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Geographers and public health researchers have long been interested in social, spatial, and economic factors

that drive access and exposure to food retail. A growing body of evidence draws on mobility data to capture

locations accessed by individuals beyond the home address. Given that food-related activities are shared by

household members and often gendered, taking an individual-level approach might limit researchers’ ability

to accurately describe access to food retail. Using data that includes Global Positioning System trajectories of

forty-six adults from twenty-one households in Toronto, this study compares access to food retailers at the

individual and household levels and evaluates measurement issues that arise when relying on one household

member. Spatial and spatiotemporal measures of access were derived from individual and total household

activity spaces. Differences in access were tested for men and women and moderating effects of

neighborhood, shopping responsibility, car access, and employment status were investigated. Supermarket

density was greater for women when compared with men in the household, as well as their total household

measure. Additionally, within-household differences in counts of supermarkets were moderated by

neighborhood. Future research should consider the role of place and the contributions of household members

when measuring access to food at the individual level. Key Words: activity space, food access, food
environment, gender, spatiotemporal.

T
he relationships between diet and chronic

disease, including cardiovascular diseases, dia-

betes, and some cancers, have been well estab-

lished (Micha et al. 2017; World Cancer Research

Fund 2018). Dietary risks are a leading contributor to

the global burden of morbidity and mortality, with a

suboptimal diet responsible for more deaths than any

other risk factor (Afshin et al. 2019). Understanding

the determinants of dietary behaviors, including pur-

chasing and consumption patterns, has therefore

become a public health priority.
Socioecological theories posit that dietary behav-

iors result from the interplay of individual, social,

and physical environments (Sallis, Owen, and Fisher

2008; Lang and Rayner 2012). The physical food

environment comprises a range of food retailers,

including supermarkets, fast food outlets, and restau-

rants (Minaker, Shuh, et al. 2016). The geographic

configuration of the food environment shapes the

context in which people make their food decisions

and could engender or restrict healthy dietary

choices. Consequently, environmental interventions

provide an attractive option for population-level

change (Story et al. 2008) and understanding spatial

access to food as a determinant of dietary behavior

and health has received increased attention from
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researchers and policymakers (Charreire et al. 2010;

Caspi, Sorensen, et al. 2012; Mah and Thang 2013;

Lytle and Sokol 2017).
The physical food environment provides wide-

reaching, potentially modifiable options to foster

change. Interventions to improve geographic access

to food have had mixed results, however, and the

pathway and relationship between the food environ-

ment, food purchasing, and dietary intake remain

unclear (Cummins, Flint, and Matthews 2014;

Dubowitz et al. 2015; Ghosh-Dastidar et al. 2017;

Gittelsohn and Trude 2017). One reason might be

the simplistic conceptualizations of access that have

been employed. Studies have commonly measured

the food environment using geographic analysis, but

access to food retailers is not a solely spatial concept

(Charreire et al. 2010; Lytle and Sokol 2017).

Individuals’ travel and time limitations influence

access and are connected with socioeconomic status

and social structures. Socioecological perspectives

and systems theories recognize that individuals do

not operate in isolation but through interactions

with their physical and social environments (Wright

2015). Researchers have long recognized that mem-

bers within a household might influence each other’s

behavior, making it inappropriate to consider house-

hold members only as individuals (Kerr and Bowen

1989). For example, in multiple-adult households,

the ability to procure food and the time and money

available for, or attributed to, food shopping might

be influenced by other household members.

Whether individuals experience support, shared

tasks, or dependencies with regard to food shopping

might relate to their role and responsibility in the

household, which has been shown to be gendered, a

term we use in this article to describe the unequal

distribution of time spent on tasks between men and

women within households (Guppy, Sakumoto, and

Wilkes 2019).

Considering the role of multiple actors, evidence

should account for connections between people and

their environments to inform and coordinate concur-

rent strategies (Rutter et al. 2017; Bagnall et al.

2019). In the context of the food environment, this

requires a more holistic definition of food access that

accounts for both spatial and social factors that

influence shopping patterns, as well as the develop-

ment of better measures and study designs that look

beyond a narrow focus on environmental determi-

nants at the individual level.

In this study, we aimed to illustrate how the exclu-

sion of household responsibilities and shopping roles

might obscure measures of access for men and women.

To achieve this aim, we used data from multiple-adult

households collected in Toronto, Canada, as a part

of the Food Activities, Socioeconomics, Time, and

Transportation (FASTT) Study, to examine the

methodological implications of using individual meas-

ures of spatial access to food.

Households, Gender, and Food Activities

Household composition is associated with time

pressure and dietary behaviors (Welch et al. 2009;

Bauer et al. 2012; Rodrigues et al. 2020). Having

children, and in particular being a single parent, is

associated with more rigid time constraints (Farber

et al. 2011; Strazdins et al. 2016; Venn et al. 2018),

whereas support from coresiding partners, older chil-

dren, or extended family with housework might alle-

viate time scarcity (Jabs et al. 2007; Ta, Liu, and

Chai 2019). Time and convenience have been

reported as important aspects of health and food

behaviors (Strazdins and Loughrey 2007; Astbury

et al. 2020), with more time spent on food shopping

and preparation shown to positively impact diet

(Connors et al. 2001; Monsivais, Aggarwal, and

Drewnowski 2014). In high-income countries, how-

ever, housework and food responsibilities appear to

remain gendered (Lake et al. 2006; Kan, Sullivan,

and Gershuny 2011; Bianchi et al. 2012). This find-

ing persists despite an increase in time spent on food

shopping and preparation by men over the past

twenty years (Marshall 2006; Taillie 2018), suggesting

that increased support from household members might

not have translated to equal access to food and

improved dietary health for population subgroups.

The extent of spatial mobility and size of individ-

ual activity spaces of men and women have been

shown to differ (Kwan and Kotsev 2015; Sanchez

et al. 2017; Lo and Houston 2018), with some evi-

dence for variation in access to healthy foods (Dai

and Wang 2011; Li and Kim 2018). Using a space–

time model, Kwan (1999) demonstrated that women

have more rigid time constraints and access to fewer

urban opportunities than men; however, constraints

were reduced when receiving support with house-

work from a partner. Findings persisted regardless of

socioeconomic status (which relates to job flexibility,

access to convenient transport, and child care),
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affecting the resources available to purchase and pre-

pare healthy food (Inglis, Ball, and Crawford 2005;

Jabs and Devine 2006). A more equal division of

household labor might help to reduce barriers to

healthy dietary behaviors for individuals but also for

their partners and household members (Blake et al.

2009; Fan et al. 2015).

Measures of Spatial Access to Food

Studies that measure spatial access to food have

typically focused on the home environment, measur-

ing densities or counts of outlets within administra-

tive boundaries or within a specified proximity to

the home address (Charreire et al. 2010; Caspi,

Sorensen, et al. 2012; Lytle and Sokol 2017). These

place-based approaches are limited by the uncertain

geographic context problem (Kwan 2012) whereby

the extent of the environment that an individual is

exposed to, and interacts with, might not be cap-

tured. Emphasis on the home location assumes that

the home has the greatest influence on behavior and

access is equal for all individuals living close to one

another. There is evidence to suggest, however, that

environments around the home compared with those

around locations used for work, school, shopping,

and travel are markedly different for certain people

and can exert differential influences on behaviors.

For example, studies have identified differences

between foodscapes around individuals’ home and

work locations that might be affected by socioeco-

nomic and marital status, as well as associations

between access to fast food outlets beyond the resi-

dential neighborhood and dietary intake (Zenk et al.

2011; Gilliland et al. 2012; Burgoine and Monsivais

2013; Howell et al. 2017; Maguire et al. 2017).

Research on children’s food environments in

London, Ontario, has also shown that the presence

of fast food outlets and convenience stores near

schools is linked to increased junk food purchasing

(He, Tucker, Gilliland, et al. 2012), poorer diets

(He, Tucker, Irwin, et al. 2012), and higher body

mass index z scores (Gilliland et al. 2012), whereas

the food environment around the home had no sig-

nificant effects. Misclassifying food accessibility and

exposure for particular groups based on metrics used

might therefore lead to inferential errors and affect

the understanding of which environments are impor-

tant for whom.

In line with theoretical and methodological

advances, there has been a shift in research to the

use of person-based measures that address previous

limitations (Cummins 2007; Kwan 2009). Studies

increasingly use geolocated mobility data to reflect

the unique environments experienced by individuals

and the multiple contexts in which activities occur

(Cetateanu and Jones 2016). For example, data col-

lected from Global Positioning System (GPS) sen-

sors over a number of days are used to derive

activity spaces within which retail outlets are quanti-

fied (Zenk et al. 2011; Perchoux et al. 2013; Sadler

et al. 2016; Li and Kim 2018). Commuter flows

from travel surveys are also used to show how daily

mobility patterns change access to food retail

(Widener et al. 2015). Person-based measures have

largely been spatial, delineating path area boundaries

of mobility data, although emerging approaches

incorporate temporal dimensions of exposure. Kernel

density estimation has been applied to identify

“dwell points” (Chaix et al. 2017; Widener 2018) or

to weight exposure by time spent nearby (Scully

et al. 2019; Liu et al. 2020), and space–time prisms

have been used to measure potentially accessible

outlets between trip origin and destinations given a

specified time budget (Horner and Wood 2014;

Widener et al. 2015).
Whereas person-based measures provide an impor-

tant advance in measuring the environment with

which one interacts, the application of spatiotempo-

ral methods to understand exposure remains in its

infancy and not without limitations. Defining spaces

visited as those potentially accessible could lead to

selective daily mobility bias. The observation of a

health-related outcome (e.g., food purchase) linked

to a particular environmental feature (e.g., food out-

let) could reflect people’s choices to visit them more

frequently rather than having better access to these

features (Chaix et al. 2013). An additional limita-

tion, which to this point has received little atten-

tion, relates to the unit of measurement (e.g.,

individuals vs. households) for whom activity spaces

have been derived. Measures have predominantly

focused on the individual with the role of other

household members in providing access to food

rarely considered. In contrast, some place-based

approaches partially account for household roles by

using a higher level of abstraction around the home

address to investigate household-level outcomes or by

focusing on the primary shopper (Kirkpatrick and

544 Smith et al.



Tarasuk 2010; Gustafson 2017; Peng and Kaza 2019).

Reviews, however, show that place-based measures of

access have been used interchangeably for both house-

holds and individuals, with individual measures some-

times adjusting for household composition as a

covariate in analyses (Caspi, Sorensen, et al. 2012;

Carter, Dubois, and Tremblay 2014; Cobb et al. 2015;

Bivoltsis et al. 2018). The coordination of food-related

activities across household members remains an area

of paucity in studies of food accessibility. To under-

stand the food environment as a potential determi-

nant of dietary behaviors more clearly, there is a need

to combine methods that draw on spatial, temporal,

and household measures of food access.

Given changes in roles in household labor since

Kwan’s (1999) publication investigating access to

urban opportunities for men and women (Moyser

and Burlock 2018), we seek to build on the previ-

ously described body of work by contributing a novel

focus on within-household differences and how the

role of support mighy distort the use of individual-

level measures of access to food retail. The following

two questions are answered. First, how do individual

and household measures of spatial access to food

retailers compare? Second, how do measures compare

for men and women in the same household? Because

access and spatial behaviors are linked closely to urban

form, transport opportunities, and socioeconomic fac-

tors, we explore how these differences play out over

different urban contexts. Understanding how roles

within households contribute to food retail access is

important for more accurately measuring access to

food in future studies and ultimately improving equita-

ble access to healthy and affordable retailers.

Materials and Methods

Data Source

We used data from the FASTT Study, collected

in Toronto, Ontario, Canada. Toronto is Canada’s

largest city, with nearly 6 million inhabitants and a

large immigrant population (46.1 percent), making it

one of the most multicultural cities in the world

(Statistics Canada 2017).

Individuals were recruited through face-to-face

intercept interviews in three study neighborhoods on

the street, in community centers, and in apartment

lobbies. Recruitment took place in February through

March 2019 by university and community-based

research assistants (RAs) who were hired and trained

for the study. Intercepted individuals completed a

brief eligibility questionnaire to determine whether

RAs would attempt to recruit them. Eligible partici-

pants were between eighteen and sixty-five years of

age; were a parent of a child at home; owned a

smartphone; and lived in Parkdale, Rexdale, or

Scarborough. Although the study aimed to recruit

an approximately equivalent number of participants

from the three neighborhoods, recruiting was most

successful in Parkdale and Rexdale, with forty-five

and seventy-six eligible participants, respectively,

attending orientations. Only four respondents

attended orientation sessions in Scarborough and so

were not taken forward for analysis in this study.
Parkdale and Rexdale have varying levels of retail

and transport opportunities (Figure 1). Parkdale is

adjacent to downtown Toronto and has a high popu-

lation and retail density, along with relatively high

levels of transit service. The Greater Rexdale neig-

borhood, which we term Rexdale, is an inner suburb

that includes the adjoining official neighborhoods

named Thistletown–Beaumond Heights and

Rexdale–Kipling. Compared with Parkdale, levels of

population and retail density are lower and the

transport environment is more car-oriented. For

example, based on access to employment scores (a

common proxy for general access) that we generated

based on participant home addresses, the mean num-

ber of employment opportunities within a thirty-

minute transit ride was 4.4 times greater for Parkdale

residents compared with Rexdale residents. In con-

trast, opportunities within a thirty-minute car ride

were only 0.12 times greater for Parkdale residents

(for data and code used, see https://github.com/

SAUSy-Lab/canada-transit-access).
If interested in the study, eligible participants

were invited to one of a number of orientation ses-

sions held in their neighborhood in March and were

asked to bring all adults (older than eighteen years

old) residing in their household (e.g., a spouse or

grandparent) who would also qualify as participants.

At the orientation sessions, the project was described

to eligible participants and written consent was

sought for those who wanted to proceed. Once con-

sent was acquired, participants completed a question-

naire that captured socioeconomic characteristics,

food purchasing practices, self-reported health status,

and anchor location information including home,

work, and primary supermarket(s) usually visited.
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Following orientation, participants were provided
with the FASTT time use diary, based on the
Harmonized European Time Use Survey and special-

ized for Canadian and food research contexts.
Diaries were divided into ten-minute time intervals
in which participants reported primary and second-

ary activities, their location or transport mode, and
whether they were with anyone else (e.g., a child or
friend). Diaries were completed for seven

consecutive days, beginning the day following the
orientation. After diaries were returned via postage-
paid envelope to the research team, participant

responses were coded into standardized primary and
secondary activities by RAs, using the General
Social Survey of Canada Time Use Cycle activity

categories as a guide (Statistics Canada 2019a).
The final activity at the orientation involved

assisting participants with downloading the FASTT

Figure 1. Map of Greater Toronto Area comprising public transport routes and food retail outlet locations for neighborhoods included

for study. The study neighborhoods are represented by City of Toronto neighborhood boundaries in which recruitment for the Food

Activities, Socioeconomics, Time, and Transportation Study occurred. Rexdale’s boundary corresponds to the Mount Olive–Silverstone–

Jamestown neighborhood and Parkdale corresponds to the South Parkdale neighborhood. Map contains data from # OpenStreetMap

contributors.
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smartphone application (an instance of Itinerum;

Patterson et al. 2019) and requesting that they pro-

ceed as they normally would for the next eight-day

period, inclusive of the orientation day, so that a

total of seven days of time use diary and GPS data

would be collected concurrently. The epoch at

which GPS fixes were collected was dependent on

the user’s phone model but based on uninterrupted

data averaged seven seconds (modal value¼ two sec-

onds). A seven-day period was used to capture a

variety of behaviors over the course of a week while

limiting participant burden (Krenn et al. 2011; Zenk

et al. 2018). Participants were offered 10 CAD in

compensation at orientation once they completed

the survey and were mailed a 50 CAD gift card after

providing GPS and time use data.
The University of Toronto Research Ethics Board

approved the study protocol (No. 35783).

Sample and Inclusion Criteria

A total of 121 Parkdale and Rexdale participants

completed the paper questionnaire and 102 com-

pleted the GPS data collection in addition to the

questionnaire (the potential sample). We included

participants in this analysis if questionnaire and GPS

data were available for at least two members of the

same household, regardless of partner status. We

therefore excluded multiple-adult households with

only one data point from the study (n¼ 39). To cap-

ture a range of activities and locations visited over

the course of the study period, participants were

required to have at least three days of a minimum of

eight hours’ total time of data recorded by the

FASTT app and reported in the time use diary.

These thresholds align with other studies that use

multiple-day activity spaces and objective measures

of health behavior (Howie and Straker 2016; Kwon

et al. 2019; L. Smith, Foley, and Panter 2019). The

final analytic sample included forty-six participants

from twenty-one households (seventeen households

with two participants and four households with three

participants). All households included at least one

man and one woman. Details about the analytic

sample are further explained in the Results section.

Deriving Activity Spaces

We used GPS data to derive three different and

complementary activity space metrics that were

designed to capture all spaces visited, including

travel routes taken and key activity locations where

most time was spent (Figure 2). Prior to the deriva-

tion of activity spaces, we identified erroneous GPS

data points based on a measure of GPS accuracy

(the horizontal dilution of precision) and their posi-

tioning in relation to neighboring points and

removed them from the data set (Spatial Analysis of

Urban Systems Lab 2019). Using GeoPandas 0.7.0

for Python (GeoPandas Developers 2019), we gener-

ated path areas by joining consecutive GPS points

into polylines. To account for potential signal loss

and signal stray (Auld et al. 2009; Duncan, Badland,

and Mummery 2009), spatial and temporal differ-

ences between each point were calculated. Where

differences of greater than 200 m or five minutes

were identified, based on a two-second temporal

epoch and distance that could feasibly be traveled, a

break in each polyline was created. To check the

suitability of line breaks and the location of route

networks in relation to food retail outlets, we

inspected GPS polylines using geographic informa-

tion systems software (QGIS 3.14). We chose a net-

work buffer of 100 m to create polygons around each

polyline to capture relevant spaces individuals passed

and to be sensitive enough to detect differences

between household members. The buffer size was

kept relatively small compared with other path area

measures used in previous activity space research,

which range from 50 m to 800 m (Sadler et al.

2016; L. Smith, Foley, and Panter 2019), but was

wide enough to capture the space from the street

centerline to building center points, including super-

markets located behind parking lots.

In contrast to the path area measure, which cap-

tures all locations an individual passes through, irre-

spective of time spent there, activity locations (and

weighted activity locations) were defined as spaces

individuals visited for a minimum of ten minutes

and aimed to capture locations where potential

exposure to food retail outlets was greatest. In line

with a study by Liu et al. (2020), a ten-minute

threshold accounted for the majority of total

recorded GPS time (88 percent), removing locations

where trips were made or short activities undertaken.

An algorithm was used to extract activity locations

from cleaned GPS points for each participant

(Spatial Analysis of Urban Systems Lab 2019). In

brief, the algorithm generated a kernel density esti-

mation surface and where peaks in clustered points
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exceeded a ten-minute dwell time, a coordinate with

the total time spent there was exported. For
weighted activity locations, we retained the total
time spent at each dwell point. Compared with

measures of areas around routes and path areas,
buffer sizes of anchor locations such as workplaces
are typically larger to capture accessibility (Williams

et al. 2014; Perchoux et al. 2015) and so we created
a 500-m radial buffer around each coordinate to
delineate activity spaces. A 500-m buffer was consid-
ered in line with existing studies and the reporting

of consistent findings, compared with larger buffer
sizes (Gilliland et al. 2012; Perchoux et al. 2016; Liu
et al. 2020). Because the focus of this study was to

identify differences between household members and
individual and household measures of spatial access,
the size of the buffer used should have few implica-

tions for results.
For each activity space metric, we merged resul-

tant overlapping polygons in QGIS for (1) each

individual and (2) each set of household members

and used the activity space area for nonweighted

metrics (Figure 2). For weighted activity locations

we summed the total time spent in overlapping poly-

gons by either the individual or the grouped house-

hold members and attributed it to the merged

polygon. Time spent at each activity location was

presented as a proportion by dividing it by the total

time spent at all activity locations, which we then

used to weight the total area.

Measuring the Food Environment

We used OpenStreetMap (OSM) data to identify

locations of food retail outlets (OpenStreetMap con-

tributors 2015). OSM contributors populate and ver-

ify geographic information within an open-source

platform, linking “OSM tags” with the North

American Industry Classification System. OSM tags

Figure 2. Activity space metrics used to quantify spatial access to food retail. GPS¼Global Positioning System. aFull definitions for

household measures of access to retail outlets are provided in the Appendix (Table A.1). bWhere PAij is the jth path buffer polygon of

person i; area(Z) is a function returning the area of polygon Z; rk is the kth retail outlet; ALij is the jth activity location buffer polygon of

person i; Tij ¼ time spent at jth activity location by person i; and Ti ¼
P

jTij is the time spent at all activity locations by person i.
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for “supermarket,” “convenience,” and “green_grocer”

relate to North American Industry Classification

System codes for Supermarkets and Other Grocery

(except Convenience) Stores, Convenience Stores, and

Fruit and Vegetable Markets, respectively (Statistics

Canada 2019b). These were queried and downloaded

for urban regions in Canada in March 2019, the

same month for which FASTT survey data were col-

lected. Where point data were unavailable, we con-

verted the centroids of polygons of outlets into

coordinates. OSM retail outlet data have been used

by other studies of the built environment and shown

to have reasonable validity with government data

sets in Canada (>81 percent; Open Street Map

Wiki: Toronto Statistics 2019) and other high-

income countries (Bright et al. 2018; Herrmann

et al. 2019; Pr€ager et al. 2019).
Within QGIS, we plotted retail outlets and activ-

ity spaces in a common projection. The total num-

ber of supermarkets, convenience stores, and

greengrocers within each activity space type were

summed for each participant and household. In addi-

tion to total count, we derived a density measure

dividing the sum of outlets by total activity space

area in square kilometers for nonweighted metrics

(Figure 2). For weighted activity locations, we multi-

plied the proportion of time spent at each activity

location by the corresponding count and then

summed for all activity locations. We then divided

the final weighted count by the total area for

each individual and household to create a

weighted density.

We chose the retail outlet types to reflect poten-

tial locations to purchase food that is likely to be

prepared at home and made accessible to other

household members. A relative score assessing the

ratio of healthy and unhealthy outlets was therefore

not investigated in this study.

Covariates

Participants self-reported personal and lifestyle

characteristics via a questionnaire, including their

gender identity, shopping responsibilities, whether

they currently work, how often they have access to a

car, and their home address. Response options of

covariates used for analysis are provided in the

Appendix (Table A.2). Addresses were used to assign

individuals to a residential neighborhood. To test for

multicollinearity, correlations between potentially

connected covariates were tested using Pearson and

Spearman correlation formulas. Strong correlations

were shown between neighborhood and transit score.
To compare with self-reported shopping responsi-

bilities in the questionnaire, we used time spent

coded as “offline grocery shopping” in time use diary

entries. All included participants with time use diary

data completed entries for the entire seven-day

period. We summed the total time reported for each

household and calculated the proportion of time

spent grocery shopping by each individual within

the household. If an individual’s proportion was

within 20 percent of another household member’s,

that person was categorized as a shared shopper. For

example, for households with two respondents, indi-

viduals responsible for 40 to 60 percent of household

shopping time were identified as shared shoppers,

those who recorded more than 60 percent as primary

shoppers, and those with less than 40 percent as sec-

ondary shoppers. Interestingly, only 50 percent of

individuals who identified as primary or secondary

shoppers in the questionnaire were categorized in

the corresponding category based on time use data.

Given this, we primarily relied on the categorization

from the time use data as it demonstrates observed

food shopping behavior, rather than a participant’s

perceived food shopping role. Where time use diary

data were not available (n¼ 6), we used answers

from the paper questionnaire as a proxy for shopping

role to maintain the highest possible sample size

(Kitterød and Lyngstad 2005).

Analysis

We described sample characteristics for the poten-

tial sample, the excluded sample, and the ana-

lytic sample.

We used independent t tests to assess differences

in sample means across binary categorical variables

of gender, employment status, car access, and neigh-

borhood. For shopping status, we performed analysis

of variance (ANOVA) and Tukey’s tests to compare

means of all possible pairs of strata within the cate-

gory and used chi-square tests to compare gender

and both questionnaire and time use derived shop-

ping variables. To identify potential retail opportuni-

ties added or missed by adults living in the same

household, we used paired t tests to first compare

individual measures of exposure with combined

household measures for men and women. Second,
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we compared measures for men and women living

within the same household.
Finally, we used two-way ANOVA tests to inves-

tigate whether moderating factors affected within-

household gender differences in exposure. A two-way
ANOVA was considered appropriate over regression

analyses due to the small sample size and the study’s

aim to test for differences in measures, rather than
effect sizes. Given the study’s attempt to highlight

methodological implications of individual-level

approaches, we selected factors based on the avail-
able data, their ability to be analyzed meaningfully,

and their influence on the extent of mobility and

shopping habits. We included interaction terms for
neighborhood, shopping status, employment status,

and car access in separate models but acknowledge

that the small sample size did not allow for addi-
tional confounding factors, notably ethnicity and

income, to be controlled for. Because supermarkets

were identified as primary food shopping locations
by respondents, outcomes focused on measures of

supermarket counts and densities. If there was evi-

dence of an interaction, we investigated variables fur-

ther by stratifying within-household differences
between men and women by levels of the moderator.

We checked model assumptions of normality for
tests using Shapiro-Wilk tests and analytic plots

of residuals.

Sensitivity Analysis

The analytic sample included adults living in mul-
tiple-adult households, irrespective of the relation-

ship between household members, because it is

plausible that cohabiting adults could share shopping
responsibilities. Because the literature has largely

focused on households with two adults (e.g., coupled

parents) rather than households with more than two
adults (e.g., a couple and a grandparent), we per-

formed a sensitivity analysis for participants who

reported living with a partner (n¼ 42). The direc-
tion, magnitude, and size of differences remained

consistent with primary findings, justifying the inclu-

sion of all cohabiting adults in the analytic sample.

Results

Sample Characteristics

Valid GPS data from multiple-adult households
were available for eighty-five participants (83.3

percent of potential sample) nested within sixty-two

households. Just over half (n¼ 46, 54.1 percent)

were from twenty-one households with data from

more than one individual, with eleven participants

residing in the urban neighborhood of Parkdale and

thirty-five in the suburban neighborhood of Rexdale

(Table 1).
The mean age for participants was forty years (with

a range of eighteen to sixty-four) with a relatively

even distribution of men and women in both neigh-

borhoods, contrasting with the potential and excluded

samples, which were composed of a majority of

women. Most participants identified as South Asian,

which was consistent for all samples in Rexdale (74.3

percent of analytic sample), and the proportion of

participants identifying as White in the Parkdale ana-

lytic sample was lower than that in the potential and

excluded samples. Most participants in the analytic

sample were employed, although a greater proportion

of participants in Parkdale were in full-time employ-

ment (63.6 percent) than were those in Rexdale

(45.7 percent). Similarly, the Parkdale sample

reported higher income, distributions that were

unique to the analytic sample.

Sample Measures of Food Retail Access

Sample means of food retail access for subgroups

and differences in access by characteristics are

detailed in the Appendix (Table A.3). In brief, there

were no conclusive differences shown between gen-

ders in exposure to different retail outlets across all

three measures, except for weak evidence of a greater

density of greengrocers for women (path area: men

¼ 0.14 per square kilometer; women ¼ 0.38 per

square kilometer). Based on all activity space met-

rics, there was no indication that supermarket access

varied by shopping status. Activity space areas were

greater for employed participants (path area:

employed ¼ 25.21 km2; not employed ¼ 10.64 km2;

activity locations: employed ¼ 6.38 km2; not

employed ¼ 4.33 km2), as were counts of retailers.

Car owners also had larger activity spaces and lower

densities of outlets.
Counts and densities of supermarkets and conve-

nience stores were consistently higher in Parkdale

than Rexdale for all activity space metrics, which

aligns with the denser characteristics of urban

form associated with the Parkdale neighborhood

(Figure 1).
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Within-Household Differences in Food
Retail Access

Mean differences between individual measures of

access and their household measures of access are

reported for men and women throughout this sec-

tion. For example, in Figure 3, path area activity

spaces for men are 10.43 km2 smaller on average

than their merged household area, whereas path area

activity spaces for women are 23.33 km2 smaller.

Significant differences between individual’s and

their household’s measure of activity space area were

shown for nonweighted metrics (path area: men ¼
�10.43, 95 percent confidence interval [CI]

[�15.72, �5.14 km2]; women ¼ �23.33, 95 percent

CI [�37.26, �9.41 km2]; activity locations: men ¼
�3.41, 95 percent CI [�4.42, �2.40 km2]; women ¼
�4.78, 95 percent CI [�6.16, �3.41 km2]), with

greater differences between individual and household

measures shown for women (Figure 3). Taken

Table 1. Sample characteristics

Participants with GPS data (n¼ 102) Participants from multiple-adult households with valid GPS data (n¼ 85)a

Potential sample Excluded sample (n¼ 39)b Final analytic sample (n¼ 46)

Parkdale Rexdale Parkdale Rexdale Parkdale Rexdale

n % n % n % n % n % n %

Individuals 38 100 64 100 18 100 21 100 11 100 35 100

Age M (SD) 41.0 (9.50) 39.1 (10.50) 41.19 (7.20) 36.14 (9.60) 40.82 (10.34) 40.83 (11.28)

Genderd

Man 11 28.9 25 39.1 1 5.6 4 19.0 6 54.5 18 51.4

Woman 27 71.1 39 60.9 17 94.4 17 81.0 5 45.5 17 48.6

Ethnicity

Black 7 18.4 7 10.9 4 22.2 1 4.8 0 0.0 4 11.4

South Asian 6 15.8 49 76.6 1 5.6 18 85.7 5 45.5 26 74.3

White 15 39.5 1 1.6 8 44.4 0 0.0 2 18.2 0 0.0

Multiple identities 4 10.5 1 1.6 3 16.7 1 4.8 1 9.1 0 0.0

Other identities 6 15.8 4 6.3 2 11.1 0 0.0 3 27.3 4 11.4

No answer 0 0.0 2 3.1 0 0.0 1 4.8 0 0.0 1 2.9

Household composition

1 adult 4 10.5 1 1.6 N/A N/A N/A N/A
2 adults 0 0.0 4 6.3 0 0.0 2 9.5 0 0.0 2 5.7

3þ adults 2 5.3 7 10.9 2 11.1 1 4.8 0 0.0 5 14.3

1 adultþ children 4 10.5 3 4.7 N/A N/A N/A N/A
2 adultsþ children 22 57.9 33 51.6 13 72.2 12 57.1 8 72.7 18 51.4

3þ adultsþ children 6 15.8 16 25.0 3 16.7 6 28.6 3 27.3 10 28.6

Total no. households 32 44 18 21 5 16

Job

Full-time 19 50.0 26 40.6 5 27.8 7 33.3 7 63.6 16 45.7

Part-time 4 10.5 10 15.6 1 5.6 3 14.3 2 18.2 5 14.3

Not employed 14 36.9 26 40.7 11 61.1 11 52.3 2 18.2 14 40

Other 1 2.6 2 3.1 1 5.6 0 0.0 0 0.0 0 0.0

Income (Canadian dollars)

<30,000 8 21.1 19 29.7 6 33.3 3 14.3 0 0.0 12 34.3

30,000–60,000 12 31.6 18 28.1 5 27.8 8 38.1 3 27.3 8 22.9

60,000–90,000 2 5.3 15 23.4 0 0.0 4 19.0 1 9.1 10 28.6

90,000–120,000 5 13.2 4 6.3 2 11.1 2 9.5 2 18.2 2 5.7

120,000þ 6 15.8 0 0.0 4 22.2 0 0.0 2 18.2 0 0.0

No answer 5 13.2 8 12.5 1 5.6 4 19.0 3 27.3 3 8.6

Note: Percentages shown are of neighborhood subgroups for each sample. Some categories have been collapsed to maintain anonymity where numbers of

participants in subgroups are low. GPS¼Global Positioning System.
aTwelve participants from single-adult households and five participants with invalid GPS data from the potential sample were excluded.
bData from one participant in household.
cData from two or more participants in household.
dNone of the sample self-identified as anything but woman or man.

Household and Individual Measures of Access through a Food Environment Lens 551



alongside results from within-household comparisons

of individual measures (Table 2), these findings sug-

gest that men typically have larger activity spaces

than women in the same household and men appear

to make up most of the area covered by household

members for merged activity spaces. When area was

weighted by time spent at activity locations, men

seemed to spend proportionally more time across a

greater area, but findings were nonsignificant (men:

p¼ 0.7605; women: p¼ 0.4417).
Counts of retail outlets were consistently greater

for household than individual measures (Figure 4A),

as expected given the greater area of the merged

activity space polygons for households. For path

areas, the greatest differences between individual

and household counts were shown for women

(–13.32, 95 percent CI [–20.07, –6.57] supermarkets;

–33.59, 95 percent CI [–50.61, –16.57] convenience

stores), although this was less clear for activity loca-

tions. When counts were time-weighted, supermarket

access was greater for women than for men in the

household, as well as the total household measure

(Figure 4A and Table 2). A comparable pattern

reflecting the greater magnitude of differences was

shown when assessing food retail outlet density

across all three activity space measures (Figure 4B

and Table 2). Supermarket density was consistently

higher for women across all three metrics and green-

grocer density was higher based on path area and

weighted activity locations.

In contrast to the comparisons of sample means

(Appendix, Table A.3) where no clear differences in

access to retail outlets were apparent by gender, a

pattern of greater retail outlet density emerged for

women when comparing access with total household

measures and access with men in the same house-

hold. The results from nonweighted activity space

measures might be a product of women having

smaller activity space areas than men in the house-

hold, whereas the time-weighted findings potentially

owe to more time spent in or near supermarkets and

greengrocers. The latter findings were corroborated

by data on time spent shopping from questionnaires

and time use diaries. Independence tests indicated

that shopping status was dependent on gender, with

a greater proportion of women identified as primary

shoppers and men as shared or secondary shoppers

(Appendix, Table A.4).

The results of the investigation of moderating

effects of key variables on gender and supermarket

access are included in the Appendix (Table A.5).

There was no evidence of an interaction with shop-

ping status, employment status, or car access for any

measures of access to supermarkets. Differences in

activity location areas and supermarket counts, how-

ever, appeared to be modified by neighborhood.

Differences in access between men and women in

the same household stratified by neighborhood are

illustrated in Figure 5. A positive difference indi-

cated that access was greater for men than for

Figure 3. Mean within-household differences between individual and household measures of activity space area for men and women.

Results of paired t tests comparing individual measure and the corresponding household measure: �p< 0.05. ��p< 0.01. ���p< 0.001.

M ¼ men; W ¼ women.
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women and a negative difference indicated

the reverse.
Based on spatial activity space measures, men

residing in Rexdale had larger activity location areas

and counts of supermarkets than women in their

household. The opposite was shown for Parkdale res-

idents, with women having larger activity location

areas and counts of supermarkets. When weighting

supermarket counts by time spent at activity loca-

tions, within-house differences appear less clear for

Rexdale households but greater supermarket access

for women persists for Parkdale households (although

confidence intervals are wide).

Discussion

This study showed that for the sample with a

large South Asian population in Toronto, gendered

differences in access to food retail outlets were not

identified when comparing sample means but spatial

and spatiotemporal access was different for men and

women within households. Household activity spaces

were larger than individual activity spaces with

greater counts of food retail outlets. When compar-

ing within-household differences of individual activ-

ity spaces by gender, men had larger activity spaces

than women in their household and typically

accounted for the majority of area covered by house-

hold members. A consistent pattern was shown for

supermarket density and, to a lesser extent, green-

grocers across different activity space metrics. A higher

number of supermarkets per square kilometer was

shown for women than men in their household, as

well as total household measures, with women poten-

tially spending more time in or near supermarkets.
Findings appeared to be moderated by neighbor-

hood. At the sample level, supermarket access was

greater for residents in the more urban neighborhood

of Parkdale and within-household analysis demon-

strated greater activity space areas and supermarket

counts for women in Parkdale households and for

men in Rexdale households. The built environment

might therefore affect potential mobility and access

to food retail for men and women differently, irre-

spective of car access or shopping status.

Situating Findings within the Literature

A lack of difference in access by gender across

individuals in the sample suggests that there is

T
ab
le

2
.
W

it
h
in
-h
o
u
se
h
o
ld

co
m
p
ar
is
o
n
s
o
f
ac
ce
ss

to
fo
o
d
re
ta
il
o
u
tl
et
s
b
et
w
ee
n
m
en

an
d
w
o
m
en

C
o
u
n
t

D
en
si
ty

p
er

sq
u
ar
e
k
il
o
m
et
er

A
re
a
(k
m

2
)

S
u
p
er
m
ar
k
et
s

G
re
en
gr
o
ce
rs

C
o
n
v
en
ie
n
ce

st
o
re
s

S
u
p
er
m
ar
k
et
s

G
re
en
gr
o
ce
rs

C
o
n
v
en
ie
n
ce

st
o
re
s

M
9
5
%

C
I

M
9
5
%

C
I

M
9
5
%

C
I

M
9
5
%

C
I

M
9
5
%

C
I

M
9
5
%

C
I

M
9
5
%

C
I

M
ea
n
d
if
fe
re
n
ce

b
et
w
ee
n
m
en

an
d
w
o
m
en

in
sa
m
e
h
o
u
se
h
o
ld

P
at
h
ar
ea

1
3
.7
5

[0
.2
8
,
2
7
.2
1
]�

2
.4
8

[–
6
.6
0
,
1
1
.5
6
]

–
0
.2
4

[–
2
.3
2
,
1
.8
4
]

7
.2
0

[–
1
4
.1
3
,
2
8
.5
3
]

–
0
.3
3

[–
0
.6
6
,
0
.0
0
]�

–
0
.2
5

[–
0
.4
5
,
�0

.0
5
]�

–
0
.4
6

[–
1
.1
3
,
0
.2
1
]

A
ct
iv
it
y
lo
ca
ti
o
n
s

1
.6
7

[0
.0
8
,
3
.2
6
]�

–
0
.4
8

[–
2
.8
2
,
1
.8
6
]

0
.2
4

[–
0
.9
1
,
1
.3
9
]

0
.6
4

[–
5
.1
7
,
6
.4
5
]

–
0
.4
1

[–
0
.8
0
,
�0

.0
1
]�

–
0
.0
7

[–
0
.2
8
,
0
.1
5
]

–
0
.0
2

[–
0
.8
6
,
0
.8
2
]

W
ei
gh
te
d
ac
ti
v
it
y
lo
ca
ti
o
n
s

0
.1
5

[–
0
.1
3
,
0
.4
3
]

–
0
.6
6

[–
1
.1
7
,
�0

.1
5
]�

–
0
.1
0

[–
0
.2
4
,
0
.0
3
]

–
0
.3
8

[–
1
.7
2
,
0
.9
5
]

–
0
.3
3

[–
0
.6
3
,
�0

.0
4
]�

–
0
.0
2

[–
0
.0
4
,
0
.0
0
]�

–
0
.0
8

[–
0
.8
3
,
0
.6
6
]

N
ot
e:

P
o
si
ti
v
e
d
if
fe
re
n
ce

in
d
ic
at
es

ac
ce
ss

is
gr
ea
te
r
fo
r
m
en

th
an

w
o
m
en
,
an
d
n
eg
at
iv
e
d
if
fe
re
n
ce

in
d
ic
at
es

ac
ce
ss
is
gr
ea
te
r
fo
r
w
o
m
en

th
an

m
en
.

� p
<
0
.0
5
.

��
p
<
0
.0
1
.

��
� p

<
0
.0
0
1
.

Household and Individual Measures of Access through a Food Environment Lens 553



variation in mobility patterns and food environments

experienced for both men and women. Between

households, the extent of areas covered and outlets

to which individuals are exposed diverge. More

structured differences by gender seem to be present

at the household level, however, when movement

and access are assessed relative to other house-

hold members.

Literature that has considered variation in param-

eters of activity spaces and mobility has typically

focused on individuals. Several studies have demon-

strated differences in patterns of mobility between

men and women. Smaller activity spaces have been

identified for women (Kwan and Kotsev 2015;

Sanchez et al. 2017; Lo and Houston 2018), in part

due to travel modes taken, whereby women are more

likely to use public and active modes of transport

(Vance and Iovanna 2007; Mercado et al. 2012;

Miralles-Guasch, Melo, and Marquet 2016). At the

sample level, this study showed that those with regu-

lar access to a car typically had larger activity spaces

than those who did not, and there was evidence for

within-household differences in the size of activity

space between men and women with men traveling

further. Findings related to gendered sizes of activity

spaces have not been consistently reported across

studies and settings, however (G. C. Smith and

Sylvestre 2001; Zenk et al. 2011), and in this study,

women’s activity locations were greater in area for

residents in Parkdale. Car ownership did not moder-

ate within-household differences in access in this

study, possibly due to shared use of a car within a

household, but the availability of public transport

might explain some variations by neighborhood.

Given the greater public transport opportunities and

number of retail outlets in and around Parkdale than

Rexdale (Figure 1), the extent of mobility might be

increased for women who can use public transport.

Traveling a smaller additional distance in a neigh-

borhood of dense urban form allows for counts of

supermarkets to increase, which might reflect the

variations in access by gender for each neighbor-

hood. Without transit ridership information from

sample participants, however, conclusions around

Figure 4. Mean within-household differences between individual and household measures of food retail outlets for men and women.

Results of paired t tests comparing individual measure and the corresponding household measure: �p< 0.05. ��p< 0.01. ���p< 0.001.

M ¼ men; W ¼ women.
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neighborhood transit as a potential modifying factor
should be interpreted with caution.

Regardless of neighborhood or car access, the den-
sity of supermarkets remained highest for women in
the household. More food retail opportunities might

not always be an indication of a larger activity space
size; instead, it might owe to gender roles and the
types of spaces where women spend more time. In
line with changes in employment, differences in gen-

der-based patterns of mobility have been argued to
be decreasing, with women replicating mobility pat-
terns prevalent among men with longer, motorized

trips (Dobbs 2005). Although this theory reflects the
lack of findings across sample means from this study,
the within-household differences in time spent in or

near food retail outlets suggest that women’s spatial
and temporal fixity continues to be constrained rela-
tive to men in their households. The division of

domestic labor has been shown to be gendered, with
responsibilities relating to food work, chauffeuring,
and child care disproportionately carried by women

(Bianchi et al. 2012; Boarnet and Hsu 2015; Taillie
2018). Despite some convergence in employment
and household responsibilities between men and

women, within-household dependencies and conse-
quent imbalances appear to have persisted (Kwan

1999; Marshall 2006). Findings from this study high-
light the potential for built environments to offer
greater travel and food retail opportunities, particu-

larly for women, but also suggest that mobility pat-
terns and spaces experienced might reflect gender
roles, with women assuming responsibility for the

majority of household food shopping. Women appear
to spend more time in and near supermarkets com-
pared to men in the household, a potential conse-
quence of multiple tasks assumed by women in terms

of both employment and household labor.
Finally, no significant differences between house-

hold members were shown for convenience store

access, which has been associated with lower quality
diets (He, Tucker, Irwin, et al. 2012; Lind et al.
2016; Kaji et al. 2019). In contrast, the greater

access to supermarkets and greengrocers for women
highlights their potential to positively contribute to
their diet and the diet of their household members

(Laraia 2004; Moore et al. 2008; Minaker, Olstad,
et al. 2016), albeit at the cost of their time use.
Findings related to supermarket access and diet have

Figure 5. Within-household differences in measures of access for men and women by neighborhood. Positive difference indicates that

access is greater for men than for women and negative difference indicates that access is greater for women than for men.
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been mixed, however (Caspi, Kawachi, et al. 2012;

Lear, Gasevic, and Schuurman 2013; Dubowitz et al.

2015; Vogel et al. 2016), which might in part be

due to a focus on neighborhood measurements and a

lack of understanding regarding who is shopping for

what and for whom.

Methodological Implications

Attempts to understand mobility and the food

environment are increasingly centered around the

individual. In methodological terms, though, this

causes important household dependencies and social

connections to be missed. Seemingly, access to

healthy food for an individual, particularly for men,

could be increased by extension of another house-

hold member’s activity space and food shopping

activities. By virtue, using individual-level measures

in studies assessing spatial access to food retailers

could provide a poor representation of potential

stores and food accessible through other house-

hold members.
This study uses a merged household measure as a

way to test for variation in activity spaces and

potential food access between household members.

A merged measure is not necessarily advocated, how-

ever, as a replacement for individual measures

because it assumes equal accessibility for all members

of the same household. Further, it does not shed

light on who contributes most to food shopping and

whose access to food is benefited by the actions of

another household member. Depending on assumed

food purchasing responsibilities, the use of a merged

measure could under- or overestimate exposure for

household members and give rise to bias in results.

Future studies of food access and exposure should

incorporate some understanding of respondent

responsibilities within the household and potential

support received in relation to food purchasing. This

could be achieved through time use diaries, using

questionnaires, or framing research questions to

move forward previous ideologies relating to house-

hold levels of consumption (which used static neigh-

borhood measures) into a more dynamic context.

When assessing outcomes such as food purchasing or

dietary outcomes, this might require the use of varia-

bles relating to household composition, how food

shopping is divided between members, and the

potentially accessible spaces of the primary shopper.

In addition to household responsibilities, gender

disparities in activity spaces have been related to

urban form (Fagan and Trudeau 2014). Our study

suggests that differences in within-household access

between men and women might vary by urban set-

ting. More thoughtful consideration is required for

what is being measured, particularly in the context

of urban settings, and how this might skew results.

In the case of this data set, for example, controlling

for gender at the sample level might not have

accounted for within-household differences, and rely-

ing on measures of access to supermarkets for indi-

viduals might have caused access to be

underrepresented for some, depending on the

method used and neighborhood studied.

Improving studies of access to food could help to

strengthen evidence for future policy and planning

and ultimately lead to more equitable and healthy

food environments for individuals and households.

Drawing on more representative measures of access

provides an opportunity to gain insight into what

access means for whom and where and to identify

mechanisms and stronger evidence on the pathways

that act to shape purchasing habits and die-

tary behavior.

Strengths and Limitations

This is one of the first studies to consider within-

household differences in spatial access to food retail

and the implications of realizing high-resolution data

at the individual level, at the cost of accounting for

gendered roles and dependencies within households.

A key limitation of the study was the small sam-

ple size, particularly for the subsample residing in

the Parkdale neighborhood. The data collected were

rich in location information, however, and allowed

for spatial and temporal patterns of mobility to be

accurately mapped and quantified for multiple mem-

bers of households. The aim of the study was not to

quantify empirical differences between household

members but rather to identify patterns in differ-

ences across measures and types of retail outlets. By

using multiple activity space delineations, both total

mobility and locations where the most time was

spent were captured, allowing the potential contribu-

tions of shopping opportunities by different house-

hold members to be explored in line with the

current literature on gendered differences in house-

hold labor. Despite the small sample size,
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observations could be drawn across the measures and

limitations of using individual-level spatial measures

of access could be qualitatively identified.
Due to the small sample size, it was not possible

to perform multivariable analyses and to control for

important factors, including ethnicity and income,

which might play a role in the differentiation of

food access and choice of retailers visited. Findings

cannot therefore claim to be generalizable and pat-

terns shown for gender might be biased by residual

confounding. The sample was also limited by a lack

of data for common household arrangements, includ-

ing same-gender partners and cohabiting adults, such

as older parents. The study, however, offers an

important starting point for recognizing the impor-

tance of both spatial and social contributions to

access, not just for partnered adults, and provides

critical insights into a sample across different

urban settings.

Finally, data were collected over a seven-day

period that could not be validated against self-

reported information to ascertain whether the data

constituted a “typical” week for shopping. The data

collection period might have obscured habitual pat-

terns of behavior and might explain some variation

between the time use and questionnaire responses

surrounding shopping responsibilities. To address

these limitations, we recommend that future studies

adopt a sampling frame that captures diverse styles

of household over multiple time points. Data should

allow for a breadth of factors that influence food

shopping behaviors to be controlled for, and consid-

eration should be given to shared tasks and interde-

pendencies, not only between household members

but with actors outside of the household as well.

Conclusions

This study identified differences in measures of

spatial access to food between household members

and highlighted important methodological limita-

tions of the increased collection and use of individ-

ual-level spatiotemporal data in studies of the food

environment.

As studies of the food environment increasingly

incorporate spatiotemporal detail at the individual

level, future research should also consider the role of

place, social connections, and the division of shop-

ping responsibilities between household members.

More representative measures of access to food might

allow for improved understanding of relationships

with dietary behavior and for more equitable design

of urban environments that encourage an alleviation

of time pressure and a more equal division of

household labor by shifting food purchasing

responsibilities.
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