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Abstract: About one third of all food produced for human consumption is wasted. Along with a
lively debate on food loss and waste definition and quantification, growing attention is dedicated
to the faceted dimensions of consumers’ food waste. Drivers, effects, and mitigating factors have
been mainly studied in isolation, with limited attention paid to their interrelationships. This study
aims to contribute to a better understanding of the underlying relationship between the causes of
food waste and consumers’ perception of their role and of their concern on food waste effects and
mitigating factors. The article draws on a survey submitted to 938 respondents while shopping at a
supermarket in Italy in 2015. Data were processed by principal components to identify latent
dimensions of consumer behavior, and a cluster analysis was performed to identify homogenous
groups of consumers. Results emphasize the complexity of the relationship between consumers and
food resources. They suggest that while consumers are aware about food waste as a global issue,
they often fail to identify the individual contribution they might provide for its prevention and
reduction. The article also detects three groups of consumers with different approaches to food
waste management and a specific perception of the food waste phenomenon.

Keywords: domestic food waste drivers; domestic food waste perception; consumers’ preferences;
consumer behavior

1. Introduction

More than one billion tons of food, corresponding to about one third of the all food produced
for human consumption, is lost or wasted every year along the value chain (FAO, 2011). This situation
has led to an increasing awareness on food waste among the academic world, civil society, and policy
makers.

Along with a lively debate on food loss and waste definition and quantification [1-6], growing
attention is dedicated to the faceted dimensions of consumers’ food waste ([7,8] among others), as in
industrialized countries, individuals are considered to be responsible for the larger share of the
wasted food [9-11].

Household food waste was measured and analyzed, applying different methodologies
including diaries [4,12-14], self-report methods such as surveys and interviews [13,15,16], and direct
measurement and waste composition analysis [17-19].

All the employed methods present specific limitations that reduce their reliability and
explanatory capacity, especially considering food waste quantification [20-24]. However, what is
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clearly emerging is that food waste occurring in the home (consumer food waste) has multiple and
interrelated drivers that influence the behavior of consumers [25,26].

This relation between consumers’ behavior and food waste can be explained by applying
different models such as the theory of planned behavior [27,28], that suggests that consumers’ actions
could be predicted building on attitude, social norms, and perceived behavioral control [16].
Moreover, to better understand the unintended character of consumer food waste, additional
constructs such as knowledge [29] and routinized behaviors [4] were also introduced.

An alternative behavioral framework is built on the interaction between three constructs:
Motivation, ability, and opportunity (MOA) [30-32].

In the MOA, motivation refers to the intention of an individual to perform certain actions, and
is influenced by individual attitude, the awareness of individual and social consequences of actions,
and by injunctive and descriptive social norms [4,33-36].

Ability refers to individual capacity to deal with a certain situation on the basis of personal
knowledge and skills. In the food waste domain, ability construct is related to the proficiency with
food storing and preparation skills and the ability to assess food safety (e.g., through understanding
of labeling) [32,33,37,38].

Finally, opportunity is related to the access to external material and non-material resources such
as time, technology, and infrastructures that allow an individual to perform the intended actions.
Examples include the availability of time for grocery shopping, the access to affordable and quality
food, and the possibility to buy suitable packs and portions of food [32,38-40].

Building on this framework, the work further elaborates on motivation isolating intentions
related to individual goals and concerns from those related to social values.

Taking advantage on existing literature, Table 1 groups food waste drivers according to the
MOA framework: Motivation, which includes individual motivations and societal values, ability, and
opportunity. Moreover, it considers the role of demographic factors that are considered having an
influence on food waste generation.

Table 1. References for factors influencing food waste.

Motivation

Individual motivation

Attitudes to food waste [6,17,18,33]
Concerns for economic implications of food waste [15-17,33,41-43]
Concerns for mitigation interventions addressing economic impacts [26,42-44]
Societal values
Concerns for environmental implications of food waste [42,45-47]
Concerns related to food security [16,48,49]
Social norms [29,50,51]
Concerns for mitigation interventions addressing environmental impacts (e.g.,

- . . [17,41,45,52]
economic incentives to reduce domestic garbage)
Concerns for mitigation interventions addressing social impacts [17,49,50]
Ability
Knowledge (i.e., understanding of labels) [6,13,53-59]
Skills (i.e., expertise in food preparation) [6,13,54-59]
Opportunity
Habits and frequency of shopping [4,12,33,56]
Availability of local shopping options [60-62]
Availability of affordable and quality food [60-62]
Demographic factors
Household size [12,17,18]
Household composition and age structure [12,17,18,63,64]
Employment status [1]
Income [19,65]

Education level [1,61]
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Societal values have been isolated from individual motivations because, despite the number of
studies investigating the role of the different drivers on the generation of domestic food waste, only
a small share of them suggested a potential trade-off between individual and social goals [43,66-69].

This article wants to contribute to increase the understanding of the underlying relationship
between the causes of food waste and consumer’s perception of their role and of their concern
regarding food waste effects and mitigating factors. This study also aims to contribute to the literature
on the definition of individual profiles of consumers, with a focus on the relevance of behaviors
related to the reduction of domestic food waste.

For this purpose, this work investigates different aspects of consumer food waste from the
perspective of the aforementioned drivers. In particular, this paper aims to investigate consumers’
perception about the quantity of generated food waste (low vs. high), what implications consumers
associate to its effects (environmental vs. economic costs), and their awareness about potential
mitigating factors. These relations are also analyzed by identifying potential clusters defining
different consumer’s typologies based on their food waste perception and behavior.

2. Materials and Methods

2.1. Sampling and Questionnaire Design

This study is based on a convenience sample of 938 consumers interviewed in the city of Bologna
in 2015. Interviews were organized in a supermarket to engage key individuals influencing food
decisions in the household [16,69] and were performed at different times of the day (morning, lunch
time, afternoon, late afternoon) to target a more heterogeneous sample. For similar reasons, the
selected supermarket was a general retail store in a residential suburb of the city with an intermediate
level of prices.

The questionnaire was organized in 5 sections building on the constructs of the MOA framework
and aiming to investigate different aspects of consumers’ purchasing behavior, attitudes, and
opinions about food waste. Answers from Q3 to Q8 had to be provided on a Likert scale ranging from
0 (never) to 10 (always). This methodology allows us to avoid completely neutral answers and to
collect more accurate information about respondents” preferences.

Section 1 (Q1 to Q4) refers to opportunity, and was aimed to investigate consumers’ shopping
habits. Section 2 (Q5) relates to ability, and was focused on routinized behaviors and on the
characterization of the typologies of food (veggie/fruit, meat/fish/cold cuts, eggs/dairy products,
bread, pasta, long-life products) wasted by the respondents. Section 3 (Q6 to Q8) concerns motivation
(individual motivations and societal values).

Section 4 (Q9) consisted of a visual control test (‘rotten apple test’), aimed to identify potential
inconsistencies in consumer beliefs pairing a more abstract assessment method (Q4-Q5 statements to
collect self-declared behaviors) and a more concrete one (QQ9). The “rotten apple test” consisted of
looking at the images of four apples in different conservation conditions (rotten, wizened, with
bruises, and apple peels) and indicating what produce they would have eaten and what they would
have disposed of.

Section 5 (Q10 to Ql14) focused on demographics such as education level, household
composition, net family income, gender, and age.

Part of the dataset has also been used in a study comparing consumers’ attitude to waste food
in the Italian cities of Bologna and Viterbo [15].

The design of the questionnaire, the identification of the constructs characterizing the questions
(motivation, opportunity, ability, “rotten apple test,” demographics), and the questions are built on
literature and previous experiences [46,67,70].

A full version of the questionnaire is presented in Appendix A.
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2.2. Data Management and Analysis

The outcome of the questionnaire consisted of a dataset with 938 single respondents and 43
variables, including five socio-demographics. To avoid losing observations, all missing answers were
replaced with the median (from 0.21% to 4.96% of the total, depending on the answer), except for the
variables indicating socio-demographic characteristics, which were instead left blank. The final
dataset used in the analysis included all the answers on the frequency of disposing of certain
products, the disposed quantity of cooked and raw products, the drivers, the effects of food waste,
and the perceived mitigating factors. To estimate the consistency of the scales and battery of items
(quantities, drivers, effects, and perceived mitigating factors) used in the dataset and to assess the
internal coherence of consumers” answers, a Cronbach’s alpha was calculated. A value of Cronbach’s
alpha greater than 0.7 indicates an acceptable degree of reliability. Main characteristics of the sample
are presented in Table 2.

For the first step, a principal component analysis (PCA) was carried out using all the variables
with the aim to investigate the presence of common factors underlying all the dimensions of the food
waste phenomenon. However, no significant reduction in the complexity of the dimensions could be
achieved. The Kaiser criterion (retaining only the components with an eigenvalue greater than 1)
suggested that 4 components should be retained, but the loadings were considerably low, therefore
the results of this first PCA were not considered.

Consequently, an additional PCA was carried out separately on several subsets of items
belonging to the ability and motivation constructs. In particular, food waste drivers (subset of the
ability construct), food waste effects (that includes concerns for economic implications of food waste,
attitudes to food waste, concerns for environmental implications of food waste, concerns related to
food security, and social norms), and perceived mitigating factors (that includes concerns for
mitigation interventions addressing economic impacts, concerns for mitigation interventions
addressing environmental impacts, and concerns for mitigation interventions addressing social
impacts).

In this case, the Kaiser criterion suggested that 1 component should be retained for food waste
drivers and effects and 2 for the perceived mitigating factors. The obtained Kaiser-Meyer-Olkin
(KMO) measure of sampling adequacy, equal to 0.77, confirmed the appropriateness of running the
principal component analysis. The results in terms of eigenvalues and loadings would not have
changed significantly if an explanatory factor analysis was implemented instead of the PCA. Results
of the principal component analysis for drivers, effects, and mitigating factors to food waste are
presented in Table 3.

The second step consisted in a cluster analysis, carried out with the same sets of variables
included in the PCA, to identify homogeneous clusters of consumers. This methodology has been
used also by Delley and Brunner [65] to identify clusters of consumers with respect to food waste.
Before implementing the cluster analysis, the variables have been standardized in order to partially
overcome the problem of different levels of variability among them. The standardization process
allows small deviations from the mean in case of variables with limited variance, thus avoiding the
analysis being dominated by those with a higher variability. Indeed, in most cases the answers were
polarized around very high or very low values, probably depending on the most socially desirable
answer in each case.

After the standardization, hierarchical (single, average, complete, weighted-average, median,
centroid, and Ward’s linkage) and partition (k-means and k-medians) clustering strategies were
implemented. Rather than selecting the final number of clusters based on researchers’ convenience,
the Calinski-Harabasz pseudo-F index stopping rule was employed to select the optimal number of
clusters in each case. The optimal number of clusters was respectively 3, 2, 2, 3, 3, 5, and 3 for the
different hierarchical clustering methods, and 2 for both partition methods. The modal number of
clusters was 3 and 2. However, most strategies returned very unbalanced clusters in terms of size
with the single, median, and centroid linkage strategies returning clusters of a single observation.
Finally, the output of the Ward’s minimum variance method (3 well-balanced clusters) was retained.
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ANOVA models and Bonferroni multiple-comparison tests were used to assess whether the
clusters differed significantly in terms of socio-demographic characteristics, while non-parametric
Kruskal-Wallis equality of populations rank tests were employed to assess if the samples come from
the same population. The same tests were used to assess whether the 3 clusters presented significant
differences for the frequency of disposing certain products, the quantity thrown away, the drivers,
the effects, and the perceived mitigating factors. The results of these tests are presented in Tables 4
and 5.

The final step was the analysis of the results of the ‘rotten apple’ visual test. Other studies
employed similar rotten apple tests as a crucial methodological step to analyze consumers’
preferences about sub-optimal food products. Specifically, they address the relationship between
visual attention and consumer purchase decisions [71] or focused on consumer decisions about
products in optimal or suboptimal conditions to be taken in different settings (to be purchased in a
supermarket or consumed at home) [72]. In this study, the “rotten apple test” had mainly a control
function to check for discrepancies between the answers provided by respondents.

To analyze the “rotten apple test” results, the share of consumers who declared to dispose of
certain typologies of apples was identified for each cluster, and the significance of the differences
between the percentages was tested using ANOVA models, Bonferroni tests, as well as Kruskal-
Wallis tests, in order to ensure the robustness of the results.

Then, as a further robustness check, a count variable indicating the number of apples thrown
away (out of 4) was created, its distribution for each consumer cluster obtained, and the significance
of the mean difference tested again by means of ANOVA models, Bonferroni tests, and Kruskal-
Wallis tests.

Finally, box plots were drawn for all clusters and for all questions included in the analysis
(groups of items to be assessed).

All calculations were implemented using the statistical software Stata 14.

3. Results

3.1. Sample Description

Convenience sampling resulted in an unbalanced sample compared to the general population,
though it turned out to be coherent with the shopping routines of Italian families where women are
still in charge of most of the family food purchase of the households.

Respondents are relatively young (18-25-year-olds: 28.3%; 26-39-year-olds: 45.5%; 40-60-year-
olds: 26.2%), or at least in their working age (18-60), and almost two thirds of them are women
(63.7%). About 68% routinely shop at the supermarket where the interviews were made. The level of
education is relatively high (50.0% are graduated, 44.9% have a school-leaving certificate; and 5.1% a
lower secondary school certificate), and family income is aligned with a wealthy city of Northern
Italy as Bologna (<1500 euro: 25.0%; 1500-3000: 47.4%; over 3000: 27.6%). In addition, 58% of the
sample shops at most once a week. Furthermore, within the sample, shopping decisions are quite
influenced by special offers (mean: 6.46/10).

When asked about their food waste frequency and quantity, most consumers declared rather
low values (Table 2). Raw products are disposed of more often than cooked ones, while in terms of
typologies ‘fruits and veggies” are wasted in larger quantities, followed by ‘bread’, ‘eggs and dairy’,
‘meat, fish, and cold cuts’, with ‘long-lasting products’ and ‘pasta’ at the very low end, as expected.
The most common cause of waste is the failure to pay attention to the expiry dates (3.7), followed by
overbuying and overcooking (3.1 and 2.8), while failure to use leftovers is the least important (1.9).
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Table 2. Distribution of the variables used in the analysis (mean and standard deviation).
Variable Mean  St. dev. Min. Max.  Missing (%)
Opportunity
Frequency of shopping ! 2.36 0.81 1 4 0.00
Influence of special offers 2 6.47 2.55 0 10 1.05
Frequency of throwing away
raw products 2 2.29 2.02 0 10 0.21
cooked products ? 1.92 1.96 0 10 0.63
Ability
Frequency of throwing away
fruits and vegetables 2 2.92 2.35 0 10 0.42
meat, fish, and cold cuts 2 1.38 1.85 0 10 0.63
eggs and dairy 2 1.80 2.05 0 10 0.42
bread 2 1.82 2.28 0 10 0.53
pasta 2 0.81 1.66 0 10 1.05
long-lasting products 2 0.83 1.49 0 10 0.32
Drivers of food waste
I purchased low-quality food 2 2.03 2.88 0 10 211
I purchased too much food 2 3.07 2.95 0 10 1.90
I cooked too much food 2 2.78 2.86 0 10 1.90
I tedtot foods, but I didn’t like th
2wane o try new foods, but I didn’t like them 263 0 10 1.90
I purchased too big packages 2 2.21 2.67 0 10 2.32
I did not pay attention to the expiry date 2 3.73 3.28 0 10 1.37
I do not use leftovers 2 1.86 2.79 0 10 2.11
Motivation
Individual motivation
Attitudes to food waste
feeling uncomfortable 5.92 3.46 0 10 3.06
Concerns for economic implications of food waste
loss of money 2 6.84 3.00 0 10 2.74
loss of time 2 3.76 3.32 0 10 3.38
Concerns  for mitigation interventions addressing
economic impacts
more time available for shopping 2 4.06 3.35 0 10 2.53
more suitable packs and portions 2 5.43 3.27 0 10 222
more information on food products 2 4.06 3.13 0 10 2.85
a better quality-to-price ratio 2 5.72 3.27 0 10 2.32
better knowledge of cooking strategies 2 4.30 3.39 0 10 2.53
Societal values
Concerns for environmental implications of food waste
causing waste management problems 2 3.92 3.28 0 10 2.53
environmental damages 2 497 3.47 0 10 2.53
Concerns related to food security
throwing food that could be used by others 2 7.32 3.12 0 10 2.22
Social norms
causing an economic loss to the society 2 4.45 3.39 0 10 2.64
Concerns  for mitigation interventions addressing
environmental impacts
Economic incentives to reduce domestic garbage 5.64 345 0 10 220

2
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more sensitiveness for the environment 2 6.38 3.24 0 10 2.32

Concerns for mitigation interventions addressing social

impacts
overcoming the economic crisis 2 4.13 3.56 0 10 2.95
more care for other people 2 6.42 3.23 0 10 2.22
‘Rotten apple’ test: Respondents who would throw away
a rotten apple 3 0.97 0.17 0 1 2.00
the apple peel 3 0.66 0.47 0 1 4.01
a withered apple 3 0.21 0.40 0 1 4.96
a beaten-up apple 3 0.08 0.27 0 1 4.85

Notes: The indicators were calculated after replacing the missing values with the median. n = 948. !
From 1 = ‘less than once a week’, to 4 = ‘more than three times a week’. 2 From 0 = ‘never/nothing/not
at all/irrelevant’, to 10 = ‘very often/a lot/absolutely/very relevant’. 3 1 =‘yes’; 0= "no’.

As for the effects, most people seem concerned primarily with the social impact of food waste:
“Throwing away food that could be used by others” (7.3). This is followed by the concern about “loss
of money” (6.8) and by “feeling uncomfortable” (5.9), which suggest the existence of social norms
against the actions that generate domestic food waste. In contrast to these self-centered effects,
perceived mitigating factors indicated as most effective are those that involve social values instead of
pure economic factors, like “more care for other people” (6.4) and “care for the environment” (6.4).
These results suggest that individuals consider mitigating factors ideally important, but prioritize
their personal wellbeing when making their decisions.

3.2. Principal Component Analysis

Asreported in Table 3, only one principal component was retained for the drivers and the effects,
while two principal components were retained for perceived mitigating factors.

Concerning the principal component of the ‘drivers’, the loadings associated with overcooking
and overbuying are the highest, followed by those associated with trying new products which are
sometimes not liked, and to the presence of oversized packages (too big packs). The key to describe
this particular component seems to be the search for ‘overabundance’ by a relevant part of the sample.
Factors related to the low quality of food and to lack of attention to the expiry date have a lower role
in explaining the variety of answers related to food waste, while still being relevant.

Table 3. Results of the principal component analysis for drivers, effects, and mitigating factors to food

waste.
Drivers PC1? Effects PC1? Mitigating Factors PC11 PC21
low-quality food  0.312 loss of money 0.305  more time for shopping 0.263 0.287
too much food 0.415 loss of time 0.311 more suitable portions 0.298 0.386
purchased
toomuch food ;) fecling 0371  moreinfoon products 0373  0.283
cooked uncomfortable

new products not waste management

liked 0.420 issues 0.415 better quality for price 0.366 0.290
t i k icl t ici ti t
oo big packs 0.406 economic loss to 0.431 economic incentives to 0361 ~0.209
purchased society waste less
no care to expir, loss of
PIY 0,300 redistributable 0.371  better cooking strategies 0.305 0.012
date food
t usi i tal
norusing 0335 ~crvronmenta 0421  ending economiccrisis ~ 0.323  0.105
leftovers damages

more care for others 0.339 -0.526
more sens%tlveness for 0.356 0523
the environment

Eigenvalue 3.005 Eigenvalue 3.499 Eigenvalue 3.915 1.337
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Variance Variance explained . . o
explained (%) 0.429 %) 0.410 Variance explained (%) 0.435 0.149
KMO 0.774 KMO 0.816 KMO 0.830

Notes: Only the components with an eigenvalue above 1.0 are retained. ! Loadings associated to that
component. KMO: Kaiser-Meyer-Olkin.

While food waste drivers are related to individual actions, like overbuying, the principal
component of the ‘effects” has more to do with impacts on the society as a whole, such as economic
losses for the society, environmental problems, and waste management issues. On the other side,
personal consequences, such as the loss of money and time, seem less relevant.

Finally, the principal components of the ‘mitigating factors” are two. The first one identifies
strategies leveraging individual wellbeing (e.g., better quality-to-price ratio, economic incentives to
reduce domestic garbage), but also improving the information available on food products. The
second one is (negatively) associated to value-related mitigating factors, such as increasing one’s care
for others, and sensitiveness for environmental problems, which leverage on community.

3.3. Clusters of Consumer Typologies

The cluster analysis allows the identification of three groups of consumers characterized by
different degrees of concern towards food waste, whose names are chosen based on their most salient
features: ‘Pragmatic consumers’ (22.3% of the sample), ‘thrifty altruists’ (44.8%), and ‘aware wasters’
(32.9%).

The ‘Pragmatic consumers’ group is the most balanced in terms of sex, with males accounting
for 47.4% of its members. However, very young people (18-25 years old) are overrepresented, their
family size is the largest of all clusters (3.1), and the household income (2728 Euros a month) is the
highest of all groups.

The ‘Thrifty altruists’ group is composed by two-thirds of females; consumers in this group
represent the oldest cluster, with members aged 18-25 accounting for 19.1%, and those over 40 for
36.5%; they have the smallest families (2.8 members) and the lowest household income (2534 Euros a
month).

Finally, the ‘aware wasters’ group is mostly represented by women (70.3%), very young (18-25),
and young adults (26-39), both of which are overrepresented (31.8% and 48.2%, respectively). The
family size in this group is slightly above the average (3.0), while the income is the closest to the
average (2629 Euros a month).

Table 4 presents the average answer of the members of every group to each battery of items.
Table 5 summarizes their socio-demographic characteristics. Table 6 details, for each cluster, the
average answer of its members to the single items, including the results of tests of significance for the
difference, and an assessment of the deviation from the overall sample mean. Finally, considering
consumers’ answers to the ‘rotten apple’ test, Table 6 suggests whether food waste behaviors diverge
significantly across clusters.

Table 4. Mean score for each group of items of the questionnaire, by cluster.

Pragmatic Thrifty Aware
Consumers Altruists Wasters One-Way Kruskal-

22.3% 44.8% 32.9% ANOVA Wallis

n=211 n =425 n =312
Frequency of waste (average) 1.91P 1.26° 3.39P 0.0000 0.0001
Quantity wasted (average) 0.54P 0.39P 1.00 P 0.0000 0.0001
Drivers of food waste (average) 0.40 0.35 0.94 P 0.0000 0.0001
Effects of food waste (average) 1.00° 1.91 1.85 0.0000 0.0001
Perceived mitigating factors to 0.67P 147 1.50 0.0000 0.0001

food waste (average)

Frequency of shopping 2.43 2.32 2.37 0.2927 0.3424

(average)
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Influence of special offers

5.88 6.57 6.74 0.0004 0.0002
(average)

Notes: P Significantly different from other clusters (Bonferroni-adjusted significance). Bold = highest
value among clusters; Italics = lowest value among clusters.

Table 5. Socio-demographic characteristics, by cluster.

Pragmatic Thrifty Aware Overall One-way Kruskal-
Consumers Altruists Wasters Sample ANOVA Wallis
Gender of the
respondent 0.0001 0.0015
Male (%) 474 32.6 29.7 349 ’ ’
Female (%) 52.6 67.5 70.3 65.1
Age of the
respondent (years)
18-25 (%) 332 19.1 31.8 26.4 0.0000 0.0001
26-39 (%) 38.9 445 48.2 44.5
40 or more (%) 28.0 36.5 19.9 29.1
Family size
3.08 2.79 3.04 2.94
(average)
1 member (%) 7.6 13.2 13.5 12.0
2 members (%) 24.2 31.8 19.6 26.1 0.0024 0.0031
3 members (%) 303 238 28.0 26.6
4 members (%) 289 252 27.0 26.6
5 or more
members (%) 9.0 6.1 11.9 8.7
Household income 272837 253374 262948 2608.87
(average, Euros)
less than 1000 43 8.7 5.9 6.8
(%)
1000-1500 (%) 12.0 19.0 22.5 18.6
1500-2000 (%) 20.7 19.0 18.9 19.4 0.0780 0.0421
2000-3000 (%) 327 26.0 26.7 277
3000-4500 (%) 19.2 183 15.0 174
4500-6500 (%) 8.7 43 3.6 5.1
more than 6500 24 46 7.5 5.1
(%)
Education
lower middle 7.1 6.1 5.1 6.0
school (%) 0.1446 0.1976
high school (%) 493 421 43.7 442
university or
higher (%) 43.6 51.8 51.1 49.7

Table 6. Answers to the single items of the questionnaire for all clusters.

Pragmatic = Thrifty = Aware  One-way Kruskal-
Consumers  Altruists Wasters ANOVA Wallis
Frequency of throwing away different categories of food (Cronbach’s o = 0.65).

raw products 2.02 Pe 1.480f 3.58 D 0.0000 0.0001
cooked products 1.79D. ¢ 1.04° ¢ 3.20 b« 0.0000 0.0001
Quantity thrown away for different categories of products (Cronbach’s o = 0.82).

fruits and vegetables 2.49 De 1.98bf 4.49 be 0.0000 0.0001
meat, fish, and cold cuts 1.35De 0.58 bf 2.49 De 0.0000 0.0001

eggs and dairy 1.48 De 0.93 bf 3.19 be 0.0000 0.0001
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bread 2.00 P2 0.88 bf 2.99 e 0.0000 0.0001
pasta 0.90 P= 0.22 Bf 1.56 PP 0.0000 0.0001
long-lasting products 0.74 De 0.37 bf 1.50 bb 0.0000 0.0001
Importance of reasons for throwing away food (Cronbach’s a = 0.77).

I purchased low-quality food 1.14f 1.54¢ 3.31bb 0.0000 0.0001
I purchased too much food 221° 1.85¢ 5.32Dbd 0.0000 0.0001
I cooked too much food 1.99 bf 1.47°5f  511Pd 0.0000 0.0001
I tried new foods, but didn’t like 1.50f 1.558 3.92 De 0.0000 0.0001
I purchased too big packages 1.84 De 1.11Pf 3.95 b« 0.0000 0.0001
I did not look at the expiry date 2.84 3.08¢ 5.23 bb 0.0000 0.0001
I do not use leftovers 1.65Pe 0.92 De 3.30 P< 0.0000 0.0001
Relevance of different effects of food waste (Cronbach’s a = 0.83).

loss of money 4.99 Ps 7.432 7.302 0.0000 0.0001
loss of time 2.07 bs 4.09° 4.46° 0.0000 0.0001
feeling uncomfortable 2.56 Dh 7.14°P 6.51 P2 0.0000 0.0001
waste management problems 1.62Ds 4.672 4462 0.0000 0.0001
economic loss to the society 1.76 bh 5.51 Db 4.85Da 0.0000 0.0001
loss of redistributable food 3.76 i 8.60 PP 7.98 P2 0.0000 0.0001
environmental damages 2.04 Ph 5.93° 5.642 0.0000 0.0001
Usefulness of different strategies to reduce food waste (Cronbach’s « = 0.83).

more time for shopping 2.31Dbs 4270 4.95 bb 0.0000 0.0001
more suitable portions 3.66Ds 5.62D 6.37 Db 0.0000 0.0001
more info on products 2.08Ps 4.43 4.88° 0.0000 0.0001
better quality for price 3.84Ps 599 b 6.62 P 0.0000 0.0001
economic incentives to waste less 2.79 bh 6.57 6.292 0.0000 0.0001
better cooking strategies 2.43bs 4.65 5.082 0.0000 0.0001
ending economic crisis 2.67 Pt 4240 4.98 Da 0.0000 0.0001
more care for other people 3.05 Pi 7.66 P 7.01 ba 0.0000 0.0001
more environmental care 3.07 bi 7.52D 7.05 P2 0.0000 0.0001

1y

Notes: P Significantly different from the other clusters (Bonferroni-adjusted significance). ‘" = cluster
mean 0.00-0.25 standard deviations above the mean for the entire sample (" = 0.25-0.50; ‘ = 0.50—
0.75; ‘¢ = 0.75-1.00); “¢ = cluster mean 0.00-0.25 standard deviations below the mean for the entire
sample (‘* = 0.25-0.50; ‘¢’ = 0.50-0.75; ‘™ = 0.75-1.00; ‘ = 1.00-1.25). Underlined = highest average
answer within the category for that cluster. Bold = highest value among clusters for that item; Italics
=lowest value among clusters for that item.

The average answers by battery of items and by cluster, reported in Table 4, provide a synthetic
overview of the characteristics of each single cluster. First, when asked how often they dispose of raw
or cooked products, and how much they waste of different typologies of food, ‘aware wasters’
selected by far the highest values, ‘thrifty altruists’ the lowest. ‘Aware wasters’ rated highest the
drivers of food waste, ‘thrifty altruists’ the effects, although in the latter case only the average score
of ‘pragmatic consumers’—the lowest—is significantly different from the other clusters. ‘Aware
wasters’ also rated the mitigating factors highest but, again, only the average score of ‘pragmatic
consumers’ —the lowest—differs significantly. Finally, the frequency of shopping does not present
statistically significant differences among clusters, according to ANOVA and Kruskal-Wallis tests,
and the influence of special offers differ significantly across groups: The former is higher for
‘pragmatic consumers’, the latter for ‘aware wasters’.

Below, the three clusters are described more in details based on the content of Figure 1 and
Tables 5 and 6.

‘Pragmatic consumers’ are probably represented by young families with children earning more
than one salary, and with both spouses equally likely to shop for food. They are named ‘pragmatic’
because, when asked about the effects of food waste, they highlight the loss of money above all and,
when asked about mitigating factors, they indicated a better quality-to-price ratio as the top one.
They tend to waste food rarely, but not too rarely. They identify no specific reason for wasting, no
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specific effect, and no specific remedy; they score lowest among all clusters for all items of the latter
two groups of questions. They probably tend to avoid wasting not because they are value-oriented,
but due to their pragmatism aimed at improving their family’s wellbeing.
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Figure 1. (a): Quantity thrown away, reason for wasting, and strategies to reduce food waste—
answers from ‘Pragmatic consumers’ cluster. (b): Quantity thrown away, reason for wasting, and
strategies to reduce food waste —answers from ‘Thrifty altruists’ cluster. (¢): Quantity thrown away,
reason for wasting, and strategies to reduce food waste—answers from ‘Aware wasters’ cluster.

Besides declaring to waste the least regardless of the product, ‘Thrifty altruists’ parsimony
derives from being the least likely to over-purchase, overcook, buy too big packages, and throw away
their leftovers (although they may fail to pay attention to the expiry dates). Meanwhile, they are the
most sensitive to the effects of food waste, being particularly concerned about the loss of
redistributable food and the economic loss for the society, and feeling uncomfortable when throwing
away food. Their altruism is proved by their concerns, as well as by their favored mitigating factors:
Caring more about others and the environment, and introducing incentives to reduce domestic
garbage. They are probably people in their late adulthood and pensioners, who have internalized
anti-waste norms and care for the public good.

Finally, ‘aware wasters’ can be described as “waster’ since they are those who throw away by far
the most, with raw products and fruits and vegetables dominating. Meanwhile, their awareness
derives from their tendency to declare several drivers: Among others, they tend primarily to over-
purchase and overcook, but also to pay little attention to expiry dates. As for the effects, compared to
the other clusters, they assign the highest average score to the loss of redistributable food, but they
are the most concerned about the loss of time, meaning that the respondents are probably those
responsible for shopping and cooking in their family. They are also eager to show that they are willing
to experiment several mitigating factors, prioritizing those linked to shopping, such as having more
time, more suitable portions, better quality, and ending the economic crisis. In addition, they are the
most influenced by special offers. These characteristics suggest that ‘aware wasters” are women who
spend much time shopping and cooking, thus knowing their actual waste levels and its drivers.
Despite wanting to show concern for the food waste problem, they seem not to translate it into more
virtuous behavior.
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3.4. Self-declared Waste Behavior across Clusters

The impact of injunctive social norms related to the undesirability of food waste becomes clear
when comparing the results from the ‘rotten apple’ test with answers regarding the quantity of
wasted food: Results presented in Table 7 highlight that 379 respondents (48%) are not clearly
coherent with the declared food waste behavior.

Table 7. Self-declared waste behavior (visual question).

Share of Respondents

Pragmatic Thrifty Aware Overall One-Way Kruskal-

Who If::lvzl}l]y Throw Consumers Altruists  Wasters  Sample ANOVA Wallis
rotten apples 0.930P -- 0.988 + 0.977 + 0.971 0.0000 0.4944
the apple peel 0.609 - 0.677+ 0.664 + 0.654 0.2450 0.3865
withered apples 0.292 + 0.116P - 0.270 + 0.205 0.0000 0.0001

D

beaten-up apples 0.072 - 0.052 - 0'1f6 0.078 0.0010 0.2338
Average 0.476 0.458 0.509 0.477
Percent of respondents who would throw away...
0/4 of the apples shown 6.19 0.74 1.00 2.01
1/4 of the apples shown 23.20 27.54 24.08 25.45
2/4 of the apples shown 49.48 61.79 52.17 55.92
3/4 of the apples shown 17.53 7.94 16.72 12.95
4/4 of the apples shown 3.61 1.99 6.02 3.68
Average 1.89 1.83 2.03 1.91 0.0035 0.0240

Notes: P Significantly different from other clusters (Bonferroni-adjusted significance). Bold: Highest
value among clusters for that item; Italics: Lowest value among clusters for that item.

The level of coherence is quite different among the clusters. The behaviors suggested by the
answers to the previous questions are partially confirmed, with “thrifty altruists” wasting the least,
and ‘aware wasters’ the most. ‘Pragmatic consumers’ show a more polarized behavior, with more
consumers than in the overall sample wasting either none of the apples depicted, or 3—4 of them;
‘Thrifty altruists’” are more homogeneous, with 89.3% of them wasting 1-2 apples. However, within-
group variability is much larger than between-group one; therefore, few variables are significantly
different across groups. The only significant differences are ‘pragmatic consumers’ throwing away
the rotten apple less often (93.0% of them), ‘thrifty altruists’ throwing away the withered apple less
often (11.6%), and of ‘aware wasters’ wasting the beaten-up apple more often (12.6%).

4. Discussion

Insights from answers on the perceived mitigating factors of food waste suggest a higher
declared concern for the social and environmental consequences of food waste. As for the incentives
aimed at reducing household waste, the set of solutions perceived as more effective appears to be
very generic, with a limited linkage with the main drivers, and with no reference to individual
commitment. Moreover, improving the information on foodstuffs, extending the time available for
purchasing, and ensuring an in-depth knowledge of food preparation are effective, while less
explicative mitigating factors.

Instead, the PCA applied to the entire dataset did not identify any latent sub-determinant of
food waste. This means that consumers’ food-related choices (purchase, storage, preparation,
consumption) as a whole could be unrelated to food waste generation and its effects, basically
decoupling food behavior and food waste behavior. The average ratings of the effects and the
perceived mitigating factors, on the other side, are higher compared to those related to the
determinants: This shows how the phenomenon is not ignored by consumers.

However, the awareness about the existence of potential food waste mitigating factors does not
necessarily lead to their adoption by all the consumers, as emerged by the results of the cluster
analysis presented in Section 3.3.
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Moreover, the results of cluster analysis highlight several commonalities with other studies
aiming at describe the profile of consumers facing the food waste issue. The number of clusters
identified in this work are consistent with findings from Di Talia et al., Richter, and Romani et al.
[42,68,73], while they are lower than Delley and Brunner, and Gaiani et al. [65,66], that detect
respectively 5 and 7 groups.

Other commonalities are also present among the characteristics of the clusters. For example, the
“guilty food wasters” cluster described by Richter et al. [74], shares some attributes with the “aware
wasters” group, where the components of the groups know that they are wasting and are aware of
the negative consequences of this behavior. An additional example is represented by the “conscious
consumers” cluster, identified by Di Talia et al. [68], and the “pragmatic consumers” cluster, where
the members of these clusters are aware of the economic relevance of food waste, since they perceive
it as a monetary loss, while aspects related to the environmental impact of food waste are considered
less important. In addition, the “self-indulgent” cluster identified by Delley and Brunner [65] and the
“conscious-forgetful” cluster described by Gaiani et al. [66] share some characteristics with the
“aware-wasters” cluster, in particular concerning the awareness about the negative effects of wasting
food.

However, if compared to other studies employing clustering techniques, the findings of this
paper present some differences in terms of considered drivers of food waste and on the role of
different aspects, such as cooking skills, food management skills, and comprehension of labels, in the
definition of respondents’ behavior.

Differences emerge especially with the “conservatives” cluster described by Delley and Brunner
[65], where the role of values, both personal and religious, is considered as a driver of food waste.
Conservative consumers try to avoid food waste, since they show a great concern for the monetary
loss caused by spoiling food. Moreover, the authors suggest the role of commitment to domestic
duties as a predictor of virtuous behavior, where a greater commitment indicates a higher concern
for food stock management and a lower propensity to waste.

Concerning the role of elements as cooking skills, food management skills, and comprehension
of food labels, authors such as Gaiani et al. and Romani et al. [66,73] consider them as drivers of food
waste, while in this study they are considered as potentially mitigating factors.

5. Conclusions

The results shed light on the complexity of the consumers’ food waste behaviors. Insights from
the survey suggest different levels of interpretation. The first level is consistent with a number of
studies and can be ascribed to product typologies: While fruit and vegetables are the more frequently
declared to be wasted, followed by bread and dairy products, long-lasting products show lower
frequencies. The second level is related to consumer behavior and consumer typologies: Three groups
of consumers are identified, each with different approaches to food waste management and
perception of the food waste phenomenon.

Regarding consumers’ concern for food waste, the PCA highlighted a rather clear dichotomy
between the private and the public sphere. This emerges when considering individual and social
motivations of individual food waste. Proposed motivations of food waste, which are based on
respondents’ food behavior, are assigned low absolute and relative values (frequencies) compared to
individual and social drivers. Instead, the only cause of food waste partially independent from
personal behavior, represented by the expiry date, is assigned the highest average relevance among
food waste drivers. This might be related to a cognitive bias, which leads consumers to underestimate
their personal ‘responsibility” in wasting food, while giving more importance to factors which are not
directly linked to their own actions.

Concerning food waste effects, stronger importance is assigned to their impact on private
(monetary losses, difficulties in managing waste) rather than on societal wellbeing (waste
management, socio-economic impacts, environmental implications). This suggests a warped
knowledge of the phenomenon (‘it exists, but it's not my fault’, ‘Not In My Bin’) and a limited sense
of individual responsibility toward the food waste problem, highlighting a potential paradox
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between the high perception of food waste as a global issue (public level understanding and concern)
and the limited perception of individual responsibilities (private level understanding and concern).

This is coherent with the familiarity hypothesis often used in social sciences to explain the
‘Nimby effect’ and the related social acceptance, as in the case of new technologies in the renewable
energy domain. According to Wolsink [75], social acceptance can be represented by a “’U-shaped
curve”. This curve, ideally having the level of acceptance of policies and/or measures (high vs. low)
on the ordinate and time on the abscissa, is showing that the level of acceptance is high/positive when
individuals have to express their support “in general” (the environmental impact of food waste is
high and food waste implies economic losses for the society as a whole), but low/negative when they
have to get engaged directly, since declared frequencies of individual drivers of food waste register
low values compared to those related to public drivers.

In the familiarity hypothesis the ‘U-shaped curve’ is completed because once the new technology
is adopted, the level of acceptance grows again (right side of the U curve). This might also happen
for food waste concern, if the understanding of the individual responsibility in the generation of food
waste, and therefore the importance of taking individual actions, increase when education and
awareness interventions are implemented.

Insights from the cluster analysis highlight the presence of three clusters of consumers: Thrifty
altruists, pragmatic consumers, and aware wasters, with specific food waste patterns.

The “thrifty altruists’ cluster is the most representative in terms of share of responders (44.8%),
followed by the ‘aware wasters’ (32.9%) and the “pragmatic consumers’ (22.3%) groups.

In terms of self-declared food waste levels, the ‘thrifty altruist cluster’ shows the lower declared
wastage values, while the ‘aware wasters’ group registers the highest values of food waste, especially
related to raw products and fruit and vegetables. This emerges from the answers given to the
questionnaire, where average values of frequency and quantity of self-declared food waste by ‘aware
wasters’ are the highest of the sample. Answers provided to the ‘rotten apple’ test also confirm this
characteristic, since the “aware wasters’ cluster presents the highest share of respondents who declare
to discard options three and four of the four typologies of apples presented.

Moreover, potential inconsistencies could be identified in the answers of the consumers
belonging to the ‘aware wasters’ cluster: They are aware, since they identify several causes of food
waste (e.g., overcooking and over-purchasing) and declare a willingness to change their behavior,
but their high levels of wastage do no match with this self-declared consciousness.

Concerning the potential implications of this study, observed results can provide valuable
insights for the elaboration of interventions and policies aimed to the reduction of the food waste
generated by the households, which are tailored on the effective behaviors and perceptions of
different typologies of consumers. In particular, inputs for tailored and effective policies and
interventions can derive from the analysis of the relationship between concerns and behaviors and
the different degrees of compliance between the two aspects, which is one of the most influencing
aspects characterizing the generation of domestic food waste.

Finally, concerning limitations, this study relies on the employment of a household survey based
on the awareness of respondents, therefore, as in similar surveys, it might be affected by a social
desirability bias. Being self-declared behaviors and concerns present a low variance and a significant
asymmetry for low values in case of negative behaviors and high values in case of positive opinions.
In this study, this limitation was addressed by standardizing values while future research might
consider to adopt and analyze alternative methods to measure such variables.
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Appendix A
Questionnaire
Q1. Where do you usually buy food?

This Leclerc-Conad Hypermarket

Other hypermarkets/supermarkets

Discounts

Neighborhood shops/farmers” markets

Directly from producers/form purchasing groups
Depends on situation

me a0 T

Q2. How often do you buy food?

g. Less than once a week

h.  Once a week

i.  2-3times a week

j- More than 3 times a week

Q3. From 0 to 10, please indicate how your food purchasing is influenced by special offers (buy
3 pay 2, discounted products...)—0 = not at all/never; 10 = very influenced/always

IEE N Y R R P R P R AT

Q4. How often do you discard food? (0 = never; 10= very often)

Non cooked food 1 2 3 4 5 6 7 8 9 10

(eggs, canned food...)

Cooked food 1 2 3 4 5 6 7 8 9 10
(pasta, ...)

Q5. From 0 to 10, please indicate the quantity of food products you discard among following
categories (0= never; 10 = very often)

Fruit and vegetables 1 2 3 4 5 6 7 8 9 10

Meat/fish/processed meat 1 2 3 4 5 6 7 8 9 10

Eggs/dairy 1 2 3 4 5 6 7 8 9 10

bread 1 2 3 4 5 6 7 8 9 10

pasta 1 2 3 4 5 6 7 8 9 10

Long-lasting products (canned food, frozen 1 2 3 4 5 6 7 8 9 10
food, dried food, beverages, sweets)

Q6. How important for you are the following motivations when you discard food products?
(0= not at all; 10 = very important)

Low quality of food ‘1‘2|3‘4‘5|6‘7‘8‘9|10‘
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I bought too much food 1 2 3 4 5 6 7 8 9 10

I cooked too much food 1 2 3 4 5 6 7 8 9 10

I tried new products that I did not like 1 2 3 4 5 6 7 8 9 10

I bought large packs of food to save money 1 2 3 4 5 6 7 8 9 10
I did not pay attention to expiry dates 1 2 3 4 5 6 7 8 9 10

I do not reuse leftovers 1 2 3 4 5 6 7 8 9 10

Q7. How important are the following consequences of discarding food products? (0= not at all;

10 = very important)

Loss of money 1 2 3 4 5 6 7 8 9 10

Waste of time 1 2 3 4 5 6 7 8 9 10

I feel uncomfortable 1 2 3 4 5 6 7 8 9 10

It causes problems with waste management 1 2 3 4 5 6 7 8 9 10

It causes economic losses for society 1 2 3 4 5 6 7 8 9 10

Food that could have been useful for other 1 2 3 4 5 6 7 8 9 10
people is discarded

It causes environmental damage 1 2 3 4 5 6 7 8 9 10

Q8. Please indicate how the following mitigating factors could reduce

discarded food (0= not at all; 10 = very important)

the quantity

of

To have more time to purchase food 1 2 3 4 5 6 7 8 9 10

To have packs and portions that better fit with 1 2 3 4 5 6 7 8 9 10
my needs

To have more information on food products 1 2 3 4 5 6 7 8 9 10

To have a better value for money 1 2 3 4 5 6 7 8 9 10

Incentives to reduce in-house waste reduction 1 2 3 4 5 6 7 8 9 10

To have a better knowledge of cooking 1 2 3 4 5 6 7 8 9 10
techniques

The end of the economic crisis 1 2 3 4 5 6 7 8 9 10

To have more attention to the others 1 2 3 4 5 6 7 8 9 10

To have more concern to environmental issues 1 2 3 4 5 6 7 8 9 10
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Q9. Which of the following apples will you discard?

18 of 23

a) rotten

b) peel

Dl)}'es I:l])no Dl)yes I:l?.)ﬂc-

¢) wizened

[ J1yyes [ ]2)no

d) bruised

[(Ityyes [ ]2)no

Q10. What is your education level?

a.  Elementary school/no title
b. Middle school

c.  High school

d.  University or higher

Q11. How many people are in your family, including you?

a. 1
b. 2
c 3
d 4
e. More than 4

Q12. What is the total net monthly income of you family?

a. Less than 1.000€
b. 1.000-1.500€

c.  1.500-2.000€

d. 2.000-3.000€

e. 3.000-4.500€

f.  4.500-6.500€

g. Over 6.500€

Q13. You are
a. Male

b. Female
Q14. Please indicate your age

a. 18-25years old
b. 26-39 years old
c.  40-60 years old
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Appendix B: Food waste habits for each cluster

Table Al. Food waste for each typology of food: ‘Pragmatic consumers’.

19 of 23

0 10
2 4 7
(Never) 3 > 6 8 ’ (very often)
Frequency of throwing away different categories of food
(%)
raw products 3012 2494 2471 1341 353 235 047 024 024 000 0.00
cooked products 2370 2417 2275 15.64 853 332 190 0.00 0.00 0.00 0.00
Quantity thrown away for different categories of products
(%)
fruits and
vegetables 1517 1991 1943 2133 109 521 379 190 095 095 047
meat, fish, and
cold cuts 3649 2512 1991 1043 379 284 095 047 000 0.00 0.00
eggs and dairy 36.49 2464 1801 9.00 569 237 237 047 047 000 047
bread 34.12 2085 12.80 948 664 806 332 237 047 095 095
pasta 6209 1754 758 379 332 237 237 095 000 000 0.00
long-lasting
products 6209 1896 1043 474 142 047 095 095 000 000 000
Table A2. Food waste for each typology of food: “Thrifty altruists” cluster.
0 10
(Never) 2 3 4 > 6 7 8 ? (very often)
Frequency of throwing away different categories of food
(%)
raw products 30.12 2494 2471 1341 353 235 047 0.00 0.00 0.24 0.24
cooked
products 41.41 3224 1341 776 376 141 000 0.00 0.00 0.00 0.00
Quantity thrown away for different categories of
products (%)
fruits and
vegetables 19.06 2706 21.18 1600 753 635 188 071 024 19.06 27.06
meat, fish, and
cold cuts 6235 2471 824 306 094 071 000 000 000 0.00 0.00
eggsand dairy 4635 3176 11.76 635 235 047 047 000 024 024 0.00
bread 56.00 2282 9.18 588 282 212 118 000 000 0.0 0.00
pasta 6209 1754 758 379 332 237 237 095 0.00 0.00 0.00
long-lasting
products 7365 19.06 471 165 094 0.00 0.00 0.00 0.00 0.00 0.00
Table A3. Food waste for each typology of food: “Aware wasters’ cluster.
0 10
(Never) 2 3 4 > 6 7 8 (very often)
Frequency of throwing away different categories of
food (%)
raw
products 7.69 141 1474 1603 1442 1218 673 737 545 0.96 0.32
cooked
12.82 1218 2083 1571 994 1218 481 6.09 321 1.28 0.96

products
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Quantity thrown away for different categories of

products (%)
fruits and

7.69 737 109 125 929 1410 13.14 1058 897 4.17 1.28
vegetables
meat, fish,
and cold 25.64 1699 1795 929 9.62 897 417 256 224 192 0.64
cuts
eggs and

14.10 1442 1635 13.14 13.78 109 6.73 481 385 1.28 0.64
dairy
bread 24.68 1346 11.86 12.18 9.62 8.33 7.05 417 4.81 288 0.96
pasta 84.00 1247 235 071 024 000 024 000 0.00 0.00 0.00
long-lasting

4263 2244 1603 577 321 385 192 064 192 1.28 0.32
products
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