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Background

This analysis is part of a Health Research Council and Ministry of Health funded project Enhancing Food Security and Physical Activity.  The project aims to understand the environmental influences on food security and physical activity, with an emphasis on Māori, Pacific, and low-income families and whānau (Clinical Trials Research Unit 2008). It aims to identify the barriers to food security and physical activity and the supports needed to address these barriers.  The project is a collaboration between the Clinical Trials Research Unit, University of Auckland; Health Promotion & Policy Research Unit, University of Otago, Wellington; Te Hotu Manawa Māori; and the University of Canterbury.

The following analysis applies ideas from complexity theory to results of a literature review and focus groups related to food security and physical activity of individuals and households (Clinical Trials Research Unit 2008; Lanumata et al. 2008).  The key aim of the analysis is to apply a ‘systems approach’ to identify possible areas to focus interventions to increase the levels of food security and physical activity experienced by Māori, Pacific and low-income families and whānau in New Zealand.

Complexity Theory

Complexity theory focuses on the study of complex systems, where a ‘system can be any collection of objects or processes deemed to be of interest’ (Gare 2000).  Complex systems have particular properties, including: responsiveness to local context; being comprised of numerous system elements, including other complex systems; and, behaving in a non-linear manner (Shiell et al. 2008).  A social phenomenon, such as food insecurity, is seen as emerging from the relevant social system as a whole.  That is, all the parts of the social system interact to create the state of food security or insecurity.  To understand food security or physical activity then, the social system as whole must be understood (Byrne 2005).  For the purpose of enhancing food security and physical activity within a complex social system, it is likely that multiple interventions will be required.  The following analysis seeks to identify possible areas for interventions, while the descriptions of the social systems provide a starting point for a non-linear intervention logic to be used during intervention design.  Given the types of data collected for this study to date, no statistically based analysis would be able to provide information for this purpose.
Complexity theory has grown within the biological and natural sciences over the past 20 years (Capra 2005), and since the 1990’s has begun a transition to influence thinking in a range of social sciences (Medd 2001).  There is not one coherent complexity theory field of research however.  Morçöl (2001), for example, incorporates chaos theory, nonlinear dynamics, complex systems theory, and self-organization theory within the complexity camp.  The main common factor between these approaches is the attempt to take a holistic view of systems, and consider causation of social phenomena as the ‘emergent’ behaviour of interactions within the social system of interest.  For this reason, complexity theory can offer an advancement over some ecological models, such as the Swinburn et al (1999) ANGELO model of obesity, by not only identifying and classifying elements that are present within the social system, but also considering the interaction of those elements.
Within a complex social system, feedback between system elements acts to either maintain the system (negative feedback), or generate change (positive feedback).  For the purpose of identifying policy level interventions to change the social system of interest, and therefore possibly the phenomenon of interest such as food security, then ‘control parameters’ should be targeted (Blackman 2006).  Control parameters are highly linked within a social system, which means a change in a control parameter, is likely to have some sort of impact on several other system elements.  The type of impact is difficult to predict, as a key feature of complex systems is the non-linear interactions between elements (Gatrell 2005).  Control parameters are also considered to be external inputs into the social system (Rickles et al. 2007), which may act as a constraining or enabling influence on the social system in terms of limiting or promoting the amount or type of change possible.  External inputs can act as negative or positive feedback through the social system, and control parameters are sites where feedback is distributed through the system.  Combining the concept of non-linearity and control parameters then, small changes in control parameters have a greater theoretical opportunity to lead to system wide change, than small or even large changes in some other system elements.
Looking to influence control parameters should become the focus of interventions within complex social systems, as changing control parameters has the greatest chance of changing the system as a whole (Blackman 2006; Rickles et al. 2007).  However, theoretically, impacting on any system element has the potential to in turn impact on control parameters and change the system as a whole.  This suggests a hierarchy of interventions, firstly concentrating on influencing control parameters directly and through the system elements closely linked with control parameters, and then secondly through influencing system elements not connected directly with control parameters.  The implication of this is that while the greatest amount of effort and resources should be directed towards influencing control parameters, if an effective intervention, relevant to the context that the intervention will be implemented within, is available, then this may still be a good option.  As long as this does not severely restrict intervention options aimed at the control parameters.
The analysis below attempts to create a description of the food security and physical activity social systems from the literature review (Clinical Trials Research Unit 2008) and focus group information (Lanumata et al. 2008).  Within these system descriptions, possible interactions between system elements and control parameters are identified.  The system descriptions are referred to as policy system maps.  Each policy system map represents the result of a process of ‘retroduction’ (Esterberg 2002), where system elements, and interactions between elements, are identified from the literature review and focus group research inductively, and informed deductively by complexity theory.  While the interactions between social system elements are informed by the literature review and focus groups, they remain theoretical as the original research was not specifically designed to identify and test these interactions.  Even if it had, social systems change and evolve over time and place, and therefore perfect knowledge of a system is never possible (Byrne 1998).  
Both the barriers and supports identified through the research have been combined to provide an overall picture of the food security and physical activity systems.  The reason for this is that different types of system elements were identified when considering barriers and supports, but an intervention must operate within the same system as the barriers, and their interaction must be considered to provide an idea of possible change.
Development of Policy System Maps
The policy system maps presented below have been derived firstly from the results of a literature review of the factors associated with food security and physical activity (Clinical Trials Research Unit 2008), and a series of focus groups with Māori, Pacific, and low-income people (Lanumata et al. 2008).  Secondly, the policy system maps were discussed by the research team
, and changes suggested based on different team member’s understanding of the literature review and focus group research results.  The final policy system maps presented below can be considered then to reflect a ‘best fit’ of the range of interpretations of the full research team.  The processes of developing, review, and revision of the policy system maps is presented below in Figure 1.
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Both the literature review and focus group research, include discussion sections where factors associated with food security and physical activity are described within the ANGELO framework (Swinburn et al. 1999).  The ANGELO framework conceptualises the ‘obesity’ system into four types of environment (physical, economic, political and sociocultural), and across micro and macro settings. The distinction between micro and macro is blurred within complexity theory, as every social system will have elements that are more macro and more micro in focus, but the interaction between them is not able to be described as either.

There were three stages to developing the initial policy system maps.  These were: identifying system elements from the research report discussion sections; identifying interactions between system elements; and, identifying system control parameters.  There are two assumptions operating when identifying system elements.  The first relates to the literature review report.  It was assumed that associations with food security and physical activity that were shown across multiple studies, or in high quality studies, are likely to be consistently operating within the social systems of interest, and have therefore been included in the policy system maps.  The second assumption relates to the focus group research.  It was assumed that through the focus group discussion, individuals are describing the social systems operating from their perspective.  System elements common to multiple participants are likely to be more transferable across contexts, and have been included in the policy system maps.

The system elements represented in the policy system maps are identified either as key headings within the discussion of the research reports, or described in some detail within the discussions.  For the most part, the same description used in the research reports has been used in the policy system maps, with some minor changes due to limited space within the diagram boxes.  The literature review research report considers areas where the literature reviewed showed limited evidence for an association with food security or physical activity.  To evaluate the evidence for a system element in Figure 2, for example, the literature review research report needs to be consulted.  Some elements, such as school policies in Figure 5, include several sub-themes such as formal policies on physical activity, formal physical activity education, and informal physical activity opportunities within schools.  All of these sub-themes however relate to decisions regarding physical activity within schools and can therefore be considered school policy decisions.  The links to other elements from school policies, such as availability of equipment in school setting, acknowledges that there are physical and external influences on school policy decisions.  Each element should be viewed as a qualitative theme, with the specific details likely to vary between geographic and socio-economic contexts.

Within Figures 3 and 5, themes from the focus group research report discussion were translated into system elements.  Again, similar themes from the research have in some cases been combined into one system element where these were considered to be different ways of describing the same theme.  The use of the term habit in Figure 3 is an example of this.  The transferability of these themes to other contexts has not been considered, but it is assumed that there will be some differences across communities.
As the two research reports were prepared by different research team members in parallel, some different descriptions are used for similar concepts.  An attempt to address this has been made when comparing literature review and focus group policy system maps.  During the review of the initial policy system maps, a few changes to system element descriptions, or inclusion of system elements were made.  For example, in Figure 2 there was initially a ‘home gardens’ system element.  This was later removed as the research evidence was equivocal on the association of home gardens with food security, and to some degree it was included in the household facilities system element.  
The classification of the system element as being within one of the four ANGELO environments was translated straight from the research reports.  The exception is the secondary classification of system elements within the political environment for the literature review policy system maps (Figures 2 and 4).  When reviewing the initial maps, the research team decided that more system elements also fitted within the political environment than described in the research report.  The system elements subsequently classified as also political are those where some degree of power is required by actors within the system to access supports or change established patterns of activity.  
The interactions between system elements were identified in two stages.  The first was where a system element was described in multiple places within the discussion sections of the research reports.  An example here is transport, in terms of the cost of petrol, in relation to food security from the focus groups (figure 3).  This was discussed as having an impact on both lack of money, and access to shops.  The second stage was a rationale approach where linkages seemed likely, for example linking all forms of income to household expenses in Figure 2.  The impact of household expenses on food security is likely to be influenced by the level of income into the household, and vice versa.  However, due to the nature of much of the research reviewed, expenses and income have often been considered separately.

Once the policy system map with interactions had been developed, possible control parameters were identified.  The first step involved identifying the elements with the highest number of connections to other system elements.  The second step involved a judgement call for each highly linked element as to whether it seemed able to either suppress positive feedback – such as a local organisation of cycling for transport hindered by the physical infrastructure – or promote positive feedback – such as new ‘shopping friendly’ public transport options becoming available.  An analysis of identified control parameters from four policy system maps is presented below.  Control parameters that are shown across both literature review and focus group maps have been prioritised, followed by control parameters shown in one map and included as system elements in the other map.  A summary of control parameters that appear to be common between the literature review and focus group policy system maps is presented for both food security and physical activity.
Each policy system map is open for debate on two fronts.  Firstly, whether the process of ‘retroduction’ accurately reflects the research, as identification of system elements, interactions and control parameters is a qualitative exercise and therefore open to different interpretations, and secondly whether the policy system map accurately reflects the situation for a particular community at a particular point in time.  Complexity theory suggests that no system description will be accurate for all contexts, which is why ongoing engagement with communities in intervention design and implementation is also required.  The goal of the policy system map analysis however, is to identify a starting point and focus for that engagement.

Analysis of Food Security System

For the purposes of this analysis, the system being studied is defined as the processes deemed to be of interest to food security.  Two policy system maps have been produced.  The first (Figure 2) presents the food security system elements identified through the literature review, while the second (Figure 3) presents the food security system elements identified through the focus groups.  
Literature review policy system map

Based on the results of a review of international and New Zealand literature, a number of associations with food security were identified.  These elements are presented in the boxes of Figure 2.  The lines between boxes indicate possible interactions between the elements.  There are no arrows indicating direction of interaction, because it is assumed that reciprocal interaction is possible between all connected elements.  The boxes with thicker lines are possible control parameters of the system.  The coloured boxes represent the four types of environment identified in the ANGELO framework (Swinburn et al. 1999), with green being economic, yellow physical, red socio-cultural, and blue political.  
Figure 2 – Policy System Map of Food Security System derived from Literature Review
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Key: Green = economic environment; Yellow = physical environment; Red = socio-cultural environment; Blue = political environment (note boxes with blue shading means the element is also in the political environment).
Three of the six elements identified as control parameters fall within the economic environment.  The literature review discussed how household income was reported to be associated with food security in a number of studies, but that lack of income could not explain all of food insecurity experienced by people.  Figure 2 shows how household income is linked with household wealth (which includes assets rather than just income), employment, household size and the welfare system.  These four elements interact with household income to create a range of situations where a household may or may not experience food insecurity.  These four elements are in turn linked directly with another nine elements.  This highlights how looking at one factor within the context of the system as a whole can lead to a greater understanding of possible causation and sites for intervention. 
Focus group policy system map

Figure 3 presents the policy system map derived from findings of the focus group research.  Again, the identified elements are separated into the environments of the ANGELO framework within this map.
Figure 3 – Policy System Map of the Food Security System derived from Focus Group Research with Māori, Pacific, and Low-income Households
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Key: Green = economic environment; Yellow = physical environment; Red = socio-cultural environment; Blue = political environment (note boxes with blue shading means the element is also in the political environment).
Fewer elements of the system have been identified through the focus groups than was the case with the literature review.  This is to be expected, as the literature review was broader in focus.  There are two elements identified as potential control parameters within Figure 3, these are food purchasing, and lack of money.  Both are highly linked.

Comparison between policy system maps and discussion of control parameters for Food Security
Money Available to Spend on Food:

There is a difference between the two maps of how the element of money available to spend on food is presented.  In Figure 2 it is labelled as household wealth.  This indicates that the money available to spend on food is influenced by household expenses and income, while being potentially impacted by social and material assets the household has to draw on.  In Figure 3 there is a similar link between lack of money and household expenses, but assets were not discussed.

There is an assumption that to increase food security for food insecure households, increasing the money available to spend on food is required.  The only element linked with money available to spend on food between the two maps is household expenses, so perhaps this should be a focus of interventions.  While Figure 3 presents three real life examples of household expenses (sending money to the Islands, the cost of petrol, and the cost of food), Figure 2 may provide more insight into the elements that effect household expenses.  These include: the size of the household, budgeting skills, transport costs, food costs, and cultural expectations.  In all probability there are few interventions to impact directly on household size and cultural expectations, at least at a central government level.  The focus therefore should be on the welfare system, the cost of transport, and the cost of food.  The welfare system in particular provides many opportunities to impact directly on household expenses.  An example of a current welfare payment targeted directly to household expenditure is the accommodation supplement, while the working for families package already alters level of in-work payment and family tax credits depending on the number of children in the household.  Other welfare subsidies could be considered for food costs, transport costs, and other essential items such as children’s schooling costs.  
The cost of food

While the cost of food is only shown as a control parameter in Figure 2, it is also identified as a system element in Figure 3.  Figure 2 presents a complex picture of interactions with the cost of food.  What Figure 2 does indicate however is that the cost of food is likely to be compounded as an issue if there are special dietary requirements, poor physical access to low cost food outlets, and high levels of household expenses from other sources.  The variable impact of the cost of food across contexts may explain why some cross-sectional analyses find people on low income not experiencing food insecurity, and others on higher incomes experiencing food insecurity.
Interventions in this area could either focus on maximising the money available in a household to purchase food in an effort to minimise the negative impacts of food prices, or reducing direct and indirect costs associated with buying food.  Given the complex interaction of elements within the system, attempting to intervene from both approaches increases the likelihood of improving food security.

Food purchasing influences:

In Figure 3 the food choices made by households, or individuals within households was identified as a control parameter.  It is possible that food choices was identified in Figure 3 and not Figure 2 as the participants in the focus groups focussed more on factors closer to their experience.  Many of the system elements connected to food purchasing in Figure 3 are also included in the Figure 2 map, particularly:

· Nutrition, cooking, and budgeting skills and time

· Household expenses/bills

· Money available (expressed as household wealth in Figure 2, and lack of money in Figure 3).

Figure 3 shows food purchasing linked with the availability of food, including fast foods, which is not shown in Figure 2.  With respect to food choices, an important consideration is how they may influence future preferences, habits, availability of foods, and cooking skills.  A fictional example may be if the price of legumes was to experience a rapid rise, this may well impact on the number of legumes purchased.  Once people are out of the habit of eating legumes however, a price drop may not restore previous levels of legume consumption.  As a worse case scenario, a sustained period of low consumption may impact on supply, knowledge of cooking, and future decisions regarding legumes.

There are several opportunities for interventions around food purchasing influences within households. It is a complex process involving available money, ability and time to cook, knowledge, expectations and habit regarding the types of foods usually purchased.  Any intervention that focussed on only one aspect of food purchasing may be diluted by other aspects of the decision process.

Transport

Transport was only identified as a control parameter in Figure 2, however it was mentioned several times in the focus group research, particularly in relation to those participants living in more isolated locations.  Access to shops in Figure 3  also includes a transport element.  The links with transport presented in Figure 2 suggest that the availability and cost of transport to access food retailers is likely to impact more on those people already experiencing greater difficulty accessing food, such as those with health problems, high household expenses, or special dietary requirements.

Interventions to reduce the barriers inadequate or expensive transport may create to purchasing sufficient food may be targeted to these higher risk groups, geographical disadvantage included.  Targeting could be in the form of central government welfare payments, or more locally based transport and access initiatives.

Welfare System

The welfare system is only present and identified as a control parameter in Figure 2.  The range of interactions with the welfare system suggests that the welfare system has the potential to influence a range of factors from employment, to health status, household income, government policy more widely, and household expenses.  As already discussed under money available to spend on food, the welfare system can perhaps most directly influence household income and household expenses through a range of payments, both for households in and out of employment.  Discretion within the welfare payments system could also increase supports where required to address requirements by health status, household size, transport costs, education costs, or potentially particular cultural expectations.  While the welfare system is not identified as a system element in Figure 3, potentially the welfare system could impact on a number of identified elements, such as lack of money, household bills prioritised over food, cost of petrol, and access to shops (through lack of transport and cost of petrol).
Household Expenses
Household expenses is identified as a control parameter in Figure 2, and as a system element in Figure 3 described as household bills prioritised over food.  These elements have been described above under money available to spend on food, and will not be expanded on here.

Government Policy

Government Policy is highly linked within Figure 2, but is not identified within Figure 3.  As mentioned above, this may be due to focus group participants focussing on elements more directly evident in their everyday experience.  In general, government policy is likely to provide negative feedback through the social system (maintain stability and limit change in the system), as policies seek to establish and then maintain the stated policy aims.  The decisions leading up to policy changes however are likely to provide positive feedback.  Therefore, to change the social system to enhance food security, it is likely that government policy decisions regarding transport, welfare, housing, employment, education, and health will be required, in a way that overall directs the system towards greater food security.  The locus of action however, rather than focussing directly on government policy, may be best focussed on what transport, employment and welfare system elements should look like first, and then move to consider the policy changes required to support those.
Analysis of the Physical Activity System

For the purposes of this analysis, the system being studied is defined as the processes deemed to be of interest to physical activity.  The processes, or elements of the system, were identified through a literature review (Clinical Trials Research Unit 2008) and a series of focus groups (Lanumata et al. 2008).  The elements of the system identified have been presented visually in policy system maps.  

Two policy system maps have been produced.  The first (Figure 4) presents the physical activity system elements identified through the literature review, while the second (Figure 5) presents the physical activity system element identified through the focus groups.  

Literature Review Policy System Map

Figure 4 below represents the physical activity system as identified through a review of international and New Zealand literature (Clinical Trials Research Unit 2008).  The lines between boxes indicate possible interactions between the elements.  The boxes with thicker lines are possible control parameters of the system.  The coloured boxes represent the four types of environment identified in the ANGELO framework (Swinburn et al. 1999), with green being economic, yellow physical, red socio-cultural, and blue political.  The light blue box is a system element that was suggested by the literature review, but not specified.

Figure 4 – Physical Activity Policy System Map Identified Through Literature Review
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Key: Green = economic environment; Yellow = physical environment; Red = socio-cultural environment; Blue = political environment; Light Blue = implicit elements.
Figure 4 above identifies urban design standards/policies, and perceptions of community environment as controlling parameters.  Both are highly linked elements within the system, although only perceptions of community involvement links directly with physical activity decisions made by individuals and households.  Both control parameters are linked with: the number and location of facilities for physical activity in the community; the location of shops and employment opportunities in the local community; the quality of facilities and infrastructure such as footpaths, cycle lanes, and community connectivity; safety in terms of crime and traffic; and the aesthetics of the community.  Figure 4 suggests that all of these factors play a role in the perception of the community environment, but that the perception may in turn influence the urban design policies.  Socioeconomic status of communities is likely to be a complicating factor in these relationships, as accessibility of community facilities may be impacted on by the economic situation of households.  This suggests that standards of what is considered accessible may differ across communities.  
Focus Groups Policy System Map
Figure 5 below represents the physical activity system as identified through analysis of focus groups with Māori, Pacific, and low-income people (Lanumata et al. 2008). 

Figure 5 – Physical Activity Policy System Map Identified Through Focus Groups
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Key: Green = economic environment; Yellow = physical environment; Red = socio-cultural environment; Light Blue = implicit elements; Blue = political environment (note boxes with blue shading means the element is also in the political environment).
The focus groups identified three possible control parameters (as illustrated in Figure 5): Motivation and attitudes; lack of money; and social supports.  Motivation and attitudes is linked with elements that cross between the home and community environments, such as modern technology (T.V. and playstation) crowding out time for physical activity, and availability of social supports in the wider community.  Lack of money as well as being linked with lack of motivation, also links with nutrition through food and portion size, and with accessibility of facilities for physical activity through programme and transport costs.  Social supports links with the range of programmes, facilities, and health education programmes that are targeted to the specific groups involved in the focus groups – Māori, Pacific, and low-income peoples.  Social supports are also linked with motivation and attitudes.
Comparison between policy system maps and discussion of control parameters for Physical Activity
The focus groups seemed to concentrate much more on purposeful physical activity, and less on incidental physical activity engaged during activities like walking for transport purposes.  It is likely that this emphasis on purposeful activity is why the focus group policy system map has fewer elements associated with urban design, such as footpath quality and neighbourhood connectivity.  This may also partly explain why the perception of neighbourhood safety was less of a factor in the focus groups than was evident in the literature review, although another factor may be the rural location of one focus group.  Given this, it may be that opportunities to increase incidental physical activity need to be based more on the literature review results, and informed by the focus group results.
Within the focus of purposeful physical activity however, several similar system elements were identified.  For example, media and community campaigns element within the literature review map includes community specific campaigns, whether that is walking groups, setting specific activities, or culture specific activities.  These have been given more prominence in the focus groups map as marae based activities, church based activities, family focussed activities, and culturally specific activities and supports.  Within both maps the community/culture specific campaigns are linked with social supports.
At first there appears to be a difference between the control parameters of the two policy system maps, however much of this may be down to the descriptions used to represent system elements.  A more detailed analysis follows that attempts to examine any likely links between the control parameters of the two maps.  To guide the analysis, the control parameters of the focus group map will be used, as these came from the populations of direct focus for this research.

Social Supports

The social support element of the focus group policy system map (Figure 5), is linked primarily with a range of settings which focus group participants identified as sites for physical activities and supports that would appeal to them.  These include on marae, in churches, focussed on whole families getting active together, and culturally specific activities.  There is also a link with more general health education around the requirement for physical activity and healthy nutrition, and with motivation for physical activity.  Lack of motivation in turn is linked with perceptions of unsafe neighbourhoods.  

There are several similarities here with the literature review policy system map 
(Figure 4).  Social supports are also shown in the literature review map as peer support and home support, which are both linked with media and community campaigns.  As mentioned above, community campaigns in this instance also refers to community level physical activity programmes, such as those that may be run on marae or in churches in a New Zealand setting.  So within both maps there is a general linking of elements related to community level physical activity campaigns and social supports.  There may also be some similarities between perceptions of community environment and social supports, although this is less clear.  Within social supports of the focus group map, there is a strong sentiment that physical activity programmes need to be culturally relevant and in locations that are also relevant, such as marae and churches.  It could be considered that part of the perceptions of community environment of the literature review map could also link to the appropriateness of facilities.  Certainly there is a link with accessibility of facilities and community infrastructure, but in a New Zealand context then perhaps cultural appropriateness and relevance can be considered an aspect of accessibility.
Interventions focussed around social supports may include the provision of physical activity programmes that are culturally specific in content and setting.  This is likely to mean that the programmes need to be planned and managed at a local level, by people close to, or led by, the target community.  These programmes, and the settings they are based in, need to be accessible.  Accessibility in this case means both affordable to attend, and in a near by location.

Motivation and Attitudes
Carrying on from the discussion above, part of the lack of motivation for physical activity expressed by focus group participants appears to be due to a perceived lack of social supports that are specific and appropriate.  However, the focus group map also suggests that availability of more community level physical activity programmes and supports alone may not be enough to change physical activity patterns.  Motivation and attitudes is also linked with lack of time, unsafe neighbourhoods, modern technology, role models, and lack of money.  This diverse range of links suggests increasing motivation and changing attitudes to physical activity will not be achieved by focussing on only one aspect of the system, such as providing more role models.  

There are likely to be some similarities between perceptions of community environment within the literature review map, and motivation and attitudes in the focus group map.  For example, both have links with safety of the community or neighbourhoods, and both have links with accessibility of facilities for physical activity, although within the focus group map this is through lack of money.  A difference between them however appears to be that participants of the focus groups focussed more on their immediate settings, such as home or wider family, whereas the range of data sources for the literature review are more likely to pick up community level factors.  If focus group participants had been asked to focus more specifically on aspects of the community environment that acted as barriers, the maps may have looked more similar, or alternatively the focus group map suggests that Māori, Pacific, and low-income peoples view their community more from a home/family perspective.

This collection of elements connected with motivation and attitudes (social supports, cost of physical activity, urban design, knowledge, safety of neighbourhoods, etc.), can be summarised as relating to barriers to physical activity.  Increasing motivation and changing attitudes for physical activity is likely to require multiple interventions to impact on the connected system elements.  This will include interventions to address social support and lack of money.  Addressing knowledge and understanding of physical activity requirements, and methods for achieving effective physical activity are likely to also have a part of play.  Making physical activity the easy option may also impact on motivation.  While the quality of urban design, community aesthetics, and community safety did not feature strongly in the focus groups, there was some mention of the ability to go for walks and cycling, and urban design was a control parameter within the literature review policy system map.  It seems likely that there are urban design improvements that can be made to increase opportunities physical activity, particularly through walking or cycling.  There are many opportunities to intervene in urban planning practice.  These include developing national standards, advocating for change at local levels, and using public health professionals input in processes like health impact assessment to raise awareness and promote good practice.

Lack of Money
Lack of Money is shown as a control parameter within the focus group policy system map, and is linked with motivation and attitudes, cost of transport, cost of facilities/programmes, and food and portion size.  The inclusion of concerns regarding accessing of healthy food and eating the appropriate portion sizes is interesting.  Several focus group participants were concerned that the ability to engage in physical activity was influence by nutrition and weight.  This link is not shown in the literature review map.  This link with lack of money also reinforces concerns expressed under food security that low-energy, nutrient-dense foods are more expensive than nutrient-poor, energy-dense foods.
Lack of money is much more prominent in the focus group map than the literature review map.  In the literature review map there is a recognition that socioeconomic status can have an impact on the availability of exercise equipment in the home, and access to local facilities.  The literature review does not have this as a central theme however.  The focus group policy system map suggests that lack of money is a key concern for participants, and is likely to not only limit the ability to access formal physical activity programmes and facilities, but also impact on motivation to engage in physical activity, and in turn perhaps impact on the ability to access social supports.  The existence of a link between lack of money and incidental physical activity is not clear in the research reviewed.
The focus groups raised lack of money in relation to direct access to physical activity facilities and programmes, but also through the cost of transport.  Options to improve access could be through greater funding for facilities and programmes, and increased subsidies for public transport options.  Alternatively the focus could be on raising levels of income in general, which may also have an impact on food security.  

Current New Zealand Research
The literature review report (Clinical Trials Research Unit 2008) also included an overview of relevant evidence from four ongoing research projects being undertaken by research team members.  These are Neighbourhood and Health, SoFIE-Health, Supermarket Health Options Project (SHOP), and Influences on Children’s Activity and Nutrition (ICAN).  Of these, the SHOP trial is yet to produce results (due second quarter 2009).  Results relevant to this project include effectiveness of price discounts and culturally appropriate nutrition education as strategies to promote healthier food purchases and analysis of ethnic and socioeconomic differences in food purchasing habits.  
An analysis of SoFIE-Health data has shown a number of associations with a concept of food security captured by this study.  These associations include: household size, employment, receiving welfare benefits, health status, household income and wealth.  All these factors are captured in Figure 2 from the other literature reviewed.

The ICAN project, which examined physical activity behaviours of 12-17 year olds, showed that perceptions of the physical environment and psychosocial factors were more strongly associated with physical activity patterns than the physical measures of built environment.  This type of interaction is reflected in Figures 4 and 5.

The Neighbourhoods and Health project team have undertaken a number of analyses using geographical information systems (GIS), to measure locational accessibility to a range facilities (or community resources) in neighbourhoods (census meshblocks, n=3825), and then evaluated whether access to neighbourhood resources influences various health behaviours and outcomes at the individual-level.  Results suggest that there is better locational access to food retailers (supermarkets, convenience stores, multinational fast food outlets, locally operated fast food outlets) as well as parks and beaches in more deprived New Zealand neighbourhoods, and this trend was approximately linear across deprivation quintiles. Importantly, neighbourhood access to these resources tend not to be associated with individual-level measures of nutrition (e.g. fruit and vegetable consumption), obesity (BMI), or levels of physical activity.  

Having said this, there are a number of pertinent limitations to this research that restrict the understanding of the interactions of community facilities, food security and physical activity in New Zealand.  While there were more healthy food outlets in lower socio-economic areas, which reduces the likelihood that physical accessibility to food outlets impacts on food security of low income, Māori and Pacific people in New Zealand, there may be a role in promoting certain types of food outlets to promote more fruit and vegetable consumption.  Similarly, whilst access to fast food outlets was better in more deprived areas, the vast majority of neighbourhoods across the country were within close proximity of a fast food outlet.  Therefore, the failure to detect associations between locational access to fast food retailing and the various health outcomes may be influenced by the lack of variation in the exposure variable (neighbourhood access).  This interpretation leaves open the possibility that restricting neighbourhood access to fast food retailing may reduce the consumption of fast food in those communities. 
The study did not consider the price or quality of food available in food outlets, or the safety and quality of green spaces, and therefore has not captured how appropriate these facilities are.  In addition, the research has focussed on residential neighbourhoods and has not considered daily mobility patterns to examine where people actually access community facilities.  It is feasible that specific population groups (e.g. employed) may be less inclined to utilise resources in their residential environment, but rather to shop or exercise in distal locales within their daily activity spaces such as near to workplaces or schools.  And finally, the health outcome measures used were sometimes crude (e.g. Body Mass Index), and so it is feasible that real associations were not identified.  Additional research with more sensitive measures of access to and quality of neighbourhood resources, a greater range of neighbourhood measures, as well as data on local utilisation patterns is required to better understand the interactions between neighbourhoods and food security and physical activity.

While adding a level of complexity in interpreting the policy system maps presented above, overall these results support a whole systems approach to understanding causation of food security and physical activity, as no one association seems able to explain all the differences between neighbourhoods.

Summary of analysis
To summarise the above analysis, the following areas have been identified as priority targets for further analysis and development of interventions to improve food security, and increase physical activity:

Food Security

· Money available in households to spend on food, including increasing income and reducing household expenses

· Pricing of food, reducing the cost of healthy, nutritious foods in particular
· Improving transport links for accessing food outlets, including looking at cost, accessibility, and appropriateness (consideration of impact on incidental physical activity is also required)

· Food purchasing influences, including nutrition, cooking, budgeting skills, time available for shopping and cooking, and reducing barriers to food choices created by cost, and accessibility.

Physical activity

· Provision of physical activity programmes that are culturally specific in content and setting

· Reducing barriers to physical activity, including costs and access to facilities and programmes, and motivation and attitudes to physical activity
· Improving urban design to increase incidental physical activity, and impact on motivation and attitudes to physical activity.
Advantages and Limitations of Analysis

This analysis has several advantages and limitations that are briefly described here.  The advantages include:
· The use of the ANGELO framework has meant that the literature review and focus group research has examined a wide range of influences on physical activity and food security that are required for a complexity theory analysis.

· The focus group research with communities of interest – Māori, Pacific and Low-income households – allows for prioritisation of community perspectives where differences or uncertainty exist between the literature review and focus group information.

· The use of policy system maps makes the assumptions upon which the subsequent analysis is based fairly explicit – namely in interactions between elements and identification of control parameters.

· The policy system maps have been peer reviewed and modified where appropriate by members of the research team familiar with the literature review and focus group research.  While the policy system maps remain at best only an approximation of the actual social systems operating in any given local context, they do represent an understanding of they range of elements, and possible interactions between those elements, from which food security and physical activity are emerging.

There are however several limitations to this analysis, including:

· The limitations identified in the literature review and focus group research all apply to this analysis.

· The development of the policy system maps is a qualitative exercise, which involves judgement, and is therefore open to a level of debate.
· The labels used for the system elements can act to simplify what, in many cases, are likely to be complex systems themselves.  A better understanding of these systems will likely be required for further analysis.
· This analysis can only serve as a guide to areas for further research and analysis.  The actual social systems operating to produce food security and physical activity levels will vary across geographical, cultural and time contexts.  Therefore, ongoing engagement with local level systems is required.  This does not mean that national level interventions are not possible or desirable, but the impact of these for Māori, Pacific and low-income families and whānau is likely to vary as national level system elements interact with local system elements.
Selected areas for further research

While seven control parameter areas were identified through the above analysis, it was determined that there is only capacity to undertake more detailed research into five areas.  For this reason, the research team and advisory group were asked to prioritise five areas to focus on in the next phase of the research.  

The food security areas received more support for further research than the physical activity areas.  There are two reasons for this.  The first is that it was perceived that more research has been undertaken in several areas of physical activity in New Zealand than is the case for food security.  Secondly, while transport links are identified in the above analysis as a control parameter for food security, several members of the research and advisory teams identified transport as also being integrally linked with physical activity and improving urban design.  Supporting further investigation of transport links was therefore seen be several people as being relevant to both food security and physical activity.
The areas that received the most support, in order, were: Improving urban design; money available in households to spend on food; reducing the cost of healthy, nutritious foods; food purchasing influences; transport links (bearing in mind that there were some variations in how this area was viewed); provision of physical activity programmes that are culturally specific; and, reducing barriers to physical activity.

The research team decided to prioritise the focus group findings over the literature review, as the focus groups were made up of people from the target populations for this research.  This gave slightly more weighting to food purchasing influences and provision of physical activity programmes that are culturally specific, than might otherwise have been the case.

Following discussion amongst the research team, it was decided that the five areas for further research would be: money available in households to spend on food; reducing the cost of healthy, nutritious foods; food purchasing influences; improving urban design; and, provision of physical activity programmes that are culturally specific.  In addition, it was decided that a transport element would be integrated across all five of these areas, but particularly within improving urban design.  The research team considered it likely that many aspects of reducing barriers to physical activity would also be canvassed as part of the process of investigating intervention options in relation to the two physical activity areas being focussed on.

For each of the five identified areas, the next stage of research will include a workshop with representatives of the policy and community sectors as well as other key stakeholders to identify intervention options, followed by key informant interviews and a detailed literature review around those possible interventions.  These will then be brought together to consider which interventions across the five areas are likely to complement each other and create system wide changes.  These conclusions will be tested through a final workshop with a wide range of representatives from nutrition and physical activity related agencies.
Conclusion

This working paper has sought to integrate findings from two literature reviews and focus group research, on enhancing food security and physical activity for Māori, Pacific and low-income peoples.  An analytical frame based on complexity theory has sought to consider the interactions of multiple associations with food security and physical activity.  The resulting analysis has identified five priority areas for further research and analysis.  Interventions in each area alone have the potential to alter the ‘systems’ from which food security and physical activity emerge.  Change is more likely, however, if interventions are sensitive to the communities within which they will be implemented, occur across all five priority areas, and compliment each other.  To achieve this, the next phase of the research will capture the knowledge of a wide range of stakeholders, while the policy system maps presented in this paper provide the first attempt at a complex intervention logic that will help to guide intervention development.  
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Figure 1 – policy system map drafting process
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