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Abstract: Consumers’ perception plays a central role in tackling food waste at the final consumption
stage, specifically among university students. In Europe, it is estimated that 47 to 67 Mt of food waste
is generated at the household level or at food service consumption, including university canteens. The
present cross-country research, through an online-based questionnaire among university students,
investigates students’ perception on food waste by distinguishing among two different categories: on
the one side, students living with their family; on the other side, students living without their family.
Further, the research distinguishes among students eating at university canteens, students preparing
food at home, students purchasing take-away foods and students coming back home to eat. The study
compares university students’ perception on food waste in Italy and in Poland, with the overarching
purpose of shaping sustainable pathways and defining educational interventions to enhance students’
perception and awareness on food waste. Data are analyzed according to the Mann-Whitney U test
and the Kruskal-Wallis test. Age is a pivotal factor and suggests a generational gap in awareness and
attitude toward food waste, whereas sex significantly affects food waste perception in Poland but not
in Italy, suggesting a more homogeneous perception across sexes. The research highlights the impacts
that socio-economic and environmental crises (e.g., climate change, the Russia—Ukraine conflict, high
inflation rates) have on food waste perception in Poland, which is closer to that of Russia and Ukraine
compared to that of Italy, and provides academics, practitioners and public authorities with practical
and theoretical insights toward food waste minimization.

Keywords: canteens; consumer perception; consumption habits; food waste; living arrangements;
university students

1. Introduction

Consumers’ perception plays a central role in tackling food waste at the final con-
sumption stage, specifically among university students [1,2], since perception, defined as
“the ability to see, hear or become aware of something through the senses” [3], represents
the first variable in the awareness—attitude-behavior mechanism toward food waste mini-
mization. Specifically, interventions on food waste perception are more likely to influence
changes in consumers’ behavior more than interventions on food waste attitude [4]. In
Europe, an amount of about 57 Mt of food waste was estimated in 2020, of which on average
of 11% was generated at primary production, 20% at processing and manufacturing, 7%
at retail and distribution, 9% at restaurants and food services and 53% at households, for
an amount of 127 kg per person per year [5,6]. In the ranking of the five countries that
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generate the most food waste, it results that Italy and Poland rank third and fifth place,
with, respectively, 8.65 Mt and 4 Mt of food being discarded. Out of the total, about 59%
of food waste is generated at restaurants, food services and households, highlighting the
need to intervene in the field of consumers’ perception and behavior [7-9]. Specifically,
considering that universities may be comparable to mini-cities or large businesses [10,11]
and that university students are one of the largest food-wasting group [12,13], it is essential
to intervene on such a segment of the population.

The existing body of research has been largely interested in food waste among young
generations, from school pupils [14,15] to university students [16], and the main research
trends refer to the analysis of consumers’ behavior [17], waste valorization [18], disposal
drivers [19] and environmental consequences [20]. Qian et al. [19] identified the main
drivers for food waste generation, highlighting the multidimensional factors that contribute
to high amounts of waste among university students, such as sex, education, family wealth,
presence of others, time pressure and location. Further, the need to enhance practical
and effective guidance and incentive measures was stressed, for instance, tasting spoons,
guest forecasting tools and plate waste trackers [17]. Under the quantitative perspective,
Malefors et al. [17] estimated a rather possible reduction in food waste from 44 to 6 g per
student, if suitable measures are introduced.

According to the waste management hierarchy (Directive 2008/98/EC), the purpose
of the European Union is to prevent or minimize waste, with specific reference to food
waste, as highlighted by the circular economy action plan [21]. Considering the circular
economy monitoring framework, which includes ten indicators related to commodity
production and consumption, waste management, secondary raw materials, competitive-
ness and innovation [6], one specific indicator is addressed to determining food waste.
Specifically, the monitoring framework aims at measuring food waste at the production,
distribution and consumption stages in mass units by highlighting its “undue pressure on
finite natural resources, the environment and climate change” and by stressing its important
financial costs [22].

In light of these premises, the present research investigated food waste perception
among university students in Italy and Poland, which ranked third and fifth place in the
top five countries that waste the most food in Europe. Such countries generate about
12.65 Mt of food waste per year, which is equal to 14% of the European amount [5]. It
carried out an online-based questionnaire among university students, distinguishing
between students living with their family and students living alone. Further, it dis-
tinguished among students eating at university canteens, students preparing food at
home, students purchasing take-away foods and students coming back home to eat.
The purpose of the study was to answer the subsequent research question: “Do living
arrangements and eating habits influence university students” food waste perception in
Italy and Poland?”. The findings from this research are essential to defining sustainable
pathways and educational interventions to enhance students’ perception and awareness
of food waste, as well as to provide academics, practitioners and public authorities
with practical and theoretical insights toward food waste minimization. To the best
of the authors” knowledge, the current analysis represents the first that relates food
waste perception among university students and their alternative living arrangements
options. The results of the living arrangements are crucial in comprehending students’
identity development in terms of status and life experiences [23], but also in shaping
more sustainable and healthy food habits [24,25].

2. Research Context
2.1. Food Waste in Italy and Poland

The latest statistics [5] illustrate that about 127 kg of food per inhabitant were wasted in
2020, soon after the COVID-19 lockdown. Of such an amount, approx. 55% were generated
at the household level, which means about 70 kg per person, whereas the remaining quota
was generated across the entire supply chain, from primary production (11%) to industrial
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processing (18%), retail and distribution (7%) and restaurants and collective catering (9%).
Compared to the 2012 data (European Parliament, 2017), which estimated an average
amount of 173 kg of food waste per person per year, equal to approx. 88 Mt in Europe, it
results that food waste decreased by 28%. Figure 1 illustrates the 2020 data on food waste,
distinguishing per country and per supply chain stage.
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Figure 1. Food waste (t) per country and per supply chain stage in Europe in 2020. Source: Personal
elaboration by the authors on Eurostat [4]. Data were estimated according to the different measure-
ment methodologies suggested by the Commission Delegated Decision (EU) 2019/1597 [26], and
comparability was guaranteed by reporting food waste in its fresh mass weight.

About 65% of the entire amount of food waste generated in Europe comes from five
countries, namely: Germany (10.92 Mt), France (9 Mt), Italy (8.65 Mt), Spain (4.26 Mt) and
Poland (4 Mt), for an amount of 36.83 Mt. It results that Italy and Poland rank third and
fifth among the countries that waste the most food in Europe [6]. Specifically, food waste
amounted to 146 kg per capita in Italy and 105 kg per capita in Poland. Table 1 lists, in
detail, the amount of food waste generated in Italy and Poland per supply chain stage and
identifies the percentages of food waste out of the total. The largest amount of food waste is
generated in households, recording the highest percentage in Italy (73%) and Poland (57%).

Table 1. Food waste amounts (t) in Italy and Poland per supply chain stage (%).

Supply Chain Stage Italy (t) Italy (%) Poland (t) Poland (%)
Primary production 1,270,638 15% 670,547 17%
Processing and manufacturing 510,018 6% 544,942 14%
Retail and distribution 343,535 4% 320,396 8%
Restaurants and food services 193,915 2% 190,293 5%
Households 6,332,349 73% 2,275,921 57%
Total 8,650,455 - 4,002,099 -

Source: Personal elaboration by the authors on Eurostat [4].
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2.2. Hypotheses Development

The research was based on three pillars: (i) food waste minimization represents a key
issue to achieve the Sustainable Development Goals at the global level and Green Deal at the
European level [27,28]; (ii) several efforts are required to change food waste perception and
behavior at restaurants, food services and households [29,30]; and (iii) young generations,
in the current research represented by university students from 18 to 35 years, have a
significant responsibility in reducing food waste, considering their social role as “healthy
carriers” toward sustainable development. Young generations, which encompass both
Millennials (i.e., people born from 1981 to 1996) and Generation Z (i.e., people born from
1997 to 2012) [31], seem to highly react to the environmental issue and should be considered
intergenerational carriers of inspiration, hope and culture [26]. However, so as to concretely
minimize food waste among university students, significant steps are required: (i) increase
awareness; (ii) change attitudes through experience and cognition; and (iii) change and
maintain behavior over time. Considering authoritative studies on the topic [4], changes in
attitude are not likely to lead directly to changes in behavior, but it is essential to intervene
on the perception by rising the “urgency” or the “desire to act” at the personal level through
specific information, calling for commitment and trying to instill concrete needs in the
target audience. Therefore, this research investigated food waste perception and awareness,
in terms of cultural background (e.g., beliefs, values, rules), social context (e.g., social or
physical environment) and education (e.g., information, lessons, instruction).

In light of previous research on the topic [32-34], sociodemographic variables such
as age, education and household size and composition, as well as employment status and
income, have been considered as the most common and relevant factors influencing food
waste perception. The first hypothesis was developed to investigate the relationship and
the effects that sociodemographic characteristics have with food waste perception.

Hypothesis 1.1. (H1.1.). Sociodemographic characteristics (age, sex, financial status, university
field) have an effect on the food waste perception among university students.

In addition, consumers are influenced by significant experiences with food scarcity and
food insecurity, such as wars, conflicts and epidemics. Specifically, Szabo-Bodi et al. [35]
estimated that people experiencing wars, such as those who lived through World War
II, tend to waste less compared to those who have never experienced such tragic events,
especially in Europe [29]. In addition, it has been evaluated that, during the COVID-19
pandemic, people wasted less amounts of food compared to the period soon before the
pandemic [7]. Such reductions should be read in the light of the increases in inflation
and in the cost of raw materials, and therefore also of basic food, as revealed by global
markets [36]. The second hypothesis investigates the effects that optimistic or pessimistic
feelings on the socio-economic and environmental context have on food waste perception
among university students.

Hypothesis 1.2. (Hy.2,). An optimistic or a pessimistic perception about the socio-economic context
(i.e., climate crisis, economic crisis, social crisis) has an effect on food waste perception among
university students.

Soon after formulating the hypotheses associated with the sociodemographic char-
acteristics of the students and their perception on the social and the economic context,
this research distinguished between students living with their family and students living
without them. Previous research has highlighted that living arrangements among univer-
sity students significantly affect their eating habits [25]. For instance, students living at a
parental home are more likely to consume fruit and vegetables, whereas those living outside
tend to eat cakes or unhealthy foods. In addition, as outlined by Maillet and Grouzet [37],
the transition from school to university leads students to eat less food, less healthily and
less regularly, due to moves from home to university residence or off-campus housing.
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Specifically, regarding students living without their family, this research investigated those
living alone, with friends and/or colleagues and with their boyfriend/girlfriend, hypoth-
esizing that such variables could influence their food waste perception [19]. Regarding
students’ lunch habits, the research investigated four scenarios, namely: (i) eating in can-
teens; (ii) preparing food at home; (iii) purchasing take-away food; and (iv) coming back
and eating at home.

The agri-food system contributes to the worldwide greenhouse gas emissions by up
to 37%, considering all stages of the supply chain, from primary production to logistic
activities and consumption among final users [38]. It results that the emissions associated
with agri-food activities account for about 31 Mt of CO,eq. Nowadays, one of the main
challenges in the catering sector is related to the energy consumption for final use, namely
the energy used for the production, the transformation and the conservation of both
animal and vegetable food products, as well as the energy used for facilities and air
conditioning [39,40]. However, the amount of food waste at the final consumption stage,
together with the environmental impacts associated with its disposal, still represent a
difficult environmental burden. It results that food waste accounts for peaks of 40%
in schools and 30% in hospitals [41]. In such a light, the subsequent hypotheses were
developed, so as to understand how to shape strategies and policies toward food waste
minimization. Such hypotheses were developed on the basis of the overarching research
question: “Do eating in canteens, preparing food at home or purchasing take-away foods
influence university students’ food waste perception?”.

Hypothesis 2.1. (Hz.1.). Among the students who live with their family, eating in canteens has an
effect on food waste perception.

Hypothesis 2.2. (Hy,5,). Among the students who do not live with their family, eating in canteens
has an effect on food waste perception.

Hypothesis 3.1. (H3 1.). Among the students who live with their family, preparing food at home
has an effect on food waste perception.

Hypothesis 3.2. (H3.). Among the students who do not live with their family, preparing food at
home has an effect on food waste perception.

Hypothesis 4.1. (Ha.1.). Among the students who live with their family, purchasing take-away
food has an effect on food waste perception.

Hypothesis 4.2. (Hy ;). Among the students who do not live with their family, purchasing
take-away food has an effect on food waste perception.

Hypothesis 5.1. (Hs.1.). Among the students who live with their family, coming back and eating at
home has an effect on food waste perception.

Hypothesis 5.2. (Hs ). Among the students who do not live with their family, coming back and
eating at home has an effect on food waste perception.

Figure 2 summarizes the different hypotheses.
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Figure 2. Research hypotheses. Source: Personal elaboration by the authors.

3. Materials and Methods

This research adopted a questionnaire to investigate food waste perception among
university students. As outlined by previous research on the topic [7], questionnaires
have been highly adopted in food waste research and have been defined as structured and
formal ways of collecting quantitative or qualitative information among consumers [42].
Such a tool is cost effective, accessible and easy to read, and its development requires
a suitable stepwise approach, which is as follows: (i) context analysis (Section 2.1) and
hypothesis development (Section 2.2); (ii) questionnaire drafting (Section 3.1); (iii) sam-
pling strategy and data collection (Section 3.2); and (iv) statistical approach and data
analysis (Section 3.3).

3.1. Questionnaire Drafting

The questionnaire was composed of three sections: (i) food habits at lunch and food
waste perception (11 questions); (ii) level of awareness about food waste environmental,
social and economic implications (nine questions); and (iii) sociodemographic information
(ten questions), for a number of 30 questions. In the research, the subsequent definition of
food waste was adopted: “the quantity of different foods thrown away, composted or used
as animal feed because out of date, spoiled or no longer wanted for other reasons, and it
was specified not to consider inedible food waste, such as bones, peels or shells” [43,44].

The questionnaire was composed of multiple-choice questions (e.g., sociodemographic
characteristics), dichotomous questions and questions that can be answered according to
a 5-point Likert scale, from “1 = not at all” to “5 = very much” (e.g., level of food waste
perception). In terms of food waste consequences, students were asked to evaluate their
level of perception and awareness with reference to either the environmental, economic
or ethical implications of food waste. Additionally, students were asked to evaluate some
drivers, according to their potential to generate food waste, namely bad food storage, lack
in cooking skills (or bad meals quality), taste preferences, out of use based on the label,
over purchase, and emotional reasons [45,46].
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3.2. Sampling Strategqy and Data Collection

The present research represents a cross-country study in Italy and Poland. The ques-
tionnaire was first developed in English and then translated into Italian and Polish. Consid-
ering the translation of the questionnaire as an essential step to guarantee replicability and
comparability, the authors adopted a “forward translation”, which requires the translation
from the original language to the target language by at least two independent transla-
tors [47,48], both aware of the concepts the questionnaire intends to measure, to reach a
translation as close as possible to the original one [49].

The questionnaire, translated in Italian and Polish, was implemented in Google Forms,
an online platform useful for receiving fast answers and analyzing data in multimodal
formats [50]. It was disseminated online from 1 May to 1 June 2023 on social media such as
Instagram, LinkedIn and Facebook, according to the non-probabilistic snowball sampling
method. Such a method, as outlined by previous researchers [51], represents a widely
applied tool in Internet research, and it helps reach as many respondents as possible while
requiring minimal planning and human resources [52]. To guarantee the validity of the
sample at a p-value = 0.5, about 385 university students from each country were considered
an acceptable sample.

3.3. Statistical Approach and Data Analysis

Figure 3 illustrates the research methodological workflow. The process initiates
with data collection, followed by meticulous data cleaning and preprocessing. An
exploratory analysis was conducted to inform the subsequent hypothesis testing setup.
Due to the data not meeting parametric assumptions, as indicated by the grayed-out
steps (the Shapiro—Wilk test for normality and ANOVA), the Kruskal-Wallis test was
employed to assess differences across multiple groups. Significant findings from this
test lead directly to post hoc pairwise comparisons using the Mann-Whitney U test.
Steps involving parametric tests (Shapiro-Wilk, ANOVA, and Tukey HSD) were omitted,
which is justified by the non-parametric nature of the data. The analysis concluded with
Adjusting for Multiple Testing to ensure the robustness of the findings, followed by the
Interpretation of Results & Reporting, where results were synthesized and contextualized
within the research narrative.

To verify the developed hypotheses (Section 2.2), the authors employed non-parametric
statistical tests, specifically the Mann—-Whitney U test and the Kruskal-Wallis test. These
tests were particularly suited for the analysis as they do not assume a specific distribu-
tion of the data and are robust to the presence of outliers. The Mann-Whitney U test
was utilized to compare two independent groups, while the Kruskal-Wallis test was em-
ployed when more than two groups were involved in the comparison. The test serves as a
non-parametric alternative to the one-way analysis of variance (ANOVA), extending its
application to scenarios where the assumptions of ANOVA, particularly the requirement
for normality and homogeneity of variances, are not met. In this study, the Kruskal-Wallis
test was judiciously employed in situations where comparisons extended beyond a binary
framework, encompassing more than two independent groups. It operates on the ranks of
the data rather than the data values themselves, rendering it less susceptible to the effects
of outliers and non-normal distributions. It evaluates the null hypothesis that the median
of all groups is equal, or more precisely, that there is no difference in the distribution of
the dependent variable across the groups being compared. The procedure begins with the
ranking of all data points pooled across the groups, followed by the calculation of the sum
of the ranks for each group. The test statistic, denoted as H, is computed based on these
ranks, taking into account the size of each group and the overall distribution of the ranks.
The resulting H statistic approximately follows a chi-square distribution with k — 1 degrees
of freedom, where k is the number of groups.
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1. Data Collection

| 2. Data Cleaning & Preprocessing

2a. Data Integration

N
| 3. Exploratory Data Analysis (EDA) ‘
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| 4. Hypothesis Testing Setup ‘
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Figure 3. Research study methodological workflow. Note: The chart illustrates the sequential steps
from the data collection and preliminary analysis steps (in blue) to result interpretation, with non-
parametric tests (in yellow) highlighted due to the data’s characteristics, and parametric tests (in
gray) omitted. Source: Personal elaboration by the authors.

In the context of this study, the Kruskal-Wallis test facilitated a comprehensive as-
sessment of the differences in food waste perception across various subgroups defined by
sociodemographic characteristics, living arrangements and eating habits. This allowed for
an inclusive and comparative analysis, highlighting the nuances and subtleties in the data
that might have been overlooked with parametric tests. The adoption of the Kruskal-Wallis
test in this research is further justified by its utility in providing an initial overview of the
data. Where significant results were detected, post hoc analyses using pairwise compar-
isons with adjustments for multiple testing were conducted to pinpoint the specific group
differences. These subsequent analyses employed the Mann—-Whitney U test, ensuring a
thorough and rigorous examination of the hypotheses in question.

Following the identification of significant differences among groups through the
Kruskal-Wallis test, the Mann—Whitney U test was utilized for post hoc pairwise com-
parisons. This test is particularly advantageous in non-parametric statistics, permitting
comparisons between two independent samples when the assumptions for parametric
equivalents, such as the t-test, are not tenable. The Mann-Whitney U test evaluates the null
hypothesis that two independent samples come from the same distribution, specifically
that there is no difference in the medians of the two groups. It does so by ranking all the
observations together and then calculating the sum of the ranks for each of the two groups.
The test statistic U is derived from these ranks and represents the number of times a score
from one group precedes a score from the other group. This test is robust to outliers and
does not require the data to be normally distributed, making it particularly suitable for
skewed distributions commonly encountered in survey data. It is sensitive to differences in
both the location and shape of the distributions of the two groups.

In this research, the Mann-Whitney U test was applied to the pairwise comparisons
within the context of sociodemographic variables, eating habits and perceptions of food
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waste. It was instrumental in discerning specific differences between groups identified
as statistically different through the Kruskal-Wallis test. The significance level for these
comparisons was carefully adjusted for the use of multiple tests to control for the increase
in Type I error rate, thus ensuring the results’ integrity. Thus, by applying the Mann—
Whitney U test to our dataset, we were able to draw more nuanced conclusions about
the impact of various factors on food waste perception. This contributed to a more
granular understanding of the underlying dynamics within the student population in
both countries.

4. Results and Discussion

The current section reports the empirical analysis of data collected from university
students, aiming to explore and verify the various hypotheses connected to their food con-
sumption habits and their perception of food waste. Understanding these aspects is crucial,
as it can provide insights into potential areas of intervention to enhance food waste aware-
ness and promote sustainable practices among the younger population. Data encompassed
responses from students in different living situations, with diverse sociodemographic
backgrounds and varying habits related to food consumption and waste.

4.1. Sociodemographic Characteristics of the Sample

In Italy, 699 university students participated in the research, whereas in Poland,
382 respondents participated. Table 2 illustrates the sociodemographic characteristics of
the sample.

Table 2. Sociodemographic characteristics of the sample.

Sociodemographic Characteristics Categories Italy (%) Poland (%)
Sex Female 72.6 86.7
Male 26.7 13.3
Other 0.7 0
Age 18-25 304 89.6
26-35 69.6 10.4
Household composition 1 3.1 10.2
2 11.7 20.6
3-4 66.8 51.4
5 or more 18.4 17.8
Education (attendance) Bachelor’s degree 51.3 62.7
Master’s degree 419 32.4
Ph.D. or other 6.8 49
Financial status Hard 4.7 0.8
Humble 41 31.3
Good 43.1 51.4
Excellent 4.9 15.4
Prefer not to answer 6.4 1.1
Living arrangement Family 73.3 56.4
Friends and/or colleagues 13.1 18.8
Boyfriend or girlfriend 6.6 12.8
Alone 6.9 12

Source: Personal elaboration by the authors.

Prior to conducting detailed pairwise comparisons, it was essential to perform a gen-
eral assessment of the groups in question to determine if there were any overall differences
that warranted further investigation. To serve this purpose, the Kruskal-Wallis test was
adopted to compare Italy and Poland in terms of food waste awareness, revealing a signifi-
cant difference between the groups (Figure 4). About 39% of the Italians declared a high
awareness of food waste compared to 31% in Poland.
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Figure 4. Food waste awareness in Italy (a) and Poland (b). Note: Participants were asked to respond
to the question “How aware are you of the problem of food waste?” and could answer according to a
five-point Likert scale. Source: Personal elaboration by the authors.

4.2. Hypothesis Verification

The comparative analysis between Italian and Polish university students’ percep-
tions of food waste was checked for insights as a result of hypothesis verification, par-
ticularly when dissecting the roles played by sociodemographic variables and specific
dietary habits.

Table 3 presents the hypotheses, the characteristics, the adopted test, the statistics, the
p-value and the significance distinguishing between Italy and Poland. In the subsequent
sections, this paper investigates and discusses the statistically significant results, in terms
of the p-value, by focusing on sociodemographic factors (Section 4.2.1), the influence of
socio-economic and environmental crises (Section 4.2.2) and living arrangements and eating
habits (Section 4.2.3).

4.2.1. Sociodemographic Factors (Hy 1))

In both Italy and Poland, age proved to be a pivotal factor. The Italian sample, in
utilizing the Mann-Whitney U test, revealed significant differences in food waste perception
across various age groups (p = 0.00000272). This trend was also evident in the Polish
data, where age-related perceptual differences were significant (p = 0.0079), suggesting a
generational gap in awareness and attitudes toward food waste. Figure 5 illustrates food
waste awareness vs. age group in Italy and in Poland.
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Table 3. Comparative analysis of hypothesis testing between Italian and Polish university students.

Hypothesis Characteristic (Test) Sta(’;l,;:ms P -(\I]ii,l)u € Slgn(llfr}c)ance St?Itjlg)l e P -(},];gl)le Slgr(l;jfg)ance

Age (MWU) 63,014 0.00000272 YES 5200.5 0.0079 YES

H Sex MWU) 47,629.5 0.8551 NO 12,440 0.00013 YES

11 University field (KW) 23.92 0.0209 YES 18.45 0.187 NO

Financial status (KW) 3.93 0.4149 NO 34 0.493 NO
Climate—economy-—

Hi, social crisis (KW) 4.17 0.1243 NO 15.43 0.000447 YES
Living with the family

H, 1 and eating in canteens 6.34 0.096 NO 2253 0.0646 NO
(KW)
Not living with the

Hy» family and eating in 12.45 0.0143 YES 0411 0.7453 NO
canteens (KW)
Living with the family

Hsq and preparing food at 15.15 0.0017 YES 1.89 0.169 NO
home (KW)
Not living with the

Hs» family and preparing 16.3 0.00099 YES 2.08 0.149 NO
food at home (KW)
Living with the family

Hyq and purchasing 15.15 0.0017 YES 19.66 0.00058 YES
take-away food (KW)
Not living with the

Hyp family and purchasing 6.34 0.096 NO 0.51 0.917 NO
take-away food (KW)
Living with the family

Hsq and coming back home 15.15 0.0017 YES 2.17 0.538 NO
to eat (KW)
Not living with the

Hs» family and coming back 6.34 0.096 NO 5.33 0.149 NO
home to eat (KW)

Note: The table summarizes the statistical outcomes for various sociodemographic and behavioral characteristics
related to food waste perception. The left column denotes the hypothesis tested, followed by the characteristic in
question, the statistical test employed, the test statistic, the p-value and the detected significance across Italy and
Poland, respectively. The results indicate significant cross-cultural variations in the factors influencing food waste
perception. MWU = Mann-Whitney U; KW = Kruskal-Wallis; IT = Italy; PO = Poland.

Consumers between 18-25, so-called “emerging adults”, are no longer teenagers
but are still different from adults in terms of cognition, self-definition, emotional control
and behavior [53]. Specifically, although university students were generally considered a
“single social group,” the results reveal a significant difference between those aged 18-25
(i.e., Generation Z) and those aged 26-35 (i.e., Millennials), with younger people having
a greater awareness of food waste. These results are in contrast with those reached by
Tsai et al. [54], who evaluated that young people are unable to assume the responsibilities of
adults, also in terms of food waste, and who highlighted the need for young consumers to be
guided by adult people in terms of correct consumption and waste patterns. On the contrary,
the higher food waste awareness of younger people was confirmed by Viccaro et al. [55].
Students belonging to Generation Z are highly influenced by environmental programs and
awareness campaigns, which were confirmed as relevant instruments to address young
people’s behavior in minimizing food waste and promoting sustainable consumption
patterns. Their role in shaping social and personal norms for either their generation or
the younger (i.e., should be underlined, Generation Alpha) and older (i.e., Millennials,
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Generation X, Baby Boomers) ones. Young students can develop sustainable social norms
and adopt them in a continuous inspiration-plan-do-act process.
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Figure 5. Food waste awareness vs. age group in Italy (a) and in Poland (b) according to Hj ;. Note:
1 = very little; 2 = poor; 3 = average; 4 = good; 5 = very much aware of food waste. Source: Personal
elaboration by the authors.

Sex dynamics presented varied influences in the two countries. In Poland, sex sig-
nificantly affected food waste perception (p = 0.00013), indicating distinct approaches or
awareness levels between male and female students. Conversely, the Italian dataset did
not register any significant sex-based impact (p = 0.8551), implying a more homogenous
perception across sexes in Italy. Figure 6 illustrates food waste awareness vs. sex in Italy
and in Poland.

In Italy, about 16.5% of students attended a bachelor’s degree, a master’s degree or a
Ph.D. program in political sciences, followed by a 16.1% in education sciences, 12.6% in
medicine and 11.2% in economics and management, with smaller percentages distinguish-
ing among law, tourism and hospitality, applied sciences, IT, etc. These findings reveal that
the field of study is as a significant factor in Italy (p = 0.0209), indicating that the awareness
of food waste might be intertwined with the academic background, potentially reflecting
the curriculum’s influence or the students” environmental engagement based on their field.
However, in Poland, students’ field of study did not demonstrate a substantial effect on
their food waste perception (p = 0.187), suggesting a more uniform awareness regardless of
academic discipline. Financial status, an important sociodemographic variable, showed no
significant effect on food waste perception in either country.

4.2.2. Influence of Socio-Economic and Environmental Crises (Hj».)

The impact of broader socio-economic and environmental crises on students” food
waste perceptions was markedly different in the two countries. In Italy, these macro-level
crises appeared disconnected from the individual-level awareness of food waste (p = 0.1243).
In contrast, the Polish data suggest a significant correlation (p = 0.000447), indicating that
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students” awareness of food waste is potentially heightened by their perceptions of broader
societal and environmental challenges. Figure 7 illustrates the food awareness vs. climate—
economy-social crises in Italy and Poland (Hj »)).
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Figure 6. Food waste awareness vs. sex in Italy (a) and in Poland (b) according to Hj ;. Note:
1 = very little; 2 = poor; 3 = average; 4 = good; 5 = very much aware of food waste. Source: Personal
elaboration by the authors.

Similar results were reached by Grunert et al. [56], who identified a cluster of “sen-
sitive” consumers, discussing the significant roles of climate change, rising energy prices
and emotional reactions in changing food consumption behavior. Soon after the COVID-19
pandemic, which changed food waste perception among consumers [8], the Russia—Ukraine
conflict modified food consumption habits and the perception of food security [57]. Specifi-
cally, the conflict led to significant disruption in consumers’ daily behavior, since food and
energy prices increased (i.e., inflation), and it highlighted an increase in price sensitivity [56].
The nexus of food waste management and price sensitivity, soon after supply demand
shocks and disruptions such as the COVID-19 pandemic or the Russia—Ukraine conflict,
represents an important aspect for reaching food waste minimization and environmental
sustainability [56]. In the current research, although a negative impact on food waste
perception among university students was expected, due to panic buying and stockpil-
ing [58], climate—economy—social crises had a positive effect on food waste awareness and
perception. Possible solutions for tackling food insecurity, uncertainty and panic buying
are linked to increased and efficient shopping planning [59,60], which can be either carried
out among students living with families, preparing food at home or buying take-away
foods. In addition, the price increases in food commodities resulted in a more cautious
food consumption behavior and in a reduction in food waste generation, confirming that
economic factors have a strong potential for minimizing food waste [58,61].
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Figure 7. Food awareness vs. climate—economy-social crisis concern in Poland (Hj 5 ). Note: Partici-
pants were asked to respond to the question “How do you perceive the social and economic context
in your country, following the social-economic—environmental crisis (e.g., Russia—Ukraine conflict,
high inflation rate)?”; 1 = very little; 2 = poor; 3 = average; 4 = good; 5 = very much aware of food
waste. Source: Personal elaboration by the authors.

4.2.3. Living Arrangements and Eating Habits (H3», Hs 1. and Hs ;)

Living arrangements influence food consumption behavior, specifically in the uni-
versity students, since they have to adopt new habits due to environmental stressors,
determinants and pressure [62]. The investigation into the interrelation between living
arrangements (i.e., with or without family) and dietary practices (i.e., eating in canteens,
preparing food for lunch at home, buying take-away food, going back home to have lunch)
amongst university students in Italy and Poland yielded insightful revelations on their
perception of food waste. This segment of the study underscores the complexity inherent
in the correlation between personal lifestyle choices and environmental consciousness.
Figure 8 illustrates food waste awareness vs. living arrangements and dietary practice.

In Italy, the influence of familial cohabitation on students’ attitudes toward food waste
was pronounced. The study identified three distinct eating habits as influential among
students residing with their families: returning home for meals, preparing food at home and
purchasing take-away food. These practices were statistically significant in their association
with food waste perception (p = 0.0017), highlighting the integral role of domestic culinary
environments in shaping students’ perspectives on food waste.

It results that students living with family and coming back home for lunch have a
higher (and significant) awareness of food waste (Hs 1 ), as confirmed by other cross-country
studies among consumers [63]. Specifically, people living alone are more likely to waste
food compared to people living in couples or with family, roommates or friends. The role
of families in the field of food waste reduction is key in shaping sustainable strategies
based on the reuse of leftovers for other meals [64]. Moreover, the influence of the family
environment is positive in reducing food waste, since food shopping, handling and cooking
is mostly performed by other family members, such as the students’ family, which are
expected to have efficient planning and good cooking skills [65]. Lastly, considering the
importance of infrastructure facilities such as storage space, equipment and containers [64],
students living with families are supposed to have access to better facilities compared
to students renting or living in dormitories. Considering students not living with their
families, a significant degree of food waste awareness is estimated among those who
prepare food at home (Hj ). Likewise, the students living with their family, students who
prepare food at home, are more likely to know about issues related to food consumption
and food waste, possessing a higher level of responsibility than those who do not cook.
It turns out that taking care of the house, including food (both purchasing, handling
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and preparing), represents an element of improvement in the perception of food waste
compared to students who eat in canteens or buy take-away food. It is true that the
transition to adulthood carries tremendous change and responsibility [66], but the higher
the responsibility rate, the greater the perception of food waste and the lower its generation.
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Figure 8. Food waste awareness vs. living arrangements and dietary practice according to Hj ;.
(a) and Hs ;. (b) in Italy and Hy ;. (c) in Poland. Note: A = eating in canteens; B = preparing food for
lunch at home; C = buying take-away food and eating in public areas; D = going back home to have
lunch. Red lines indicate the living arrangement objects of the hypothesis; 1 = very little; 2 = poor;
3 = average; 4 = good; 5 = very much aware of food waste. Red lines identify the significant values.
Source: Personal elaboration by the authors.
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Other dietary practices, such as dining in canteens, preparing meals at home or
returning home for meals, did not present a statistically significant relationship with food
waste perception in Poland. This suggests that, for students in familial living situations,
food waste awareness may be less dependent on the nature of their dietary habits, with
the notable exception of take-away food consumption. Nevertheless, despite the statistical
significance, it appears that students who buy take-away food do not have particular
food waste awareness, supporting the idea that food waste minimization requires food
management and preparation responsibility. Lastly, among students not living with their
families, in Poland, no significant correlations were observed between any of the dietary
habits examined (eating in canteens, home food preparation, purchasing take-away food, or
returning home for meals) and their perception of food waste (p-values from 0.149 to 0.917).
This uniformity in perception, irrespective of dietary practices, indicates the presence of
other influential factors the beyond living arrangements and dietary choices that shape
students” awareness of food waste.

4.3. Educational Interventions

Education represents one of the main drivers for more sustainable consumption
models (and mindsets) among young generations. The findings from this research are
essential for defining educational interventions to enhance students’ perception on food
waste. Specific interventions should be addressed to students’ living alone, where the
level of food waste is more likely to be higher. Both people directly involved in education
and awareness programs, such as professors, but also foodservice operators, should adopt
strategies to enhance responsibility among consumers, since a greater perception of food
waste lowers its generation.

In terms of financial and environmental awareness, educational campaigns through
social media, for instance, should stress the need to reduce food waste, riding on the mal-
leability and easy influenceability of university students. Recent studies [67,68] highlighted
that young people are more open to social media influencers and fashion trends; therefore,
sustainable messages should be introduced without delay. Specifically, as suggested by
Neubig et al. [69], food operators should adopt social pressure methods to (dis)engage
consumers in certain behaviors, by stressing the concepts of “approval” or “disapproval”.
More practically, as highlighted by Eriksoon et al. [70], foodservice operators should de-
velop an Environmental Code, defined as a potential benchmarking threshold for legal
and illegal levels of food waste. However, together with “mandatory practices”, foodser-
vice operators could adopt voluntary practices aimed at influencing final consumers’, for
instance: (a) advise guests to start with small tasting portions; (b) inform guests about
how much food is wasted; (c) build good relations with guests; (d) maintain calm dining
environments; (e) present the food on a plate so guests can see what is served; and (f) put
the waste bin behind a counter to make it more complicated to waste food.

One more opportunity for developing awareness among students regards university
teachings, which occupy a large part of students’ time and can influence and suggest
sustainable behaviors. However, as outlined by previous studies on the topic [71], the
effectiveness of teaching sustainability is high if sustainability is considered in mandatory
disciplines, not in marginal ones [72], and the same must be realized for food waste in
particular. Specifically, professors should consider that education on sustainability is “a
systematic approach to understanding, one which goes beyond technical knowledge and
even understanding the basics of a healthy ecosystem and thriving society” and must
include management ethics, entrepreneurship, environmental studies, system thinking
and self-awareness [73]. Therefore, tangible, sustainable campus practices, such as projects
on greenhouse gas reduction, biodiversity protection, energy efficiency and ecological
footprint reduction, are required.
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5. Conclusions

This research investigated the influence of living arrangements and dietary practices
on food waste perception among university students in Italy and Poland. Specifically,
through an online-based questionnaire, the research analyzed two categories of students,
namely those living with their family and those living without them and also considered,
in depth, the students that eat at university canteens, those who prepare food at home and
those who purchase take-away meals. In Italy, 699 university students participated in the
research, whereas in Poland, 382 respondents participated, with an average of 39% in Italy
compared to 31% in Poland in terms of “high” food waste awareness.

In terms of sociodemographic characteristics (Hj 1 ), age was identified as a pivotal fac-
tor both in Italy and Poland. This research revealed that students belonging to Generation
Z are more likely to be influenced by environmental campaigns on food waste reduction
compared to Millennials, highlighting the need to invest resources into young students
and take advantage of their positive role as “health carriers” of sustainable consumption
patterns. In addition, sex resulted as an interesting factor in Poland, with men being more
conscious of food waste compared to women. Lastly, this study revealed a significant
role in Italy, stressing that the university curriculum has an influence on the students’
environmental engagement.

One significant result of the research is related to the influence of socio-economic
and environmental crises (Hj 7 ) on food waste perception, with a significant correlation
in Poland. Soon after supply demand shocks and disruptions such as the COVID-19
pandemic or the Russia-Ukraine conflict, a strong nexus between food waste management
and price sensitivity results, which represents a key to reducing food waste and enhancing
environmental sustainability.

Lastly, this research investigated the influence of living arrangements and dietary
practices on food waste perception, highlighting that living and food habits represent envi-
ronmental stressors, determinants and pressure. Specifically, it results that students living
with family and coming back home for lunch have a higher (and significant) awareness of
food waste (Hs 1), as well as students not living with their families but preparing food at
home (H3 2 ). The transition to adulthood carries tremendous change and responsibility, but
the higher the responsibility rate, the greater the perception of food waste and the lower
its generation.

Limitations and Future Research Directions

This study has some limitations regarding both the methodology and the utilitarian
nature of the results obtained. The sample selected for the study consisted of individuals,
university students, in the age range of 18 to 35 years; therefore, an attempt to extrapolate
the results to an entire population must be taken with some caution. In addition, there
was a certain disproportion in the size of the sample in each country, with 699 students
in Italy and 382 respondents in Poland. Consumer opinions about the perception of food
waste may vary depending on the socio-demographic characteristics of the individual and
the territorial scope [74]. Another limitation was that the respondents came from only
two countries, although Italy and Poland are relatively large EU countries (in terms of the
number of inhabitants, Italy and Poland in 2023 were after Germany and France as the
third and fifth countries wasting the most food in the European Union) [75], which due
to historical conditions are perceived as multicultural countries, and now, from year to
year, this nature of multiculturalism is deepening [76,77]. Despite the above limitations,
the results obtained (especially given their cross-sectional nature) are practical, identifying
factors determining the perception of food waste by the student population with particular
attention paid to living conditions and nutritional practices. Due to the fact that the
research was conducted in the context of global crises [78], the research tool proposed
in this paper can be used to develop a comparative analysis of possible changes in the
perception of food waste in the conditions of turbulence in the environment but also during
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other currently potential crises. The research tool proposed in this paper may be useful for
further cross-cultural comparisons in the area analyzed.
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