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Abstract: Targeting households with food waste reduction interventions represents a critical op-
portunity to meet global targets to halve food loss and waste. While the evidence base on the
effectiveness of food waste interventions is growing generally, less is known about the outcomes of
household-focused interventions. This mixed methods study explores how households experienced a
behaviourally orientated nudge (the OzHarvest Use it Up TapeTM) and examines its impact on food
waste and behaviour change. The “Tape” served multiple functions for households—including as a
visual prompt, a labelling device, a planning tool, and a communication tool—and was more effective
for large families and for individuals who were disorganised when shopping and cooking. Significant
reductions were also identified in participants’ fresh vegetable and fruit waste and in the total food
amounts they wasted. This study demonstrates the effectiveness of behaviourally orientated nudges,
like the Tape, in reducing food waste.
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1. Introduction

The turn of the century has seen a substantial increase in policy and research attention
to the global food waste challenge and the urgent need to reduce waste and loss across
the entire food system (see, for example, [1-4]). The diverse and severe social, economic,
and environmental impacts from food waste have led to the inclusion of target (12.3), to
halve global food loss and waste by 2030, in the United Nation’s Sustainable Development
Goals [5]. While waste and loss occur at all stages (from production to consumption) of the
food system, over 900 million tonnes are wasted each year worldwide in the consumption
stage (retail, hospitality, and households) alone, with household food wastage representing
around 60% of this amount in most countries [3]. The consumption stage, with households
as a key target, therefore represents a critical area for effective food waste reduction policies
and programs.

A 2019 review [6] of food waste reduction or prevention interventions at the consump-
tion stage by Reynolds and colleagues identified only 13 studies with quantified waste
reduction outcomes. Of these, just six tested the impact of interventions targeting the
household. Reynolds et al. [6] argued that this small number of studies represents a signifi-
cant gap in the evidence base relating to food waste reduction interventions, and it was
therefore difficult for policy and program managers to “make evidence-based decisions to
prevent or reduce consumption stage food waste in a cost-effective manner” [6] (p. 1). They
concluded their review with a plea for more “well-designed [food waste] interventions
... [that are] tested using carefully selected methods to understand the outcomes of the
intervention and how it works (or not)” [6] (p. 20).

Pleasingly, in the years since Reynolds et al. [6] published their review, there has
been a small explosion of published studies exploring and measuring the impacts of
food waste reduction interventions at the consumption stage. Studies such as [7-9] have
measured the outcomes of broad-based multi-faceted campaigns that combine different
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consumer engagement approaches, while others [10-12] have measured the outcomes of
more targeted interventions, such as food waste reduction tool kits, flexible recipes, and
targeted messaging to consumers.

This greatly expanded evidence base has led to further systematic reviews that collate
different food waste reduction interventions at the consumption stage and synthesise their
outcomes [13-15]. Simoes et al. [13] for example, reviewed 96 studies and identified 18
which specifically engaged consumers in reducing food waste from their households. Most
of the interventions in these studies were focused on raising consumers’ awareness of food
waste impacts and providing information on how to reduce or avoid waste. While [13]
acknowledged that providing consumers with this type of information was important, they
argued that it is often not enough to encourage consumer behaviour change and it needs to
be complemented with other intervention types, such as the provision of tools or changes
to the home or food retail environments.

A more recent meta-analysis [15] looked at the effectiveness of nudge-based interven-
tions in addressing food waste at the consumption phase. Defining a nudge as “a voluntary,
non-intrusive intervention that induces behavioural changes without economic incentives
or mandates” [15] (p. 1), they compared the effectiveness of cognitively orientated (chang-
ing attitudes, awareness, and knowledge) and behaviourally orientated (modifying the
environment in which behaviours occur) nudges. Their meta-analysis revealed that while
nudges overall can have a significant effect on reducing food, behaviourally orientated
ones are generally more effective in reducing food waste than those that are cognitively
orientated (despite the latter being more commonly used in policy and practice). This
review [15] highlights the value of nudges in reducing food waste, and echoes a point
made by [13] that the evidence base on the effectiveness of nudges and other interventions
to reduce food waste in households is still relatively limited (compared to that in other
settings, such as hospitality or education institutions).

Our paper aims to strengthen the current evidence base by exploring how households
experienced a behaviourally orientated food waste reduction nudge trialled in Australia,
and examining its impact on both food waste reduction and behaviour change.

Intervention Development

Founded in 2004, OzHarvest (Website: https://www.ozharvest.org/, accessed on
1 June 2024) is one of Australia’s leading national food rescue charities. It has recently
complemented its food rescue and education focus with campaigns that engage Australian
consumers and households in reducing avoidable food waste. Drawing on previously
commissioned research that identified and prioritised food waste reduction behaviours for
the Australian context [16], OzHarvest targeted a key behaviour that was considered to be
the most impactful (in terms of reducing food waste) and relatively easy for households
to apply, namely: householders preparing a regular ‘use it up’ meal that combines any
food in the refrigerator or pantry that needs to be used up (this includes leftover meals and
ingredients, as well as items nearing their use-by-date).

To engage Australian households in this behaviour, and in food waste avoidance
more generally, OzHarvest developed the Use It Up™ campaign (Website: https:/ /www.
ozharvest.org/use-it-up/, accessed on 1 June 2024). As part of the campaign, the Use It Up
Tape™ (Website: https:/ /events.ozharvest.org/shop/viewitem /use-it-up-tape, accessed
on 1 June 2024) (see Figure 1) was created as a tool to make it easy for householders to
adopt the target behaviour. The initial idea was that the brightly coloured product could
be used to mark out a space in the refrigerator or pantry to create a ‘Use It Up shelf’ on
which items that needed to be used up could be placed [16]. First made available to the
Australian public in October 2021, over 95,000 units of the Use it Up Tape (“the Tape”)
have been delivered nationally since that time. Under a licensing agreement, an equivalent
version was created for The Netherlands (“Eerst Op Tape’) and distributed to 40,000 Dutch
households. OzHarvest is currently in conversation with other countries about developing
additional local versions.


https://www.ozharvest.org/
https://www.ozharvest.org/use-it-up/
https://www.ozharvest.org/use-it-up/
https://events.ozharvest.org/shop/viewitem/use-it-up-tape
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Figure 1. OzHarvest Use It Up Tape™.

The Tape (and the shelf space it created) was expected to function as a visual prompt
to remind householders (when they opened the refrigerator or looked in the pantry) of
food items or leftover meals that needed to be eaten before they spoiled or before new
ones were purchased. Visual prompts are behaviourally orientated nudges that make
desired behaviours salient in the minds of individuals [17,18]. It is well established (see, for
example, [19,20]) that there are a number of cognitive constraints that prevent individuals
from paying active attention to every behaviour (and its implications) that they engage
with throughout any given period. This limited attention has been suggested as one of
the reasons for the gap between an individual’s behavioural intentions (such as using up
food items in a meal) and their final actions; commonly known as the intention—action
gap [17,21]. Visual prompts such as the Tape and the messages contained on it (e.g., “Eat
me”, “Cook me up”, etc) can help to close this gap by ‘nudging’ the individual to first recall
their intention to use up particular food items before they spoil and to then action this
intention by making a meal from these items.

This paper presents a mixed methods intervention impact study of the Tape as a
behaviourally orientated nudge to reduce food waste. It describes the design and outcomes
of two complementary studies conducted in Australia which explored how households
used, and experienced, the Tape, and examined its impact on food waste and on relevant
household food provisioning behaviours. The remaining sections of this paper present the
methods and results for each study, discuss their findings and implications for food waste
policy and programs, and suggest future research opportunities.

2. Materials and Methods
The use and impact of the Tape was explored through two complementary studies:

1. A qualitative observational study that utilised participant-made video diaries to
explore how the Tape was used and experienced by different households.

2. A quantitative pre—post study in which participants completed a validated survey-
based tool to report their food waste amounts before and after a two-week period of
using the Tape.

Each study is described in greater detail below. Taken together, they give insights
not just into the food reduction impacts of the Tape, but also its suitability for differ-
ent households and its different functions to support household food provisioning and
reduce waste.

2.1. Study 1

This study is a qualitative observational one, with video diaries used as the primary
data collection method. The diaries visually capture participants” use of the Tape and
prompt detailed reflection of their experience with it. Video diaries bring the researcher
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one step closer to the reality of participants’ lives and capture what actually happens in
situ rather than the more general and abstracted insights that can come from surveys and
interviews [22,23].

Research ethics approval was given by the Monash University Ethics Committee
(project ID # 28967).

2.1.1. Research Participants

A specialist market research company was engaged to assemble a panel of participants
who were financially incentivised (a small stipend) to take part in this research. Panel
members are trained in smartphone video recording techniques and upload videos for
researcher access to an online platform maintained by the company.

The participants (n = 9) in this study were low to middle-income earners from a mix
of regional and metropolitan locations along the Australian west coast, primarily around
the Western Australian city of Perth (see Table 1). They were the main person in their
household responsible for cooking and shopping, their ages ranged from 25-60 years, and
they came from households with and without children.

Table 1. Description of qualitative study participants (1 = 9).

Demographic Number of Participants
Female
Gender
Male 4
21-30 years 1
Age 3140 years 4
41-60 years 4
No children 6
Number of children in household 1-2 children 1
3-4 children 2

2.1.2. Research Protocol

Participants were sent a roll of the Tape and provided with basic instructions for its
use (mainly that its goal was to help remind them of which food needed to be used up, and
that it could be used to mark out a shelf in their refrigerator or pantry). During a two-week
period of using the Tape, they were asked to record up to five short (five to ten minute)
videos, including;:

1. A set-up video showing how the Tape was first used, their initial reflections and their
intentions for the next two weeks.

2. Up to three check-in videos (spaced two to four days apart) that showed how the
Tape was being used, changes in its use since set up, its general performance and
influence on their shopping or cooking practices, and how other household members
have interacted with it.

3. A final reflection video on their overall impressions of the Tape, its influence, impacts
and outcomes, what changes they might recommend and whether they intend to keep
using it.

While the Tape’s aim of supporting households to use up leftover meals and ingre-
dients was openly and clearly communicated to participants, the focus on food waste
reduction or avoidance was made less explicit. This was to avoid potentially biasing the
responses due to perceived social norms against being wasteful with food.

2.1.3. Data Analysis

We received four to six videos from each participant, with a total of 43 videos across the
entire sample. Two types of data emerged from this research design: (i) the video recordings
of the participants, their refrigerators, pantries, and food, and (ii) their audio transcripts
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when responding to the prompts above. We were primarily interested in participants’
reflections, perspectives and self-reports while recording their video diaries. The audio
transcripts were therefore the focus of our analysis, while also noting what we could see of
the Tape and its use when it was shown by participants.

We conducted a mainly deductive thematic analysis of the audio transcripts, in which
common themes within an individual’s video diaries, and across different participants
diaries, were noted [24,25].

2.2. Study 2

The second study aimed to quantitatively measure the food waste reduction potential
of the Tape and to understand which household food-related behaviours it supported.
Following a pre—post trial approach, a validated food waste self-measurement survey was
completed by participants before and after they used the Tape for two weeks, and food
waste outcomes at each stage were compared.

This study was given ethics approval by the Monash University Ethics Committee
(project ID # 32508)

2.2.1. Research Participants

OzHarvest promoted the Tape mainly through its website and extensive social media
network (Facebook, X (formally Twitter), and Instagram). This promotion highlighted the
potential food waste reduction benefits of the Tape and directed people to the OzHarvest
website to order it. While ordering, anyone living within Australia was then invited to
participate in the study. No incentives were provided for participation, although at the
time of the study, the Tape was made available for free (only postage needed to be paid).

361 participants completed the pre-use survey, and 144 participants completed the
post-use survey, with 76 of these participants having fully completed both pre- and post-use
surveys (‘matched pairs’). A demographic summary is presented in Table 2, which shows
that the sample tended to be around 50 years old and most identified as female.

Table 2. Demographic summary of both the entire sample and matched pairs for the quantitative study.

Entire Sample Matched Pairs
Age (average) 49.74 years 52.10 years
Gender 88.9% identified as female 93.2% identified as female
Household size 31.9% had 4 people 31.5% had 2 people
Number of kids in household 46.5% had no children 49.3% had no children
Education 29.9% had undergraduate degree 28.8% had undergraduate degree
Employment 38.9% were employed full time 26% were employed full time

2.2.2. Research Protocol and Survey Measures

When ordering their Tape from the OzHarvest website, those willing to participate
in the study provided their email address and were emailed a link to the pre-survey to
complete immediately. At the same time, the Tape was posted to their homes. Within three
weeks of the Tape being sent to a participant, they were emailed the link to the post-use
survey. With potential delays in postal delivery and participants using the Tape, it was
assumed that this period would enable participants to use the Tape for about two weeks
overall before completing the post-use survey.

When completing both surveys, participants were asked to provide the four-digit
postcode of the Australian suburb where they usually live and their birthdate (i.e., DDM-
MYY). These two number sets were combined in the analysis to give each participant a
unique code, which was used to match their pre- and post-use survey responses (if both
were completed).
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Both pre- and post-use surveys measured participant food waste based on the House-
hold Food Waste Questionnaire (HFWQ) approach developed—and validated for European
countries—by [26], and later refined by [27] for the United States. This asks participants to
first identify the different types of food that they discarded and then estimate how much
of each type was discarded. Both pre- and post-use surveys took about 10 min each for
participants to complete online.

For the first part of each survey, participants reviewed a list of 24 food and drink
categories and ticked each category that they had discarded over the past seven days. They
were asked to include any edible food and drink they bought online, at the supermarket,
as takeaway, or grew themselves, as well as meal leftovers or products that were spoiled
or past their expiration date. Bones, peels, pits, or cores, or food and drink thrown away
when eating out of the home were not included. Participants were asked to include any
food or drink regardless of how it was disposed (i.e., in the bin, compost, or given to pets).

The second phase of the survey asked participants to estimate how much of each
food and drink type they discarded, but only for those categories that they had identified
previously. We followed [27] and used ‘cups’ as the more appropriate unit for an Australian
audience to estimate how much was thrown out. We also used ‘portions’, ‘pieces’ or
‘glasses’ as other relevant units for different categories (e.g., for fruit, snacks, or beverages,
respectively). As per [27], participants were given further guidance to estimate how much
of each category they discarded (e.g., “A cup of rice equals 153 g” or “A portion of meat
(150 g) refers to one chicken breast, one steak etc”). To reduce survey time and ensure
response quality, we did not follow [26] or [27] by asking participants to nominate the
‘status’ of discarded food (i.e., “completely un-used”, “partly used”, “meal leftovers”), as
this was not critical to the aim of quantifying food waste amounts.

Finally, participants indicated (on a five-point ordinal response scale from “never” to
“always”) the frequency with which they performed certain household food provisioning
behaviours (e.g., checking food stocks before shopping or making a meal with food that
needs to be used up). Behaviours included here were not just the target behaviour for
the Use It Up campaign described previously, but also included behaviours that were
mentioned by participants in Study 1 as something they did because of the Tape.

2.3. Data Analysis

The total quantity of self-reported food waste for each participant was calculated
by translating the waste unit for each category (e.g., “cups”, “portions”) into grams and
summing across all categories. Here, we followed the table of average weights for each
food and drink category used by [27], which in turn are based on the US Department
of Agriculture’s estimates for different food categories. Assumptions of normality were
tested prior to analysis, where the skew and kurtosis of each food waste category and food
provisioning behaviour were checked. The data was considered normal when skew values
were between —2 or +2 and kurtosis was between —7 and +7 [28].

Two sets of analyses were conducted to analyse the impact of the Tape on participant
food waste outcomes and the frequency of food-related behaviours. The first set focused on
comparing the differences between the entire pre- and post-use survey samples. To account
for the variations in normality in the food waste data, two types of tests were used to assess
differences in food waste between pre- and post-use survey periods; the Welch’s Analysis
of Variance (Welch’'s ANOVA), a parametric test that does not assume equal variances, so it
can be used for assessing unequal sample sizes (unlike a standard ANOVA), and the Mann-
Whitney U test, a non-parametric test that assess differences between independent groups
involving non-normal data. A third type of test, ordinal logistic regression (a parametric
test that assess relationships between groups on an ordinal response variable), was used to
estimate differences in food provisioning behaviours between these two periods.

The second set of analyses focused on those who had completed both pre- and post-use
surveys (i.e., matched pairs). Wilcoxon signed-rank tests (a non-parametric test that does
not assume normality in data) were used to assess differences in food waste between pre-
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and post-use survey periods, and a generalised estimating equations (GEE) analysis was
used to assess differences in food provisioning behaviours between these two periods (GEE
can be used to assess non-normal repeated measures data). All statistical analyses were
performed using SPSS version 28 (IBM SPSS Statistics).

3. Results
3.1. Study 1

Four main themes were identified when coding the video recordings and audio tran-
scripts; (i) how the Tape was used, (ii) the food provisioning functions of the Tape, (iii) the
behaviours it supported, and (iv) differences in the usefulness of the Tape based on house-
hold type/characteristics. These themes are further described below with illustrative quotes.

3.1.1. Tape Use

Participants used the tape in two different (and often complementary) ways (see
Figure 2). The first was to demarcate space in their refrigerator or pantry to place any food
to be used up. This was expected, as it was part of the instructions given to participants.
Some used it in their pantry and refrigerator, while others only in their refrigerator. No
participant used the Tape in their freezers.

The second way saw some participants tear off smaller sections of the Tape as labels on
specific items they wanted to use up. This was not expected, as it was not communicated
to the participants as an option and revealed a more flexible use of the Tape. Some
participants even used specific “Eat me”, “Pick me”, “Cook me up” sections of the Tape
to signify different intentions and uses for food (i.e., “Cook me up” to remind themselves
of what needed to be included in the next meal, or “Eat me” as a visual prompt for other
household members to eat that item when hungry).

(b)

Figure 2. Example stills taken from participants’ diaries showing how the Tape was used. (a) To mark

individual food items to use up. (b) To mark out a shelf in the refrigerator (or pantry) to place items
that needed to be used up.

3.1.2. Tape Functions

The Tape provided several different food provisioning functions for participants, who
either used it for one main function or for several complementary functions. As was
expected during the initial design of the Tape, a prominent function was to act as a visual
prompt that reminded participants of foods that needed to be used up when they looked in
the refrigerator or pantry—either through the Tape or the shelf it designated.

Marking containers with those items with the tape, makes it easy to identify . . . [yesterday]
my wife spotted one of the containers with some leftover pork noodles in it, and thought,
“I'll take that to work, rather than getting lunch at work”.
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Participants often had similar items in their refrigerators or pantries which were
bought at different times. The Tape was therefore used by some as a labelling device to
help distinguish between older and newer versions of certain product.

This is really good for the eggs that we buy. We have eggs here that we bought more
recently, but these are the older ones. And sometimes it can get confusing knowing which
eggs we bought first. So these ones [labelled with the Tape] we’ll use up first.

An intention for the Tape was for it to support householders to make weekly meals
with food that needed to be used up. Several participants mentioned how they deliberately
used the Tape as a meal planning tool that helped to identify, when they looked in the
refrigerator or pantry, the next meals that they would be preparing for their households.

And it’s been really useful to just have food I need to cook in one area so that, at a glance
maybe in the morning before going to work, I've been able to look at what I need to use
up. And come up with an idea of what to cook. An improvement is I've cooked a couple of
different dishes . .. new dishes that I haven't tried before, just because [I'm] trying to use
up the food.

A completely unexpected use of the Tape was as a communication tool between
members of larger households as to what food in the refrigerator or pantry could be eaten
if they were hungry between meals or what leftovers should be taken to work for lunch.
Other household members could see, by looking for labelled items in the refrigerator or
pantry, which food the main person responsible for cooking or shopping wanted them to
eat as a snack or take to work for lunch.

It’s been really helpful for my husband because he knows what leftovers he needs to eat.
... [and] in terms of communicating with the family anything that’s on here they can
generally eat. That’s helpful, rather than having them having to ask me first.

3.1.3. Behaviours Supported

Participants mentioned several specific waste reduction behaviours that the Tape
supported. These included making meals that included food that needed to be used
up; checking on existing food stocks before shopping and then making a shopping list;
buying food types and amounts that they actually need when shopping; and avoiding
takeaway/eating out options because they knew that there was food that needed to be
used up.

It’s been helpful to me for shopping lists ... because when I look at what I've got and
I think of recipes according to what I've got and then make the shopping list based on
ingredients for what I want to make during the week. Rather than just think of all new
ingredients without thinking first about what we need to use up.

3.1.4. Differences in Usefulness Based on Household Characteristics

The Tape seemed to be more useful for larger (often family-based) households with
large volumes of food use and/or disorganised individuals who do not usually plan out
their food shopping, storage, and cooking.

....if you were already an organised person with good budgeting skills I don't think it
would have a huge effect. But because I'm quite disorganised, I found it quite helpful.

But the biggest success was with our daughter, who now can have a look at the food that’s
in the fridge and choose something [with the Tape on it]. She has a look, she can actually
pull the container out and go, yeah, I want some of that.

The Tape was less useful for smaller households (often singles or couples) who buy
smaller amounts of food and/or for highly organised individuals who carefully plan their
different food provisioning practices.
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For myself. .. I think it’s a bit hard because there’s not an awful lot of food in the house, I
guess, for one person. And you tend to know what you ve bought because you're only
buying a set amount of food and what’s going to be coming out of date as it is.

I use everything I buy regularly and shop for what I'm going to consume. I don’t prepare
food and let it sit in the fridge. I shop for what I need, I prepare it, if I don’t eat it that
day. .. it'’s consumed the next day or the day after. So, this little simple system [the Tape]
isn't effective for me.

3.2. Study 2

This section shows the results of analyses conducted to identify differences in food
waste and behavioural frequency outcomes for the entire pre- and post-use survey samples
(n =361 and n = 144, respectively), and for those that completed both pre- and post-use
surveys (n = 76 matched pairs). Two participants in the matched pairs did not complete all
the questions, and as such were excluded from the analyses assessing differences between
matched pairs (resulting in a final sample for matched pairs of n = 74).

3.2.1. Differences between Entire Pre- and Post-Use Samples

Preliminary analyses revealed that a small number of food waste categories contained
non-normal data. However, all food provisioning behaviours contained normal data.
To ensure a robust analysis, non-parametric tests (i.e., Mann—-Whitney U test) were to
complement the interpretation of the parametric tests (Welch’s ANOVA) of differences in
food waste between pre- and post-use samples.

Results from both Welch’s ANOVA and Mann-Whitney’s U test (see Table 3) indicate
that the post-use sample had significantly less fresh vegetable waste and total food waste
than the pre-use sample. A significant reduction in fresh fruit waste and bread from
pre- to post-use sample was also found but only detected by Mann-Whitney U tests.
Unexpectedly, the post-use sample experienced significant increases in fish waste. This
effect could have been due to the small number of responses for this category of food
waste influencing the accuracy of estimation in the analysis, or the use of non-random
sampling and potentially unaccounted for individual differences that may have influenced
the magnitude of this effect.

Table 3. Means, sample sizes, Welch statistic, and Mann-Whitney U result of differences in pre- and
post-use samples of perceived food waste.

Pre Mean Pre Sample Post Mean Post Sample Mann-

Measure ® Size ©® Size Welch df1 df2 P Whitney U p

Fresh veg 376.56 296 291.25 83 8.88 1 162.40 0.003 10,211.50 0.01
Non-fresh veg 143.79 33 169 10 0.21 1 12.07 0.65 169 0.92
Fresh fruit 395.19 219 331.09 48 3.59 1 68.81 0.06 4339 0.04
Non-fresh fruit 80 14 93.33 3 0.03 1 2.28 0.88 15 0.51
Potatoes 302.40 64 332.80 18 0.13 1 20.64 0.72 516 0.47
Potato products 132.92 13 243.20 5 1.54 1 437 0.28 41.50 0.39
Pasta 207.13 2 55 229.65 17 0.21 1 25.84 0.65 500 0.64
Rice 210.45 77 213.33 18 0.003 1 21.55 0.96 627 0.49
Beans 224.89 18 92 3 b b b b 10.50 0.10
Meat 242.58 96 192.39 23 1.44 1 41.04 0.24 970.50 0.35
Meat alts 171.09 16 278.57 7 3.34 1 14.24 0.09 81 0.10
Fish 150 18 337.50 * 6 13.28 1 14.42 0.003 89 0.01
Sandwich 56.96 92 49.57 23 0.71 1 34.44 0.41 926.50 0.33
Bread 289.36 2 200 217.84 2 63 2.48 1 107.18 0.12 5141.50 0.01
Cereal 210.67 24 347.43 7 1.14 1 7.81 0.32 114 0.17
Yoghurt 357.27 2 88 307.83 23 0.79 1 57.37 0.38 1022 0.94
Cheese 115.69 2 52 155.43 14 1.04 1 16.84 0.32 421 0.27
Eggs 180 26 135 6 0.70 1 7 043 55.50 0.29
Stews 402.11 57 618.46 13 3.31 1 14.45 0.09 480 0.06
Condiment 249.50 2 42 2842 14 0.13 1 22.38 0.72 327 0.51
Candy 61.67 18 58 2 0.04 1 6.59 0.85 44 0.97
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Table 3. Cont.
Pre Mean Pre Sample Post Mean Post Sample Mann-

Measure ® Size ©® Size Welch df1l df2 4 Whitney U 4

Salty snacks 66.67 18 70 4 0.01 1 3.58 0.92 34 0.86
Nonalcohol 443.71° 62 540 13 0.39 1 15.72 0.54 429 0.70
Alcohol 480.83 # 12 396.67 3 0.29 1 12.13 0.60 19 0.87
Total food waste 1287.03 2 361 784.97 2 145 22.52 1 296.08 <0.001 16,815.50 <0.001

Note: Significant effects are in bold. # Food waste category contains non-normal data. ® Welch’s ANOVA could
not be performed for Beans category because at least one group had 0 variance.

The ordinal logistic regression results (see Table 4) found that the pre-use survey sam-
ple had approximately 48% lower odds of adopting the ‘“use it up meal” and approximately
85% lower odds of adopting the “use it up shelf’, relative to the post-use survey sample.

Table 4. Ordinal logistic regression results assessing differences in behavioural frequency between
the entire pre- and post-use survey samples.

Model Fitting Information Goodness-of-Fit Pseudo Parameter Estimates
R-Square
—2Log o
Likelihood x2, df Pearson Deviance df McFadden Coefficient 95% CI (Lower, OR
. Upper)
(Intercept, Final)

Make a shopping list 35.83, 34.59 1.25,1 0.17 0.17 3 0.001 —0.22 —0.62,0.17 0.80
Check food at home
before making a 34.24,34.13 0.11,1 1.61 1.89 3 0.00 —0.06 —0.43,0.31 0.94
shopping list
When shopping, only
buy what is on 42.10,41.91 0.20,1 1.28 1.28 3 0.00 —0.08 —0.44,0.28 0.92
shopping list
Make a use it up meal  49.76, 37.54 12231 138 144 3 0.01 —0.65 %% oo 0.52
Order takeaway 42.71,39.98 2.73,1 1.44 1.54 3 0.002 0.30 —0.06, 0.66 1.35
Haveauseitup shelf 4, 44 5 g5 81.58 ***, 1 2.10 2.14 1 0.10 —1.88 #* —229 0.15
in fridge/pantry —1.47

Note: *** p < 0.001; X2 = chi-square; df = degrees of freedom; CI = confidence interval; OR = odds ratio. Note:
Significant effects are in bold.

3.2.2. Differences between Matched Pairs

Results from the Wilcoxon signed-rank tests indicated significant reductions in food
waste (see Table 5). Specifically, there was less total food waste, fresh vegetable waste, fresh
fruit waste, and meat waste after the introduction of the Tape.

Table 5. Means, standard deviations, and Wilcoxon signed-rank results of food waste and food

provision behaviour before and after introduction of the Tape.

Pre Mean

Post Mean

Measure (SD) (SD) Wilcoxon Z p Effect Size
Fresh veg éz:gz) (igi’gg) —4.98 <0.001 0.40
Non-fresh veg (;;:zg) ég:gg’) 0.5 0.96 0.00
Fresh fruit (;;:;:) (1971 4:.0598) —3.59 0.001 0.29
Non-fresh fruit (136.%54) (gg;) —1.90 0.06 0.15
Potatoes (1?;22..3842) (14750%676) —0.40 0.69 0.03
Potato products (385%) (222'?032) 163 0.10 0.13
Pasta (égéé) (ég:g% 163 0.10 0.13
Rice (%fg) (121%%%) 108 0.28 0.09
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Table 5. Cont.
Measure Prisl\]/;an Pos(tsl\lgl)e an Wilcoxon Z p Effect Size
Beans (4%%571) (110'.2515) —1.60 0.11 0.13
Meat (15395.2416) é%g) 218 0.03 0.18
Meat alts ( 466?112) ( 485.89%1) 028 0.78 0.02
Fish (5:‘3"2) ( 4%?112) —0.11 0.91 0.01
Sandwich (;;L:;’é) (;3:32) —0.63 053 0.05
Bread éi;g) éggég) —0.67 0.50 0.05
Cereal (2%9059) (11()66'?;17) —0.41 0.68 0.03
Yoghurt (28127'.15_)12) (14341'.2212) —1.66 0.10 0.13
Cheese (288'%%22) (3%?1621) —0.28 0.78 0.02
Eggs ( 492'f*27()) (255"1137) —072 0.47 0.06
Stews (1‘2‘;2713) (14%?556) 042 0.68 0.03
Condiment (1‘16%?3,53) ég’:g;) 032 0.75 0.03
Candy (1%4.10113) (gég) 134 0.18 0.11
Salty snacks (241’%11) (1?;%532) —0.09 0.93 0.01
Nonalcohol (éggg) éggg) —0.86 0.39 0.07
Alcohol (23245'%) ( 690'%) —0.68 0.50 0.06
Total food waste (19?1830; (ggggi) —4.87 <0.001 0.40

Note: Significant effects in bold. SD = standard deviation.

The results of the generalised estimating equations are presented in Table 6. The
findings showed no significant differences in the adoption of food provisioning behaviours
between pre- and post-use survey periods.

Table 6. Generalised Estimating Equations analysis results for adoption of food provisioning be-
haviours by matched pairs.

Behaviour Pre/Post Coefficient (SE) :/:1’?1:1),(31 =74) 4

Make a shopping list 0.34 (0.35) 0.92 0.34
Check food at home before making a shopping list 0.03 (0.33) 0.01 0.94
When shopping, only buy what is on shopping list 0.48 (0.30) 2.52 0.11
Make a use-it up meal 0.29 (0.31) 0.88 0.35
Order takeaway —0.37(0.29) 1.65 0.20
Have a use-it up shelf in fridge/pantry 0.36 (0.36) 1.01 0.32

Note: SE = standard error; X2 = chi-square; df = degrees of freedom; 1 = sample size; p = significance value.

4. Discussion
4.1. Summary of Principal Findings

The combined aim of the two studies presented in this paper was to explore how
households used, and experienced, the OzHarvest Use it Up Tape (“the Tape”), to examine
its impact on food waste and to identify any changes in household food provisioning
behaviours that may have occurred.

The qualitative video diary study found that households used the Tape to mark out
a designated space in their refrigerators or pantries to place food that needed to be used
up, or stuck smaller sections of the Tape on specific items that needed to be used up (or
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did both). The Tape served multiple functions for participating households; it functioned
as a visual prompt, a labelling device, a planning tool, and a communication tool, and
sometimes had multiple functions for the same household. Participants also indicated
that the Tape helped them to engage in different food-related behaviours that reduced
food waste, such as making meals with food that needed to be used up (the initial target
behaviour) or sticking to their shopping list when shopping. The Tape seemed to be more
useful and effective for large family homes and for individuals who were disorganised
when shopping and/or cooking.

The quantitative study measured and compared self-reported food waste outcomes
and behavioural frequencies before and after a two-week period of Tape use and found that
there was a significant reduction in fresh vegetables, fresh fruit, and total food amounts
wasted when comparing the entire pre- and post-use samples. The analysis of matched pairs
(those who completed both pre- and post-use surveys) also found a significant reduction
in fresh vegetables, fresh fruit and total food amounts wasted, as well as for meat. There
also seemed to be a significant increase in the frequency across the entire pre- and post-use
samples of participants who reported making a use-it-up meal before and after the two-
week period, and an increase in designating a use-it-up shelf in fridges/pantries. However,
increased engagement in these behaviours was not shown in the matched pairs analyses.

4.2. Implications for Food Waste Reduction Policies and Programs

While visual prompt-type nudges have been previously explored with regard to their
influence on food waste recycling behaviours [28], to the best of our knowledge this is one
of the few studies that looks at their influence on reducing or preventing food waste [13,15].
In their recent study, [11] included reminder stickers and other ‘salience tools” in the suite of
food waste reduction tools they provided to participants. However, they mainly measured
the collective impact of all the tools, rather than looking at their individual impact. Ref. [10]
did look more specifically at the influence of different salience tools—a basket for collecting
food items that need to be used up, a whiteboard for noting these items, and clips to attach
to items—and found that they did not have an added impact on food waste levels.

Our study supports arguments by [15] on the potential of behaviourally orientated
nudges such as visual prompts to reduce food waste in households. The most wasted
food items in Australian households are fresh vegetables, fresh fruit, and bread /baked
goods [29], and the use of the Tape seemed to lead to a reduction in fruit and vegetables
wastage in participating households (but no significant reduction for bread /baked goods).
This shows that not only did the Tape support an overall reduction in food waste for
participants, but was particularly effective in tackling some of the more commonly wasted
items in the Australian context. We speculate the wastage of bread and other baked goods
may not have been reduced because the Tape may not have been used in the areas in the
kitchen where these items are commonly stored (i.e., in bread storage bins and/or freezers).

While the results were not consistent between the analysis of the entire pre- and post-
use samples and matched pairs, the quantitative study did suggest that the Tape supported
an increase in the target behaviour for the campaign, namely making a regular meal that
combines food that needs to be used up. This leads us to conclude that it was the increased
frequency of this behaviour which may have led to the food waste reduction outcomes that
were measured. This finding is important not just because it highlights the effectiveness of
the Tape as a behaviourally orientated nudge, but also because it supports that decision
to include this target behaviour in the overall Use It Up campaign as an effective way to
reduce food waste in Australia [16].

In their study of the effectiveness of stickers attached to weekly home food delivery
plastic bags to prompt consumers to return them for re-use, [17] described these types of
reminders as “action-close” or “point-of-decision” prompts. They argued that these types of
nudges are particularly effective as they “catch decision makers attention in the situation
and at the time of the desired behaviour change” (p. 2). Their study showed that the
reminder’s proximity to the action was critical and that “reminders issued at the time
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and in the situation of the taking action can bridge limited attention more effectively than
conventual, action-distant reminders” (p. 2). For policy and program managers seeking
to reduce food waste, this positions the effectiveness of behaviourally orientated nudges
like the Tape against more conventional campaigns providing information and raising
awareness [11,13]. While an increased consumer awareness of global and personal food
waste implications, and what could be done to address these, is important, individuals
also need to be prompted of the necessary behaviours at the time and place when they are
most relevant, namely when they are standing at their refrigerator or pantry looking for
something to eat or cook.

Of final relevance to policy and program managers is the varying effectiveness of the
Tape based on the characteristics of the household. The qualitative study showed that
family-based households with young children, and those households in which the primary
person responsible for shopping or cooking (the dietary gatekeeper) was particularly disor-
ganised, responded the best to the Tape and found it effective. As with any nudge-based
(or indeed any other type of) behaviour change intervention, a targeted implementation
of the Tape that engages with particular household-types is needed, as is the creation of
a broader range of complementary food waste reduction tools that might be relevant for
other households [11].

4.3. Limitations and Future Research

While the size of the sample of Study 1 was adequate for a qualitative exploration of
the experience of participants in using the Tape, we do note that higher income households
were not well-represented. A slightly expanded sample that also investigated how the
Tape was used in these types of households would have allowed for more comprehensive
conclusions to be reached in Study 1.

The variations noted in the outcomes for the entire pre- and post-use samples and
those for the matched pairs might have been due to several factors, namely the quasi-
experimental nature of the intervention and the lack of a true control condition. Not only
does this make it difficult to establish the Tape as the causal mechanism behind the observed
food waste reduction, but the nature of the intervention also means that participants self-
nominated their participation, and this might introduce a type of selection bias to the study.
Namely, participants were potentially already motivated to reduce food waste from the
onset, particularly those that were organised and engaged enough to complete both the
pre- and post-use survey. These matched pair participants, in particular, may have been
already engaging in certain food provisioning behaviours that reduce food waste, with
little opportunity to do them more in the two-week period allotted to their participation.

Related to measurement issues, [26] acknowledge that participants using their food
waste measurement survey typically underestimate the amount of food that they waste,
a problem which has been highlighted for other survey-based food waste self-reporting
tools [30]. However, they still point to the value this tool provides in comparing food
waste amounts between households or across time for the same households. The results
presented in this study should therefore not be seen as accurate measures of Australian
food waste, but rather as a way to test the effectiveness of the Tape by comparing between
participating households.

The relatively small sample sizes within the quantitative study may have influenced
our ability to detect the effects of the Tape. A follow-up study with a larger sample size
might provide more robust findings with regard to food waste and behavioural outcomes,
and the sample of the qualitative study could also be expanded to be more nationally
representative for Australia. Follow-up quantitative studies with larger sample sizes might
also need to consider Odds Ratios (ORs) and the underlying data when interpreting the
results of an ordinal logistic regression [31]. ORs can be influenced by other factors in the
data, such as the presence of confounding variables [32] or the distribution of the predictor
and outcome variables [31]. Given the low sample size, covariates were not included in the
analysis and, as such, it is unknown whether the results are influenced by any other factors.
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Future research on nudges such as the Tape might include a control condition and
repeated measures of outcomes over a longer period to enable more robust conclusions
about the long-term use of this type of tool and its impacts. Everitt et al. [7] recently
published the outcomes of a broader food waste reduction campaign in Canada that
was based on a randomised control trial and repeated measurements from 2017-2020.
Quantitative design issues, such as those listed above, highlight the value of including a
qualitative element to this research, which has allowed researchers to understand what
is going on inside of participants’ homes and how they have interacted with the Tape.
Future research would benefit from being able to implement a more strictly controlled
delivery and the adoption of ‘action-close’ nudges, such as the Tape, with the inclusion of a
true control condition to allow for more stringent comparisons. Additionally, wherever
possible, including qualitative measures is recommended to complement the accuracy of
self-reported measures and behaviours.

5. Conclusions

When engaging consumers to play their part in tackling the global food waste chal-
lenge, it is becoming increasing clear that simply providing information about the challenge
and what they need to do is not enough to lead to a meaningful behaviour change. Action-
close behaviourally orientated nudges and prompts, such as the OzHarvest Use it Up Tape,
play an important role in supporting consumers to turn their intentions to reduce food
waste into action by engaging them when they are paying attention to food, i.e., when
opening their refrigerator or pantry in order to prepare a meal. There is an opportunity
to create multi-faceted interventions that map daily consumer behaviours related to food
waste and utilise a mix of both behaviourally and cognitively orientated nudges, to pro-
vide the appropriate support for different behaviours and ensure ongoing food waste
reduction outcomes.
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