-life on NCD vulnerability in later life.  

School leaders identified a high level of engagement in learning from students and interest 

in the programme from the parent community. They identified that experienced teachers 

transitioned to context-embedded and integrated learning more easily than newly qualified 

teachers. Generally, local teachers or teachers with significant personal connection to the 

Cook Islands and/or NCDs had a stronger connection to the context.   

“Growing up in a family a history of diabetes, many of the personal impacts of diabetes 

were familiar with me. This was my buy-in to the project. My family life gave me ‘real-

life’ experiences that I used to engage my students. We also had a staff member with 

diabetes who was willing to share his experiences - that was of great value.”  Teacher 

 

“It [NCD] is so relevant to us because of the high levels of incidence. But, people are not 

aware. Raising awareness through education across all subject areas is contributing to 

community needs.” Teacher 

 

9.3.1. Attitudes to Health and Wellbeing 

Baseline evidence indicates that Rarotongan adolescents place a high value on being 

healthy (Table 9.3). Students rated the importance being healthy higher than the importance 

of what you eat, p<.001, and higher than daily physical activity, p<.001. ‘What you eat’ 

was rated as significantly less important than daily physical activity, p=.002.  

The high value placed on being healthy suggests that education, public health messaging 

and social norms encourage positive attitudes towards the value of health and wellbeing. 

The CIMoH have active public health messaging programmes relating to NCD risk factors 

including physical activity and nutrition. Pre-intervention, awareness of advertising 

relating to healthy eating (76%) and physical activity (82%) was high. In open-ended 

questions asking students to identify the benefits of a) healthy eating and b) regular physical 
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activity, the most common themes emerging related to feeling better about oneself, a) 52%, 

b) 38%, and being physically fitter or having more energy, a) 28%, b) 53%.  

At baseline the odds of Y9 students rating being healthy as mattering a lot was almost twice 

that of Y11 students, p=.025. The Cook Islands national curriculum has a strong emphasis 

on a holistic understanding of health and wellbeing (Cook Islands Ministry of Education, 

2004). Therefore, it is unlikely that this age-based difference represents a lack of exposure 

to the importance of health and wellbeing. It may reflect age-based developmental 

differences. If so, this suggests that programmes supporting exploration of the value of 

wellbeing are important at all stages of secondary education. 

Pre-post comparisons indicate positive changes in attitudes towards the importance of 

healthy eating and physical activity. However, these rating remained lower than the value 

placed on being healthy. The difference between ratings for healthy eating and physical 

activity observed at baseline was non-significant at T2 and T4. This reflects a greater 

increase in positive attitudes towards nutrition between pre and post-intervention.  

Table 9.3  Attitudes to health and wellbeing, Year 9 and 11 students  

Question 1. How much does it matter 

whether or not you are 

healthy? 

2. How much does it matter 

what you eat? 

3. How much does it matter 

whether or not you are 

active or exercise every 

day? 
    

Matched Responses n=246     n=246     n=239     

  T0 T2 T4 T0 T2 T4 T0 T2 T4 

% A Lot (AL) 66.94 61.98 69.01 36.18 43.50 46.75 41.63 49.39 51.84 

%
 <

 A
L

 % Some 28.93 33.88 26.86 54.07 47.15 40.65 47.35 41.22 40.00 

% Not very much 4.13 3.72 3.31 9.35 8.54 11.79 8.16 8.57 7.76 

% Not at all 0.00 0.41 0.83 0.41 0.81 0.81 2.86 0.82 0.41 

Cochran's Q  

(AL vs < AL) 
 χ2(2) =  3.664  p = .160  χ2(2) =  8.122  p = .017*  χ2(2) = 8.176   p = .017* 

Pairwise comparison T0-T2 T0-T4 T2-T4 T0-T2 T0-T4 T2-T4 T0-T2 T0-T4 T2-T4 

McNemar's Test Adj p 0.236 1.000 0.195 0.070 0.014* 1.000 0.040* 0.028* 1.000 

  T0 T2 T4 T0 T2 T4 T0 T2 T4 

OR (Male cf. Female) 1.022 0.819 0.682 0.836 1.264 1.241 1.33 0.996 1.458 

95% CI 
0.593-

1.761 

0.484-

1.387 

0.393-

1.185 

0.495-

1.411 

0.761-

2.100 

0.750-

2.057 

0.797-

2.219 

0.602-

1.648 

0.879-

2.418 

χ2(2) 0.006 0.055 1.841 0.45 0.817 0.708 1.19 0.000 2.133 

p 0.937 0.458 0.175 0.502 0.366 0.400 0.275 0.988 0.144 

OR (Y9 cf. Y11) 1.899 1.729 1.532 1.104 1.232 0.857 0.871 0.864 1.037 

95% CI 
1.086-

3.322 

1.000-

2.988 

0.865-

2,714 

0.634-

1.924 

0.718-

2.113 

0.503-

1.463 

0.508-

1.494 

0.508-

1.471 

0.608-

1.769 

χ2(2) 5.056 3.844 2.14 0.123 0.572 0.319 0.252 0.289 0.018 

p 0.025* 0.050* 0.144 0.726 0.450 0.573 0.616 0.591 0.894 

Variance in proportion of responses confirming ‘A lot’ vs less than ‘A lot’ was assessed via Related 

Samples Cochran’s Q test with post-hoc pairwise comparisons where the variance in proportional 

distribution between T0-T2-T4 was significant. The effect of gender and school year level at intervention 

on responses was measured using binomial logistic regression. *Bold: significant (=0.05). T0 = Pre-

intervention; T2 = 6-12 weeks post-intervention; T4 = 12-months post-intervention; n = number; Adj.Sig = 

Adjusted Significance values and include Bonferroni-Holm’s correction for multiple comparisons. OR = 

Odds Ratio; CI = Confidence Interval. 
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Table 9.4   Awareness of associations between nutrition & health across the life course  

Statement  

12. The food a woman eats when she is 

pregnant affects the health of her baby 

13. The food a woman eats when she is 

pregnant affects the health of her baby when 
it is grown up 

14. The food a father eats will affect the health 

of his children when they are babies 

15. The food a father eats will affect the 

health of his children when they grow up 

Was this issue/evidence 

addressed in the 
intervention? 

YES YES NO NO 

Matched Responses n=245           n=239           

  T0 T2 T4 T0 T2 T4 T0 T2 T4 T0 T2 T4 

% Strongly Agree 48.57 70.20 68.16 20.25 33.06 30.99 7.53 9.62 9.21 6.72 11.34 7.14 

% Agree 33.88 24.08 26.94 41.32 39.67 36.36 27.62 28.87 29.71 34.87 29.41 31.09 

% Don't know 13.06 2.04 3.27 23.14 16.94 20.25 26.36 24.27 17.57 26.05 24.79 27.31 

% Disagree 3.67 3.27 1.22 10.74 7.44 9.50 33.89 30.13 32.22 25.21 28.57 23.95 

% Strongly Disagree 0.82  n 0.41 4.55 2.89 2.89 4.60 7.11 11.30 7.14 5.88 10.50 

Friedman test             χ2(2) = 54.633 p<.001*  χ2(2) = 15.137   p=.001*  χ2(2) = 1.615   p=.446  χ2(2) =3.860   p=.145 

Pairwise comparison T0-T2 T0-T4 T2-T4 T0-T2 T0-T4 T2-T4 T0-T2 T0-T4 T2-T4 T0-T2 T0-T4 T2-T4 

z 6.009 5.732 0.084 3.523 2.71 -1.359 n/a n/a n/a n/a n/a n/a 

Adj p <.001* <.001* 1.000 <.001* .014* 0.522 n/a n/a n/a n/a n/a n/a 

  T0 T2 T4 T0 T2 T4 T0 T2 T4 T0 T2 T4 

OR (Male cf. Female) 0.905 0.766 0.74 0.88 0.754 0.897 1.019 1.058 1.038 0.823 0.825 0.723 

95% CI 0.55.-1.4727 0.436-1.343 .0432-1.269 0.555-1.396 0.472-1.203 0566-1.421 0.644-1.612 0.670-1.671 0.658-1.637 0.519-1.306 
0.521-
1.306 

0.456-1.147 

χ2(2) 0.162 0.867 1.196 0.295 1.406 0.214 0.006 0.059 0.025 0.683 0.674 1.896 

p 0.687 0.352 0.274 0.587 0.236 0.643 0.936 0.808 0.874 0.408 0.412 0.169 

OR (Y9 vs Y11) 0.267 0.249 0.596 0.668 0.656 0.815 1.678 1.968 1.107 1.222 1.258 1.055 

95% CI 0.153-0.464 0.123-0.507 0.331-1.072 0.407-1.098 0.402-1.071 0.501-1.325 1.022-2.755 1.211-3.198 0.681-1.799 0.754-1.981 
0.778-

2.033 
.652-1.706 

χ2(2) 21.801 14.729 2.982 2.535 2.837 0.681 4.182 7.47 0.169 0.662 0.878 0.047 

p <.001* <.001* 0.084 0.111 0.092 0.409 .041* .006* 0.681 0.416 0.349 0.828 

Cont’d….. 
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Table 9.4 cont’d  Awareness of associations between nutrition and health across the life course, n = 246 

Statement  

16. It is important for me to eat healthy food 
now 

17. The food I eat now will affect my health in 
the future 

18. The food I eat now may affect my health of 
any children I have in the future 

Matched Responses n=245           n=239     

  T0 T2 T4 T0 T2 T4 T0 T2 T4 

% Strongly Agree 61.76 73.11 73.95 43.39 54.55 61.98 17.36 19.01 28.51 

% Agree 27.73 22.69 25.63 39.67 31.82 29.34 31.82 35.95 33.47 

% Don't know 3.78 2.52 0.42 5.79 4.96 2.48 25.21 24.38 18.18 

% Disagree 5.46 1.68 0.00 9.09 7.85 5.37 22.31 16.53 16.12 

% Strongly Disagree 1.26 0.00 0.00 2.07 0.83 0.83 3.31 4.13 3.72 

Friedman test             χ2(2) = 19.040    p<.001*  χ2(2) = 24.771    p<.001*  χ2(2) = 11.716    p<.003* 

Pairwise comparison T0-T2 T0-T4 T2-T4 T0-T2 T0-T4 T2-T4 T0-T2 T0-T4 T2-T4 

z 3.664 4.71 1.448 2.196 4.376 2.297 1.445 3.476 2.034 

Adj p <.001* <.001* 0.148 0.028* <.001* 0.066 0.149 .002* 0.126 

  T0 T2 T4 T0 T2 T4 T0 T2 T4 

OR (Male cf. Female) 0.855 1.027 0.915 0.722 0.879 0.823 0.663 0.373 0.494 

95% CI 0.683-1.072 0.880-1.199 0.817-1.026 0.563-0.925 0.698-1.107 0.6969-1.014 0.419-1.047 0.233-0.598 0.312-0.785 

χ2(2) 1.848 0.115 2.291 6.646 1.199 3.359 3.103 16.736 8.937 

p 0.174 0.735 0.13 .010* 0.274 0.067 0.078 <.001* .003* 

OR (Y9 vs Y11) 1.277 1.099 0.99 0.685 0.635 0.69 0.571 0.855 0.885 

95% CI 1.005-1.622 0.932-1.296 0.877-1.118 0.527-0.890 0.498-.0811 0.554-0.860 0.351-0.928 0.539-1.383 0.545-1.437 

χ2(2) 4.001 1.269 0.025 8.038 13.318 10.91 5.121 0.406 0.244 

p .045* 0.26 0.875 0.005* <.001* .001* 0.024 0.524 0.622 

 Variance in distribution of matched responses at T0, T2 and T4 was measured using the Friedman test. Post hoc pairwise comparisons were conducted using Wilcoxon 

Signed-Rank test. The effect of gender and age on responses was assessed using ordinal logistic regression with proportional odds. *Bold: significant (=0.05). T0 = Pre-

intervention; T2 = 6-12 weeks post-intervention; T4 = 12-months post-intervention; n = number; Adj p = Adjusted Significance values and include Bonferroni-Holm’s 

correction for multiple comparisons, OR = Odds Ratio 
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Figure 9.2  Awareness of associations between nutrition and health 

 T0-T4 Individually matched change, n=246 
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9.3.2. Awareness of associations between nutrition and NCD risk  

Knowledge does not necessarily lead to behaviour change (Bruun Jensen, 2000). However,  

knowledge is necessary, but is not the sole factor required to facilitate behaviour change 

(Worsley, 2002) and to enable the use of scientific evidence in decision-making (Hodson, 

2011).  The programme engages students in exploration of evidence that disrupts traditional 

thinking around NCD risk. We report here on knowledge change regarding evidence of 

associations between nutritional environment in early-life and adolescence that was, or was 

not, explored within the programmes. Cohort-level change presented in Table 9.4 is shown 

at the level of individually matched data in Figure 9.2.  

9.3.2.1. Intergenerational factors  

Pre-intervention Agree/Strongly-Agree (A/SA) responses indicated high levels of 

awareness of associations between maternal nutrition during pregnancy and the health of 

the baby. Awareness was significantly lower in Y9 students (39.5%/37.7%) compared to 

Y11 students (22.9%/69.9%), p<.001. Post-intervention both groups demonstrated a 

significant rise in the proportion of SA responses, retained at 12-months, p<.001. No 

gender-related differences were observed at baseline. Post-intervention the positive shift 

by Y11 girls (retained at 12-months) was significantly higher than for Y11 boys, p=.036.  

At baseline, awareness of associations between maternal nutritional exposures during 

pregnancy and later-life health outcomes for the offspring was very low. Post-intervention 

through to 12-months, a significant positive change was observed, p=.001. This was 

reflected in most focus group discussions. Differences between the complexity of thinking 

of Y9 and Y11 students was observed. Y9 students presented simple statements reporting 

awareness, e.g. Table 9.5, Example 3.1. In contrast, Y11 students tended to discuss whether 

or not a mother could access a healthy diet, e.g. Table 9.5, Example 3.3. This demonstrates 

appreciation of the influence of socio-ecological factors on health and wellbeing, a concept 

explored in greater depth within the Y11 programme. 

Emergent evidence of associations between paternal nutritional environmental exposures 

and later-life vulnerability to overweight/obesity and NCD risk was discussed briefly in 

teacher PLD, but resources examining these associations were not provided. At baseline, 

26% of students responded “don’t know” to statements exploring these associations, with 

a bell-curve towards agree and disagree. No significant change was observed post-

intervention.  
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9.3.2.2. Personal factors 

Pre-intervention most students responded SA to Statement 16, “It is important for me to eat 

healthy food now.” SA rates were higher for Y9 (67.9%) than Y11 (49.4%), p=.045. No 

gender-based differences were observed. Post-intervention responses moved significantly 

towards SA in both age groups, p<.001. The increase for the Y11 cohort was larger, 

matching the Y9 responses by T4. At 12-months post-intervention, the proportion of Y11 

girls selecting SA (84.4%) was higher than boys (64.7%), p=.054.   

At baseline, agreement with Statement 17 “The food I eat now will affect my health in the 

future” was significantly lower than for Statement 16, (2(4)=19.603, p=.005). Gender- 

and age-based differences were observed. Y11 females were more likely to respond SA 

(74.5%) than Y11 males (34.4%), Y9 males (34.9%) and females (36.3%), p=.001. A 

significant positive shift occurred post-intervention, Y9, p<.001, Y11 p=.007. Y11 girls 

retained a higher proportion of SA responses at 12-months (80.9%). Although not 

significant SA rates for Y9 girls (62.3%) increased further than for boys (49.4%), p=.373.  

Focus group discussions demonstrated that students were aware of associations between 

nutritional environments during adolescence and later life health and wellbeing (Table 9.5). 

Students also discussed challenges associated with the impact of the environment they live 

in on their potential to improve their vulnerability to health issues in later-life. e.g. Table 

9.5, Example 8.1. 

Exploration of the concept that nutritional exposures during adolescence may influence the 

health of future offspring showed gender-based differences at baseline and post-

intervention. At baseline, Y11 girls were more likely to respond SA (31.3%) than boys 

(14.4%), p=.017, whose responses were similar to Y9 girls (13.0%) and boys (14.6%). No 

significant change in response was observed for boys post-intervention. However, a large 

positive shift was observed for females (2(2)=3.840, p=.004). Post-hoc analysis 

demonstrated that this was significant from T0-T2 (p’=.020) and T0-T4 (p’=.002). Final 

SA/A response rates for Y11 girls (47.9%/31.3%) were higher than those of Y9 girls, 

(27.3%/36.4%). As the learning resources explored evidence of the associations between 

maternal nutrition during pregnancy and later-life outcomes for offspring these gender-

based differences in response are positive. The difference between Y9 and Y11 girls may 

reflect differences in developmental maturity.  

 



Part IV | Adolescents as Agents of Change 

179 

Table 9.5  Major themes emerging from student focus groups conducted between 3 and 6 months 

post-intervention, n = number of students;  

Theme 

Frequency 

Examples from student focus group discussions  

Y9 

n=19 

Y11 

n=29 

1. Valuing health 

and wellbeing 
79% 100% 

1.1. Being healthy is important because you want to live long. It’s also 

important because you want to start a family. Year 9 Student 

1.2. Being healthy is about keeping positive inside. It’s important.  

 Year 11 Student 

1.3. Being healthy is important - yes, because if you are not healthy like 

you don’t actually live a longer life and you could have diseases that 

can affect you as you get older.  If you are healthy, you can 

participate more in the community and you can be more active.  

 Year 11 Student  

2. Associations 

between 

adolescent 

nutrition and adult 

health 

89% 100% 

2.1. It depends on what we’re eating now. Because it doesn’t really 

happen as we are adults. Mostly it is what we are now, like what we 

are eating. That will affect your health. Year 9 

2.2. People live up to 60. If you want to live longer, you eat healthier at 

the beginning.  Year 9 Student 

3. Awareness of the 

intergenerational 

nature of NCD 

risk 

89% 100% 

3.1. Children tend to be obese because their mother didn’t have a good 

diet, or because they do less exercise while they grow up depending 

on the environment they are in. Year 9 Student 

3.2. If a mother has a poor diet it goes the same with the baby, baby also 

grows big. Even if baby is slim baby will grow big later. So mums 

need to be able to eat healthy food. Year 9 Student 

3.3. Obesity comes from eating too much and not enough activity. 

Sometimes it’s just you but it’s also about your family - the way they 

eat and the way they ate when the mum was pregnant with you. If 

mums could not get a good diet, then that will affect the baby when it 

is older and they might be at more risk of heart disease. But if the 

mother could get a good diet then the baby grows up with a lower risk 

of heart disease and diabetes. Year 11 Student 

3.4. We need to eat more healthy food for when we are mums. I really 

don’t eat too healthily at the moment! I need to eat more veges and 

less fatty foods. I am good on fruits – papaw, star fruit and 

bananas. Year 11 Student 

4. Awareness of the 

impact of the 

environment on 

the potential to 

engage in 

healthful practices 

63% 77% 

4.1. We need to drop the prices for fruit and for shoes - you need them if 

you are going to be active. Like shoes are a thing that are really 

expensive – probably $175. Because locals these days - if they only 

have jandals they would not go for a walk because they would get 

teased.   Year 11 Student 

4.2. People around us influence the food we eat – our parents and shops.  

 Year 9 Student 

4.3. My pa said they ate less when they were younger and all the kids were 

outside exercising. Our generation are inside watching TV. I am an 

example – always at home on facebook and movies. Our future will be 

affected.  Year 11 Student 

4.4. My nana - all they had was local food and if they did have corned 

beef they would have it for Sunday meals which is a big feast. And 

now she is actually really healthy. Year 9 Student 

4.5. I have learnt that we are always communicating with one another 

with what we eat. Year 9 Student 

 Cont’d… 
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Theme 

Frequency 

Examples from student focus group discussions  

Y9 

n=19 

Y11 

n=29 

5. Communication in 

support of 

exploration of 

ideas and change 

 

 

 

 

 

 

53% 68% 

Cont’d…. 

5.1. My family didn’t believe me when I said that we were number one [for 

obesity] because I think my Dad still believes that Cook Islanders are 

still all fit. So you have to show them the data. They were surprised 

because they did not know about this. Back in their time there were no 

problems with weight. After I explained this to them they too agreed 

because one of my parents said they saw one of their friends from 

when they were kids already has diabetes. So we were talking about 

how it is real and that we all need to change and eat more veges and 

do more exercise. We have been talking about that quite a lot in our 

house and we are eating more vegetables for our dinners.   

 Year 11 Student 

5.2. I talked to my mum and now she is starting to go to ula fitness cos I 

encouraged her. Sometimes I go with her but most of the time she 

goes by herself. I am really happy she is starting to be active again 

and she is also coming home from work a bit earlier so she can go. I 

think I have made a difference. Year 9 Student 

5.3. When I talked to my mum about it she thought that when babies come 

out real big they are good. But it is actually not good to have really 

big babies. But people think that is cute. Year 11 Student 

5.4. What I enjoyed is that we were in groups and we got to discuss what 

we feel instead of putting it on our shoulder and making it like a 

burden.  Year 9 Student  

5.5. We learnt and we can learn how to teach other people or make other 

people aware of what is going on. Its a cycle - you can talk to your 

family. Like we were teaching our family and they were surprised 

because they did not know about it because for like mum and dad 

back in their day there was not these problems. Year 11 Student 

6. Valuing access to 

evidence 
53% 82% 

6.1. It was shocking to see that we are the most obese in the world. Like 

we never really observed it before and now since we heard this we see 

it. Year 9 Student 

6.2. I didn’t notice how serious it was until I saw the data. Now we have 

learnt about why and about things we can do to prevent diabetes, we 

can make decisions.  

 Year 11 Student 

6.3. Like really glad to see the data - it was really important. If we did not 

study that topic we would not know about the issue that has been 

happening in plain sight but we don’t really see it. If we had not seen 

this data we would not know about how diabetes is affecting our 

population. Year 11 Student 

6.4. I enjoyed that we got lots of pamphlets for us to store away and we 

could read them and go back on them if we ever needed. I took them 

home to my mum and dad and you could keep them.         

 Year 9 Student 

7. Efforts to make 

change. 
68% 73% 

7.1. I have started cutting down on meat and I am eating the right food at 

the right time, and we changed some of the eating rules in our house. 

For breakfast my little niece and nephews used to have chocolates 

and fizzy drinks, and then now ever since I started on the survey I 

have thought about it and I have actually told my mum there’s fruits, 

there’s cereal and there’s toast. Before we used to have Nutella 

chocolate and now we’ve changed it to Vegemite. My mum, she was 

amazed, she was shocked. Because it’s been years she had been 

eating junk food and fizzy drink. Now everything in the house is 

starting to get changed, eating healthy and doing exercise.   

 Year 9 Student 
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Theme 

Frequency 

Examples from student focus group discussions  

Y9 

n=19 

Y11 

n=29 

 Cont’d…. 

Cont’d…. 

7.2. I ask my mum whether she can buy more salads. She says yes, it’s a 

really good idea. My little sister doesn’t really understand. My 

grandma says yes, it is a good idea. And dad is in Australia.  Year 9 

Student 

7.3. I am eating more healthily and I have told my family.  They still like 

their food but I will always try and encourage them. I am encouraging 

my family to have balanced meals.  On Sunday I cooked and everyone 

liked it. Year 9 Student 

7.4. I have cut down on my eating and I am trying to do exercise - just 

walking for the time being. Sometimes I walk to school. It takes about 

15 minutes.  Year 9 Student 

 

8. The challenge of 

making change  
53% 68% 

8.1. Food is a big risk factor for diabetes - what we eat now as well as 

what our mum could have when we were in the womb with her - that 

affects the risk for the baby. So it is important for us to eat healthy 

food now and exercise but that is not easy. Eating is hard because we 

have learnt to love junk food - so it is hard to get away from 

something you have learnt - the fast food is hard to change. I tried 

eating more fruits but I still want to eat the meat and you try not 

eating the fast food but you want it. You eat the fruit - but the fast food 

is there and that makes it hard. Year 11 Student 

8.2. I talked to my grandma - she is trying to go out for walks but my 

grandpa doesn’t want to and like she does not want to go by herself. I 

work at a job at Crown Beach in the morning so I can’t go with her 

and night times I am dancing at Highland Paradise so I can’t go with 

her then. Year 11 Student 

8.3. We know we should make change but we need more support to make 

that happen.  Year 9 Student 

9. Access to fruit and 

vegetables 
0% 60% 

9.1. My family cannot grow because we live in a hotel*. They [fruit and 

vegetables] are expensive.   Y11 Student, *Some hotel employees live in 

on-site accommodation 

9.2. My parents have to buy veges because we only have a taro patch 

plantation so we have to buy our veges like maybe five times a 

week. Year 11 Student  

9.3. We grow for the family but we also sell to the hotels. It costs a lot of 

money [to grow] but sometimes we don’t get hotels wanting to buy the 

vegetables we plant so we just keep it for ourselves. There are a lot of 

locals to buy from here. They [vegetables] are expensive for the local 

people to buy but for the hotels it is cheap to buy. Year 11 Student 

9.4. I get fruit and veges every day because I live on a plantation.    

 Year 11 Student 

9.5. Nothing actually stops us from eating fruit - it is available, sometimes 

you don’t even have to pay for it. But we don’t eat it. I think we just 

get sick of eating the same food every day - there is not much variety - 

you want a change. I like banana and pawpaw ok [local] but I prefer 

apples - I just LOVE eating apples [imported]. Year 11 Student 

9.6. So my aunty bought 4 oranges and that cost $16 – so like $4 each! 

Imagine what you can buy! How much corned beef [canned] can you 

buy for $16. That is why people don’t eat fruit and veges – it’s very 

expensive compared to things like corned beef. If they could swap the 

prices around people would stop eating the unhealthy foods like 

corned beef.  Year 11 Student 
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9.3.3. Food behaviours 

Food consumption patterns were measured at two levels: days per week and servings per 

day. Meal patterns were measured in days per week. 

9.3.3.1. Comparison of baseline data to existing NCD surveys  

The potential to compare key consumption patterns with data from the 2010 Cook Islands 

GSHS was limited by differences in question structure. However, via recoding of data into 

similar groups we identified consistency in patterns related to consumption of fruit 

(2=2.879, p=.237), vegetables (2=2.151, p=.341), and fizzy drinks (2=5.523, p=.137). A 

difference was observed for fast foods/takeaways (2=29.418, p=<.001) reflecting a greater 

proportion of the PSHLP cohort were consuming these foods less than once a week. 

9.3.3.2. Gender and age-based variation at baseline  

For each food or meal practice, students were divided into those presenting low/no-risk 

behaviours and those presenting behaviours known to contribute towards risk of obesity 

and NCDs. Very few gender- or age-based differences were identified, Table 9.6. Those 

observed included Y9 students being more likely to eat vegetables (potentially related to 

parental influence), and junk foods. Purchasing power influences the potential to consume 

junk foods. Purchasing food was usual before school (36%), at lunchtime (75%) and after 

school (27%). Y9 students were more likely to purchase food before school (p=.002). The 

higher rates of junk food consumption at Y9 may reflect experimentation with increased 

snack food purchasing power, often associated with the move to secondary school. A 

comparison with younger students would be valuable.  

Fruit and vegetable consumption rates were very low with only 10% of students meeting 

the WHO recommendation of two servings of fruit and three servings of vegetables daily. 

This was expected as 85% of the adult population do not meet this standard (Table 9.1). 

Vegetable consumption was positively associated with growing food in the family 

(p=.001), an environmental factor reported to be present by 74% of students. The impact 

of the family living situation on the potential for fruit and vegetable consumption was 

demonstrated by the differing levels of access described by the four students represented in 

Table 9.5, Examples 9.1-9.4.    
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Table 9.6    Gender & age-based variance in participants within the ‘at-risk’ category for key 

nutritional practices 

The effect of gender and age on the likelihood of participants falling into the ‘at-risk’ category for each 

food behaviour at T0 was assessed using ordinal logistic regression with proportional odds. *Bold: 

significant (=0.05). T0 = Pre-intervention; OR = Odds Ratio; CI = Confidence Interval ; Y= School Year 

Level  

 

 

 

 

Food Item or Meal 

Pattern 

Self-reported 

consumption  

pattern defined as 

indicating risk 

T0 

Responses 

in 'at risk' 

category 

Gender (Male or Female) Age (Y9 or Y11) 

OddsMale/OddsFemale  

being in the at risk 

category 

OddsY9/OddsY11  

 being in the at risk 

category n % 

Fresh Fruit < 5 days per week 143 58.8 
0.777 (95%CI 0.465-1.299),  

𝜒2(1) = 0.926, p=.336 

1.077 (95%CI 0.625-1.857),  

 𝜒2(1) = 0.072, p=.788 

Raw or Salad Vegetable < 5 days per week 156 63.9 
0.538 (95%CI 0.316-0.918),  

 𝜒2(1) =5.176, p=.023* 

0.650(95%CI 0.365-1.157),  

 𝜒2(1) =2.143, p=.143 

Cooked Green Vegetables < 5 days per week 141 58.3 
0.867 (95%CI 0.514-1.463),  

 𝜒2(1) =0.286, p=.593 

0.416 (95%CI 0.234-0.739),  

 𝜒2(1) =8.956, p=.003* 

Doughnuts > 1 day per week 83 35.5 
1.485 (95%CI 0.861-2.559),  

 𝜒2(1) =2.022, p=.155 

1.707 (95%CI 0.945-3.083),  

 𝜒2(1) =3.137, p=.077 

Potato Crisps > 1 day per week 106 44.7 
0.913 (95%CI 0.543-1.537),  

 𝜒2(1) =0.117, p=.732 

1.853 (95%CI 1.059-3.241),  

 𝜒2(1) =4.669, p=.031* 

Hot Chips (Fries) > 1 day per week 92 39.5 
0.962 (95%CI 0.567-1.633),  

 𝜒2(1) =0.020, p=.887 

1.300 (95%CI 0.740-2.285),  

 𝜒2(1) =0.832, p=.362 

Meat Pies / Sausage Rolls > 1 day per week 72 30.8 
1.172 (95%CI 0.670-2.049),  

 𝜒2(1) =0.309, p=.578 

1.246 (95%CI 0.685-2.268),  

 𝜒2(1) =0.520, p=.471 

Regular Fizzy/ Soft Drinks > 1 day per week 137 58.1 
0.707 (95%CI 0.419-1.193),  

 𝜒2(1) =1.687, p=.194 

1.261 (95%CI 0.727-2.186),  

 𝜒2(1) =0.681, p=.409 

Energy Drinks > 1 day per week 104 44.1 
0.999 (95%CI 0.587-1.698),  

 𝜒2(1) =0.000, p=.996 

2.833 (95%CI 1.577-5.089),  

 𝜒2(1) =12.140, p <.001* 

Chocolate Milk / 
Flavoured Milk Drinks 

> 1 day per week 137 57.6 
1.142 (95%CI 0.680-1.916),  

 𝜒2(1) =0.252, p=.616 

0.916 (95%CI 0.529-1.585),  

 𝜒2(1) =0.098, p=.754 

Breakfast < 5 days per week 109 54.8 
0.512 (95%CI 0.465-0.564),  

 𝜒2(1) =5.328, p = .021* 

0.778 (95%CI 0.703-0.861),  

 𝜒2(1) =0.675, p = .411 

High-fat takeaway foods 

e.g.  Pizza, burgers, deep-

fried chicken 

> less than once a 
week 

130 53.7 
0.694 (95%CI 0.415-1.159),  

 𝜒2(1) =1.948, p = .163 

1.623 (95%CI 0.945-2.786),  

 𝜒2(1) =3.082, p = .079 
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Table 9.7  Pre- to 12-months post-intervention behaviour change in students demonstrating at-risk behaviours pre-intervention  

Food Item or Meal Pattern 

 

Self-reported 
consumption  

pattern defined as 

indicating risk 

T0 Responses in 

'at risk' category 
T0-T2-T4 Change 

T2: 12-weeks Post Intervention T4: 12-months Post Intervention Odds Ratio Change from T0 to T4 

Positive 

change (%) 

Negative 

change (%) 
Pꞌ 

Positive 

change (%) 

Negative 

change (%) 
Pꞌ 

Gender – Male or Female 

OddsMale/OddsFemale  

T0 to T4 Positive Change 

Age – Y9 or Y11 

 OddsY9/OddsY11  

T0 to T4 Positive Change n % 𝜒2(2) P 

Fresh Fruit < 5 days per week 143 58.8 17.035 <.001* 32.9 11.2 <.001* 34.3 14.7 .002* 
1.372 (95%CI 0.730-2.579),  

𝜒2(1) =0.964, p=.326 

1.122 (95%CI 0.578-2.177),  

𝜒2(1) =0.115, p=.734 

Raw or Salad  
Vegetable 

< 5 days per week 156 63.9 12.635 .002* 34.0 17.9 .001* 36.5 17.9 <.001* 
1.018 (95%CI 0.558-1.857),  

𝜒2(1) =0.003, p=.954 

2.782 (95%CI 1.478-5.240),  

𝜒2(1) =10.042, p=.002* 

Cooked Green  

Vegetables 
< 5 days per week 141 58.3 18.609 <.001* 38.3 17.7 <.001* 44.0 17.7 <.001* 

0.947 (95%CI 0.507-1.766),  

𝜒2(1) =0.030, p=.863 

1.092 (95%CI 0.581-2.052),  

𝜒2(1) =0075, p=.784 

Doughnuts > 1 day per week 83 35.5 71.515 <.001* 74.7 6.0 <.001* 73.5 6.0 <.001* 
2.657 (95%CI 0.977-7.224),  

𝜒2(1) =1.977, p=.056 

0.614 (95%CI 0.192-1.963),  

𝜒2(1) =0.674, p=.411 

Potato Crisps > 1 day per week 106 44.7 68.813 <.001* 60.4 7.5 <.001* 64.2 9.4 <.001* 
2.530 (95%CI 1.106-5.787),  

𝜒2(1) =4.830, p=.028* 

0.445 (95%CI 0.166-1.192),  

𝜒2(1) =2.593, p=.107 

Hot Chips (Fries) > 1 day per week 92 39.5 72.008 <.001* 70.7 7.6 <.001* 64.1 4.3 <.001* 
1.355 (95%CI 0.572-3.205),  

𝜒2(1) =0.477, p=.490 

0.604 (95%CI 0.230-1.586),  

𝜒2(1) =1.048, p=.3.6 

Meat Pies and/or  

Sausage Rolls 
> 1 day per week 72 30.8 60.329 <.001* 66.7 5.6 <.001* 69.4 5.6 <.001* 

1.047 (95%CI 0.384-2.852),  

𝜒2(1) =0.008, p=.929 

0.631 (95%CI 0.198-2.015),  

𝜒2(1) =0.605, p=.437 

Regular Fizzy/ Soft  
Drinks 

> 1 day per week 137 58.1 44.345 <.001* 50.4 13.9 <.001* 51.1 10.9 <.001* 
1.284(95%CI 0.668-2.466),  

𝜒2(1) =0.562, p=.454 

1.298 (95%CI 0.653-2.578),  

𝜒2(1) =0.554, p=.457 

Energy Drinks > 1 day per week 104 44.1 66.987 <.001* 67.3 5.8 <.001* 65.4 11.5 <.001* 
1.994 (95%CI 0.886-4.468),  

𝜒2(1) =2.782, p=.095 

1.198 (95%CI 0.467-3.075),  

𝜒2(1) =0.141, p=.707 

Chocolate Milk &/or 

Flavoured Milk Drinks 
> 1 day per week 137 57.6 48.489 <.001* 56.2 11.7 <.001* 56.2 17.5 <.001* 

0.879 (95%CI 0.457-1.692),  

𝜒2(1) =0.149, p=.699 

0.559 (95%CI 0.277-1.128),  

𝜒2(1) =2.636, p=.104 

Breakfast < 5 days per week 109 54.8 11.156 .004* 23.9 48.6 <.001* 27.5 47.7 .004* 
1.499 (95%CI 1.327-1.693),  

𝜒2(1) =1.216, p = .270 

0.714 (95%CI 0.631-0.809),  

𝜒2(1) =0.809, p = .368 

High-fat takeaway foods 
e.g.  Pizza, burgers, deep-

[fried chicken 

> less than once a 

week 
130 53.7 31.916 <.001* 43.1 13.8 <.001* 43.8 10.8 <.001* 

0.975 (95%CI 0.503-1.892),  

𝜒2(1) =0.637, p = .941 

1.315 (95%CI 0.636-2.720),  

𝜒2(1) =1.001, p = .460 

Individual responses were categorized as positive, neutral, or negative. Variance in distribution of matched responses at T0, T2 and T4 was measured using the Friedman test. 

Post hoc pairwise comparisons were conducted using Wilcoxon Signed-Rank test. The effect of gender and age on responses was assessed using ordinal logistic regression 

with proportional odds. *Bold: significant (=0.05). T0 = Pre-intervention; T2 = 6-12 weeks post-intervention; T4 = 12-months post-intervention; n = number; p’ = Adjusted 

Significance values and include Bonferroni-Holm’s correction for multiple comparisons, OR = Odds Ratio, CI = Confidence Interval, Y = School Year Level  
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9.3.4. Behaviour change  

Self-reported nutritional practices were individually matched to assess change. Significant 

change towards more healthful behaviours was observed in the sub-group reporting risk-

promoting practices pre-intervention, Table 9.7. Age and gender had minimal impact on the 

likelihood of change. Higher proportions of positive changes were observed in 

consumption patterns of discretionary foods such as doughnuts and crisps, compared to 

fruit and vegetables.  

To assess the potential for general change in food consumption patterns we compared the 

at-risk and low/no-risk groups, Table 9.8. The odds of students in the low/no-risk groups 

making negative change towards less healthful behaviours were significantly lower than 

the odds of at-risk students changing towards more healthful behaviours for discretionary 

foods such as doughnuts and fizzy drinks. However, for fruit and vegetable consumption 

change was similar for both groups. Differences in the types of foods in which positive 

change was observed may reflect issues associated with the power to change, determined 

by factors described earlier relating to where adolescents make food choices and the foods 

available in their environment. 

Weekly and daily consumption reporting was combined to calculate a weekly serving score. 

Change in weekly consumption score at T2 and T4 was plotted against baseline 

consumption scores, examples of which are presented in Figure 9.3. From this we can 

confirm that the patterns represented in the weekly consumption reporting were reflected 

in the more detailed reporting, suggesting that for ease in a school setting a ‘days per week’ 

record may be adequate. The score changes indicated, as in the weekly patterns, that 

students in the at-risk group were making changes, and that these were far more likely to 

occur in discretionary foods such as doughnuts, potato chips etc, compared to fruit and 

vegetables which the older students reported were expensive for families to obtain. 
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Table 9.8  Comparison of pre- to 12-months post-intervention behaviour change based on level of 

risk demonstrated pre-intervention  (T0), n=246 

Food or Meal 
Item 

 

Self-reported 

consumption  

pattern 
defined as 

indicating risk 

Pre-intervention to 12-months post-intervention behaviour change 

T0 Behaviour Category = Risk 

T0 Behaviour  

Category = No/low risk 

Odds Ratio 

T0-Risk  

compared to  
T0-No/Low-Risk  

 

Odds of changing towards  
the opposite category  

between T0 and T4  n 

Negative 

change 

towards 
greater 

risk (%) 

No 
change 

(%) 

Positive Change..  

n 

Retains 

position 
in 

no/low-

risk (%) 

Negative 

change 
into at 

risk (%) 

 

..toward 

no/low 

risk (%) 

..into the 

no/low 

risk (%) 

Fresh Fruit 
< 5 days per 

week 
143 14.7 51.0 11.9 22.4 100 53.0 47.0 

0.588 (95%CI 0.348-0.992),  

𝜒2(1) = 3.99, p=.046 

Raw or Salad 

Vegetable 

< 5 days per 

week 
156 17.9 45.5 14.1 22.4 88 53.4 46.6 

0.660 (95%CI 0.388-1.122),  

𝜒2(1) = 2.370, p=.124 

Cooked Green 

Vegetables 

< 5 days per 

week 
141 17.7 38.3 20.6 23.4 101 51.5 48.5 

0.833 (95%CI 0.499-1.391),  

𝜒2(1) =0.490, p=.833 

Doughnuts 
> 1 day per 

week 
83 6.0 20.5 24.1 49.4 151 77.5 22.5 

9.541 (95%CI 5.137-17.228),  

𝜒2(1) =57.71, p<.001* 

Potato Crisps 
> 1 day per 

week 
106 9.4 26.4 12.3 51.9 131 73.3 26.7 

4.908 (95%CI 2.819-8.545),  

𝜒2(1) = 33.41, p<.001* 

Hot Chips 

(Fries) 

> 1 day per 

week 
92 4.3 31.5 15.2 48.9 141 73.0 21.0 

6.615 (95%CI 3.679-11.89),  

𝜒2(1) =43.31, p<.001* 

Meat Pies / 

Sausage Rolls 

> 1 day per 

week 
72 5.6 25.0 9.7 59.7 162 79.0 21.0 

1.656 (95%CI 0.884-3.104),  

𝜒2(1) =2.51, p=.113 

Regular Fizzy/ 

Soft Drinks 

> 1 day per 

week 
137 10.9 38.0 19.7 31.4 99 66.7 33.3 

2.098 (95%CI 1.223-3.570),  

𝜒2(1) =7.37, p=.007* 

Energy Drinks 
> 1 day per 

week 
104 11.5 23.1 24.0 41.3 132 77.5 22.5 

6.422 (95%CI 3.619-11.369),  

𝜒2(1) = 43.59, p<.001* 

Chocolate Milk 

/ Flavoured 
Milk Drinks 

> 1 day per 

week 
137 17.5 26.3 16.8 39.4 101 63.4 36.6 

1.348 (95%CI 0.796-2.283),  

𝜒2(1) =1.24, p=.265 

Breakfast 
< 5 Days per 

week 
109 27.5 24.8 26.6 21.1 90 60.0 40.0 

1.368 (95%CI 0.868-1.643),  

𝜒2(1) =1.19, p=.257 

High-fat 
takeaway foods 

e.g.  Pizza, 

burgers, deep-
fried chicken 

> less than 
once a week 

130 10.8 45.4 14.6 29.2 112 65.2 34.8 
1.4615 (95%CI 0.868-2.460),  

𝜒2(1) =2.05, p=.152 

Individual responses were categorized as positive, neutral, or negative. The likelihood of participants shifting to the 

opposite risk level category was assessed using ordinal logistic regression with proportional odds. *Bold: significant 

(=0.05). T0 = Pre-intervention; T2 = 6-12 weeks post-intervention; T4 = 12-months post-intervention; n = number; 

p’ = Adjusted Significance values and include OR = Odds Ratio, CI = Confidence Interval, Y = School Year Level 
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Risk Promoting Foods – Example Doughnuts |  A negative change in score denotes a reduction in risk  

T0 Scores  3 represent the RISK group, i.e. consuming more than 2 servings of doughnuts weekly pre-intervention  

  

a) Change in doughnut consumption scores T0 to T4 
Risk (T0 > 2) n = 82    No Risk (T0 ≤ 2) n = 107 

T0 = Pre-intervention, T4 = 12-months post-intervention 

b) Change in doughnut consumption scores at 3-months post-
intervention (T2) and 12-months post-intervention (T4) 

Risk (T0 > 2) n = 82    No Risk (T0 ≤ 2) n = 107 

Risk Promoting Foods – Example Potato Crisps |  A negative change in score denotes a reduction in risk  

T0 Scores  3 represent the RISK group, i.e. consuming more than 2 servings of potato crisps weekly pre-intervention  

 
 

c) Change in potato crisp consumption scores from T0 to T4 
Risk (T0 > 2) n = 86    No Risk (T0 ≤ 2) n = 96 

T0 = Pre-intervention, T4 = 12-months post-intervention 

d) Change in potato crisp consumption scores at 3-months 
post-intervention (T2) and 12-months post-intervention (T4) 

Risk (T0 > 2) n = 86    No Risk (T0 ≤ 2) n = 96 

Health Promoting Foods – Example Fresh Fruit |  A positive change in score denotes a reduction in risk 

T0 Scores  14 represent the NO-RISK group, i.e. WHO Fruit guidelines are achieved  

 
 

e) Change in Fresh Fruit consumption from T0 to T4 

Risk (T0 < 14) n = 122  No Risk (T0 ≥ 14) n = 86  
 T0 = Pre-intervention, T4 = 12-months post-intervention 

f) Change in fresh fruit consumption scores at 3-months post-

intervention (T2) and 12-months post-intervention (T4)   
Risk (T0 < 14) n = 122  No Risk (T0 ≥ 14) n = 86 

Figure 9.3  Food behaviour change pre-intervention to 12-months post-intervention 
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9.3.5. Facilitating decision-making, communication and change 

Focus group evidence supports identification of factors that help or hinder change, Table 

9.5. These data suggest that access to evidence explored in class was supportive of 

development of awareness of frames of reference not previously experienced, which in turn 

supported decision-making, communication, and action, Table 5, Themes 5-6. A high level 

of awareness of environmental factors contributing to the challenge of translating intentions 

into behaviour change was evident. Y11 students reflected on both socio-economic and 

cultural factors relating to fruit and vegetable access, Table 5, Theme 9. This offers some 

explanation as to why the apparent positive change in junk food consumption was not 

matched in fruit and vegetable consumption. Other impacts associated with socio-economic 

factors included the perception that work commitments and access to shoes limited the 

potential for physical activity. 

The need for support from peers, family and social structures in order to achieve change 

was recognized by students, Table 9.5, Themes 7-8. The opportunity to communicate with 

others as a means of engaging in development of change intention and translating this into 

change was valued. Changes described involved small manageable factors associated with 

every day occurrences. Combined with evidence that students were communicating with 

family and friends about change, these factors are supportive of the potential for 

sustainability of change. The value placed on family within Cook Islands culture is a 

supportive factor that could be explored further via the development of the programme to 

support greater family-level engagement, particularly in the area of fruit and vegetable 

consumption.  

9.4. Discussion  

This study examined the potential for context-embedded learning set within a narrative 

pedagogical model to facilitate empowerment of adolescents as engaged citizens. Such 

empowerment offers the potential for evidence-based actions to contribute to NCD risk 

reduction, and therefore development goals associated with the health, social and economic 

wellbeing. The study was conducted in the Cook Islands, a developing nation with the worst 

NCD statistics in the world, representative of a cluster of similar developing nations in the 

Western Pacific region. The challenge for developing nations is significant and urgent 

(Chand, 2012; Hawley and McGarvey, 2015).   
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Evaluative research arising out of the need to understand how practice and policy can 

influence a particular outcome must be pursued with methods that are relevant to the 

context (Chatterji, 2005). We have outlined the limitations of the pre-post interrupted time 

series methods in section 9.2.7, and noted reasons why a cluster randomised control trial 

(CRCT) would not be feasible. However, there is a deeper argument to be examined 

regarding the purpose of evaluative research in an education setting. RCTs usefully assess 

the effect of narrowly specifiable processes in controllable environments. Education 

settings are complex, making such generalisable findings difficult to obtain (Berliner, 2002). 

Furthermore, it is imperative that in an educational setting the process leading to the effect 

of an intervention in a specific context can be analysed and elucidated (Maxwell, 2004).  

Good evidence is available highlighting the value of learning contextualised in SSIs to 

support development of knowledge, attitudes and skills associated with scientific literacy 

(Hodson, 2011). However, limited evidence of the potential of such learning to influence 

actions beyond the classroom exists. Results from this study demonstrate positive changes 

in attitudes and knowledge relevant to the issue of intergenerational NCD risk. In some 

cases, this nudged sustained behaviour change. Qualitative evidence identified that students 

used knowledge gained from the exploration of evidence in decision-making, a key goal of 

scientific literacy.  

Differences were observed in knowledge gains relating to awareness of maternal 

environmental influences on later life NCD risk (explored by students) compared to 

paternal environmental influences (made known to teachers but not supported with learning 

resources for students). These differences indicate that the process of examining and 

making sense of evidence was associated with change in knowledge leading to actions. 

These differences are also relevant to the observed age and gender-based variance in 

programme response. The gender-based differential response to questions examining 

appreciation of the role of adolescent health in the potential health of future offspring 

indicates that both males and females were making evidence-based responses, based on the 

evidence to which they had access. The difference in responses between females in Years 

9 and 11 indicates a need to continue exposure to experiences exploring issues such as NCD 

risk beyond the middle-school years.  

Adolescence is a period of significant physical, cognitive, and psychosocial development 

(Crosby et al., 2009). Within this life stage the individual is gaining greater control over food 

choices (Birch and Fisher, 1998) and the influence of peers is increasingly overtaking the 
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influence of family in relation to elective food choices (Salvy et al., 2012; Smith et al., 2016). 

We observed positive changes in attitudes towards the importance of nutrition and variance 

in the type of foods associated with behaviour change in participants reporting risk-

promoting nutritional behaviours pre-intervention. Nutritional attitudes are associated with 

eating behaviours in children, adolescents and adults (Hearty et al., 2007) and contribute 

towards onset of NCD risk during adolescence (Wade et al., 2016). Focus group evidence 

indicates that exposure of students to alternative perspectives created opportunities for 

discussion and reflection that supported attitude changes. While attitude change does not 

necessarily lead to behaviour change, it is a required step. Students described talking about 

these issues with peers and family, indicating that they were taking their learning into 

dialogue with those who will influence their nutritional behaviours. Having time and space 

to reflect on issues with significant others is associated with the likelihood of deeper shifts 

in values associated with behaviours (Sharpe, 2016).  

Adolescent fruit and vegetable consumption patterns were found to be as low as those of 

adults in the population. Evidence from focus groups demonstrated a high level of 

awareness of the need to change these statistics, and the difficulties associated with making 

such changes in the socio-ecological context of Rarotonga. The poor outcomes in fruit and 

vegetable behaviour change need to be considered in the context of the setting. Addressing 

these issues will require change in factors at a community level regarding fruit and 

vegetable accessibility.  

While fruit and vegetable consumption is a key concern, so too is the consumption of 

energy-dense junk foods, correlated strongly to the development of NCD risk factors 

(Larson, 2017). Significant positive changes in junk food consumption were observed. We 

propose that this may be associated with the level of self-determination that students had 

with regard to enacting decisions.  

Programme sustainability is a key issue that has been highlighted as problematic in school-

based health-promotion (Khambalia et al., 2012). Using a CBPR approach that respected 

sector-specific goals and recognised learning and pastoral care as the core business of 

schools has contributed to addressing issues associated with sustainability. The schools 

made the decision with the Ministries of Education and Health (appropriate for a small 

population) to undertake the development of the project and have been key decision-makers 

throughout the process. We observed in the first year of the project teachers identifying and 

developing opportunities to broaden the scope of the programmes. At the end of the second 
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year teachers proposed embedding greater depth of health-related analysis of impacts, 

reflecting their increasing understanding of, and commitment to primary NCD risk 

reduction as a health goal of value to their community. We are currently collecting and 

analysing data following the third round of intervention, allowing investigation of the 

impact of intervention at Years 9 and 11 for the 2014 cohort. Teachers have continued to 

develop the programmes and are currently planning ongoing evaluation of educational and 

health impacts. These actions identify that the CBPR approach has promoted opportunities 

for sustainability. They also reflect that for schools evaluation is a continuous process. The 

evaluation strategy that is evolving reflects an extended-term mixed-methods design 

(Chatterji, 2005) that will support ongoing evidence-based development of multi-sectoral 

efforts to engage education in health, social and economic development in the Cook Islands, 

and has the potential to contribute evidence that could be contextually applied in other 

settings.  

9.5. Conclusions  

The project has placed teachers of Social Studies, Science, and Health and PE in the role 

of health promoters through their development and use of contextual learning programmes 

that link directly to the Cook Islands National Curriculum. This study has demonstrated 

that participation positively influenced attitudes towards nutrition, relevant knowledge of 

scientific evidence and behaviours associated with discretionary food choices. Further 

investigation using a range of evaluation designs would enhance understanding of the 

potential of the programme to contribute towards youth empowerment. Phenomenological 

case studies at the level of student, teachers and schools would enable deeper understanding 

of the processes underpinning the observed results.
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Chapter 10. School-based DOHaD interventions: Access and 

sustainability in a developing nation  

 

Preface 

Learning is situated, making understanding of context paramount. The data presented in 

Chapter 9 indicates that the cultural and contextual adaptation of the HSLEAP programmes 

within the Cook Islands enabled positive educational outcomes that supported students to 

take actions. This chapter presents a comparative case study examining aspects of HSLEAP 

programmes in the Cook Islands and New Zealand. Analysis of differences associated with 

context, resourcing, process and outcomes offer important evidence that can inform future 

contextual adaptation. This is of value to the ongoing development of HSLEAP in the Cook 

Islands and New Zealand, as well as in other Pacific contexts.  

This paper is currently in preparation for submission to an academic journal. It will inform 

reporting to NZAid, and will be used to support the development of an advisory package 

for nations in the Pacific that are currently engaging in discussions with the project team 

regarding the adaptation of the programme into their settings.  

This paper does not cover all aspects of useful comparison. Further case comparisons are 

planned, including those associated with differences in the contexts of Tonga and the Cook 

Islands. 
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10.1. Introduction 

The global non-communicable disease (NCD) epidemic is creating extensive social and 

economic burdens that are disproportionately affecting developing nations (Bloom et al., 

2011; World Health Organization, 2011). Addressing this complex socio-scientific issue (SSI) 

demands a broad matrix of sustainable multi-sectoral strategies that recognise biological 

and socio-ecological contributors to NCD vulnerability (World Health Organization, 2013a). 

The field of Developmental Origins of Health and Disease (DOHaD) has demonstrated the 

potential of life-course approaches to NCD risk reduction (Hanson and Gluckman, 2014). 

This has highlighted the importance of childhood and adolescence as key life stages 

offering crucial primary NCD prevention opportunities for young people (Proimos and 

Klein, 2012; Sawyer et al., 2012) and their future offspring (Hanson, 2016). The United 

Nations (UN) and World Health Organization (WHO) have identified schools as one setting 

for primary NCD risk prevention in children and adolescents, and the Commission on 

Ending Childhood Obesity (ECHO) examined this in depth (World Health Organization, 

2013a, 2016b; United Nations General Assembly, 2011). While the potential for schools as a 

setting for health promotion is promising (Greenberg et al., 2003; Kriemler et al., 2011), issues 

of sustainability, connectedness to the core mission of schools, and heterogeneity of impact 

have been raised (Brown and Summerbell, 2009; Keshavarz Mohammadi et al., 2010; Khambalia 

et al., 2012; Waters et al., 2011). The ECHO report highlights the importance of ensuring that 

school-based interventions link to the core mission of schools, are educationally rigorous, 

integrate into main stream curricula, and connect with NCD risk reduction efforts in the 

broader community (World Health Organization, 2016b).  

The Liggins Institute is a DOHaD/life-course research centre at the University of Auckland, 

New Zealand (NZ), with strong collaborative ties to the University of Southampton, a 

DOHaD research centre in the United Kingdom. Since 2006, the Institute’s LENScience 

programme has engaged in partnerships with schools to develop learning programmes 

linked to core school curricula, that empower adolescents to explore and use key DOHaD 

evidence in everyday decisions affecting their current and future NCD risk (Bay et al., 2016a; 

Bay et al., 2012b; Bay et al., 2012c). Educational goals supported by the programmes are 

associated with scientific and health literacies, key life competencies, and critically 

engaged citizenship (Bay et al., 2016a). Known as the Healthy Start to Life Education for 

Adolescents Project (HSLEAP), the programmes consist of adaptable learning resources 
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that enable teachers to facilitate context-embedded inquiry learning examining aspects of 

the NCD epidemic as a SSI of relevance to students (Bay and Mora, 2009a; Bay, 2010; Bay 

and Mora, 2009b; Bay and Mora, 2014; Bay et al., 2012c; Bay JL, 2009). Key partner schools in 

Auckland co-led the development of the programmes and engaged in evaluative research. 

A wider group of schools throughout New Zealand have accessed and used the resultant 

resources, and the University of Southampton has adapted the concept into a contextually 

appropriate programme in the United Kingdom (Bagust L, 2014; Grace et al., 2012). When 

adapted by schools to fit within their local context, HSLEAP programmes support positive 

educational and health outcomes. Evaluative evidence shows that participating adolescents 

have developed understanding of life-course perspectives of NCD risk reduction, (Grace et 

al., 2012) and applied this in everyday decision-making (Bay et al., 2012a; Bay, 2015b). This 

creates the potential for adolescents to contribute towards community-wide reduction in 

long-term NCD risk.  

Both the Liggins and Southampton initially relied on schools accessing Face-to-Face 

learning experiences within their respective Universities as part of the wider programme 

taught within schools (Bay et al., 2012c; Grace and Bay, 2011; Liggins Institute, 2016a). These 

university-based programmes facilitated the introduction of DOHaD science to 

adolescents, and provided opportunities for engagement with scientists. While this created 

strong and enduring connections between the DOHaD research centres and schools, (Bay 

et al., 2012b) and offered important opportunities for educational development, (France and 

Bay, 2010; Woods-Townsend et al., 2016) it placed limitations on programme access.  

Since 2012, we have engaged in a partnership with the Cook Islands Ministries of 

Education and Health to develop culturally adapted HSLEAP programmes, and examine 

their potential to support adolescents in this setting to access curriculum-linked learning 

opportunities examine the NCD/DOHaD context. The Cook Islands is a Small Island 

Developing State (SIDS) within Oceania. Typical of SIDS, the Cook Islands is 

geographically isolated and has a small population spread across 15 islands in the Pacific 

Ocean within a 2.2 million square kilometre exclusive economic zone. Resultant of 

colonisation and globalisation the Cook Islands has experienced rapid nutritional transition. 

It carries one of the largest NCD burdens of any nation in the world, ranking highest 

globally for age-standardised prevalence of obesity (50.8%), insufficient physical activity 

(65%) and diabetes (29.1%) (World Health Organization, 2015b). WHO NCD surveillance 

data shows measured adult obesity/overweight at 91.1%.72.2% (Ministry of Health Cook 
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Islands, 2016). While the SIDS of Oceania have small populations, their NCD status is worse 

than any other region globally (Finucane et al., 2011; World Health Organization, 2015b) and 

the need for action is urgent (Hawley and McGarvey, 2015). Furthermore, the impacts of 

human-induced climate change, driven by actions within large dominant economies, are 

creating an even more challenging future that will increase the NCD vulnerability of SIDS 

globally (Friel et al., 2011; Kjellstrom et al., 2010).  

The purpose of this comparative case study was to examine the changes that were made to 

enable cultural and contextual adaptation of HSLEAP to facilitate engagement of 

adolescents from the Cook Islands in learning examining the NCD epidemic from a 

DOHaD / life-course perspective. The research question investigated whether a 

contextually adapted DOHaD exploration programme, without the support of a university-

based learning experience, could enable adolescents to develop understanding of life-

course approaches to NCD risk and its reduction so that they could apply this understanding 

in everyday decision-making? 

10.2.   Methods 

This research applies a theory-centred comparative case study approach using cross-case 

and within-case empirical inquiry to evaluate process and outcomes (Rohlfing, 2012). The 

cases selected were HSLEAP programmes involving middle-school students in New 

Zealand and the Cook Islands. The study draws on evidence from HSLEAP evaluative 

research, approved by the University of Auckland Human Participants Ethics Committee 

(Ref. 011207 and 209/426) and the Cook Islands Research Committee (Ref. 05/14).  

The proposition (Yin, 2014) under consideration is that adolescent education programmes 

that are embedded within core school curricula and which explore aspects of the NCD 

epidemic from a DOHaD/life course perspective can enable youth to engage with and apply 

DOHaD evidence in everyday decision-making. This proposition is underpinned by a 

theoretical framework that integrates concepts and evidence from education, health and 

science (Bay et al., 2016a; Bay et al., 2016c) to contribute towards addressing a SSI for which 

intervention (in this case a specifically designed learning experience)  during adolescence 

offers significant potential benefit (Hanson, 2016). Analysis of the application of these 

theoretical perspectives within and between the cases was used to identify whether the 

HSLEAP model could be contextually adapted to be effective in the Cook Islands and 

therefore elsewhere subsequently.  
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Process differences were analysed via examination of learning resources, triangulated with 

teaching records to confirm enacted rather than intended processes. Impacts on student 

knowledge and attitudes were analysed within and across the cases using quantitative data 

collected at pre-intervention (T0), 3-months post-intervention (T2) and 12-months post-

intervention (T4). This focussed on examining the role of capabilities (knowledge, skills, 

attitudes, and values) associated with scientific literacy in supporting students to examine, 

interpret, and use evidence explored within the programmes in everyday decision-making.    

As a small-n research study this work does not propose to develop generalizable theory. 

However, as a case-study engaging in analysis of causal effects and mechanisms within a 

bounded case where the complexity of context is acknowledged, it is possible to assess 

potential applicability and transferability to other contexts (Punch, 2009; Rohlfing, 2012).  

10.2.1. The case study unit of analysis 

This study compares two cases, encompassing adolescent DOHaD education programmes 

in New Zealand and the Cook Islands. This enables comparison of contexts with strong 

political, cultural and education system similarities, but significant economic and health 

differences. The sections that follow define the unit of analysis, describing each case as a 

bounded empirical phenomenon (Rohlfing, 2012). 

10.2.1.1. Programme structure  

Key to the philosophy of HSLEAP is the requirement for programmes to be contextually 

adapted to meet the differing needs of students (Bay et al., 2016c). Therefore, it is not 

appropriate to provide a rigid programme structure. However, it is possible to describe and 

evaluate overarching structure and resourcing from which teachers create class-specific 

programmes. 

In both programmes the overarching objective was to support capability development 

associated with empowering youth to participate as critically engaged citizens, using 

evidence-based health-promoting actions to facilitate reduction in NCD risk for 

themselves, their potential future offspring, and their communities (Bay et al., 2016a). Both 

were based on the HSLEAP learning and teaching framework (Bay and Mora, 2014) 

involving exploration of the SSI, development of capabilities, inquiry, and action-taking. 

This enables application of our Science for Health Literacy pedagogical model (Grace and 

Bay, 2011), underpinned by concepts of collaborative narrative (Lauritzen and Jaeger, 1997) 
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and transformational learning theory (Taylor and Snyder, 2012). Methods used to support 

students to engage with and explore relevant scientific evidence differed between the cases 

with regard to: 

a) opportunities to engage in dialogue with scientists 

b) facilitation of narratives introducing DOHaD science and NCD risk 

and incidence data. 

10.2.1.2. Societal context 

New Zealand is a developed nation in Oceania with close ties to the Cook Islands. From 

1901 to 1965 the Cook Islands was a colony of New Zealand, but since 1965 has been self-

governing in free association with New Zealand. This means that the Cook Islands 

government controls all internal affairs but that Cook Islanders are New Zealand citizens 

and can feely live and work in New Zealand. More than 60,000 Cook Islands Māori live in 

New Zealand (Statistics New Zealand, 2014). Strong cultural and language similarities exist 

between New Zealand and Cook Islands Māori. Whalers, traders and missionaries migrated 

to the Cook Islands approximately 200 years ago. The introduction of an airport in 1974 

led to the development of tourism, now the most significant industry. Collectively 

colonisation and globalisation have led to rapid nutritional transition, resulting in the Cook 

Islands ranking very highly in global obesity and NCD statistics (World Health Organization, 

2015b). Table 10.1 provides a cross-case comparison of key social, economic and health 

indicators. 
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Table 10.1  Social, economic and health indicator comparisons: New Zealand and the Cook Islands 

Political and Economic Indicators New Zealand Cook Islands 

Political System Constitutional monarchy Self-governing in free association with NZ 

Population 4.76 million (2016)  15.0  thousand (2011) 

Life Expectancy 80.6 years 74.7 years 

Median Age 37.0 years 32.0 years 

Population density 16.0 persons per km2 46.2 persons per km2 

Economic Status High Income Upper middle income 

GDP per capita (NZD) NZD 52,720 (2014) NZD 18,085 (2014) 

Grants in Aid n/a NZD 40 million (2016) 

Median annual income by gender 
Male  NZD 36,400 (2011) 

Female NZD 22,464 (2011) 

Male  NZD 11,845 (2011) 

Female NZD 9,362 (2011) 

Per capita spending – Health USD 3,328 (2013) USD 619 (2012) 

Per student spending on pre-tertiary education  USD 8,987 (2013) USD 2,691 (2012) 

Minimum wage rate NZD 15.25 (2016) NZD 6.25 (2016) 

Adult Health Indicators (2015/16) New Zealand Cook Islands 

Overweight /Obese 67% / 32% 91.1% / 72.2% 

Hypertension  16.6% 32.9% 

Diabetes (excluding during pregnancy) 6.5% 26.8% 

Elevated blood cholesterol  11.5% 50.9% 

Meets 3+ Vegetable and 2+ fruit servings daily 40.1% 15.2% 

Low daily physical activity  15.4% 33.0% 

Child Health Indicators (Age 10-14) New Zealand (2015/16) Cook Islands 92010) 

Overweight / Obese 36.1% / 12.0%  60.3% / 26.1%  

Child Health Indicators NZ Age 10 – 14 Years (2015/16) Cook Islands Age 13-14 Years (2014/15) 

Breakfast eaten less than 5 days per week 16.5% 54.8% 

Fizzy Drinks consumed at least once per week 64.6% 46.7% 

Meets 2 servings of fruit daily 66.9% 35.5% 

Fast Foods at least once per week 72.1% 55.1% 

Data sources: CI Ministry of Health; CI Ministry of Education; OECD; NZ Health Survey, 2015/16; CI STEPS Survey 2015; CI 

Global School Based Health Survey, 2010; Pacific Science for Health Literacy CI baseline health survey 2014/15; Statistics NZ, CI 

Ministry for Finance and Economic Management   
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10.2.1.3. Education context 

The Cook Islands and New Zealand education systems have strong parallels in terms of 

philosophy, curriculum structure, and assessment (Table 10.2). A significant proportion of 

teachers in the Cook Islands have trained and/or taught in New Zealand. Science was the 

predominant learning area within the HSLEAP programmes in all participating schools. 

Achievement objectives from the science curriculum that are supported by the programmes 

in both countries are associated with development of understanding of the nature of science 

(NOS) and the role of science in society, as well as knowledge and understanding 

associated with life-processes and the interaction of living organisms and their environment 

(Appendix 10A).  

Achievement objectives in both curricula are defined by Curriculum/Achievement Levels. 

These associate with school Year Levels variably according to the needs of the learner(Cook 

Islands Ministry of Education, 2002; Ministry of Education, 2007). This recognises that 

adolescents move through stages of development that are associated with, but not defined 

by chronological age. Curriculum levels assist teachers to identify achievement progress 

and provide appropriate learning opportunities for students. In any class, students will be 

working towards attainment at a range of achievement levels. The programmes under 

consideration support achievement objectives at Levels 4-5 of the New Zealand and Cook 

Islands curricula, crossing Years 7 - 10. Thus, comparison of programmes undertaken with 

Year 7-10 classes in New Zealand and Year 9 classes in the Cook Islands is valid.   

Similarities in curriculum structure and achievement objectives in each country, alongside 

education system parallels enable the study to identify education systems and curriculum 

objectives as common to both cases. 
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Table 10.2 Comparative characteristics of New Zealand and the CI Education Systems  

 New Zealand Cook Islands 

Minimum school 
leaving age  

16 

 

16 

National Curriculum 

structure 

Capability centric devolved curriculum  

New Zealand Curriculum (2007) 

 

Capability centric devolved curriculum   

CI  Curriculum Framework (2002) with 
accompanying learning area curriculum statements 

(2002 – 2006)  

 

Essential Learning 

Areas 

English 

The Arts  

Health and Physical Education 
Languages 

Mathematics and Statistics 

Science 

Social Sciences 

Technology 

Languages (Cook Islands Māori and English) 

The Arts 

Health and Physical Wellbeing 
Enterprise 

Mathematics 

Science 

Social Science 

Technology 

 

Values  Excellence 

Innovation, inquiry & curiosity 

Diversity 
Equity 

Community & participation 

Ecological sustainability 
Integrity 

Respect 

 

Respect  Akangateitei 

Honesty   Tuattua tika  

Integrity  Tiratiratu 
Care & compassion  Takinga meitaki, Aroa , 

Tukuanga tika tau  

Tolerance  Akakoromakii, 
Love, Inangaro, Charity. Ngakau oronga & fulfilment 

of apai tuanga  

Key Life 
Competencies 

Key Competencies 
Thinking 

Using language, symbols and texts 

Managing self 
Relating to others 

Participating and contributing  

The Essential Skills 
Communication skills 

Numeracy skills 

Artistic & Creative skills 
Self-management, work and study skills 

Physical skills 

Social and cooperative skills  
Information skills 

Problem-solving skills  

 

National 

Assessment 

Qualifications 
Awards  

 

New Zealand Qualifications Authority 

 National Certificate of Educational 
Achievement Levels 1 – 3  

 New Zealand Scholarship 

New Zealand Qualifications Authority 

 National Certificate of Educational Achievement 
Levels 1 – 3  

 New Zealand Scholarship 

10.2.1.4. Participants  

The evaluative studies from which this research draws evidence were undertaken in ten 

schools in Auckland, New Zealand between 2010 and 2013, and three schools in 

Rarotonga, Cook Islands, between 2014 and 2015 (Chapters 8 and 9). Table 10.3 provides 

a summary of participants by case. Learning resources and programme specific 

professional learning and development (PLD) was provided to participating teachers. Lead 

teachers provided further PLD within their schools. Available data included: 

• student surveys at pre-intervention (T0), 3-months (T2) and 12-months (T4) post-

intervention  

• Student  interviews or focus groups at approximately 6-months post-intervention 

• lesson observations and student work 

• teacher focus groups and planning documentation
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Table 10.3  Comparative characteristics of New Zealand and the Cook Islands Programme Evaluation Participants (Number and Percentage of Total) 

 
 

Participating Students New Zealand 
Data collected from 10 schools between 2010 and 2013 

Participating Students Cook Islands 
Data collected from 3 schools between 2014 and 2015 

  

Intervention 
Participation 

Baseline Data 
T0 

Matched Data 
T0 – T2 

Matched Data 
T0 – T2 – T4 

% T0 

Retention 

Intervention 
Participation 

Baseline Data 
T0 

Matched Data 
T0 – T2 

Matched Data 
T0 – T2 – T4 

% T0 

Retention 

Total 
844 100.0 349 41.1 298 35.3 201 23.8 57.6 

302 100.0 240 79.5 203 63.0 163 66.3 67.9 

Year 

Level 

Year 7- 8 
227 26.9 140 61.7 133 44.6 82 40.8 58.6 

         

Year 9-10 
617 73.1 209 33.9 165 55.4 119 59.2 56.9 

302 100.0 240 79.5 203 63.0 163 66.3 67.9 

Gender 

Male 
290 34.4 123 38.0 106 35.6 78 38.8 63.4 

151 50.0 121 80.1 102 50.2 85 52.1 70.2 

Female 
554 65.6 226 36.6 192 64.4 123 61.2 54.4 

151 50.0 119 78.8 101 49.8 78 47.9 65.5 

Median Age at 

Intervention 

[Interquartile Range] 

Data not  

available 

13y1m 

12y2m – 14y1m 
12y11m 

12y1m – 14y0m 

13y0m 

12y1m – 14y0m 
 

13y9m [13y5m to 

14y1m] 

13y10m [13y6m 

to 14y1m] 

13y10m [13y6m 

to 14y1m] 

13y10m [13y6m 

to 14y1m 
 

 

Ethnicity 

[Multiple 
responses 

accepted]  

NZ Māori 45 12.9 35 11.7 25 12.4 55.6 
         

Pacific 47 13.5 40 13.) 31 15.4 66.0 
         

Asian 50 14.3 40 13.4 26 12.9 52.0 
         

Indian 14 4.0 12 4.0 9 4.5 64.3 
         

NZ European 222 63.6 197 66.1 129 64.2 58.1 
         

Other 36 10.3 31 10.4 15 7.5 41.7 
         

Ethnicity 

[Multiple 
responses 

accepted] 

CI Māori  
         

284 94.4 229 80.6 196 97.0 160 98.8 69.8 

NZ * 
         

11 3.7 5 45.5 3 1.5 1 0.6 20.0 

Other Pacific 
         

5 1.7 5 100.0 3 1.5 1 0.6 0.0 

Other 
         

1 0.3 0 0.0 0 0.0 0 0.0 n/a 

*CI Schools do not all differentiate in their recording of ethnicity of students from New Zealand. This determined the level of reporting possible.  
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10.3. Findings 

10.3.1. Opportunities to meet scientists  

Science is a social activity that is influenced by the culture in which it is embedded, 

(Lederman et al., 2013; Moss, 2001) and has a culture of its own. Opportunities to explore 

this culture support adolescents to identify with science as a perspective of relevance when 

examining SSIs. These opportunities were enabled by narratives such as those found in 

“My First 1000 Days”, (Appendix 4A), and by dialogue-based experiences with members 

of science communities.  

10.3.1.1. Case-specific differences in approach  

In facilitating dialogue-based encounters between adolescents and scientists we have 

identified that providing students with scaffolding to facilitate the preparation of questions 

prior to encounter supports the development of dialogue (Bay JL et al., 2009; France and Bay, 

2010). In both cases learning episodes enabled students to engage in face-to-face dialogue 

with scientists and included prior development of questions for use during these encounters. 

These episodes supported students to describe and test their perceptions of who scientists 

are, what they do, and the types of skills and personality traits might be supportive of 

scientific research. To enable this in the Cook Islands, we needed to consider how the New 

Zealand programme, supported by a scientifically based faculty within a university, might 

be adapted for a setting without access to such a resource. Key differences in the learning 

episodes are outlined in Table 10.4. Scientists that participated in the Cook Islands came 

from local environmental and health agencies. The intention of the programme adaptation 

was to only change the place in which students met with scientists or researchers. However, 

limitations associated with researcher/scientist availability on-island precluded this. In the 

larger school, four scientists met with 120 students within a year-level assembly. In the 

smaller schools, one scientist/researcher met with each class. This limited the opportunity 

for small group interaction, creating differences in experience associated with place and 

group size.  
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Table 10.4  Comparison of learning experiences associated with meeting scientists, New Zealand & Cook Islands  

Learning Objective: To explore who scientists are, what they do, and identify skills and personality characteristics that are supportive of scientific research.  

Resources NZ: Meet-a- Scientist student handouts and teacher notes (Appendix 10B) CI : Think Like A Scientist, Student Learning Resource 10 (Appendix 10C) 

A. Preparation New Zealand Cook Islands 

Location School classroom followed up at the Liggins Institute  School classroom  

Facilitator School science teacher followed up by Liggins Institute teacher School science teacher 

Placement Prior to visit | Follow up at Liggins prior to activities examining stories of scientists Variable by teacher but usually prior to activities examining stories of scientists. 

Activity 

 Task 1. Defining current perceptions of scientists (Common to both New Zealand and Cook Islands) 

Students were told they would be meeting with a small group of scientists, and given names and a simple description of field of work for each scientist. 

a) Small group activity: Identifying perceptions of the skills and personality traits or characteristics required to undertake research 

b) Whole-class activity: Collate and discuss ideas; potentially amend personal record of ideas. 

Task 2. Developing questions to test accuracy of current perceptions 

c) Small group activity: Selecting skills or characteristics to test; designing questions to examine predictions. 

B. Meeting  New Zealand Cook Islands 

Location Liggins Institute  School classroom or large multi-class teaching space  

Facilitator Liggins Institute teacher supported by school science teacher School science teacher(s) 

Placement 
Following a 3-hour learning episode including narrative based exploration of  the work 

of DOHaD scientists 

Following learning episodes involving students undertaking survey-based 

research in their community. 

Activity 

Three scientists joined the class which is divided into 3 groups. Each group engaged 

with two scientists via two 15-minute meetings involving: 

 5 minutes for the scientist to tell students about what their work involves, and their 

journey into science. 

 10 minutes for discussion, enabling students to question scientists and therefore test 

their predictions from Task 2.  

 Scientist(s) (1-4 variable by school) were introduced to the whole group (20 – 

120 students variable by school). 

 Each scientist was given 5 minutes to tell the students about what they do and 

their journey into science. 

 Teachers facilitated a 20 minute question and answer session where students 

asked questions of the scientists to test their predictions form Task 2.  

C. Reflections New Zealand Cook Islands 

Location Liggins Institute School School classroom   

Facilitator Liggins teacher School science teacher School science teacher(s) 

Activity  

Following the meetings students return to the 

collective brainstorm captured at the beginning of the 

day. The teacher leads a 15-minute discussion to 

confirm, remove, or add ideas to the board.  

Teachers use Task 3 to facilitate 

reflections on who scientists are 

and what they do. Students 

complete Task 4 to report on 

their findings.  

Teachers use Task 3 to facilitate reflections on who scientists are and what they 

do. Students complete Task 4 to report on their findings. 
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10.3.1.2. Comparison of responses 

Pre- and post-intervention responses to the question “Have you ever met a scientist?” are 

summarised in Figure 10.1. Within case assessment using Cochran’s Q test (Cochran, 1950) 

identified that the percentage of students reporting having met a scientist was different 

across the three time points in New Zealand, 2(2)=98.255, p<.001, and the Cook Islands 

2(2)=61.255, p<.001. Pairwise comparisons using Dunn’s (1964) procedure with 

Bonferroni correction for multiple comparisons determined that in both cases significant 

increases in students identifying with having met a scientist were found to occur between 

T0 and both T2 and T4,  p’<.001. No significant change occurred between T2 and T4. .  

Comparison between the cases identified that the percentage increase in positive responses 

at T2 was 299% in the Cook Islands and 105% in New Zealand. At each data collection 

point a significantly higher proportion of students identified as having met a scientist in 

New Zealand compared to the Cook Islands. T0 2(1)=22.838, p<.001; T2 2(1)=16.774, 

p<.001; T4 2(1)=17.584, p<.001.  

Students responding ‘yes’ to having met a scientist were asked to name the scientist or the 

type of work they did. This provided an indicator of whether a detail central to all 

encounters was retained. Significant differences emerged between the cases indicating that 

the Cook Islands experience using class or year-level encounters was not as effective in 

enabling students to engage with the experience of meeting with scientists.  

Focus group evidence from both cases indicates that the experience of engaging with 

scientists contributed towards changing perceptions of who scientists were.  

“We thought scientists were people in white coats and glasses but they came in and they 

are just ordinary people. And, all of a sudden they are just the same person I’ve always 

walked past!” Year 9, Cook Islands 

  

“Yeah I talked to my family about all of this – about meeting the scientists –I told them 

that the scientists were pretty cool but they were different – not what you would expect.”

 Year 9, New Zealand 

A further common theme emerged regarding the perception that scientists play a ‘helping’ 

role within the community.   

“Maybe we might want to grow up and be like them [the scientists] and help the 

community.”  Year 9, Cook Islands 
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“We talked about it with our friends – like the scientists are cool and they said if you stay 

in school and work hard you have cool jobs like theirs – and their jobs are important cos 

they are helping people.” Year 9, New Zealand 

 

 
Question 1A.   Have you ever met a scientist? 
a < b; p < .001, a < c, p < .001; b < d, p < .001; c < d, p < .001 

 
Question 1B.   If your answer was yes, can you tell me who it was or what kind of 

scientist they were?    a < b; p < .001 

Figure 10.1   Within and between-case comparisons regarding the experience of meeting scientists 

Lower case letters indicate the outcome of chi-squared analysis conducted to assess differences between 

cases. Groups that do not share the same letter are significantly different from each other (p<.001). 

 

10.3.2. Exploring and interpreting scientific evidence through narrative 

HSLEAP utilises collaborative narratives (Lauritzen and Jaeger, 1997) to enable learners to 

engage with NCD evidence from science, health and their personal and local contexts. 

These narratives expose students to science and health research as a human endeavour that 

has relevance to their communities. Rather than presenting evidence as facts the stories 

engage students in exploring the process of scientific inquiry and examining and 

interpreting evidence.
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Table 10.5  Comparison of learning experiences exploring a DOHaD narrative, New Zealand and Cook Islands  

Learning Objective: Develop understanding of evidence associating early-life nutritional exposures with later-life NCD risk in order to be able to apply this understanding in everyday decision-making.      

Resources New Zealand Cook Islands 

P
ro

v
id

ed
 t

o
 a

ll
 p

ar
ti

ci
p
at

in
g

 

sc
h
o

o
ls

 

Student  Liggins Institute Face-To Face Programme (Liggins Institute, 2016a) 

Me, Myself, My Environment, Nutrition, Student Resource (Bay, 2010) 

Population Studies: A Resource for Science Classes (Bay and Mora, 2009b)   

My First 1000 Days (Bay, 2016a) 

Ko au e toku aorangi: Kai no te Oraanga Meitaki Me, Myself, My Environment, Nutrition, Cook Islands 

Ed (Bay and Yaqona, 2016)  

Teacher  LENScience PLD Workshops, Liggins Institute 

Liggins Institute Face-To Face Programme* (Liggins Institute, 2016a) 
Me, Myself, My Environment Nutrition, Teacher Resource (Bay and Mora, 2009a) 

Me, Myself, My Environment Growing Up, Teacher Resource (Bay and Mora, 

2009b) 
Nutrition in the Womb (Barker, 2008) 

Mismatch: Why our world no longer fits our bodies (Gluckman and Hanson, 2006) 

LENScience Connect Senior Biology Seminar Series |  Feast or Famine: 
Understanding Gene Expression (Available online) (Bay JL, 2009)** 

PSHLP PLD Workshops, Liggins Institute; CI MoH; CI MoE 
Me, Myself, My Environment: Kai no te Oraanga Meitaki, Differentiated Students Learning Resources 

(Bay and Yaqona, 2016)  

Exploring Type 2 Diabetes: A Socio-scientific Issue for My Community, Teacher Resource Cook 
Islands  (Bay et al., 2016d) 

Nutrition in the Womb (Barker, 2008) 

Mismatch: Why our world no longer fits our bodies (Gluckman and Hanson, 2006) 
 

Narrative exploration New Zealand Cook Islands 

Location & Facilitator  Liggins Institute |  Liggins Institute teacher (school science teacher present) School classroom  | School science teacher 

Placement Variable by school within the module; Early phase of the day-programme 

 

Variable: Suggested following exploration of NCD incidence and risk in the local community 

(including population studies), & the nutritional environment & practices of students/community 

Activity Teacher-led interactive narrative using whole-class and group activities that support 

students to examine and construct meaning of the data presented and link this to 

population-base studies being conducted in the New Zealand community (45 minutes) 
Hands-on exploration of blood pressure and the heart. Linking the evidence in the HCS 

story to exploration of what blood pressure is and why it is linked to heart health 

Followed by exploration of animal-model based research examining mechanisms by 
which early-life environmental exposures influence later-life NCD risk.  

Variable, 2-4 lesson sequence: Interactive exploratory narrative, facilitated by the teacher; involving 

small group tasks and potentially role-play. Includes opportunities for engagement between the 

research story and the family histories of the students.  

Related development New Zealand Cook Islands 

Location & Facilitator  School classroom  | School science teacher School classroom  | School science teacher 

Activity  Exploration: The nutritional environment and practices of the students and their 
community 

 Linking: Exploration of Growing Up in New Zealand as a longitudinal study that is 
exploring the New Zealand population. Linking to the HCS findings.  

 Exploration: Blood pressure and the heart. Linking the evidence in the HCS story to 
exploration of what blood pressure is and why it is linked to heart health 

 Related story: Exploring a story of scientists who used animal models to find out 

why a poor early life environment is associated with increased later-life NCD risk 

 Inquiry: Design and carry out a small research task exploring a question (defined by 

the students) associated with exercise and heart rate 

 Consolidation, reflection, communication: Activities associated with collating and 

communicating the learning from the module, including consideration of actions.   

 Reflections: Linking the research process undertaken by the HCS team and the exploratory research 
undertaken by the students regarding perceptions of health and wellbeing. 

 Exploration: Blood pressure and the heart. Linking the evidence in the HCS story to exploration of 
what blood pressure is and why it is linked to heart health 

 Related story: Exploring a story of scientists who used animal models to find out why a poor early 
life environment is associated with increased later-life NCD risk 

 Personal links: Explore personal family history in terms of nutritional environment and heart health  

 Inquiry: Design and carry out a small research task exploring a question (defined by the students) 
associated with exercise and heart rate 

 Consolidation, reflection, communication: Activities associated with collating and communicating 
the learning from the module, including consideration of actions.   

*Many teachers noted that participation with their class in this programme offered significant PLD for them in terms of their understanding of, and ability to use the research stories 

**Most participating New Zealand Biology teachers were also engaged with this Year 13 interactive partnership programme that explored the research in greater depth. Many non-biology science teachers, particularly 

physics teachers, reported using this online resource to support their understanding of the DOHaD research stories and update their understanding of core biological concepts.   
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10.3.2.1. Case-specific differences in approach  

A key difference in approach between the cases relates to facilitation of learning engaging 

students in the narrative exploring the development and early findings of the Hertfordshire 

Cohort Study (HCS), Table 10.5. This study established epidemiological evidence of 

associations between pre-natal and early-life environmental exposures and later life 

metabolic and cardiovascular diseases (Barker and Osmond, 1988; Barker and Osmond, 1986; 

Hales et al., 1991). It is the focal point from which DOHaD emerged as a scientific 

community that has evolved to inform life-course approaches to NCD risk reduction 

(Hanson and Gluckman, 2014).  

Teachers in both locations engaged in similar PLD experiences. These examined the HCS 

story, the relevance of the evidence uncovered, and the potential use of narratives of this 

genre in learning and teaching. In the Cook Islands teachers were also provided with “My 

First 1000 Days”, a student learning resource that explores the HCS story using the same 

components of the narrative as those used within the New Zealand programme (Bay, 2016a). 

10.3.2.2. Comparison of responses 

Survey responses to a series of seven statements were collected pre-intervention and 3- and 

12-month post-intervention. The statements examine awareness of associations between: 

1. maternal nutritional environment and both early and later-life health of offspring 

2. paternal nutritional environment and both early and later-life health of offspring 

3. adolescent nutritional environment and current and future health of the adolescent 

as well as future health of potential offspring 

While all teacher PLD examined DOHaD evidence from maternal, paternal and adolescent 

perspectives, only the maternal and current personal perspectives were explored in the 

student learning resources. Paternal associations were mentioned briefly in the Liggins 

Institute programme experienced by the New Zealand students. However, data was neither 

presented nor explored.  

Responses from each category were pooled to enable comparison of change within and 

between the cases. Statistical significance of average score change within each case was 

evaluated using paired t-tests (=.05) with Bonferroni correction for multiple testing. The 

effect size between the means was estimated using Cohen’s D, corrected for independence 

between the means in paired samples (Coe, 2002; Morris and DeShon, 2002), Table 10.6.



Part IV | Adolescents as Agents of Change 

209 

Table 10.6    Within case comparison of awareness of DOHaD concepts in middle-school students by gender and context 

  New Zealand Years 7 - 10  Cook Islands Year 9 

Comparison Pre-test  𝑥 (SD) Post-test  𝑥 (SD) t p' DGain  Pre-test  𝑥 (SD) Post-test  𝑥 (SD t p' DGain 

DOHaD 

Maternal 

Impacts 

Awareness 

Score 

 All, n = 191  All, n = 160 

T0-T2 3.77 (0.88) 4.24 (0.71) -6.77 < 0.001 0.49  3.82 (0.81) 4.16 (0.74) -4.58 < 0.001 0.36 

T0-T4] 3.77 (0.88) 4.07 (0.80) -4.52 < 0.001 0.30  3.82 (0.81) 4.18 (0.74) -4.62 < 0.001 0.37 

 Male, n = 74  Male, n = 83 

T0-T2 3.97 (0.71) 4.32 (0.56) -3.68 < 0.001 0.43  3.75 (0.87) 4.14 (0.72) -3.80 < 0.001 0.42 

T0-T4 3.97 (0.71) 4.24 (0.71) -2.71 0.008 0.31  3.75 (0.87) 4.21 (0.74) -4.26 < 0.001 0.47 

 Female, n = 117  Female, n = 77 

T0-T2 3.64 (0.95) 4.19 (0.78) -5.70 < 0.001 0.53  3.88 (0.73) 4.18 (0.76) -2.67 0.018 0.30 

T0-T4 3.64 (0.95) 4.00 (0.84) -3.63 < 0.001 0.34  3.88 (0.73) 4.14 (0.75) -2.24 0.054 0.26 

DOHaD 

Paternal 

Impacts 

Awareness 

Score 

 All, n = 192  All, n = 154 

T0-T2 2.50 (1.13) 2.65 (1.19) -1.52 0.131 0.11  3.10 (0.68) 3.17 (1.01) -0.90 0.792 0.07 

T0-T4 2.50 (1.13) 2.73 (1.17) -2.53 0.012 0.18  3.10 (0.68) 2.97 (1.05) 1.27 0.410 0.10 

 Male, n = 75  Male, n = 79 

T0-T2 2.91 (1.06) 2.95 (1.11) -0.28 0.779 0.03  3.11 (0.97) 3.19 (1.04) -0.68 0.998 0.08 

T0-T4 2.91 (1.06) 3.18 (1.10) -1.90 0.061 0.22  3.11 (0.97) 2.98 (1.12) 0.92 0.720 0.10 

 Female, n = 117  Female, n = 75 

T0-T2 2.23 (1.09) 2.46 (1.21) -1.72 0.088 0.16  3.08 (0.87) 3.16 (0.99) -0.599 1.000 0.07 

T0-T4 2.23 (1.09) 2.44 (1.31) -1.73 0.086 0.16  3.08 (0.87) 2.97 (0.98) 0.877 0.768 0.10 

DOHaD 

Personal 

Impacts 

Awareness 

Score 

 All, n = 190  All, n = 155 

T0-T2 3.87 (0.68) 4.03 (0.70) -2.88 0.004 0.21  3.93 (0.68) 4.11 (0.62) -2.78 0.012 0.22 

T0-T4 3.87 (0.68) 4.04 (0.74) -2.85 0.005 0.21  3.93 (0.68) 4.24 (0.64) -5.16 < 0.001 0.42 

 Male, n = 74  Male, n = 79 

T0-T2 3.91 (0.67) 4.08 (0.61) -2.13 0.036 0.25  3.91 (0.70) 4.02 (0.64) -1.24 0.436 0.14 

T0-T4 3.91 (0.67) 4.12 (0.71) -2.28 0.026 0.26  3.91 (0.70) 4.17 (0.64) -2.82 0.012 0.32 

 Female, n = 116  Female, n = 76 

T0-T2 3.84 (0.69) 4.00 (0.75) -2.05 0.043 0.19  3.96 (0.66) 4.20 (0.64) -2.76 0.014 0.32 

T0-T4 3.84 (0.69) 3.99 (0.77) -1.87 0.064 0.17  3.96 (0.66) 4.31 (0.55) -4.85 < 0.001 0.57 

Scores derived via aggregation of relevant question responses. Paired t-tests (t) and Cohen’s D effect size gains (D). p’ = adjusted significance (Bonferroni correction). T0 = Pre-intervention; T2 

= 3-months post-intervention; T4 = 12-months post-intervention;  𝑥  = mean; SD = standard deviation; n = number; Data limited to students responding at all three time points.  
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 Between case assessments measured statistical and practical significance of differences in 

scores at each time point, using the independent samples t –test and Hedges’ g, a variant 

on Cohen’s D that weights effect size relative to sample size, Table 10.7. Effect size was 

assessed as 0.2, small; 0.5, medium; 0.8, large, acknowledging that these categories have 

limitations associated with the relevance of the change (Coe, 2002).  

Table 10.7     Between case comparisons of awareness of DOHaD concepts in middle-school students  

 T0 Pre-intervention T2 3-months post-intervention T4 12-months post-intervention 

 New Zealand Cook Islands New Zealand Cook Islands New Zealand Cook Islands 

DOHaD 

Maternal 

Impacts 

Awareness 

Score 

 All  

n 191 160 191 160 191 160 

  𝑥 (SD) 3.77 (0.88) 3.82 (0.81) 4.24 (0.71 4.16 (0.74) 4.07 (0.80) 4.18 (0.74) 

t (p) 0.53  (.593) -1.10  (.273) 0.94  (.349) 

Hedges’ g 0.05 0.12 0.14 

 Male 

n 74 83 74 83 74 83 

  𝑥 (SD) 3.97  (0.71) 3.75  (0.87) 4.32  (0.56) 4.14  (0.72) 4.24  (0.71) 4.21  (0.74) 

t (p) -1.67  (.095) -1.79  (.076) -0.28  (.781) 

Hedges’ g 0.27 0.28 0.04 

 Female 

n 117 77 117 77 117 77 

  𝑥 (SD) 3.64 (0.95) 3.88 (0.73) 4.19 (0.78) 4.18 (0.76) 4.00 (0.84) 4.14 (0.75) 

t (p)    1.90  (.059) -0.11  (.911) 1.11  (.267) 

Hedges’ g 0.28 0.01 0.17 

DOHaD 

Paternal 

Impacts 

Awareness 

Score 

 All  

n 192 154 192 154 192 154 

  𝑥 (SD) 2.50 (1.13) 3.10 (0.68) 2.65 (1.19) 3.17 (1.01) 2.73 (1.17) 2.97 (1.05) 

t (p) 5.37  (< .001) 4.35   (< .001) 2.00  (0.46) 

Hedges’ g 0.63 0.47 0.21 

 Male 

n 75 79 75 79 75 79 

  𝑥 (SD) 2.91  (1.06) 3.11 (0.97) 2.95 (1.11) 3.19 (1.04) 3.18 (1.10) 2.98 (1.12) 

t (p) 1.27 (.208) 1.37 (.174) -1.11 (.268) 

Hedges’ g 0.20 0.22 0.18 

 Female 

n 117 75 117 75 117 75 

  𝑥 (SD) 2.23 (1.09) 3.08 (0.87) 2.46 (1.21) 3.16 (0.99) 2.44 (1.31) 2.97 (0.98) 

t (p)  5.71  (< .001) 4.26  (< .001) 3.30   (.001) 

Hedges’ g 0.84 0.62 0.44 

DOHaD 

Personal 

Impacts 

Awareness 

Score 

 All  

n 190 155 190 155 190 155 

  𝑥 (SD) 3.87 (0.68) 3.93 (0.68) 4.03 (0.70) 4.11 (0.62) 4.04 (0.74) 4.24 (0.64) 

t (p) 0.84  (.400) 1.09  (.278) 2.90 (.004) 

Hedges’ g 0.09 0.12 0.29 

 Male 

n 74 79 74 79 74 79 

  𝑥 (SD) 3.91 (0.67) 3.91 (0.70) 4.08 (0.61) 4.02 (0.64) 4.12 (0.71) 4.17 (0.64) 

t (p) -0.25  (.980) -0.57  (.567) 0.46  (.685) 

Hedges’ g 0.00 0.09 0.07 

 Female 

n 116 76 116 76 116 76 

  𝑥 (SD) 3.84 (0.69) 3.96 (0.66) 4.00 (0.75) 4.20 (0.64) 3.99 (0.77) 4.31 (0.55) 

t (p)  1.13 (.259) 1.89  (.060) 3.44  (.001) 

Hedges’ g 0.17 0.28 0.46 

Scores derived via aggregation of relevant question responses. Independent t-tests and Hedges’ g effect size. T0 = Pre-

intervention; T2 = 3-months post-intervention; T4 = 12-months post-intervention;  𝑥  = mean; SD = standard deviation; 

n = number; p statistical significance; 
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 Awareness of DOHaD Maternal Impacts  

Within both cases average DOHaD Maternal Impacts Awareness scores at T2 were 

statistically and practically higher than at T0, p < .001, New Zealand D=0.49; Cook Islands,  

D=0.36. In the Cook Islands this was retained at T4. However, in New Zealand while the 

level of statistical significance was retained, the level of practical significance reduced at 

T4. In New Zealand the mean scores for male students were statistically and practically 

higher than those of females at all three time points,  T0, p = 0.001, D = 0.38; T2, p = 0.001, 

D = 0.22; T4, p = 0.050, D = 0.30. While interviews with boys reflected strong opinions 

regarding the value of awareness of this evidence in terms of their families, this was also 

observed in girls. No statistical differences in mean scores were observed by gender in the 

Cook Islands, nor between cases at each time point. These data indicate that in both cases 

the programme supported the development of sustained awareness of associations between 

maternal nutritional environment during pregnancy and health in infancy and later-life, and 

that in the Cook Islands there was no reduction in the size of this change at 12-months post-

intervention.  

 Awareness of DOHaD Paternal Impacts  

Paternal impacts awareness scores in the Cook Islands were significantly lower than scores 

in New Zealand overall, shown to be an effect at the level of female students. Within the 

Cook Islands case no statistical or practical differences pre- and post-intervention was 

observed.  In the New Zealand case a small statistical difference was observed between T0 

and T4, however the effect size indicated that this was of no practical significance, p = 

0.012, D = 0.18. A statistically and practically significant difference was observed between 

average paternal impact scores for male and female students at all three time points in New 

Zealand, T0, p< .001, D = 0.63; T2, p = 0.001, D = 0.22; T4, p = 0.050, D = 0.30. However, 

neither group shifted their responses significantly between T0 and either T2 or T4, This 

indicates that while the scores of male students were higher initially, the programme had 

no impact on their awareness of this association. Given that associations between paternal 

pre-conventional health and later-life offspring health were not examined in the 

programmes these data are as expected.  

 Awareness of DOHaD from a Personal Perspective 

The personal impacts score examined questions pertaining to associations between 

adolescent nutrition and personal current and future health, and potential offspring health. 
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Given the emphasis of the programme on maternal nutrition, we anticipated a gender 

difference in this score. No gender difference was identified at baseline within or between 

countries. However, in the Cook Islands females showed a statistically and practically 

significant change between T0 and T2, p’=.014, D=0.32, and an even greater change by T4 

p’< .001, D=0.57. This compares to no significant change for Cook Islands males at T2 and 

a smaller significant change at T4, p’ = .012, D = 0.32. This increase in effect between T2 

and T4 in the Cook Islands is likely to be resultant of ongoing school-based learning. Cook 

Islands classes were variably involved in a range of activities in the year following 

intervention that would be expected to strengthen impacts. Examples include school and 

community presentations; linked learning modules; presentations to the following year 

level; ambassadors at  public health awareness events; class-level application of learning 

in planning and organisation of a food stall at the schools international food festival that 

reflected healthy eating. In contrast, only a small significant change was seen in New 

Zealand that for females was not practically significant.  

10.3.3. Decision-making and Action 

A universally agreed goal of scientific literacy is to enable the use of scientific knowledge 

and understanding in decision-making (Hodson, 2011). The measure of decision-making 

that we were interested in pertained to the use of resources within the nutritional 

environment of the young people. Differences in the manner in which nutritional behaviour 

data was collected in the two cases has limited the analysis of behaviour effects to an 

overview comparison. (For detailed analysis of food behaviour please see Chapters 8 & 9).  

In both cases we identified that baseline nutritional practices of the young people were 

strongly aligned to those recorded in national-level youth nutrition studies (Clinical Trials 

Research Unit Synovate, 2010; Cook Islands Ministry of Health, 2014). In any survey of 

nutritional behaviour change, it is important to recognise that not all young people need to 

alter their nutritional behaviours. Thus, we identified a group of key nutritional behaviours 

relating to health promoting practices (e.g. fruit and vegetable consumption) and risk 

promoting practices (e.g. consumption of crisps, fried foods etc.). In both cases we 

identified statistically significant positive behaviour change in students who pre-

intervention reported risk promoting behaviours. This was also present for fruit and 

vegetable consumption in New Zealand. However, in the Cook Islands, we identified no 

significant change in fruit and vegetable behaviour when comparing the odds of at risk and 
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low-risk students making change. To put this in context, only 10% of Cook Islands adults 

manage to consume the WHO recommended two servings of fruit and three of vegetables 

daily. The baseline survey from our study found the same to be true for youth. This is linked 

to socio-ecological context, a factor discussed at length by the Year 11 students in the 

overall study (see Chapter 9). To quantify the challenge, using current prices, the minimum 

hourly wage in the Cook Islands would purchase approximately 1.5 locally grown lettuces, 

whereas in New Zealand the minimum hourly wage would purchase 4 or 5 lettuces 

depending on the season. Thus, the evidence indicates that while the learning opportunities 

did promote behaviour change, this is not possible where factors within the socio-ecological 

context prevent youth from having the power to take actions based on their decisions.  

10.4. Discussion 

Case studies offer the opportunity to simultaneously look at process and effect, factors that 

have been identified as requiring greater attention in research investigating evidence from 

school-based behavioural interventions (Khambalia et al., 2012). They are based on the 

premise that at least some empirical relationships are regular or systematic and that 

therefore systematic small-n research can reveal something of these relationships (Rohlfing, 

2012).  Analysis of process and response within and between two cases representing a 

developed and developing nation has enabled insights into the potential of adolescent 

education to support translation of DOHaD research within communities in developing 

nations. Key differences between the two cases were associated with resource limitations, 

alongside significantly greater NCD burden and a socio-ecological setting that makes 

access to fruit and vegetables far more challenging in the Cook Islands.    

In both cases, the learning experiences associated with meeting scientists were recalled and 

retained for a significant proportion of participants, and these experiences were associated 

with changes in perceptions of scientists. However, the learning episode in New Zealand 

appears to have had a greater impact. Whether this was resultant of the setting (university 

vs school) or the difference in group-size remains unknown and should be investigated. 

Data capturing the collective pre- and post- class brainstorms are available from the New 

Zealand case and could be accessed from future Cook Islands cohorts. Comparative 

analysis of the characteristic and skills lists that students created pre- and post the meetings 

would offer valuable insight into the differences in approach between large and small group 

encounters. It is important to recognise that the pre-intervention experience of meeting 
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scientists in each case was significantly different. This reflects the reduced opportunity that 

Cook Islands teachers have to enable students to engage with scientists. Addressing this 

challenge in developing nations requires further investigation. The potential to utilise 

internet-based encounters was not feasible at the time of the study, however is now feasible 

and should be investigated.   

Enabling narrative-based learning requires resources such as text, video, worksheets etc., 

as well as teachers with adequate depth of knowledge of the story and the science to 

facilitate use of the narrative as an educational tool. Comparison of these cases suggests 

that the narrative-based learning experience enabled by teachers in the Cook Islands was 

as effective as the combination of the university and school-based experiences in New 

Zealand in terms of supporting the development of understanding of DOHaD concepts 

associated with maternal nutrition. Furthermore, the data indicates that female students in 

the Cook Islands were applying DOHaD knowledge more effectively in their interpretation 

of the potential of the adolescent nutritional environment to influence the health of future 

offspring. This demonstrates a high level of critical and applied thinking. Combined with 

data showing that awareness of the DOHaD evidence diminished to an extent at 12-months 

post-intervention in the New Zealand students but did not in the Cook Islands, this suggests 

that the learning experiences facilitated by the Cook Islands teachers were more effective. 

This evidence contributes to the identified need to examine impacts of longer interventions 

(Khambalia et al., 2012) and we would also suggest offers insights into the learning that 

contributes to behaviour change following the intervention period (Bay et al., 2016c). 

There are limitations within this study. Neither of the parent studies from which the data 

was derived have control groups. This is due to challenges associated with enabling truly 

matched controls within complex real world education settings (Berliner, 2002; Maxwell, 

2004). However, responses to questions pertaining to evidence that was not presented in the 

learning modules (i.e. paternal associations) offers insights that suggest that in both cases 

the learning modules did effect development of knowledge that was sustained and applied 

by students. The studies both utilised assessment of impact at 12-weeks and 12-months 

post-intervention. When combined with the use of effect size, this assists in identification 

of the level to which learning had a sustained impact. This assessment distanced from the 

learning experience by a full academic year offers insight into the effect of the intervention 

and the associated learning facilitated by teachers following the modules that would not 

otherwise be evident (Ruiz-Primo et al., 2002). 
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Differences in the homogeneity of the populations in each case could be considered a 

limitation. The New Zealand case draws on data that is broadly representative of schools 

in a large urban centre in New Zealand, but has some limitations associated with 

representation of low socioeconomic communities within the study (Chapter 8). In contrast, 

the Cook Islands study draws from a comparatively homogeneous population. However, 

this may be considered as contextual difference rather than a limitation.  

The development and application of capabilities associated with evidence-based decision-

making is complex. Multiple factors associated with context (personal and social) will 

affect the response of students to learning experiences, and in turn multiple factors 

associated with the teacher, the school and the education and social setting will affect the 

learning programme. To mitigate the difficulties of interpreting this study we have provided 

detail of learning episodes, PLD and resourcing. This enables readers to interpret the 

evidence in the context of the learning programme, a factor that is often inadequately 

attended to in research examining the impacts of learning.  

10.5. Conclusions  

Resourcing is a significant limitation in developing nations. The positive results of this 

comparative study indicate that contextual adaptation alongside resourcing (PLD and 

learning resources) enabled teachers in the Cook Islands to facilitate learning that offered 

students opportunities to explore and use DOHaD evidence. This supports a position that 

learning that is culturally and contextually appropriate, and embedded in core school 

curricula, offers opportunities for school-based contributions to enabling youth as engaged 

citizens able to contribute towards addressing issues such as the NCD epidemic. 
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Part V Conclusions and Reflections  

 

 

 

“Doing science and implementing scientific findings are so difficult in 

education because humans in schools are embedded in complex and changing 

networks of social interaction.” 

Berliner, D.C., 2002. Comment: Educational Research:The Hardest 

Science of All. Educational Researcher 31(8), 18-20. 
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Chapter 11. DOHaD and Adolescence: Summary of current 

research, challenges and future directions  

 

“Like slavery and apartheid, poverty is not natural. It is man-made and it can be overcome 

and eradicated by the actions of human beings. Overcoming poverty is not a gesture of 

charity. It is an act of justice. It is the protection of a fundamental human right, the right 

to dignity and a decent life.” Nelson Mandela, 3 February 2005  

 

11.1. Introduction  

The research programme presented in this thesis reflects a frame of reference that considers 

social justice central to what it means to be human, and identifies that a key goal of 

education is to disrupt social norms that create, support, and perpetuate inequities. Science 

has enormous potential to contribute towards addressing social injustices. However, as with 

education and health, advances in science have also brought negative impacts in 

populations, which have contributed towards perpetuating social injustices. This is in part 

because, as human endeavours, the cultures of science, education and health reflect the 

cultural norms of the societies in which they exist at any given time.   

Advancements in science and technology have been used by humans to create social benefit 

for thousands of years. However, the rapid pace of scientific and technological 

development over the past 200 years, combined with the increasing complexity of science 

and technologies has contributed to globalisation and its associated inequities, including 

the noncommunicable disease (NCD) crisis. These advances have had most influence 

where dominant ideologies and social orders have served to create a divide between 

privileged and disadvantaged communities. A current example of this is the denial of 

evidence of human-induced climate change by leaders and their followers in some 

dominant developed economies. The resultant self-serving actions will create economic 

benefits within these societies while bringing about environmental impacts that will result 

in even greater levels of NCD vulnerability within Small Island Developing States (SIDS) 

such as those in Oceania (Friel et al., 2011; Kjellstrom et al., 2010).  

Unacceptable differences in resourcing within and between communities throughout the 

world have resulted in economically deprived communities being entrapped by poverty 
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while dominant communities gain even greater levels of resourcing and privilege. The 

science of Developmental Origins of Health and Disease (DOHaD) has explained 

inextricable links between poverty and NCD vulnerability that were not understood 50 

years ago (Hanson and Gluckman, 2014). With understanding comes responsibility to work 

with communities to enable contextual interpretation and application of this knowledge to 

alleviate poverty and its impact on health and wellbeing.  

The right of all people to access science and its potential benefits was established in the 

1948 United Nations Universal Declaration of Human Rights. The responsibility to act to 

enable this right for all sits with science, health, environment, education, UN agencies, and 

governments. 

“Everyone has the right freely to participate in the cultural life of the community, to enjoy 

the arts and to share in scientific advancement and its benefits”  

 (United Nations General Assembly, 1948) 

This vision of DOHaD scientists actively engaging in the contextual application of 

evidence to support wellbeing within society is expressed in the stated goals of the 

International Society for Developmental Origins of Health and Disease (International Society 

for Developmental Origins of Health and Disease., 2015) 

This thesis examined the potential for multi-sectoral collaborations involving science, 

education and health to contribute towards communication of DOHaD science with 

adolescent populations in order to allow adolescents to translate this evidence into 

meaningful actions in their lives and their communities. The concept of access to scientific 

knowledge as a human right demands that the communication of science must be 

transactional, and occur alongside the development of capabilities associated with 

critically engaged citizenship. These capabilities contribute towards enabling young 

people, as citizens possessing the potential to exercise agency, to examine, question, 

contextually interpret, and act upon DOHaD evidence. In doing so they can contribute to 

disrupting the socio-economic, cultural and environmental factors that create the 

inequitable early-life exposures that drive the dominance of NCD burden within 

economically deprived communities.  
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11.2. Changing power relationships 

Growing evidence of the extent and impacts of NCDs globally has driven research to 

understand NCD risk. This research has identified the intergenerational, socio-cultural, and 

environmental nature of NCD vulnerability. This has driven the call for integrated multi-

sectoral approaches to address the NCD crisis. DOHaD, a relatively new field of research 

emerged from work initiated by Professor David Barker in the 1980s. DOHaD evidence 

has contributed significantly to understanding the early life origins of NCD vulnerability 

and has identified potential intervention points, including childhood and adolescence. The 

concept of science and education collaborating in support of the communication and 

translation of DOHaD evidence presented in this thesis is novel, and challenges traditional 

power relationships between science and education. 

Part I of the thesis outlined the rationale for adolescence as a priority area for DOHaD 

informed interventions supporting primary NCD risk reduction, and the rationale for 

enlisting schools as one context within a matrix of multi-sectoral approaches that could 

contribute to NCD risk reduction. An underlying theme throughout this research 

programme is that of changing power relationships to enable adolescents to exercise 

agency. This has involved altering power relationships between science and education to 

enable multi-sectoral approaches that identify adolescents as citizens who possess and have 

the right to exercise agency, and acknowledging the importance of educational and 

scientific evidence in the development and implementation of appropriate interventions.   

Agency is broadly defined as the potential of individuals to make decisions and take actions 

towards their own lives and wellbeing (DeJaeghere et al., 2016). Humans are social beings 

that exist within socio-ecological contexts involving interactions between people, systems, 

and the environments. These contexts and interactions influence the potential of individuals 

and/or groups to exercise agency. Thus from the perspective of this research programme it 

is important to identify that we conceptualise agency as being enabled through capability 

development within the socio-ecological context(s) that the adolescent has experienced 

throughout their development, and is currently living within.  

11.2.1. Power relationships between science and education  

Part II examined theoretical frameworks that have informed the development of 

programmes designed to facilitate the communication of DOHaD science with adolescents, 

alongside the development and assessment of capabilities to enable young people to 
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exercise agency in relation to NCD risk reduction. Central to these frameworks are issues 

pertaining to the role of power relationships in multi-sectoral collaborations.  

Science ‘outreach’ is a well-established model that underpinned the Liggins Institute’s 

initial school programmes, designed around goals supporting access to biotechnologies and 

engagement with science (France and Bay, 2010; France et al., 2012). Much has been written 

about this model wherein science organisations are assisting schools by providing access 

to technologies, and activities that promote engagement in STEM subjects (Andrew et al., 

2004; Dolan et al., 2004; Laursen et al., 2007; Munn et al., 1999; Palacio-Cayetano et al., 1999). 

The Institute’s early outreach model involved an onsite classroom. While less common, 

this was a well-established strategy, for example at Cold Spring Harbor Laboratory's DNA 

Learning Center where onsite classrooms had existed for 20 years (DNALC, 1985).  

Within the traditional outreach model, science is assisting education to meet a need. This 

is frequently associated with science deciding what that need is, and a lack of connection 

to the core learning objectives represented in national curricula. This results in well 

documented issues pertaining to sustainability of school-based interventions (Keshavarz 

Mohammadi et al., 2010; Khambalia et al., 2012). The Institute’s original model recognised 

this shortcoming and was underpinned by application of knowledge and understanding of 

pedagogy and practice. However, the novel approach that Sir Peter Gluckman and I 

developed, that enabled the research presented in this thesis was the concept of education 

and science working as equal partners to support science, health and education goals, rather 

science ‘reaching out’ to ‘help’ education. The framework underpinning this model draws 

on literature from complexity theory, public health and education to address issues known 

to contribute to the common failure of multi-sectoral partnerships. Central to this is the 

development of shared vision and the recognition of sector-specific goals. While most 

partners are very enthusiastic about the concept of school-science interactions, the frames 

of reference that collaborators bring regarding partnerships are usually very different. Thus, 

the challenge in this research programme that is outlined from a theoretical perspective in 

Chapters 2 and 3, is associated with the bringing together of partners to openly discuss and 

consider frames of reference outside of their own sector.  
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11.2.2. Shifting power by enabling agency freedoms 

To develop and exercise agency requires access to resources and the possession of 

capabilities required to interpret and act upon evidence. Unterhalter (2005) refers to this as 

‘agency freedoms’.  

“Having the conditions to exercise agency, that is access to information, the chance for 

discussion and evaluation of goals, including education; the freedom to make up one's 

mind without violence” (Unterhalter, 2005) 

To enable agency freedoms that offer adolescents opportunities to make, and act upon 

decisions about when and how science knowledge can be appropriately used requires a 

significant shift in power. Bruce Alberts, former Editor-in Chief of Science, has pointed 

out that scientists have done more than anyone else to create a situation where for too long 

students in schools have been told about science and asked to remember facts rather than 

being given the opportunity to learn how to think scientifically (Alberts, 2013). Therefore, 

the proposal that through education adolescents might examine and contextually interpret 

scientific evidence has required a significant shift in thinking within the contributing 

science communities. We have examined the need for shifts in thinking in relation to 

science communication in Chapter 2, and outlined the integrated capabilities required by 

young people to engage with scientific evidence in such a way as to enable contextual 

interpretation, decision-making and action-taking.  

To make available evidence of processes used to address the challenge of providing agency 

freedoms, Part III engaged in examination of concepts of collaborative narrative and 

transformative learning, examining through case analysis the implementation of these 

pedagogical strategies in the facilitation of learning. The in-depth examination in Chapter 

4 of an exemplar learning resource provides a case analysis informing the potential for 

contextual transfer. The increasing evidence of the use of transformative learning as a 

model of relevance to adolescents as well as to adults is of interest and is examined through 

Chapters 5 to 7, looking at the application of transformative learning theory within different 

stakeholder groups. Of particular note is Chapter 6, which presents participatory action 

research that emerged from the application of collective narrative as a vehicle for 

transformative learning within teacher professional development. This provided an 

environment in which teachers could, in a safe manner, led by their thinking, challenge 

frames of reference that were central to their context. The resultant research process 
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provided these teachers with agency freedoms that in turn resulted in their exercising of 

agency to change practice within the constraints of national policy and resourcing.  

11.3. Evaluative evidence 

Part IV examines evidence from perspectives of attitudes, knowledge, understanding and 

application, identifying the extent to which the model has enabled adolescents to examine, 

question, contextually interpret, and act upon DOHaD evidence. To achieve this we have 

examined evaluative evidence from cohorts in New Zealand and the Cook Islands, each 

followed to 12-months post-intervention. Other than our colleagues at the University of 

Southampton who are investigating the efficacy of a contextually adapted version of our 

model in the UK, this is the only research currently examining this model in relation to 

adolescent engagement with DOHaD concepts. This research draws on the extensive 

literature examining the role of context in supporting development of aspects of scientific 

literacy including NOS understanding (Sadler, 2009; Sadler et al., 2004), argumentation 

(Venville and Dawson, 2010), substantive knowledge associated with the SSI and general 

scientific content knowledge (Sadler et al., 2016; Yager et al., 2006; Zohar and Nemet, 2002). 

It adds to this body of knowledge by examining the potential for learning supporting 

contextual examination of SSIs to facilitate students to take evidence-informed actions, the 

overall purpose of the development of scientific literacy. We have examined in Chapter 3 

the challenges associated with assessing this goal, and acknowledge the limitations 

associated with our current evidence.  

Our findings relating to associations between programme exposure, capability development 

and actions are limited to the contexts of New Zealand, a developed nation in Oceania, and 

the Cook Islands, an upper middle-income Small Island Developing State (SIDS) in 

Oceania. The research programme is also working with Tonga, a middle-income SIDS also 

in Oceania. While some evidence from this work is presented in Part III, the full evaluative 

evidence will not be available until late 2017.  

Within the settings of New Zealand and the Cook Islands, our evidence indicates that 

DOHaD/NCD issues provide broad opportunities for context-embedded or future focussed 

learning in Years 7 – 11. The use of a learning model based on concepts of collaborative 

narrative have supported students to engage with the NCD crisis as an issue of relevance to 

their communities. Statistically and practically significant increases in awareness of these 

issues post-intervention have been demonstrated. Using triangulated evidence, we have 
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identified that in New Zealand, students who pre-intervention reported nutritional practices 

that placed them at increased risk of vulnerability to NCDs, made and sustained behaviour 

changes the logic for which they could link back to their learning experience. In the Cook 

Islands, these patterns were observed for junk foods but not for fruit and vegetables. 

Examination of context would suggest that this difference in response is associated with 

environmental constraints in the Cook Islands that restrict agency freedoms. 

Prior to the work represented in this thesis, our data was inadequate to examine associations 

between gender, age and outcomes resultant from application of the model within schools. 

The research presented has enabled this and suggests negligible differences in engagement 

and outcomes in New Zealand between males and females. However, there are limitations 

associated with these data, as the distribution of males in the cohort was disproportionately 

associated with higher socioeconomic communities, a factor likely to influence the 

potential for adolescents to exercise agency with respect to freedom of food choices.  

In the Cook Islands differences in the responses of females in Year 11, compared to males 

in Years 9 and 11, and females in Year 9 is suggestive of Year 11 females in this context 

responding to the learning experience by applying higher levels of critical thinking than 

their peers. This is an important finding worthy of further examination.  

The contexts of New Zealand and the Cook Islands have similarities in terms of educational 

philosophy and curriculum structure. However, the Cook Islands represents a SIDS with 

one of the worst levels of NCD risk and incidence in the world. While an upper-middle 

income nation, the burdens of limited economic capacity, geographic spread and isolation, 

small population size, a history of colonisation, and the ongoing impacts of globalisation 

and climate change define the differences in context between these two settings. The 

evidence presented in Chapter 10 is an initial examination of the effects of application of 

the model, culturally and contextually adapted for each setting. There are multiple 

contributing factors within the complexity of school-settings that cannot be controlled for 

when making comparisons. Importantly, the model recognises that education must be 

contextual and cannot be assessed without consideration of contexts. Therefore, our 

comparison is made within the bounds of contextual and process differences. The positive 

results reported in Chapter 10 indicate that when teachers were provided with a framework 

from which they could adapt and develop context-embedded learning to support adolescent 

exploration of DOHaD/NCD contexts, this provided an environment within which 

adolescents could develop capabilities that in some cases resulted in sustained actions. 
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These actions are appropriately small and personal, creating the potential for sustainability, 

and therefore for long-term impact.  

11.4. Limitations  

In working within and between sectors, we have faced critique from each sector that has 

reflected sector-specific thinking that does not consider diversity of perspectives required 

in multi-sectoral programmes. Chapter 3 presents an important analysis of differences 

between public health and education perspectives pertaining to evaluation of school-based 

interventions.    

The lack of health data in the form of anthropometric and metabolic measures pre- and 

significantly post-intervention is an acknowledged limitation. Reasons for the inclusion of 

data of this type are presented and challenges analysed in Chapter 3. In Chapter 9 we 

examine a positive process that has addressed issues associated with single-sector thinking 

that initially saw the education sector showing concern at the prospect of health measures. 

Through the development of trust within our multi-sectoral collaboration we reached a 

point 3 years into the partnership where education leaders proposed that the inclusion of 

health data needed to be reconsidered. The model that has evolved, funded by the Cook 

Islands Ministry of Health, has seen both education and health shift their positions and 

engage with new approaches. Education have accepted the importance of the collection of 

health data, and identified this as a learning opportunity. Health have reconsidered 

processes associated with the data collection, engaged in professional development with 

teachers to ensure a higher level of understanding of the data, and collectively the 

partnership has developed learning resources to support students to access, understand and 

use their own data. From this has evolved a research project that is exploring students’ 

perspectives of the process of data collection and the exploration of health data in the 

learning programmes. The project is working with students to understand why they have 

expressed a desire to engage with their health data, and how they intend to, or have used it. 

Furthermore, the health data will be available to match with knowledge, attitude and 

behaviours data, and evidence from classroom learning to assess the potential of the 

programme to affect long-term health outcomes.   

This process reflects the potential offered by community-based participatory research 

(CBPR). Without the initial research, identified by traditional standards in public health as 

inadequate, the more in-depth and inclusive work that is now evolving could not have 
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occurred. Furthermore, as the participating schools and ministries (health and education) 

have been the initiators of these decisions, sustainability is being built through ownership 

of decision-making within the project. This research collaboration, initially funded for three 

years, is now seeking funding to build and extend the project. This demonstrates the value 

of CBPR partnerships in enabling sustainability. 

A further limitation of this work is our inability to use randomised control trials (RCTs). 

Given the differences in perspective within multi-sectoral partnerships, it is important to 

engage in a discussion of the issues of appropriate methods in evaluative research involving 

education (Ryan and Hood, 2004). We have noted (Chapter 9) that there is a place for RCTs 

within education when assessing narrowly specified reproducible processes that can occur 

within a carefully controlled setting (Weinstein, 2004). However, the complexity of schools 

and classrooms and the multiple factors associated with the context of students, teachers 

and school communities render true control groups very challenging (Berliner, 2002; 

Maxwell, 2004). This creates the need to identify research methods that account for the 

complexity of context, while acknowledging that this creates evidence that is less 

generalizable (Kuger and Klieme, 2016). Issues with compatibility of control groups are 

not just about the students demographic features. They are also concerned with the prior 

knowledge and experience of both students and the teacher, resourcing, and the socio-

ecological context of the school. When a specific pedagogical model is being examined 

further complications arise associated with trying to manufacture a learning experience that 

allows students in the ‘control’ group to experience learning that is aligned to the same 

objectives of the curriculum or standards, and is of equal quality but variant in nature to the 

model being tested (Sadler et al., 2016). The potential to assign experimental and control 

groups to different classes in the same school has been used effectively (Dawson and 

Venville, 2013) to enable controlled experiments in a school setting. When this is 

associated with whole learning modules as per our study this presents difficulties for 

teachers who would need to control carefully their use of material across multiple classes, 

and in the case of a fully integrated model, the potential for contamination from student to 

student when learning experiences are shared in the home and or community.   

We have presented reasons for not using RCT models in both settings. These are primarily 

associated with the complexity of context and the need for methods to be contextually 

relevant, an issue identified in both public health and education as a limitation to the use of 

RCT models (Berliner, 2002; Sanson-Fisher et al., 2007). We acknowledge that in New 
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Zealand, if significant funding was made available to build a cluster of schools that could 

collectively develop a participatory research partnership, engagement in a cluster 

randomised control trial using a step-wedge model (Brown and Lilford, 2006) could be 

possible. We have addressed that lack of control groups via the use of individually matched 

pre-post analysis of the responses of each student, aggregated to enable the assessment of 

cohort wide change patterns. This follows the guidelines for evaluation using pre-post 

comparative assessment set by the US National Institutes of Health (National Institutes of 

Health, 2014). We have included in the evaluation questions relating to associations between 

paternal nutritional environments in the periconceptional period, not explored in the 

learning programmes. The evidence demonstrating no change in knowledge of this concept 

compared to significant positive change in knowledge of maternal associations supports 

our conclusion that the programme has supported students to examine and engage with 

DOHaD evidence. Our use of extended-term research including mixed methods has 

allowed us to identify the ability of students to discuss these concepts and their application 

of them at 6-months post-intervention, and triangulate this with re-assessment of 

knowledge, attitudes and behaviours at 12-month post-intervention. This represents an 

extended-term mixed methods design (Chatterji, 2005), creating the potential for evaluation 

evidence that includes examination of process (Maxwell, 2004) and offers applicability and 

transferability to other contexts.  

11.5. Future Directions 

Multiple areas of extension would usefully support greater understanding of the role of 

multi-sectoral partnerships in facilitating learning programmes of the type we have 

described. Priority needs to be given to work that will inform and support the efforts of 

classroom teachers as the facilitators of such programmes. Our current collaboration with 

the Cook Islands Ministries of Education and Health is already extending on the work 

presented in this thesis. Analysis of the 2016 cohort is enabling understanding of the value 

of students engaging with differing aspects contexts at different stages of their educational 

journey. Data collected by the Cook Islands Ministries of Health and Education will support 

a cross sectional study within this cohort that will characterise associations between 

metabolic health profile, cognitive profile, and response to programme participation. 

Deeper understanding of the student voice is being explored via a phenomenological case 

study working with students who have and have not made change, and engaging the 
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perspective of their families. A cross-country collaboration whereby one of the original 

New Zealand schools is looking at the integrated learning programme that evolved in the 

Cook Islands and developing this within a New Zealand context is also underway. This will 

further illuminate the requirements needed to enable learning from one setting to be 

contextually adapted for another. That the direction of knowledge sharing in this case is 

from developing to developed nation is pleasing.  

Examination of the challenges of more remote settings such as the Pa Enau (outer islands) 

of the Cook Islands groups has been proposed by the Cook Islands Ministries of Education 

and Health as a priority for future research. Future prospective research is already enabled 

in all three contexts, and in the Cook Islands where health measures have been included 

this will potentially be very informative.     

Tonga represents a very different setting to the Cook Islands. While both countries share a 

position as SIDS within the Pacific, differences in cultural, social and political systems as 

well as education systems mean that comparison of the development and outcomes of the 

project in these two developing nation settings is very important ongoing research.  

A further significant area of work that should be prioritised is understanding of the ongoing 

relationship between research communities and teaching communities that can support the 

potential to keep programmes such as this relevant to science, education and society as each 

evolves, and accessible to all communities. This supports the overarching purpose of this 

research, to facilitate strategies that support adolescents to access, examine and act upon 

evidence that has the potential to positively influence their health and wellbeing and that 

of their family.  

11.6.   Conclusions 

This novel research programme was established to examine and enable opportunities for 

adolescents to engage with and act upon DOHaD evidence. It is underpinned by the need 

to address issues of inequity that arise through differing resource levels that influence early-

life environmental exposures associated with vulnerability to NCD risk. The NCD crisis is 

a complex adaptive system that engages with education and health, each of which are also 

complex adaptive systems. Neither a single sector, nor a single programme or paradigm 

can resolve the NCD crisis. Our work prior to 2012 established a relationship between 

education and science in regard to DOHaD and NCDs. The work between 2012 and 2016 

represented by this thesis has consolidated this relationship and provided evidence that 
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supports the potential of school-based programmes that are designed using principles of 

multi-sectoral engagement to allow adolescents to translate DOHaD evidence into 

meaningful actions. The resultant actions that we have observed and measured are 

pleasingly small. To be sustainable, behaviour change must nudge rather than landslide. To 

identify evidence of small positive changes in nutritional practise of adolescents who prior 

to programme participation were engaging in risk-promoting practices is positive. That we 

have identified longevity in these changes, alongside understanding of why the change was 

made, is extremely hopeful. The most significant factor in any programme of this nature is 

relationships. The respectful relationship building that has occurred between the Liggins 

Institute and schools in New Zealand and the Pacific offers potential for longevity of this 

work. If developed, this work offers the prospect that each cohort of adolescents in New 

Zealand and the Pacific might be provided with opportunities that would allow them to 

express agency regarding the translation of DOHaD evidence into meaningful action in 

their lives.   
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Appendix 4A   My First 1000 Days 
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Appendix 5A   Extract from Me, Myself, My Environment: Kai no to 

Otaanga Meitaki 
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The series below is an example of a differentiated student learning resource. Three levels of differentiation were used.  
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Appendix 8A  Data representation check  

Comparison of T0 responses from participants who did not and who did provide T2 and T4 
responses. Numbers are values (percentages). 

Variance in response patterns at baseline (T0) from the two groups were assessed using Fisher’s 

exact and Mann-Whitney U tests. *Bold: significant (=0.05). T0 = Pre-intervention; T2 = 6-12 

weeks post-intervention; T4 = 12-months post-intervention; n = number;  

Demographic factors 
 Gender Decile Band Year Level 

T0 or T0-T2 

Response only  
Male Female Decile 1-4 Decile 5-7 Decile 8-10 Year 7-8 Year 9-10 

45 (30.4) 103 (69.6) 18 (12.2) 47 (31.8) 83 (56.1) 58 (39.2) 90 (60.8) 

T0-T2-T4 matched  77 (38.8) 124 (61.7) 40 (19.9) 64 (31.8) 97 (48.3) 82 (40.8) 119 (59.2) 

 2=2.341, p=.126 2=4.083, p=.130 2=0.092, p=.762 

 

Attitudes to health and wellbeing 
 

How much does it matter  
whether or not you are healthy 

How much does it matter  
what you eat 

How much does it matter  

whether or not you exercise or are 

physically active every day  

 T0/T0-T2 Only T0-T2-T4 match  T0/T0-T2 Only T0-T2-T4 match  T0/T0-T2 Only T0-T2-T4 match  

A lot 102  (69.9) 109  (55.1) 66  (44.9) 78  (39.0) 65   (4.5) 101  (51.0) 

Quite a lot 38  (26.0) 78 (39.4) 55  (37.4) 99  (49.5) 67   (5.9) 73   (36.9) 

Not Very Much 4  (2.7) 11  (5.6) 24  (16.3) 22  (11.0) 11   (7.5) 23   (11.6) 

Not at all 2  (1.4) 0  (0.0) 2   (1.4) 1 (0.5) 3    (2.1) 1   (0.5) 

     U=16,599, z=2.701, p=.007*   U=14,902, z= .239, p=.811 U=13,780, z=-.817, p=.414 

 

Awareness of associations between nutritional environment and health (self) 
 The food I eat now will affect my 

health in the future  
It is important for me to eat healthy 
food now  

 T0/T0-T2 Only T0-T2-T4 match  T0/T0-T2 Only T0-T2-T4 match  

Strongly Agree 56 (38.1) 78 (39.8) 91 (61.9) 120 (61.2) 

Agree 73 (49.7) 102 (52.0) 48 (32.7) 71 (36.2) 

Don’t know 3 (2.0) 1 (0.5) 1 (0.7) 1 (0.5) 

Disagree 10 (6.8) 6 (3.1) 3 (2.0) 1 (0.5) 

Strongly Disagree 5 (3.4) 9 (4.6) 4 (2.7) 3 (1.5) 

 U=13,872, z=-.654, p=.513 U=14,341, z=-.084, p=.933 

 

Awareness of associations between nutritional environment and health (intergenerational) 
 The food a woman eats when she is 

pregnant affects the health of her baby 

The food a woman eats when she is 

pregnant affects the health of her baby 
when it is grown up 

The food I eat now will affect the 

health of any children I have in the 
future 

 T0/T0-T2 Only T0-T2-T4 match  T0/T0-T2 Only T0-T2-T4 match  T0/T0-T2 Only T0-T2-T4 match  

Strongly Agree 74 (50.7) 104 (52.8) 21 (14.4) 29 (15.2) 15 (10.3) 20 (10.3) 

Agree 58 (39.7) 81 (41.1) 49 (33.6) 72 (37.7) 40 (27.4) 64 (32.8) 

Don’t know 2 (1.4) 2 (1.0) 10 (6.8) 13 (6.8) 16 (11.0) 19 (9.7) 

Disagree 9 (6.2) 8 (4.0) 41 (28.1) 49 (25.7) 31 (21.2) 45 (23.1) 

Strongly Disagree 3 (2.1) 2 (1.0) 25 (17.1) 28 (14.7) 44 (30.1) 47 (24.4) 

 U=13,854, z=-.652, p=.515 U=13,281, z=-.850, p=.396 U=13,307, z=-1.062, p=.288 
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Nutritional behaviours  
 Potato Chips Soft Drinks Fried Foods 

 T0/T0-T2 Only T0-T2-T4 match  T0/T0-T2 Only T0-T2-T4 match  T0/T0-T2 Only T0-T2-T4 match  

Daily 12 (10.2) 7 (4.1) 6 (5.1) 6 (3.6) 2 (1.7) 5 (3.0) 

2-4 Times/wk 38 (32.2) 63 (37.3) 23 (19.5) 35 (21.0) 19 (16.1) 32 (19.2) 

Once per week 24 (20.3) 43 (25.4) 27 (22.9) 42 (25.1) 36 (30.5) 60 (35.9) 

< Once per week 38 (32.2) 50 (29.6) 49 (41.5) 72 (43.1) 56 (47.5) 66 (39.5) 

Never 6 (5.1) 6 (3.6) 13 (11.0) 12 (7.2) 5 (4.2) 4 (2.4) 

 U=10,001, z=.045, p=.964 U=, z=-.467, p=.641 U=13,307, z=-1.062, p=.288 

  Green Vegetables  Fruit Raw Fruit and Vegetables 

 T0/T0-T2 Only T0-T2-T4 match  T0/T0-T2 Only T0-T2-T4 match  T0/T0-T2 Only T0-T2-T4 match  

Daily 88 (73.9) 105 (63.3) 90 (75.6) 111 (66.1) 52 (44.1) 78 (46.4) 

2-4 Times/wk 23 (19.3) 53 (31.9) 24 (20.2) 44 (26.2) 43 (36.4) 43 (25.6) 

Once per week 5 (4.2) 6 (3.6) 3 (2.5) 8 (4.8) 15 (12.7) 23 (13.7) 

< Once per week 2 (1.7) 1 (0.6) 2 (1.7) 4 (2.4) 6 (5.1) 17 (10.1) 

Never 1 (0.8) 1 (0.6) 0 (0.0) 1 (0.6) 2 (1.7) 7 (4.2) 

 U=10,810, z=1.661, p=.097 U=10,998, z=1.804, p=.071 U=10,286, z=.580, p=.562 
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Appendix 9A  Cook Islands cohort characteristics by year of intervention (2014 and 2015) 

  

Intervention participation  

2014 

Evaluation Participants 2014  

T0 

  

% Intervention  

cohort 

T0 - T2 T0 - T4 T0 -T2-T4 

Classes Students Matched T0 Retention Matched T0 Retention Matched T0 Retention 

 

Year 9 5 146 59.6 86 58.9 69 63.3 80.2 44 62.0 51.2 40 61.5 46.5 

Year 11 5 99 40.4 45 45.5 40 36.7 88.9 27 38.0 60.0 25 38.5 55.6 

All 10 245   131 53.5 109   83.2 71   54.2 65   49.6 

School A [Year 7-11] 
Year 9 1 37 25.3 19 51.4 17 24.6 89.5 17 38.6 89.5 16 40.0 84.2 

Year 11 1 19 19.2 10 52.6 9 22.5 90.0 6 22.2 60.0 6 24.0 60.0 

School B [Year 9 – 13] 
Year 9 4 109 74.7 67 61.5 52 75.4 77.6 27 61.4 40.3 24 60.0 35.8 

Year 11 3 69 69.7 24 34.8 21 52.5 87.5 15 55.6 62.5 13 52.0 54.2 

School C [Year 7 - 11] 
Year 9 0 0 0.0 0 n/a 0 n/a n/a 0 n/a n/a 0 n/a n/a 

Year 11 1 11 11.1 11 100.0 10 25.0 90.9 6 22.2 54.5 6 24.0 54.5 

Gender 

 All 
Male  118 48.4 62 52.5 49 45.0 79.0 32 45.1 51.6 29 44.6 46.8 

Female  126 51.6 69 54.8 60 55.0 87.0 39 54.9 56.5 36 55.4 52.2 

Year 9 
Male  67 46.2 40 59.7 31 44.9 77.5 20 45.5 50.0 19 47.5 47.5 

Female  78 53.8 46 59.0 38 55.1 82.6 24 54.5 52.2 21 52.5 45.7 

Year 11 
Male  51 51.5 22 43.1 18 45.0 81.8 12 44.4 54.5 10 40.0 45.5 

Female  48 48.5 23 47.9 22 55.0 95.7 15 55.6 65.2 15 60.0 65.2 

Median age at intervention 

[Inter-quartile range] 

All  14y2m [13y7m to 15y4m] 14y0m [13y7m to 15y2m] 14y0m [13y7m to 15y2m] 13y11m [13y6m to 15y4m] 13y11m [13y6m to 15y4m] 

Year 9  13y8m [13y4m to 14y0m] 13y9m [13y5m to 14y0m] 13y9m [13y5m to 14y0m] 13y8m [13y4m to 13y11m] 13y7m [13y4m to 13y10m] 

Year 11  15y5m [15y2m to 15y9m] 15y5m [15y2m to 15y8m] 15y5m [15y2m to 15y9m] 15y7m [15y3m to 15y11m] 15y7m [15y3m to 15y0m] 

E
th

n
ic

it
y

  

[I
n

cl
u

si
v

e 
o

f 
m

u
lt

ip
le

 r
es

p
o
n

se
s]

 

All 

Cook Islands Māori    223 93.7 124 55.6 105 96.3 84.7 70 98.6 56.5 65 100.0 52.4 

New Zealand   9 3.8 4 44.4 2 1.8 50.0 0 0.0 0.0 0 0.0 0.0 

Other Pacific   4 1.7 3 75.0 2 1.8 66.7 1 1.4 33.3 0 0.0 0.0 

Other   2 0.8 0 0.0 0 0.0 n/a 0 0.0 n/a 0 0.0 n/a 

Year 9 

Cook Islands Māori    130 92.9 81 62.3 66 95.7 81.5 43 97.7 53.1 40 100.0 49.4 

New Zealand   7 5.0 2 28.6 1 1.4 50.0 0 0.0 0.0 0 0.0 0.0 

Other Pacific   3 2.1 3 100.0 2 2.9 66.7 1 2.3 33.3 0 0.0 0.0 

Other   0 0.0 0 0.0 0 0.0 n/a 0 0.0 n/a 0 0.0 n/a 

Year 11 

Cook Islands Māori    93 94.9 43 46.2 39 97.5 90.7 27 100.0 62.8 25 100.0 58.1 

New Zealand   2 2.0 2 100.0 1 2.5 50.0 0 0.0 0.0 0 0.0 n/a 

Other Pacific   1 1.0 0 0.0 0 0.0 n/a 0 0.0 n/a 0 0.0 n/a 

Other   2 2.0 0 0.0 0 0.0 n/a 0 0.0 n/a 0 0.0 n/a 
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Intervention participation  

2015 

Evaluation Participants 2015  

T0 
  

% Intervention  
cohort 

T0 - T2 T0 - T4 T0 -T2-T4 

Classes Students Matched T0 Retention Matched T0 Retention Matched T0 Retention 

 

Year 9 6 161 63.9 154 95.7 134 62.9 87.0 128 67.7 83.1 123 68.0 79.9 

Year 11 5 91 36.1 86 94.5 79 37.1 91.9 61 32.3 70.9 58 32.0 67.4 

All 11 252   240 95.2 213   88.8 189   78.8 181   75.4 

School A [Year 7-11] 
Year 9 1 33 20.5 31 93.9 26 19.4 83.9 23 18.0 74.2 23 18.7 74.2 

Year 11 1 21 23.1 20 95.2 15 19.0 75.0 12 19.7 60.0 10 17.2 50.0 

School B [Year 9 – 13] 
Year 9 4 115 71.4 112 97.4 99 73.9 88.4 96 75.0 85.7 91 74.0 81.3 

Year 11 3 61 67.0 58 95.1 57 72.2 98.3 45 73.8 77.6 44 75.9 75.9 

School C [Year 7 - 11] 
Year 9 1 13 8.1 11 84.6 9 6.7 81.8 9 7.0 81.8 9 7.3 81.8 

Year 11 1 9 9.9 8 88.9 7 8.9 87.5 4 6.6 50.0 4 6.9 50.0 

Gender 

 All 
Male  125 49.6 118 94.4 105 49.3 89.0 94 49.7 79.7 91 50.3 77.1 

Female  127 50.4 122 96.1 108 50.7 88.5 95 50.3 77.9 90 49.7 73.8 

Year 9 
Male  85 52.8 81 95.3 71 53.0 87.7 68 53.1 84.0 66 53.7 81.5 

Female  76 47.2 73 96.1 63 47.0 86.3 60 46.9 82.2 57 46.3 78.1 

Year 11 
Male  40 44.0 37 92.5 34 43.0 91.9 26 42.6 70.3 25 43.1 67.6 

Female  51 56.0 49 96.1 45 57.0 91.8 35 57.4 71.4 33 56.9 67.3 

Median age at intervention 
[Inter-quartile range] 

All  14y2m [13y9m to 15y4m] 14y0m [13y9m to 15y4m] 14y1m [13y9m to 15y4m] 14y1m [13y9m to 15y2m] 14y1m [13y9m to 15y8m] 

Year 9  13y11m [13y7m to 14y1m] 13y1m [13y7m to 14y1m] 13y10m [13y6m to 14y1m] 13y11m [13y7m to 14y1m] 13y11m [13y7m to 14y1m] 

Year 11  15y6m [15y2m to 15y11m] 15y6m [15y3m to 15y11m] 15y6m [15y3m to 15y10m] 15y6m [15y2m to 15y9m] 15y6m [15y2m to 15y9m] 

E
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All 

Cook Islands Māori    234 92.9 223 95.3 200 94.8 89.7 178 94.7 79.8 172 95.6 77.1 

New Zealand   6 2.4 5 83.3 4 1.9 80.0 3 1.6 60.0 3 1.7 60.0 

Other Pacific   8 3.2 7 87.5 4 1.9 57.1 5 2.7 71.4 3 1.7 42.9 

Other   4 1.6 3 75.0 3 1.4 100.0 2 1.1 66.7 2 1.1 66.7 

Year 9 

Cook Islands Māori    154 95.7 148 96.1 130 97.7 87.8 125 98.4 84.5 120 98.4 81.1 

New Zealand   4 2.5 3 75.0 2 1.5 66.7 1 0.8 33.3 1 0.8 33.3 

Other Pacific   2 1.2 2 100.0 1 0.8 50.0 1 0.8 50.0 1 0.8 50.0 

Other   1 0.6 0 0.0 0 0.0 n/a 0 0.0 n/a 0 0.0 n/a 

Year 11 

Cook Islands Māori    80 87.9 75 93.8 70 89.7 93.3 53 86.9 70.7 52 89.7 69.3 

New Zealand   2 2.2 2 100.0 2 2.6 100.0 2 3.3 100.0 2 3.4 100.0 

Other Pacific   6 6.6 5 83.3 3 3.8 60.0 4 6.6 80.0 2 3.4 40.0 

Other   3 3.3 3 100.0 3 3.8 100.0 2 3.3 66.7 2 3.4 66.7 
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Appendix 10A Science Achievement Objectives,  

 Curriculum Level 4 (Years 7 – 9) Curriculum Level 5 (Years 9-10) 

New Zealand 

N
at

u
re

 o
f 

S
ci

en
ce

 

Understanding 

about Science 

Appreciate that science is a way of explaining the 

world and that science knowledge changes over 

time. 
Identify ways in which scientists work together 

and provide evidence to support their ideas. 

Understand that scientists’ investigations are 

informed by current scientific theories and aim to 

collect evidence that will be interpreted through 
processes of logical argument. 

Investigating in 
science 

Build on prior experiences, working together to 
share and examine their own and others’ 

knowledge. 

Ask questions, find evidence, explore simple 
models, and carry out appropriate investigations 

to develop simple explanations. 

Develop and carry out more complex 
investigations, including using models. 

Show an increasing awareness of the complexity of 

working scientifically, including recognition of 
multiple variables. 

Begin to evaluate the suitability of the investigative 

methods chosen. 

Communicating 
in science 

Begin to use a range of scientific symbols, 
conventions, and vocabulary. 

Engage with a range of science texts and begin to 

question the purposes for which these texts are 
constructed. 

Use a wider range of science vocabulary, symbols, 
and conventions. 

Apply their understandings of science to evaluate 

both popular and scientific texts (including visual 
and numerical literacy). 

Participating 

and contributing 

Use their growing science knowledge when 

considering issues of concern to them. 

Explore various aspects of an issue and make 
decisions about possible actions. 

Develop an understanding of socio-scientific issues 

by gathering relevant scientific information in order 

to draw evidence-based conclusions and to take 
action where appropriate. 

L
iv

in
g
 W

o
rl

d
 

Life processes 

 

Recognise that there are life processes common 

to all living things and that these occur in 

different ways 

Identify the key structural features and functions 

involved in the life processes of plants and animals. 

Ecology Explain how living things are suited to their 

particular habitat and how they respond to 
environmental changes, both natural and human-

induced. 

Investigate the interdependence of living things 

(including humans) in an ecosystem. 

Cook Islands 

Science and Society 

Develop an awareness and understanding of how science affects society and how society promotes or 
constrains science. 

Identify and report on the views of a particular 
group of the community towards a scientific 

issue;  

Identify and compare the views of different groups 
of people about a given scientific issue and how it 

has promoted or constrained science 

S
ci

en
ti

fi
c 

S
k
il

ls
 

Focusing and 

Planning 
Use their prior knowledge and observations to 
suggest solutions to questions. 

Start to design a test to trial their solutions. 

Consider the idea of controls. 

Make testable predictions. 

Information 
Gathering 

Write and complete a survey to find out other 
peoples ideas. 

Take measurements and record observations 

using appropriate equipment for enhancement. 

Select and use instruments to make quantitative and 
qualitative observations. 

Processing and 
Interpreting 

Group findings according to common features or 
outcomes. 

Find trends or patterns - make links from 
organized data. 

Analyse data using statistical and graphing 
procedures. 

Reporting Write a report of what they found out.  

Use scientific report structure, e.g. title, aim, 
method, results, conclusions. 

Write reports that include processed relevant data. 

Living World 
Investigate how particular structures and 

functions allow plants and animals to survive. 

 

 

 



Appendix 10A | Science Achievement Objectives, Levels 4 & 5, New Zealand and Cook Islands  

280 



Appendices   

281 

Appendix 10B   Meet a Scientist Learning Resources New Zealand 
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Appendix 10C   Meet a Scientist Learning Resources Cook Islands  

This file contains pages 26-30 from the Cook Islands HSLEAP learning resource, including student worksheets (Bay and Yaqona, 2016).  
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Appendix 12 Authorship Administration Forms  
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