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abstract
aim: Child poverty is a wicked problem and a key determinant of health, but research on child poverty has relied largely on self-re-
port methods and reports from parents or caregivers. In this study we aimed to assess aspects of child poverty using data collected by  
children using wearable cameras.
method: The Kids’Cam Project recruited 168 randomly selected children aged 11–13 from 16 randomly selected schools in the  
Wellington Region of Aotearoa New Zealand. Each child wore a wearable camera for four consecutive days, recording an image every 
seven seconds. We used negative binomial regression models to compare measures of household resources, harms, behaviours and built  
environment characteristics between children living in low socio-economic deprivation households (n=52) and children living in high 
socio-economic deprivation households (n=26). 
results: Compared with children living in conditions of low socio-economic deprivation, children living in conditions of high 
socio-economic deprivation captured significantly fewer types of fruit (RR=0.46), vegetables (RR=0.25), educational materials (RR= 
0.49) and physical activity equipment (RR = 0.66) on camera. However, they lived in homes with more structural deficiencies (RR = 4.50) 
and mould (no mould was observed in low socio-economic deprivation households). They were also less likely to live in households 
with fixed heating (RR=0.27) and home computers (RR=0.45), and more likely to consume non-core food outside home (RR-=1.94). 
conclusions: The children in this study show that children in poverty face disadvantages across many aspects of their lives.  
Comprehensive policies are urgently needed to address the complex problem of child poverty.

Poverty adversely impacts on the realisation 
of children’s rights to health and develop-
ment. These rights are enshrined in inter-

national law in the United Nations Convention on 
Rights of the Child.1 In developed countries, pov-
erty can mean reduced access to nutritious food, 
lack of quality clothing such as warm clothes and 
sturdy shoes and reduced ability to see a doctor 
when needed.2 Compared with their wealthier 
peers, children living in poverty are more likely to 
have poorer cognitive outcomes and school per-
formance and are at an increased risk of antisocial 
behaviour and mental disorders.3 These disadvan-
tages cause flow-on effects such as poorer health 
and reduced employment prospects, resulting in 
broader social and economic costs due to expendi-
ture on welfare, healthcare and criminal justice. 

Poverty is a significant health and equity issue 
in Aotearoa New Zealand. Like many developed 
countries, poverty rates in Aotearoa New Zealand 
have been defined as the percentage of households 
that have disposable income less than 50% of the 
national median after housing costs.4 Using this 
measure, 235,400 Aotearoa New Zealand chil-

dren (20.8%) lived in poverty in 2018/19.4 While 
Aotearoa New Zealand child poverty rates have 
gradually decreased since 2014/15,4 child rates 
remain consistently higher than most other 
age groups and are almost twice the rate expe-
rienced in the 1980s.5 Poverty in Aotearoa New 
Zealand is also ethnically patterned with Māori 
(the Indigenous population of Aotearoa New 
Zealand) and Pacific (mostly second generation 
migrants from Pacific Islands) children experi-
encing rates almost twice as high as NZ European 
children.4 This consistent—and inequitable—
burden of child poverty has been attributed to 
several social and economic factors, including 
the dominance of neoliberal (free trade) econom-
ics since the 1980s and a tendency for poverty to 
be framed as a minority ethnic issue.5 The result 
is an environment that fails to support many chil-
dren’s right to healthy development and breaches 
principles of Te Tiriti o Waitangi, Aotearoa New 
Zealand’s founding document, most notably the 
promotion of best health outcomes for Māori6 
and the United Nations Declaration on the 
Rights of Indigenous Peoples.7
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Given the many consequences of child poverty, 
multidimensional research is important for docu-
menting its effects.2 Accounts of child poverty are 
largely based on self-report, report by adult caregiv-
ers, or household income surveys that typically only 
track the prevalence of child poverty. Often these 
accounts do not highlight children’s poverty from 
the child’s perspective. Moreover, the plight of chil-
dren living in poverty is often difficult to convey 
to politicians and the wider population, as abstract 
numbers and references to disease and disadvan-
tage do not translate easily into the consciousness 
of people for whom poverty is not a reality. 

A new methodology developed by this research 
team, Kids’Cam, uses wearable cameras and Global 
Positioning Systems (GPS) to provide an objective 
and easily communicable account of children’s 
lived experiences.8,9 Using this data set, we aimed 
to assess aspects of child poverty, including chil-
dren’s access to household resources, household 
harms, their behaviours, and the nature of their 
built environments. 

Methods
The Kids’Cam study

Kids’Cam was a cross-sectional observational 
study conducted in 2014/15. Full details on 
Kids’Cam’s methodology, including the recruitment 
strategy and sample, are available elsewhere.8,9 In 
brief, 168 randomly selected children aged 11–13 
years were recruited from 16 randomly selected 
schools in the Wellington Region of Aotearoa New 
Zealand. Recruitment was stratified by ethnic-
ity and school decile based on aggregate school 
enrolment data from the Ministry of Education 
to enable equal explanatory power for ethnic-
ity (Māori, Pacific and NZ European) and socio- 
economic deprivation subgroups.9 Each child 
wore a wearable camera and GPS recorder around 
their neck for four consecutive days, recording 
an image every seven seconds and GPS location 
every five seconds. Children were asked to wear 
the devices for all waking hours, and to remove 
the camera in situations where privacy could be 
expected, if they felt uncomfortable, when swim-
ming or playing vigorous sport, or if requested.9 
Ethical approval was obtained to study all aspects 
of children’s lives relevant to public health.8 

Study sample
To compare the lived reality of child poverty, we 

selected a sub-sample of 78 Kids’Cam participants 
(46.4% of the original sample) from the lowest and 
highest levels of household socio-economic depri-

vation (NZiDep quintiles 1 and 5, respectively). 
NZiDep is based on eight questions relating to mate-
rial and social deprivation,10 categorised as: 1—
zero deprivation characteristics (least deprived); 
2—one deprivation characteristic; two depriva-
tion characteristics; 4—three or four deprivation 
characteristics; and 5—five or more deprivation 
characteristics (most deprived). There were more 
participants in the low socio-economic deprivation 
group (n=52) than the high socio-economic depri-
vation group (n=26), which reflects national trends 
for socio-economic deprivation.2 There were simi-
lar age and gender distributions between groups, 
but fewer NZ European participants in the high 
deprivation group (Table 1). 

Measures
We coded for a range of household resources, 

household harms, behaviours and built environ-
ment characteristics (see Appendix 1), using images 
captured on Thursday and Saturday during chil-
dren’s leisure time. We defined leisure time as “all 
hours outside school time”, which includes Thurs-
day morning before school, Thursday afternoon 
after school and Saturday. All data were recorded 
in a pre-formatted Excel spreadsheet in 2019. 

Household resources included fruit, vegeta-
bles, educational materials, cognitive stimulation 
materials, “personal items” such as cell phones 
and games, physical activity equipment and play 
spaces, and the presence of computers, heating and 
fixed heating. We also coded for children’s sleeping 
arrangement (own room vs shared room). House-
hold harms included structural deficiencies and 
mould in participants’ homes and the presence 
of alcohol. Behaviours included children’s con-
sumption of “core” and “non-core” foods (defined 
using a nutrient profiling model)11 and children’s 
participation in educational activities, structured 
physical activity and unstructured physical activ-
ity. Built environment characteristics included 
physical disorder in children’s neighbourhoods 
(defined as the area 500m—as the crow flies—
from their residential address, based on chil-
dren’s GPS data that is detailed elsewhere).12 We 
coded for three types of disorder: fixed (vacant 
or dilapidated buildings); semi-fixed (graffiti and 
dilapidated lots with more easily fixed elements); 
and moveable (litter and abandoned items), based 
on definitions in a previous study.13 

Statistical analysis
We used Stata/IC 15 for all statistical analy-

ses. To compare differences by household socio- 
economic deprivation, we used negative binomial 
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regression models to estimate mean rates and 
rate ratios for each poverty variable, using low 
socio-economic deprivation children as the refer-
ence group for all comparisons. For count-based 
variables, rates represent the mean number of 
unique items of each variable per household. 
Count-based variables include fruit, vegetables, 
educational materials, cognitive stimulation, 
structural deficiencies, physical activity equip-
ment, play spaces and “personal items”. Our anal-
ysis of these variables represents “variety” in a 
household, as each item type was only counted 
once. For binary variables, rates represent the 
proportion of children’s households that had the 
variable present. Binary variables include alcohol 
presence, computer access, heating, fixed heat-
ing and “own room for sleeping”. For behaviours 
(food consumption and children’s participation 
in educational activities, structured physical 
activity and unstructured physical activity), rates  
represent the mean frequency of each behaviour 
divided by recording time (rescaled as a mean 
rate per hour). Likewise, mean rates for neigh-
bourhood physical disorder represent partici-
pant’s frequency of exposure to disorder divided 
by the recording time in outdoor settings, res-
caled as a mean rate per hour spent outdoors. 
We also explored the association between chil-
dren’s exposure to physical disorder and neigh-
bourhood-level deprivation (NZiDep), using low 
deprivation neighbourhoods as the reference 
group. Differences in poverty variables by eth-
nicity are described, but further analysis was 
not undertaken due to low numbers. All analy-
ses accounted for the differential probability of 
selection into the study, using Stata’s svy com-
mands and associated sampling weights. 

Results
Children in this study captured a mean of 

2,482 images during leisure time in the two-day 
recording period, equivalent to a mean of 4.8 
hours, including 3.0 hours in homes and 1.8 hours 
in other settings (Table 1). Low socio-economic 
deprivation children captured more images inside 
their homes compared to high socio-economic 
deprivation children (Table 1). However, this dif-
ference was driven by several outliers in the low 
socio-economic deprivation group who captured 
substantial data in these settings. There was no 
difference in median photos captured between 
deprivation groups (nonparametric equality of 
medians test: p=0.230). 

Household resources and harms
Children living in conditions of high socio-eco-

nomic deprivation captured fewer types of fruit 
(RR=0.46, 95%CI 0.25–0.85), vegetables (RR=0.25, 
95%CI 0.14–0.58), educational materials (RR=0.49, 
95%CI 0.37–0.65), physical activity equipment 
(RR=0.66, 95%CI 0.45–0.96) and ‘personal interest’ 
items (RR=0.66, 95%CI 0.48, 0.90) on camera than 
children living in conditions of low socio-eco-
nomic deprivation (Table 2). Fruit and vegetables 
were observed stored in fridges, pantries, freezers 
and counter tops, and during food consumption. 
In low socio-economic deprivation households, 
fruit was more often positioned in locations vis-
ible to children, e.g., in “fruit bowls” on spacious 
countertops (Figure 1). More structural deficien-
cies (RR=4.50, 95%CI 2.48–8.15) and mould were 
observed in high socio-economic deprivation 
households compared to low socio-economic 
deprivation households (no mould was observed 
in low socio-economic deprivation households) 
(Figure 1). Children living in conditions of high 
socio-economic deprivation were less likely to have 
computer access (RR=0.45, 95%CI 0.25–0.80), less 
likely to sleep in their own room (RR=0.50, 95%CI 
0.28–0.91) and less likely to have a fixed source 
of heating (RR=0.27, 95%CI 0.10–0.71). Alcohol 
presence was not associated with socio-economic 
deprivation. Children living in conditions of low 
socio-economic deprivation usually had their own 
“personal space”, including their own bedroom, 
a desk for studying and collections of “personal 
items” such as books, posters and games (Figure 
1). In contrast, children living in conditions of high 
deprivation children had less defined “personal 
spaces” and less material possessions. 

Child behaviours
Socio-economic deprivation was not associ-

ated with the total amount of food items con-
sumed. However, children living in conditions of 
high socio-economic deprivation consumed more 
non-core food items (RR=1.39, 95%CI 1.03–1.98), 
including nearly twice as many non-core food 
items outside home (RR=1.94, 95%CI 1.18–3.20). 
This was due to increased consumption of sweets, 
ice creams and snack foods purchased from con-
venience stores and fast food outlets. They also 
consumed fewer core items outside home than 
children living in conditions of low socio-eco-
nomic deprivation (RR=0.13, 95%CI 0.03–0.58). 

Children living in conditions of high socio- 
economic deprivation appeared to participate 
in fewer educational activities and structured 
physical activities than children living in condi-
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tions of low socio-economic deprivation, but the 
results were not significant at the 95% confidence 
level. Socio-economic deprivation had little influ-
ence on children’s participation rate in unstruc-
tured physical activities. Backyards were popular 
spaces for unstructured physical activity, for both 
children living in high and low socio-economic 
deprivation (Figure 1). 

Built environment characteristics
For each hour children spent outdoors in their 

neighbourhood, they were exposed to a mean of 
0.9 fixed physical disorder items (mostly private 
dilapidated properties), 12.1 semi-fixed physical 
disorder items (mostly graffiti) and 6.1 moveable 
physical disorder items (mostly waste). House-
hold socio-economic deprivation was not associ-
ated with children’s exposure to fixed, semi-fixed 
and moveable physical disorder. Children from 
high deprivation neighbourhoods were exposed 
to more disorder (4.5 times more fixed items, 1.5 
times more semi-fixed items and 3.3 times more 

moveable items than children from low depri-
vation neighbourhoods), but these results were 
insignificant at the 95% confidence level. 

Differences by ethnicity
Māori children captured fewer types of fruit 

(RR=0.59, 95%CI 0.37, 0.95), educational materials 
(RR=0.56, 95%CI 0.46, 0.68), cognitive stimulation 
materials (RR=0.41, 95%CI 0.24, 0.69), “personal 
items” (RR=0.76, 95%CI 0.24, 0.69) and physical 
activity equipment (RR=0.49, 95%CI 0.29, 0.84) 
on camera than NZ European children. Likewise, 
Pacific children captured fewer types of fruit 
(RR=0.44, 95%CI 0.24, 0.80), educational materials 
(RR=0.55, 95%CI 0.39, 0.78), cognitive stimulation 
materials (RR=0.27, 95% CI 0.16, 0.44), “personal 
interest” items (RR=0.64, 95% CI 0.48, 0.86) and 
physical activity equipment (RR=0.52, 95%CI 0.32, 
0.84) than NZ European children, and were less 
likely than NZ European children to have a fixed 
source of heating (RR=0.67, 95%CI 0.49, 0.91). 

Table 1: Sample characteristics.

Characteristic Total sample
Low socio-economic 
deprivation group

High socio-economic 
deprivation group

n 78 (100) 52 (66.7) 26 (33.3)

Gender, n (%)

Female 36 (50.0) 21 (43.8) 15 (62.5)

Male 36 (50.0) 27 (56.2) 9 (37.5)

Ethnicity, n (%)

NZ European 33 (45.8) 28 (58.3) 5 (20.8)

Māori 25 (34.7) 13 (27.1) 12 (50.0)

Pacific 14 (19.5) 7 (14.6) 7 (29.2)

Images captured, mean (95%CI)

Total 2,550 (2,172; 2,928) 2,840 (2,356; 3,324) 1,944 (1,429; 2,459)

Home settings 1,601 (1,295; 1,908) 1,849 (1,448; 2,250) 1,086 (715; 1,456)

Non-home settings 9,48 (741; 1,155) 991 (713; 1,269) 858 (585; 1,131)

Observation hours, mean (95%CI)

Total 5.0 (4.2; 5.7) 5.5 (4.6; 6.5) 3.8 (2.8; 4.8)

Home settings 3.1 (2.5; 3.7) 3.6 (2.8; 4.4) 2.1 (1.4; 2.8)

Non-home settings 1.8 (1.4; 2.2) 1.9 (1.4; 2.5) 1.7 (1.1; 2.2)

Image quality, % usable (95%CI) 96.6 (95.2; 97.8) 97.3 (96.0; 98.6) 95.0 (92.1; 97.8)
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Table 2: Mean rate and rate ratios comparing household resources, household harms, behaviours and physical 
disorder exposures by household socio-economic deprivation.

Variable
Socio-economic 
deprivation group

Mean rate (95%CI)
 Rate ratio 
(95%CI)

Types of household resources/harms a

Fruit
Low (ref) 3.34 (2.82; 3.96) 1

High 1.16 (0.85; 2.83) 0.46 (0.25; 0.85)*

Vegetables
Low (ref) 3.24 (2.17; 4.85) 1

High 0.94 (0.49; 1.80) 0.29 (0.14; 0.58)*

Educational material
Low (ref) 5.51 (4.84; 6.19) 1

High 2.69 (1.87; 3.52) 0.49 (0.37; 0.65)*

Other cognitive stimulation materials
Low (ref) 1.32 (0.92; 1.89) 1

High 0.71 (0.30; 1.67) 0.54 (0.20; 1.48)

Physical activity equipment
Low (ref) 2.93 (2.39; 3.59) 1

High 1.93 (1.24; 3.01) 0.66 (0.45; 0.96)*

Play spaces
Low (ref) 0.98 (0.75; 1.28) 1

High 0.75 (0.58; 0.97) 0.76 (0.55; 1.06)

“Personal interest” items
Low (ref) 5.34 (4.29; 6.65) 1

High 3.51 (2.79; 4.42) 0.66 (0.48; 0.90)*

Structural deficiencies
Low (ref) 0.69 (0.37; 1.29) 1

High 3.12 (1.92; 5.09) 4.50 (2.48; 8.15)*

Mould
Low (ref) 0 -

High 0.47 -

Presence of household resources/harmsb

Computer access
Low (ref) 0.97 (0.94; 1.01) 1

High 0.43 (0.24; 0.77) 0.45 (0.25; 0.80)*

Heating
Low (ref) 0.82 (0.74; 0.90) 1

High 0.71 (0.53; 0.96) 0.87 (0.65; 1.78)

Fixed heating
Low (ref) 0.75 (0.66; 0.85) 1

High 0.20 (0.08; 0.50) 0.27 (0.10; 0.71)*

Own room for sleeping
Low (ref) 0.97 (0.94; 1.01) 1

High 0.49 (0.26; 0.90) 0.50 (0.28; 0.91)*

Alcohol presence
Low (ref) 0.49 (0.36; 0.67) 1

High 0.41 (0.21; 0.79) 0.84 (0.41; 1.73)
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Variable
Socio-economic 
deprivation group

Mean rate (95%CI)
 Rate ratio 
(95%CI)

Children’s behavioursc

Total foods consumed
Low (ref) 1.35 (1.13; 1.61) 1

High 1.40 (1.00; 1.96) 1.04 (0.68; 1.59)

Core foods consumed
Low (ref) 0.78 (0.59; 1.03) 1

High 0.58 (0.38; 0.89) 0.75 (0.41; 1.38)

Non-core foods consumed
Low (ref) 0.58 (0.48; 0.70) 1

High 0.81 (0.56; 1.17) 1.39 (1.03; 1.87)

Core foods consumed (home only)
Low (ref) 1.01 (0.73; 1.40) 1

High 0.89 (0.59; 1.34) 0.88 (0.47; 1.63)

Non-core foods consumed (home only)
Low (ref) 0.51 (0.40; 0.66) 1

High 0.49 (0.33; 0.73) 0.95 (0.61; 1.50)

Core foods consumed (outside home)
Low (ref) 0.38 (0.26; 0.57) 1

High 0.05 (0.01; 0.22) 0.13 (0.03; 0.58)*

Non-core foods consumed (outside home)
Low (ref) 0.65 (0.50; 0.84) 1

High 1.26 (0.65; 2.46) 1.94 (1.18; 3.20)*

Structured educational activities
Low (ref) 0.22 (0.12; 0.40) 1

High 0.05 (0.01; 0.26) 0.25 (0.06; 1.12)

Structured physical activity
Low (ref) 0.06 (0.03; 0.13) 1

High 0.01 (0.00; 0.03) 0.23 (0.04; 1.22)

Unstructured physical activities
Low (ref) 0.13 (0.07; 0.24) 1

High 0.22 (0.07; 0.67) 1.14 (0.74; 2.54)

Children’s exposure to neighbourhood disorderd

Fixed disorder 
Low (ref) 0.51 (0.19; 1.35) 1

High 1.51 (0.58; 3.92) 2.97 (0.75; 11.81)

Semi-fixed disorder 
Low (ref) 11.58 (6.69; 20.07) 1

High 13.48 (5.43; 33.46) 1.16 (0.40; 3.35)

Moveable disorder 
Low (ref) 6.98 (3.38; 13.62) 1

High 4.28 (1.63; 11.25) 0.61 (0.19; 1.98)

*Statistical significance (p<0.05)
a Mean rate represents the unique number of items observed over the two-day observation period. 
b Mean rate represents the proportion of households in which the variable was observed over the two-day observation period. 
c Mean rate represents the behaviour frequency (e.g., food items eaten) divided by observation hours, rescaled to represent a 
mean rate per hour of observation time. 
d Mean rate represents children’s exposure to disorder items divided by observations hours outdoors, rescaled to represent a 
mean rate per hour observation time.

Table 2 (continued): Mean rate and rate ratios comparing household resources, household harms, 
behaviours and physical disorder exposures by household socio-economic deprivation.
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Discussion
The images in this study illustrate that children 

living in poverty face disadvantages across many 
aspects of their lives. Children living in condi-
tions of high socio-economic deprivation lived in 
households with fewer types of fruit, vegetables, 
educational materials, physical activity equip-
ment and “personal items”, and more structural 
deficiencies and mould. They were also less likely 
to sleep in their own room and have access to a 
computer and fixed heating. These differences 
highlight a number of health concerns. Low avail-
ability of fruit and vegetables is associated with 
lower consumption of fruit and vegetables among 
children.14 Fewer educational materials may pres-

ent barriers for completing schoolwork and neg-
atively affect school performance.15 Moreover, 
poor housing conditions such as mould, struc-
tural deficiencies and lack of heating have several 
adverse implications for children’s health, includ-
ing increased hospitalisation rates and stress.16,17

While most variables assessed have clear links 
to health, the health implications of having fewer 
“personal items” such as smartphones and toys 
can be both positive and negative. On one hand, a 
lack of material possessions can negatively affect 
children’s wellbeing18 and reduce their capacity to 
pursue their own interests. On the other, exces-
sive use of certain items, such as smartphones and 
videogames, can negatively affect the psychologi-
cal health of some children.19,20 Moreover, there is 

Figure 1: Differences between privilege and poverty observed in wearable camera images.
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rising concern over increasing commercialisation 
of children’s environments,21,22 which promotes 
materialism and may decrease life satisfaction 
among children.23 

High deprivation children were more likely to 
consume non-core foods outside their home than 
low deprivation children. This could partly be 
explained by the obesogenic environment in which 
high deprivation children live.24 Previous research 
shows that high socio-economic deprivation neigh-
bourhoods in Aotearoa New Zealand have higher 
densities of unhealthy food outlets, such as conve-
nience stores and fast food outlets.25 Children in 
this study frequently purchased confectionery and 
sugary drinks from convenience stores, which may 
have particularly appealed to high deprivation 
children because of the typically low cost of these 
items.26 Fast food may also appeal to low-income 
families because of its convenience and low cost 
compared with other eating out options.27 

While insignificant at the 95% confidence level, 
it appeared that high socio-economic deprivation 
children were less likely to participate in struc-
tured physical activity. This is consistent with pre-
vious evidence28–30 and is not surprising given the 
costs associated with participating in sport, e.g., 
training fees, and the purchasing of uniforms 
and equipment. In contrast, there was no asso-
ciation between socio-economic deprivation and 
unstructured physical activity. Backyards were 
popular spaces for unstructured physical activity 
among both socio-economic deprivation groups. 
This may reflect Aotearoa New Zealand’s tradi-
tional residential design, which appears to benefit 
children equally in terms of opportunities for out-
door physical activity and play. 

Due to a history of colonisation, and institu-
tional racism, child poverty is ethnically patterned 
in Aotearoa New Zealand, with Māori and Pacific  
children bearing a disproportionate burden.5 
While this study was underpowered to undertake 
detailed subgroup analyses, we found that Māori 
and Pacific captured fewer types of fruit (Māori 
only) educational materials, cognitive stimulation, 
“personal items”, physical activity equipment and 
fixed heating (Pacific only) in their homes than NZ 
European children. 

This study has some limitations. First, we could 
not ascertain children’s perceptions of the vari-
ables under study. Although each variable was 
relevant for health (Appendix), their importance 
for children could depend on several factors, 
including external support (e.g., from schools) and 
cultural values (e.g., materialism and collectiv-

ism).31 Second, wearable cameras were not suited 
for studying some important aspects of poverty, 
including clothing (because participant’s cloth-
ing was not usually visible) and overcrowding. 
Third, the method likely underestimated house-
hold resources that were stored out of sight, such 
as educational materials in drawers, food in cup-
boards and central heating. Finally, high depri-
vation children captured fewer images in home 
settings than low deprivation children, which 
may have resulted in an underestimation of their 
household resources. However, we do not believe 
this resulted in substantial bias, given that median 
recording time was similar between groups, chil-
dren were highly mobile (thus enabling photo 
capture from different areas and vantages) and 
counts of household resources were not affected 
by the frequency with which they were captured 
(i.e., each resource type was only counted once). 

Wearable cameras for poverty 
measurement: research implications

Wearable cameras have several advantages 
compared with population-based surveys of 
child poverty. The cameras enable poverty to be 
observed from the child’s perspective as they wear 
the cameras throughout their day. Underestima-
tion is common in surveys, owing to report bias 
and the fact that people are often unaware of 
the factors around them. In contrast, this study 
demonstrates that wearable cameras can be used 
to capture a wide range of variables relevant to 
poverty. Moreover, the methodology allows the 
capture of contextual information such as sources 
of junk food consumed and the relative advantage 
of “personal space” for children to pursue their 
own interests. 

Wearable cameras offer advantages and dis-
advantages compared to alternative visual 
methodologies such as Photovoice. Photovoice 
provides participants with cameras to help iden-
tify issues of concern and holds discussions with 
them to reflect upon these issues.32 Compared to 
Photovoice, wearable cameras offer a more com-
prehensive and “objective” approach in that a 
wide range of aspects of participants’ lives can 
be studied. In this regard, it is analogous to pas-
sive momentary exposure assessment, such as 
wearable air pollution monitors used in environ-
mental epidemiology.33 In contrast, data from Pho-
tovoice is filtered through participants’ choices. 
While less detailed, it enables participants to 
identify the most salient features of their lived 
experience. Wearable camera research could be 
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strengthened by use of qualitative interviews or 
group discussions, like Photovoice. Researchers 
should consider the use of wearable cameras to 
study child poverty from children’s perspectives. 

Conclusions
This study illustrates that children in poverty 

face disadvantages across many aspects of their 
lives in breach of their rights under international 
law.1 This “accumulation” of disadvantage can 
adversely affect their health and development 
and interfere with their right to an adequate stan-
dard of living. In the Aotearoa New Zealand con-
text, the disproportionate burden experienced by 
Māori children breaches Te Tiriti o Waitangi and 
the United Nations Declaration on the Rights of 

Indigenous Peoples.7 Pacific children also carry 
a heavier burden, as is true internationally of 
Indigenous and minority populations. From a 
policy perspective, the children in this study 
highlight the urgent need for comprehensive pol-
icies to improve outcomes for children in pov-
erty. Although targeted policies (e.g., school food 
programmes)34 can improve some consequences 
of child poverty, multi-pronged approaches are 
needed to help ensure equal living standards and 
opportunities for all children.2 This should include 
community development initiatives that empower 
communities to address the “wicked” problem of 
child poverty.35 While based in Aotearoa New Zea-
land, this study has relevance for child poverty 
in similar jurisdictions, particularly those with 
Indigenous and minority communities. 
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Appendices 
Appendix 1: Definitions for wearable camera analysis. 

Factor Definition Health link

Nutrition

Fruit 
Count of exposures to fruit at home. Each type of fruit was only counted 
once. Food items with >1 fruit, e.g., fruit salad, counted as one type of fruit. 

Consumption of a variety of fruit has health benefits.1

Vegetables
Count of exposures to vegetables at home. Each type of vegetable was only 
counted once. Items with >1 vegetable, e.g., mixed vegetables, counted as 
one type of vegetable. Excluded frozen chips. 

Consumption of a variety of vegetables has health benefits.1

Alcohol availability
Presence of alcohol in the home. Included the contents of cups if there was 
evidence that it was filled with alcohol. Excludes marketing and empty bot-
tles. Binary variable. 

Home availability of alcohol increases youth alcohol use.2

Consumption of core and noncore 
food and beverages

Count of core and noncore foods and beverages consumed inside the 
child’s home. Definitions of core and non-core products were sourced from 
a nutrient profiling model.3  

Multiple health links, including energy intake, obesity, malnutrition,  
diabetes, heart disease and dental health.

Education

Educational materials
Count of educational material, including fiction books, nonfiction books, 
stationary, exercise books/ other paper materials, arts and craft materials 
and educational posters. Each type of material was only counted once. 

Sources of cognitive stimulation at home are associated with children’s 
school performance.4 Educational materials may be required for school 
work. 

Home computer Presence of a computer at home. Binary variable. 
Sources of cognitive stimulation at home are associated with school  
performance.4 A computer may be required for school work. 

Cognitive stimulation

Count of other mentally stimulating items, such as music equipment, 
certain board games (e.g., scrabble), toys with a creative or constructive 
element (e.g., lego and model planes) and jigsaw puzzles. Each type of 
material was only counted once.   

Sources of cognitive stimulation at home are associated with school 
performance.4
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Factor Definition Health link

‘Personal items’

Count all other types of toys/entertainment/ hobby matterial, such  
televisions, games, movies, game consoles, posters in child’s room, soft 
toys and non-stimulating toys (e.g., race cars). Each type of material was 
only counted once.   

A lack of material possessions can negatively affect children’s wellbeing.5 
However, excessive use of certain items such as smartphones and videog-
ames can negatively affect the psychological health of some children.6,7 

Structured educational activity
Count of structured learning activity with parents or other children,  
e.g., music and craft classes.

Cognitive stimulation, particularly through parent-child activities, is  
positively  associated with school performance.4 

Physical activity/ play 

Structured physical activity
Count of structured physical activities the participant took part in, such as 
netball, swimming and rugby. 

Physical activity is associated with numerous physical, psychological and 
social health benefits in children.8 Structured sport is especially beneficial 
due to the social nature of participation.9

Other physical activity or play

Count of non-structured of physical activity or play activities, such as walks 
with family, running, cycling and scootering. Excluded brief walks of less 
than 5m duration. Excluded walks to other destinations in which play or 
physical activity was not the main purpose, such trips to a convenience 
store. Excluded active transport to and from school on Thursday, which 
were tallied separately.  

Physical activity is associated with numerous physical, psychological and 
social health benefits in children.8

Physical activity equipment at 
home

Count of physical activity equipment at home, such as balls, racquets and 
basketball hoops. Excluded sports clothing and sports bags. Each type of 
equipment was only counted once. 

Physical activity rates among children can depend on physical activity 
equipment at home.10

Play space at home
Count of spaces that offer opportunities for play at home, such as 
backyards. 

Physical activity rates among children can depend on physical activity 
equipment at home.10

Active transport on Thursday
Evidence that the participant used active transport to or from school on 
Thursday, such as walking, cycling, scootering or skateboarding. Binary 
variable. 

Active transport can increase the time children spend in physical activity.11

Housing conditions

Heating

The type(s) of heating observed in the participant’s home. Included fixed 
heating e.g., heat pumps and fireplaces, and non-fixed heating e.g., oil  
heaters and fan heaters. Factor variable: 1) no heating 2) fixed heating 3) 
non-fixed heating. 

Living in a cold homes is associated with poorer overall health and 
increased hospitalisation rates.12

Appendix 1 (continued): definitions for wearable camera analysis.
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Factor Definition Health link

Child sleeping arrangement The child’s sleeping arrangement: shared room or own room. 
Associated with overcrowding, which can impact children’s health and 
wellbeing.13

Mould
Count of mould in the participant’s home, both interior and exterior. Mould 
exposures on each surface (e.g., ceiling, wall) were only counted once. 

Mould is associated with respiratory and allergic effects.14

Structural deficiencies
Count of structural deficiencies in the participant’s home, such as physical 
damage on walls, doors, ceilings, external walls, broken windows, faulty 
windows, peeling paint and rot. Also included moss on driveways.15

Structural deficiencies may effect thermal efficiency or other functions, and 
may negatively children’s wellbeing.16

Physical disorder
Physical disorder in a neighbourhood can affect children’s stress markers, 
perceived safety and willingness to participate in physical activity.17,18 

a) Fixed elements 
Fixed elements are defined as those that are: “more permanent and requir-
ing more resources and time to change, such as a vacant or dilapidated 
building.”19

Dilapidated buildings (fixed)
Count of exposures to buildings with “broken features,” “peeled paint,” or 
“boarded up windows.”19

Vacant buildings
Count of exposures to buildings that had “any visible signs that no one is 
inhabiting/leasing it.”19

b) Semi-fixed elements
Semi-fixed elements are defined as those that are: “Somewhat less perma-
nent and easier to change, such as a dilapidated lot overgrown with weeds 
or broken but more easily fixed elements, such as a broken window.”19

Dilapidated buildings (semi-fixed)

Count of exposures to buildings with structural damage that is more easily 
fixable. Included properties with worn fences, e.g. worn/ faded paint,  
scattered litter in the yard, graffiti, and properties “with overgrown (knee 
high or higher) grass, weeds, shrubbery or scattered litter in the yard.19

Unmaintained parks
Count of public parks with overgrown grass and playgrounds with worn/
damaged equipment.19

Appendix 1 (continued): definitions for wearable camera analysis.
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Factor Definition Health link

Graffiti
Count of exposures to graffiti. Included graffiti from spray paint, permanent 
marker and ‘scratched’ tags, e.g., from a knife or fingernail. Multiple sources 
of graffiti on one surface were only counted once.  

Ex-graffiti Count of surfaces on which paint was used to hide graffiti.

c) Moveable items Moveable items are defined as “non-fixed features, such as litter.”19

Waste
Count of exposures to waste. Excluded waste in participant’s home. Clusters 
of waste were only counted as one exposure.  

Abandoned items Count of abandoned items, such as tyres, couches, washing machines. 

Broken glass Count of exposures to broken glass. 

Appendix 1 (continued): definitions for wearable camera analysis.



New Zealand Medical Journal 
Te ara tika o te hauora hapori

2022 Aug 5; 135(1559). ISSN 1175-8716
www.nzma.org.nz/journal ©PMA 

article 111

 references

1. Liu RH. Health benefits of fruit and vegetables are 
from additive and synergistic combinations of 
phytochemicals. The American journal of clinical 
nutrition. 2003;78(3 Suppl):517s-520s.

2. Komro KA, Maldonado-Molina MM, Tobler AL, 
Bonds JR, Muller KE. Effects of home access and 
availability of alcohol on young adolescents’ 
alcohol use. Addiction (Abingdon, England). 
2007;102(10):1597-1608.

3. World Health Organization Regional Office for 
Europe. WHO Regional Office for Europe Nutrient 
Profile Model. Copenhagen: World Health 
Organization Regional Office for Europe;2015.

4. Ferguson H, Bovaird S, Mueller M. The impact of 
poverty on educational outcomes for children. 
Paediatr Child Health. 2007;12(8):701-706.

5. Cooper K, Stewart K. Does money affect children’s 
outcomes? A systematic review. London: Joseph 
Rowntree Foundation; 2013.

6. Lobel A, Engels RCME, Stone LL, Burk WJ, Granic 
I. Video Gaming and Children’s Psychosocial 
Wellbeing: A Longitudinal Study. J Youth Adolesc. 
2017;46(4):884-897.

7. Sohn S, Rees P, Wildridge B, Kalk NJ, Carter B. 
Prevalence of problematic smartphone usage 
and associated mental health outcomes amongst 
children and young people: a systematic review, 
meta-analysis and GRADE of the evidence. BMC 
Psychiatry. 2019;19(1):356.

8. Janssen I, Leblanc AG. Systematic review of the 
health benefits of physical activity and fitness in 
school-aged children and youth. Int J Behav Nutr 
Phys Act. 2010;7:40-40.

9. Eime RM, Young JA, Harvey JT, Charity MJ, Payne 
WR. A systematic review of the psychological and 
social benefits of participation in sport for children 
and adolescents: informing development of a 
conceptual model of health through sport. Int J 
Behav Nutr Phys Act. 2013;10:98-98.

10. Haerens L, Craeynest M, Deforche B, Maes L, Cardon 

G, De Bourdeaudhuij I. The contribution of home, 
neighbourhood and school environmental factors 
in explaining physical activity among adolescents. J 
Environ Public Health. 2009;2009:320372-320372.

11. Denstel KD, Broyles ST, Larouche R, et al. Active 
school transport and weekday physical activity in 
9-11-year-old children from 12 countries. Int J Obes 
Suppl. 2015;5(Suppl 2):S100-S106.

12. Krieger J, Higgins DL. Housing and health: time 
again for public health action. American journal of 
public health. 2002;92(5):758-768.

13. Solari CD, Mare RD. Housing crowding 
effects on children’s wellbeing. Soc Sci Res. 
2012;41(2):464-476.

14. Mendell MJ, Mirer AG, Cheung K, Tong M, Douwes J. 
Respiratory and allergic health effects of dampness, 
mold, and dampness-related agents: a review of the 
epidemiologic evidence. Environ Health Perspect. 
2011;119(6):748-756.

15. Healthy Housing He Kainga Oranga. Rental 
Housing Warrant of Fitness. 2016; http://
www.healthyhousing.org.nz/wp-content/
uploads/2016/09/Checklistfinal-August-2016.pdf.

16. Schmeer KK, Yoon AJ. Home sweet home? Home 
physical environment and inflammation in children. 
Soc Sci Res. 2016;60:236-248.

17. Broyles ST, Staiano AE, Drazba KT, Gupta AK, 
Sothern M, Katzmarzyk PT. Elevated C-reactive 
protein in children from risky neighborhoods: 
evidence for a stress pathway linking 
neighborhoods and inflammation in children. PloS 
one. 2012;7(9):e45419.

18. Datar A, Nicosia N, Shier V. Parent perceptions 
of neighborhood safety and children’s physical 
activity, sedentary behavior, and obesity: evidence 
from a national longitudinal study. American 
journal of epidemiology. 2013;177(10):1065-1073.

19. Hur M, Nasar JL. Physical upkeep, perceived 
upkeep, fear of crime and neighborhood 
satisfaction. Journal of Environmental Psychology. 
2014;38:186-194.


