
Study design considerations for
evaluating healthy food retail initiatives

Aim: To describe key considerations when designing studies aimed at evaluating healthy food
retail initiatives over a long period of time using point-of-sale data. 

What do we know?
In this guide, we draw on our experience designing (and analysing) studies that evaluate the impact of
healthy food initiatives in retail venues (e.g. stores, supermarkets, vending machines, restaurants, cafes)
using point-of-sale data. We use some of our research as case studies to describe different study design
approaches that can be used in this setting. Here we focus on the design of studies that evaluate
initiatives using outcome measures created using aggregate (daily, weekly, or monthly) point-of-sale data
(i.e. store or venue-level sales) over a long period of time (months, or years) rather than on household (i.e.
loyalty card datasets, self-reported dietary assessments) or individual sales transactions (i.e. items in a
basket) (see Guides 11 and 10 for further information on measurement metrics for healthy food retail
initiatives and data collection considerations, as well as Vogel et al, 2023). 

What is point-of-sale data?
Sales data extracted from each venue’s electronic point-of-sale system are usually aggregated by a
defined time period (daily, weekly, or monthly), and contain information about all products sold during
the period. Minimum information usually required for analysis includes the start and end dates of the
sales period, and for each product sold: a) details (i.e. product name and brand); b) size (volume or weight
of product); c) total number of units sold; and d) revenue (total $ sales, including taxes). See Guide 10 for
further details about point-of-sale data collection and management. Point-of-sale data can be used to
create outcomes that assess the healthiness of food/drink sold by the venue during each aggregate time
period. 
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Population
What is the population of interest?
Food retail venues that satisfy the study eligibility criteria. For example, vending machines
in hospitals or universities, cafes in sports centres, supermarkets.

Intervention

What is the intervention that you wish to evaluate?
The healthy retail initiative being evaluated. For example, changes in type of products for
sale in vending machines, placement of products on display in supermarkets, introduction
of signage with nutritional information in cafes etc. From now on we refer to the initiative
as the intervention. 

Comparison

What is the control or comparison group, or the comparison time period?
What do you plan on using as a control or comparison with the venues receiving the
intervention? For example, the comparison could be other retail venues operating as usual
without the intervention, or a period of time before the intervention is implemented in the
same retail venues receiving the intervention. 

Outcome
What are the outcomes of the study?
Measures that will be used to assess the effectiveness of your intervention. For example,
weekly % of red (unhealthy) food sold, or daily % of sugar sold.

Time frame

What is the appropriate amount of time needed to assess the effect of the intervention and
to measure the study outcomes?
The total duration of your point-of-sale data collection. For example, a duration of 2 years
may be required for a study where the sales outcomes are measured for 1 year pre-
intervention and 1 year post the start of the intervention.

Figure 1. The elements of a PICOT research question.

What can be done?
The PICOT framework (Richardson et al,1995), which is used in clinical research to formulate well defined
research questions, can also be utilised to develop research questions for the evaluation of healthy food
retail initiatives (Nishikawa-Pacher, 2022). 

We use some of our research as case studies to describe design considerations. Figure 2 presents a brief
description of the case studies referenced in this guide using the PICOT framework. The aim of all these
studies was to investigate the effect of a healthy food retail intervention using aggregated sales data
collected directly from retailers for venues such as supermarkets, stores, cafes, and restaurants. The unit
of observation was the venue, and regular repeated point-sale data were collected across the study
period. 

Population IGA supermarkets in regional Victoria, Australia.

Intervention

Eat Well @ IGA a multicomponent 12-month intervention that included shelf tags for the
healthiest packaged products (Health Star Rating ≥4.5), trolley/basket and floor signs,
banners, posters and other marketing materials encouraging the consumption of healthy
food.

Study 1: Eatwell @ IGA study, a randomised controlled trial designed to assess the effect of a multi-
component supermarket intervention promoting healthier foods on store sales. Eleven supermarkets (5
intervention, 6 control) in regional Victoria, Australia, were randomised within levels of area level socio-
economic position, with suburb level of disadvantage assessed using the Australian Bureau of Statistics’
Index of Relative Socio-Economic Disadvantage (IRSD). 

Figure 2. Summary of studies described throughout this guide.
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Comparison Control supermarkets operated as usual. 

Outcome

Primary outcome:
Weekly % of healthy (core) food sold based on volume/weight of all food sold.

Secondary outcomes:
Weekly % of fruit and vegetables sold based on volume/weight of all food sold.
Weekly % of healthy packaged food sold (Health Star Rating ≥4.5) based on volume/weight of
all packaged food sold.

Weekly nutrient values: total energy per gm; % saturated fat, % sugar, % sodium based on
volume/weight of all packaged food sold.

Time frame Sales data collected for 12 months pre-intervention, and for 12 months during the
intervention.

Population Non-seasonal sporting facility food outlets in local government owned/managed facilities in
Victoria, Australia.

Intervention 3-year multicomponent intervention to improve the healthiness of the food environment
including a two-year implementation period followed by a one-year maintenance period.

Comparison Food outlets in control local government areas continue with their current practice during 3-
year trial. Offered a shortened one-year version of the intervention at the end of the trial.

Outcome

Weekly sales outcomes estimated separately for food and drink for each venue. 

Primary outcome:
Weekly % of ‘red’ drink sold based on volume of all drink sold.
Weekly % of ‘red’ food sold based on weight of all food sold.

Secondary outcomes:
Weekly % of ‘amber’ drink sold based on volume of all drink sold.
Weekly % of ‘amber’ food sold based on weight of all food sold.
Weekly % of ‘green’ drink sold based on volume of all drink sold.
Weekly % of ‘green’ food sold based on weight of all food sold.
Weekly nutrient values for combined food and drink: energy content (KJ per 100g); % sugar
based on volume/weight of all items sold.

Weekly revenue from food and drinks (AU$).

Time frame 4 years: 1 year pre-implementation, 2 years during implementation, 1 year maintenance.

Study 2: Promoting CHANGE is a 3-year cluster randomised control trial (2023 to 2026) investigating the
effect of a multicomponent intervention delivered by local government areas on the sale of healthy food
in non-seasonal sport and recreation facilities. Eight local government areas (4 intervention, 4 control,
involving approximately 40 venues) in Victoria, Australia, were matched prior to randomisation to ensure
balance between treatment groups using location (regional/metropolitan) and socio-economic
characteristics of the local government area (SEIFA: Socio-Economic Index for Areas). All food and drink
items will be matched to the Victorian Government FoodChecker database (to classify them according to
the Traffic Light System, i.e., ‘red’ least healthy, ‘amber’ choose carefully, ‘green’ healthiest items). 

Study 3: Naughton et al. 2023 used was an observational study that used an ITS design to evaluate the
introduction of a healthy food and drink policy in 13 YMCA non-seasonal community managed aquatic
and recreation centres in Victoria, Australia. Centres provided 6 years of monthly point-of-sale data, for 3
study phases: prior to, during and post policy implementation. Food and drink items were classified
according to the Traffic Light System (see Study 2). 
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Population YMCA managed aquatic and recreation centres that were open all year (non-seasonal) in
Victoria, Australia. 

Intervention
Policy and support to reduce display of unhealthy food and drink and increase the display of
healthy food and drink (to <10% of items available classified as ‘red’ and >50% as ‘green’ by
the end of the intervention period). 

Comparison 2 years pre-initiative (no control group included).

Outcome

Monthly sales outcomes were estimated separately for food and drink for each centre. 

Business outcomes: 
Revenue (AU$).

Healthiness of customer purchases:
% of ‘red’ food/drink sold based on weight/volume of all food/drink sold.
% of ‘amber’ food/drink sold based on weight/volume of all food/drink sold.
% of ‘green’ food/drink sold based on weight/volume of all food/drink sold.
% of ‘red’ food/drink sold based on total sales (AU$) of all food/drink sold.
% of ‘amber’ food/drink sold based on total sales (AU$) of all food/drink sold.
% of ‘green’ food/drink sold based on total sales (AU$) of all food/drink sold.

Nutrient content of purchases:
Energy content (kJ/g or ml).
% sugar, fat, saturated fat, and sodium based on volume/weight of all items sold.

Time frame 6 years: 2 years pre-implementation, 2 years during implementation, 2 years maintenance.

Study 4: “Water in Sport” used an ITS design to evaluate a local government capacity building
intervention to address the unhealthy food environments in sporting facility food outlets (15 non-
seasonal sporting centres and 9 seasonal facilities in 7 Local Government Areas) in Victoria, Australia.
Data was collected in three study time periods: pre-implementation, during implementation, and post-
implementation. The design of the non-seasonal component of the study is described below, see Blake et
al 2022 for further details about the evaluation of the intervention in the seasonal centres. Food and
drink items were to classified according to the Traffic Light System (see Study 2).

Population Sporting facility food outlets in Local Government Areas in Victoria, Australia.

Intervention

30-week capacity building intervention to reduce display of unhealthy food and drink and
increase the display of healthy food and drink to 1) increase the display drinks classified of
‘green’ to at least 50%, and 2) either reduce the display of `red’ drinks to no more than 20%
or remove them from display altogether by the end of the intervention period.

Comparison 132 weeks pre-intervention (no control group included).

Outcome

Weekly sales outcomes were estimated separately for each sporting centre. 

Primary sales outcomes: 
‘Red’ drinks sold as a percentage of total volume of drinks sold total refrigerated drink
revenue (AU$).

Secondary outcomes: 
‘Amber’ drinks sold as a percentage of total volume of drinks sold.
‘Green’ drinks sold as percentage of total volume of drinks sold.
Total volume of drinks sold (L).
Water sold as a percentage of total volume of drinks sold.

continued on next page
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Outcome
Free sugar content of drinks sold (g/100 mL).
Revenue (AU$) from all other drink and food sales.

Time frame
236 weeks: 132 weeks pre-implementation, 30 weeks implementation, 74 weeks post-
implementation. 

Study 5: Boelsen-Robinson et al 2020 used an ITS design to evaluate the effect of a sugar-sweetened
beverage reduction initiative on packaged drink purchases in 16 Australian aqua and recreation centres,
Victoria, Australia, over 4 years (2 years pre-implementation, 1 year implementation and 1 year post-
implementation). 

Population Aqua and recreation centres in Victoria, Australia.

Intervention 1 year sugar-sweetened beverage reduction initiative.

Comparison 2 years pre-initiative (no control group included).

Outcome

Monthly sales outcomes were estimated separately for each centre.
Primary outcomes: 
Volume sales of cold packaged ‘red’ drinks.
Volume sales of cold packaged ‘green’ drinks.
Sugar content of all cold packaged drinks purchased.
Dollar sale value of all cold packaged drinks.
Secondary outcomes: 
‘Red’ volume sales of cold drinks (packaged and non-packaged).
Dollar value of cold drinks.
Dollar value of all drinks (e.g., cold and hot drinks).

Time frame 4 years: 2 years pre-implementation, 1 year implementation, 1 year post- implementation.
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of the LGA (SEIFA: Socio-Economic Index for Areas) as these factors were thought to impact sales. As in
these two studies, when the number of units being randomised is small and imbalance is a possibility, you
will need to prioritise which factors are most important to have balanced, as you will only be able to
identify one or at most two factors that will define the strata/matching criterion to ensure that stratified
randomisation/matching is feasible.

Conducting a RCT might not be feasible due to the costs, inability to randomise the intervention, or
reluctance of venue managers to participate in a randomised trial. A non-randomised control trial (NRCT)
would be the second-best design to assess the impact of a retailer initiative. In this case the main
recommendation is to collect as many characteristics of the venues as possible which can be used at the
analysis stage to control for imbalances between the two groups. 

There are circumstances when a new policy is introduced across all potential study venues. When point-
of-sale data can be collected across a long period of time, an interrupted time series (ITS) design is a
powerful quasi-experimental approach for evaluating the effect of interventions introduced at a specific
point in time (Wagner et al, 2002, Bernal et al, 2017). In an ITS design, the venue’s point-of-sale data is
collected both before and after the introduction of the intervention or policy (interruption) to assess
changes in the sale outcomes. Examples of ITS designs in healthy food retail research are presented in
Figure 2: Study 1, Naughton et al 2023; Study 4, Blake et al 2022; Study 5, Boelsen-Robinson et al 2020. An
ITS design can incorporate more than one interruption. For example, if an initiative had two phases (i.e.
first phase of the initiative involves high levels of support for its implementation, followed by a second
maintenance phase with lower levels of support) that were thought to have different effects on the study
outcomes (i.e., effect of implementation, and sustained effects), then there would be two interruptions.
An ITS study design can have one or more than one venue, with the intervention being assessed in all
venues, or if feasible a controlled (or comparative) interrupted time series (CITS) design could be used
where some venues are used for comparison (Bernal et al, 2018).

A key consideration when designing a study is whether venues can be randomised (randomised trial),
whether they need to be selected to be as similar as possible as those venues receiving the intervention
(non-randomised controlled study, sometimes called quasi-experimental) or whether only venues
receiving the intervention will be included and the comparison will be between the intervention period
and a pre-intervention period (de Vocht et al, 2021). 

A randomised controlled trial (RCT) is considered to be the gold standard for evaluating the effectiveness
of interventions and the preferred study design when feasible. In a simple retail-related RCT, venues are
randomised to the intervention or the control (i.e. to operate as usual) group, with aggregate point-of-
sale data collected in parallel over the same time period in all venues (Figure 2: Study 1 Eatwell @ IGA;
Study 2 Promoting CHANGE). 

The goal of randomisation is to achieve balance of all venue characteristics across groups. However, when
the sample size is small, as is usually the case in studies involving retail venues, imbalance in some key
factors is very likely. Stratified randomisation or matching by levels of important outcome predictors can
be used to prevent imbalance. For example, in Study 1 (Figure 2: Eatwell @ IGA) we stratified by the
socioeconomic level of the area where the supermarkets were located as it was expected that sales would
be impacted by the income level of customers residing in the area. In Study 2 (Figure 2: Promoting
CHANGE) eight local government areas (LGA) were randomised as the intervention was designed to be
delivered by LGAs, with point-of-sale data provided by each participating venue within each LGA. Prior to
randomisation, we matched LGAs by location (regional/metropolitan) and socio-economic characteristics 
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Intervention considerations

Interventions/policies aimed at influencing customers’ purchasing behaviour can:

Involve changes in the retail environment such as the addition of promotional signage, changes in
position in the store, price manipulation, removal/reduction of some types of products;

1.

Have multiple components as part of a single initiative. A multi-component initiative can be applied
differently in different venues if they are allowed to choose which components to adopt to suit their
business, customer needs, and management preferences;

2.

Start simultaneously in all retail venues or propose a goal to be achieved in a time frame, e.g.
implement changes to the display of healthy and unhealthy food by a specified date.

3.

These intervention characteristics and the way interventions are implemented and maintained will impact
decisions on the analysis approach. Key considerations in the analysis of point-of-sale data are the timing
when venues start implementing the initiative, the way the intervention is rolled out, and when it is fully
implemented. For example, Eatwell @ IGA (Figure 2, Study 1), made changes to the environment 2 weeks
prior to the start of the initiative, that were rolled out at the same time across all intervention stores.

Over the 12-month implementation period, there might have been changes over time in the fidelity of the
implementation of the initiative. While Study 3 (Figure 2, Naughton et al 2023), had a common goal to
decrease the display of unhealthy food and increase the display of healthy food within 2 years of the start
of the intervention, some centres implemented changes quicker than others, with some centres
reintroducing products in response to customer feedback. In our experience it is not always feasible to
monitor and record complex interventions in sufficient detail over long periods of time. However, we do
recommend that dates of key implementation events (e.g., date when implementing intervention started,
key implementation/research staff employed) are recorded for each venue as this can help understand
unusual sales patterns and could be used in the analysis stage.

Population considerations

In studies investigating healthy food retail initiatives, there is usually a limited number of retail venues
available for inclusion, with these venues potentially differing in their business periods (closed for part of
the year); hours of operation (days of the week, hours of the day); size (sales revenue); type of onsite
facilities (type of food preparation on-site, e.g. full-kitchen, microwave); and location (urban/rural; socio-
economic status). These factors are likely to be associated with study outcomes and can influence the
type of analysis that can be performed.

Using restrictive eligibility criteria will produce a homogeneous target population, which will in turn
increase the statistical power of your study. However, restrictive eligibility criteria may significantly
reduce the number of venues that can be enrolled/included in your study (sample size) and will also
restrict the external validity of the study (conclusions can only be applied to the specific type of venues
included in your study). On the other hand, including all possible venue types in your study will increase
the external validity of your study but the retail venues are likely to vary by factors related to the study
outcomes. There is no perfect solution for this trade-off. Population heterogeneity can be handled at the
design stage (e.g. definition of eligibility criteria; matching venues in a RCT of a NRCT) or at the analysis
stage (e.g. adjusting for venue characteristics).

When defining a study population you will also need to consider:

Feasibility of recruitment (e.g. are there enough eligible venues in the study’s geographic are or
within the participating retail chain?).
Costs associated with venue’s participation (e.g. travel costs if researchers are required to visit
participating venues). 
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Outcome considerations

Outcome measures that reflect the healthiness of the products sold in one aggregate time period are
usually based on the amount of food sold in specific healthy food categories or on the nutrition content,
and can be defined either as absolute or relative (standardised) values. 

Absolute outcomes (total sold) can be quantified in terms of weight/volume (kg/litres), sales revenue ($)
or number of units sold in the aggregated time-period. For example, total volume (litre) of sugar-
sweetened beverages drinks sold. Relative outcomes (percentage sold) are calculated relative to total
weight/volume sold, sales revenue ($), total energy (per gm sold), or number of units sold. For example, %
volume (kg) of fruit and vegetables (i.e. the volume of fruit and vegetables sold as a percentage of the
total volume of all food sold).

It is important to consider what the goal of the policy/intervention is when defining outcomes. Absolute
outcomes are likely to be more variable across venues than relative outcomes. If your study only has a
small number of venues and the volume of sales is heterogenous across venues, results may be strongly
influenced by larger/smaller values of a few venues, while relative outcomes will tend to be more stable
across venues. 

In general, when there is a choice, we recommend defining outcomes based on weight/volume rather
than number of units sold. Total number of units of a given type of food/drink sold (e.g. “red” drinks)
involve products of different sizes even within the same product range (e.g., packaged cold drinks are sold
in a variety of sizes). From a public health perspective, weight/volume sold is a more relevant measure. 
You should also consider resources required to create outcomes including outcomes based on nutritional
components or energy value of each product (see Guide 10 on point-of-sale data collection approaches).
While units sold and price/revenue for each product can ordinarily be extracted from the point-of-sale
system, weight/volume typically has to be sourced, collated and added and this can be a time-consuming
process. Total sales revenue can be used to assess the effect of the intervention on the venues’
profitability, however total sales of an individual products or product categories will not reflect the
quantity of a nutrients or volume/weight sold. It is possible to design your study to collect a range of
different outcome types. In Study 3 (Figure 2, Naughton et al 2023) both absolute and relative (calculated
using volume/weight) outcomes were created.

https://doi.org/10.1371/journal.pone.0288719


Comparison group/time considerations

In order to evaluate the effect of the health initiative, the design of your study should include a control or
comparison group and/or a comparison time period (see earlier discussion of the merits of different study
designs). 

The study timeframe is the total duration of point-of-sale data collection. There are three main phases to
consider: pre-implementation of an intervention, during the intervention implementation and post-
implementation. During the intervention phase could also have different sub-phases that relate to
different types/levels of activity. For example the Promoting CHANGE study (Figure 2, Study 2), has a 3-
year intervention that consists of a two-year intensive implementation period followed by a less intensive
one-year maintenance period. In other studies that we have been involved in, the intervention periods
have been: 1 year with multiple components being implemented over the 12 months in the Eatwell @ IGA
study (Figure 2, Study 1); 2 years in a study of YMCA sport and recreation centres (Naughton et al 2023,
Figure 2, Study 3) and 30-weeks in the “Water in Sport” initiative (Blake et al 2022; Figure 2, Study 4). 

If one of the study aims is to assess the sustained effects on an intervention, then post-implementation
data will also need to be collected. To account for seasonality (i.e. estimate the effect of the seasons), you
need to have an intervention duration that covers different seasons. If the study has an ITS design, then
sales data will need to be collected prior to the start of the intervention as well as during the intervention
(see Comparison considerations). If conducting a randomised control trial, we would still recommend
collecting sales prior to the start of the intervention, as this will help you to understand if the venues in
the intervention and control groups are comparable before the intervention starts. If it is not possible to
collect sales data prior to the start of the initiative, at least all venues should have contemporary follow-
up periods, so temporal factors (season, weather, public holidays) that may influence sales are aligned
across venues. Decisions around the duration for which sales data is collected depend on many factors,
including the granularity of the data, the number of retail venues included in the study, the study
outcomes and business demands of the retailer, funding available and others. Biostatisticians, study
design experts with related experience, the researcher(s) leading the study and retailers will all need to be
involved in the process of making such decisions and ensuring that study duration is of sufficient length to
answer the research question posed, as well as feasible and acceptable to be conducted. 

Other design considerations

Consider collecting information about factors that might impact retail sales, such as:

Venue characteristics. For example, food preparation facilities, location, hours of operation in cafes;
or other changes that occurred that were not part of your intervention (e.g. placing healthier food in
more prominent position, price promotions, promotional campaigns) in supermarkets.

Any changes that occurred during the study period to the venues included in your study (e.g., café
renovations, new vending machines installed nearby) and to the local area (e.g., opening of a new
supermarket nearby, new café opening next door to the sports centre). 

Special events that might affect sales, e.g. for supermarkets this might include events like Christmas,
Easter, Halloween, for sport centres this might include school sports days, sport events. Also collect
information on unplanned venue closures, for example due to natural disasters, power outages etc.

Time-varying factors, i.e. for each aggregated period information such as;
The weather (e.g. temperature) that can explain changes on sales above and beyond seasonal
changes (e.g. higher sales of cold drinks and ice creams in weeks with a higher temperature), 
Attendance (e.g. number of people visiting a sport centre). 
Product promotions (e.g. products sold at reduced price).
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When designing a study, there is usually a trade-off between what is ideal and
what can be done.

If feasible, conduct an RCT. If not feasible, include a control group in your
study design if possible.

We recommend involving biostatisticians and experts in healthy food retail in
decisions around study designs, including study duration and the number of
retail venues included. Additional venue information that can help explain
unusual data and/or variation in study outcomes should also be collected. 

Key Messages

1

What we do not know yet
Although randomised controlled trials are considered the most likely study design to provide robust and
valid results, there is no current consensus around many of the other decisions required when developing
a study design protocol to evaluate healthy food initiatives over a long period of time using point-of-sale
data. This includes the level of sales aggregation, plans to collect time-varying information on the venue
environment that can explain sales variation in nutrition outcomes and how to record/summarise these
time-varying characteristics.

This information can be used during preliminary analysis and data checking to help account for unusual
sales outcomes (e.g., outliers, missing sales data) and can be included in statistical model to explain for
variability in outcomes. Such information can also be used to perform sensitivity analysis.

When designing your study, it is important to evaluate which information is feasible to collect. For
example, weekly in-store monitoring of product promotion or shelf displays could require a lot of
resources if not collected by the venue as part of their routine operations, and if this information is only
required to potentially explain variation in study outcomes, then it might be hard to justify its collection.
We have found sports centre attendance to be useful to collect in explaining some of the variation in the
sales in cafes at these sites. For other types of venues, it might be hard to define attendance (e.g., public
hospital).
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