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Food waste is a largely avoidable global issue with adverse environmental and economic impacts. Households are
the main generators of food waste, with two main food waste behaviours contributing to the issue: generation
and sorting. Online survey data from 939 households was used to segment households based on two measures of
food waste generation (total food waste volume and the proportion of total food waste that is avoidable) and one
measure of sorting behaviour (proportion of food waste sorted sustainably). Three segments were identified:
‘Warriors’ (39.6%), ‘Strugglers’ (19.6%), and ‘Slackers’ (40.8%). Warriors have low total and avoidable food
waste and sort it sustainably (i.e. sorting into a kerbside organics bin, composting, and feeding to pets). Slackers
have low food waste but sort little of it sustainably. Strugglers have high food waste and a medium level of
sustainable sorting. These segments were profiled based on the Motivation — Opportunity — Ability framework
with motivation based on the three goal-framing motivations (i.e. gain, hedonic, and normative goals) for
reducing and sorting food waste between segments. These findings can help inform the design of interventions

aimed at reducing and sorting food waste in specific segments of municipal populations.

1. Introduction

Annually, an estimated 931 million tonnes or 17 % of all food pro-
duced for human consumption globally is wasted at various consump-
tion stages, which include retail, food service and households (UNEP,
2021). Particularly in high-income, upper middle-income, and lower
middle-income countries, households are significant contributors to this
food waste (FW). In 2019, households accounted for 61 % of the total
estimated FW within these consumption stages (UNEP, 2021). These
levels of FW are not only economic losses but are also unsustainable. The
lost natural resources (i.e. land, water, energy) associated with this FW
are significant as food production is resource-intensive (Schanes et al.,
2018; Spang et al., 2019). Additionally, most FW produced by house-
holds is sent to landfill, resulting in increased greenhouse gas (GHG)
emissions (Van Biene et al., 2021). Reducing consumers’ household FW
is an effective way of reducing natural resource use and GHG emissions
(Cattaneo et al., 2021).

The United Nations’ Food Waste Index describes FW as food and its
associated inedible parts that are removed from the human food supply
chain. This covers a variety of end destinations such as “landfill,
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controlled combustion, sewers, littering/discard/refuse, co/anaerobic
digestion, compost/aerobic digestion, and land application” (UNEP,
2021). Collectively, the definition of FW as the end destination of food,
and the provision of guidance on preferred behaviours by frameworks
like the Food Waste Hierarchy (Papargyropoulou et al., 2014) suggests
that behaviour related to FW are interconnected. This includes both
those behaviours that occur prior to disposal (e.g. to prevent the
occurrence of FW) and those directly related to disposal of FW (e.g. to
sort between end destinations) (Diaz-Ruiz et al., 2018; Nguyen et al.,
2022; Schanes et al., 2018). Food management behaviours related to the
occurrence of FW include food planning, shopping, storing, preparation,
cooking and consumption of leftovers, while the disposal-related
behaviour include different types of disposal practices (i.e. how the
FW is disposed of) (Principato, 2018).

Previous research has identified several psychosocial, behavioural
and situational factors influencing FW generation (Attiq et al., 2021;
Ghafoorifard et al., 2022; Roodhuyzen et al., 2017; Russell et al., 2017;
Schanes et al., 2018) and disposal behaviours (Ladele et al., 2021;
Nguyen et al., 2022). Lower FW generation is commonly associated with
older age (Karunasena et al., 2021), strong personal norms against
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wasting food (Visschers et al., 2016), and the perceived control/ability
to reduce FW (Graham-Rowe et al., 2015); while more sustainable
disposal behaviours are associated with perceived benefits, recycling
habits, and ability to compost (Nguyen et al., 2022). However, these
studies also found heterogeneity in FW generation and disposal behav-
iours between households. Understanding heterogeneity in FW behav-
iours and the distinguishing characteristics of behavioural segments is
important for designing and targeting information and interventions for
behavioural change (Vittuari et al., 2023).

Few studies in the literature have utilised segmentation analysis to
understand household FW behaviour. Previous segmentation studies
have mainly identified consumer segments based on food-related be-
haviours (e.g. planning, shopping, storing, cooking, and consuming)
(Aschemann-Witzel et al., 2018; Borg et al., 2022; Delley and Brunner,
2017; Richter, 2017; Romani et al., 2018), and attitudes/concerns to-
wards FW (Annunziata et al., 2022; Flanagan and Priyadarshini, 2021).
These segmentation studies have focused on the differences in charac-
teristics between segments such as demographics, attitudes, and life-
style, with a few studies incorporating self-reported FW volumes
(Aschemann-Witzel et al., 2021; Borg et al., 2022; Coskun, 2021).

1.1. Food waste measures in segmentation analyses

Household FW consists of both avoidable and unavoidable FW
(Papargyropoulou et al., 2014; WRAP, 2013). Avoidable FW is FW that
is edible at some point prior to disposal. Unavoidable FW is inedible
parts of food that are discarded as they are not suitable for human
consumption (Papargyropoulou et al., 2014). The distinction between
avoidable and unavoidable FW is important as it can provide insight into
the degree to which prevention measures can be utilised and the pro-
portion of FW that can be sorted out of landfill.

To date, segmentation studies have only considered avoidable FW, or
the total amount of FW where avoidable and unavoidable FW are
combined (without distinguishing between them). This lack of distinc-
tion of FW types can introduce bias in segmentation when trying to
understand behaviours. Moreover, prior segmentation analyses have not
considered FW disposal (i.e. sorting) behaviour, despite evidence indi-
cating that disposal influences overall waste generation and its envi-
ronmental impacts (Miliute-Plepiene and Plepys, 2015).

As summarised in Table 1, previous segmentation studies have used
FW measures that are likely to have introduced bias. For example,
previous studies only considered total FW and did not distinguish be-
tween avoidable and unavoidable FW, or they only considered FW that
was edible at some point. Notably, several studies assumed that con-
sumers associated the term ‘FW’ with avoidable FW (Aschemann-Witzel
etal., 2021). Thus, avoidable and unavoidable FW have not been clearly
distinguished in most previous studies. Addressing this limitation in

Table 1
FW amount included in previous segmentation analyses.
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segmentation analyses offers new and operationalizable insight on how
to design and target interventions related to avoidable and unavoidable
FW behaviours in households.

1.2. Households’ motivation, ability and opportunity to reduce and sort
FW

Previous studies investigating household FW behaviour have used
different theoretical frameworks to guide their analyses. The Theory of
Planned Behaviour (TPB) and the Motivation — Opportunity — Ability
(MOA) framework have been frequently used (Vittuari et al., 2023). The
TPB proposes that intention to engage in a behaviour is determined by
attitudes toward the behaviour, subjective norms and perceived
behavioural control (Ajzen, 1991). The TPB aims to explain intended
behaviour, which is rarely the case for FW generating behaviour (Stancu
et al., 2016). Therefore, several studies have expanded the model by
including various behaviours related to FW generation (e.g. planning,
shopping, consuming expired but edible food), and have found
perceived behavioural control to be a useful variable in predicting these
behaviours which in turn influence FW generation (Schmidt, 2019;
Stancu et al., 2016; Stefan et al., 2013; Visschers et al., 2016).

The MOA framework is being increasingly used in consumer research
on FW due to its consideration of non-cognitive aspects of a behaviour,
including the ‘Ability’ and ‘Opportunity’ elements (van Geffen et al.,
2020). The motivation element in the MOA framework encompasses
attitudes, intentions, and norms that are included in the TPB (Vittuari
et al., 2023). However, the MOA considers motivation in a more general
sense and does not specify an underlying type of motivation. This is an
important limitation as pro-environmental behaviours have been shown
to be associated with distinct types of motivation including financial and
environmental motives (Prelez et al., 2023). Further, motivational dy-
namics relevant to addressing FW issues have yet to be explored in FW
behaviour studies.

One helpful approach for exploring behavioural motives is using the
‘motives-as-goals’ perspective, which proposes that actions are driven
by the goals of individuals; thus, behaviours change when goals change
(Covington, 2000). This perspective is central to the goal-framing theory
(GFT) of Lindenberg and Steg (2007), which the present study uses as a
framework to explore households’ motivation to reduce and sort FW.
The framework has been used to understand a range of behaviours,
including pro-environmental behaviours such as green purchase
behaviour (Liobikiene et al., 2017), green travel modes (e.g. walking,
biking) (Geng et al., 2017), energy consumption (Brandsma and Blasch,
2019), homeowners’ decision to environmentally improve on-site
sewage systems, and environmentally sustainable banking (Taneja and
Ali, 2021).

The GFT provides a powerful model of multi-goal preference

Segmentation study Description

Avoidable/unavoidable distinction

Aschemann-Witzel
et al. (2018)

Aschemann-Witzel
et al. (2021)

Similar to Aschemann-Witzel et al. (2018).

Borg et al. (2022)

Coskun (2021)
bakery, and fruits and vegetables.

Delley and Brunner

(2017) categories are provided.

Self-report of FW in five food categories (i.e. Fresh fruit and vegetables, Milk and dairy,
Bread and other bakery products, Meat and fish, Prepared dishes/meals).

FW measured in kilograms and classified across 12 food categories.

FW measured by four food categories adopted from Visschers et al. (2016): meat, dairy,

FW amount wasted by household in an average week for various food categories. The

Not clear what was included in the FW amount.

It was assumed that consumers often referred to FW as
edible. Thus, unavoidable FW was excluded.

No distinction.

No explicit explanation but based on the original
measurement, this was assumed to be avoidable FW.

No explanation was provided.
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formation that assumes behaviours are goal oriented. The theory pos-
tulates that ‘actors pursue several different goals simultaneously,
whether these goals are chosen autonomously or triggered by their
environment’ (Lindenberg and Steg, 2007). The three goals underlying
GFT include the hedonic goal ‘to feel good’, the gain goal ‘to enhance
one’s resources’, and the normative goal ‘to act appropriately’. These
goals may (or may not) be in harmony, which can lead to situations
where the focal goal may be influenced by other goals in the background
(Lindenberg and Steg, 2007). Specifically, a hedonic goal frame activates
a sub-goal(s) associated with the way an individual feels in a specific
situation (e.g. avoiding negative thoughts and events, seeking direct
pleasure, seeking excitement, etc) (Lindenberg and Steg, 2007). In other
words, the central realisation of this goal is an improvement in one’s
feelings. The time horizon of the hedonic goal frame is also very short.
People in the hedonic goal frame are particularly sensitive to what in-
creases and decreases their pleasure and affects their mood. A gain goal
frame will make individuals sensitive to changes in their personal re-
sources (Lindenberg and Steg, 2007). The time horizon for this goal
frame is medium or long term and the central realisation is an increase
(or avoiding a decrease) in one’s resources. A normative goal frame ac-
tivates a sub-goal(s) related to behaving in the ‘right” way upon their
personal norms or as determined by social or moral norms (e.g. pro-
tecting the environment, showing exemplary behaviour) (Lindenberg
and Steg, 2007).

The ‘ability’ element of the MOA framework refers to the knowledge,
skills and individual capacities to perform the behaviours (van Geffen
et al., 2016). This factor is compatible with the ‘perceived behavioural
control’ construct in the TPB. For example, to reduce avoidable FW,
cooking skills are important so that individuals can estimate the
required amount of food for a meal and can be creative with different
ingredients so they won’t go to waste. For sorting behaviour, this
element can be interpreted as the control over FW disposal as other
household members may be the ones disposing of FW (Nguyen et al.,
2022).

Opportunity refers to the availability and accessibility of materials
and resources needed to change behaviour (Vittuari et al., 2023). For
example, the infrastructures and external factors that determine con-
sumers’ action to reduce and sort FW include the package size available
to purchase and the kerbside waste collection system. Regarding the
waste collection system for FW, the study area provided Food Organics
and Garden Organics (FOGO) kerbside collection to all residents through
a 240-L green bin (so-called FOGO bin) that is collected fortnightly as
part of the waste management system (Blanchard et al., 2023; Landells
et al., 2022). This system allows all types of FW and has been used for
decades (GISA, 2021). Many councils also provide a 7-L kitchen
collection tool (referred to as a ‘kitchen caddy’) and compostable bags
that are free to pick up at the local library or council office. This
initiative increases convenience for households in collecting FW before
transferring it to the large FOGO bin. Therefore, many survey partici-
pants would likely be familiar with this system.

2. Research objectives

The present study builds on the existing literature by exploring
heterogeneity in households’ FW behaviour both in terms of generation
and sorting of FW. We expand on previous segmentation studies by
including two measures of FW volume: total volume and the avoidable
proportion of FW volume, and measure of FW being diverted from
landfill (i.e. sorting behaviour).

We profile the segments using the MOA framework (van Geffen et al.,
2016). We incorporate the ‘motives as goals’ perspective (discussed in
the previous section) by including three elements of the Lindenberg and
Steg (2007) GFT - gain, hedonic, and normative goals. The ‘ability’
aspect of the MOA framework is accessed using perceived behavioural
control items. The ‘opportunity’ is control for sorting behaviour as we
conducted this study in Adelaide, South Australia. This location
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provided a unique context for exploring the role of sorting behaviour
because all households in Adelaide metropolitan areas have access to
kerbside FW collection.

To the best of our knowledge, this is the first segmentation analysis
that incorporates the avoidable proportion of total FW volume in rela-
tion to the unavoidable proportion of FW. Additionally, this study is the
first to include sustainable household disposal behaviour that diverts FW
from landfill, contributing to a comprehensive understanding of FW
behaviour in households. The results are expected to provide insight to
identify target groups for prioritising intervention strategies aimed at
reducing and diverting FW from landfill.

3. Material and Methods
3.1. Data collection and survey design

A cross-sectional online survey of household FW behaviour was
conducted in Adelaide, South Australia, in April - May 2021. The survey
was administrated and participant recruitment was managed by a pro-
fessional market research company (Pureprofile), with quotas set for
gender and age so that the sample closely matched the general Austra-
lian population. Eligible participants were 18 years and older and living
in the metropolitan suburbs of Adelaide. Pureprofile recruited eligible
participants from their online panels via email and offered monetary
incentives for participation as part of their reward program. Participants
were made aware of the research topic after their eligibility was deter-
mined (see information provided in Fig. A1, Appendix A). At this point,
some potential participants might have chosen to opt out of the survey
due to a lack of interest in the topic.

The questionnaire assessed a range of topics, including self-reported
FW generation and disposal practices of households, and individual
perceptions and beliefs related to reducing and sorting FW. Methods
used to measure FW volume and determine the proportion of avoidable
FW and the proportion of FW disposed of sustainably are described in
detail elsewhere (Nguyen et al., 2022). Human Ethics approval was
granted by the University of Adelaide (approval number H-2020-242).

The measurements of relevant constructs included in the present
analyses are described below.

3.2. Measures

3.2.1. Measuring household FW volume, avoidable proportion and sorting
behaviour

The survey instrument was designed to reduce limitations from self-
reported estimates of household FW identified in the FW literature
(Hebrok and Boks, 2017; van Herpen et al., 2019; Xue et al., 2017). All
questions used to measure FW are provided in Appendix A.

Respondents were given a definition of FW (Fig. A2, Appendix A) and
they were also provided with a list of different types of FW (Fig. A3).
Respondents indicated (“yes” or “no”) if their household produced each
type of FW. For reporting their household FW, respondents could choose
their preferred unit of measure and illustrations were provided to help
determine the volumes (Fig. A4). For example, measurement units (and
a relevant image) for solid FW included a 7-Litre kitchen caddy and a 4-
Litre ice cream container (Fig. A5). Respondents were asked to estimate
the total volume of FW that their household produced during a typical
week (Fig. A6). We sought to use measurement units that would be
widely recognised by participants. For example, the kitchen caddy is
part of the waste management system in the study area and the
descriptive analysis shows that more than half of our participants had a
kitchen caddy in their homes (Table A1, Appendix A).

Next, for each selected FW category, respondents self-reported the
proportion of total FW that the category accounted for (Fig. A7). After
respondents completed the questions designed to quantify their house-
hold’s total volume of FW, they were then asked to use a pie graph to
indicate the proportion of their household FW sorted/discarded in
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various destinations. The options included 1) general waste bin, 2) green
organics bin, 3) recycling bin, 4) compost/worm farm, 5) feeding ani-
mals, and 6) sink and others (Fig. A8). This question was asked sepa-
rately for total solid FW (Fig. A8) and for each of the 11 categories of FW
(see Figs. A9 and A10 for examples). Solid FW and liquid FW were
measured separately; however, liquid FW was out of scope for the an-
alyses in this paper.

The proportion of avoidable FW was calculated by summing the
volumes of the ‘avoidable’ FW categories (indicated in Table 3) and
dividing this sum by the total FW generated. The sorting score was
calculated by dividing the amount of FW sorted sustainably by the total
FW generated. Sustainable destinations for disposal include sorting FW
in the green organics bin, home compost bin and feeding animals (see
Nguyen et al. (2022)).

3.2.2. Importance of reducing and sorting FW

Respondents were asked to rate the importance to their household of
reducing and sorting FW. Respondents were asked: ‘How important is
reducing household FW to you/your household?’ and ‘How important is
sorting and putting FW into the Green Organics bin to you/your
household?’. Respondents indicated their agreement with statements
related to reducing FW (Table 6) and sorting FW (Table 7) using a 7-
point Likert scale (where 1 = strongly disagree and 7 = strongly agree).

3.2.3. Goal-framing theory motivation constructs

Following the Goal-framing Theory by Lindenberg and Steg (2007),
items for measuring each of the three goals were developed for two
behaviours: reducing FW and sorting FW. Respondents were asked: ‘To
what extent do you agree with each of the following statements related
to what influences you (or would influence you) to reduce food waste?’.
A similar question was asked for sorting FW. The items used to measure
the three goals are shown in Table 6 (reducing FW) and Table 7 (sorting
FW). All items were rated using a 7-point Likert scale (where 1 =
strongly disagree and 7 = strongly agree).

3.2.4. Control over reducing and sorting FW

These constructs were developed based on items used in the litera-
ture (van Geffen et al., 2020; Visschers et al., 2016). Each of the two
constructs measured control over reducing and sorting FW using two
items. They are described in Tables 6 and 7 respectively and were rated
using a 7-point Likert scale (where 1 = strongly disagree and 7 =
strongly agree).

3.3. Statistical analyses

The aim of the segmentation analysis was to identify homogeneous
groups of households based on FW volume, avoidable proportion of FW,
and sorting behaviour. As the number of segments was not predefined,
we employed an exploratory approach using the TwoStep Cluster
Analysis procedure, which is a multivariate analysis technique consist-
ing of two distinct stages (Dietrich et al., 2017). The first step is called
pre-clustering where original cases are grouped in pre-clusters using the
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log-likelihood method. In the second step, the number of cluster solu-
tions is selected based on Schwarz’s Bayesian Information Criterion
(BIC). The TwoStep Cluster Analysis procedure has been shown to
perform better than traditional hierarchical and K-mean cluster tech-
niques (Kent et al., 2014), and it has gained popularity in various fields
since its introduction in Statistical Packages for Social Sciences (SPSS)
(Tkaczynski, 2017). Three behavioural outcomes were included in the
TwoStep procedure as clustering variables: the total volume of solid FW
(L), the proportion of avoidable FW (%), the and proportion of FW sorted
sustainably (%).

Segments identified by the TwoStep Cluster Analysis were profiled
using Chi-Square tests with Bonferroni-adjusted p-values and ANOVA
tests with post-hoc Tamhane’s T2 tests to account for multiple pairwise
comparisons. A range of variables was used to profile the identified
segments, including respondents’ demographic characteristics, house-
hold characteristics and categories of FW generated (e.g. fruit and
vegetable scraps, meat, etc.).

The goal-framing motivations of Lindenberg and Steg (2007) (i.e.
gain, hedonic, and normative goals) and control factors were compared
between segments to understand the motivation of different segments to
reduce and sort FW. Cronbach’s alpha for each profiling constructs (i.e.
goal motives and control) were used to identify the correlational
structure within each aspect. We then computed the average score for
each goal to retain the three goal constructs, as these represent the
theoretically derived and empirically well-tested constructs developed
from the GFT and TPB. All data analyses were performed in SPSS version
28. A 5 % level of significance was used for all analyses.

4. Results
4.1. Sample characteristics

Socio-demographic details and household characteristics of the
sample are presented in Table A1, Appendix A. In total, 51 % of the
survey participants were female; the mean age was 46 years old, with a
standard deviation of 17 years; and 36 % had obtained a university
education or more advanced education. The distribution in terms of
gender, age, and income closely matched the broader Australian adult
population, deviating by less than 5 % (Table A1).

4.2. Cluster groupings and comparisons of FW outcomes

Three distinct clusters were identified by the TwoStep Cluster
Analysis with a silhouette measure of cohesion and separation of 0.50,
indicating good cluster quality in cluster structure (Rousseeuw and
Kaufman, 2009). The best cluster solution was automatically chosen by
SPSS’s TwoStep Cluster based on analysing the BIC. The number of
clusters, pre-clusters, and their corresponding BIC values are provided in
Table A2 and Fig. A11 of Appendix A. The Cronbach’s alpha values for
most constructs ranged from 0.6 to 0.7, indicating that they are
considered acceptable in exploratory research (Hair Jr et al., 2021). Two
constructs, namely "Hedonic goal’ and 'Normative goal’ for sorting FW,

Table 2
Descriptive statistics for behaviours included in cluster analysis by cluster group.
Behavioural indicators ‘Warriors’ ‘Strugglers’ ‘Slackers’ Total F/Welch’s F* P-value %/est. 0>
(39.6 %) (19.6 %) (40.8 %) (n =939)
Mean SD Mean SD Mean SD Mean SD
Food waste volume (L/household/week) 9.6 5.5 33.1° 9.4 9.0 5.3 14.0 11.4 551.536 <0.001 0.689
Proportion of avoidable food waste” (%) 24.5% 23.3 39.7% ¢ 25.1 38.9¢ 26.6 33.3 26.0 40.691 <0.001 0.074
Proportion of food waste sorted sustainably” (%) 87.8% 15.7 42.8° 33.8 15.2¢ 15.7 49.4 38.6 2017.494 <0.001 0.717

In each row, means not sharing the same subscripts differ significantly at o = 0.05 as indicated by post-hoc Tamhane’s T2 multiple comparison tests.

" Welch’s F statistic.

P Avoidable FW includes food that is edible prior to disposal point. These categories are described in Table 3.
# Sustainable FW behaviour includes sorting FW into the green organics bin, feeding animals, and composting.
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had Cronbach’s alpha values lower than 0.60; however, we retained
these two constructs as they are important theoretically.

The means of the three clustering indicators are provided in Table 2.
Overall, an average household generated approximately 14 L of FW a
week, of which about a third is avoidable, and they sorted less than half
of their FW sustainably. Cluster 1, named ‘Warriors’, included 39.6 % of
respondents and included households that generated a moderate
amount of total solid FW (9.6 L/household/week), with a relatively low
proportion (24.5 %) of FW that was avoidable (i.e. preventable). This
group sorted 87.8 % of their FW sustainably. Cluster 2, named ‘Strug-
glers’ was the smallest segment, comprising 19.6 % of respondents. This
segment generated the largest amount of total solid FW (33.1 L/house-
hold/week), of which nearly 40 % was avoidable. Strugglers sorted 42.8
% of their FW sustainably, which was about the average of all house-
holds in the sample (49.4 %). Cluster 3, named ‘Slackers’ included 40.8
% of respondents, and generated a similar amount of FW as the 'Warrior’
segment (9.0 L/household). However, compared to Warriors, Slackers
produced a larger share of avoidable FW (38.9 %) and sorted a lower
share of their FW sustainably (15.2 %).

Table 3 provides a comparison across segments of the share that each
FW category contributes to the total volume of household FW. The same
three categories (all ‘unavoidable’) comprised the largest share of FW for
all three segments: Fruit and vegetable scraps/peels/stems; Offcuts/
bones/skins of meat and poultry; and Other inedible items or by-
products of food and beverage preparation (e.g. tea bags, coffee
grounds) and paper towels. For several FW categories, the percentage
contribution to total FW differed significantly between segments,
particularly when comparing the Warriors to the other two segments.
Compared to the other segments, a higher percentage of Warriors’ total
FW was attributed to Fruit and vegetable scraps/peels/stems and a
smaller percentage was attributed to avoidable FW categories including
‘Meat, fish, seafood’, mixed leftovers, bread and cereals, and dairy
products.

Table 4 presents a comparison of the sustainable sorting efficiency
score (%) for each food category across the three segments. For most
categories, Warriors sorted the highest proportion of FW sustainably
(47-91 %), followed by Strugglers (31-58 %), and Slackers (15-31 %).
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4.3. Comparison of food waste behaviour segments

4.3.1. Socio-demographic and household characteristics

Statistically significant differences between segments were found for
several socio-demographic and household characteristics (Table 5),
including age, household income, household composition and dwelling
type. Neither gender nor education level (i.e. attainment of a university
degree) differed between segments.

Warriors are mostly families with adults only (45 %) or families with
children (29 %) living in a detached house, and nearly 50 % are aged 55
years and over (Table 5). Households in the Warriors segment comprised
a significantly higher proportion of respondents aged > 65 years, had
fewer people in their household, on average, and a higher share was in
the lowest income quintile, compared to Strugglers; and were more likely
to live in a detached house and less likely to live in a flat/unit/apart-
ment, compared to Slackers.

Of all segments, Strugglers had the largest household size on average,
and had a relatively higher share of families with children (47 %) and
lower share of single person households (6 %). Compared to Warriors, a
higher proportion of Strugglers (similar to Slackers) were aged 18-34
years. Statistically significant differences in household income were also
found across segments, with a significantly lower proportion of Strug-
glers in the lowest income quintile, compared to Warriors, and a higher
proportion in the highest income quintile, compared to Slackers.

Slackers, similar to Warriors, are mostly families with children (36 %)
or adults only (32 %). However, compared to Warriors, a lower share of
Slackers resides in detached houses and a higher share live in flats/units/
apartments.

4.3.2. Goal-framing motivations and control over reducing and sorting FW
amongst segments

Table 6 provides a comparison across segments of the importance
ratings, goal scores (gain, hedonic, and normative) and constraint/
control scores regarding reducing household FW. All three segments
indicated that reducing FW was important for their households (i.e. all
mean scores are above the mid-point of the scale). However, importance
scores differ significantly between all segments, with importance ratings
highest among Warriors, followed by Strugglers, and Slackers. The means
of gain and control scores differ significantly between segments. The

Table 3
Contribution (%) of different food waste categories to total food waste volume by segment.
FW category ‘Warrior’ ‘Struggler’ ‘Slacker’ Total (n = F/Welch’s P-value  ©*/est.
(39.6 %) (19.6 %) (40.8 %) 939) F* o’
M SD M SD M SD M SD

Avoidable
Uneaten vegetables including fresh and frozen products (e.g. 8.4 10.3 9.4 10.2 9.8 12.6 9.2 113 1.482 0.228 0.001
rotten fruits and vegetables)
Meat, fish, seafood (e.g. mince, fish fillet) and eggs 2.2° 4.2 4.6° 6.0 4.3> 7.7 3.5 6.2 18.194 <0.001 0.027
Hard dairy products (e.g. cheese, butter) 1.1°% 3.7 2.8° 6.9 2.2° 5.0 1.8 5.0 9.031 <0.001 0.016
Soft dairy products (e.g. yogurt, sour cream) 1.72 4.5 3.5" 6.3 3.3 6.1 2.7 5.6 11.511 <0.001 0.019
Bread and cereals (e.g. bread, rice, pasta, couscous, breakfast 472 7.9 7.8° 11.0 6.6" 9.2 6.1 9.2 8.134 <0.001 0.015
cereals, pasta)
Mixed leftovers from cooked meals, chilled or frozen ready meals, 5.6° 9.4 9.7° 11.5 10.7° 14.5 8.5 12.3 20.046 <0.001 0.035
takeaway/home delivered meals
Sugar, chocolate, confectionery, crisps and ice-cream 0.7 % 2.6 1.9° 5.1 2.0° 5.0 1.5 43 12719 <0.001 0.019

Unavoidable
Fruit and vegetable scraps/peels/stems (e.g. potato peels, apple 4852 270 326" 259 293> 230 376 267 57.388 <0.001 0.110
core)
Offcuts/bones/skins of meat and poultry (e.g. chicken bonesand ~ 11.3 15.1 11.4 122 120 13.6 11.6 139 0.265 0.767  —0.002
skins, pork fats)
Fish skeletons/offcuts, seafood shells and eggshells 4.6 6.0 6.0 7.7 5.2 9.8 5.1 8.1 2.651 0.072 0.002
Other inedible items or by-products of food and beverage 11.2° 132 103 112 146> 177 124 15.0 6.877 0.001 0.013

preparation (e.g. tea bags, coffee grounds) and paper towels

In each row, means not sharing the same subscripts differ significantly at a = 0.05 as indicated by post-hoc Tamhane’s T2 tests. Effect size: small ®* = 0.01; medium o>

= 0.06; large 0> = 0.14.
* Welch’s F statistic.
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Table 4
Proportion (%) of household food waste sorted sustainably for different food waste categories across segments.
FW category ‘Warrior’ ‘Struggler’ ‘Slacker’ Total F/Welch’s F* P-value ?/est. o>
(39.6 %) (19.6 %) (40.8 %) (n =939)
M SD M SD M SD M SD

Avoidable
Uneaten vegetables including fresh and frozen products 91.0% 20.8 57.5> 39.6 31.4¢ 37.4 60.2 41.9 260.398 <0.001 0.399
(e.g. rotten fruits and vegetables)
Meat, fish, seafood (e.g. mince, fish fillet) and eggs 67.5% 40.4 45.0° 42.1 21.9¢ 32.7 43.5 427 59.537 <0.001 0.211
Hard dairy products (e.g. cheese, butter) 64.7 % 44.3 40.7° 40.8 19.2° 30.6 39.5 42.7 32.247 <0.001 0.206
Soft dairy products (e.g. yogurt, sour cream) 46.8% 45.9 32.2° 39.4 15.7¢ 30.1 30.1 40.5 21.726 <0.001 0.107
Bread and cereals (e.g. bread, rice, pasta, couscous, breakfast cereals, pasta) 76.7 * 36.6 49.7° 427 24.2° 36.4 49.4 44.4 99.798 <0.001 0.265
Mixed leftovers from cooked meals, chilled or frozen ready 71.0% 38.8 458> 43.1 18.3° 30.9 42.7 43.4 115.382 <0.001 0.284
meals, takeaway/home delivered meals
Sugar, chocolate, confectionery, crisps and ice-cream 49.3% 45.8 31.1% 40.2 14.5° 29.6 29.0 40.4 16.072 <0.001 0.132

Unavoidable
Fruit and vegetable scraps/peels/stems (e.g. potato peels, apple core) 90.7* 20.8 55.2° 39.6 30.7° 36.7 59.8 41.8 379.160 <0.001 0.416
Offcuts/bones/skins of meat and poultry (e.g. chicken bones 68.7 % 40.3 40.8° 41.8 19.5° 30.6 44.7 43.3 137.386 <0.001 0.255
and skins, pork fats)
Fish skeletons/offcuts, seafood shells and eggshells 76.0% 37.2 41.3° 432 18.9¢ 31.1 49.1 44.6 162.653 <0.001 0.323
Other inedible items or
by-products of food and beverage preparation (e.g. tea bags, coffee grounds) 68.1 % 40.1 39.9° 42.8 14.9° 27.9 42.0 43.6 188.218 <0.001 0.300

and paper towels

In each row, means not sharing the same subscripts differ significantly at a = 0.05 as indicated by post-hoc Tamhane’s T2 tests. Effect size: small ® = 0.01; medium o

= 0.06; large 0> = 0.14.
" Welch’s F statistic.

hedonic goal has the highest average mean for all three segments, fol-
lowed by the gain goal, and the normative goal. Relative to other seg-
ments, the Warriors have the highest mean score for the gain goal and for
control over FW, and both Warriors and Strugglers have the higher scores
for the hedonic and normative goals compared to Slackers.

All segments except for Slackers indicate that sorting FW is important
for their households (Table 7). With respect to attitudes regarding
sorting FW, the mean levels of agreement are significantly different
between segments (similar to reducing FW), with Warriors having the
highest agreement, followed by Strugglers and Slackers. The means of all
goals are significantly different between segments (Table 7), with the

2

Warriors having the highest mean scores, followed by Strugglers, then
Slackers.

5. Discussion, research implications and future research

Interventions aiming to encourage households to reduce and sort
FW, are likely to be more effective when tailored to address the unique
characteristics of behaviourally distinct segments. The present study is
the first to include the avoidable proportion of FW and sorting behav-
iour, along with FW volume, as clustering indicators. Additionally, the
segments were profiled based on three elements of the MOA framework,

Table 5
Demographic characteristics of respondents and household characteristics by segment.
‘Warriors’ ‘Struggler’ ‘Slacker’ Total 12/F P-value V/w?
(39.6 %) (19.6 %) (40.8 %) (n =939)
Gender (female) 51.1 % 48.4 % 51.2% 50.6 % 0.450 0.798 0.022
Age groups (years), % 82.224 <0.001 0.209
18-24 6.2° 15.2° 14.6° 11.4
25-34 1267 17.9° 24.8° 18.6
35-44 14.0 20.1 20.4 17.8
45-54 17.7 20.1 16.7 17.8
55-64 19.4° 14.7>° 11.7° 15.3
65+ 30.1° 12.0° 11.7° 19.1
University degree (yes), % 36.3 37.0 34.5 35.7 0.438 0.804 0.022
Household income ($AU/year) 20.295 0.009 0.104
$0 — $38,900 23.9%*? 13.0%® 19.3% P 19.9 %
$38,901 - $69,500 26.6 % 21.7 % 24.0 % 24.6 %
$69,501 — $109,300 24.5% 29.3 % 26.1 % 26.1 %
$109,301 - $168,700 18.0 % 23.4% 24.3 % 21.6 %
$168,701 or above 7.0% " 125%° 6.3%*° 7.8%
Household size (persons), mean (SD) 2.6(1.2)2 3.3(1.3)° 2.8(1.3)? 2.8 (1.3) 19.603 <0.001 0.038
Dwelling types 17.684 0.024 0.097
Separate/detached house 80.4 %2 74.5 % &P 70.0 % 75.0 %
Semi-detached row or townhouse 11.0 % 11.4 % 12.0 % 11.5%
Flat, unit, apartment 7.8%? 136 %> P 17.2%° 12.8 %
Rural Property 0.5 % 0.5 % 0.3 % 0.4 %
Household composition 41.292 <0.001 0.148
Single person household 16.7%* 6.0% " 17.0%* 14.7 %
Family with children 29.3%° 46.7 % ° 35.5%° 35.3%
Family, only adults (18 + ) 44.9%? 37.5 % ° 32.4%° 38.1 %
Shared household, non-related 5.4 % 6.5 % 9.4 % 7.2%
Having a kitchen caddy 77.7 % ¢ 61.4%° 30.5% ¢ 55.3 % 173.115 <0.001 0.429

In each row, means not sharing the same subscripts differ significantly at « = 0.05 as indicated by Chi-square test or post-hoc Tamhane’s T2 tests.
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Table 6
Motivations and constraints for reducing FW by segment.
Statement ‘Warrior’ ‘Struggler’ ‘Slacker’ Total F/Welch’s P-value 0%/est.
(39.6 %) (19.6 %) (40.8 %) (n =939) F* w?
Mean SD Mean SD Mean SD Mean SD

Importance of reducing FW 6.0° 1.0 57 1.3 5.0° 1.5 56 1.4 51.911 <0.001  0.099

Gain goal (Cronbach’s & = 0.62) 55¢ 1.0 5.3° 1.1 5.1° 1.1 5.3 1.0 18.330 <0.001 0.036
I can save money for my household by avoiding FW 6.0 1.0 5.8 1.1 5.6 1.2 5.8 1.1
I can afford to waste food in order to make my life easier " 2.4 1.4 3.0 1.5 3.1 1.6 28 1.5
I don’t think the food I throw away costs much money * 3.1 1.7 3.0 1.5 33 1.5 3.2 1.6

Hedonic goal (Cronbach’s @ = 0.68) 58¢ 1.0 56° 1.1 5.4° 1.1 5.6 1.1 15.941 <0.001 0.031
I feel bad when I throw food away 6.0 1.1 5.8 1.1 5.6 1.3 5.8 1.2
I derive pleasure and satisfaction when there is no FW in my 5.7 1.2 5.5 1.3 5.2 1.3 5.4 1.3
household

Normative goal (Cronbach’s @ = 0.68) 522 1.0 512 1.0 4.8° 1.1 5.0 1.1 13.022 <0.001 0.025
It is morally wrong to waste food 5.6 1.4 5.4 1.3 53 1.3 5.4 1.3
The people I care about believe that FW is a big issue 4.9 1.4 47 1.5 44 1.4 4.6 1.4
Throwing away food has an environmental impact and I am 5.3 1.3 5.2 1.3 48 1.4 5.1 1.4
concerned about it

Control over reducing FW (Cronbach’s a = 0.62) 55¢ 1.3 4.5 1.6 4.2° 1.4 4.8 1.5 53772 <0.001 0.101
Busy lifestyles make it hard to avoid wasting food ™ 3.3 1.6 4.3 1.6 4.2 1.5 3.9 1.6
Other household members make it impossible for me to reduce the 2.6 1.5 37 1.6 35 1.7 3.2 1.6

amount of food wasted in my household "

In each row, means not sharing the same subscripts differ significantly at o = 0.05 as indicated by post-hoc Tamhane’s T2 tests. Effect size: small ®* = 0.01; medium o>

= 0.06; large 0> = 0.14.

All items were assessed on 7-point Likert scales; higher values correspond to stronger agreement with the statement. FW = Food waste.

R reverse-coded items; * Welch’s F statistic.

Table 7
Motivations and constraints for sorting FW by segment.
Statement ‘Warrior’ ‘Struggler’ ‘Slacker’ Total F/ P-value w*/est.
(39.6 %) (19.6 %) (40.8 %) (n = 939) Welch’s o?
F'}c
Mean SD Mean  SD Mean  SD Mean SD
Importance of sorting FW into the Green organics bin 5.8°¢ 1.4 5.3 1.6 4.1° 1.9 5.0 1.8 99.039 <0.001 0.177
Gain goal (Cronbach’s @ = 0.65) 55¢ 1.1 4.7 1.2 4.4° 1.0 4.9 1.2 112.497 <0.001 0.186
By using the green bin for FW, my rubbish bin stays cleaner and does 5.5 1.6 5.0 1.4 45 1.5 5.0 1.6
not need to be taken out as frequently
It’s not beneficial for me to put FW into the Green organics bin " 2.3 1.6 3.0 1.7 33 1.5 28 1.7
It takes too much time and effort to sort FW into the green bin 2.2 1.4 33 1.8 37 1.6 3.0 1.7
It is expensive to buy supplies (e.g. compostable bags, kitchen caddy, 3.1 1.7 4.0 1.8 41 1.6 37 1.8
etc.) to sort into the green bin "
Hedonic goal (Cronbach’s @ = 0.37) 55¢ 1.2 4.8 1.2  4.4° 1.2 4.9 1.3 83.880 <0.001 0.150
I feel good when I sort and dispose of FW correctly into the greenbin 5.8 1.2 54 1.4 5.0 1.4 54 1.4
I do not want to deal with the smell and the mess of food when sorting 2.8 1.8 3.9 1.9 4.2 1.7 3.6 1.9
Fw ©
Normative goal (Cronbach’s a = 0.40) 55¢ 1.1 5.2° 1.2  4.7° 1.1 5.1 1.2 44.418 <0.001 0.085
Putting FW into the green bin is the right thing to do 6.1 1.3 57 1.2 54 1.3 57 1.3
Most people who are important to me sort FW and put them into the 4.9 1.5 46 1.7 4.0 1.6 45
Green organics bin
Control over sorting FW (Cronbach’s & = 0.58) 55¢ 1.3 4.5° 1.6 4.2° 1.4 48 1.5 100.091 <0.001 0.164
I have no control over FW as other people in the house are the ones 2.2 1.4 3.4 1.8 33 1.7 29 1.7
disposing of FW "
I do not have sufficient information regarding FW going into the 2.7 1.7 3.7 19 43 1.7 3.6 1.9
green bin *

In each row, means not sharing the same subscripts differ significantly at « = 0.05 as indicated by post-hoc Tamhane’s T2 tests.
All items were assessed on 7-point Likert scales; higher values correspond to stronger agreement with the statement or higher frequency of recycling habit. FW = Food

waste.
R reverse-coded items; * Welch’s F statistic.

with motivation categorised using the GFT. Three unique segments were
identified based on FW generation and sorting behaviours. Those seg-
ments were then profiled by demographic and household characteristics
and goal frames. The three segments, in order of potential targets for FW
interventions are Strugglers (19.6 %), Warriors (39.6 %), and Slackers
(40.8 %).

5.1. Segments

5.1.1. Strugglers

Strugglers was the smallest segment by size (19.6 %) but the FW
volume they generated was, on average, three times higher than the
other two segments. Additionally, Strugglers produced the highest pro-
portion of preventable FW (e.g. uneaten fruits and vegetables, bread and
cereals, etc). They participated in sorting, but more than half of their FW
still ended up in landfill.
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Some similarities in both FW generation and household character-
istics (e.g. balanced gender, families with children, larger household
size) can be observed between our Strugglers segment and Borg et al.’s
Over Providers segment. Borg et al. (2022) profiled Australian house-
holds using FW bin audit data and also found similar types of motiva-
tions such as being motivated to ‘do the right thing’ and ‘set a good
example’. This, together with our finding that the Strugglers segment is
moderately motivated to reduce and sort FW sustainably despite
perceiving limited control due to a busy lifestyle with kids and other
household members, suggests that this segment could be prioritised for
the most efficient targeting of FW volume reduction. A potentially
effective channel to influence this segment’s behaviour could be through
their children, such as via a curriculum-aligned program (Benyam et al.,
2018; Boulet et al., 2022). An example of this is the school-based Food
Education and Sustainability Training (FEAST) program that is designed
to educate children about sustainability, FW and nutrition using hands-
on cooking activities (Karpouzis et al., 2021).

Another potential approach to promote behaviour change is by tar-
geting parents. Strugglers perceived low control over changing their
behaviour to reduce and sort FW. Parents with children living in the
household are particularly busy and meal plans can be disrupted by and
depend on the children’s appetite, selective eating behaviour, and
changing preferences (Kansal et al., 2022; van Geffen et al., 2016). In-
formation about reducing and sorting FW can be delivered through
parental magazines, specific TV programs, or social media channels that
reach families with children. Further, waste-reduction tools that were
created with families in mind can also be helpful. For example, tools
such as the ’Eetmaatje’ measuring cup for rice and pasta, which con-
siders the water absorption of dry food, or the "Use It Up’ tape that re-
minds households what should be eaten first, can be beneficial
(OzHarvest, 2022; van Dooren et al., 2020). These tools can assist par-
ents in estimating serving portions and making more informed decisions
about FW reduction in their households.

5.1.2. Warriors

Warriors was the second largest segment (39.6 %) and consisted of
households that produced the least amount of FW which was largely
unavoidable (e.g. fruit and vegetable scraps). They were highly moti-
vated to reduce and sort FW. Many Warriors are older and near retire-
ment age, or retired, and their households are smaller in size and with
adults only.

Warriors share some key similarities in self-reported FW level, de-
mographics (i.e. older respondents), and strong motivations to reduce
FW with segments identified in other studies: Considerate Planners (Borg
et al., 2022), Guilty food wasters (Richter, 2017), and Thrifty altruists
(Vittuari et al., 2020). The finding that older respondents reported the
lowest amount of FW generated has been attributed to various factors,
including a combination of upbringing, food-related management skills
and available time (Karunasena et al., 2021; Quested et al., 2013). Older
consumers have also been previously found to have greater concern
about FW (Flanagan and Priyadarshini, 2021; Hebrok and Boks, 2017).
Considering our results, we conclude that in general, older people tend
to not only waste less, but most of their household FW appeared to be
unavoidable and was sorted sustainably. While this segment may not
need new interventions, maintenance of the existing infrastructure
which supports their current sustainable FW behaviours should be
ensured.

5.1.3. Slackers

Slackers produced the smallest amount of FW (similar to Warriors),
but the proportion of preventable FW (e.g. mixed leftovers) was signif-
icantly higher, which is concerning as this was the largest segment (40.8
%). Slackers were the youngest segment and lived in households with
fewer members. They have the lowest motivation to reduce and sort FW;
in particular, sorting received a low importance score. Gain and hedonic
motives for sorting were significantly lower in importance than the other
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two segments. Slackers were not broadly comparable with any segments
identified in previous studies, although some specific traits can be
described. For example, in terms of producing a low level of FW and
being unmotivated to reduce FW, Slackers can be compared to ‘Conve-
nience and price-oriented low income’ (Aschemann-Witzel et al., 2021)
and ‘the consumerist’ (Delley and Brunner, 2017). They were described as
uninvolved or less involved with food, focused on price, and prefer
convenience foods.

Considering the large proportion of avoidable FW for this segment,
we suggest two potential approaches to the intervention for this
segment. Firstly, a focus on reducing avoidable FW and emphasising the
cost savings that could result from preventing the avoidable FW which
comprises a large proportion of their total FW. Second, with the aim of
increasing diversion of FW from landfill, the intervention could also
focus on encouraging and increasing the perceived importance of
sorting.

This segment is not self-motivated to act on the FW issue and per-
ceives lower personal control over reducing and sorting FW. As such,
interventions designed to amplify their normative and gain goals may be
effective. Nudge techniques, which can subtly alter consumer behaviour
without restricting choices, imposing financial consequences, or
requiring cognitive effort, could be particularly beneficial (de Visser-
Amundson and Kleijnen, 2020; Thaler and Sunstein, 2009). Previous
studies suggest several forms of nudge interventions could help to
reduce FW, including 1) social norms-based messaging strategies, 2)
reminders (i.e. providing feedback on how they perform compared to
other people in the area), and 3) pre-commitment (i.e. encouraging in-
dividuals to commit to reduce a specific amount of FW in advance)
(Barker et al., 2021; de Visser-Amundson and Kleijnen, 2020). A com-
bination of nudges could also be effective (Qi et al., 2022).

Therefore, for sorting behaviour, a synergy of the social norm and
default option nudges might be optimal. For instance, owning a kitchen
caddy has been positively correlated with sustainable FW sorting
(Bernstad, 2014; Nguyen et al., 2022). The kitchen caddy serves as a
tangible reminder of a social norm, signalling that it’s a “normalised
behaviour” and a widespread practice (Bernstad, 2014; de Visser-
Amundson and Kleijnen, 2020). In our sample, nearly 70 % of the
Slackers do not possess a kitchen caddy (Table 5), and the acquisition of
which usually requires a visit to the local government office. This “opt-
in” mechanism demands cognitive effort and time. Thus, providing
Slackers with a kitchen caddy and compostable liner by default,
accompanied by simple usage instructions, might encourage its adoption
as a socially desirable practice in the community.

Moreover, employing reminder nudges in addition to the kitchen
caddy could be beneficial. These could be in the form of feedback about
their choices (e.g. highlighting that a significant portion of their FW is
avoidable, leading to financial setbacks) or by underscoring social norms
through framing (von Kameke and Fischer, 2018). Feedback on their FW
sorting behaviour compared to average households in the locality could
also be effective (Barker et al., 2021; Lehner et al., 2016).

Additionally, considering that the Slackers are typically younger and
may be influenced by peers and social media influencers, using youthful
influencers, or leveraging social media to promote FW reduction and
sorting as “normalised behaviour” could be influential. Initiatives like
social media challenges (e.g. #foodwastepreventionchallenge) that
involve commitments such as “I will reduce” can harness the power of
peer influence and public commitment.

5.2. Can participating in sustainable sorting practices potentially reduce
household FW?

The results of our segmentation analysis, which considered both FW
sorting and generation behaviours, provide a more nuanced under-
standing of FW behaviours. The results show significant differences in
sorting behaviour between households that produce similar amounts of
FW. For instance, while Warriors and Slackers produced comparable
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amounts of FW, Warriors had the highest proportion of FW sorted sus-
tainably and Slackers the lowest. Meanwhile, Strugglers, who produced
the most FW, had a sorting efficiency score in between the other seg-
ments. Our findings further suggest that motivation to sort (i.e.
perceived importance of sorting FW) and perceived behavioural control
may play a key role in sorting behaviour. The high proportion of pre-
ventable FW in the Slackers segment, and generally lower motivations
and perceived importance of sorting and reducing FW, suggests that if
these respondents were sufficiently motivated to sort FW, their total FW
may be lower. Further, both Strugglers and Slackers perceived lower
behavioural control than Warriors.

The heterogeneity in FW sorting behaviour among segments that
generate similar levels and proportions of preventable FW suggests that
sorting behaviour and motivations are important to fully understand
household FW behaviour. Previous studies report that sustainable sort-
ing practices have an inverse association with the generation of FW or
household residential waste. In particular, the introduction of kerbside
FW collection in Sweden resulted in reduced household waste (Miliute-
Plepiene and Plepys, 2015), and home composting was found to be
associated with less FW (Kunszabo et al., 2022). Overall, previous
studies suggest that interventions aimed at increasing sustainable
disposal behaviour could lead to reductions in overall FW generated,
and the results of our study emphasise the importance of addressing
factors such as motivation/perceived importance and perceived
behavioural control when designing such interventions.

6. Research implication, limitation and future research

This study identified segments of the population with distinct FW
behaviour and sociodemographic characteristics and provided insight
on interventions which can be targeted at specific groups to optimise
intervention outcomes. The results show three groups (or ‘types’ of
households) that can be found in societies where FOGO collection is
available. The present study has methodological, policy and societal
implications. Firstly, the segmentation process can be used as a blueprint
for similar studies in other contexts or regions. The methodology can be
refined based on the accuracy and efficacy of this segmentation. Sec-
ondly, policymakers can design targeted policies for each segment. For
instance, they might focus on resource provision for Strugglers, moti-
vational campaigns for Slackers, and recognition or reward systems for
Warriors. Finally, understanding these segments helps society at large
recognise the diversity of challenges and behaviours related to FW. This
can inform public discourse, community initiatives, and even corporate
social responsibility initiatives.

However, the study has limitations which present opportunities for
future research. First, participants were provided with information (i.e.
a pre-amble as shown in Fig. Al) outlining the purpose of the study.
Therefore, like most surveys, there is a chance of self-selection bias, for
example, if participants who were not interested in the FW topic chose to
opt out of the study after they read the pre-amble. Second, we aimed to
include meaningful FW indicators (i.e. total volume, and avoidable
proportion of FW and focused and focused on sorting behaviour, which
produced limited information on food management behaviours (e.g.
planning, storing) which are also relevant to sustainable FW outcomes.
Food-related behaviours (e.g. planning, storing) have been used exten-
sively in previous studies for segmenting. Future research can use our
two measures for FW volume together with both food-related behav-
iours and disposal behaviours to gain a broader picture of FW behav-
iours. Third, the study relied on self-reported data which may differ from
results of a direct bin audit. Fourth, the main measurement unit (i.e. the
kitchen caddy) is uniquely applicable to this study area, with many
participants already familiar with the tool. Future research should
carefully assess the suitability of this instrument for their specific
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context, and select a unit that is most widely recognised. Finally, we
have yet to be able to conclude a clear relationship between minimising
and sorting FW. Measurement of perceptions of households on how
sustainable sorting influences their FW levels remains relatively
unexplored.

7. Conclusions

Households are the focal point for addressing FW issues both in terms
of volume reduction and diversion of FW away from landfill. In-
terventions aiming to address unsustainable household FW behaviour
need to be tailored to be more effective. The results of our study revealed
three household segments (i.e. FW Warriors, Strugglers, and Slackers)
with heterogeneous FW behavioural outcomes. Strugglers, which are
approximately 20 % of households, produce a large amount of FW, of
which a high proportion can be prevented or sorted sustainably. This
group is motivated to reduce and sort FW but is constrained, particularly
due to responsibilities and time constraints often faced by families with
children. Thus, interventions targeting this group may have a greater
impact than interventions targeting other segments. The Slacker segment
is the largest group by size; although they produce a relatively low
volume of FW, a high proportion of it is preventable FW and is disposed
of unsustainably. They are slightly motivated to reduce FW but not to
sort FW. This group also perceived the lowest control over their FW
disposal behaviour. Therefore, to change the FW of this segment, in-
terventions should consider strategies for increasing FW-related moti-
vation and perceived behavioural control. Lastly, the Warriors are
motivated to reduce and sort FW, producing a low amount that is largely
unavoidable. While this segment may not need new interventions,
maintenance of the existing infrastructures which support their current
sustainable FW behaviours should be ensured.
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THE UNIVERSITY (]I FIGHT FOOD WASTE

C)/ADELAIDE Cooparativ Research Contre EastWaste

Dear Participant,
You are invited to participate in a survey that is part of an independent research project, described below.

This project, titled: WWW (What, Where and Why) of Household Food Waste Behaviour, is being led by the University of
Adelaide’s Centre for Global Food and Resources (GFAR) and Eastern Waste Management Authority (East Waste). It is funded
through the Australian Fight Food Waste Cooperative Research Centre (CRC).

What is the project about?

This project is designed to increase understanding of household food waste behaviour. Among other activities, the project will make
use of data collected from households (via an online survey), to develop a comprehensive understanding of household food waste
behaviour. An improved understanding of food waste behaviour includes knowledge of the factors that drive household waste
behaviour, and opportunities to deliver household behaviour change. With this knowledge, we can contribute to the design of
efficient programs to reduce household food waste, and defer food waste from landfill with positive environmental and economic
consequences.

Who is undertaking the project?
This research will form part of a PhD project conducted by Ms Trang Thi Thu Nguyen under the supervision of Professor Wendy
Umberger, Professor Sarah Wheeler, and Dr Ying Xu, all based at GFAR.

Why am I being invited to participate?

You are being invited as you are a South Australian who is involved in food shopping and/or food preparation for your household.
Your participation will provide unique insights and will help us to better understand South Australian households’ food waste
behaviour.

What am I being invited to do?
You are being invited to complete an anonymous online survey. All participation in the project will be completely voluntary.

How much time will my involvement in the project take?
The survey is likely to require 20-25 minutes to complete.

Are there any risks associated with participating in this project?

There are no foreseeable risks to participating in this study. However, should you wish, you can choose not to answer questions that
make you uncomfortable, or, you can withdraw from the project. All the information will be kept confidential and only researchers
involved in this study will have access to the dataset. The researchers will only publish (de-identified) aggregate or averaged
results.

What are the potential benefits of the research project?
Having a deeper understanding of varying in-house waste behaviours across households (and communities) will allow for the
identification of key drivers that may reduce household food waste and improve household bin disposal behaviour. Diversion of food

waste away from landfill represents a significant financial and environmental opportunity for Councils, with savings in the order of
<180 /tnnne in Sonth Anstralia alane Enr metranaslitan Adslaide canncile there evigte an annartunity ta malke cavinag in the arder of

Fig. Al. Study’s pre-ample shown to participants in the online survey.
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For this study we use the term HOUSEHOLD FOOD WASTE to refer to:

All FOOD AND DRINKS (NOT packaging) brought into your household that are uneaten and discarded in your household
through all disposal routes including bins, composting, animal feed and down the sink.

This includes raw and cooked ingredients from grocery shopping, take-away meals and ready-to-eat products.

We are interested in:

(1) edible food waste, the parts of food that can be consumed but are discarded;

(2) inedible food, the parts of food that are not consumed because they are either unable to be consumed or are considered

undesirable (e.g. bones, fruit and vegetable peels, coffee grounds, tea bags); and

(3) organic waste (e.g. paper towels, tissues).

If you want to view this definition in later questions, please hover over the word FOOD WASTE|Food waste is all FOOD AND DRINKS (NOT
packaging) brought into your household that are

uneaten and discarded in your household through all
dis| including bins, composting,
animal feed and down the sink.

< BACK NEXT >

Fig. A2. Food waste definition shown to respondents in the online survey.

Pureprofile

Please consider the different types of solid food waste listed below that households may produce in a_typical week, please tick
Yes or No if your household produces each type of food waste.

Please select one response per row. For the definition of food waste, hover over the word FOOD WASTE with your mouse.
Yes No
Solid FOOD WASTE:

Fruit and vegetable scraps/peels/stems (e.g. potato peels, apple core)

Uneaten fruits and vegetables including fresh and frozen products (e.g. rotten
fruits and vegetables

Offcuts/bones/skins of meat and poultry (e.g. chicken bones and skins, pork fats)
Fish skeletons/offcuts, seafood shells and eggshells

Meat, fish, seafood (e.g. mince, fish fillet) and eggs

Hard dairy products (e.g. cheese, butter)

Soft dairy products (e.g. yogurt, sour cream)

Other inedible items or by-products of food and beverage preparation (e.g. tea
bags, coffee grounds) and paper towels

Bread and cereals (e.g. bread, rice, pasta, couscous, breakfast cereals, pasta)

Mixed leftovers from cooked meals, chilled or frozen ready meals, takeaway/home
delivered meals

Sugar, chocolate, confectionary, crisps and ice-cream

< BACK NEXT >

Fig. A3. List of different types of food waste that households may produce in a typical week.
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This question asks about the total amount of FOOD WASTE|Food waste is all FOOD AND DRINKS (NOT

packaging) brought into your household that are
Please choose one of the following units that can help you bequneaten and discarded in your household through all |household in a
typical week: disposal routes including bins, composting,

animal feed and down the sink.
Note: the following photo is to assist you in comparing volumes. Please scroll down to see unit options.

Please select one response per column.

Fig. A4. Photo in the online survey to assist respondents in comparing volumes. Respondents can hover over the word FOOD WASTE to view the definition.
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Please select one response per column.

For solid food For liquids

Kitchen caddy provided by councils: approximately 7 litres

Four Litre (4L) ice cream container

One Litre (1L) drink bottle

A container size of your choice

Fig. A5. Photos of measurement units are shown in the online survey.

Pureprofile

Now using your selected container, please estimate the TOTAL number (can be a fraction) of Kitchen caddies (7 litre) worth of
solid food waste your household produces in a_typical week?

Please note this amount is the sum of all solid FOOD WASTE types (e.g. potato peels, chicken bones, bread) you selected
earlier.

For solid food

Now using your selected container, please estimate the TOTAL number (can be a fraction) of Drink bottles (1 litre) worth of
liquid food waste your household produces in a typical week?

Please note this amount is the sum of all liquid FOOD WASTE types (e.g. cooking oils, milk, wine) you selected earlier.

For liquids

Fig. A6. Questions asked respondents to self-estimate their FW based on previously selected measurement units.
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Now we ask about the percentage contribution of each type of food waste to the total amount.
You mentioned earlier you have the following solid types of FOOD WASTE in a typical week.

Please estimate the percentage contribution of each of the following categories to the total solid food waste volume your
household produces in a typical week:

Fruit and vegetable scraps/peels/stems (e.g. potato peels, apple core) 40 %
Uneaten fruits and vegetables including fresh and frozen products (e.g. rotten fruits and vegetables) S %
Offcuts/bones/skins of meat and poultry (e.g. chicken bones and skins, pork fats) 10 %
Fish skeletons/offcuts, seafood shells and eggshells 5 %
Meat, fish, seafood (e.g. mince, fish fillet) and eggs 5 %
Hard dairy products (e.g. cheese, butter) 5 %
Soft dairy products (e.g. yogurt, sour cream) 5 %
Other inedible items or by-products of food and beverage preparation (e.g. tea bags, coffee grounds) 10 %
and paper towels

Bread and cereals (e.g. bread, rice, pasta, couscous, breakfast cereals, pasta) 8 %
Mixed leftovers from cooked _rgeals, chilled or frozen ready meals, takeaway/home delivered meals 5 : %
Sugar, chocolate, confectionary, crisps and ice-cream 2 %

Total: 100

Fig. A7. Questions asked respondents to indicate percentage of each FW type.

Bread and cereals: 8 \

Mixed leftovers from
cooked meals, chilled or
frozen ready meals,
takeaway/home

delivered meals: 5 g ‘faultandivegetable

scraps/peels/stems: 40

Other inedible items or
by-products of food and
beverage preparation: 10

Soft dairy products: 5

A
S

Hard dairy products: 5
Meat, fish, seafood: 5

Uneaten fruits and

Offcuts/bones/skins of vegetables including
meat and poultry: 10 fresh and frozen
products: 5

Fig. A8. Questions asked respondents to indicate proportions of FW disposed of into different destinations.
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Please estimate the percentage of your household total solid FOOD WASTE (e.g. potato peels, chicken bones, bread) that
goes to each of the following destinations in a typical week.

Please only consider the food and NOT the packaging.

General waste (Red/Blue) bin 10 %
Organic waste (Green) bin 40 %
Recyclable waste (Yellow) bin 5 %
Worm farm/home composting 30 %
Feeding pets/chickens 10 %
Pour down the sink/in-sink disposal unit or toilets 5 %
Other, please specify 0 %
Total: 100
:i‘:"‘;(r;ms:;z;'&";{r in- / General waste (Red/Blue) bin: 10
toilets: 5

Feeding pets/chickens: 10
Organic waste (Green) bin: 40

Worm farm/home composting: 30

Recyclable waste (Yellow) bin: 5

Fig. A9. Questions asked respondents to indicate proportions of each FW category disposed of into different destinations (example for Fruit and vegetable scraps).
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In a typical week, how do you discard each FOOD WASTE category in your house? Please estimate the percentage of each
food waste category going to each of the following destinations.

e For example, if you put half of all uneaten fruits and vegetables in the general red/blue bin and the other half to compost, please
indicate 50% to (1) General bin and 50% to (4) Home composting.

Please only consider the food and NOT the packaging.

Fruit and vegetable scraps/peels/stems (e.g. potato peels, apple core)

1-General waste (Red/Blue) bin 0 %
2- Organic waste (Green) bin 0 %
3-Recyclable waste (Yellow) bin 0 %
4-Worm farm/ home composting 0 %
5-Feeding pets/ chickens 0 %
6-Pour down the sink/garbage disposal unit and toilets 0 %
Other, please specify 0 %
Total: 0

< BACK NEXT >

Fig. A10. Questions asked respondents to indicate proportions of each FW category disposed of into different destinations (examples for Uneaten fruits
and vegetables).
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In a typical week, how do you discard each FOOD WASTE category in your house? Please estimate the percentage of each
food waste category going to each of the following destinations.

e For example, if you put half of all uneaten fruits and vegetables in the general red/blue bin and the other half to compost, please
indicate 50% to (1) General bin and 50% to (4) Home composting.

Please only consider the food and NOT the packaging.

Uneaten fruits and vegetables including fresh and frozen products (e.g. rotten fruits and vegetables)

1-General waste (Red/Blue) bin 0 %
2- Organic waste (Green) bin 0 %
3-Recyclable waste (Yellow) bin 0 %
4-Worm farm/ home composting 0 %
5-Feeding pets/ chickens 0 %
6-Pour down the sink/garbage disposal unit and toilets 0 %
Other, please specify 0 %
Total: 0

< BACK NEXT >

Fig. A11. Final cluster solution provided by the SPSS’s TwoStep cluster method.
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Table Al Table A2
Sample representativeness of gender, age and income and other descriptive Number of pre-clusters and their BICs provided by the SPSS’s TwoStep Cluster
statistics. Analysis.

Variable Our Australian national Auto-Clustering

sample population 2020 (%) Number of Schwarz’s BIC Ratio of BIC Ratio of

(%) (n = 25,697,298) ) . b |

(n = 939) Clusters Ba.yes%an Change Changes Distance
Criterion (BIC) Measures®

Gender
Male 49.1 49.6 ; 123323 410.922 1.000 1.284
f)irl:le?e Sg:g ?0'4 3 1270.258 —310.984 0.757 2.203

4 1151.509 —118.749 0.289 1.072

Age range 5 1043.438 ~108.072  0.263 1.387

18-24 11.4 9.0 ) ) : )
2534 18.6 14.9 6 976.949 —66.488 0.162 1.513
35_44 17.8 13.4 7 946.946 —30.003 0.073 1.244
45-54 17.8 12.6 8 930.874 —-16.072 0.039 1.474
55-64 15.3 116 9 933.180 2.306 —0.006 1.002
=65 191 16.3 10 935.581 2.401 —0.006 1.071

. . 11 940.544 4.964 —0.012 1.160

Annual household income 12 050.487 0.042 —0.024 1.008
$0 - $24,500 79 10.0 13 963.196 12.709 —0.031 1.157
$24,501 - $38,900 120 10.0 14 979.749 16.553 —0.040 1.427
$38,901 - $52,900 13.1 10.0 . . : :
$52,901 — $69,500 11.5 10.0 15 1003.635 23.886 —0.058 1.123
$69,501 - $88,500 127 10.0 a. The changes are from the previous number of clusters in the table.
$88,501 - $109,300 13.4 10.0 b. The ratios of changes are relative to the change for the two cluster solution.
$109,301 - $134,800 12.2 10.0 . :

c. The ratios of distance measures are based on the current number of clusters
$134,801 - $168,700 9.4 10.0 . .
$168.701 - $222.300 54 10.0 against the previous number of clusters.
$222,301 or above 2.3 10.0

Education level Appendix B. Supplementary data
Below year 10 2.6
Year 10 5.0 . . . .
Year 11 6.4 Supplementary data to this article can be found online at https://doi.
Year 12 15.1 org/10.1016/j.foodqual.2023.105000.

Certificate (III or IV) 19.3

Diploma or Advanced Diploma 16.0 References

Bachelor Degree 21.6

Gfaduate Certificate or Graduate 52 Ajzen, 1. (1991). The theory of planned behavior. Organizational Behavior and Human

Diploma Decision Processes, 50(2), 179-211. https://doi.org/10.1016,/0749-5978(91)90020-T

Postgraduate Degree (Master or PhD) 8.8 Annunziata, A., Muca, F. L., & Mariani, A. (2022). Preventing Household Food Waste in
Food shopping and preparation Italy: A Segmentation of the Population and Suggestions for Action. Sustainability, 14

responsibilities (12), 7005. https://doi.org/10.3390/su14127005

Do the majority of both food shopping ~ 53.5 Aschemann-Witzel, J., de Hooge, I. E., Almli, V. L., & Oostindjer, M. (2018). Fine-Tuning

and food preparation the Fight Against Food Waste. Journal of Macromarketing, 38(2), 168-184. https://

Either do the majority of one activity 39.9 doi.org/10.1177/0276146718763251

and share another, or share both of the Aschemann-Witzel, J., de Hooge, . E., & Almli, V. L. (2021). My style, my food, my

activities waste! Consumer food waste-related lifestyle segments. Journal of Retailing and

Share either one activity 6.6 Consumer Services, 59, Article 102353. https://doi.org/10.1016/j.

Do not do any 15 ‘»|retconser‘42020.1402353 ) ) )

Household composition Attiq, S., Danish Hablb, M.., Kal}r, P., Hasni, J. S. M., & Dhir, A. (2921). Drivers of food
Family, only adults 383 was.te reduction behaviour 41n the householld.context. Food Quality and Preference, 94,
Family’with children 254 Article 104300. https:.//dol,org/l 0.101 6/,|.fooqu.lal.2021 .104300

¢ . Barker, H., Shaw, P. J., Richards, B., Clegg, Z., & Smith, D. (2021). What Nudge
Single person household 147 Techniques Work for Food Waste Behaviour Change at the Consumer Level? A
Shared house, non-related 7.2 Systematic Review. Sustainability, 13(19). https://doi.org/10.3390/5u131911099
Other 4.3 Benyam, A., Kinnear, S., & Rolfe, J. (2018). Integrating community perspectives into

Housing type domestic food waste prevention and diversion policies. Resources Conservation and
Detached house 75.0 Recycling, 134, 174-183. https://doi.org/10.1016/j.resconrec.2018.03.019
Flat/unit/apartment 12.8 Bernstad, A. (2014). Household food waste separation behavior and the importance of
Semi-detached row/townhouse 11.5 convenience. Waste Management, 34(7), 1317-1323. https://doi.org/10.1016/j.
Rural property 0.4 wasman.2014.03.013
Other 0.3 Blanchard, C., Harris, P., Pocock, C., & McCabe, B. K. (2023). Food and Garden Organic

Having a kitchen caddy 55.3 Waste Management in Australia: Co-Benefits for Regional Communities and Local

18

Government. Sustainability, 15(13), 9901.

Borg, K., Boulet, M., Karunasena, G., & Pearson, D. (2022). Segmenting households based
on food waste behaviours and waste audit outcomes: Introducing Over Providers,
Under Planners and Considerate Planners. Journal of Cleaner Production, 351, Article
131589. https://doi.org/10.1016/j.jclepro.2022.131589


https://doi.org/10.1016/j.foodqual.2023.105000
https://doi.org/10.1016/j.foodqual.2023.105000
https://doi.org/10.1016/0749-5978(91)90020-T
https://doi.org/10.3390/su14127005
https://doi.org/10.1177/0276146718763251
https://doi.org/10.1177/0276146718763251
https://doi.org/10.1016/j.jretconser.2020.102353
https://doi.org/10.1016/j.jretconser.2020.102353
https://doi.org/10.1016/j.foodqual.2021.104300
https://doi.org/10.3390/su131911099
https://doi.org/10.1016/j.resconrec.2018.03.019
https://doi.org/10.1016/j.wasman.2014.03.013
https://doi.org/10.1016/j.wasman.2014.03.013
http://refhub.elsevier.com/S0950-3293(23)00194-5/h0045
http://refhub.elsevier.com/S0950-3293(23)00194-5/h0045
http://refhub.elsevier.com/S0950-3293(23)00194-5/h0045
https://doi.org/10.1016/j.jclepro.2022.131589

T.T.T. Nguyen et al.

Boulet, M., Grant, W., Hoek, A., & Raven, R. (2022). Influencing across multiple levels:
The positive effect of a school-based intervention on food waste and household
behaviours. Journal of Environmental Management, 308, Article 114681. https://doi.
org/10.1016/j.jenvman.2022.114681

Brandsma, J. S., & Blasch, J. E. (2019). One for all>-The impact of different types of
energy feedback and goal setting on individuals’ motivation to conserve electricity.
Energy Policy, 135, Article 110992. https://doi.org/10.1016/j.enpol.2019.110992

Cattaneo, A., Federighi, G., & Vaz, S. (2021). The environmental impact of reducing food
loss and waste: A critical assessment. Food Policy, 98, Article 101890. https://doi.
org/10.1016/j.foodpol.2020.101890

Coskun, A. (2021). Identification of different user types for designing household food
waste interventions. International Journal of Sustainable Engineering, 14(4), 609-617.
https://doi.org/10.1080/19397038.2021.1886372

Covington, M. V. (2000). Goal theory, motivation, and school achievement: An
integrative review. Annual Review of Psychology, 51(1), 171-200. https://doi.org/
10.1146/annurev.psych.51.1.171

de Visser-Amundson, A., & Kleijnen, M. (2020). Nudging in Food Waste Management:
Where Sustainability Meets Cost-Effectiveness. In E. Narvanen, N. Mesiranta,

M. Mattila, & A. Heikkinen (Eds.), Food Waste Management: Solving the Wicked
Problem (pp. 57-87). Cham: Springer International Publishing.

Delley, M., & Brunner, T. A. (2017). Foodwaste within Swiss households: A segmentation
of the population and suggestions for preventive measures. Resources, Conservation
and Recycling, 122, 172-184. https://doi.org/10.1016/j.resconrec.2017.02.008

Diaz-Ruiz, R., Costa-Font, M., & Gil, J. M. (2018). Moving ahead from food-related
behaviours: An alternative approach to understand household food waste
generation. Journal of Cleaner Production, 172, 1140-1151. https://doi.org/10.1016/
j-jclepro.2017.10.148

Dietrich, T., Rundle-Thiele, S., & Kubacki, K. (2017). Segmentation in social marketing (vol.
1). Springer.

Flanagan, A., & Priyadarshini, A. (2021). A study of consumer behaviour towards food-
waste in Ireland: Attitudes, quantities and global warming potentials. Journal of
Environmental Management, 284, Article 112046. https://doi.org/10.1016/j.
jenvman.2021.112046

Geng, J., Long, R., Chen, H., & Li, W. (2017). Exploring the motivation-behavior gap in
urban residents’ green travel behavior: A theoretical and empirical study. Resources,
Conservation and Recycling, 125, 282-292. https://doi.org/10.1016/].
resconrec.2017.06.025

Ghafoorifard, N., Mesler, R. M., & Basil, M. (2022). Economic hardship, ontological
insecurity, and household food waste. Food Quality and Preference, 97, Article
104402. https://doi.org/10.1016/j.foodqual.2021.104402

GISA, 2021. Valuing our food waste: South Australia’s strategy to reduce and divert household
and business food waste 2020-2025. Green Industries SA, Government of South
Australia Retrieved from https://www.greenindustries.sa.gov.au/resources/valuing-
our-food-waste.

Graham-Rowe, E., Jessop, D. C., & Sparks, P. (2015). Predicting household food waste
reduction using an extended theory of planned behaviour. Resources, Conservation
and Recycling, 101, 194-202. https://doi.org/10.1016/j.resconrec.2015.05.020

Hair, J. F., Jr, Hult, G. T. M., Ringle, C. M., Sarstedt, M., Danks, N. P., & Ray, S. (2021).
Partial least squares structural equation modeling (PLS-SEM) using R: A workbook.
Springer Nature.

Hebrok, M., & Boks, C. (2017). Household food waste: Drivers and potential intervention
points for design — An extensive review. Journal of Cleaner Production, 151, 380-392.
https://doi.org/10.1016/j.jclepro.2017.03.069

Kansal, M., Ananda, J., Mitsis, A., Karunasena, G. G., & Pearson, D. (2022). Food waste in
households: Children as quiet powerhouses. Food Quality and Preference, 98, Article
104524. https://doi.org/10.1016/j.foodqual.2021.104524

Karpouzis, F., Lindberg, R., Walsh, A., Shah, S., Abbott, G., Lai, J., ... Ball, K. (2021).
Evaluating OzHarvest’s primary-school Food Education and Sustainability Training
(FEAST) program in 10-12-year-old children in Australia: Protocol for a pragmatic
cluster non-randomized controlled trial. BMC Public Health, 21(1), 967. https://doi.
org/10.1186/512889-021-10302-0

Karunasena, G. G., Ananda, J., & Pearson, D. (2021). Generational differences in food
management skills and their impact on food waste in households. Resources,
Conservation and Recycling, 175, Article 105890. https://doi.org/10.1016/j.
resconrec.2021.105890

Kent, P., Jensen, R. K., & Kongsted, A. (2014). A comparison of three clustering methods
for finding subgroups in MRI, SMS or clinical data: SPSS TwoStep Cluster analysis,
Latent Gold and SNOB. BMC Medical Research Methodology, 14, 1-14. https://doi.
org/10.1186/1471-2288-14-113

Kunszabd, A., Szakos, D., Dorkd, A., Farkas, C., & Kasza, G. (2022). Household food
waste composting habits and behaviours in Hungary: A segmentation study.
Sustainable Chemistry and Pharmacy, 30, Article 100839. https://doi.org/10.1016/j.
scp.2022.100839

Ladele, O., Baxter, J., van der Werf, P., & Gilliland, J. A. (2021). Familiarity breeds
acceptance: Predictors of residents’ support for curbside food waste collection in a
city with green bin and a city without. Waste Management, 131, 258-267. https://
doi.org/10.1016/j.wasman.2021.06.010

Landells, E., Naweed, A., Pearson, D. H., Karunasena, G. G., & Oakden, S. (2022). Out of
Sight, Out of Mind: Using Post-Kerbside Organics Treatment Systems to Engage
Australian Communities with Pro-Environmental Household Food Waste Behaviours.
Sustainability, 14(14), 8699.

Lehner, M., Mont, O., & Heiskanen, E. (2016). Nudging — A promising tool for sustainable
consumption behaviour? Journal of Cleaner Production, 134, 166-177. https://doi.
org/10.1016/j.jclepro.2015.11.086

19

Food Quality and Preference 112 (2023) 105000

Lindenberg, S., & Steg, L. (2007). Normative, Gain and Hedonic Goal Frames Guiding
Environmental Behavior. Journal of Social Issues, 63(1), 117-137. https://doi.org/
10.1111/j.1540-4560.2007.00499.x

Liobikiené, G., Grincevi¢iené, S., & Bernatoniené, J. (2017). Environmentally friendly
behaviour and green purchase in Austria and Lithuania. Journal of Cleaner
Production, 142, 3789-3797. https://doi.org/10.1016/j.jclepro.2016.10.084

Miliute-Plepiene, J., & Plepys, A. (2015). Does food sorting prevents and improves
sorting of household waste? A case in Sweden. Journal of Cleaner Production, 101,
182-192. https://doi.org/10.1016/j.jclepro.2015.04.013

Nguyen, T. T. T., Malek, L., Umberger, W. J., & O’Connor, P. J. (2022). Household food
waste disposal behaviour is driven by perceived personal benefits, recycling habits
and ability to compost. Journal of Cleaner Production, 134636. https://doi.org/
10.1016/j.jclepro.2022.134636

OzHarvest, 2022. Use It Up Tape. Retrieved from https://www.ozharvest.org/use-it-up/
tape/.

Papargyropoulou, E., Lozano, R., Steinberger, K. J., Wright, N., & Ujang, Z. B. (2014).
The food waste hierarchy as a framework for the management of food surplus and
food waste. Journal of Cleaner Production, 76, 106-115. https://doi.org/10.1016/j.
jclepro.2014.04.020

Prelez, J., Wang, F., & Shreedhar, G. (2023). For the love of money and the planet:
Experimental evidence on co-benefits framing and food waste reduction intentions.
Resources, Conservation and Recycling, 192, Article 106904. https://doi.org/10.1016/
j.resconrec.2023.106904

Principato, L., 2018. Food waste at consumer level: A comprehensive literature review.

Qi, D., Li, R., Penn, J., Houghtaling, B., Prinyawiwatkul, W., & Roe, B. E. (2022).
Nudging greater vegetable intake and less food waste: A field experiment. Food
Policy, 112, Article 102369. https://doi.org/10.1016/j.foodpol.2022.102369

Quested, T. E., Marsh, E., Stunell, D., & Parry, A. D. (2013). Spaghetti soup: The complex
world of food waste behaviours. Resources, Conservation and Recycling, 79, 43-51.
https://doi.org/10.1016/j.resconrec.2013.04.011

Richter, B. (2017). Knowledge and perception of food waste among German consumers.
Journal of Cleaner Production, 166, 641-648. https://doi.org/10.1016/j.
jclepro.2017.08.009

Romani, S., Grappi, S., Bagozzi, R. P., & Barone, A. M. (2018). Domestic food practices: A
study of food management behaviors and the role of food preparation planning in
reducing waste. Appetite, 121, 215-227. https://doi.org/10.1016/j.
appet.2017.11.093

Roodhuyzen, D., Luning, P., Fogliano, V., & Steenbekkers, L. (2017). Putting together the
puzzle of consumer food waste: Towards an integral perspective. Trends in Food
Science & Technology, 68, 37-50. https://doi.org/10.1016/].tifs.2017.07.009

Rousseeuw, P. J., & Kaufman, L. (2009). Finding groups in data: An introduction to cluster
analysis. John Wiley & Sons.

Russell, S. V., Young, C. W., Unsworth, K. L., & Robinson, C. (2017). Bringing habits and
emotions into food waste behaviour. Resources, Conservation and Recycling, 125,
107-114. https://doi.org/10.1016/j.resconrec.2017.06.007

Schanes, K., Dobernig, K., & Gozet, B. (2018). Food waste matters - A systematic review
of household food waste practices and their policy implications. Journal of Cleaner
Production, 182, 978-991. https://doi.org/10.1016/j.jclepro.2018.02.030

Schmidt, K. (2019). Predicting the consumption of expired food by an extended Theory
of Planned Behavior. Food Quality and Preference, 78, Article 103746. https://doi.
org/10.1016/j.foodqual.2019.103746

Spang, E. S., Moreno, L. C., Pace, S. A., Achmon, Y., Donis-Gonzalez, 1., Gosliner, W. A.,
Jablonski-Sheffield, M. P., Abdul Momin, M., Quested, T. E., Winans, K. S., Tomich,
T. P. (2019) Food Loss and Waste: Measurement, Drivers, and Solutions. In: Vol. 44.
Annual Review of Environment and Resources (pp. 117-156): Annual Reviews Inc.

Stancu, V., Haugaard, P., & Lihteenmaki, L. (2016). Determinants of consumer food
waste behaviour: Two routes to food waste. Appetite, 96, 7-17. https://doi.org/
10.1016/j.appet.2015.08.025

Stefan, V., van Herpen, E., Tudoran, A. A., & Lahteenmaki, L. (2013). Avoiding food
waste by Romanian consumers: The importance of planning and shopping routines.
Food Quality and Preference, 28(1), 375-381. https://doi.org/10.1016/j.
foodqual.2012.11.001

Taneja, S., & Ali, L. (2021). Determinants of customers’ intentions towards
environmentally sustainable banking: Testing the structural model. Journal of
Retailing and Consumer Services, 59, Article 102418. https://doi.org/10.1016/j.
jretconser.2020.102418

Thaler, R. H., Sunstein, C. R., 2009. Nudge: Improving decisions about health, wealth, and
happiness: Penguin.

Tkaczynski, A., 2017. Segmentation using two-step cluster analysis. Segmentation in social
marketing: Process, methods and application, 109-125.

UNEP, 2021. Food waste index report 2021. In: Unep Nairobi, Kenya.

Van Biene, M., Grant, T., Kneller, C., Reynolds, C., Forbes, H., Sheane, R., 2021. National
Food Waste Strategy Feasibility Study-Final Report Retrieved from: https://www.fial.
com.au/sharing-knowledge/food-waste.

van Dooren, C., Mensink, F., Eversteijn, K., & Schrijnen, M. (2020). Development and
Evaluation of the Eetmaatje Measuring Cup for Rice and Pasta as an Intervention to
Reduce Food Waste. Frontiers in Nutrition, 6. https://doi.org/10.3389/
fnut.2019.00197

van Geffen, L., van Herpen, E., & van Trijp, H. (2016). Causes & Determinants of
Consumers Food Waste: A theoretical framework. REFRESH: Wageningen.

van Geffen, L., van Herpen, E., Sijtsema, S., & van Trijp, H. (2020). Food waste as the
consequence of competing motivations, lack of opportunities, and insufficient
abilities. Resources, Conservation & Recycling: X, 5, Article 100026. https://doi.org/
10.1016/j.rcrx.2019.100026

van Herpen, E., van der Lans, I. A., Holthuysen, N., Nijenhuis-de Vries, M., &

Quested, T. E. (2019). Comparing wasted apples and oranges: An assessment of


https://doi.org/10.1016/j.jenvman.2022.114681
https://doi.org/10.1016/j.jenvman.2022.114681
https://doi.org/10.1016/j.enpol.2019.110992
https://doi.org/10.1016/j.foodpol.2020.101890
https://doi.org/10.1016/j.foodpol.2020.101890
https://doi.org/10.1080/19397038.2021.1886372
https://doi.org/10.1146/annurev.psych.51.1.171
https://doi.org/10.1146/annurev.psych.51.1.171
http://refhub.elsevier.com/S0950-3293(23)00194-5/h0080
http://refhub.elsevier.com/S0950-3293(23)00194-5/h0080
http://refhub.elsevier.com/S0950-3293(23)00194-5/h0080
http://refhub.elsevier.com/S0950-3293(23)00194-5/h0080
https://doi.org/10.1016/j.resconrec.2017.02.008
https://doi.org/10.1016/j.jclepro.2017.10.148
https://doi.org/10.1016/j.jclepro.2017.10.148
http://refhub.elsevier.com/S0950-3293(23)00194-5/h0095
http://refhub.elsevier.com/S0950-3293(23)00194-5/h0095
https://doi.org/10.1016/j.jenvman.2021.112046
https://doi.org/10.1016/j.jenvman.2021.112046
https://doi.org/10.1016/j.resconrec.2017.06.025
https://doi.org/10.1016/j.resconrec.2017.06.025
https://doi.org/10.1016/j.foodqual.2021.104402
https://doi.org/10.1016/j.resconrec.2015.05.020
http://refhub.elsevier.com/S0950-3293(23)00194-5/h0125
http://refhub.elsevier.com/S0950-3293(23)00194-5/h0125
http://refhub.elsevier.com/S0950-3293(23)00194-5/h0125
https://doi.org/10.1016/j.jclepro.2017.03.069
https://doi.org/10.1016/j.foodqual.2021.104524
https://doi.org/10.1186/s12889-021-10302-0
https://doi.org/10.1186/s12889-021-10302-0
https://doi.org/10.1016/j.resconrec.2021.105890
https://doi.org/10.1016/j.resconrec.2021.105890
https://doi.org/10.1186/1471-2288-14-113
https://doi.org/10.1186/1471-2288-14-113
https://doi.org/10.1016/j.scp.2022.100839
https://doi.org/10.1016/j.scp.2022.100839
https://doi.org/10.1016/j.wasman.2021.06.010
https://doi.org/10.1016/j.wasman.2021.06.010
http://refhub.elsevier.com/S0950-3293(23)00194-5/h0165
http://refhub.elsevier.com/S0950-3293(23)00194-5/h0165
http://refhub.elsevier.com/S0950-3293(23)00194-5/h0165
http://refhub.elsevier.com/S0950-3293(23)00194-5/h0165
https://doi.org/10.1016/j.jclepro.2015.11.086
https://doi.org/10.1016/j.jclepro.2015.11.086
https://doi.org/10.1111/j.1540-4560.2007.00499.x
https://doi.org/10.1111/j.1540-4560.2007.00499.x
https://doi.org/10.1016/j.jclepro.2016.10.084
https://doi.org/10.1016/j.jclepro.2015.04.013
https://doi.org/10.1016/j.jclepro.2022.134636
https://doi.org/10.1016/j.jclepro.2022.134636
https://doi.org/10.1016/j.jclepro.2014.04.020
https://doi.org/10.1016/j.jclepro.2014.04.020
https://doi.org/10.1016/j.resconrec.2023.106904
https://doi.org/10.1016/j.resconrec.2023.106904
https://doi.org/10.1016/j.foodpol.2022.102369
https://doi.org/10.1016/j.resconrec.2013.04.011
https://doi.org/10.1016/j.jclepro.2017.08.009
https://doi.org/10.1016/j.jclepro.2017.08.009
https://doi.org/10.1016/j.appet.2017.11.093
https://doi.org/10.1016/j.appet.2017.11.093
https://doi.org/10.1016/j.tifs.2017.07.009
http://refhub.elsevier.com/S0950-3293(23)00194-5/h0240
http://refhub.elsevier.com/S0950-3293(23)00194-5/h0240
https://doi.org/10.1016/j.resconrec.2017.06.007
https://doi.org/10.1016/j.jclepro.2018.02.030
https://doi.org/10.1016/j.foodqual.2019.103746
https://doi.org/10.1016/j.foodqual.2019.103746
https://doi.org/10.1016/j.appet.2015.08.025
https://doi.org/10.1016/j.appet.2015.08.025
https://doi.org/10.1016/j.foodqual.2012.11.001
https://doi.org/10.1016/j.foodqual.2012.11.001
https://doi.org/10.1016/j.jretconser.2020.102418
https://doi.org/10.1016/j.jretconser.2020.102418
https://doi.org/10.3389/fnut.2019.00197
https://doi.org/10.3389/fnut.2019.00197
http://refhub.elsevier.com/S0950-3293(23)00194-5/h0305
http://refhub.elsevier.com/S0950-3293(23)00194-5/h0305
https://doi.org/10.1016/j.rcrx.2019.100026
https://doi.org/10.1016/j.rcrx.2019.100026

T.T.T. Nguyen et al.

methods to measure household food waste. Waste Management, 88, 71-84. https://
doi.org/10.1016/j.wasman.2019.03.013

Visschers, V. H. M., Wickli, N., & Siegrist, M. (2016). Sorting out food waste behaviour: A
survey on the motivators and barriers of self-reported amounts of food waste in
households. Journal of Environmental Psychology, 45, 66-78. https://doi.org/
10.1016/j.jenvp.2015.11.007

Vittuari, M., Falasconi, L., Masotti, M., Piras, S., Segre, A., & Setti, M. (2020). ‘Not in My
Bin’: Consumer’s Understanding and Concern of Food Waste Effects and Mitigating
Factors. Sustainability, 12(14). https://doi.org/10.3390/5u12145685

Vittuari, M., Herrero, L. G., Masotti, M., Iori, E., Caldeira, C., Qian, Z., ... Sala, S. (2023).
How to reduce consumer food waste at household level: A literature review on

20

Food Quality and Preference 112 (2023) 105000

drivers and levers for behavioural change. Sustainable Production and Consumption.
https://doi.org/10.1016/j.spc.2023.03.023

von Kameke, C., & Fischer, D. (2018). Preventing household food waste via nudging: An
exploration of consumer perceptions. Journal of Cleaner Production, 184, 32-40.
https://doi.org/10.1016/j.jclepro.2018.02.131

WRAP, 2013. Understanding out of home consumer food waste. WRAP, Brook Lyndhurst,
London.

Xue, L., Liu, G., Parfitt, J., Liu, X., Van Herpen, E., Stenmarck, A, .. Cheng, S. (2017).
Missing Food, Missing Data? A Critical Review of Global Food Losses and Food Waste

Data. Environmental Science and Technology, 51(12), 6618-6633. https://doi.org/
10.1021/acs.est.7b00401


https://doi.org/10.1016/j.wasman.2019.03.013
https://doi.org/10.1016/j.wasman.2019.03.013
https://doi.org/10.1016/j.jenvp.2015.11.007
https://doi.org/10.1016/j.jenvp.2015.11.007
https://doi.org/10.3390/su12145685
https://doi.org/10.1016/j.spc.2023.03.023
https://doi.org/10.1016/j.jclepro.2018.02.131
https://doi.org/10.1021/acs.est.7b00401
https://doi.org/10.1021/acs.est.7b00401

	Food waste ‘Warriors’, ‘Strugglers’ and ‘Slackers’: Segmenting households based on food waste generation and sorting behaviours
	1 Introduction
	1.1 Food waste measures in segmentation analyses
	1.2 Households’ motivation, ability and opportunity to reduce and sort FW

	2 Research objectives
	3 Material and Methods
	3.1 Data collection and survey design
	3.2 Measures
	3.2.1 Measuring household FW volume, avoidable proportion and sorting behaviour
	3.2.2 Importance of reducing and sorting FW
	3.2.3 Goal-framing theory motivation constructs
	3.2.4 Control over reducing and sorting FW

	3.3 Statistical analyses

	4 Results
	4.1 Sample characteristics
	4.2 Cluster groupings and comparisons of FW outcomes
	4.3 Comparison of food waste behaviour segments
	4.3.1 Socio-demographic and household characteristics
	4.3.2 Goal-framing motivations and control over reducing and sorting FW amongst segments


	5 Discussion, research implications and future research
	5.1 Segments
	5.1.1 Strugglers
	5.1.2 Warriors
	5.1.3 Slackers

	5.2 Can participating in sustainable sorting practices potentially reduce household FW?

	6 Research implication, limitation and future research
	7 Conclusions
	CRediT authorship contribution statement
	Declaration of Competing Interest
	Data availability
	Acknowledgements
	Appendix A
	Appendix B Supplementary data
	References


