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A B S T R A C T

Food waste in schools presents significant environmental, economic, and social challenges. This large-scale study 
investigates the effectiveness of an awareness-raising campaign aimed at reducing food waste in schools. The 
intervention included printed materials, campaign videos, and an online food waste tracker to inform students 
about the consequences of food waste and encourage behaviour change. The study employed a three-phase 
methodology: initial food waste measurement, an awareness campaign combined with a questionnaire survey, 
and post-intervention food waste assessment. The survey was conducted across 10 schools, where data were 
collected on food waste generated from a total of 52,421 prepared lunch menus. Food waste was measured 
during two separate 10-day survey periods in consecutive years; in the second year, an awareness-raising 
campaign was implemented in the selected schools. In addition, students’ attitudes towards food waste were 
assessed through a questionnaire survey, yielding 1,480 responses. Data were analysed using statistical methods 
(Student’s t-test, Pearson’s correlation). On average, consumers left 103 g of food on their plates from each 
course, which accounted for 32% of the served meal. Although our hypothesis assumed that the campaign would 
reduce the amount of waste generated, the results did not support this expectation. The findings indicate that 
while students recognize the importance of reducing food waste, the campaign did not lead to a measurable 
reduction. This suggests that simply increasing awareness may not be sufficient to drive behavioural change, 
highlighting the need for alternative strategies.

1. Introduction

Environmental awareness has become a critical factor in addressing 
global ecological challenges, including climate change, biodiversity loss, 
and resource depletion (Kollmuss & Agyeman, 2002). It encompasses 
the understanding of environmental issues, the recognition of human 
impact on ecosystems, and the adoption of sustainable behaviours to 
mitigate adverse effects (Gifford & Nilsson, 2014). Environmental 
awareness also plays a significant role in shaping pro-environmental 
attitudes and behaviours (Calculli et al., 2021). According to Kollmuss 
and Agyeman (2002), environmental knowledge alone is insufficient to 
drive behavioural change; rather, a combination of knowledge, 
emotional engagement, and situational factors determines an 

individual’s ecological actions. Schools, universities, and informal ed
ucation settings play a pivotal role in fostering an environmental ethos 
by integrating sustainability concepts into curricula and extracurricular 
activities (Monroe, 2003).

Food waste is a global issue that affects both the environment and the 
economy. In the school setting, food waste can be a significant problem, 
with considerable environmental, social, and economic implications. 
Studies show that school-aged children waste up to 40–50% of the food 
served to them, amounting to millions of tons of wasted food annually 
(Derqui et al., 2018; Kasavan et al., 2021; Sundin et al., 2024). This 
waste not only contributes to greenhouse gas emissions and resource 
depletion, but also represents a lost opportunity to feed those in need. 
Economically, food waste in schools leads to increased costs for catering 
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operations and diverts funds that could be better utilized. Addressing 
school food waste is crucial for promoting sustainability, reducing 
malnutrition, and ensuring efficient use of resources.

Implementing awareness-raising campaigns targeting students can 
lead to significant reductions in the amount of food wasted in educa
tional settings (Pinto et al., 2018). These campaigns often involve 
educational activities that teach students about the environmental and 
economic impacts of food waste, as well as strategies for minimizing 
waste, such as taking only what they can eat and properly disposing of 
leftovers. By fostering a sense of environmental responsibility and 
providing practical knowledge, these interventions have been found to 
increase students' pro-environmental behaviours and subsequently 
lower the amount of food being discarded in school cafeterias (Malefors 
et al., 2022; Sundin et al., 2024).

Among the most effective interventions, reducing plate size led to up 
to a 30% reduction in food waste in hospitality settings (Ravandi & 
Jovanovic, 2019). Modifying school nutrition guidelines can also be a 
measure to decrease food waste (Cohen et al., 2014; Reynolds et al., 
2019; Schwartz et al., 2015). Information campaigns also proved 
effective, achieving food waste reduction in some cases (Antón-Peset 
et al., 2021).

The effectiveness of interventions remains uncertain, as outcomes 
vary significantly depending on the approach, target group, and mea
surement methods used. While some interventions show promising re
sults, others have minimal or inconsistent impact, underscoring the need 
for more rigorous evaluation and standardized methodologies. 
Information-based interventions are particularly common, yet their 
effectiveness is often debated due to a lack of large-scale studies with 
precise waste measurement. Our study seeks to address this gap by 
providing robust evidence on the effectiveness of information cam
paigns through large sample sizes and accurate measurement methods, 
ensuring reliable and meaningful findings.

2. Materials and methods

2.1. Study design

The study was divided into three main phases.
1. Initial food waste measurement in the participating schools 

(10–31 March 2023).
2. Awareness raising campaign and questionnaire surveys (5–26 

March 2024).
3. Post-intervention food waste measurements (12–26 March 2024).

2.2. Survey location and study samples

Ten school catering units in Budapest participated in the food waste 
survey. The primary criterion for selecting schools was a high number of 
cafeteria users, ensuring the inclusion of as many participants as 
possible in the study. The types of institutions average daily portions and 
student enrolment numbers are listed in Table S1 (Supplementary ma
terial). Elementary schools serve children aged 6 to 14, while secondary 
schools cater to students aged 14 to 18. All the surveyed catering units 
operated as serving kitchens, meaning food was not prepared on-site but 
delivered from production kitchens. The average number of the daily 
served portions across the 10 catering units was 2,539 in 2023 and 2,695 
in 2024.

2.3. The school food system

This survey focused exclusively on hot meals served as lunch. Since 
food waste generation largely depends on the catering system, we will 
briefly present the lunch service system used in the participating 
educational institutions. In Hungary, a typical school lunch consists of 
two courses: the first is always a soup, followed by a second course. The 
second course can vary, including options such as meat with a side dish, 

pasta with sauce or sweet toppings, casseroles, or vegetable stews. Most 
schools also offer salads or fruit. Students, or their parents, place meal 
orders for the whole upcoming month. In seven of the surveyed schools, 
there were no menu alternatives—students could only choose whether 
or not to order the single menu offered. However, in three schools (In
stitutes 2, 4, and 10), students could choose between two menu options, 
though these had to be selected well in advance, typically the previous 
month. No changes could be made on the day of service. Most schools 
offered the same menu for all students, aside from these few cases where 
alternative second courses were available. Meals can be cancelled until 
the morning of the previous day. Therefore, if someone falls ill, they 
cannot cancel their lunch for that day.

At lunchtime, students enter the cafeteria during their designated 
period and form a queue. Meals are served at counters or stations, where 
cafeteria staff distribute the first and second course according to pre- 
specified portion sizes. Students can request only smaller portions at 
this stage or refuse any of the courses. After receiving their meals, stu
dents sit in designated dining areas.

Once they have finished eating, students are responsible for bringing 
their dirty trays, dishes, and utensils to designated return stations. The 
process of separating food waste from dishes and utensils is managed by 
the kitchen staff. Inside the kitchen, leftovers returned by students are 
collected in designated bins.

2.4. Food waste measurement

The food waste measurements were conducted by technical staff, 
who had no other tasks during the survey period. The surveys were 
carried out over two 10-day periods, in the spring of 2023 and 2024. 
During both 10-day measurement periods, the meals served were nearly 
identical. Measurements were taken using an electronic scale, and data 
were recorded in grams. First and second courses were measured sepa
rately, with three data points collected for each (Fig. 1).

The first data point recorded was the weight of the delivered food 
(Measurement 1). Weighing the delivered food is a routine part of the 
quality control process in kitchens, but the accuracy of this measure
ment was verified by the survey staff. The second measurement recorded 
was the weight of the leftover food returned by students (Measurement 
2), which is referred to as plate waste. At the end of the serving period, 
the weight of any unserved food was measured (Measurement 3). The 
number of ordered portions and the served portions were also recorded, 
which was determined by counting the returned plates. Since the plates 
used for the first and second courses differed, it was possible to precisely 
identify how much of each course was served.

2.5. Questionnaire survey

For questionnaire design, international literature was studied (Kwon 
et al., 2018; Machado et al., 2020), and the needs of catering operators 
were also considered. Completing the questionnaires was voluntary and 
anonymous, age, sex, and position (student/teacher/school worker) 
were asked. Pens were provided for completing the questionnaires, and 
participants were individually asked to fill them out.

For this study, we conducted two questionnaire surveys. Satisfaction 
with school catering was measured in the first survey session in all 
participant institutions simultaneously with waste measurement. The 
multiple-choice questionnaires contained 35 questions each year. The 
questionnaire covers various aspects such as the taste, temperature, and 
nutritional value of the food, the adequacy of meal times, the politeness 
of the serving staff, cleanliness of utensils and the dining environment, 
portion sizes, and food waste. It also explores personal eating habits and 
attitudes towards food, health, and environmental consciousness. The 
majority of the questions used a Likert scale, where 1 represented the 
worst case and 5 represented the best case.

The second questionnaire survey was related to the awareness 
raising campaign and it was conducted in those schools where the 
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intervention took place (Institute 4, 7, 9, 10). The 12-question survey 
was completed during the meals after the campaign period. The ques
tionnaire aimed to assess how effectively the campaign messages 
reached their target audience and how successful the applied methods 
were. Yes/No answers and Likert-scale were used in this questionnaire.

2.6. Awareness raising campaign

Four schools were selected for awareness raising campaign (Institute 
4, 7, 9, 10). When selecting institutions, we aimed to ensure a similar 
number of consumers in both the intervention and control institutions. 
The intervention started one week before the food waste measurements 
and lasted for three weeks. The intervention consisted of three main 
parts:

a) Placement of table talkers and printed materials on dining tables.
b) Playing of awareness-raising videos on an LCD screen placed in the 

dining area, and displaying the results of daily measurements.
c) The results of the daily measurements were published on a 

designated webpage, which could be accessed via a QR code.

2.6.1. Table talker and printed materials
The informational sign placed on the dining table (Malefors et al., 

2022) included the survey date and purpose and a QR code where the 
school's daily food waste amount could be tracked using a mobile device 
(Fig. S1). The primary goal of the “Let’s Reduce Food Waste Together” 
campaign is to “bring back less leftover food than in the same period of 
last year.” The table talker reminds children that “more than 60 kg of 
food waste per person is generated annually in school meals,” and 
therefore, “If you're not hungry, ask for less and eat what you get!”. 
Leaflets and booklets issued by Project Wasteless (National Food Chain 
Safety Office, 2024; Szakos et al., 2021) was also circulated in the dining 
area.

2.6.2. Campaign video
In the campaign video, we share the annual number of portions 

served and the food waste data of the school cafeterias involved in the 
intervention with the consumers. An important part of awareness- 
raising is to ensure that the goals of the food waste reduction program 
are clear to everyone and that those involved feel they are part of the 
change. Nine short films created by Project Wasteless (National Food 
Chain Safety Office, 2024) were also played.

2.6.3. Online food waste tracker
A central element of the campaign communication was the daily 

tracking of the amount of food waste in each school cafeteria. Therefore, 
we created a webpage where the results of the waste measurements for 
each institution were presented in an easily understandable format. The 
webpage could also be accessed via a QR code displayed on the table 
talkers in the dining area. The daily quantities were provided in kilo
grams and percentages and were compared with the same period of the 
previous year (Fig. S2). This allowed students to see each day how much 
leftover they left on their plates the day before and during the same 
period the previous year. These quantities in kilograms and percentages 
were also displayed to the students by type of food.

2.7. Ethical aspects

Institutional leaders were informed in advance about the survey and 
the accompanying awareness-raising campaign, and their consent was 
obtained. The first questionnaire also functioned as a guest satisfaction 
survey; therefore, its development was carried out in collaboration with 
the food service provider. No personal data were collected, participation 
was entirely voluntary and fully anonymous, and for this reason parental 
consent was not required. Respondents were not subjected to any 
emotional or physical pressure during the process. The ethical aspects of 
the study were discussed both with the Ethics Committee of the Indere 
Institute Nonprofit Ltd. and with the organizers of the catering services.

2.8. Data analysis, statistics

The following indicators were calculated based on the collected data. 

• Plate waste (g)/served portions, expressed in grams.
• Plate waste (g)/served food (g), expressed in percent.
• Unserved food (g)/ordered portions, expressed in grams.
• Unserved food (g)/prepared food (g), expressed in percent.
• Total waste (g)/ordered portions, expressed in grams. Total waste was 

defined as the sum of plate waste and unserved food.
• Total waste (g)/prepared food (g), expressed in percent. Total waste 

was defined as the sum of plate waste and unserved food.

Questionnaire data were recorded in Excel spreadsheets and pre
pared for analysis.

For statistical analysis the JASP software were used (JASP Team, 
2025). Descriptive statistics, Student’s t-test and and Pearson’s corre
lation were used for calculations.

3. Results

The aim of this study is to explore the impacts of the awareness- 
raising campaign. During the two ten-day survey periods, a total of 
52,421 lunch menu were surveyed (representing 34,512 kg food), 
25,467 lunch menu in 2023 (16,961 kg food) and 26,954 lunch menu in 
2024 (17,551 kg food) Table 1. The number of absent students was 
calculated by subtracting the actual number of served portions from the 
number of ordered portions. The supplier kitchens delivering to the 
cafeterias did not change between the survey periods. The number of 
portions were increased by 5.8%.

3.1. Plate waste

Plate waste refers to food that has been served but not consumed. 
Table 2 shows the amount of plate waste returned by consumers from 
the lunch menu. Data are presented by courses. Statistically, the amount 
of plate waste is significantly higher in the institutions selected for the 
campaign (Student’s t-test, p < 0.001), despite the fact that the only 
criterion for selecting institutions was to ensure a nearly equal number 
of consumers. The possible reasons for the differences in plate waste 
could not be identified. Between the two survey years there is no sta
tistically detectable difference in either the institutions selected for the 
campaign or the control institutions. The only statistically significant 
difference is the increase in the percentage of plate waste in the control 

Fig. 1. Schematic process of school food waste measurement.
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institutions.
Since the plate waste from the first and second courses was collected 

separately, the data could also be analyzed independently. Course- 
specific data are presented in Table S2 (Supplemetary material). In all 
comparisons examined, more leftovers were returned from the first 
course (which was always soup) than from the second course.

3.2. Unserved food and total waste

Unserved food refers to pre-ordered but not collected meals. The 
amount of unserved food waste is summarized in Table 3. Although 
unserved food is theoretically still suitable for human consumption, in 

the absence of the necessary conditions for its safe redistribution, it must 
nonetheless be classified as waste. The volume of unserved food is pri
marily influenced by the number of ordered but uneaten meals (e.g. the 
student does not show up for lunch), as well as by partially requested 
portions (e.g., when someone only asks for the second course but skips 
the soup). Over the entire survey period, 27% of the prepared food was 
not served, which is slightly less than the amount of plate waste. How
ever, the trends are fully consistent with the data on plate waste: no 
significant decrease was observed during the 2024 survey period.

Table 4 presents the average amount of total waste generated per 
ordered menu during the surveys. Total waste is defined as the sum of 
plate waste and unserved food waste and serves as an appropriate in
dicator of the overall amount of waste generated from an ordered meal. 
Similar to returned waste and unserved food, this value was higher in 
institutions selected for the campaign. The total amount of waste over 
the entire survey period was 50%. Based on data from the two survey 
years, the amount of waste increased in control institutions but 
decreased in those affected by the campaign. However, the differences 
are not statistically significant. This means that the campaign did not 
lead to a reduction in food waste.

We also conducted a separate analysis of the first and second courses 
for both unserved food and total waste (Tables S3–S4, Supplementary 
Material). Similar to the plate waste results, in every case examined a 
greater amount of waste was generated from the first course.

3.3. Questionnaire data

A total of 1,480 participants completed the questionnaire. The dis
tribution of respondents across institutions, as well as the breakdown 
between students and teachers/staff, is presented in Table S5 (Supple
mentary material). Out of the 35 questions, statistically significant dif
ferences were observed in 11 cases between respondents from the 

Table 1 
Summary of the food waste data collected during the survey, including results from both years.

Institute Delivered food Unserved food Plate waste No. of ordered portions No. of served portions Unserved portions (Absence %)

Institute_1 6,994 kg 1,629 kg 1,812 kg 11,680 10,295 1,385 (12%)
Institute_2 3,178 kg 1,107 kg 874 kg 4,636 3,990 646 (14%)
Institute_3 1,049 kg 130 kg 176 kg 1,491 1,350 141 (9%)
Institute_4 6,895 kg 2,185 kg 1,258 kg 10,338 7,967 2,371 (23%)
Institute_5 1,980 kg 564 kg 403 kg 2,829 2,260 569 (20%)
Institute_6 2,408 kg 416 kg 431 kg 3,374 3,116 258 (8%)
Institute_7 3,757 kg 1,159 kg 970 kg 6,289 4,899 1,390 (22%)
Institute_8 7,23 kg 112 kg 143 kg 994 857 137 (14%)
Institute_9 3,179 kg 765 kg 448 kg 4,520 3,821 699 (15%)
Institute_10 4,363 kg 1,401 kg 1,148 kg 6,270 4,489 1,781 (28%)
Total 34,527 kg 9468 kg 7661 kg 52,421 43,044 9,377 (18%)

Table 2 
Plate waste / served portions returned by consumers (g) and plate waste/served 
food (%). Values are presented as mean ± SD with p-values calculated by Stu
dent’s t-test comparing 2023 and 2024.

Plate waste/served 
portions

Plate waste/served 
food

No campaign 
institutions

91 g ± 49 g 30% ± 18%

2023 87 g ± 53 g 27% ± 18%
2024 96 g ± 45 g 33% ± 18%
p-value 0.125 0.019*
Campaign institutions 113 g ± 57 g 35% ± 19%
20231 114 g ± 59 g 36% ± 19%
2024 112 g ± 55 g 34% ± 18%
p-value 0.695 0.455
Total 103 g ± 54 g 32% ± 19%

*Asterisk means significant statistical difference between 2023 and 2024, ana
lysed by Student’s t-test at p < 0.05.
1There were no campaigns in 2023; we are analysing separately the institutions 
where the campaign were implemented in 2024, solely for comparability.

Table 3 
Unserved food / ordered portions (g) and unserved food / prepared food (%). Values 
are presented as mean ± SD with p-values calculated by Student’s t-test 
comparing 2023 and 2024.

Unserved food /ordered 
portions

Unserved food /prepared 
food

No campaign 
institutions

75 g ± 41 g 22% ± 12%

2023 75 g ± 42 g 22% ± 12%
2024 76 g ± 40 g 23% ± 13%
p-value 0.841 0.362
Campaign institutions 102 g ± 42 g 31% ± 12%
2023a 104 g ± 44 g 32% ± 11%
2024 100 g ± 39 g 31% ± 13%
p-value 0.412 0.952
Total 90 g ± 44 g 27% ± 13%

a There were no campaigns in 2023; we are analysing separately the in
stitutions where the campaign were implemented in 2024, solely for 
comparability.

Table 4 
Total waste / ordered portions (g) and total waste / prepared food (%). Values are 
presented as mean ± SD with p-values calculated by Student’s t-test comparing 
2023 and 2024.

Total waste/ ordered 
portions

Total waste / prepared 
food

No campaign 
institutions

148 g ± 63 g 44% ± 19%

2023 143 g ± 67 g 42% ± 20%
2024 154 g ± 58 g 47% ± 19%
p-value 0.186 0.038*
Campaign institutions 175 g ± 57 g 54% ± 18%
20231 180 g ± 60 g 55% ± 18%
2024 171 g ± 54 g 53% ± 18%
p-value 0.192 0.453
Total 163 g ± 61 g 50% ± 19%

*Asterisk means significant statistical difference between 2023 and 2024, ana
lysed by Student’s t-test at p < 0.05.
1There were no campaigns in 2023; we are analysing separately the institutions 
where the campaign were implemented in 2024, solely for comparability.
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campaign-designated and control institutions (Table 5). However, the 
responses do not provide clear insights into why food waste levels were 
higher in the campaign schools. For instance, despite reporting longer 
meal times (Question 8), lower food temperatures (Question 17a), and a 
greater emphasis on healthy eating (Question 24), the campaign schools 
still generated more waste. While these factors could theoretically in
fluence food waste generation, our results do not support this 
assumption.

3.4. Campaign questionnaire

The campaign questionnaire were completed by 495 respondents. 
The distribution of respondents across institutions, as well as the 
breakdown between students and teachers/staff, is presented in Table S6 
(Supplementary material).

The questionnaire results indicate that 65% of respondents were 
exposed to the campaign messages in some form, with printed infor
mational materials proving to be the most effective (Table 6). In 
contrast, the online food waste tracker accessible via QR code failed to 
achieve its purpose. This may be because many students do not bring or 
are not allowed to bring their smartphones into the cafeteria. The ma
jority considers food waste reduction important and is willing to take 
action. However, they did not necessarily find the implemented 
campaign to be an effective method for achieving this goal.

4. Discussion

4.1. Food waste in school catering

Our hypothesis was that if we draw high school students' attention to 
the problems caused by waste, they will take action within their own 
means to reduce food waste, and this reduction will be measurable. 
However, the data did not support our hypothesis. Our data show that in 
the second year, food waste increased in the control institutions; how
ever, this rise was mitigated by the campaign. Nevertheless, statistical 
analysis only partially supports this observation.

The amount of plate waste varies widely across countries, ranging 
from 9 to 133 g per courses per meal (Feng et al., 2024). Our data fall 
within this range, with an average of 103 g per course. However, since a 
student typically consumes two courses at lunch, the average amount of 
plate waste per person is approximately twice this value, corresponding 
to about 206 g.

For all the waste indicators examined, the values for the first course 
were consistently higher than for the second course, which can primarily 
be attributed to the relatively low popularity of soups (Tóth et al., 2023). 
However, the overall trends were similar for both courses: the effects of 
year and of the awareness campaign influenced the first and second 
courses in the same way (Tables S2–S4, Supplementary Material).

Absenteeism, in the context of school catering, refers to meals that 
have been pre-ordered or allocated based on enrollment but remain 
“unserved” or “not collected” because the student does not attend lunch 
on the service day. The quantity of such unserved food shows a strong 
correlation with the number of absent consumers (Pearson’s correlation 
r = 0.698, p < 0.001), indicating that absenteeism is the primary driver 
of unserved food generation. Additional waste arises when students 
request smaller portions than prescribed or decline either the first or the 
second course, further increasing the amount of unserved food. In the 
present study, our awareness-raising campaign primarily aimed to 
reduce plate waste, as this type of waste is generated exclusively by 
students who actually consume meals in the cafeteria. For this reason, 
plate waste was always interpreted in relation to the amount of food 
served, meaning that it is not influenced by absenteeism. The interna
tional literature has largely examined school food waste in relation to 
portioning practices and consumer behaviour, while the issue of 
absenteeism leading to pre-ordered but uncollected meals has received 
little attention (de Souza et al., 2025; Vici et al., 2025).

Table 5 
Customer satisfaction questionnaire completed by school meal consumers. The 
questions type was Likert scale form 1 to 5 where 1 means the most negative case 
(do not agree at all, not true at all, never, etc.), 5 means the most positive case 
(totally agree, true, always, etc − for exception see footnotes). The exact possible 
answers were adopted to the questions. P value was calculated by Student’s t- 
test.

Question Campaign 
n = 784

No 
campaign 
n = 696

p

1 Tasty 3.27 ±
0.91

3.24 ±
0.97

0.471

2 Smells good 2.98 ±
1.09

3.09 ±
1.14

0.081

3 Nutritious 3.34 ±
1.08

3.32 ±
1.12

0.695

4 Healthy 3.34 ±
1.02

3.23 ±
1.13

0.063

5 Looks good 2.74 ±
1.36

2.82 ±
1.33

0.264

6 Cold foods are cold enough 3.09 ±
1.42

3.00 ±
1.46

0.270

7 Hot foods are hot enough 3.94 ±
1.08

3.77 ±
1.24

0.007*

8 Is the lunch break long enough to 
eat lunch?

3.06 ±
1.41

2.67 ±
1.44

<.001*

9 What is your opinion about the 
courtesy of the service staff?

3.76 ±
1.29

3.99 ±
1.13

<.001*

10 What is your opinion on the 
cleanliness of the cutlery and the 
restaurant?

3.64 ±
1.01

3.12 ± 1.2 <.001*

11 What are your thoughts on the 
condition of the restaurant and the 
restaurant environment?

3.73 ±
0.89

3.36 ±
0.99

<.001*

12 What do you think about the portion 
size of the food?a

2.71 ±
0.78

2.67 ±
1.14

0.405

13 How does the food in the school 
cafeteria compare to the food at 
home?

1.87 ±
0.79

1.96 ±
0.88

0.027*

14 Do you usually cook at home? 1.81 ±
0.86

1.81 ±
0.89

0.991

15 In general, are you satisfied with the 
school cafeteria?

3.38 ±
0.98

3.34 ±
2.23

0.702

16 Do you think the quality of food has 
changed in the past?

3.86 ±
1.44

3.65 ± 1.3 0.005*

17 What do you think causes food waste in the school cafeteria? ​
a The food is too hot. 2.16 ±

1.13
2.47 ±
1.32

<.001*

b The food is not tasty enough. 3.36 ±
1.16

3.15 ±
1.25

0.002*

c The portions are too large. 2.2 ± 1.11 2.1 ± 1.12 0.105
d There is too little time to eat. 3.28 ±

1.39
3.42 ± 1.5 0.082

e Students have different food 
preferences

3.68 ±
1.12

3.67 ±
1.16

0.945

f They order food even when they are 
not hungry.

3.33 ±
1.45

3.27 ±
1.27

0.382

g The food is not spicy or salty 
enough.b

2.93 ±
1.33

3.14 ± 1.4 0.007*

18 Do you often leave food on your 
plate?b

2.96 ±
1.12

2.9 ± 1.56 0.468

19 Compared to others, how much food 
do you think you waste?b

2.38 ±
0.94

2.36 ±
0.97

0.650

20 I am afraid to try foods I have never 
eaten before.b

2.04 ±
1.16

2.09 ±
1.28

0.417

21 I enjoy tasting unique and exotic 
flavors.

3.59 ±
1.25

3.68 ±
1.33

0.243

22 I like eating vegetables or pickles 
with my main course.

3.95 ±
2.03

3.55 ±
1.38

<.001*

23 I am happy to eat meat-free dishes. 2.75 ± 1.4 2.73 ±
1.37

0.749

24 Healthy eating is important to me. 3.85 ±
1.63

3.63 ±
1.22

0.006*

25 Sustainable eating is important to 
me.

3.44 ±
1.28

3.39 ±
1.35

0.490

(continued on next page)
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Although the primary aim of this study was to test the impact of 
awareness-raising interventions on the quantity of waste generated, a 
substantial amount of school waste data was also collected during the 
research. This dataset is suitable for comparison with large-scale school 
waste surveys whose sole objective was to quantify institutional waste 
production (Abreu et al. 2025; Falasconi et al. 2025). Therefore, beyond 
assessing behavioral change, the study also contributes valuable 
empirical data to the broader field of school waste characterization and 
benchmarking.

4.2. Awareness raising in schools

More than 60% of the students obtained information from the prin
ted brochures. The online food waste tracker was clearly ineffective, as 
the survey data shows that students did not actively follow the infor
mation published online. In the assessed schools, students often did not 
have their smartphones with them, preventing them from scanning the 
QR code. This system is not suitable for the age group studied. The 
campaign survey results show that students consider waste reduction 
important, as the related questions received high ratings.

Although various studies produced conflicting results, we initially 
expected that increasing awareness and delivering the right messages 
could improve pro-environmental behaviour and thus reduce school 
food waste. The effectiveness of food waste reduction interventions 
largely depends on the type of messaging used to engage individuals. 
Environmental messages are effective in increasing waste reduction in
tentions, demonstrating greater efficacy compared to financial and 
taste-oriented messages (Bretter et al., 2023). However, this approach 
was entirely unsuccessful in this study, and we can only speculate about 
the reasons behind it. Our core messages aimed to appeal either to 

consumers' conscience and guilt, but it’s possible that we might have 
achieved better results by focusing solely on positive messages and 
emotions (Romero-Luis et al., 2023). Positive emotions can better 
motivate than fear or guilt in environmental messages.

Several studies have demonstrated that awareness-raising efforts can 
lead to varying degrees of food waste reduction. For example, a Swedish 
study on school food services for children aged 6–19 reported a signif
icant reduction in plate waste — by 13 g per portion, or 35% — 
following an awareness campaign (Malefors et al., 2022). This study 
focused on school food services catering to children aged 6–19 years. 
Antón-Peset et al. (2021) followed the lunch plate waste in a primary 
school where 9–10 years old children participated in the project. They 
observed significant reduction when awareness campaigns have been 
implemented. In university settings, however, the impact of awareness 
campaigns appears to be less consistent. For instance, providing infor
mation about food waste alone did not lead to a measurable reduction in 
waste in university canteens (Visschers et al., 2020). Although a 
campaign in Chinese universities did not significantly reduce food waste 
(Qian et al., 2024), other findings suggest that increasing awareness and 
promoting positive attitudes can still play a role in reducing waste, as 
shown in a study among Chinese university students (Li et al., 2025). On 
the other hand, a targeted campaign at a Portuguese university suc
cessfully reduced the amount of waste generated (Pinto et al., 2018). 
The awareness and educational campaign implemented in Latvian 
school for 6–13 years old schoolchildren did not lead to significant re
ductions in plate waste (Lonska et al., 2025), achieving meaningful 
change in reducing school food waste requires practical, flexible cater
ing systems that actively involve students in the process (Deksne et al., 
2025). The reviewed studies collectively indicate that interventions 
aimed at reducing food waste in educational institutions can achieve 
varying degrees of success—their effectiveness largely depends on the 
type of approach and its implementation.

Being aware of an issue does not always lead to taking action. As 
awareness of food waste continues to grow, it is crucial to explore ways 
to bridge the gap between awareness and action. Research highlights 
this disconnect, often referring to it as a ‘value-action gap’ (Marwood 
et al., 2023).

Generational differences in environmental awareness and pro- 
environmental behaviour are evident across European regions. 
Younger and older generations approach sustainability differently, 
shaped by cultural, economic, and informational factors. As a result, a 
universal strategy is ineffective; instead, targeted approaches should be 
designed to address the specific motivations and challenges of each age 
group.

As highlighted by the studies mentioned above, efforts to reduce food 
waste are being made worldwide. However, direct comparisons between 
findings remain difficult, as the data originate from diverse catering 
cultures, different national school meal systems, and, in many cases, 
distinct target age groups. The novelty of the present research lies in 
conducting one of the largest school-based intervention studies in Cen
tral Europe that applied direct food waste measurement. In addition, the 
study incorporated an attitude survey, thereby enabling a more 
comprehensive evaluation of the effectiveness of the awareness 
campaign.

5. Study limitations

This study is subject to several limitations that should be considered 
when interpreting the findings. The Hungarian school catering system 
requires meals to be ordered in advance, which means that student 
absenteeism inevitably contributed to the amount of unserved food 
waste. Absences may arise for a variety of reasons, including the pos
sibility that students, upon viewing the daily menu, decide not to attend 
the cafeteria, which could have influenced the outcomes of our study. 
Furthermore, although catering staff adhered to standardized portioning 
guidelines, some variability in serving sizes was unavoidable in practice. 

Table 5 (continued )

Question Campaign 
n = 784 

No 
campaign 
n = 696 

p

26 Food has emotional and cultural 
value to me, not just monetary 
worth.

3.13 ±
1.28

3.21 ±
2.46

0.429

27 I live sustainably and do not waste 
food.

3.18 ±
1.12

3.16 ±
1.16

0.786

28 Environmental protection is 
important to me.

3.97 ±
1.06

3.88 ±
1.19

0.123

29 When we throw away food, we 
waste the effort of those who 
prepared it.

3.96 ±
1.15

3.94 ±
1.23

0.818

*Statistically significant differences at p < 0.05 calculated by Student’s t-test.
aFor this question the option 3 (appropriate) was the best case whereas 1 (to 
little) and 5 (to much) was the two extreme value.
bFor these question 1 is the positive case and 5 is the negative case.

Table 6 
Questionnaire administered in the 4 campaign schools at the end of the 
awareness raising campaign. (n = 495).

Part A. Yes No

Did you complete the satisfaction survey distributed last week? 63% 37%
Did you read the printed document placed on the table? 65% 35%
Did you watch the videos played on the television? 59% 41%
Did you track the amount of food waste generated at school using the 

QR code on the printed document on the table?
11% 89%

Part B. Likert scale 
(1–5)

In your opinion, how has the amount of leftover food on your plate 
changed over the past 10 days?

3.25 ± 0.67

Do you consider such awareness-raising initiatives important? 3.62 ± 1.01
How important do you think reducing food waste is? 4.37 ± 0.85
Would you like to continue making efforts to reduce your food waste 

in the future?
4.02 ± 0.85

How much did you like the waste reduction awareness campaign? 3.30 ± 0.96
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Since food waste quantities were measured in aggregated form, such 
differences may have introduced a degree of measurement error in both 
plate waste and unserved food categories. A further limitation concerns 
the questionnaire surveys, which relied on voluntary self-reported data 
and were therefore subject to variable levels of respondent attention and 
accuracy. Finally, as the study was conducted in a single metropolitan 
setting in Budapest, the results may not be directly generalisable to other 
contexts with different catering systems, food cultures, or institutional 
arrangements.

6. Conclusion

The findings of this study challenge the assumption that awareness 
alone is enough to reduce food waste among students. Despite the 
campaign's efforts to communicate the environmental and economic 
impacts of food waste, no significant decrease in waste was observed. 
This suggests that while students may acknowledge the importance of 
sustainability, behavioural change requires more than information 
dissemination. Future initiatives should consider integrating interactive 
engagement, incentives, and structural changes in school catering ser
vices to make waste reduction more actionable. Additionally, campaigns 
that focus on positive reinforcement rather than guilt-based messaging 
may yield better results. Bridging the gap between awareness and action 
remains a critical challenge in fostering pro-environmental behaviour in 
school environments.
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