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ABSTRACT

Purpose: This study aimed to assess the reliability and validity of an on-
line approach to monitoring food affordability in Ontario using the
updated Ontario Nutritious Food Basket (ONFB).

Methods: The ONFB was priced online in 12 large multi-chain grocery
stores to test intra-/inter-rater reliability using percent agreement and
intra-class correlations (ICCs). Then, the ONFB was priced in-store and on-
line in 28 stores to estimate food price differences using paired t-tests
and Pearson’s correlation for all (n =1708) and matched items (same
product/brand and purchase unit) (n=1134).

Results: Intra-/inter-rater agreement was high (95.4%/81.6%;
ICC=0.972, F=69.9, p<0.001). On average, in-store prices were
less than $0.02 lower than online prices. There were no significant
differences between mean in-store and online prices for all items
(t=0.504 p=0.614). The mean price was almost perfectly correlated
between in-store and online (fully matched: R=0.993 p<0.001; all
items: R=0.967 p<0.001). Online monthly ONFB estimates for a family
of four were strongly correlated (R=0.937 p<0.001) with estimates cal-
culated using in-store data.

Conclusions: Online pricing is a reliable and valid approach to food cost-
ing in Ontario that contributes to modernizing the monitoring of food
affordability in Canada and abroad.

Key words: food prices, food cost monitoring, food affordability, healthy
diet, food basket, market basket, public health, dietitians, household
food insecurity, national nutritious food basket, Canada’s food guide.
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INTRODUCTION

The price and affordability of food are key determinants of
diet quality and nutrition-related health [1]. Globally, food
cost is monitored through “food baskets” (also called “market
baskets”), which are made up of foods that represent a healthy
diet and reflect the typical purchasing patterns of the popula-
tion [1]. Food baskets are more accurate reflections of the cost
of diets compared with other food costing tools such as the
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Obijectif. Cette étude visait a évaluer la fiabilité et la validité d’une approche
en ligne pour surveiller l'abordabilité des aliments en Ontario a l'aide de la
version mise a jour du Panier de provisions nutritif de 'Ontario (PPNO).
Méthodes. Le colt du PPNO a été établi en ligne dans 12 grandes chaines
d’épiceries possédant de multiples banniéres afin de tester la fiabilité intra/
inter-évaluateur au moyen du pourcentage de concordance et de coefficients
de corrélation intraclasse (CCl). Ensuite, le codt du PPNO a été établi en mag-
asin et en ligne dans 28 magasins afin d’estimer les différences de prix des
aliments a l'aide de tests t pour échantillons appariés et du coefficient de
corrélation de Pearson pour tous les articles (n = 1708) et les articles
appariés (méme produit/marque et unité d’achat) (n = 1134).

Résultats. La concordance intra/inter-évaluateur était élevée
(95,4 %/81,6 %; CCl = 0,972, F = 69,9, p < 0,001). En moyenne, les prix
en magasin étaient inférieurs de 0,02 $ aux prix en ligne. Il n’y avait pas
de différence significative entre les prix moyens en magasin et en ligne
pour tous les articles (t = 0,504, p = 0,614). Le prix moyen en magasin
était presque parfaitement en corrélation avec le prix moyen en ligne
(pleine concordance : R = 0,993, p < 0,001; tous les articles : R = 0,967,
p < 0,001). Les estimations mensuelles en ligne du colt du PPNO pour
une famille de quatre personnes étaient en forte corrélation (R = 0,937,
p < 0,001) avec les estimations faites & partir de données prélevées en
magasin.

Conclusions. La détermination des prix en ligne est une approche fiable
et valable pour établir le colt des aliments en Ontario, et cette approche
contribue a moderniser la surveillance de 'abordabilité des aliments au
Canada et a l'étranger.
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d'épicerie, santé publique, diététistes, insécurité alimentaire des
ménages, Panier de provisions nutritif - Canada, Guide alimentaire
canadien.
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consumer price index (CPI) [2]. CPIs are limited in their focus
on individual foods rather than overall eating patterns and
provision of data solely for urban centres [2, 3]. As such,
CPIs cannot be used to interpret food affordability in the con-
text of costs of living (e.g., housing costs).

In Canada, there is no standardized food costing protocol,
though most provinces adapt the National Nutritious Food
Basket (NNFB) [4]. The NNFB was created by Agriculture
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and Agri-Food Canada in 1974 to calculate the cost of a
nutritious diet for different age and sex groups [5]. It informs
the food component of the Market Basket Measure used to
determine the official federal poverty line [6]. Provincial
stakeholders use local NNFBs to monitor food affordability
in their regions and inform social and health policy and
programming [6].

The NNFB was adapted by Ontario into the Ontario
Nutritious Food Basket (ONFB) in 1998 and later updated in
2008 following the release of the 2007 Canada’s Food Guide
[5]. With the advent of the new food guide in 2019, Health
Canada published updates to the NNFB [7], which were inte-
grated in the ONFB by the Ontario Dietitians in Public
Health - Monitoring Food Affordability in Ontario subgroup
in 2020. The updates include changes to food item descrip-
tions and purchase sizes to better align with product availabil-
ity in Ontario. Despite the federal updates to the NNFB, as of
2018, the Ontario Public Health Standards no longer specify
the protocol that must be followed despite stipulating local
“boards of health are required to monitor food affordability
at a local level” [4, 5]. For consistent and standard measure-
ment, the ONFB remains a widely adopted tool in public
health units (PHUs) in Ontario used to fulfill local food cost-
ing requirements [4, 5].

Pricing information for the ONFB has conventionally
been collected through annual in-store audits by each
PHU [5]. This traditional approach to food pricing is common
in Canada and other countries, though one pilot study
exploring online price collection has been conducted in
Ireland [8]. With the high labour associated with in-person
data collection and the emergence of the COVID-19 pan-
demic, practitioners and policy-makers are incentivized to
consider new methods.

The aim of this study was to assess the reliability and valid-
ity of a new online approach to collecting food prices from
major grocery chains in Ontario. We aimed to determine the
consistency in food prices of ONFB items collected online
within and between raters (intra- and inter-rater reliability,
respectively) and between online and in-store methods (valid-
ity). Our hypotheses were

1. Food prices collected twice by the same rater on the same
day from the same store will not differ using the online
process.

2. Food prices collected by different raters on the same day
from the same store will not differ using the online
process.

3. Food prices collected on the same day from the same
store by one rater using the online protocol will not dif-
fer from another rater using the in-store process.

4. The cost of the ONFB for a family of four will not differ
depending on whether it was collected by the online or
in-store process.

Our secondary objectives were to assess reliability and val-
idity of the ONFB online process by region and food category.

METHODS

This study consisted of two cross-sectional components
assessing the reliability and validity of the online ONFB tool.
Both components relied on publicly available online food
and beverage prices and were collected following the updated
ONEB tool. Eligible stores were limited to large grocery chains
with consumer-facing online platforms. Grocery stores with
small market share and those without online platforms were
excluded from the sample. This study is a continuous quality
improvement project using publicly available data that do
not involve direct interaction between researchers and indi-
viduals and is therefore exempt from ethics approval.
However, approval was obtained from store owners or manag-
ers to collect prices in-store.

Reliability assessment

Food prices were collected online during a 1-week period in
February 2021 in 12 grocery stores from four major grocery
retailer chains, including premium and value banners. Store
name and information are confidential as per our agreement
with stores when we requested permission to access stores
for this project. Stores sampled were required to be near
PHUs across four regions in Ontario: Southwestern, Central,
Eastern, and Northwestern for logistical reasons. PHUs were
selected based on their geographic dispersion and the avail-
ability of major online retailers. Store addresses closest to
PHU offices were entered on store websites and two raters
independently collected food price data from all stores.
Through searching and sorting, raters identified the lowest
price per kilogram or defined purchase unit for each item in
the ONFB. Sale items were priced provided they were not part
of multi-price schemes (i.e. discounts for purchasing multiple
items). Each rater completed 15 online store audits that
allowed for eight intra-rater and ten inter-rater comparisons
across 61 food items and seven food categories (see supple-
mental files' for ONFB items and categories).

Intra-rater reliability was measured as the difference in
prices recorded by a single rater during two different times
(morning and evening) on the same day from the same store.
Inter-rater reliability was measured as the difference in prices
recorded by the two raters for a single food item on the same
day from the same store. The percentage perfect agreement
two-way random intra-class correlations (ICCs) of prices
between and within raters was calculated for each item in the
ONEFB across all stores. Since the raters aimed to record the
item with the lowest price per kilogram, particular brands/
products were not specified in the costing tool beyond the
description and purchase units indicated.

'Supplementary data are available with the article at https://dcjournal.ca/doi/suppl/10.3148/cjdpr-2023-022.
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Validity assessment

After minor edits to the online tool and process following reli-
ability assessment (e.g. clarified product types, decision path-
way when products are unavailable), a second round of food
price data collection was conducted in February 2022. The
ONEFB was priced in-store and online for 28 grocery stores
from four major grocery retailer chains, including premium
and value banners, that were purposively selected for diversity
in geographic location and population size. Nineteen stores in
the South (9 small/medium, 10 large) and 9 stores in the
North (7 small/medium, 2 large) were included. Population
centres were classified following Statistics Canada population
size cut-offs (small: 1,000-29,000; medium: 30,000-99,999;
large: 100,000+ persons) and the North/South regional classi-
fication followed alPHa categorization [9,10].

Two raters completed in-store and online food costing for
the same store on the same day, recording product name/
brand, purchase unit, and price. It was not possible to have
the same individual complete costing by both methods for
one store due to logistical challenges and capacity. Both in-
store and online raters recorded the lowest price per kilogram
or defined purchase unit for each item in the ONFB. Raters
were encouraged to communicate with their partner to ensure
the same products and lowest price possible were recorded by
both raters, reducing the likelihood of inter-rater error obscur-
ing the validity of the online method. When discrepancies
existed, raters always recorded the cheapest items available
by their method. To estimate agreement between online and
in-store prices, percent agreement was calculated for all items
and matched items (i.e. when raters recorded the exact same
product/brand and purchase unit). Percent perfect agreement,
paired t-tests, and Pearson’s correlation for all (n=1708
pairs) and matched items (n = 1134) were calculated.

Since the purpose of the ONFB is to estimate the cost of a
healthy food basket for a household, the difference in online
and in-store food basket costs was examined as part of the val-
idity assessment. Using a spreadsheet from Statistics Canada
that generates the cost of the NNFB for each age and sex
group, we calculated the food cost online and in-store for a
family of 4 (female age 4-8; male age 14-18; male age 31-50;
female age 31-50). The total cost per family per day was multi-
plied by 1.05 to account for miscellaneous items and then by
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4.33 to calculate monthly costs. Usually, a Household Size
Adjustment Factor is applied that accounts for economies of
scale (lower cost per person to feed a larger family) where
the weekly cost of the food basket is adjusted by 0.9-1.20,
but the Household Size Adjustment Factor is 0.0 for a family
of four so no adjustment was made.

IBM SPSS Statistics for Windows v28.0.1.0 (2021, IBM
Corp., Armonk, New York) was used for all analyses with stat-
istical significance level set at o« = 0.05.

Results

Reliability

Inter-rater and intra-rater reliability was high for all stores,
surpassing 80% and 90% agreement, respectively. Intra-rater
reliability was high for all food categories (88-100%), but
inter-rater reliability varied (Table 1). The foods within
“Often close to dairy case”, “Bread or Bakery”, and “Meat
Department” categories had lower percent agreement (73%,
63%, and 57% respectively). Overall, there was an average
95.4% intra-rater and 81.6% inter-rater agreement across all
stores and food categories (ICC =0.972, F =69.9, p < 0.001).

Validity

Product availability: Items that were available both in-
store and online were high (96.5%); less than 1% were only
available in-store but not online. Products and purchase units
matched between raters 86.6% and 88.2% of the time, respec-
tively (Table 2). Price matches across all items were slightly
lower (80.9%) due to the fact that the prices compared were
for different products or purchase units 12-14% of the time.
All regions had similar high product availability and matches
for products, purchase units, and prices (Table 2).

Across the food categories, availability ranged from 87.5%
to 100.0% in-store and from 83.9% to 100.0% online, with
most items having 100% product availability both in-store
and online. Matched product, purchase unit, and price percent
were high for all categories except for bread or bakery aisle
(matched product: 52.6%, matched purchase unit: 53.3%,
matched price: 44.4%) and the meat department (matched
product: 66.2%, matched purchase unit: 38.6%, matched price:
46.5%). In particular, the beef round roast (matched product:
38.9%, matched purchase unit: 29.2%, matched price: 50.0%)

Table 1. Reliability of food categories.

Intra-rater reliability

Inter-rater reliability

Dairy case

Often close to dairy case

Meat department

Produce

Bread or bakery

Frozen food

Canned packaged and dry foods

96% 96%
100% 73%
88% 57%
96% 81%
93% 63%
100% 86%
96% 89%
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Table 2. Availability and matching of Ontario Nutritious Food Basket items by region (n = 1708).

Products available Products available
online n (%)

in-store n (%)

Matched
price n (%)

Matched
products’ n (%)

Matched purchase
unit n (%)

All items (n=1708)

By region

North (n=549)

South (n=1159)

Small and medium (h=976)
Large (n=732)

1659 (97.1%)

520 (94.7%)
1139 (98.3%)
960 (98.4%)
699 (95.5%)

1664 (97.4%)

525 (95.6%)
1139 (98.3%)
961 (98.5%)
703 (96.0%)

1218 (86.6%)1 1445 (88.2%)° 1330 (80.9%)°
431 (84.2%)°
899 (79.5%)°
790 (83.1%)'?

540 (78.0%)'°

462 (90.4%)°
983 (87.1%)°
843 (88.7%)!
602 (87.4%)

414 (87.2%)"
804 (86.4%)"
746 (86.9%)°
472 (86.1%)%°

Note: 'Missing n=302; 2Missing n = 69; *Missing n = 65; “Missing n = 74; *Missing n = 38; ®Missing n = 37; “Missing n = 228; Missing n = 31; Missing n = 28; °Missing n = 118;

Missing n = 26; °Missing n = 25; >Missing n = 184; "“Missing n = 43; >Missing n = 40.

"Matched refers to when raters recorded the exact same product/brand, purchase unit, or price.

and the whole wheat dinner roll (matched product: 0.0%,
matched purchase unit and price: 17.4%) had low match per-
centages. Overall, for matched items, 94.3% of prices were
identical (see supplemental files).

Product price difference: The mean price difference was
less than $0.02 across all food items (percent difference:
0.01%, range: $0.00-0.92 [0.00-0.47%]) and $0.02 for fully
matched items (percent difference: 0.01%, range: $0.00-0.43
[0.00-0.06%]), with items being lower cost in-store (see sup-
plemental files). On average, online prices were only cents
higher in all regions (range: $0.00-0.04 [0.01-0.01%]). By
food category, mean price difference for all products ranged
from $0.04 to $0.95 (0.00-0.04%) (see supplemental files).

The greatest percent difference was observed for the bread or
bakery aisle, wherein online prices were lower cost than in-
store. The mean price of items between in-store and online
was not significantly different for any of the foods, for both
fully matched (n:1134) (t=-1.34 p=0.18) and all items
(t=0.50 p=0.61). The mean price difference across all fully
matched items was strongly correlated for in-store and online
(R=0.78, p<0.001), with small variation between regions
(R=0.76-0.81 p <0.001) and food categories (R = 0.84-1.00
p <0.001). Overall, the mean price across products was
almost perfectly correlated in-store and online regardless of
whether items were matched (fully matched: R=0.99
p <0.001; all items: R=0.97 p < 0.001) (Figure 1).

Figure 1. Correlation of mean prices of products across all stores for (A) all items and (B) matched items.
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The costs of the ONFB per month for a family of four, cal-
culated using in-store and online data, were strongly corre-
lated (R=0.94 p < 0.001). The mean cost of the ONFB for a
family of four was $920.80 when calculated using in-store
data, and $937.30 when calculated using online data. This dif-
ference (mean: $16.50, SD: $43.88) was not statistically signifi-
cant (t: —1.99 p =0.057) (see supplemental tables for more
detail on in-store and online food costs by age-sex groups).

DISCUSSION

Our study aimed to evaluate an online approach to monitor-
ing food affordability. The study had four main findings.
First, intra- and inter-rater reliability was high. Second, most
foods were available both online and in-store, allowing for
matching of products. Third, prices of items in-store and on-
line were highly correlated, with very small (and thus likely
insignificant) price differences across both matched and all
products. Last, the monthly cost of the ONFB for a family of
four was almost perfectly correlated between in-store and on-
line. Thus, the findings suggest that the online approach is a
reliable and valid method for online food pricing of the
ONFB in major grocery store chains when used by trained
raters (e.g. registered dietitians, nurses, community workers).

Intra- and inter-rater reliability was high across most
stores and food categories. As such, the online platforms can
be reliably used to produce consistent results regardless of
who is using them or at what time of day. Product availability
and match were high and did not differ by region or food cat-
egory. Similar trends were observed in a study examining
streamlined (online and telephone) compared with traditional
(in-store) food pricing methods, which found mean price and
availability agreement to be very high in grocery stores -
upwards of 99% of food items sold in grocery stores had the
same price online and in-store [11]. Further, no differences
in price were observed by remoteness of location, as was the
case in the present study [11]. This affirms the homogeneity
of food prices in large multi-chain stores across Ontario.

The price difference across all food items was on average
less than $0.02 lower in-store than online. The greatest price
difference observed by food category was $0.51 per purchase
unit, which constituted a 0.04% increase online above that
recorded in-store. This is in line with previous research con-
ducted by Cavallo [12] which, to the authors’ knowledge, con-
stitutes the largest online price comparison study to date in
Canada. In this study, price data for large multi-chain compa-
nies, including Carrefour, Lawson, and Walmart, identified
that online and offline prices of grocery and non-grocery
items were identical 91% of the time [12]. Similar to the price
differentials observed in the present study, Cavallo et al.
observed that online prices were only up to 4% greater than
in-store prices. [12]. These findings corroborate the validity
of the online method for food cost monitoring as they under-
score the comparability of online and in-store methods.

Finally, although we observed a $16.50 difference in the
cost of a monthly food basket for a family of four in Ontario
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between online and in-store data collection, the two methods
were almost perfectly correlated. Given that the total monthly
costs for both methods were around $920-940, this translates
to only approximately 1.8% increase in cost. When viewed in
the context of other costs of living such as housing costs, the
$16.50 difference is not likely to be seen as significant. This
indicates that when employed in a practice setting, the online
approach to food costing is not only feasible and reliable but
also results in food cost estimates that are valid when com-
pared against the gold standard of in-store costing. Further,
though traditional in-store food costing is considered the gold
standard, to the authors’ knowledge, it has not been formally
assessed in the Canadian context with regard to its reliability
or validity [13]. As such, it is possible that there is a certain
margin or error present, which may be skewing the observed
difference.

In traditional food cost monitoring, time and resources
must be dedicated for travel to and from the store, as well as
for establishing relationships with the retailers, in addition to
the time spent actually costing the food. Aside from the food
baskets and CPI, another widely used tool is the Nutrition
Environment Measures Study retail stores audit instrument
(NEMS-S), which measures the quality, availability, and price
of foods sold in grocery stores [14,15]. The NEMS-S has been
validated and is reported to have high inter-rater and test-
retest reliability [14]. However, a key limitation of NEMS-S is
the need for personnel to spend long periods of time collecting
the data, particularly for travel and walking around on
location [14]. The online approach may thus be time and
cost-saving, with the increased efficiency allowing PHUs to
more effectively utilize their resources. Regardless of the pre-
ferred method, staff and volunteers must be adequately
trained to use food costing tools and select the most appropri-
ate product at the lowest price per kilogram or unit.
Incorrectly selecting products to price may introduce more
error into the cost of a nutritious food basket than any error
associated with the collection of food prices online or in-store.

Moreover, there is presently a transition to digital food
environments, accelerated by the COVID-19 pandemic [16].
In the United Kingdom (excluding Northern Ireland), online
food sales have doubled between 2020 and 2021 and in
Australia one in three people have bought their groceries on-
line since the start of the pandemic [16]. Consequently, online
approaches to food cost monitoring will continue to become
increasingly important as digital food environments rapidly
evolve.

Strengths and limitations

To the authors’ knowledge, this is the first study to assess the
reliability and validity of an online approach to food cost
monitoring. Though disparate pilot studies employing online
methods have been published [8], to date, no online
approaches have been compared against the gold standard of
in-person food costing. The results of this study provide
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meaningful insight into the modernization of food cost moni-
toring efforts in Ontario, Canada, and worldwide.

Some limitations must be noted. First, due to reliance on
consumer-facing web platforms, this approach is limited to
large multi-chain retailers with an online presence. As such,
smaller local retailers, particularly independently owned
ethnic grocery stores, continue to require in-store costing pro-
vided they meet the Ontario Dietitians in Public Health -
Monitoring Food Affordability in Ontario subgroup criteria.
This may pose concerns in more remote communities, which
may be primarily served by independently owned local retail-
ers. In effect, though there is homogeneity of large multi-chain
stores, there may be cost difference regionally when in-store
and online costing are integrated in a hybrid process.
Nonetheless, due to larger national/provincial chains being
the focus of the analysis, generalizability of findings is
improved. Second, the ONFB excludes more expensive foods,
including some higher priced convenience foods and pre-
prepared items. As such, the calculated cost is likely lower
than what consumers actually spend [17]. Further, the basket
may not be representative of the typical diet. Finally, our data
collection occurred during winter months, where most food
costing activities in Canada usually take place in the spring
or fall. Although food prices are affected by seasons, we do
not have any reason to believe that the reliability and validity
of online pricing would be affected by seasonality. We expect
that any differences between in-store and online prices that
would make the tool more or less valid would be more likely
to be random than systematic errors due to seasons. Thus,
we believe our findings on reliability and validity to be reason-
ably generalizable to the full year. The reliability and validity
of online food pricing methods our results support may be
time-bound due to its collection during the COVD-19 pan-
demic. Reliability and validity of tools are only as static as
the contexts in which they are used. The design or function
of online food purchasing platforms is likely to evolve due to
the multiple micro and macro factors impacting food prices
and consumer behaviour in Canada [18], and thus online food
pricing methods should be reviewed in the future and adapted
as necessary.

RELEVANCE TO PRACTICE

Prompted by the COVID-19 pandemic and the new Canada’s
Food Guide publication, the need for a novel approach to food
costing arose [19]. The present study fulfills a practice-based
need to modernize food affordability monitoring and estab-
lishes online food costing as a reliable and valid approach
when compared with the gold standard of in-store data collec-
tion. Online food costing facilitates safe and efficient monitor-
ing, allowing data collection to be streamlined across the
province. Nonetheless, given the multitude of research on
price disparities between Northern and Southern regions in
Canada [20], online pricing should continue to be used in
combination with in-store audits, especially in more
Northern and rural communities.
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The availability of food prices online is increasing, facilita-
ting the evolution of public health nutrition data collection
methodology as it has in other disciplines like economics
[11]. This is key to effectively and efficiently monitoring food
affordability as required by provincial standards and allows
PHUs to be better able to address community needs [5].
Accurate food cost data equip public health practitioners with
the ability to better estimate food affordability. In turn, food
affordability data can be used to advocate for food security
policies/programs (e.g. guaranteed income supplement) to
alleviate household food insecurity. Ultimately, this new
approach pioneers the online monitoring food affordability
process, paving the way for the modernization of food costing
across Canada and beyond.
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