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Abstract

This thesigresents a body of work that deepens our knowledge and understanding of food
environments and drivers of food acquisition practices in transitiodowg and middle
income country (LMIEsettings. It includes critical contributions to food environment thego

a systematic review of evidence from LMICs, the development, application, and evaluation of
a novel qualitative geographical information systemsGI(3) methodological approach, and

a qualitative investigation athe food environment andirivers of foa acquisition in peri

urban Hyderabad, India.

The first articlepresents a neviood environmentdefinition, aglobally applicable conceptual
framework forfood environmentreseach, and maps methodological approaches. Critical
perspectives suggest how eting) knowledge and evidence may be leveraged to accelerate

food environmentresearch in LMICs, and key challenges and opportunities are identified.

The secondharticle is the firstsystematic review ofood environmentresearchfrom LMICs
The review revealthe rapidly emerging body of literature from LMI@ad provides a
synthesis of the evidence base testing for associations between dimensiorigodf

environmentexposure and dietary, nutrition and health outcomes.

The third article presents the developmd, application and evaluation of movel Q-GIS
approachthat features participatory photo mapping and follewp graphie and photo
elicitation interviews 11=22) designed to investigatebod environmens from an emic
perspective. Results include participgfe % & %S]}ve v A% E] v <« }( } pu

FE as well ammpiricaldataon theutility and feasibility of this approach.

The fourth article presents findings from-aepth interviews =18) and the €IS approach
(n=22) investigatingomplex multi-scalar, ananultifaceteddrivers of food acquisition in two
transitioning perurban villagesn Hyderabad Key drivers of food acquisition included: 1)
food prices; 2) vendor and product propertiegcluding freshness and quality, and
aduleration and contaminationand 3) asense of community anttust related to known

people.
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Scope

This thesigresents a body of work that deepens our knowledge and understanding of food
environments and drivers of food acquisition practices in transitiodowg and middle
income country (LMIEsettings. It includes critical contributions to food environment thego

a systematic review of existing evidence from LMICs, the development, application, and
appraisal of a emergingnovel methodological approach, and empirical evidence of drivers

of food acquisition and consumption practices in panban Telangana, Inali

This thesis is written by publication, with four standalone articles that collectively constitute
a cohesive whole, linked by short sections of supporting material and additional information
(Table 1) As suchthere may be some instances of repetitidretween the chapters
particularly background information, although this has bdept to a minimum where
possible. Published articles are included in their typeset format, whilst unpublished

manuscrips areincluded in word processing format

Outline

Theintroductory chapter starts by providing an overview of the global burden of malnutrition
followed by regional trendsAn overview ofthe food systems researchgenda is then
documented,including the increasing interest in food environments, and moreciioally,

the recent attention allocated tdood environmentan LMIG. The rationale research gaps,
objectives and associated research questions are then provided, followed by a description of
the study setting, including dietary patterns and publiahl nutrition challenges in India,

and the Andhra Pradesh Children and Parents Study (APCAPS)

Chapter2 contains the first published article, a critical perspectives and theorebaséd
paper that presentsa globally applicable conceptual framework ffwod environment

reseach andfurther provides suggested implications for action in LMICs.

Chapter 3 features he secondpublished article, a systematic scoping review of food
environment literature from LMICsThis reviewincludes studies characterisingfood
environments, ad thosetesting for associations betweeaspects ofood environmens and

dietary, nutrition and health outcomes.
11



Chaper 4 presents he third article a methodologybased paper that documents the
development, application and evaluation of participatory qualitative geographical
information systems (€&ISyapproachdesigned tanvestigate food environmenisnd drivers

of food acquisition infelangana, India

Chapter5 consists of lhe fourth article a qualitative investigation of the food environment
and drivers of food acquisition practices frontransitional peri-urban setting in Telangana,
India Multiple methods inclde in-depth interviews and a Q-GIS approach, featuring

participatory photo mappin@ndfollow upgraphic and photo-elicitation interviews

Finally, inchaptersix| hold a critical discussion wheteeflect upon mycontributionsto the
wider literature and present prospectgor the continued refinement ofood environment

research.
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1. Background

HllIntroduction

Malnutrition in all its formds unacceptably high across all regions of the wdilll Recent
estimatesby the High Level Panel of Experts on Food Security and Nutndorate that one
in three people e&e malnourished globally?). Poor diets and mlnutrition are the leading
cause of mortality and morbidityandcollectively representne of the greatst public health
challenges of our time(3, 4) Multiple forms of malnutrition include undernutrition,

overweight, obesity and diatelated noncommunicable diseases (NC[&)

Maternal and child malnutrition have important consequences for survival, incidence of acute
and chronic diseases, healthy development, and the economic productivity of individuals and
societies(3). The2018 Global Nutrition Repordocumentsthe challenges of maternal and
child malnutrition. Whilst slow progress has been made witlecreases in theglobal
prevalence of underweighBMI<18.kg/m?) among women aged 289, from 11.6% in 2000,

to 9.7% in 2016the global prevalence afverweight andobesity (BMI25kg/n?) among
women aged 1&nd over has increased rapidly from 31.7% to 39.2% for the same period.
Modest progress has been made with reductions indhabal prevalence of stunting among
children under five years of ageom 198.4 million(32.6% in 2000,to 150.8 milion (22.2%

in 2017 whilst overweightamong children under five years of age lasreased from 30.1
million (4.9%)to 38.3 million(5.6%)for the same period1).

Regionatrendsindicate the prevalence of underweight (BMI<1&)5m?) in adult women has
decreased in Africa and Asrathe decadesince 1980although it stillremains higher than
10%, whilst the prevalence of overweight and obesity (B#ifi| P?) thasincreased in all
regions cumulatively reaching more than 40% in Africa by 280®, 7) Sturting prevalence
amongchildren under five years of age estimated to have reduced among almostodithe
United Nationdess developedegions between 2000 and 2018, from 38% to 30% in Africa,
38.2% to 22.7% in Asia, and 16.7%0% for Latin America and the Caribbean, with the
exception of Oceania, which has seen an increase from 36.8% to 3Bv&veight among
children under five years of age has increased in most regions for the same period, from 4%
to 5.2% in Asia, 6.6% to ¥bfor Latin America and the Caribbean, and 4.7% to 9.1% in
14



Oceania, with Africa maintaining around %84
ElFood systems and food environment research

Multidisciplinary esearch into food systems hgsined momentunover the lastdecade in
response to the need to improve dieésid end malnutrition in all its forms. The global food
system is comprised of the processastors, and institutionsvolved inkeeping the global
population fed, from farm to flush, including the production, harvesting, transformation,
distribution, marketing, consumption and disposal of fo(@12). The Global Panel on
Agriculture and Food Systems fgutrition categorisehe food systeninto four macrolevel
domains: agricultural production, market and trade systems, food transformation and
consumer demand, and consumer purchasing po&3). Together, hese food system
domains and the diverse actorsand institutions within them create complex food
environments Food environmerg have beendefined in various waysSwinburn et al.,
provided one of the first definitions in 2013, referring ®©Z " }oo 3§]A %ZCe] oU }v
policy and socio HOSUE 0 *HEE}UV JVPeU }%o %} ESUV]S] ¢« v }v ]S]}ve
foodand beveE P Z}] « v vusSE]EWH p.2) MEe Serent publicationssuch

as the2017 High Level Panel of Experts on Food Security and Nutaport have built upon

this definition to includea food systems perspectivas is evident in the flawing example
NS§Z %ZCe] oU }viu] U %Jwia Fonbextun whichkonsumers engage with
§Z (}} *CeS u 8} <u]l]E U % E % @: p.2) Publc pealth (rbeXrchers,
funding donorsand policymakrsalikehave become increasingly interested in the influence
of the food environment on dietary, nutrition, and health outcon{&s). This isnade evident

by the recent publication of a number bigh-profile policy briek and reportsthat feature
food environmentconcepts(2, 10, 11, 14.8), highlighting the potential of food environment
research to identify points déveragefor policiesand interventiondargeting improved diets,
nutrition, and health The following excerptdom a selection of these publicatiomsovide

pertinent examples:

"&}} v VvVUSE]S]}V %}0] ] ¢ eZ}po U S u]lv]upuU * U %0 %o } CE
in which all people can access a highality diet - TheGlobal Panel on Agriculture

and Foodsystems for Nutritio17: p.5)
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A (3} vA]E Jramewsrk is helpful in understanding the different dimensions
of actions that need to be taken within food systems, as it looks at the various entry
points from an environmental perspectide The United Nations System Standing

Committee on Nutritior§18: p.5)

A"W1}o] W programmes focused on the food environment have been implemented

worldwide, including approaches aimed to: improve access to nutritious and healthy
foods in food deserts; provide healthy options in public establishments; and promote
healthier diets throgh regulations and standards, taxes, subsidies, trade policies,

0O O0O0]JvP v A - @& ]+lighRX¥vel Panel of Experts on Food Security and
Nutrition (2: p.6)

Historically, 6od environmentresearch has developeover the past two decadesn high
income countris (HICs)n response to the high prevalence of overweight, obesity, diett
related NCB in these settings. Several systematic reviews have documenteentipéical
evidence base from H$30n the whole, collectiveonensussurroundingthe influence of the
food environment on dietary and health outcombkas yet to be established, withraimber
of reviewsfinding modest evidence amongst adul{g9, 20)and children(21), whilst others

havereported equivocal finding$22, 23)

Food environmentesearchn low- and middleincome countries (LMICsmainsnascentat
present(24). However researchers from diverse disciplines with a shared interest in public
health nutrition in LMICs have been mobilising quickly around the groundswell of interest
generated bythe increasing prevalence of the ddelburden of malnutritionn these settings
andthe 2030 Agenda for Sustainable Developmgh). Targets to end hungefTarget 2.3
andall forms of malnutrition (Targe?2.2), and toreduce mortality from norcommunicable
diseases such as diabetes and cardiovascular disease (Tarpdia@elbeen particularly

influential in catalysing interest in food environmeiaisd drives of food acquisition in LMICs

Food environments in LMICs are compleynamic andapidlychanging(13). The High Level
Panel of Experts on Food Security and Nutritttemtify five main categories of drivers of food
system changes that influence diets and nutrition, including: biophysical and environmental,

innovaion, technology and infrastructure; political and economic; sailbural; and

16



demographic driver$2). Food systemsre generally considered to be convergiagross the
world as processes ofglobalization foreign investment, and trade create thdeeper
integration of markes resulting in the greater availability and diversity of foods in maviC
settings(26-28). However,fundamental differences exist between food environmeatyd
food acquisiton practices HIGand LMIG. A primeexampleis the dominance diormalised
marketsin HICs, whilsLtMIC food environmentgature both formal and informalmarkets.
Another example is the ways in which consumers acquire food, with the vast majority of
consumersin HICs purchasing food froformal marketbased vendors, whilst many
consumersin LMICs acdte foods on credit,through own production,or as payment for

labor, in additon to purchases frofiormal and informamarkets.

As of 2015, few publications haalddressed the development and application of food
environment research in LMIGAuthors suchas Battersby and Crugitovided intial insights
in their discus®on of the potential merits and challenges of applying a food desert
perspectivan South Africawith a view to providing a new lens through which to tackle urban
food security(29, 30) However,beyond this pioneering work,there remaired a need to
develop,adapt and contextualis&key concepts, methods and metrics tiee dynamic and

complex food environments arliblic health nutrition challenges at hamu LMICs

At this point it is important to note that tilst food environment research is in its infancy in
LMICs, a wealth of literature on food systems and public health nutiiteenbeen published

in these settingsalthoughthere has been a historical tendency for reseaadid institutions

to be constraied by disciplinary silo§31). Recent years have seen a shift towards more
integrated and interdisciplinary researchparticularly at the nexus of agriculture, food

systems, nutrition and healt{82, 33)

Food environment research has the potential to address the blacknitin food systems
researt that exists betweerthe food supplyand consumedemand by addressindhow and

why food environmentsnediatefood acquisition and consumptiorlowever, the kinds of in
depth situated knowledge and understanding about food environments and drivers of food
acquisition in LMICs remains spargaowledge and understandirgpout food environments

and drivers of food acquisition and consumptiaill be key to the successfdlesign and

implementation of targetedpublic healthpolicies to improvefood environmens so that
17



people have better opportunities to consume healthy digts13)
B Rationale

The overarching goals of my reseagasie to: a) contribute to the development ofgdobally
applicablefood environment definition and conceptual framewotk) conduct a systematic
review and synthesiof the emerging body of food environment literature from LMICs; c)
develop, implement and evaluatean emerging innovative participatory qualitative
geographical information system{(&-GIS)approach toinvestigatefood environmentsand
drivers of food acqisition; and d) to provide irdepth knowledge and understanding of the
food environmentand drivers of foodacquisitionin a transitional peri-urban setting in

Telangana, India
HElResearch gaps, aims, and questions

My PhD researcbeekdo addresdour key research gapsutlined belowgachwith a specific

research an and question designed to guide my criticahtributions to the literature.
Theoreticalbased gap

Food environment researchpans well over a decadejth the majority ofresearcharticles
published from HIC setting§udies havepredominantly focused oeither the empirics of
measuring and analysing food environments in relation to dietary and nutrition outcomes, or
debates around measurement methods and to34, 35) A number ofpublicationshave
identified the limited body of literature addressirpeoreticalaspects ofood environment
reseach and the determinants of food acquisition and consumpt{@-39), whilst others
have called for improvedonceptsand the alignment of theoretical perspectives with
research methods and metrice guide empirial research(38, 40) The omission of

theoretical perspectivesr manyempirical food environmenpublications is strikig.

Sminaltheoreticalcontributions Jv op $Z Vv}S]IMA@®4sSE[ v Z }jvepu EJ[ (}}
environments byGlanz et al. (41 2007 the ecological model presented IStory et al. (42)
in 2008 and the conceptudramework bySwinburn et al. (14 2013 thatdentifiesphysical,
economic, policy andociccultural aspects of food environment€ritically, thereemainsa
18



need to define whaa food environment isyhat key dimensions ihcludes, andhow it might

be conceptualised in relation to the wider food systeniis research gap is particularly
problematic when consideringecent efforts toimplementfood environment research in
LMIC settings, many of which are fundamentally different from HICs in terms of their food
systems, food environments, and public health nutrition challenges. Whilsinijpigrtant to
recognise the need to contextualise food environment research across diverse séfti)gs

a globally applable frameworkis needed toguide researchand provide a platform of

consensus around how food environments are defined and conceptualised.

Aim 1:To develop afood environment definition and globally applicable conceptual

framework incollaboration with food environment experts.

Research question How can food environments be defined and conceptualised in a
way that is globally applicable, how can existing knowledge and evidence from HICs
be leveraged to accelerate food environmensearch in LMICs, and what are the

main challenges and opportunities of doing so?

Literature eviewbased gap

Food environment research is gainimpmentumin LMICs as researchers and policymakers
seek to tackle the double burden of malnutritiodowever, m the absence of a systematic
review of the literature from these settingbereisa critical need tesynthesisgéhe emerging
body of evidence This includes studiesharacterizing food environmestand also those
analysingassociations between food engimments and diets, nutrition and health outcomes

A comprehensive review of the rapidly evolving and diverse food environment literature from
LMICss needed to identifexisting research gaps and inform the future development of the

research agenda.

Aim 2 To conduct a systematic scoping review and synthesis of the existing food

environment literature from LMIC® date.

Research question 2Where has food environment research been undertaken in

LMICs, how have food environments bessnceptualized, which key domains and

dimensions have been studied, which study designs, methods and measures have
19



been implemented, and what are the key findings regarding associations between

food environment exposure and dietary, nutrition, and healthicmmes?

Methodologicalbased gap

Food environment research to date has typicaliglied on quantitative, topdown
approacles Severapublications have documentetthe various methods and metricsed to
measure food environment exposure and dietary, rtidgri and health outcomes in HICHhe
majority of studiefrom these settinghave utilised GIS mapping and market basket surveys
to measure thelocal availability of food vendors, often in relation to dietary and nutrition
indicators at the neighbourhoodscale Common limitations include the lack of robust
standardised exposure measurement methods and metrics, Hmal diverse array of
indicators used to assess dietary, nutrition, and health outco(iés 1921, 23, 35, 38, 44,
45).

Recent calls have been made to investigate fendironmentsand the determinants ofliets

from the individuakemic perspectivgin order to situate people within their environme(6,

38, 46)and account for the role of space and place in food acquisition and consun{gidn
Consistent with this plosophy, authors have identified the need to addresko } %00 [°
perceptions oftheir food environmentto understand food acquisitiomnd consumption

patterns(19, 38, 39, 46)

Qualitative and mixed method approaches may provide more nuanced and comprehensive
understandingabout how people perceive and experience their environment in different
ways, and account for the multiple contexts to which pkeogre exposed in their everyday

life (46, 48) A small number of pioneering studies have employed qualitative and mixed
methods to describe and investigate food environments had theydrive foad acquisition

in LMICsFor example, studiem Indiahave addressedommunity (24, 49) school(50-52),

and household levsl(53). Focus group discussions-depth interviews, and pile sarig
exercisedhravebeencommonlyusedamongthese studiesOveral| within the published food
environment literature to datethe kinds ofqualitativeresearch required taapturein-depth,

emic perspectivesand experiences ofood acquisition and consumption practicas they

occur as part of daily liferemain scarce Inspiration may be drawrhere from wider
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participatory public health researchealth grounded in geographical and sociological
traditions. Participatory research methods have an established history across a broad range
of research settings and topics of interest. Participatory approaches thattlerconsumers

to collect primary data about their food acquisition practiGespart of daily lifeand share

their perceptions, tacit knowledge and understanding of food environmeamisy be
particularlyuseful in LMIC settingsvhere: 1) existingquantitative data and validated tools

are scarce; 2) food environments drigghlydynamic featuringlarge variation throughout the
diurnal cycle; 3jnany vendors are difficult to survey due to their informat;registered and

often highly mobile natureand 4)manyconsumers acquire and consume foods from diverse

market and noamarketbasedsources as part of daily life.

Aim 3:To developimplement and evaluate a novel methodological approach designed

8§}  %SUE %o }%o0 [+ u] ]Jvd E 3]}vmedtisanlSUC bERINGE} VA]E

Research question 3dow cana qualitative geographical information systerapproach
and participatory visual methods be used to investightefood environmenand drivers
of food acquisitionin LMICs, and what are the strengths and limitations of -&IQ

approat?
Empiricalbased gap

Whilst a growing body of literature is starting to emesfmv studies to date have investigated
food environments and drivers of food choice in Indlaspite mounting evidence of
transitioning dietsthe double burden of malnutritionand the increasing prevalence diet
related NCD$53-56). A smallhandful of recent studies provide a crucial point of departure
for food environment researcland drivers of food acquisition iboth rural and urban
contexts in Indig24, 5052, 57, 58)Findings from thesgroundbreakingstudies allude to
the complexand dynamiaature of food environments across India, and further research is
required to understandrapidly evolving food erronments andhow they drive food
acquisitionacrosscommunity, household and individual leveMo studies have explicitly
focused orfood environmentsn transitioning periurban settings in India to date. Given the
rapid rates of urbamlevelopment and expansion, processes of urbanisation and the transition

towards more urban ways of lil@cross many settinga India and other LMIC settinghere
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is a need to gather empirical evidence frendiverse range dfettings to better understaah
how people inteact with their food environmento acquire and consume foods as part of

daily life.

Aim 4:Toinvestigate the food environment and drivers of food acquisition practices in
a perturban Indiansetting, to understand perceptions and expedes of change in

the food environment and food acquisition practices over the past decade, and to
explore intrahousehold dynamics in relation to food acquisition, preparation and

consumption practices.

Research question:4How do people interact with thiefood environment to acquire
foods as part of daily life in peurban villages in Telangana, India, what are the key

E]A E- }( (}} <u]e]sS]iv v }vepu%S]}v % E S] e Jv SZ]e -
perceptions and experiences of change regardirey food environment and food
acquisition and consumption practices over the past decade, and are there any intra

household dynamics in relation to food acquisition and consumption?
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Il Study setting

The primary data collection for my research is set in a rapielelopingperi-urban setting
on the outskirtsof Hyderabad, Telangana, India. In the sections that follow | will prande
overview of dietary patterns and public health nutrition challengeldia, and introduce the
Andhra Pradesh Children and Parents Study (APCARBS&) tlte scene fomy primary data

collection
Dietary patterns and public health nutrition challenges in India

Dietary patterns in India typicallfeature large regionalanations, but can broadly be
categorised intavheat-based patterns in the north and norest, and ricebased patterns
in the south (53, 59, 60) Typicallndian meals feature a staple grain accompanied with

seasonal vegetableandoccasionally a pulse or lentil based d{sB).

Dietary patternsin India aretransitioning characterisednost broadlyby shifts away from
cereals towards animal source foods and other products, and increases imttie of
calories, fat, sugar and sdB1-64). A recentnationatlevel assessment of dietary trends
India between 1993 and 2012y Tak et al. (59jound household diets to have diversified
slowly but consistently throughout this peripdith rural diets becoming more diverse than
those inurban areasby 20112012 Evidence from this study suggests Indian sliaave
shifted away from cereals to higher levels of consumption of milk editdle oil, whilst
progress on fruits, vegetables, meat and eggs has remainedespeacially in rural areaand

has not compensated for insufficient intakes of micronutrieich foods.

Malnutrition and dietary risksare estimated to be the leading risk factors contributing to
disability-adjusted lifeyears (DALYs)n India (65). Trends over the past decade from the
Global Burden of Disease stutBveal the evolving character of thmublic health nutrition
challenges at handh India Malnutrition hasprevailed as thenost important risk factoto
DALYamongst all ages in Indiatyeeen 2007 and 201 Toncurrently, dietary risksave risen
from fourth to the second most prominent risk factor during these years, with1 893
increase in contribution to DALY&5). The most recent&timates from tle Global Burden of

Disease studglsoattest to the public health nutrition challenges posed by the double burden
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of malnutrition in Indig with an estimated 152MALY®er 100 000 population lost in 2017
dueto iron, zincand vitamin Adeficiencies, whilst 270BALYger 100 000 population were

lost due to higHow-density lipoproteincholesterol or BM(66).

In summary shifting diets reduced levels of physical activityespeciallyamong urban
populations,andthe rise of the double burden of malnutrition have led to suggestions over
the past two decadeshat India like many other LMIC&7), is experiencinghe nutrition
transition (62, 64, 6871). However, recentwork has cautioned theneed to acknowledge the
context specificnature of transitiomng dietsin India dueto lacto-ovo-vegetarian dietsand

the limited consumption of meat driven by cultural preferencé0) and economic
affordability (59).

Recent publicationdave outlined ruraurban distinctiongn dietary patterns and NCD risks

in Indig with persistent energy and nutrient deficiencies identified within poorer, rural
populations, and increasingly prevalent roommunicable diseases amongst urban dwellers
(60). However,Marshall and Randhawa (78pte that there is little account of petirban
areas within the literature to date as food consumption and nutrition data is divided into
binary distinctions between rural and urban categories, neglecting the context specific

challenges of transitional peurban zones.

The Andhra Pradesh Children @&watents Stud(APCAPS)

This researcks framed within theAPCAP,3ocated acros9 peri-urban sites on the outskirts

of Hyderabadn the Ranga Reddijstrict of Telangana state (annexed from the noxtlestern

part of Andhra Pradesistate in 2014) The ARAPS was originally established in 1987 as a
prospective intergenerational cohort designed to study the loeign effects of earhife
undernutrition on risk of cardiovascular disease. Its aims were subsequently expanded to
include transgenerational inflences of other environmental and genetic factors on chronic
diseaseq73). In 200305, households from the originaliéd were retraced and surveyed.
Families with at least one child born during the trial period and still alive in-28@®nstitute

the prospective cohort (1815 families, 2601 index children). During-2@1 4l households
(N=20,551) were surveyed and sodemographic data on residents was collected

(N=84,055).
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The APCAPS study sites laeated south oHyderabadFigurel). A decadeago these places

were considered rural villages. However, with the prognessirban sprawl of Hyderabad

growing ever closerhiese placesre nowsituated at the periturban fringeof the city and

undergoing rapid developments; populations are growing, livelihoodgraresitioning the

built environment ischanging,land prices are increasing, and more people are using
motorised transport(74). Nutritional and epidemiological transitiorare also underway in

this setting.Evidence from APCAPS has revealed a higiajamece of chronic diseases and

risk factors amongst adults aged-8@ years, including hypertension (BP > 140/90 mmHg:

uv 71i9U A}u v ii9+V }A EA |PZ8 ~ D/ H i IPIuiW u v i69U A}u v
(BMI < 18.5 kg/m2: men 31%, men 20% (73).

Formative qualitative research suggests that the food environment is chareyndjy in this
setting, with an increased availability of fast food outlets and more people acquiring and
consuming foods from outside the hon(&7). However, perceptions of change regarding the
availability and aceasibility of various foods havbeen found to divide opinion withithe
community, and further research is required tmderstandthe complex and multifaceted

ways in which peoplacquire foods as part of daily lifie this dynamic setting.

The APCAR#Iilt environmentwas profiled in 2016 using a survieyl designed to document
and surveynon-residential places acrosie 28 APCAPSites related to 1) food, tobacco and
alcohol, 2) pysical activity, 3) health, 4) edation, and 5) dvertising, transport and
walkability. Data from the built environment survey is used in manuscripts three and four to

describe the APCAPS built and food environment.
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Figurel) A map of the ® APCAPS sites located in the perban fringe of Hyderabad, India
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2. Publication 1: Concepts andritical perspectives for food
environment research A global framework withmiplications for
action inlow- and middle-incomecountries

ElPreamble to publication:IMotivation for the article

Publication one addresses the firgisearch question:

1. How can food environments be defined and conceptualised in a way that is globally
applicable, how can existing knowledge and evidence from HICs be leveraged to
accelerate food environment research in LMICs, and what are the main chaleemge

opportunities of doing so?

Theoretical and conceptual research has received little attention within the food environment
literature to date A numberof publications have acknowledged the need to develop
theoretical concepts and frameworkgl-5). The development of a globally applicable
framework may align theoretical perspectives with methods and metrics and harmonize

empirical research.

In the broadest sensepdd environment research can be considerespecialisedesearch
strand within wider researcinvestigatingthe influence of the built environment on health.
Built environment researcliraws fromsocicecologicaimodel andthe recognition ofmulti-
scalar determinants of health and wdléing within neighbourhoods(6). The conceptual
framework byRao et al. (6putlines a series ahulti-scalar determinants of health and well

beingin neighbourhoodsfrom theindividual scale up to thglobalecosystenm(Figure2).
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Figure2. The determinants of health and webeing inneighbourhoods(6).

GLOBALECOSYS gy,

The determinants of
health and wellbeing
in our neighbourhoods

34



Adopting a similar approact$tory et al. (7)propose an ecologicaimodel, depicting the
multiple influences on what people easuch asindividual factors, social environments,

physical environments, and maclevelenvironments(Figure3).

Figure3. Anecological modebepicting the multiple influences on what people e&?).

Although socicecological theory dictates thainter-related personal and environmental
factorsshape health outcomesn practice,food environment research hasnded tofocus
almost exclusively on the environmental side of this equatiofiuential conceptual work by
Glanz et al. (8)n 2007described the food environment at the local neighbourhood scale,
S CEu §Z Z }uupv]SCIVy}vE[WA]GE -Stdre jealereferred to as the

Z }vepu & (}} v A] & } valativélyXeadyglichotomous conceptualizationof the

food environmenthas guided much of the empirical reseattiat has followedseeking to
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quantify the various types of foodendors availablén localneighbourhoodsand the food

productsfound within themthat people may acquire and consume.

More recent contributionsto the conceptual literature have sought tdistil the key

components of food environmentsonsidered to shape diet§or exampleSwinburn et al.

9 (Jv 8Z (}} VvA]E}vcolektive ghysical, economic, policy and sociocultural

surropv JvPeU }%0 %} ESUV]S] « Vv }v ]S]}ve SZ S Jv(op Vv %0 } %0 0
Z}] * v VUSE]S]H9: p2) Accopdinglythe conceptual framework b$winburn

et al. (9)depicts physical, economic, policy and sociagltural aspect®f food environments,

and further outlines aseries of nacrolevelinfluences such as tHeod industry, governments

and societyIndividual level factors are depicted as separate, anciliafityences(Figured).

Figure4) Food environments and their four main componen(9)

Herforth and Ahmed (1Qjade a significant conceptual contribution to the literature in 2015

by defining key food environmentdimensons including food availability, affordability,

desirability and conveniencelhe Food andAgricultural Organisatior{11) and the Global

Panel on Agriculture and Food Systems for Nutri¢ii?) subsequentlcontributed additional

dimensions such as thautritional quality, pricelabelling and promotion of foods. However,

on the whole,conceptual frameworkdiave had aendency to remaimat the macro scale
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highlightingvariousfood environmentdimensions in relation tpolitical, economic, cultural,
biophysical and environmental drive¢$3) or agricultural, food storage and transport, food
transformation, and food reth subsystems(11l, 12) The mostrecent Global Panel on
Agriculture and Food Sigsns for Nutritionframeworkmade a key contributioby positioning
the food environment as a mediator between diet quality amdler food systemgFigure5)
(14).

Figure5) Conceptual frameworklepictinglinks between diet quality and food systen(d.4).

Collectively, thetheoretical andconceptual contributions aboveeflect the broad and all
enampassingscopeof food environment research. Howevehere remains a critical need
for specificity in order to define what théod environment iswhat key dimensions it
includes how they relate to the sockecological modekndhow the food environment might

be conceptualised in relation to the wider food system. addition, although food
environment research has been gaining attention with regarth& public health nutrition
research agenda ibMICH13, 15, 16)there has been a distinct lack of conceptual thinking
about how to contextualiseancepts developed in HICs to LMIC settiigapirical studies in
LMICs to datéave broadly sought to adapt methods and metrics from HICs with little regard
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to the refinement of theoretical and conceptual underpinnings in relation to LMIC contexts.
This isa significant research gap given the fundamental differences between food
environments and food acquisition practices in HIC and LMIC settangisthe recognised

need to contextualise food environment research to diverse sett{ti@}

The Agriculture, Nutrition and Health Academy Food Environment Working Group- (ANH
FEWG) was established in 2016 as a work stream of thedtime Methods and Metrics for
Agriculture and Nutrition Actions (IMMANA) initiative. The working graas initiated by
Suneetha Kadiyal | led the working group which brought together food environment
experts toreview and synthesise food environment definitions, key concepts, methods,
metrics, and research gapsorder toprovide a platform of consensus to guide and accelerate
food environment research in LMIC3x members participated in the working group @n
voluntary basis(Helen Walls, Jennifer Coates, Corinna Hawkes, Adam Drewnowski, Anju
Aggarwal, and Anna Herforth$ofia Kalamatianowg research assistantontributed tothe

formative research activities

| conducted diterature search of review arties and grey literature on food environments in

February 2016. The inclusive seargatured four databases; Medline, Econlit, Web of

Science, Scopu&earch termsincluded Z (}} VAJE}vu v3e[U Zu 8Z} [ v Zu 5«
resultingsynthesis of review aitles (n4.8) informed bimonthly ANHFEWG meetings, where

| discussed and evaluated definitions, key concepts, frameworks, methods and metrics with
working group memberswith critical considerationallocated to the potential forLMIC

application. This fanative phasepaved the way foithe iterative development of a new

working definition and conceptual framewark led process with critical inputs from the

working group members.

During the development of the frameworttye working grougook the decision tdocusour
attention on the socieecological interactions between people and the food environment that
shape food acquisition and consumptidWhilst werecognisel the importane that political,
economic, cultural, biophysical and environmentdlivers play in forming the food
environmentand diets, nutrition and healtHor the purposes of the frameworkye decided

to zoom in from these broader drivet® depict the food enviroment as the interface

between consumers and the wider food system. In doing so,ougl# to situate the food
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environment concept within that of the wider food systeamd unpackthe core socie
ecological dimensions of food environments related to exteara personal domain®ur
intentionwas to arrive at a coherer#tnd comprehensiveet of globally applicable dimensions
that allow for the better characterization, measurement, and monitoring of food
environments across diverse settings, and thus improve knowledge and understanding of the
relationship between food environments and daey, nutrition, and health outcomes. In this
way, future context specific interventionsnay be better tailored to target key food
environment dimensionwithin a given setting, and thereby create and sustain enabling food

environments that improve dietaryutrition and health outcomes.

| presentedthe emerging body of workor consultation at the Agriculture, Nutrition and
Health Academy Week 2016, in Addis Abba, Ethiopia. Discussions with over 100 participants
at the conference and further analysis of gi@erature refined concepts further. A technical

brief outlining evolving concepts was disseminated at the Agriculture, Nutrition and Health
Academy Week 2017, in Kathmandu, Nggd&l). A short animation supporting this technical

brief is available onlin¢19).

Fdlowing consultations witlseveral external experts includidgssica Fanzo and Marie Ruel,

| developedthe technical briefinto a critical perspectives articleiith co-authors from the
ANHFEWGBox 1) In addition to providing far more detailed-depth, and rigorous critical
perspectives on food environments than was undertaken in the technical brief, the article
included several key technical developments. These iecllidthe inclusion of an additional

(}} *}uE W ZAlo v Z GFdnexdensiyely repised structure and labelling of

§Z }Vv %S3p o (E uA}EI 38} JukE}A o0 E]SC Vv 5&E VPSZ v
including the relabelling of food system, food environment, external and personal domains,

and food sources undehé dimension availability.
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Christopher Turner: Conceived the paper, led the working group discussions, condu
review of reviews on food environment concepts, compiled and integrated critical feed
from group members, designed the conceptual framewaaksl figures led the writing
process, compiled feedback and comments froraathors on the manuscript, copgdited

the manuscript, finalised the manuscript for submission, responded to peer revigv

amended the manuscript for publicaticemd led the development of the animation

Suneetha Kadiyaldrovided critical feedback on the initial paper concegintributed to
the scope andstructure of the manuscript and povided written critical feedback

throughout the writing process.
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Contribution of Publication fo the thesis

This publication fills the theoretical research gap and the first aim of my theslisvielop a
food environmentdefinition and globally applicable conceptual framework in collaboration
with food environment expertsThe concepts and critical perspectives presented in this
publicationalsoprovide thetheoreticalfoundation for the rest of the thesis that follows. dh
socioecological theoretical approachincluding the food environment conceptual
framework, is used to frame each of the publications publication 2,the conceptual
framework is used to structure thgystematic review process, includidgta chartingand

reporting of food environment domains and dimensions

In publication 3, the soctecological approacto the inquiry of food environmentand the
food environment conceptual framewogkovidethe theoretical grounding for the design of
the novel QGISmethodological approachrhe frameworks alsoused to structure the visual
coding of photographic contentncluding the food environment dimensions photographed

by participants.

In publication 4, lhe theoretical frameworldirectsmy primary data collectioninforming the
design ofthe topic guides. In addition, the framework and food environment dimensavas
used to create a deductive coding framework in the initial stages of the qualitatiag/sis
process. Finally, the framewogkovidesstructure to the reporting of resultson the food

environment anddrivers of food acquisition practicés the APCARS
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3. Publication 2: Foodnvironment research inlow- and middle-
iIncomecountries: Asystematicscopingreview

Preamble to publication:2Viotivation for the article

Publication two addresses the second research question:

2. Where has food environment research been undertaken in LMICs, how have food
environments beertonceptualized, which key domains and dimensions have been
studied, which study designs, methods and measures have been implemented, and
what are the key findings regarding associations between food environment exposure

and dietary, nutrition, and healthutcomes?

Food environment research has been gaining momentum in LMICs over recent years, both in
terms of policy recognition and research practice. However, in the absence of a systematic
review of the literaturelittle is known about the state of scienead the emerging body of
evidencefrom these settings. This is a significant research gap given the origins of research in
HICs and the fundamental differences in LMICs with regard to food environments, food
acquisition and consumption patterns, and the public health nutrition challengésrad. |
conducted asystematic scoping reviewith the aim ofaddresing this gap bycapturing the
breadth and depth of peereviewed published food environment literature from LMICs, and
mapping and synthesizirfgdings to informevidencebased practie in LMIC¢Box 1) More
specificallythis systematic scoping review seeks to address the following questions in relation
to LMICs: first, where has food environment research been undertaken? Second, how have
food environments been conceptualized? Thindhich key domains and dimensions of food
environments have been studied? Fourth, which research designs, methods and measures
have been used? Fifth, what are the key findings regarding associations between food

environment exposures and dietary, nutritiosnd health outcomes?

The literature supporting systematic scoping reviews has been growing in recent years due to
the recognised need to synthesise knowledge from miliciplinary research. Systematic
scoping reviews provide a salient approach to krealgle synthesis when a body of literature

has yet to be reviewed, or is highly heterogeneous in nature featuring for example diverse
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disciplines, research designs, and methodological approa¢he®) Systematic scoping
review protocols have recently been developed to guide the implementation of this type of
review. We followed the Preferred Reporting Items for Systematic Reviews and-Meta
Analysest Extensbn for Scoping Reviews (PRISBER) checklist to ensure a robust and

replicableprocesH2).

Box 1:Author contributions to publication 2

Christopher TurnetConceived the paper, conducted the systematic search and scree
conducted data charting, analysis, and quality assessment, led the writing process,
edited the manuscript, finalised the manuscript for submissiorspoaded to peer

reviewers and amended the manuscript for publication.

Sofia Kalamatianou: Conducted the systematic search, screening, data charting

provided critical feedback on the manuscript.

Adam DrewnowskiBharati Kulkarnj Sanjay KinraProvided critical feedback on the

manuscript.

Suneetha Kadiyal&@onducted quality assessments and provided critical feedback on
initial paper concept, the data charting, and the manuscript throughout the wri

process.
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Summary ofAppendix 1Publication 2
Qpplementd Material for this publicationsincluded inAppendix 1(Chapter8), including:

x Supplemental Methods 1: Search strateg$copus

x Supplemental Table 1: Key characteristics of all included articles (n=70)

x Supplemental Table 2: Qutitative articles- measurement methods and tools

X Supplemental Table 3: A synthesis of results from articles assessing food environment
exposure and diet, nutrition and health outcomes (n=23)

x Supplemental Table 4: Quality assessmaWational Heart, Lng and Blood Institute
checklists

X Supplemental Table 5: Quality assessmehktixed Methods Appraisal Tool
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Contribution of Publication # the thesis

This publication addresses the literature revibased research gap, and the second aim of
my thesisto conduct a systematic scoping review and synthesis of the existing food
environment literature from LMIC& his publication alsprovides a critical contribution to

my thesis by documenting théood environmentresearch frontier in LMICspcluding
published articles from the year 2000 to December 2017. The review presents the
geographical distribution of studies across countries, the various scales analysed, the
methods and metricaised, andthe evidence basérom existing studies. In particular, this
publication contributes definitive knowledge regarding the scope of the published food
environment literature from IndiakFindings from this systematic scopireyiew revealfood
environmentresearch in Indi¢o havefocused orthe community level, including quantitative
assessments of the availability of food vendors and products in DeB); and the school
level, includingqualitative investigations of perceptions and experiences of the school food
environnment amongst adolescents in Kolkat, 5)and Vijaypura6). In addition,findings
make evident the lackf participatoryresearchmethods amongst food environment research

in LMICs. | make strides to address this gap in the publications that follow.
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4. Publication 3: Investigat) food environments using gualitative
geographicainformation systems (&GIS) approach: éase study
from Telangana, India

Preamble to publication:3Votivation for the article

Publication three addresses the third research question:

3. How cana qualitative geographical information systerapproachand participatory
visual methods be used to investigatee food environmentand drivers of food

acquisitionin LMICs, and what are the strengths and limitations of@IQ approach?

Recent calls haveden made within the field of environmental epidemiology and population
health to implement peoplebased measures of exposure, in order dibuate individuals
within their wider environmentand investigate the ways in which peoplperceive,
experience, andespond to differentcontextualfactors in different waysis part of daily life
(1-4). Food environment research has also echoed these sentimintgly in response to

the limited evidence in support of associations between neighbourhood level exposure and
individual diet, nutrition and health outcomes, arlbe recognised need to addreshe
complex socicecological dvers and mediatorsof diets, nutrition and health (2, 58).
Qualitative peoplebased measures of prsurehave the potential to provide moreuanced

and comprehensive knowledge and understanding of how peaqdgiire and consume foods

by accounting for the multiple contexts to which people are exposed as part of their daily
activity spaceg3, 9) Geographical perspectivemay be helpful hereas they arerooted in
understandinghow space and placenteract with social and economic processesshape
various phenomenon of interesind have a strong traditioof investigatingvith participants
through participatory qualitative GIS methods such as community ma@ihdy). Inspiration

may also be drawn from wider participatory public health research healbch as
BZ}3}A}]12) that utilise participatory photography as a visual method to investigate

community perspectives and experiences.

In order toinvestigate the food Bvironment and drivers ofood acquisitioras part of daily

life in the APCAR3havedesigned andmplemented a qualitative multimethod approach,
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complementing irdepth interviews with an innovative QGIS approach featuring
participatory photomapping (PPM) and followp graphie and photcelicitation interviews
(Box 1) Thismethodspaper presentghe development and applicatioaf the novel Q-GIS

approach using a case studgaturing twoperi-urbanvillages in Telangana, India

Box 1:Author contributions to publication3

Christopher TurneiConceived the papedesigned the research protogslupervised data
collection, conducted qualitativeanalysis, led the writing process, ceggited the
manuscript, finalised the manuscript, responded f@edback from ceauthors and

amended the manuscript fagubmission.

Santhi Bhogadi: Coordinated the field team during data collection. Provided tech

feedback on fieldwork and data collection methods.
Bharati Kulkarni:Supervised data collectioRrovided critical feedback on the manuscrif
Sanjay KinraProvided critical feedback on the manuscript.

Suneetha Kadiyald@rovidedcritical feedback on thenanuscriptthroughout the writing

process
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Abstract

This methods paper presents the development and application of a ngualitative
geographical information systems+&S) approach to investigating food environments and

drivers of food choice, featuring participatory photo mapping (PPM) and falipgraphic

and photoelicitation interviews.A case study is used to illustrate the research design and
implementation, featuring two urbanising villages in Telangana, India. Results include the
feasibility and utility of the participatory photo mapping, as well as the fellpgraphieand

photo-eo] ]38 3]}v Jvs EA] AeXt 0°} % E » v8 % ES] 1% VS[* %o E
Q-GIS approach throughout the research process, before discussing the strengths, limitations,

and future prospects for the development of the@®S approach within foodnvironment

research.
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Introduction

Food environment research has been gaining prominence over the past decade as public
health researchers seek to understand drivers of food acquisition that are shaping dietary and
public health outcomes across the gioll, 2)X &}} VA]JE}vu vse Jv op SZ " }c
physical, economic, policy and sociocultural surroundings, opportunities and conditions that
Jv(opu v % }%o0 [*A}E R Z}] « v vusERSDHR) Axreedntglobally

applicable conceptual frameworldentified key domains and dimensions, including the

external food environment and dimensisrof food availability, prices, vendor and product
properties, and marketing and regulation, and the personal food environnmenh,ding

dimensions relative to individuals, such as accessibility, affordability, convenience and
desirability (4) (Figure 1). Interactions between these domains and dimensions shape food

acquisition and consumption practices, and contribute to nutrition andtheautcomes.

Food environment researckas developed in high income countries (HI@sker the past
decade however, public health researchers have increasingly sought to investigate food
environments inlow- and middleincome countrieLMICS)n recentyears in respons¢o
rapidly transitioning diets and the emerging double burden of malnutrition that includes
undernutrition, as well as increasing overweight, obesity and diet relatedcoommunicable
diseasesSeveral review articles have documentide broadrange of methods and metrics
implementedto measure various aspects of food environmerdsth inin HICK1, 512)and
LMICH2). Quantitative methods feature prominenthyithin the literature to date with the
majority of studies seeking to describad analys the food enuronment, often in terms of
the availability of markebased food vendotsin relation to dietary, nutrition and health
outcomesat the communityor neighbourhoodevel. Quantitative metbds and metrics can
be broadly categorised into geographical information system (GIS) based approaches,
featuring geospatial analysis techniques, amarketbased survey approaché$). A series of
methodological limitations have been identified within the review literature from HIC
settings, including dack of robust standardised methods and metricsmeasure food
environment exposurgand the diverse array of indicators used to assess dietary, nutrition,
and health outcomegq1, 5, 710, 1214). In addition, known methodological limitations
]Jv ou SZ Zolbd AN W[Z }JHEZIUE)W(SB[Zu} J(] o pv]s E % E
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v §Z Zuv EBGv®PZ] }vsS AHF/,A80E$ wellap a host of issues related to
the collection of survey data in dynamic food enviromtsg and the use of incomplete,
inaccurate, or proxyased secondary datasefd0, 11) These limitations have also been
identified in the emerging body of quantitative research from LMICs, reflecting the adaptation
of methods and metrics from HIC settings, and resulting in the paucity ofduiglity
evidence fom analytical studie$2). Furthermore, many of thehallengesoutlined above
facing quantitative food environment resezn are likelyto be amplified in LMIC settings
where: 1) existing quantitative data and validated tools are scarce; 2) food environments are
highly dynamic, featuring large variation throughout the diurnal cycle; 3) mearketbased
vendors are difficulto survey due to their informal, uregistered, and often highly mobile
nature; and 4) many consumers acquire and consume foods from diverse market and non

marketbased sources as part of daily life.

Recent calls have been madethin public healthkbased researchto expand research
methods by introducing qualitative and mixed methods approaches, in order to obtain more
nuanced, irdepth, and comprehensive forms of knowledge and understanding about how
people perceive and respond to environmental exposures that occur as part of everyday life
(16). Similar calls have been echoed with respect to food environment research in response
to the dominance of quantitative approachdkat have failed to account for the social
processes and symbolic relationships betnwepeople and their environmer(tl9), and the
largelyinconclusive body of evidence from the literature testing for associations between
food environment exposure and dietary, nutrition and health outcomes. A number of articles
have identified the need tinvestigate food environments and driveo$ food acquisition

using qualitative approaches to reveal individual, or eméspective, andsituate peopld *

food acquisition practicewithin their food environment(4, 14, 17, 20)Consistent with this

% Z]0}*e}%2ZCU SZ E ] Jv & <]JvP CE }PvV]S]}v }( SZ v of §} pv
their food environment(4, 14, 17, 21)and to address the rolthat space and placplayin

food acquisition and consumption through the narrative practice of listening to

contextualised lived experienceswadices from below22).

Qualitativeresearch investigating food environments and drivers of food choice in LMICs has

predominantly drawn from methods such asdepth interviews(23-28), semistructured
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interviews(29-36), and focusgroup discussion@3-25, 27, 28, 3B9). However,on the basis

of a recent systematic review @dod environment research from LMIC and wider reading

of the drivers of food choice literaturéhe kinds of qualitative resech required to gaiemic
perspectivesand experiences of food acquisition and consumption framed within the wider
spatial and temporal contexts of everyday liganain scarce. Inspiration may be drawn here
from wider participatory public health research grounded in geographical and socallogic
traditions. Participatory research methotieve an established history across a broad range
of research settings and topics of interesind have utied various technigues including
qualitative geographical information systems-@GIS) mapping40-42) and visal-based
techniques such as photglicitation, also known aphotovoice(43). These approachemay

be particularly useful in LMIC settingenablingconsumers to voiceand visualisetheir
contextualised perceptiondjved experiences, and tacit knowledge and understanding of
food environments and drivers of food acgiliion. Integrating participatory GIS and visual
methods may also address the LMIC specific challenges outlined above by revealing embodied
narratives of the spatial and temporal dynamics of food acquisition and consumption that

occur as part of everydayfd.

Thismethodspaper presents a novel-QIS approach featuringarticipatory photo mapping
(PPM)andfollow-up graphie and photoelicitation interviews. We provide a short narrative
synthesis review of IS and participatory visual research methods]uding PPM and
graphic and photoelicitation. A case studys subsequentlyused to illustrate thedesign and
implementation of our research protocol, drawing from an investigation of the food
environment and drivers of food acquisitiontimo urbanising villages in Telangana, Intliée
present a assessmenbf the feasibility and utility ofour QGIS approach including
participatory photomappingand the follow-up graphic and photoelicitation interviews.
P ES] ]%pexcgprions andexperiencesof the QGIS approachhroughout the research
processare presentedbeforewe addresghe strengthsandlimitationsof this approachand
discussthe future prospects for the development of our-QIS approach within food

environment research.
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Figure 1: A globally applicable food environment conceptual framewfk

Literature synthesis

Qualitative Geographical Information Systems{&S)

Q-GlSemerged in the midl990s in response to critiques of the positivagistemologies and
guantitative traditions of GIS within theocial andspatial sciencessIS had, up until this point,
focused almost exclusively on the measurement and analysis of geospatial data using spatial
statistics(44). Q-GlSrefers to theintegration of qualitative forms of data and analysis into
"/"U puslo]*]vP upo3]%o ZA Ce }( IVIAJVP[ ]Jv }E &E 8} plo E %o
how spatial kewledge, patterns, relationships and interactions are produced, and with what
social and or political impac{d4). Q-GIS enablesritical thinking about the spétlity of social
processeshrough narrativesperceptions and experiences garneredm everyday lifg(45).

For example, a number of studia@s HICshave integrated maps and interview® provide
contextualisednsights into space and platm®sed aspectsf health-related behaviours(41,

42).

Q-GIS approacheare oftenparticipatoryin nature,enablingparticipantsto collect dataand
engage inan interactive and reflective process of negotiating and representing local

knowledge through diverse forms of medi6). Participatory forms of GIS have been found
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to provide a particularly useful platform for the integratiomultiple sources of data such as
maps transcripts and statisticg1 innovative waydo create contextualized cartographic
narratives grounded in everyday lif@d7). Participatory Glrojectshave been used tmap
communities inthe informal settlemens of Nairobi, Kenyagngaging local residents in
dialogue in ordeto explorehow the types of food people eat are connected with the places
where they live, work and walid0, 48) Mapping in this way is considered to be both a
process and a producsimultaneouslyconsisting of and contributing to situated knowledge
about interactions between consumers and fo@®). Participatory GIS approaches have also
been integrated with qualitative visual methodologies, suclpadicipatory photo mapping
(PPM. The PPM approach is rooted in soairpretivisttheory which seeks to understand
the ways in whiclpeople interpret and understand their environment, as well as the multi
faceted and often tacit aspects of lived experieid8). The integration of photos and maps
provides the potential to unlock a nexus of locational, visual, and narrative form&ofday
knowledge about communities For example, this approach has been successfully
implementedin public health researc the United Stateso investigate the role of space
and place in relation to community health and safety issues amongst adolsscardaling

narrativesaboutfood and nutrition amongst other issu¢49).
Visual methods: Participatory photography anghoto-elicitation

Visual methods such gzarticipatory photography and photeelicitation have been used in
anthropology,sociologyand healthbasedresearch across diverse settings to explore and
emic perspectives of lived experienc@k3, 5052). Photo-elicitation consists of introducing
photograpts intothe interview process to evokénformation, feelings, and memoridsom

the visual form of representatio(b2). A narrative review of photelicitation byHarper (52)
traced the roots of the methd back to sstudy ofmental health in changing communities in
Canadan the 1950swhere the inclusion of photographs in qualitative interviews was found
to elicit more comprehensive interview transcripts and stimulate emotional statements
related tolived experiences andlaily life(51, 53, 54) A small andomewhat niche body of
photo-elicitation research developed in the decades that followed, grouped around four main
areas of sociological research, including social classid sorgangation and &amily;

community and historical tanography identity; and culture (52). Photcelicitation was
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rejuvenated in public hedit in the late 1990s through the development jiotovoice, a
community ¢ % ES] |% S}EC S]}v & ¢ E Z SE S @AF 55%0 %0 0]
Recent publications have continued to build on the model of preliatation as a salient
participatay research approach in public health. For exam@leleman (50)ecognised the
utility of photo-elicitation as a soctecological approach for studies of health and virding

dueto the ability of photoelicitation techniques to reveal the interconnectedness between
natural, built, social and symbolic environments and how these enriemts shape health

beliefs, practices, and outcomes.

Expanding on the princigg of photcelicitation, visual methodsuch aggraphic elicitation
techniquescomplement the use of photographic data in interviews watbroader range of
stimuli such as mapsnd drawings(56). These techniquesave been found tohelp
participants express complex or abstract ideas, opinions and reflections about research
topics, generatingnore indepthdata than standard interviews alor{g7). G-aphic elicitation
technigueshave also been found tofacilitate the triangulation of multiple data sources
supporting valiity and reliability by helping to establish internal consistency of datasets and

increasing the trustworthiness of the interpretation of d4&v).

A number ofpublished articlethave implemented participatory visual methotts study a
diverserange of research topida LMICsExamples includmvestigations ofjroup dynamics

and social capital amongst rural smallholder farmers in Mozamb({§8§ representations

and use of natural resources amotige Maasai in Tanzani®9), family lives and Z]Jo & v[-
perspectives omlimate changén India(60), and the phenomenon of the quarter life crisis on
young adults in Indig61). With specific regard to foodelated visual research in LMICs,
photo-elicitation has recently been used in sociological studies to examine the role of food in
family relationships among obese adolescents in B{&2)U v 3§} JvA «3]P § 3§Z
A}Eo [ v § ] viPs of Bwispieeconomic Chilean wome3). In addition, a small
number of food environment projects featuriq@potovoiceare currently ongoing such as the
Z]1]3S &C SE ve]S]}tve v 'Z vinVestigdtiphd réte G $ociad and physical food
environments shaping food and beverage choi@E68). Another example is a pilot study of
perceptions of the food environment among public school adolescents in AddibaAb

Ethiopia(69).

87

Z(



An integrated QGIS approach: PPM and folleup graphic and photo

elicitation interviews

In this paperwe present a @GIS case studgaturing PPM and followp graphic and photo
elicitation interviews about the food environment and drivers of food acquisition in-peri
urban Hyderabad, India. The case study featanes and women from 11 households?2)
across two villagesand ispart of a wider qualitative studpf the food environment and
drivers of food acquisition ithe Andhra Pradesh Children and Parents Study (APCRARM).
cohort profile outlining the deelopment of the APCAPS has been publigff€&l The wider
qualitative stug also features irdepth interviews with men and women from an additional
9 householdsr(=18) however, & data presented in this article pertarno the QGIS data
collection. For the wider qualitative studye estimated that a total sample of 40 parpants
(20 QGIS patrticipants and 20-g@epth interview participants) would yield sufficienttdato
achievesaturation althoughwe were prepared to sample additional participants if saturation
was not reached. Additional participants were recruited in cases of attrition or where

participants were not available at the time of data collection.

Recruitment of participantsWe used te APCAPS 202014 household survey census to
select households with at least oralult male and female aged H5 registered at the
residence from the two villageslouseholds were assigned a random number and sorted in
rank order to provide a randomly gerated household roster of eligible households for each
village.Households were then randomly assignecetther in-depth interviewsor the novel
Q-GIS approach. Simple random sampling was used to prevent the purposive selection of
familiar households dm the wider cohort study that may be known to the field team and
have built up a preexisting rapport, and to give all households an equal chance of selection
given the risk of participant burden within the wider muliave cohort studyWe recruited
participants sequentially from the household roster by calling #thBCAPS index via
telephone as is standard practice within the widaPCAP&ohort study.During the call, e
purpose of the study was explained and participants were invited to enrol in tilny s
Prospective households were subsequently visited by the field team ageeedconvenient

time where the participant information sheets and consent forms were distributed. The index

person and their spouse were recruited if they were willing to ijggrate in the study
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providingone male and one femaligom each household. Other household members were
invited to participate in cases where the index person or their spouse were not willing or able
to participate. Additional households were recruitedcmses where no household members
were willing or able to participate, and also in cases of attrition or deviance from the study

protocol.
Development of the QGIS protocol

The literature synthesispresented above was used to inform the development of our
integrated QGIS approach. We also consulted several visual method publications providing
practical and ethical guidance when designing our prot¢cdi73). The sections that follow
detail the cameraelection process, the development of the@)S charts, field team training,

and pilot testing process.
Camera selection

PPM requires the collection of geocoded photographs by participants. We considered a range
of global positioning system (GR&®Jabled amera devices including digital manual hemeld

cameras, wearable automated cameras, and smartphone mobile devices.

Manual handheld camerasManual handheld disposable cameras have typically been used

in participatory photography and photelicitation research(58, 74) Due to our geocoding
requirements, we considered digital GBSablaed manual haneheld cameras. However, we
found the range of these devices available on the marketplace in 2016 to be limited, with a
small number of devices on designed for specialist use in outdoor pursuits. The extensive
feature set coupled with the higbost per unit and the high degree of technical knowledge

required to operate these devices rendered them inappropriate for our study.

Wearable automated camerasWearable automated cameras are passive devices that
capture photographs at prdetermined time intervals(Figure 2). Wearable automated
cameras have been used in a small number of innovative public health studies. Examples
include the documentation of opptunities for food and drink acquisition during journeys to

and from school in the United Kingddimb); the quantification of exposure to environmental

89



determinants of obesity such as television marketamyongst children in New Zealaggb),

the objective auditof built environment features related to transport and mobility7, 78)

the evaluation of agrivuS E]5]}v Jvd €A v3]}ve }v A}u v[e 8]Ju pe Vv u §
dietary practiceg79), andthe assessment of environmental exposure to air pollution in India

(80).

Wearable automated camera devices are particularly useful at generating large datasets
consistingof geotagged photographs and GPS tracks, allowing researthayain indepth
insights into the lived experience of participants. However, we considered these devices to
have a number of limitations for our study. Firstly, the passive, automated nature of these
units removes the conscious decisioraking process hat more traditional, manually
operated cameras typically used in phegticitation research necessitate. Seconaigarable
automated camera devices typically collect large datasets consisting of thousands of
photographs per participantequiring the extensive processing and analysis of data by a
team of researchers, which we considered to be beyond the scope of this PhD research.
Thirdly,we found wearable automated cameras increasingly difficult to obtain in 2016, as the
small number of starup companes manufacturing these devices had either ceased
operations or were in the process of being acquired by larger corporations. This was
problematic given our need for multiple devices, the lack of technical support for any existing
units available on the méet, and the uncertain prospects of these devices. We therefore

decided not to pursue wearable automated camera devices for our study.
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Figure2: A wearable automated camera

Smartphone mobile deviceSmartphone mobilelevices and tablets are increasingly being
used to collect primary research data. Pioneering studies have ssedtphone mobile
devices to capture automated images to improve dietary rg@dl), as well azo administer
quantitative food environment assessment tools via dq@sed platformg82), and also to

capture photographs iphoto-elicitation studieq83).

We found budget smartphone devices to include the necessary specifications required to
capture geotagged photographs for our study. In addition, smartphone devices had a number
of additional benefits. First, the smatgonomic design and usérendly interface of many
mobile devices facilitates the ease of use and minimises the burden placed on participants
when carrying the mobile device as part of daily life. Second, the lgtibsemination of
mobile phone devices, including the increasing levels of mobile phone ownership and
network coverage in LMIGsakes these devices familiar across a range of set{@4)s The
familiarity of mobile devices reduces the level of participant training required, thereby
lowering the potential barrier to participation associated with increasingly obsolete devices
such asmanual haneheld camerasand novel devices such as wearablgomate camera.

The use of mobile phones for communlitgpsed health reporting in participatory
epidemiology has been documented in several articles, with projects spanning both HICs and
LMIG (85, 86) Third, the phenomenon of mobile phone photography in the era of social
media reduces the risk of arousing suspicion when capturing photographs during fieldwork
due to the informal nature of this visual edium. Whilst mobile phone photography is

commonplace in many settings today, other cameras such as manuahedchdamerasnay
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create a sense of intrusiofrourth the ability to predetermine and lock the settings of the
mobile device facilitates the ainisation of battery life. Fifth, the ability to custosa the
layout and appearance of the honsereen and locscreen limits the potential for
distractions and provides opportunities to display guiding instructions for the participants.
Sixth, the abity to store information about the purpose of the study on the device provides
a useful resource for participants in the event that any third party enquires about the study
during data collection. Seventh, the mobile devices provide adfezharge line otontact
between participant and the research team in the event of any technical difficulties or issues
during data collection. Eighth, the ability to encrypt mobile devices with a personal pin code
for each participant ensures data is protected in thergwbat a mobile device is lost or stolen

during data collection.

We acquired 10 Samsung J2 mobile devices for data colleclioe model was readily
available and within budget at the time of data collectiavith a cost of around £70 per unit

at the time of procurement(Figure3). The 2016 Samsung J2 specifications includedhalb
display, an 8negapixel rear camera, and 8GB of storage. We fitted each phone with a
protectivesiliconecase and provided the contact details of the field team coordinator on the
inside of each case. getup protocol for the mobile devices was developed to ensure all

devices were standardised and ready for use in the field

Figure3: A Samsung J2 smartphone device (2016 model)
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Q-GIS Charts: Geparratives of food acquisition and consumption

The degyn of our QGIS charts was informdxy several publications featuring cartographical
visualisatiors of communities and individual mobility in relation to daily Jifiecluding activity
space maps bwlilton et al. (42) gecnarrative mapsby Bell et al. (41) and grounded
visudisationsby Knigge and Cope (4QurQ-GIS charts consisted of a single she&tbéhart
paper with a GIS magepicting thenumbered GPSpoints denoting the location of each
includedphotograph, surroundedyy the corresponthg photographs placed around tleelge

of the map We producedthe maps and photographs in a physical papased format, rather
than digital format, to provide a tangible focal point for the interview setting and to
encourage the participants to engageitically with the visual materials and tell their
narratives of food acquisition and consumption. It is important to note that the data collected
and the visuasations presented in th€-GIS charts weraot intended to be araudit of the
totality of each % @E 3] 1% v3[e (}} VA]E}vE]AS ATEA \(, duEathe] s C [
provideimpetus for the elicitation of subjectivgeo-narratives ofdrivers of food acquisition
and consumption Thus, emphasis was placed parceptions, values, meanings and i®ac
spatial relations attributable to thexternal and persondbod environmentdomains,and

how thesesocicecological dynamicare translatedinto food acquisitionand consumption

practicesas part everydalife.
Field team training

Participatory trainingessionsvere held with the field team prior to data collection, informed
by established training manuals for field research@g). Sessiongocused on qualitative
skills and practical communication principles to ensure data quaés/ well asfood

environment concepts, the research protocol, and dedélection tools.

Specificallygualitative skillstraining included sections on questioning techniques, probes,
and interpretive summaries, as well as how to avoid common pitfalls such as oldseding
questions In addition, interactive sessions wieefield team members practiced interviewing
each other were undertaken, followed by a group discussion and question and answer session

about the protocol.
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Pilot testing

Pilot testing was conducted internally with a member of ramrademic support staff frorine
National Institute of Nutrition in Hyderabad to provide proof of concept, test the various
stages of the protocol, and assess the readiness of the field team prior to data collection. Pilot
testing was successfully completed over a tho=g period, ad the mobile device including

the GPS locational services and camera application were found to work without issues. Pilot
testing also confirmed the capability of the device, and demonstrated the ability of the
integrated camera to capture a high leveldstail and clarity even in difficult higtontrast

light conditions (Figure&l). Nofood vendors or third parties objected to the pilot participant
taking photographs. Data from the pilot study was successfully downloaded, mapped and

charted (Figuré).

Figure4: Anexample of a photograph taken during pilot testing.

Credit: Srinivas Goud Avuladas
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Figure5: AQ-GIS chart from pilot testing

Data collection

Participant training

Participants received a brief training session following toenpletion of the recruitment
process at each household. The field team demonstrated the basic functions of the Samsung
J2 mobile phone device. Participants were shown how to take and delete photographs using
the camera application. Participants were askeghotograph the facade of their household

in order to practice using the device in a comfortable and familiar environment. This also

allowed the field team to check that the device and GPS functionality was working correctly.

The sensitivity of visual @thods wasexplained to the participantsvho wererequestedto
ask for oral consent from any third parties that they actively wished to feature as a focal point
in their photographs. In addition, a brief descriptive text about the study and the contact
§ ]Joe }(8Z (] o 8 u }}E ]Jv 8}E A eappliaation of the fBbil& and [
also pasted onto the case of the devitée also provided small printed information cafds
each participantdetailing the purpose of the studyo aid explanationto any third party.
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Participants were informed not to takany photographs in the event that they felt
uncomfortable, or any third party displayed or expressed any concern or discofdtie
end of the training sessiomach participant set up