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Abstract: This study aims to bridge the gap between the potential and realized spatial access to food
outlets in rural areas of Québec, Canada. By assessing both aspects, this research aims to provide
a comprehensive understanding of the challenges faced by rural communities in accessing food
resources and the effectiveness of existing interventions in addressing these challenges. A mixed
methods approach was adopted to collect and analyze data, combining GIS-based spatial analysis
with community-based surveys. The spatial analysis allowed for the quantification of the potential
access metrics, while the community surveys provided valuable information on travel behaviors,
preferences, and barriers experienced by residents when accessing food outlets. The results of
the distance measurement calculations showed that for both the potential and realized distance
measurements, convenience stores are more easily accessible than grocery stores and supermarkets.
Thus, workers seem to have a strategy for minimizing the impact of long distances by combining
work and grocery shopping. These results are measured for the realized accessibility to grocery stores
and supermarkets and the principal retailer used. Finally, the results of the analyses show that there
is a socio-economic gradient in the potential geographical accessibility from home to the food outlets.
The importance of developing and strengthening the local food environment to make it favourable to
healthy eating and supportive of food security is discussed.

Keywords: potential access; realized access; local food environment; accessibility

1. Introduction

Individual food choices are influenced by various factors, including income, personal
food preferences, and knowledge. However, environmental factors such as physical, eco-
nomic, political, and socio-cultural environments also play a crucial role in determining
food choices [1–3]. The World Health Organization (WHO) and the Centers for Disease
Control and Prevention (CDC) emphasize the importance of healthy eating in population
health and recommend the development or consolidation of a local food environment (LFE)
that promotes healthy eating habits [4,5]. The LFE refers to the food supply available in mu-
nicipalities and neighborhoods, including the accessibility to various types of food stores [6].
Experts have hypothesized that having a good-quality local food environment (LFE) can
positively impact eating habits, while a poor-quality LFE could contribute to a poorer
quality diet. Research suggests that in disadvantaged areas and low-income households,
the characteristics of the local food environment have an even greater influence due to
limited financial resources, lack of time, and transportation options for food shopping [7,8].
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Due to the reduced food access caused by COVID-19 and the health measures implemented
to control the epidemic, studies on the LFE have become increasingly popular in recent
years [9–13].

Access to food is a fundamental human right and a critical determinant of health
and well-being [6,14–17]. In rural areas, ensuring equitable access to food stores is often
challenged by geographical dispersion, limited infrastructure, and the reduced availability
of retail options [18–21]. In this context, understanding the spatial dynamics of food access
becomes crucial for designing effective interventions to address food security and promote
healthier dietary habits.

Food store access can be refined into two distinct concepts: the potential access and the
realized (or “revealed”) access [20,22–24]. These two different types of access have long been
used in the field of access to healthcare services. As far back as 1978, Andersen and Aday
distinguished between the measures of accessibility based on the availability of services
(potential access) and the actual use of services (realized access) [25]. These concepts
have often been used in healthcare services studies since the end of the 20th century to
today [23,26–28]. More recently, these two concepts have also been applied to studies of
food outlets [29]. On one hand, the realized access reflects the ability of individuals or
communities to obtain and use available food resources. In other words, the realized access
refers to the actual use of food outlets. It considers not only the physical proximity of
food stores but also factors in transportation options, income levels, food affordability,
cultural preferences, and mobility constraints that influence whether people can access
and purchase food from these outlets. The realized access provides a more comprehensive
understanding of the challenges and barriers people may face in acquiring and consuming
food [30,31]. On the other hand, the potential access refers to the theoretical or geographical
availability of all food retail outlets within a certain area, typically measured in terms of
proximity or distance. Factors such as the number of grocery stores, supermarkets, farmers’
markets, and convenience stores in an area can contribute to the potential access to food
stores [19,29–31].

Previous studies in urban areas have shown that the potential access to food outlets
is generally higher when compared to rural areas mainly due to the higher population
density and greater concentration of retail outlets in urban areas [20,32–37]. Studies have
shown that urban neighborhoods often have a higher density of supermarkets and grocery
stores, which are associated with better access to fresh and healthy food options [32–36].
Supermarkets and grocery stores are less geographically accessible in rural areas. Sev-
eral studies in various rural areas of the United States have measured the geographical
accessibility of supermarkets and grocery stores, and the results of these studies show
that the distance to the nearest store varies from 4.9 km to 32 km [31,38–41]. While the
potential access is better in urban areas, the realized access can still be of concern due to
factors such as income, transportation availability, and personal mobility that can hinder
individuals from utilizing nearby food stores. Rural areas typically have a lower population
density, which can result in fewer food retail options, especially supermarkets. This limited
access can be exacerbated in remote or isolated rural regions. Studies have highlighted the
existence of “food deserts” in rural areas, where residents may need to travel long distances
to reach a well-stocked grocery store [33,35,42]. The results of several other studies also
show that the potential access to convenience stores and small shops is greater in rural
areas. Socio-economic disparities in geographical accessibility to food stores in rural areas
have been identified in several studies [18,33,43–47].

The realized access to food stores in rural areas is influenced by factors such as
transportation infrastructure, the availability of public transit, and owning a personal
vehicle [24]. The lack of reliable transportation options can restrict individuals’ ability to
access food stores, leading to increased reliance on convenience stores that have limited
food choices.

Based on the seminal work of Sharkey, Horel, and Dean (2010), this article presents a
comprehensive analysis of the potential and realized (or revealed) spatial access of food
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stores in rural areas of Québec, Canada [24]. This study aims to measure the spatial
potential access (e.g., distance to food stores) and the spatial realized access (e.g., travel
patterns) to food outlets in rural areas. The goal is to identify “access gaps” where the
potential access is high, but the realized access is low. We also aim to explore the reasons
behind these disparities by analyzing individual variables related to the degree of access
(household variables; accessibility barriers; perceptions of food access). Previous studies
have suggested that simple physical distance may not be an adequate measure of spatial
accessibility to food outlets, as individual characteristics can be associated with accessibility
measures. Measures of food deserts may thus exhibit bias [48]. Geographical accessibility
to food stores is a less well-documented topic in the literature, and studies comparing
the potential and actual access measures are even less so [21,31,49,50]. We believe that by
establishing this portrait of actual accessibility, we will be able to propose interventions
that can promote accessibility to outlets offering food related to healthy eating.

We suggest three hypotheses based on previous studies, as follows:

Hypothesis 1: The potential access is expected to be greater than the realized access since the latter
is not entirely determined by geographical considerations.

Hypothesis 2: Convenience stores are more accessible than grocery shops and supermarkets in
rural areas based on the distance measurements of both the potential and realized locations.

Hypothesis 3: The analyses will show a socio-economic gradient in the potential geographical
accessibility of households to food shops.

This article is organized into three sections. The first section will describe the materials
and methods used, including the survey data and data on the location of food stores. It
will also explain how the indicators of the potential and realized access to stores were
operationalized, and the strategies used for analysis. The second section will present the
results of the analyses. Finally, the last section will provide a discussion and an overview
of the strengths and limitations of the study, concluding with a final remark.

2. Materials and Methods
2.1. Data Source

The sample used in this study comes from a larger study assessing the impact of open-
ing food cooperatives in areas classified as food deserts. When the Effets de l’implantation
d’une coopérative alimentaire sur l’alimentation et la santé (EffICAS) study began, a provin-
cial organization that supports food co-operative initiatives collaborated to identify some
communities in the process of setting up such a project. This study therefore focused on
small communities with a low population density on the north shore of the St. Lawrence
River in Quebec, located 850 km northeast of Montreal. For more details on the protocol of
this study, please consult Robitaille et al. (2022) [51].

The EffICAS study utilizes a natural experimental research design that combines
sequential data collecting methods. Using surveys, the study collects, among other data,
the different types of food stores where households have obtained their food supply in the
past 30 days, before and after the co-ops open. The data used for the distance measurements
are those before the opening.

2.2. Sample
2.2.1. Communities Sample

Two communities, Gallix and Rivière-Pentecôte, were selected based on their intention
to establish a food co-operative between 2021 and 2023, their limited access to outlets
that provide healthy food, namely supermarkets and groceries, and the presence of socio-
economic sectors that are underprivileged. Please refer to Figure 1 for more details.
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Figure 1. Localization of the communities.

The Gallix community consists of 304 households with a total of 674 inhabitants
according to the 2016 Canadian census. There is no food store of any type in this community.
Rivière-Pentecôte has 317 households, or 885 inhabitants, according to the same census.
In this community, a convenience store-style food co-op has been in operation for about
15 years. It offers staples, ready-to-eat meals, and some fresh produce on-site and to order.
This co-op is relocating due to its outdated location.

There is only one road that links one village to the other in the Côte-Nord region
where the two communities are located. Due to the low density of the population, there are
no opportunities for traffic jams. There is no frequent public transportation either: 99.5% of
the survey respondents indicate using a car to go to their main grocery store.

2.2.2. Survey Respondents Sample

At the beginning of the EffICAS study, participants aged 18 years old and over were
recruited in 2021, during the COVID-19 pandemic, via a Facebook campaign, polling
firm, community posters, and local newspapers. The survey was filled out by the person
responsible for food purchases for the household. Informed consent was obtained at the
beginning of the questionnaire after participants were made aware of the details of the
research project. The sample used to calculate potential and realized access to food outlets
includes 82 participants: 28 participants live in Rivière-Pentecôte and 54 live in Gallix. The
data were collected by using self-reported online or paper questionnaires according to
participants’ preferences [52].

2.3. Variable
2.3.1. Food Stores and Residential and Workplace Locations

Two lists of grocery and convenience stores were suggested in the EffICAS question-
naire. These lists were generated from keyword searches on the internet (e.g., grocery store
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banners and gas stations on Google Maps, tourism websites about the region around the
target communities, and others). Participants were asked to identify a maximum of five
grocery stores and five convenience stores where they buy food at least one time per month.
They were also asked which of the grocery stores they go to mainly (“Currently, when you
make your biggest food purchases for the home, where do you mainly go?”). Official store
names, full postal addresses, and coordinate points were then merged into a registry and
matched with respondents’ responses (Figure 2).
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Residential and working places were also collected in the survey, by asking the com-
plete postal address of the two places.

2.3.2. Spatial Access Variables

The spatial accessibility measures developed as part of this study are based on the
work of Apparicio et al. (2017) [22]. These authors propose that the operationalization
of a spatial accessibility measure is divided into 3 phases: the first is to choose a unit of
origin which represents the location of the population. For this study, residential and work
locations will be used. Using both places brings us closer to the concept of spatial activity
space, which is increasingly used as a method of approximating individuals’ exposure
to the environment (e.g., local food environment) [36,53,54]. The second step includes
choosing a measure of spatial accessibility. Researchers have used distance to the nearest
point of sale; number of points in each area; distance to the nearest services; and gravity
models and accessibility measures of the two-step floating catchment area (2SFCA) type
and its variants. In this study, we want to explore the potential level of access to the stores.
We chose the distance between the residence or workplace and the nearest point of sale in
the areas under study for the potential access and outlets identified by participants for the
realized measurement access, a measure of accessibility that has been used several times in
the literature [55–57]. The final step consists of choosing a method for calculating distances.
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With the development of spatial analysis tools, most spatial accessibility measures are based
on the use of reticular distances, i.e., distances based on the geometry of road networks.
This is closer to the actual distances travelled by individuals. Distance measurements will
be calculated using ArcGIS Pro 3.1 software [58]. We are not considering different modes of
transportation since most participants reported (99.5%) using a car to access food outlets.

Potential spatial access from residential and work locations to food outlets was calcu-
lated using survey and food outlet data. Participants were asked to enter their full home
address. It was then possible to geolocate the entire sample using a batch geocoding tool
available in Quebec, Adresses Québec [59]. Participants were also asked to identify their
workplace via an interactive map (online questionnaire) or full address (paper question-
naire). We calculated the network distance between the place of residence, and workplace,
to the nearest outlet under the study area (supermarkets and groceries stores, n = 11)
(convenience stores, n = 40). Two types of variables are calculated: (a) a spatial access
variable to stores that can promote healthy eating (grocery stores, supermarkets) and (b) a
spatial access variable to less favorable food stores (convenience stores). All variables were
calculated according to residential and work locations.

Realized spatial access from residential and work locations to food outlets was cal-
culated using survey data. Participants were asked to identify the food stores in which
they made food purchases. They were asked to identify a main food outlet (where they
make most of their purchases) and secondary food outlets. They could identify up to 5 food
outlets of each kind: groceries and convenience stores. To calculate realized geographi-
cal accessibility, we calculated the network distance between the place of residence, the
workplace, and the nearest food outlets identified and used by the participants to buy food
products. Six variables will be calculated: a spatial access variable to retail stores that can
promote healthy eating (grocery stores and supermarkets) and an access variable to less
favorable food stores (convenience stores). All variables were calculated according to place
of residence and place of work [60].

All distance variables were calculated in ArcGIS Pro 3.1 using Network Analyst by
constructing the Origin–Destination Cost Matrix [61].

2.3.3. Households Variables

The questions related to household characteristics come from the EffICAS study as well.
The questions used have been derived from the survey questions used in the census [62]
or Canadian Community Health Survey (CCHS) [63] These questions include the age,
marital status, education level, housing tenure, household income, number of children in
the household, and the mode of transportation used to reach food outlets.

2.3.4. Accessibility Barriers

Finally, questions were asked in the EffICAS survey about functional mobility and
strength: “In general, do you experience difficulty lifting and carrying heavy loads (e.g.,
grocery bags)?”; “In general, do you have trouble walking and getting around in confined
spaces (e.g., in a grocery store) (yes, no, does not know/prefers not to answer).

2.4. Analysis Strategy

Descriptive analyses of the calculated food access variables and the variables used to
characterize the sample were performed. We calculated key summary statistics, such as the
mean, median, standard deviation, and interquartile range (IQR) for both potential and
realized access measures. Additionally, to determine whether the measures of potential
and realized accessibility differ significantly, we conducted a Wilcoxon signed rank test.
This test assessed whether the differences between the two are statistically significant.
The Kruskal–Wallis test was used to determine whether there are significant differences
between the groups formed by our participants and household variables with regard to the
variables of interest (accessibility measures). A Shapiro–Wilk test was performed to test the
normality of the distribution of the accessibility measures by individual and household
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characteristics. The results of most tests showed that the distributions were not normal.
This prompted us to select the non-parametric test. The Kruskal–Wallis test is suitable for
data that do not follow a normal distribution [64]. We also performed a post hoc Dunn’s
test for two or more grouping variables to compare the accessibility variables across each
pairing of the individual and household variables to determine the specific locations of the
significant differences. To mitigate the potential for Type I errors, or false positives, the test
applies the Bonferroni correction to these values, and the adjusted significance levels can
be observed [65]. Analyses were conducted using SPSS 26 [66].

3. Results
3.1. Sample Characteristics

Table 1 details the characteristics of the sample including the age of the household
respondents, level of education, number of people in the household, status of people in
the household, presence of children in the household, annual household income, and two
questions on the respondents’ difficulties in circulating in confined spaces or carrying
packages (e.g., grocery bags).

Table 1. Descriptive statistics of household and participants’ demographic characteristics.

Characteristics All (n = 82)

Age %
18 to 39 years old 25.6
40 to 59 years old 42.7

60 years old and older 31.7
Educational level, %

≤High school or below 48.0
>High school 48.0

Household size, %
One member 11.0
Two members 51.0

Three members 7.3
Four members 13.4

More than four members 4.9
Household status, %

Living alone 11.0
Living with People 58.5

Other 30.5
Children in household, %

Yes 76.8
No 22.0

Household income level,($) %
Less than 30,000 10.9
30,000 to 60,000 37.5

60,000 to 100,000 15.6
More than 100,000 35.9

Functional mobility and strength, Difficulty walking in confined spaces, %
Yes 18.8
No 81.3

Difficulty lifting and carrying heavy loads %
Yes 7.4
No 92.6

3.2. Objective Measures of Potential Food Access

Table 2 illustrates the mean, median and IQR values of the various potential measures
of food store accessibility. For the study participants, the potential access to the convenience
stores is higher than that of the grocery stores, both from the residential and workplace
locations (workplace: 3.48 km; residence: 12.37 km), as illustrated by a lower mean distance.
The potential access measures are higher when the workplace is used as an origin point
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(3.48 km; 15.41 km). The measures of the potential access do not vary greatly from one
participant to another, except for the measure of the distance from the places of work to the
grocery stores and supermarkets (IQR: 0.81–36.27).

Table 2. Potential food outlet access (kilometers).

Potential Access Mean (SD) 1 Median IQR 2

Workplace to the nearest convenience store 3.48 (5.51) 0.96 0.46–3.65
Workplace to the nearest grocery store 15.41 (22.98) 1.60 0.81–36.21

Residence to the nearest convenience store 12.37 (7.05) 15.94 4.82–18.15
Residence to the nearest grocery store 26.82 (5.89) 25.68 22.87–31.94

1 SD = standard deviation. 2 IQR = interquartile range (first to third quartiles).

3.3. Objective Measures of Realized Food Access

Table 3 illustrates the mean, median, and IQR values of the various realized groceries,
supermarkets, and convenience stores. As with the potential access measures, the actual
access to the convenience stores is higher than for the groceries and supermarkets, except for
the distance between the workplace and the first grocery store (23.67 (19.28) vs. 10.92 (17.71)).
The average distance between the workplace and the various stores is smaller than those
measured from the place of residence for all the different food stores. The distance measures
from the workplace to the grocery store identified by the participants as their main shop-
ping location varies widely, with IQRs of 1.62–53.05. In addition, the distances between
the residential or workplace locations and grocery stores identified as the main place of
purchase are greater than those measured for the first stores used (Workplace to the first
grocery store: 10.92 vs. Workplace to the principal grocery store: 25.64); (Residence to the
first grocery store: 30.92 vs. Residence to the principal grocery store: 37.02).

Table 3. Realized food outlet access (kilometers).

Realized Access Mean (SD) 1 Median IQR 2

Workplace to the nearest convenience store visited 23.67 (19.28) 24.88 5.24–34.94
Workplace to the first grocery store 10.92 (17.71) 2.29 1.07–11.23

Workplace to the principal grocery store 25.64 (27.16) 4.93 1.62–53.05
Residence to the first convenience store 27.48 (12.23) 33.78 17.49–36.48

Residence to the first grocery store 30.92 (13.53) 28.17 23.61–36.48
Residence to the principal grocery store 37.02 (14.68) 36.22 28.82–41.40

1 SD = standard deviation. 2 IQR = interquartile range (first to third quartiles).

3.4. Comparing Potential and Realized Access

Table 4 shows the results of the Wilcoxon signed rank tests. It reveals that there are
significant differences between the potential and realized measurements of the various
food stores, except for those measuring the distance between the workplace and the nearest
grocery store. The biggest differences are between the workplace and the first convenience
store (23.67 (19.28) vs. 3.48 (5.51)) and between the residence and the first convenience store
(27.48 (12.23) vs. 12.37 (7.05)).

Table 4. Realized and potential food outlets access (kilometers).

Difference between Realized and Potential Access Realized Access
Mean (SD) 1

Potential Access
Mean (SD) 1 Z and p Values

Workplace to the first convenience store 23.67 (19.28) 3.48 (5.51) Z = −4.51 ***
Workplace to the first grocery store 10.92 (17.71) 15.41 (22.98) Z = 1.27

Residence to the first convenience store 27.48 (12.23) 12.37 (7.05) Z = −5.38 ***
Residence to the first grocery store 30.92 (13.53) 26.82 (5.89) Z = −2.99 **

*** p < 0.001; ** p < 0.01. 1 SD = standard deviation.
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3.5. Individual and Household Characteristics and Differences in Potential Access

An analysis was conducted to investigate if there are significant differences in the
potential access to food stores according to the individual and household characteristics.
Table 5 illustrates the results of these analyses. The Kruskal–Wallis H test shows that
there are statistically significant differences in the measures of the potential grocery store
accessibility (in terms of education (H = 5.50, p < 0.04), income (H = 12.73, p < 0.005), and
difficulty in moving around grocery store aisles (H = 7.62, p < 0.006). Also, these results
show that there are statistically significant differences in the measures of the potential
convenience store accessibility from home (in terms of income (H = 13.83, p < 0.003), and
difficulty lifting and carrying heavy loads (e.g., grocery bags) (H = 9.05, p < 0.003).

Table 5. Differences in potential access (kilometers) according to household and individual characteristics.

Characteristics PWC PWG PRC PRG

Age
18 to 39 2.89 18.04 14.51 25.83
40 to 59 3.75 12.74 12.67 26.30

60 and older 4.91 23.61 10.22 28.31
Education,

≤High school or below 3.13 15.52 10.18 28.55 a

>High school 3.79 15.87 14.61 25.01 a

Household size,
One member 3.28 22.42 8.98 29.07
Two members 3.60 13.25 12.46 26.54

Three members 1.13 13.22 11.11 28.45
Four members 5.57 27.83 13.54 25.87

More than four members 0.98 1.34 16.53 25.63
Household status,

Alone 3.28 22.42 8.98 29.07
With People 3.69 14.16 12.33 26.57

Other 3.21 14.49 13.65 26.49
Children, %

Yes 3.60 15.13 11.73 27.11
No 3.13 15.99 14.40 25.83

Household income level,
Less than 30,000 N.A. N.A. 3.06 ab 33.24 abc

30,000 to 60,000 2.04 14.92 13.36 a 25.90 a

60,000 to 100,000 3.96 14.92 11.18 28.03 b

More than 100,000 4.20 17.34 15.56 b 24.46 c

In general, do you experience. . .:
Difficulty walking in confined spaces
(e.g., in the grocery store),

Yes 5.67 14.05 7.38 30.79
No 3.23 14.66 13.49 25.90

In general, do you experience. . .:
Difficulty lifting and carrying heavy
loads (e.g., grocery bags),

Yes 9.86 26.68 8.38 a 29.26 a

No 3.13 14.87 12.74 a 26.59 a

Bold accessibility measures with the same subscript (a, b, or c) show a significant difference of at least p < 0.05.
PWC: Workplace to the first convenience store; PWG: Workplace to the first grocery store; PRC: Residence to the
first convenience store; PRG: Residence to the first grocery store.

The distances from home to the nearest grocery store are greater for the participants
with no post-secondary education (≤High school or below: 28.55 vs. >High school: 25.01).
The distances to the nearest convenience store are lower for the low-income participants
(3.06) than for those with a slightly higher income (13.36) (post hoc Dunn’s pairwise
examinations were conducted, as evidenced by a robust statistical significance of p < 0.002,
corrected utilizing the Bonferroni method) and much higher incomes (15.56) (p < 0.003). The
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opposite is true for the distances to the grocery stores, which are lower for the households
with higher incomes (24.46) and higher for the low-income households (33.24) (p < 0.004).
Finally, the distances between home and the nearest convenience store are lower for
the participants who have difficulty lifting and carrying heavy loads (e.g., grocery bags)
(8.38 vs. 12.74). On the other hand, the distance between home and grocery store is longer
for those who have difficulty lifting and carrying heavy loads (e.g., grocery bags) (Yes:
29.26 vs. No: 26.59).

3.6. Individual and Household Characteristics and Differences in Realized Access

Table 6 shows the results of the Kruskal–Wallis tests. Here, we wanted to know
if there were significant differences in the realized access to grocery stores according
to the individual and household characteristics of the households participating in the
EffICAS study.

Table 6. Differences in realized access (kilometers) according to certain household and individual
characteristics.

Characteristics RWC RWG RWPG RRC RRG RRPG

Age
18 to 39 22.70 12.04 29.89 31.42 28.26 36.83
40 to 59 24.46 9.69 22.72 23.63 29.26 33.37

60 and older 23.15 15.03 24.58 28.43 35.29 41.92
Education

≤High school or below 30.82 10.74 40.95 26.11 34.01 26.60
>High school 18.10 11.40 33.02 28.65 27.94 23.73

Household size
One member 37.98 22.91 37.79 22.25 31.18 37.82
Two members 21.48 8.51 17.57 25.82 31.23 38.13

Three members 39.77 24.43 58.79 36.48 31.90 32.33
Four members 10.33 4.53 38.00 31.12 29.80 32.72

More than four members 15.79 1.87 2.15 34.14 25.79 39.92
Household status

Alone 37.98 22.91 37.82 22.25 31.18 37.78
With People 20.92 8.99 38.62 24.98 31.60 18.82

Other 21.16 8.97 33.78 34.30 29.50 30.03
Children

Yes 27.56 11.44 37.95 24.91 31.63 23.77
No 16.23 9.73 33.72 33.38 27.94 29.52

Household income level
Less than 30,000 N.A. N.A. 52.92 16.83 44.29 N.A.
30,000 to 60,000 35.14 13.25 38.56 28.15 32.38 28.35

60,000 to 100,000 16.34 9.15 39.13 22.65 28.42 24.09
More than 100,000 20.87 11.07 31.86 31.68 26.70 27.41

In general, do you experience. . .:
Difficulty walking in confined spaces
(e.g., in the grocery store)

Yes 41.92 9.75 43.64 31.64 25.16 28.95
No 21.60 10.47 35.61 30.88 27.66 24.63

In general, do you experience. . .:
Difficulty lifting and carrying heavy loads
(e.g., grocery bags)

Yes 55.23 17.91 31.92 19.54 a 41.04 a 26.98
No 22.65 10.58 37.54 29.29 a 28.43 a 25.57

Bold accessibility measures with the same subscript (a) show a significant difference of at least p < 0.05. RWC:
Workplace to the first convenience store; RWG: Workplace to the first grocery store; RWPG: Workplace to the
principal grocery store; RRC: Residence to the first convenience store; RRG: Residence to the first grocery store;
RRPG: Residence to the principal grocery store.
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There are significant differences in the measures of the realized accessibility to grocery
stores in terms of the difficulty lifting and carrying heavy loads (e.g., grocery bags) (H = 4.52,
p < 0.03). The distances between the home and the principal grocery store are greater
for the three-person households (58.79) than for the two-person households (17.57) and
households of four persons or more (2.15). Finally, the distances between home and the
nearest convenience store are lower for the participants who have difficulty lifting and
carrying heavy loads (e.g., grocery bags) (19.54 vs. 29.29) (H = 3.99, p < 0.05). On the other
hand, the distance between home and grocery store is greater for those who have difficulty
lifting and carrying heavy loads (e.g., grocery bags) (Yes: 41.04 vs. No: 28.43).

4. Discussion

The first objective of this paper is to comprehensively analyze the potential and
realized (or revealed) spatial access of food stores in a rural area of Québec, Canada. The
results of the distance measurement calculations showed that for both the potential and
realized distance measurements, the convenience stores are more easily accessible than the
grocery stores and supermarkets. The convenience stores are even more easily accessible
from the participants’ workplace than from home. These results are in line with several
other studies which have shown that the accessibility to convenience stores and small
shops is greater in both urban and rural areas [18,33,43–47]. As a result, supermarkets and
grocery stores are less geographically accessible. The distances measured in this study are
similar to those of other studies that have measured supermarket access in rural areas of
North America. However, our measurements are higher than those taken in a study carried
out in the Appalachian region in the USA (3.5 miles or 5.6 km from the nearest grocery
store and 6.1 miles or 9.7 km from the nearest supermarket store) [31]. Distances are also
greater than the ones reported by the Economic Research Service of the US Department of
Agriculture (USDA) for the nearest supermarket (3.1 miles or 4.9 km) [39] as well as the
ones found in the Brazos Valley in central Texas (8.9 miles or 12.9 km) [40]. Nevertheless,
our results are similar to those reported by Connell et al. (2007) (30 miles or 48 km) in the
Mississippi Delta [41], and by Meadow (2012) in rural areas of Fairbanks, Alaska, (20 and
12 miles or 32 and 19 km) [38].

On the other hand, the results of our study show that the distances to grocery stores
and supermarkets are greater than the thresholds used in the operationalization of food
desert indicators. Food deserts are areas where residents have limited access to affordable
and nutritious food, often due to a lack of supermarkets or grocery stores within a given
distance. The USDA defines a food desert as a “low-income tract in which at least 500 people
or 33 percent of the population live more than 1 mile (in urban areas) or more than 10 miles
or 16 km (in rural areas) from the nearest supermarket, supercenter, or large grocery
store” [32]. This definition highlights the importance of both distance and income in
determining the food desert status. From the results for the potential and realized distances
from home to supermarkets or grocery stores (potential access: 26.82 km; realized access:
30.92 km; realized principal access: 37.02 km), we believe the food desert threshold of
10 miles is adequate for the region under study. The study participants are willing to
travel much greater distances to acquire food products. The low density of the territory
and the almost total use of the automobile seem to explain this phenomenon. The fact
remains, however, that the distances travelled by people living in rural areas could prove
problematic given the ageing population, which is expected to face activity limitations and
the loss of autonomy in the future [67–69]. This finding is more problematic, as our research
results show that the participants with mobility limitations are located significantly further
away than those who report no disabilities.

The geographical access to food stores that promote healthy eating is better from the
workplace. Thus, the workers seem to have a strategy for minimizing the impact of long
distances by combining work and grocery shopping. These results are valid for the realized
accessibility to grocery stores and supermarkets, the principal retailer used, but less so
for convenience stores. According to Li and Kim (2020) “. . . a few studies extended the
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spatial contextual units from residential neighborhoods to workplaces by incorporating
commuting patterns to estimate the spatiotemporal healthy food accessibility” [70]. When
we consider different places of exposure to different food outlets (e.g., workplaces and
residential areas), the level of accessibility is higher, even in rural areas [71].

Another objective of this study was to identify whether there is a significant difference
between the potential and realized access measures. For most of the accessibility measures
operationalized in this study, the potential access measures are significantly shorter than
the realized accessibility measures. We can hypothesize that the participants may use
grocery stores for reasons other than the geographical proximity such as lower prices,
greater product quality, better store atmosphere, etc. This finding is difficult to verify in
other studies, as few have measured both the potential and realized accessibility to food
outlets. These results are, however, consistent with the ones reported in the only study to
have measured the potential and realized access to rural grocery stores in the Appalachian
region in the USA [31].

Finally, the results show that there seems to be a socio-economic gradient in the poten-
tial geographical accessibility from home to the food stores. The participating households
with very low incomes are located closer to convenience stores, but further away from
grocery stores than the households with higher incomes. A gradient was also measured for
education, but only for the potential access measure to the grocery stores and supermarkets.
These results are also consistent with other studies in the United States [29,72–74]. In
European countries, given that the population density is higher, even in rural areas, a study
carried out in Germany showed that there were very few disparities in the geographical
accessibility to food stores. The study found that the vast majority of communities were less
than 15 min from groceries by car [67]. But Trembošová et al. (2023) found that scattered
settlements in Slovakia and the Czech Republic lacked access to fresh, affordable food,
leading to social disparities in diet and health problems [75].

The study includes several strengths. Firstly, thanks to the data available, we were
able to measure the realized and potential accessibility to various food stores. To our
knowledge, very few studies have presented results on both the realized and potential
accessibility [31]. Secondly, it was possible to measure the accessibility to food outlets
from residential and workplace locations. Once again, very few studies have reported on
measures of geographical accessibility where the places of exposure were the places of
work and residence [70,71]. Our results provide a better understanding of the realities of
the accessibility to food stores in rural areas. In a literature review, Love et al. (2019) point
out that the characterization of the food environment in its current framework is ill-suited
to rurality. They also report that very few indicators exist to measure the food environment
in rural areas [50].

This study also includes some limitations. Firstly, the samples used in the analyses
are small [76–78]. Part of the reason for the small sample sizes is that the study took place
in small communities. This is often the case in environmental rural studies. For example,
one study conducted in the Appalachian region in the USA used a sample of 9 women
and 50 food stores. In a recent literature review on the food environment in rural areas,
Love et al. (2019) identified 25 studies. These 25 studies covered 3 to 26 communities.
In another literature review on exclusively quasi-experimental designs focusing on the
impact of the implementation of food stores on health, the sample sizes ranged from 79
to 423 [79]. In our studies, the small sample size limits the generalizability and the results
need to be interpreted with caution. Secondly, it was possible to measure the distances
between the workplaces and places of residence. However, it was not possible to generalize
to the activity space, as we do not have data on the participants’ journeys captured by
GPS, for example [53]. A further limitation is that the distances measured for the realized
accessibility indicators are based on optimal routes calculated by ArcGIS and not the
actual routes taken by the study participants. Activity space and GPS use can improve the
exposure measurements in food outlets by providing a more complete understanding of
the individuals’ food retail environments. Studies have shown that measurements based on
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the activity space, which consider the movement and location of individuals beyond their
homes, provide a more accurate representation of the exposure to food outlets than in-home
measurements [80]. By using GPS trajectory data to create activity spaces, researchers can
capture where individuals buy food and the types of food retailers they are exposed to [81].
This approach considers the variability of individuals’ daily mobility patterns and provides
a more realistic assessment of their exposure to different types of outlets [82]. In addition,
measures based on activity space are associated with food shopping behaviours, such as
where food purchases are made, confirming their usefulness in understanding individuals’
interactions with the food retail environment [83]. Overall, incorporating activity space into
exposure measures can improve our understanding of the relationship between individuals
and their food environment.

Considering the main results of our studies, public health agencies and researchers
recognize the importance of developing and strengthening the LFE to make it favourable
to healthy eating [84–88]. Table 7 illustrates the types of promising interventions that could
be implemented based on the main findings of our study.

Table 7. Promising interventions to improve physical access to healthy food.

Main Results Promising Interventions

Convenience stores are even more easily
accessible from workplaces than from homes

• Introducing new conventional sources of supply (e.g., supermarkets) [89–91]
or alternative sources of supply (e.g., co-ops, solidarity grocery stores, public
markets, and mobile markets) [92–94].

• Improving the in-store food offering (e.g., fruits and vegetables in
convenience stores) [95,96].

Accessibility measures and potential access
measures are significantly shorter than the
realized accessibility measures

• Improving the in-store food offering (e.g., fruits and vegetables in
convenience stores) [95,96].

Socio-economic gradient in the potential
geographical accessibility

• Improving the in-store food offering (e.g., fruits and vegetables in
convenience stores) [95,96], land use planning (e.g., zoning) [88], and
increasing mobility (transportation infrastructure).

• Introducing new conventional sources of supply (e.g., supermarkets) [89–91]
or alternative sources of supply (e.g., co-ops, solidarity grocery stores, public
markets, and mobile markets) [92–94].

Future research needs to consider the realized measures of accessibility to food outlets,
as these may prove different from the potential measures of access, which are widely used
in the literature. Work on activity spaces and the use of GPS are promising avenues. Our
findings confirm the importance of including different exposure locations, for example, the
workplace and school. This is particularly salient in rural areas, where distances are long
for all kinds of amenities. Finally, in line with the measures developed in this study, further
work should be carried out on the links between geographical access, food insecurity, and
food consumption.
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