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Abstract

Ocean literacy (OL), defined as understanding the ocean’s influence on us and our influence on the ocean, is crucial for pro-
tecting marine ecosystems and resources. This study analysed the integration of ocean literacy principles (OLP) and concepts in
Croatian elementary education. The content of textbooks for grades 1-8 across subjects like Nature, Biology, Geography, Chem-
istry, and Physics was examined. In total, 7,520 pages across 55 textbooks were analysed. The results revealed that, although
all seven OLPs were present, numerous concepts were absent or only partially addressed. Discrepancies with the recommended
Ocean Literacy Scope and Sequence were identified, particularly in lower grades. The findings highlight gaps in incorporating
ocean sciences topics into formal education. Enhanced inclusion of OL principles and concepts across subjects and grades would
provide students with comprehensive knowledge about the ocean, empowering future generations to make informed decisions and
take responsible actions regarding ocean sustainability and conservation. The findings highlight the necessity for collaboration
among ocean scientists, educational specialists, and policymakers to incorporate OL into curricula and textbooks, thereby enhanc-
ing students’ understanding of ocean sciences.

Keywords: science curriculum; marine education; textbooks; ocean literacy principles; content analysis; primary school; formal

education; Adriatic Sea.

Introduction

The importance of the ocean for life on Earth is well
understood today. Notably, it is responsible for generat-
ing 50% of the planet’s oxygen (Grégoire et al., 2023).
Still, concerns are also raised when we consider the
various threats it faces, such as pollution, acidification,
overfishing, and more (Amelia et al., 2021; Coll et al.,
2008; Honisch et al., 2012; Landrigan et al., 2020). Con-
sequently, preserving the ocean is vital for maintaining
life on Earth (Costanza, 1999). The importance of the
ocean is also emphasised by the United Nations Gener-
al Assembly, which declared the Decade of Ocean Sci-
ence for Sustainable Development (2021-2030) that is
coordinated by IOC-UNESCO. In addition, the United
Nations’ Sustainable Development Goal 14 emphasis-
es “Life Below Water”, which focuses on the sustaina-
ble development of oceans, seas, and marine resources
(United Nations, 2015). Increasing ocean literacy (OL)
represents a key point for achieving those goals and ob-
jectives. Therefore, it is essential to educate future gen-
erations about the ocean and its processes. Each nation

and educational system is obligated to educate and raise
generations who will know and understand the ocean and
contribute to its future protection through their decisions.
This process begins with formal education in schools, as
the knowledge acquired during this time shapes students’
perceptions and understanding of the environment (Palm-
er & Suggate, 2004), including the ocean.

To increase knowledge about the ocean, the concept
of OL was developed around 20 years ago in the Unit-
ed States (Costa & Caldeira, 2018; Schoedinger et al.,
2005). OL has been defined as “an understanding of
the ocean’s influence on you, and your influence on the
ocean” (Cava et al., 2005). In the United States, educa-
tors and scientists have observed that formal education
does not adequately include marine topics. As a result,
the Ocean Literacy Framework (OLF) was developed,
consisting of seven principles and numerous concepts to
enhance students’ understanding of the ocean’s role by
the time they graduate from high school (Table 1) (Hal-
versen et al., 2021). Although, OL topics have gained sig-
nificant attention worldwide over the past two decades,
and more recently in Croatia (Cheimonopoulou et al.,
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Table 1. Overview of main ocean literacy principles and concepts used in this analysis, adopted and modified from Mogias et al.
(2022).

Principles Concepts

la. one ocean, seven basins, 70% of planet
1b. geological features of the seafloor

1c. ocean circulation

1. The Earth has one

big ocean with many
features

1d. sea level changes caused by tides, plate tectonics, temperature of water
le. properties of water
1f. water cycle
1g. connection of the ocean to all watersheds

1h. large and finite ocean, limited resources

2a. Earth materials originate in ocean

2 The ocean and life 2b. sea level changes shape the land surface

in the ocean shape the 2c. erosion in coastal areas

features of Earth 2d. carbon cycle, dissolved carbon used by sea organisms

2e. tectonic activity, sea level changes, force of waves influence the coast

3a. interaction of oceanic and atmospheric processes controls weather and climate
3b. absorbs most of solar radiation
3. The ocean is a major 3c. heat exchange between ocean and atmosphere, El Nino, La Nina
influence on weather 3d. most rain from tropical ocean, evaporated water from warm seas, energy for hurricanes and cyclones
and climate 3e. carbon cycle, primary productivity in ocean
3f. ocean absorbs, stores and moves heat, carbon, waste

3g. changes in ocean-atmosphere system result in climate change

4a. most oxygen on earth from photosynthesis in ocean
4. The ocean made

Earth habitable 4b. ocean is the cradle of life

4c. provides water, oxygen, nutrients

Sa. ocean life ranges in size
5b. microbes the most important primary producers
Sc. most major groups of organisms in ocean
5. The ocean supports 5d. important relationships among organisms
a great diversity of life Se. most of the living space in ocean, unique ecosystems
and ecosystems 5f. ocean life not evenly distributed due to abiotic factors
Sg. deep ecosystems independent of sunlight

Sh. vertical zonation pattern along coast and in open ocean

5i. estuaries

6a. affects every human life, freshwater, most oxygen, moderates climate
6b. provides food, medicine, mineral and energy resources, transportation, jobs, national security

6. The ocean 6c¢. inspiration, recreation, discovery

and humans 6d. humans affect ocean, laws, resource management, pollution, physical modifications, removed most
are inextricably large invertebrates from ocean
interconnected

6e. changes in ocean temperature and pH due to human activities
6f. most human population in coastal areas, susceptible to natural hazards from ocean

6g. individual and collective actions for ocean protection

7a. less than 5% of ocean explored
7b. exploration, experimentation to better understand ocean systems
7. The ocean is largely 7¢. should understand ocean resources’ potential
unexplored 7d. new technologies to explore ocean
7e. develop models to understand ocean complexity

7f. interdisciplinary scientific approach in ocean exploration
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2022; Koulouri et al., 2022; Mokos et al., 2020), it is still
unknown to what extent these topics are represented in
formal education in many countries, including Croatia. In
the context of Croatia, where the Adriatic Sea forms an
integral part of the country’s identity and economy (Eu-
ropean Commission, 2023), OL education becomes even
more important. Therefore, integrating the main Ocean
Literacy Principles (OLPs) into educational practices and
textbooks is crucial for fostering an ocean-literate society
(Tran et al., 2010).

In Croatia, education is recognised as a fundamental
constitutional right. Elementary education is mandatory
for children aged 6 to 14 and provided at no cost to stu-
dents (Official Gazette, 2008). The elementary schooling
process spans a duration of eight years and is structured
into two distinct levels. In grades 1-4, instruction is typ-
ically provided by a single teacher for most subjects,
which include mandatory subjects such as Mathematics,
Croatian language, Nature and Society, Visual art, Music
education, and Physical education. Additionally, there are
separate teachers for foreign language instruction (Eng-
lish) and two optional subjects: Informatics and Religious
Studies. Grades 5 to 8 encompass a range of subjects that
are taught by specialized teachers. The mandatory sub-
jects include Nature, Biology, Chemistry, Geography,
Physics, Informatics, History, English language, Mathe-
matics, Croatian language, Visual arts, Music education,
and Physical education. Various optional subjects, such
as Religious studies and foreign languages, are available
for students.

The Croatian school system supports textbook-led in-
struction. According to Croatian legislation, all textbooks
and workbooks must be approved by the Ministry of Sci-
ence and Education. Textbooks must be evaluated by an
expert panel that assesses their alignment with the subject
curriculum. This evaluation process involves a thorough
examination of the textbooks to ensure their compati-
bility with the educational objectives and requirements
set forth in the curriculum. The expert panel reviews the
content of the textbooks, structure, and pedagogical ap-
proach, considering the specific learning outcomes out-
lined in the curriculum (e.g., Official Gazette, 2019a; b).
The evaluation process determines whether the textbooks
adequately cover the required topics, provide accurate
and up-to-date information, and present the content clear-
ly and coherently. Only textbooks and workbooks that
have passed this strict procedure can be used for teaching
as they meet all curriculum standards.

In Croatian schools, OL topics are taught in subjects
like Nature and Society, Nature, Biology, Chemistry,
Geography, and Physics. In addition to being incorporat-
ed into formal educational curricula, OL initiatives for
school-aged children encompass a wide range of stake-
holders, including universities, research institutes, as-
sociations, Non-Governmental Organisations (NGOs),
aquaria, marine national parks, and enthusiastic individ-
uals. Unlike the analysis of the presence of ocean-related
topics in formal education, it is more challenging to track
activities related to other organisations, and their availa-
bility is not evenly distributed geographically. A recent

survey (Seys et al., 2022) revealed that students are more
likely to encounter news about the ocean through social
media platforms than through school-based channels.
Although, in their survey, high school students were en-
gaged with higher accessibility to social media, this could
still also be due to the lack of the OL topic in formal ed-
ucation. When testing OL knowledge in the elementary
schools of three Mediterranean countries, Italy, Greece,
and Croatia, students showed moderate knowledge of
ocean sciences topics, albeit accompanied by several
misconceptions (Mogias et al., 2019).

In observing the integration of OL in educational ma-
terials and curricula, studies worldwide have indicated a
disparity in OL presentation across various educational
systems (e.g., Chang et al., 2021; Freitas et al., 2022;
Mogias et al., 2021). Research in Greece has revealed
a considerable emphasis on the anthropocentric views
of the ocean, while other principles are less represented
(Mogias et al., 2021). In Canada, formal education has
shown an insufficient incorporation of OL (McPherson
et al., 2018). India’s educational curriculum has also
demonstrated gaps, with particular OL principles not
being covered (Chang et al., 2021), while in the Unit-
ed States variations exist in which OLPs are emphasised
within textbooks (Chang et al., 2021). These findings
point to a broader pattern where OL education is patchy
at best — reinforcing the need for a dedicated approach to-
wards a more comprehensive inclusion of marine themes
within global educational frameworks.

Considering that the early education phase, including
elementary school, lays the foundation for children’s un-
derstanding of the world around them, this study aimed
to examine the occurrence of OL topics in the textbooks
used at this educational level. By evaluating the content
of these textbooks, we aim to analyse how comprehen-
sively ocean-related concepts and knowledge are pre-
sented and explore potential gaps. The assessment of the
representation of OL subjects in elementary school text-
books aims to offer insights into OL education’s present
condition and highlights potential improvement areas.
This study seeks to identify the gaps in the OL cover-
age within educational materials. By doing so, we intend
to inspire improvements that will provide students with
the necessary ocean knowledge. This knowledge is crit-
ical for tackling sustainability challenges, safeguarding
marine ecosystems, and fostering informed, responsible
behaviours that contribute to the conservation of our in-
terconnected ocean through formal education.

Material and Methods

In Croatia, elementary school education is served by
three leading textbook publishers. Additionally, certain
publishers offer two different lines of textbooks for the
same subject. Each teacher has autonomy in choosing the
textbooks for their respective subjects, and textbooks for
the same subject may not necessarily be from the same
publisher across different years of schooling. The pres-
ence of multiple textbook publishers offers teachers the
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flexibility to choose materials that suit their teaching
style, preferences, and students’ needs. However, this va-
riety among publishers may result in differences in how
content is organised and the depth with which topics are
covered. As a result, this could lead to inconsistencies in
the coherence of knowledge across different classrooms.
Therefore, when presenting the results in this study, we
distinguished between a) the presence of specific OL
principles or concepts, regardless of the chosen textbook,
and b) those that depend on the selected textbook. If one
principle or concept was present in each textbook for the
same subject, we consider that pupils will become famil-
iar with it, regardless of the chosen publisher. In other
cases, when a principle or concept is not present in all
books for a particular subject, the pupils’ familiarisation
with a specific topic depends on the textbook chosen.
This approach provides insights into the possibility of all
students receiving a foundational understanding of key
ocean-related topics, versus the potential disparities cre-
ated by varied textbook selections.

For this study, all the published textbooks from three
main publishers for the following subjects were analysed:
1) Nature and Society, ii) Nature, iii) Biology, iv) Geog-
raphy, v) Chemistry, and vi) Physics (Table 2). To reduce
the burden of heavy school bags in lower grades, certain
textbooks are structured into two distinct sections, with

one portion designated for the initial half of the academic
year and another for the latter half. During the process of
analysis, the books were examined collectively as they
constitute a cohesive entity.

A total of 7,520 pages from 55 textbooks were an-
alysed. Analysis was focused only on the OL topics in
the textbook’s content, in both the text and accompany-
ing illustrations. However, the analysis did not consider
the potential additional input provided by teachers, as
this input could vary among teachers. Furthermore, only
textbook material was analysed, while links to external
resources were not considered, as accessibility to external
material could differ among students. The content anal-
ysis performed in this study adopted the approach pre-
viously utilised by Mogias et al. (2022). The first part
of the analysis was focused on the pages containing OL
topics in the text and/or graphic illustrations in the text-
book. Afterwards, the textbooks were analysed for the
presence of 7 essential OLPs and 45 fundamental con-
cepts, according to National Oceanic and Atmospheric
Administration (NOAA) (2013). At the beginning of the
content analysis, both authors were trained to recognise
and analyse the presence of OL principles and concepts.
Furthermore, after the authors’ training, 300 pages from
different textbooks were analysed by both authors. To
assess the level of agreement between the two readers,

Table 2. Elementary education textbooks (grades 1-8) analysed in this study.

Grade Students’ age

Subject Number of analysed

textbooks
1 6/7 Nature and Society 5
2 7/8 Nature and Society 5
3 8/9 Nature and Society 5
4 9/10 Nature and Society 5
5 10/11 Nature 3
Geography 3
6 11/12 Nature 3
Geography 2
7 12/13 Biology 3
Chemistry 3
Physics 4
Geography 2
8 13/14 Biology 3
Chemistry 3
Physics 4
Geography 2
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Krippendorf’s alpha index (Hayes & Krippendorft, 2007)
was calculated using the R package ‘irr’ (Version 0.84.1).
The high Krippendorff’s alpha index value (0=0.995)
confirmed a high level of agreement between the two au-
thors. Therefore, the first author completed the analysis.
All the analyses performed were descriptive only, with
frequency tables and graphs to present the occurrence
of OL principles and concepts in the elementary school
textbooks. To quantify the representation of OL topics
within the textbooks analysed, we applied mean values
and standard deviations to our results. The mean value, or
average, was used to encapsulate the central tendency of
the occurrence of OL topics within textbooks, providing
a single figure that represents the typical extent of cover-
age. Standard deviation accompanied these mean values
to convey the degree of variability, or spread, observed in
the presence of OL topics across different textbooks. This
information is important as it illustrates not only the av-
erage level of OL content inclusion but also the consist-
ency of that inclusion, hence providing information on
whether certain principles and concepts are universally
emphasised or subject to significant variation depending
on the textbook chosen.

Results

Out of the 7,520 pages analysed, OL topics in the text
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were present on 758 pages (10.1%). In total, 6967 pages
had images or graphic content, of which 968 (13.9%) had
ocean-related illustrations (Fig. 1). In the lower grades
(1-4) in the Nature and Society textbooks, ocean-relat-
ed topics were present on from 0.7+0.7% to 8.4+2.3%
text pages and from 3.5+1.5% to 17.3+3.3% pages with
ocean-related illustration. Among the higher-grade text-
books analysed, Nature/Biology and Geography had
more pages where ocean-related topics were addressed,
in both text and illustrations, than Chemistry and Physics
(Fig. 1).

Content analysis showed that OLPs and concepts are
not equally represented among different publishers or
even among different textbook lines from the same pub-
lisher (Table 3). Although all OLPs were present in the
analysed textbooks, differences in the occurrence of OL
principles were evident (Figs 2 and 3). OL principles 6
and 1 were the best represented mainly in Geography in
higher grades, and Nature and Society, the only subject
analysed in the lower grades. In OLP 6, the best-rep-
resented concepts were 6b and 6d, while in OLP 1 the
best-represented concepts were 1b, lc and 1d. OLP 5
was the third best represented in the analysed textbooks,
mostly Nature and Biology, with OL concept 5d being the
best-represented concept overall. OLP 7 was the most un-
derrepresented in all the analysed textbooks. In summary,
27 OL concepts were covered regardless of the chosen
textbook; coverage of an additional 15 OL concepts de-
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Fig. 1: Mean contribution of pages with ocean-related topics in the text (A) and illustration (B) in the Croatian elementary school
textbooks. Error bars represent the standard deviation among different publishers or textbook lines.
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Table 3. Number of OL principles and concepts mentioned in text in the Croatian elementary science textbooks.

Covered regardless of

Coverage depends on Not mentioned in any

the chosen textbook the selected textbook textbook
Grade Subject . 0].4 oL . 0].4 OL . O].J OL
principles  concepts principles  concepts principles  concepts

1 Nature and Society 0 0 1 2 6 43
2 Nature and Society 1 1 3 9 4 35
3 Nature and Society 2 4 4 13 3 28
4 Nature and Society 3 5 5 20 2 20
Nature 2 5 6 17 1 23

5 Geography 6 17 4 8 0 20
Total 6 19 5 12 0 14
Nature 4 10 6 1 28

6 Geography 3 8 1 4 35
Total 4 12 6 1 26
Biology 1 1 5 9 2 35
Geography 5 12 7 12 0 11

7 Chemistry 2 4 5 2 32
Physics 1 1 4 6 2 38

Total 5 15 7 17 0 13
Biology 3 4 5 14 2 27
Geography 5 13 6 10 1 22

8 Chemistry 1 1 5 11 2 33
Physics 1 1 4 7 3 37

Total 6 18 7 15 0 12

pended on the selected textbook, while 3 OL concepts
were not mentioned (51, 7e, and 7f).

Considering that selecting specific textbooks can lead
to different representations of certain concepts and princi-
ples, a detailed alignment with the Ocean Literacy Scope
and Sequence (National Marine Educators Association
(NMEA), 2010) was not possible. Still, the data obtained
pointed toward a low representation of certain concepts
(Table 4). The highest discrepancy in alignment was re-
corded in the first two grades where, according to NMEA
(2010), 27 concepts need to be at least mentioned. The
Nature and Society textbooks analysed from the first two
grades revealed that only one concept was mentioned, re-
gardless of the chosen textbook; nine more depended on
the selected textbook, while the other concepts were not
introduced in any textbook from the first two grades.

In total, 35 OL concepts need to be covered from
grade 3 to grade 5 according to NMEA (2010). In Cro-
atian textbooks, 20 OL concepts were present regardless
of the chosen textbook, out of which 17 aligned with the
Scope and Sequence, while three concepts (1d, 2b, and
2e) were not mentioned in the Scope and Sequence for
those grades. Two concepts, namely 1d and 2b, were not
in the Scope and Sequence for grades 1 and 2, while con-
cept 2e was in the Scope and Sequence for those grades
but not represented in the textbooks for those grades.
Additionally, the representation of 17 more concepts
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depends on the selected textbook and could potentially
result in the representation of 37 concepts. Although the
number of concepts exceeds the recommendations out-
lined in the Scope and Sequence, there are five topics (1h,
3¢, 3f, 4c, and 5h) that are not included in the suggested
Scope and Sequence for those specific grades.

Furthermore, NMEA (2010) suggests that 41 OL con-
cepts need to be covered in the last grades of elementary
school. In Croatian textbooks, from grade 6 to grade 8§, 22
concepts were covered regardless of the chosen textbook,
out of which 21 aligned with the Scope and Sequence,
while one concept (4b) was not mentioned in the Scope
and Sequence for those grades but for lower grades. Ad-
ditionally, the representation of 16 more concepts de-
pends on the selected textbook and could potentially re-
sult in the representation of 38 concepts. Again, concepts
1h and 4c mentioned in those grades are not suggested in
the Scope and Sequence for those or lower grades. The
overall best-case scenario of OL concepts occurring in
the analysed textbook is presented in Figure 4.

Besides the discrepancy in the Ocean Literacy Scope
and Sequence, unbalanced representative examples from
terrestrial and marine ecosystems were noticed. Students
might understand that marine ecosystems are less impor-
tant and have lower biodiversity than terrestrial ecosys-
tems. Furthermore, students will become more familiar
with terrestrial plants and animals, including their life
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Table 4. Comparison of OL principles and concepts suggested by NMEA (2010) for elementary education and those present in the
Croatian science textbooks for the elementary school (P — principle, C — concept, Yes — indicates concept covered regardless of the
chosen textbook, Partially — indicates that coverage of certain concepts depends on the chosen textbook).

Grades 1 -2 Grades 3-5 Grades 6 — 8
P C Scope & Yes Partially Scope & Yes Partially Scope & Yes Partially
Sequence Sequence Sequence

la + + + +
1b + + + + +
lc + + + + +

OL1 1d + + +
le + + + + + +
If + + + + +
lg + + + + + +
1h + +
2a + + +
2b + +

OL2 2¢ + + + +
2d + + + + +
2e + + + +
3a + + + + +
3b + + + + +
3¢ + +

OL3 3d + + + +
3e + +
3f + + +
3g + + +
4a + + +

OL4 4b + +
4c + +
5a + + + + + +
5b + + + +
5¢ + + +
5d + + + + +

OL5 Se + + + +
5f + + + + +
5g + + + + +
5h + + +
5i + +
6a + + + + +
6b + + + + +
6¢ + + + + +

OL6 6d + + + + + +
6e + + + + +
6f + + + + + +
6g + + + + + +
7a + + +
7b + + +

o7 * *
7d + + +
Te
7t + + +

Total 27 1 9 35 20 17 41 22 16
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Fig. 4: Best-case scenario of presence of ocean sciences topics according to OL principles and concepts in the elementary school

textbooks in Croatia.

cycle and their importance for ecosystem functioning and
balance. For example, the importance of phytoplankton
for life on Earth needs to be adequately emphasised, as
most of the content regarding photosynthesis is explained
through terrestrial examples.

Discussion

While all the OLPs are present in the elementary
school textbooks in Croatia, there is a notable lack of
coverage for many OL concepts. Some of these concepts
are either completely absent or addressed only partially;
therefore, they do not cover the full range of ocean-relat-
ed topics suggested by NOAA (2013). This situation is
not unique to Croatia, as similar gaps were observed in
school textbooks and educational curricula in other coun-
tries such as Greece (Mogias ef al., 2021, 2022), Canada
(McPherson et al., 2018), Fiji (Lal, 2017), India, and the
United States (Chang et al., 2021). These countries also
face challenges in integrating all ocean concepts into for-
mal education.

The most prevalent OLP in Croatian textbooks is
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OLP 6, which highlights the interconnection between
the ocean and humans. Interestingly, this principle is
also strongly represented in the textbooks and curricula
of other countries (Chang et al., 2021; McPherson et al.,
2018; Mogias et al., 2021). Mogias et al. (2021) found
that concepts describing how the ocean impacts human
life and its benefits were more evident in Greek textbooks
under OLP 6, suggesting an anthropocentric perspective.
Contrarily, information and principles concerning human
impacts on the ocean and the knowledge required for de-
cision-making were less represented. While this trend is
also partially evident in Croatian textbooks, this research
confirms that textbooks emphasise the negative effects of
human activities on the environment and highlight indi-
vidual and collective actions for marine conservation and
environmental conservation in general. The insufficient
representation of concepts related to changes in ocean
temperature and pH resulting from human activities,
together with the low occurrence of OLP 3 concepts in
general that emphasise the important role of the ocean
on weather and climate in the analysed textbooks, raises
concerns, particularly in light of the pressing issues of
climate change and global warming (Coma et al., 2009;
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Hansen et al., 2006).

Following OLP 6, the next most represented princi-
ples in Croatian textbooks are OLP 1, which states that
the Earth has one interconnected ocean with various fea-
tures, and OLP 5, which emphasises the ocean’s role in
supporting diverse life and ecosystems. Similar patterns
of representation can be observed in other countries. In
Greece, Canada, and India, OLP 1 also ranks second
(Chang et al., 2021; McPherson et al., 2018; Mogias et
al., 2021), while in the United States, it is OLP 5 (Chang
et al.,2021). OLP 1 is well represented, especially in the
Geography textbooks, where it is extensively addressed.
However, there is a lack of information that, despite its
vastness, the ocean has limited resources. That is an im-
portant issue, considering that lots of fish stocks are at
risk of overexploitation (Coll et al., 2008; Tsikliras et al.,
2015). As for OLP 5, although it is the third most repre-
sented principle, not all relevant concepts are adequate-
ly covered. The focus tends to lean towards presenting
unique examples of life cycles, adaptations, and relation-
ships among organisms in the ocean, which naturally cap-
tivates children’s interest due to the intriguing nature of
these organisms that are less accessible and visible than
those on land. Unfortunately, essential information such
as the significance of microbes, the ecosystem independ-
ent from sunlight, and the significance of equally impor-
tant estuaries is barely mentioned. A similar situation was
observed in Greek textbooks, and Mogias et al. (2022)
suggested that the observed lack of emphasis may be at-
tributed to the perception that the information is not as re-
latable or accessible to humans, leading to a prioritisation
of other OLP 5 concepts.

The remaining three principles, OLP 2, OLP 4, and
OLP 7, are the least represented in textbooks, with OLP 7
being barely mentioned. The limited information on OLP
4 could be reflected in the students’ knowledge that life
originated in the ocean and that primitive single-celled
organisms, ancestors of today’s single-cell algae and
phytoplankton, produced oxygen long before land plants
even existed. When considering the oxygen cycle over
the geological time scales, the ocean is responsible for
6 of 7 of the breaths that humans take, emphasising the
ocean’s crucial role in shaping life as we know it today
(Grégoire et al., 2023). Considering the United Nations
Ocean Decade’s motto, “the science we need for the
ocean we want”, which advocates investing in knowledge
and advancing ocean research, it is alarming that OLP 7,
which emphasises the largely unexplored nature of the
ocean and the need to enhance research methods and col-
laboration, receives minimal attention in textbooks. The
study conducted by Mogias et al. (2021) also identified
a lack of emphasis on OLP 4 and OLP 7 in Greek text-
books. A similar observation was made in the educational
curriculum of Canada, where OLP 4 had the lowest level
of representation, and OLP 7 was not mentioned at all
(McPherson et al., 2018). OLP 7 was also the least repre-
sented in the curriculum of the USA and India, while OLP
4 was not mentioned in the Indian educational curriculum
(Chang et al., 2021). Addressing those principles better is
of great importance to improve students’ understanding
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of the ocean’s critical contributions to life on Earth and
the importance of future scientific research of the ocean.

While there is only limited research on the presence
of OL topics in textbooks and educational curricula, re-
cent studies have focused on assessing students’ direct
knowledge of marine themes using various surveys and
instruments (e.g., Cheimonopoulou et al., 2022; Koulouri
et al., 2022; Lin et al., 2020; Mogias et al., 2019; Mokos
et al., 2020; Realdon et al., 2019). Although the under-
standing of marine topics varies across studies and coun-
tries, it is generally observed that students do possess
moderate knowledge about marine themes. The results of
a research study conducted among students aged 10 to 16
in different countries throughout the Mediterranean Ba-
sin revealed that Croatian and Italian students exhibited
the highest frequencies of correct answers and achieved
the highest scores in terms of their ocean content knowl-
edge (Koulouri et al., 2022). However, it is important to
note that this still represents only moderate knowledge,
indicating the need for further improvements within the
educational system.

Formal education is not the sole means of increasing
OL, as research has shown that students obtain informa-
tion from various sources such as museums, aquariums,
social media platforms, and various media outlets (Seys
et al., 2022; Tsai et al., 2023). The quality and accuracy
of such information depend on its source, highlighting
the importance of considering the reliability and credi-
bility of these sources. Considering the immense impor-
tance of the ocean for life on Earth, ensuring that students
receive comprehensive OL education throughout their
formal education is crucial. In addition to formal educa-
tion, non-formal educational interventions and activities
led by scientists and ocean experts make valuable contri-
butions to enhancing OL, for both students and teachers
(e.g., Mokos et al., 2020). In Croatia, initiatives like the
Science Festival, the European Researchers’ Night (www.
jaistrazujem.hr), the Future Sea project (www.futuresea.
eu), and other individual activities engage researchers in
schools and present additional sources of ocean-related
topics with different hands-on experiences for students.
The Future Sea project offered the authors of this study
an opportunity to collaborate with numerous teachers and
professors in urban and rural areas, including small island
schools. All participants recognised the lack of ocean-re-
lated themes and resources in formal education. Having
identified this need, the authors published “Ocean in Our
Hands: A Guide to Ocean Literacy”, specifically designed
for teachers who wish to enhance their knowledge about
the ocean and teach their students about it more efficient-
ly (Ezgeta-Bali¢ et al., 2023). Through interventions like
these, educators can bridge the gap in formal education
and provide students with a more comprehensive under-
standing of the ocean.

However, insufficient coverage of ocean-related top-
ics in Croatian textbooks is a concern that needs atten-
tion. The absence of certain OLPs and the inconsistency
in coverage by different publishers highlight the need
for improvement and work towards a broader inclusion
of ocean-related themes, regardless of the choice of
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textbooks used. This research suggests that the current
curriculum needs to be modified to incorporate more
ocean-related content into the mandatory curriculum and
to optimise the content without overburdening students.
Currently, the Croatian Ministry of Science and Educa-
tion is starting the implementation of the Experimental
Program “Elementary school as a full-day school - Bal-
anced, fair, efficient and sustainable system of upbring-
ing and education” (Ministry of Science and Education
(MSE), 2023) with a new curriculum, and new books for
some subjects will be published. Therefore, it will be in-
teresting to analyse new books for the occurrence of OLP
in the future and compare it with this study.

In conclusion, collaboration among educators, curric-
ulum developers, and policymakers is essential to achieve
effective integration of OLPs into the curriculum. By in-
cluding more topics and concepts about the ocean, we can
encourage a deep understanding of its importance and
empower students to act responsibly towards the ocean
and the environment as a whole. By increasing students’
OL, we educate future generations to make informed de-
cisions regarding the management and conservation of
ocean resources.
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