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Abstract

The study explores Italian Generation Z’s consciousness, literacy and behaviour towards marine environmental issues aimed
at detecting whether different profiles of people exist. A survey was implemented with 778 students attending upper secondary
schools. Descriptive statistics, significance tests for differences among groups, and cluster analysis were applied. Gen Z expresses
concern and awareness about environmental issues, but not high levels of engagement in marine pro-environmental behaviours.
Only about half of the sample solved six of the twelve objective knowledge questions correctly, and some misconceptions were ob-
served. Gender, education, and area of living differentiate answers over several phenomena. Cluster results highlight four groups
of young people with different sustainability profiles, two of which showed sensitiveness and awareness about the investigated
topics, while the other groups are insensitive, unaware, and illiterate. The poor knowledge of Italian Generation Z about ocean
sustainability topics highlighted the need to further educate young people to become literate individuals.
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Introduction

Younger generations are often described as being
more environmentally aware than the older generations.
The 2023 Deloitte Gen Z and Millennial Survey affirms
that the younger generations actively participate to envi-
ronmental protection and feel concerned about environ-
mental and climate changes.

Generation Z (individuals born in or after 1997), cur-
rently represents 26% of the world’s population with 2
billion people being part of this group (Earthweb, 2023).
There is need to consider this generation under several
perspectives: because they are at a turning point in peo-
ple’s lives where individuals are expected to enter the
workforce or engage in a higher education, which are
choices that could be relevant all through their entire life;
because they are entering a phase of their lives where they
can create a lasting impact with their actions and choices;
they will dominate future demand in the seafood market
and will be crucial to promoting a more sustainable sea-
food system; finally, young people’s approach presently
reveal future tendencies about the preservation of marine
resources, which form the main actor that contributes to
the fulfilment of the UN SDGs in year 2030.

Due to the above reasons, a comprehensive under-
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standing of consciousness, literacy and behaviours of
today’s Gen Z towards the environmental sustainability
of oceans can provide valuable insight into educational
needs and young people’s contribution to the future sus-
tainability of the “life below water” in the context of the
UN Sustainable Development Goal 14. This contribution
is even more important in light of the UN declaration of
2021-2030 as the Decade of Ocean Science for Sustain-
able Development, and the EU Mission to “Restore our
oceans and waters” by 2030.

Environmental consciousness has been defined as a
multifaceted concept comprising concern for the envi-
ronment, sensitivity towards environmental problems
and awareness of the need for ecological protection (Su
etal.,2019).

A relationship exists between people’s consciousness
and environmental knowledge. Indeed, knowledge is
among the most considered personal trait in studies deal-
ing with factors influencing people’s environmental opin-
ions and behaviour (Liu et al., 2020). Knowledge com-
prises a subjective dimension, that refers to self-beliefs,
based on experience, expertise, and other factors, and
an objective dimension, that refers to accurately stored
and actual information depending on ability or expertise
(Carlson et al., 2009).
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In addition, knowledge is one dimension of the Ocean
Literacy (OL) framework that has expanded over time to
include other dimensions (Brennan et al. 2019; McKinley
et al.,2023), such as awareness of ocean issues and relat-
ed challenges, attitude in cultivating a set of values and
a deep concern for the ocean, behaviour towards ocean
enhancement and safeguarding, and activism in efforts to
address issues related to the ocean. OL was defined as the
ability to understand essential principles and basic con-
cepts about the ocean, communicating about the ocean in
an effective and constructive manner, and finally, mak-
ing informed and responsible decisions about the ocean
and its resources (Cava et al., 2005). The OL framework
developed by the European Marine Science Educators
Association (MacNeil et al., 2021; Mokos et al., 2020;
Payne et al., 2022) is based on seven principles and for-
ty-four fundamental concepts. Recent reviews (Cavas et
al., 2023; Costa & Caldeira, 2018; Paredes-Coral et al.,
2021; Salazar-Sepulveda et al., 2023; Stoll-Kleemann,
2019) highlighted the relevance of OL in the scientific
literature, especially regarding young people as detailed
in the literature section.

In addition to people’s knowledge and literacy, the be-
haviour adopted by individuals is of fundamental impor-
tance. A pro-environmental behaviour has been defined
as a behaviour that harms the environment in the slightest
possible way or is beneficial to the environment (Steg &
Vlek, 2009); it has been considered as a two-factor struc-
ture construct, comprising low- and high-effort behav-
iours depending on the ease or effort that individuals must
make to behave in a sustainable manner (Ramkissoon, et
al., 2013; Wyles & Ghilardi-Lopes, 2023).

To the best of our knowledge, little scientific evi-
dence (Koulouri et al., 2022; Mallick et al., 2023) has
jointly analysed consciousness, literacy, and behaviours
of young people towards marine environmental issues.
However, no study has added the sampling of opinions
about the values of marine ecosystems and their potential
to support economic uses, or has specifically carried out
a segmentation analysis of Generation Z to identify those
who are more/less environmentally conscious and literate
about marine environmental topics.

This study aims to explore whether different segments
and profiles of Italian Generation Z emerged based on
their approach towards the sustainability of marine en-
vironment by focusing on dimensions of consciousness,
literacy and behaviour, and whether socio-demographic
characteristics are significant in differentiating people’s
profiles. In detail, three research questions are set as fol-
lows:

RQ 1. What are the consciousness, literacy and be-
haviour of young people regarding marine environmental
sustainability?

RQ 2. Can Gen Z be categorized into distinct groups
based on their consciousness, literacy and behaviour?

RQ 3. Do Gen Z segments differ with respect to so-
ciodemographic characteristics regarding gender, living
area, and educational background?

The study is part of a larger research focused on Ital-
ian Gen Z approach towards the marine environmental
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sustainability, by dealing also with their preferences in
seafood consumption choices (Forleo & Bredice, 2023).

Literature background
Gen Z under sustainability lens

Several sustainable perspectives concerning the
younger generation have been explored in the literature.

Some studies have investigated the role of Gen Z in
achieving Sustainable Development Goals (Yamane &
Kaneko, 2021), their preferences in hospitality and tour-
ism context as well as in their fashion choices (D’Arco
et al., 2023; Karaman & Aykin, 2021; Tran et al., 2022);
other studies have investigated the sustainable food con-
sumption of young people (Forleo & Bredice, 2023;
Kamenidou et al., 2019).

The environmental consciousness of young people
was addressed in several studies, such as those highlight-
ing the factors influencing the formation of conscious-
ness (Krasilnikova & Kuznecova, 2021) and providing
a segmentation study among university students (Mera
& Garcia-Gallego, 2023), and those studying how con-
sciousness influences purchased behaviour of Gen Z
(Nguyen et al., 2020).

Pro-environmental behaviour as a topic has aroused
a growing interest in the last decade, as stated by some
recent reviews addressing the younger generation cohorts
(Bhattarai et al., 2024; Carducci et al., 2021; Firmanshah
et al.,2023; Lisboa et al., 2024; Saulick et al., 2024; Up-
endra et al., 2024). According to Grilli & Curtis (2021)
who reviewed the literature on pro-environmental behav-
iours, the most frequently studied behaviours relate to the
fields of energy, waste disposal and recycling, and the
majority of studies were conducted in Europe and North
America by targeting families, while a substantial minor-
ity of studies focused on other behavioural domains and
students. A recent study by Saulick et al. (2024) investi-
gated the pro-environmental behaviour among students
and highlighted the need to promote this behaviour, since
they are the leaders of tomorrow and their actions can
play an important role in environmental sustainability;
the Authors also supported the need for further studies
into the pro-environmental behaviour of young people.

Ocean literacy among younger generations

To effectively promote marine sustainability goals
among young people, it is essential to highlight the gaps
in ocean literacy (Ezgeta-Bali¢ & Bali¢, 2024).

Several studies addressed the topic of OL focusing on
students at the primary and secondary education levels.
Mogias et al. (2019) delved into the ocean literacy of
primary school students in three Mediterranean countries
(Italy, Croatia, and Greece) which showed moderate ma-
rine knowledge and misconceptions. Pazoto et al. (2023)
investigated the effectiveness of an OL project on the at-
titudes of Brazilian students aged 8 to 15 and showed the
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relevance of integrating OL principles within the school
curriculum. Koulouri ef al. (2022) focused on the ocean
literacy of students at primary and secondary levels across
the Mediterranean Sea basin. The study by Guest et al.
(2015) assessed the level of valuation, knowledge, inter-
action, and interest in the ocean of school students aged
12 to 18 years in Canada; their result showed a signifi-
cant positive correlation between knowledge and value
assessment, indicating that ocean-literate students might
place a higher value on the marine environment; in addi-
tion, students who had greater interaction with the ocean
also demonstrated higher levels of knowledge, and stu-
dents with higher levels of knowledge had better chances
of being interested in ocean-related jobs and careers. A
study about US students during their pre-college years
(Plankis & Marrero, 2010), highlighted three important
aspects: interest but low levels of ocean knowledge; low
awareness of the urgency of ocean issues; and students’
stated interest in changing their behaviour to protect the
ocean. Fauville et al. (2019) interviewed an international
16—18-year-old audience in 24 countries, addressing the
level of knowledge of all seven principles and most of the
45 concepts of the Ocean Literacy framework. Finally,
Lin et al. (2020) reported that female students attending
middle school in Taiwan who were in higher grades and
attended a coastal school scored higher on ocean literacy.

Materials and Methods
Participants and Questionnaire

Students aged 18-20 years and in their final year of
secondary school in central Italy were involved in the
survey between January and April 2022. The sampling
method was based on a three-stage sampling strategy: In
the first stage, four cities were selected from two regions
located in central Italy (two cities in Abruzzo and two in
Molise regions), while differentiated based on their size
(medium and small) and location (coastal and inland); in
a second stage, all secondary schools in each city -a total
of eleven schools-, were considered and students in their
final year were invited to take part in the survey; finally,
students were met at schools and involved in the study.

As a population of interest, the study only involved
students in their fifth final year of school and not in pre-
vious years for two reasons: because they were close to
entering the job market or continuing with university
studies; furthermore, these students were over 18 years of
age. Ten schools out of eleven agreed to participate, and
a total of 792 students in the final class -of about 1300
enrolled students- were involved. A pilot test was con-
ducted with a sample of 30 respondents and 4 teachers
of different schools to check for any discrepancy in the
comprehension of the questions.

Students were informed about the study aims and top-
ics, as well as about the anonymity of the survey and the
respect of the privacy information according to the EU
Reg. 2016/679 on General Data Protection Regulation.
On receiving their consent, students were allowed to fill
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out an anonymous questionnaire that was administered
face-to-face using an online platform.

The questionnaire was structured in two main sections
inspired by Brennan et al. (2019) study about the six OL
dimensions —sensitiveness, awareness, concern, behav-
iour and activism, knowledge and communication-, and
in a final socio-demographic section.

Ocean literacy among Gen Z: consciousness, knowledge
and behaviour about ocean and marine environments

Students’ environmental consciousness about marine
environmental issues was investigated by adapting the
approach proposed by Su et al. (2019) -sensitiveness,
concern, and awareness- of the marine environment. In
particular, sensitiveness refers to the environmental status
of the marine ecosystem; concern refers to people’s in-
volvement in the existence of potential conflicts between
marine resources conservation goals and economic activ-
ities; finally, based on the European Commission (2017),
awareness refers to whether students envisaged problems
of seafood scarcity and limitation to tourism fruition by
the year 2030 due to a degradation of marine ecosystems.

Students were asked to respond to statements regard-
ing their subjective knowledge about ocean resources
and marine sustainability and make a comparison with an
average person and with friends. Their objective knowl-
edge regarding marine topics were structured in three
sections: the first section dealt with two questions related
to ocean resources; a second section dealt with people’s
knowledge about the surface of the Planet covered by the
oceans and the Mediterranean Sea, and about the length
of'the Italian coast; and finally, a third section investigated
people’s knowledge about the seven principles of ocean
literacy. The choice to focus the investigation on the sev-
en ocean literacy principles, rather than on the specific
concepts, and to follow the international framework was
necessitated by the need to grasp a general knowledge
of young people and follow a broad standard framework.
Furthermore, the students’ knowledge about the meaning
of Marine Protected Area (MPA) was investigated. Re-
spondents were also asked about the main media sources
from which they obtained information on marine envi-
ronmental problems.

Finally, people’s Pro-Environmental Behaviours
(PEBs) was detected by considering three activities with
different levels of involvement.

Opinions related to the values of marine ecosystem ser-
vices and the blue economy development

Opinions about ecosystem service values and related
scenarios touched two spheres. A first sphere dealt with
the values of marine ecosystems that students considered
relevant by year 2030. Two perspectives were consid-
ered, i.e. the most important values and the values most
menaced by economic activities. The selected items of
values were based on the categories of marine ecosys-
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tem services defined by the Common International Clas-
sification of Ecosystem Services-CICES (Buonocore et
al., 2021; Haines-Young & Potschin, 2018). In addition,
people were asked about the most important environmen-
tal functions of marine ecosystems and about the enti-
ties having the greatest responsibility in protecting the
values of marine ecosystems. People’s opinions on the
most important functions of Marine Protected Areas were
also sampled. A second sphere dealt with opinions about
the future economic scenario related to the ocean, such
as the sectors of the blue economy (European Commis-
sion, 2019) that respondents envisaged will be relevant
by the year 2030. The year 2030 was considered as the
reference time horizon in students’ opinions regarding the
values of the marine ecosystem and the sectors of the blue
economy, believing that by that date the students would
have completed their studies, reached adulthood, and be
fully in the job market. Furthermore, the United Nations
declared 2021-2030 as a Decade of Ocean Science for
Sustainable Development, and at EU level, year 2030 is
the target of the Mission set in 2021 to ‘Restore our ocean
and waters by 2030

Socio-demographic variables

A final section of the questionnaire sampled some in-
dividual characteristics, such as gender, the school sector
of education based on the broad fields of the International
Standard Classification of Education (ISCED), the type
of'school and its curriculum, the living area, and city size.

Data Analysis

Descriptive statistics (frequencies and percentage dis-
tributions) were used to provide an overall summary of
the investigated phenomena, and the most interesting re-
sults are reported in tables.

The level of significant differences between the values
of some variables based on socio-demographic character-
istics was examined. The non-parametric Mann—Whitney
U test was used to compare two groups, and the Kruskal—
Wallis test was used for several groups of variables. All
statistical tests were performed considering significance
at the level of 0 =0.05 and a2 = 0.01.

A cluster analysis was performed based on variables
ranging from respondents’ knowledge, awareness, sen-
sitiveness, and pro-environmental behaviour. Cluster
analysis (Kaufman & Rousseeuw, 2005) is a multivariate
statistical technique frequently used in research aimed
at individuating homogeneous segments of individuals
(Sanchez-Bravo et al., 2020). A cluster analysis with the
Ward method was applied, using the statistical software
Statal3. The Gower distance was used as a measure to as-
sess the pairwise differences among statistical units. Per
each cluster solution, the Duda-Hart and the Calinski—
Harabasz pseudo-F indexes were used as stopping rules
for detecting the number of clusters, with larger values of
the indexes indicating more distinct clustering. The pro-
file of each cluster was explored in depth based on the
segmentation variables and sociodemographic character-
istics. Figure 1 reports the dendrogram that visualizes the
result of the hierarchical clustering analysis.

Results

This section reports results of the study which firstly
gives a global picture of the sample, then summarizes the
investigated phenomena based on the descriptive statis-
tics and providing evidence about the significant differ-
ences in the distribution of phenomena based on the test
analysis, and finally, reporting the results of the segmen-
tation analysis.

Table 1 presents the main sociodemographic charac-
teristics of the final sample composed of 778 individuals,
after having excluded 14 students that did not complete

Dendrogram for Ward cluster analysis
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Fig. 1: Cluster Dendrogram.
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Table 1. Characteristics of the sample (N=778).

GENDER Female 56.4%

ISCED 3 CLASSES Humanities and Social Sci. 40.5%

Male 43.6%
Science and
Engineering 28.3%
Technical 22.0%

Health and Services 32.2%

Vocational 26.9%

Coastal 34. 7%

SCHOOL TYPE Lyceum 51.1%
Human sciences 26.5%
Socio-economic sciences 31.8%
EBEIS?CTIIJ(EQAL Environmental/Marine sciences 11.8%
Scientific sciences 20.8%
Health sciences 9.1%
LIVING AREA Inland 65.3%
CITY SIZE Small-sized (<5000 inhab.) 30.5%

Medium-sized (<250000 inhab.) 69.5%

the questionnaire. As regards the gender distribution of
the sample, females prevailed over males. Our students
mainly live in big-sized cities and in a context of inland
areas. The distribution by types of school shows they are
mainly attending a lyceum (51.1%), then a vocational
(26.9%) and a technical school (22.0%). Finally, the dis-
tribution of their curriculum of study may be classified
into humanities and social sciences (40.5%), in health
and service sciences (32.2%) and in science and engi-
neering (28.3%).

Descriptive statistics

Consciousness and knowledge about ocean and marine
related topics

Table 2 reports in separate sections the distribution of
answers about people consciousness, knowledge about
marine environmental topics, and pro-environmental be-
haviours.

Most respondents declare consciousness for the en-
vironmental status of marine ecosystems (Table 2.a):
73.9% of young people agrees with the statement meas-
uring their concern for the sustainability of marine and
coastal environments; and 65.2% of participants affirm to
be sensitive about matching economic activities with the
preservation and restoration goals of these environments.
although a non-negligible percentage of individuals
(20.1%) are irresolute on the topic. Gen Z’s awareness of
the impacts of future environmental scenarios on fishing
and tourism activities appears widespread in over half of
the sample: in fact, 58.3% of respondents are of the opin-
ion that by 2030, there will be a problem of scarcity of
seafood from the ocean, and 62.0% are of the opinion that
there will be impacts on tourism development. However,
some misconceptions about the appropriate method of
handling impacts and irresolute answers have emerged:
10.7% of students are of the opinion that the problem of
seafood scarcity in one area can be solved by changing
fishing area, and 9.3% are of the opinion that in case of
environmental issues impacting on tourism, they could
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still go on vacation elsewhere. Finally, about one fifth of
students are irresolute on both questions (respectively,
22.0% are aware about seafood scarcity and 18.5% about
tourism fruition).

About 48.3% of individuals reported that they have a
general knowledge of the ocean and its resources (Table
2.b). As regards the subjective knowledge about marine
sustainability issues, students recognize that it is not very
high. Few of them agree to being considered an expert
compared to their friends (4.8% of answers); definitely
higher are the percentages of students self-assessing their
knowledge about marine environmental issues compared
to an average person (24.8% of respondents), and the
percentage (29.8%) of students that are irresolute; neither
agreeing nor disagreeing.

Answers to the objective knowledge items reveal a
high percentage of wrong and irresolute answers espe-
cially the extension of the oceans and the length of the
Italian coast, as detailed in Table 2.c reporting the distri-
bution of answers per section and that of correct answers.
As regards the knowledge of the OL, they mainly agree
about the support oceans give to the diversity of life and
ecosystems, while they mainly disagree about the exist-
ence of only one ocean on the Earth. Concerning the three
questions about the size of oceans and of the Mediterra-
nean Sea, and about the length of the Italian coast, only
16.3% gave a correct answer to all three questions, 34.3%
gave correct answers to at least two questions, and 10.2%
of the sample gave wrong answers to the three items, the
remaining percentage of the sample properly responded to
one or two items. Regarding the knowledge of the princi-
ples of ocean literacy, many students are not familiar with
them, only 2.6% gave a correct answer to all the princi-
ples, while 25.4% gave either zero or only one correct an-
swer, and the remaining respondents gave between 2 and
5 right answers. Young people showed that they are more
knowledgeable about topics related to the importance of
the ocean in supporting the biodiversity of ecosystems
(70.8%), the fact that the ocean is still largely unexplored
(53.6%), the influence of the ocean on climate and weath-
er (51.7%), and the shaping of life in the ocean for future
Earth life (41.6%). As regards the two main sources of
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Table 2. Distribution of answers to the consciousness and knowledge statements (%).

2.a ENVIRONMENTAL CONSCIOUSNESS

Totally Partially disa- Nor. agreeor . tially agree Totally agree
disagree gree disagree
Iam cor}cemed about the environmental status 33 76 152 39.7 342
of marine and coastal ecosystems (Concern)
For me, the conservation or restoration of the
marine / coastal environment is conflictual 7.1 7.7 20.1 40.1 25.1
with economic activities (Sensitiveness)
Yes, but seafood
Yes, seafood from one area No, the fish
Idonot islimited and can be replaced species recover No, it will happen
know rapidly declining with those from over the course of  after 2030
around the world another fishing  twenty years
area
Do you think that by 2030 there will
be a problem of seafood scarcity due
to the status of quality of the marine 22.0 583 10.7 4.9 4.1
environment? (Awareness of Seafood
scarcity)
Yes, t'he status of Yes, but yo'u can No, the quality of
marine-coastal  go on holiday o
I do not . the sea recovers No, it will happen
environments to another
know . . . . over the course of  after 2030
is deteriorating seaside-coastal twenty vears
around the world  destination tyy
Do you think that by 2030 there will be
a problem for marine tourism fruition
due to the status of quality of the ma- 18.5 62.0 9.3 4.2 6.0
rine environment?
(Awareness of Tourism use)
2.b SUBJECTIVE KNOWLEDGE (SubjKnow)
Totally Partially disa- Nor. agreeor . tially agree Totally agree
disagree gree disagree
I have knowledge about the ocean and its re- 3.1 242 194 39.4 2.9
sources (Resources)
I know a lot about marine sustainability com-
pared to my friends (Friends) >8.1 230 140 4.2 0-6
I know a lot about marine sustainability com- 14.7 30.7 0.8 217 31
pared to an average person (Others)
2.c. OBJECTIVE KNOWLEDGE SECTIONS
First section (ObjKnow 1)
Marine mam- Plankton (Cor- Clams Fish
mals rect answer)
Most living material (biomass) in the ocean is found in ? 16.6 54.4 10.9 18.1
Almost all of

There are more than 30 large groups of organisms
(vertebrates, arthropods, molluscs, etc.) on Earth.
Where are most of these groups located?

Most are found

About half are them are found Most are found . .
exclusively in

found exclusive- exclusivelyin  both on land trovical rainfor
ly in the ocean the ocean (Cor- and in the ocean P
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Table 2 continued
Second section (ObjKnow_2)

Dacs the .. now answer _ anwer.
planet’s surface is half covered by oceans? (Planet) 12.2 55.0 32.8
Mediterranean Sea represent 20% of the surface occupied by the ocean? (Med Sea) 393 18.4 42.3
Italy has just over 8000 km of coastline? (IT coast) 57.1 10.9 32.0
*YES/NO responses have been reclassified as wrong/correct answers according to the statements
Third section (ObjKnow_3)
Does the ... Totally Pz.lrtially Nor- agree Partially Totally
disagree  disagree or disagree  agree agree
Earth has one big ocean with many features? 23.8 18.8 25.7 21.6 10.2
ocean and life in the ocean shape the features of Earth? 1.8 4.6 12.6 393 41.6
ocean is a major influence on weather and climate? 1.5 3.0 8.6 35.2 51.7
ocean made the Earth habitable? 2.7 4.9 18.1 352 39.1
ocean supports a great diversity of life and ecosystem? 1.5 2.1 5.0 20.6 70.8
ocean and humans are inextricably interconnected? 3.0 4.8 19.5 36.8 36.0
ocean is largely unexplored? 2.6 33 12.2 28.3 53.6

Distribution of correct answers to the objective knowledge sections (%)

Number of correct answers

0 1 2 3

5 6 7 8 9 10 11 12

ObjKnow_1_true 426 519 55

ObjKnow 2 true 102 392 343 163

ObjKnow 3 true 145 109 154 167 156 149 94 26

ObjKnow _all_true 28 5.1 90 9.6 143 105 153 130 94 7.1 30 08 0.1

2.d PRO-ENVIRONMENTAL BEHAVIOURS (PEBs)
Do you practise the following behaviours? Never Sometimes Often
Participation in marine citizen science activities (Citizen science) 81.1 16.5 2.4

Participation as volunteer in marine protection campaigns (Volunteering) 79.3 16.6 4.1
Attendance to events, conferences meetings about marine topics (Events) 64.4 29.8 5.8

information on the topics addressed in the study (data are
available on request), responses underline the relevance
of digital media, confirming the profile of Generation Z
as a digital generation: 82.4% of students declare that
Internet and the social media are their main sources of
information. Finally, looking at the summary distribution
of right answers over each objective knowledge section,
42.6% of respondents gave incorrect answers to the first
section about people’s knowledge of marine organisms
and living materials of the ocean, while 51.9 % gave one
out of two correct answers.

The study analysed the pro-environmental behaviours
of Italian Generation Z (Table 2.d). In this regard, results
show that only a few of them actively participated in
sea-related initiatives such as citizen science activities,
volunteer work, or other events: in fact, 81.1% reported
that they have never participated in citizen science ac-
tivities, 79.3% have never volunteered, and 64.4% have
never participated in any type of events on the subject of
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environmental sustainability of the oceans.

Finally, some questions in the survey focused on Ma-
rine Protected Areas and their purposes (data are avail-
able on request). Most students (86.3%) declared being
familiar with the concept of Marine Protected Areas and
their three main responsibilities in conserving biodiversi-
ty and providing refuges for species threatened or over-
exploited by fishing (87.4%), in helping to protect critical
habitats by providing areas where fish can reproduce and
grow to adult size (77.0%), and in increasing the resil-
ience of ecosystems to climate change (44.2%). Most re-
spondents are of the opinion that the main entities that
should protect the value of marine ecosystems are bodies
governing the marine protected areas (65.1%) and nation-
al and international institutions (62.4%); few students are
of the opinion that businesses, research and educational
institutions can also play a role in protecting the values
of marine ecosystems (12.2% and 17.4%, respectively).
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Table 3. Opinions about marine ecosystem values and blue economy development in the next 10 years (%).

The 3 most important and threatened values of the marine ecosystem Important Threatened
Recreational value 59.0 31.9
Ecological value for regulation or supporting services 60.8 77.0
Aesthetic value 46.4 64.9
Historical-cultural value 40.5 39.1
Educational and scientific value 37.7 37.0
Economic value for provisioning services 55.7 50.1
The 3 most important environmental functions of marine ecosystem
Maintain biological land/sea balances to support life on the planet 73.8
Conserve and protect part of the genetic heritage of different biological populations and biodiversity 53.6
Prevent and mitigate the consequences of extreme weather events 36.1
Maintain fresh water reserves available over time 314
Regulate climate trends 28.4
Absorb and process potentially harmful substances (e.g., nutrients, heavy metals) 28.4
Limit erosion (e.g. thanks to the presence of tree cover along the coast line) 27.5
Produce and make available large quantities of oxygen 13.1
Fix carbon dioxide into long-term resistant forms 7.7
The 3 most important sectors of the blue economy
Tourism 60.7
Energy 45.1
Fishery 43.2
Mariculture 34.8
Marine non-living resources extraction 30.2
Maritime transport 26.3
Biotechnology 25.2
Maritime defence, security and surveillance 14.9
Shipbuilding and repair 13.9
Port activities 5.7

Opinions related to the values of marine ecosystem ser-
vices and the blue economy development

Some questions in the survey highlighted students’
opinions on the values of the marine ecosystem and the
development of the blue economy by the end of the dec-
ade (Table 3).

Among the values of marine ecosystems that inter-
viewees recognize as most important, the economic val-
ue is assessed by 55.7%, while the ecological value was
considered even more important by 60.8% of the sample;
the recreational value is placed in an intermediate posi-
tion between the two previous values and is considered
important by 59.0% of young people.

The interviewees pay greater attention to the ecolog-
ical function rather than the economic one in relation to
the threats they foresee in the scenario of the decade:
77.0% of the sample believes that the marine ecological
value could be threatened in the future, while the eco-
nomic value is considered at risk by 50.1% of respond-
ents; midway, 64.9% of the sample believes that the aes-
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thetic value will be at risk by 2030.

Deepening the opinions about the most important en-
vironmental functions of marine ecosystems, at first, the
interviewees include the contribution to the maintenance
of biological balances between land and sea (73.8% of stu-
dents), followed by the role played in the conservation and
protection of biodiversity (53.6%), and the contribution of
marine ecosystems for preventing and mitigating the con-
sequences of extreme meteorological events (36.1%).

Regarding the three most important sectors of the blue
economy, most respondents put tourism first (60.7%),
followed by ocean and marine energy (45.1%) and by
fisheries (43.2%); only a few of them take into considera-
tion other emerging sectors of the blue economy, such as
blue biotechnology, and even fewer of them consider the
port and maritime defence sectors.

In a country surrounded by the sea, students do not
consider the job opportunities offered by the blue econo-
my: in fact, few of them (only 4.3%) declare an interest to
pursue studies in disciplines associated with the econom-
ic sectors based on the ocean and its resources.
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Test analysis

As reported in the previous section, a test analysis
was conducted to determine the statistical significance of
the differences between the values of the variables based
on socio-demographic characteristics. Depending on the
type of socio-demographic characteristic, the Mann—
Whitney U test was used for making a comparison in
case of only two groups (e.g., male or female), while the
Kruskal-Wallis test was used in the case of more groups
(e.g., the three types of school). In both tests, the null
hypothesis assumes that there is no significant difference
between the two/more than two groups. Table 4 reports
the results of the test analysis highlighting the variables
that revealed significant differences by demographics, i.e.
gender, educational curriculum, school type, and living
area.

Regarding the gender of the respondents, the null hy-
pothesis can be rejected for the awareness about tourism
future scenarios and females seem to be more conscious
of the problems that the development of the tourism in-
dustry will suffer due to the deterioration of the marine
environment in the future. At the same time, females
show more concern about the conflict between economic
activities and the conservation and restoration of the ma-
rine and coastal environment; in addition, women tend to
participate in marine-related events. Gender also makes a
difference in the knowledge about marine environmental
topics: the distribution of answers shows that the males
have a higher subjective knowledge than females and

Table 4. Results of the test analysis.

give more correct answers to the objective knowledge
items.

Regarding the educational curricula, differences in
subjective and objective knowledge of the coastal ma-
rine environment emerged. The educational curriculum
makes a significant difference in the awareness about
tourism’s future development and the concern about the
environmental status of the sea and the coast; in addition,
the educational curriculum influences students’ participa-
tion in volunteering or citizen science activities. Among
the set of phenomena whose distribution is differentiated
by school type, it emerges that students attending voca-
tional schools had the highest scores in subjective knowl-
edge. At the same time, vocational school students are the
most active in citizen science and volunteering activities.
Differences in the distribution of answers also affect the
level of objective knowledge: in this regard, vocational
education is no longer relevant, while students attending
lyceum and technical school show higher knowledge of
the principles of Ocean Literacy.

Finally, some differences in responses emerged ac-
cording to the students’ living area, whether coastal or
inner area. Unexpectedly, those who live inland record-
ed a higher score on objective knowledge related to the
OL principles. A difference in the distribution of answers
according to the respondents’ living area was also record-
ed in the concern of young people, with those living in
inland areas showing more concern about the effects of
economic activities on ocean and marine environments.
Students living on the coast, on the other hand, had the

Variables Gender® Eg:::itcl::lr; al School type® Living area“
Concern *(F) Hox ** (L) ** (1)
Sensitiveness *(L)
Resources ok
Friends ** (M) *ox *(V) (O
Others ** (M) *ox ** (V) *(©O)
Awareness of Tourism use ** (F) *x *M
Awareness of Seafood scarcity *(M
ObjKnow_1_true ** (M) ok ** (L)
ObjKnow 2 true ** (M) *x ** (T/L)
ObjKnow 3 true *x ** (L) ** (D)
ObjKnow_all true ** (M) wox **(T/L) *(D
MPA_knowledge o
Citizen science * *(V)
Volunteering *x ** (V) **(C)
Events *(F)
PEBs_often Hox **(O)

Legend

* significance at a = 0.05 level, ** significance at o = 0.01
a Gender: M=Male, F=Female

b School type: L=Lyceum, V=Vocational, T=Technical

¢ Living area: C=Coastal, [=Inland
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highest scores on the assessment of subjective knowledge
about ocean-related topics. Moreover, it is those who live
on the coast that participate more actively in activities
such as volunteer work.

Cluster analysis

In order to respond to the second research question, a
cluster analysis based on the described methodology was
applied. Four clusters were detected in the sample. Table
5 reports the mean score of the variables included in the
analysis, and Table 6 adds some socio-demographic sta-
tistics to investigate differences in individual characteris-
tics among groups (RQ.3).

The first cluster consists of 14.9% of individuals, and
together with the second cluster, are the smallest within
the sample. Students in the first cluster showed less sen-
sitivity to the environmental status of the marine environ-
ments, and less concern about the existence of conflicts
between ocean conservation goals and the economic uses

of marine resources. However, they are conscious of be-
ing inadequately informed about the ocean and related
sustainability topics. Considering the importance of ma-
rine values and their threats, these students assign to the
ecological value a level of importance as well as a level of
risk that is slightly higher than the total sample; inversely,
the recreational and educational values are less perceived
for their importance and threats; finally, students in the
group consider the cultural value more important but not
at risk. As regards the gender distribution and the educa-
tional curricula of students, the group is different from the
whole sample. The group is equally distributed by gender
and the three main fields of education are health, scientif-
ic, and environmental sciences, while students following
school curricula in socio-economic sciences are very few.

The second cluster records 16.2% of the students in
the sample. In contrast to the previous cluster profile, in-
dividuals in the group show a high sensitiveness to the
environmental status of the marine ecosystem, and con-
cern about the existence of conflicts with marine uses. In
addition, this cluster profile is quite similar to that of the

Table 5. Results of the cluster analysis: average score of variables by cluster.

Gen Z’s profiles
Insensitive, Conscious Proactive and Conscious and  Total sample
unconcerned  but illiterate and . .
and illiterate passive informed literate
N 116 126 243 293 781
% 14.9 16.2 31.2 37.7 100.0
Concern® 2.06 4.19 3.55 422 3.68
Sensitiveness® 3.29 4.04 4.01 4.09 3.94
Resources® 2.84 3.13 3.24 3.25 3.17
Friends? 1.46 1.62 1.86 1.60 1.66
Others? 2.40 2.63 2.86 2.66 2.68
SubjKnow_mean® 2.23 2.46 2.65 2.51 2.50
ObjKnow _1_true® 0.64 0.58 0.59 0.68 0.63
ObjKnow_2_true® 1.64 1.44 1.48 1.67 1.57
ObjKnow_3_true® 2.63 2.79 291 3.39 3.03
ObjKnow_all_true® 491 4.82 4.98 5.73 5.23
ObjKnow 1 mean® 2.02 2.23 2.27 2.19 2.20
ObjKnow_2 mean® 1.81 1.72 1.82 1.75 1.78
ObjKnow_3 mean® 3.79 4.00 3.92 4.18 4.01
ObjKnow_all _mean® 3.00 3.14 3.12 3.24 3.15
Citizen science! 1.22 1.15 1.29 1.18 1.21
Volunteering? 1.22 1.18 1.39 1.17 1.25
Events? 1.41 1.35 1.46 1.41 1.41
PEBs_mean® 1.28 1.23 1.38 1.25 1.29
PEBs_often® 1.09 1.06 1.19 1.10 0.12

Legend:

2 scores from 1= “Totally disagree” to 5= “Totally agree”

® mean value of the scores assigned to the questions in the section
“number of correct answers to the questions in the section

4 scores from 1= “Never” to 3= “Often”

¢number of answers “Often” to the pro-environmental behaviours
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in the section
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Table 6. Socio-demographic characteristics of individuals within the clusters (%).

Gen Z’s profiles
uncltl)lzigzlilt:;e;nd butCil(l)iI:Zf‘:i:sand Pr‘o active and Conﬁcious Total sample
illiterate passive informed  and literate
Gender (M) 48.28 50.79 44.03 38.23 43.57
School type

Educational curricula

Human sciences 0 0 29.22 0 9.13

Socio-economic sciences 5.17 41.27 13.99 0 11.83

Environmental/Marine sciences 30.17 58.73 56.79 0 31.75

Scientific sciences 30.17 0 0 58.3 26.48

Health sciences 34.48 41.6 20.82

Living area (Inland) 60.34 60.32 35.39 94.20 65.30

first group in terms of subjective and objective knowl-
edge items, whose levels tend to be quite low. This group
and the previous one share another common trait which
is the lowest level of involvement in pro-environmental
behaviours. As for the prospective value of marine envi-
ronments, this group assigns the highest level of impor-
tance and risk to the ecological value compared to other
clusters. Both the aesthetic and the economic values are
less perceived in terms of importance, while the econom-
ic use is not considered to be at much risk, as it is also
for the cultural value. Compared with other clusters and
the whole sample, the educational profile of the group is
highly characterised by students following the environ-
mental and socio-economic curricula. Compared with the
gender distribution in the total sample (43.6% of males),
the group counts more males (50.8%).

The third cluster includes 31.2% of individuals. To-
gether with the fourth group, this cluster records the
highest percentage of individuals — almost 90%- and in
the near future, there will be a problem of fish scarci-
ty to satisfy human nutrition. They mainly agree to be
concerned about the quality status of the marine environ-
ment, as well as being sensitive about conflicts between
marine conservation goals and economic activities. More
than half of the group members are concerned about the
environmental status of marine ecosystems and request
to be informed about the concept of marine sustainability.
Indeed, subjective knowledge and pro-environmental be-
haviour are both aspects that positively characterize this
cluster compared to the other groups; the scores reported
on objective knowledge items are quite good, but not ex-
cellent. Two topics of values emerged in the cluster’s pro-
file. Compared with other groups, these students assign
importance firstly to the recreational value and secondly
to the ecological value. As regards the value mostly at
risk in the future, students in the group are more con-
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cerned about the ecological and the aesthetic values than
students in other groups. Females (56.0%) are more than
males; the prevailing educational profile is in the field of
environmental sciences, but the peculiarity of the cluster
is that it includes everyone with a humanistic education.
A further peculiarity is in the context of living, with only
35.4% living in inner areas compared to the total sample
(65.3%).

The fourth cluster is the biggest one with 37.7% of
students. It is the most sensitive group and the most con-
cerned. Consciousness and ocean literacy characterize
the group. Compared to other clusters and the entire sam-
ple, in this group we observed a greater level of aware-
ness regarding the scarcity of fish products and possible
limitations in the tourism section. The group has the
highest level of objective knowledge among clusters; a
high score is also achieved on the subjective knowledge
items. As for the importance of values, opinions in this
group are quite balanced for the importance assigned to
the economic, recreational, and ecological values. The
distribution of answers about the future threats to ma-
rine values is quite peculiar among groups: students’
prevailing opinion in the cluster is that both recreational
and economic uses will be menaced. In contrast, these
students are less concerned than their colleagues about
the threats to ecological and aesthetic services. As for the
socio-demographic characteristics, the cluster is strong-
ly characterised by gender, educational profile and living
context. Indeed, it is the most feminine group (61.8% of
females compared to 56.4% in the total sample). There
are two educational curricula of people in the group: the
scientific (58.3% compared to 26.5% in the sample) and
the health sciences curricula (41.6% compared to 20.8%
in the sample). Finally, 94.2% of students, the highest
percentage among clusters, live in inner areas (65.3% in
the total sample).
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Discussions

At a global glance, results of the analysis confirm
what has been reported in other studies, which show that
Gen Z expresses great concern and awareness for envi-
ronmental issues, but not so high levels of involvement
and adoption of sustainability-focused behaviours was
recorded (D’Arco, 2023). These results are also consist-
ent with those reported in a recent study about Italians
(Forleo & Romagnoli, 2023) that highlighted the high
level of awareness and concern about marine plastic pol-
lution, its impacts, and solutions, among Italians across
all generations.

The level of active participation in sea-related initia-
tives such as citizen science activities, volunteer work, or
other events is quite low among students in the sample.
This result is consistent with that reported in the stud-
ies by Wen & Lu (2013) as well as Chen & Tsai (2016)
which assessed a moderate self-reported level of marine
knowledge, but a gap between widespread environmental
concerns and low engagement in environmental actions
among primary schools and university students in Tai-
wan. In the study by Koulouri et al. (2022), Mediterra-
nean junior high school students have not systematically
participated in organized community activities.

The study reveals that about half of the sample
(48.7%) gave correct answers to six out of the twelve ob-
jective knowledge questions. This percentages are quite
consistent with those reported by Cheimonopoulou et
al. (2022) that focused on 154 high school students (16-
17 years old) in Italy and Greece, showing that overall,
40.1% of students gave correct answers; as well as with
findings from Mogias et al. (2019) that reported a 57.4%
of correct answers in the Italian sample; and finally, re-
sults of the study by Koulouri et al. (2022) revealed that
middle-aged school students (10 to 16 years old) of eight
Mediterranean countries had a moderate level of ocean
literacy, with a percentage of 54.9% of correct answers in
the Italian sample. In addition, this study revealed some
misconceptions among Italian students, regarding some
OL concepts and the method of tackling seafood scarci-
ty from oceans and tourism use. This result is consist-
ent with those by Realdon ez al. (2019) who investigated
ocean-related knowledge and opinions in a sample of 351
primary and secondary school students in North-Eastern
Italy. Misconceptions were also found in studies among
primary school students (Mogias et al., 2019) and mid-
dle-aged school students (Koulouri et al., 2022).

Almost all the interviewed students not only declared
to know about marine protected areas but are aware of
their importance in ensuring biodiversity conservation
and providing refuges for species threatened or overex-
ploited by fishing, as well as in helping to protect critical
habitats and improving the resilience of ecosystems. Sim-
ilarly, Tonin (2018) explored the opinions regarding the
creation of MPAs in Italy and showed that the respond-
ents were aware of the roles MPAs played in the safe-
guarding of marine biodiversity and their importance for
future generations.

A topic that resulted from this study refers to the key
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role played by social media in enlightening Italian Gen-
eration Z about environmental issues. This is consistent
with results obtained by Koulouri ef al. (2022) for the
Mediterranean countries. Another result highlights the
relevance of socio-demographics in characterizing stu-
dents’ opinions and knowledge, whose scores are signif-
icantly correlated with demographic variables, namely,
gender, type of school attended, and area of residence.

Gender causes differences in consciousness, concern,
and knowledge related to marine environmental issues.
Females in this study show greater consciousness about
the impact of the marine environment on tourism devel-
opment, and more concern about the conflict between
economic activities and conservation efforts; they also
exhibit higher participation in marine-related events. On
the other hand, the males possess greater knowledge in
both subjective and objective spheres. A gender effect in
the greater knowledge of ocean sustainability of males
was first reported by Guest e al. (2015). Mogias et al.
(2019) also observed gender differences in the level of
environmental knowledge with a lower level being re-
corded among females; a similar result was obtained by
Koulouri et al. (2022) among Italian female students.

The living context also impacts Italian Gen Z’s per-
ceptions and knowledge. Results from some studies
showed that people living in coastal areas were more in-
formed about the oceans, but their awareness of ocean
issues was very low (Fauville et al., 2019; Potts et al.,
2016). Lin et al. (2020) investigated Taiwanese students
and showed that coastal school-goers had higher ocean
literacy scores. Our study got more articulated results
concerning the previous one based on the type of knowl-
edge: on the one hand, coastal residents demonstrate
greater subjective knowledge of ocean-related topics and
engaged more actively in activities such as volunteering;
on the other hand, those who live inland showed greater
objective knowledge of the principles of ocean education
and a greater awareness of the conflict between economic
activities and marine conservation goals.

Results from the segmentation analysis highlight the
richness and variety of people’s profiles and show the
differences in ocean literacy and the socio-demograph-
ic characteristics of the groups of young Italians in the
sample. These results contribute to previous literature
that identified distinct groups of students based on their
attitudes and behaviours, values, and beliefs related to the
sustainability of food consumption, tourism, and marine
environments (Cavagnaro et al., 2018; Forleo & Bredice,
2023; Forleo et al., 2019).

The study has some limitations. The sample was rel-
atively homogeneous in terms of age (18-20 years) and
did not include the entire spectrum of individuals belong-
ing to the Italian Generation Z. Furthermore, it could be
interesting to carry out a more in-depth examination of
specific concepts and other dimensions of ocean litera-
cy. Finally, to obtain a broader perspective, there is need
to standardize and replicate the study across multiple re-
gions and different contexts, and to carry out transnation-
al research involving countries sharing the same marine
basin, such as the Mediterranean Sea.
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Conclusions

Study findings give insights into the ocean literacy of
today’s young people that reveal future tendencies about
the fulfilment of marine sustainability goals and the pres-
ervation of ocean provisioning values and services.

Regarding the segmentation of the sample, results
pointed to the differences in the profile of sustainability
of four Gen Z groups, two groups showing profiles of
sensitiveness and awareness about the investigated top-
ics, and two groups comprising insensitive, unaware and
illiterate individuals.

When it comes to the knowledge of ocean literacy
principles, many students are not familiar with them, in-
dicating a need for educational efforts in this area. Only
a small percentage of respondents provided correct an-
swers for all the Ocean Literacy principles. On the other
hand, young people displayed greater knowledge about
the importance of the ocean ecosystem, its unexplored
nature, its influence on climate and weather, and its im-
pact on future life on Earth.

Furthermore, in all clusters, there is a lack of commit-
ment to the adoption of marine pro-environmental behav-
iours, underlining the need for actions that bring young
people closer to nature and make them active actors in
the protection of marine environments. Interestingly, the
study reveals that, despite living in a country that is a
peninsula surrounded by water, only a small percentage
of students expressed interest in pursuing studies in dis-
ciplines associated with the blue economy. This suggests
a gap in understanding the job opportunities offered by
this sector and highlights the need to promote awareness
in this regard.

Future research could explore ways to enhance ocean
literacy among young people, to address their gaps in
consciousness, knowledge, and other ocean literacy di-
mensions, and finally to raise awareness among the
younger generation about the blue economy’s job po-
tential. Educational and awareness initiatives tailored to
specific groups should be developed to foster a deeper
understanding of marine sustainability and encourage ac-
tive participation in preserving our marine ecosystems.
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