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Abstract: Ocean literacy is increasingly recognized as a key component of education for
sustainable development, particularly in addressing global marine challenges. However, its
integration into formal education remains limited, and the effectiveness of instructional
approaches is not yet well understood. This study aims to examine instructional
approaches used to promote ocean literacy in formal education, analyze their pedagogical
characteristics, evaluate their effectiveness based on learning outcomes, and identify
research gaps. A systematic literature review (SLR) was conducted using the Scopus
database, covering publications from 2016 to 2026. The study selection followed PRISMA
guidelines, resulting in four empirical studies that met the inclusion criteria. The findings
indicate that inquiry-based learning (IBL) is the most consistently implemented and
effective approach, particularly when combined with experiential and context-based
activities such as fieldwork and hands-on practices. These approaches significantly
improve students’ knowledge, attitudes, and pro-environmental behavior. In contrast,
project-based learning (PjBL) demonstrates moderate and inconsistent effectiveness.
Although problem-based learning (PBL) and case-based learning (CBL) are frequently
recommended in the literature, no empirical evidence of their implementation was
identified. These findings highlight a significant concept-practice gap between theoretically
proposed approaches and their practical application. This study emphasizes the
importance of experiential inquiry and recommends further empirical research on
underutilized approaches such as PBL and CBL.

Keywords: Ocean literacy, Inquiry-Based Learning, Project-Based Learning, Systematic
Literature Review.

Introduction

Ocean literacy has become an essential
educational framework aimed at fostering informed
interactions  between =~ humans and  marine
environments, particularly in light of global challenges
such as climate change and biodiversity loss. The
United Nations Decade of Ocean Science for
Sustainable Development (2021-2030) emphasizes
ocean literacy as a pivotal element in bridging scientific
understanding with societal action, thereby enabling
individuals to make informed decisions that promote
sustainable ocean governance (Glithero, Bridge, Paul, &
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McRuer, 2025; Borja, Santoro, Scowcroft, Fletcher, &
Strosser, 2020). This framework not only enhances
public awareness of the importance of marine
ecosystems but also encourages responsible behaviors
that mitigate human impacts on these environments
(Borja et al., 2020; Worm et al., 2021). Furthermore,
ocean literacy is increasingly recognized as a societal
outcome that requires inclusive engagement across
diverse cultural contexts, thereby transforming
collective awareness and relationships with the ocean
(McKinley, 2024). By integrating various perspectives,
including indigenous and community insights, ocean
literacy can effectively support ongoing efforts to
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restore marine biodiversity and promote sustainable
development practices (Cavas, Acik, Koc, & Kolac,
2023).

Despite its growing importance, research
indicates that students' understanding of ocean systems
and human-ocean interactions is limited, primarily due
to structural challenges in integrating ocean literacy
into formal education. Key barriers include overloaded
curricula, insufficient teacher expertise, and a lack of
instructional resources. Studies show that while
teachers recognize the importance of marine science
education, they often do not cover these topics
extensively in their lessons, citing a need for increased
knowledge and resources as critical areas for
improvement (Freitas, Bellgrove, Venzo, & Francis,
2022; Freitas, Venzo, Bellgrove, & Francis, 2025).
Programs like the Blue School initiative demonstrate
potential by fostering interdisciplinary approaches and
community engagement, yet they also face challenges
such as resource constraints (Costa & Faria, 2025).
Furthermore, the ocean literacy movement emphasizes
the necessity of inclusivity and accessibility, advocating

for broader participation beyond traditional
educational ~ frameworks to  enhance  public
understanding and engagement with marine

environments (Worm et al., 2021). Addressing these
challenges is essential for fostering a more informed
and responsible relationship with the ocean (Borja et
al., 2020).

In response to these challenges, a variety of
student-centered instructional approaches, including
inquiry-based, project-based, and problem-oriented
learning, have been shown to effectively promote ocean
literacy by enhancing student engagement, conceptual
understanding, and environmental awareness. For
instance, a project in Brazil demonstrated that
integrating local contexts through theoretical lessons,
field trips, and experiments significantly increased
student engagement and positive attitudes towards
ocean issues (Pazoto, Duarte, & Silva, 2023). Similarly, a
study among Chinese university students revealed that
emotional connectedness and experiential learning
were crucial in fostering pro-environmental behaviors,
highlighting the importance of interactive educational
practices (Wang, Gao, Chang, & Zhang, 2025).
Furthermore, initiatives like the Blue School Program in
Portugal illustrate the benefits of a holistic approach
that combines scientific, cultural, and ethical
dimensions, leading to increased community
involvement and partnerships (Costa & Faria, 2025).
Collectively, these studies underscore the necessity of
comprehensive educational interventions to cultivate a
deeper understanding of ocean dynamics and promote
sustainable behaviors across diverse educational

settings (Mokos, Realdon, & Cizmek, 2020). However,
the extent to which these approaches are effectively
implemented and evaluated in formal education
remains unclear.

Previous systematic and bibliometric reviews
on ocean literacy have highlighted the increasing
research interest and thematic development in this
field. For example, Asikin, Suwono, Sumitro, and
Dharmawan (2025) emphasize the growing integration
of ocean literacy in science education, while Paredes-
Coral et al. (2021) focus on global research mapping
and interdisciplinary collaboration. Similarly, Salazar-
Sepulveda et al. (2023) identify a rapid increase in
publications related to marine conservation and
environmental awareness. Despite these contributions,
most of these studies adopt descriptive or bibliometric
perspectives, with limited attention to how
instructional approaches are empirically implemented
and evaluated in formal education settings. In
particular, there is still a lack of systematic synthesis
examining the effectiveness of instructional approaches
based on measurable learning outcomes, such as pre-
post evidence. Therefore, this study offers a novel
contribution by focusing on the empirical effectiveness
of instructional approaches, rather than merely
describing research trends, thereby addressing the gap
between theoretical recommendations and classroom
practice.

Notably, although approaches such as
problem-based and case-based learning approaches are
often highlighted as effective for addressing complex
socio-ecological issues, empirical evidence of their
implementation in ocean literacy education remains
scarce. Studies indicate that despite a general
awareness of ocean literacy among educators, practical
integration into curricula is lacking. For instance, a
survey in the Azores revealed that 58% of teachers do
not incorporate ocean-related themes into their
teaching, underscoring a disconnect between
awareness and practice (Freitas et al., 2025). Similarly,
research in Australia found that while teachers
recognize the importance of marine science, they
infrequently cover these topics due to limited resources
and knowledge (Freitas et al., 2022). Programs like the
Blue School initiative demonstrate potential by
fostering interdisciplinary engagement, yet challenges
such as resource constraints persist (Costa & Faria,
2025). This indicates a concept-practice gap, where
pedagogical models are widely recommended but not
consistently applied or evaluated in real educational
contexts. Furthermore, existing studies rarely provide
comparative insights into how different instructional
approaches contribute to ocean literacy outcomes,
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particularly in terms of knowledge, attitudes, and pro-
environmental behavior.

Therefore, a systematic and evidence-based
synthesis is needed to examine not only the types of
instructional approaches used in ocean literacy
education, but also their pedagogical characteristics
and effectiveness. Addressing this need, the present
study conducts a systematic literature review focusing
on instructional practices in formal education settings.
This study aims to (1) identify instructional approaches
used to promote ocean literacy, (2) analyze their key
pedagogical  characteristics, (3) evaluate their
effectiveness based on reported learning outcomes, and
(4) identify gaps to inform future research and
curriculum development.

By integrating analysis of both instructional
characteristics and empirical effectiveness, this study
contributes to advancing a more comprehensive
understanding of how ocean literacy can be effectively
developed in formal education. In particular, it
provides new insights into the relationship between
instructional design and learning outcomes, while
highlighting underexplored areas such as the limited
application of problem-based learning in ocean literacy
contexts.

Method

Research Method

This study employed a systematic literature
review (SLR) to synthesize empirical evidence on
instructional approaches used to promote ocean
literacy in formal education. SLR is a rigorous method
that enhances the quality, reliability, and transparency
of research findings by systematically identifying,
evaluating, and synthesizing relevant studies (Xiao &
Watson, 2019). This study adopted the five-stage
framework proposed by Denyer & Tranfield (2009)
which has been widely used in educational research.
The five stages include: (1) formulating research
questions, (2) identifying relevant literature, (3)
selecting and assessing studies based on predefined
criteria, (4) extracting and analyzing data, and (5)
synthesizing and reporting findings. The literature
search was conducted in January 2026 using the Scopus
database as the primary source. Scopus was selected
due to its comprehensive coverage of peer-reviewed
international publications. Reference management was
conducted using Mendeley.

Research Questions

Research questions play a crucial role in
defining the scope, direction, and analytical focus of a
systematic literature review. In this study, the research

questions were formulated to align with the available
empirical evidence and to systematically examine
instructional approaches used to promote ocean
literacy in formal education contexts. Rather than
focusing exclusively on predefined models, this review
adopts a data-driven perspective to capture the range
of instructional approaches reported in the literature.
Accordingly, the following research questions are
proposed:

RQ1. What instructional approaches are used to
promote ocean literacy in formal school contexts, and
how are these approaches implemented in practice?
RQ2. What are the key instructional characteristics of
these approaches (e.g., learning activities, experiential
components, and real-world integration), and how do
they support the development of ocean literacy?

RQ3. How effective are these instructional approaches
in improving ocean literacy outcomes, based on
reported pre-post evidence?

RQ4. What gaps exist in the current research on ocean

literacy instruction, particularly regarding
underexplored approaches such as problem-based
learning?

These questions are designed to provide a

comprehensive understanding of both the effectiveness
and pedagogical characteristics of instructional
approaches, while also identifying critical gaps to
inform future research and curriculum development in
ocean literacy education.

Search Article & Inclusion Criteria

The second step in SLR involves finding,
selecting, assessing, and listing core contributions
related to the research question (Booth, Sutton, &
Papaioannou, 2012). In this study, the Scopus database
was used as the primary source due to its
comprehensive coverage of peer-reviewed international
publications. The search strategy was designed using a
structured query to ensure relevance and consistency,
namely: TITLE ("ocean literacy" OR "marine literacy")
AND (education OR learning OR teaching OR
instruction). The search was limited to publications
between 2016 and 2026 and included only final-stage,
peer-reviewed journal articles written in English. These
criteria were applied to ensure that the selected studies
were recent, relevant, and met academic quality
standards.

The study selection process followed the
PRISMA framework, which includes four stages:
identification, screening, eligibility, and inclusion
(Gallagher et al., 2016). Studies were assessed based on
predefined inclusion and exclusion criteria. Only
empirical studies conducted in formal education
settings, focusing on ocean literacy or marine-related
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learning, involving instructional interventions, and
reporting measurable learning outcomes (e.g., pre-post
data) were included. Studies were excluded if they
were conceptual or review papers, lacked instructional
intervention, did not report measurable outcomes, or
were conducted outside formal education contexts.

A total of 300 records were initially identified
through database searching. After applying the
publication year criteria (2016-2026), 260 records
remained. During screening, non-original articles such
as conference papers, book chapters, and review
articles were excluded, resulting in 176 studies.
Following the eligibility assessment, 164 studies were
retained. Finally, four studies met all inclusion criteria
and were included in the analysis.

Through this systematic process, only studies
that met all criteria were included in the final analysis,
ensuring that the review focused on evidence-based
instructional practices and their effectiveness in
promoting ocean literacy as it is shown in Figure 1.

evaluation of their effectiveness based on reported pre-
post data.

A total of four empirical studies met the
inclusion criteria and were included in the final
analysis. These studies were conducted in formal
education contexts and involved instructional
interventions aimed at enhancing students’ ocean
literacy. The analysis reveals that inquiry-based
learning (IBL) is the most consistently implemented
approach across the selected studies, while project-
based learning (PjBL) appears in a more limited and
context-dependent manner. Notably, no empirical
studies  explicitly = implementing problem-based
learning (PBL) or case-based learning (CBL) were
identified, despite their frequent mention in the
literature.

The findings further indicate that the
effectiveness of instructional approaches is closely
associated with the nature of learning activities,
particularly the inclusion of experiential and context-
based components such as fieldwork, hands-on
investigations, and real-world problem engagement.
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Table 1 summarizes the effectiveness of

instructional approaches in promoting ocean literacy
based on pre-post outcomes and their interpreted
impact levels. The findings indicate that inquiry-based
learning (IBL) consistently —demonstrates high
effectiveness, particularly when supported by
experiential and context-based activities, leading to
significant improvements in students’ knowledge,
attitudes, and pro-environmental behavior. In contrast,
project-based learning (PjBL) shows moderate and less
consistent effectiveness, despite covering a broader
range of ocean literacy principles. Notably, no
empirical evidence of problem-based learning (PBL) or
case-based learning (CBL) interventions was identified,
highlighting a gap between theoretically proposed

approaches and their practical implementation in ocean
literacy education.

The findings of this review indicate that inquiry-
based learning (IBL) is the most consistently
implemented instructional approach in ocean literacy
education within formal school contexts. Across the
selected studies, IBL is characterized by active student
engagement through investigation, observation, and
exploration of real-world marine phenomena. Such
inquiry-oriented practices have been shown to enhance
students” scientific understanding and engagement
through investigative and hands-on activities
(Boaventura et al, 2021; Niedoszytko, Woijcieszek,
Podlesiriska, & Borowiak, 2019). In addition, inquiry-
based approaches support the development of critical
thinking and motivation, which are essential
components of effective science learning (Sam, 2024).
This dominance of inquiry-based learning also reflects
constructivist principles, which emphasize active
knowledge construction through exploration and
interaction with real-world contexts

Although prior literature frequently emphasizes a
range of student-centered approaches—including
inquiry-based, project-based, and problem-based
learning—as relevant for environmental and ocean
education (Salazar-Sepulveda et al., 2023; Halawa, Lin,
& Hsu, 2024), the present findings reveal that actual
classroom implementation remains concentrated on
inquiry-based approaches. While holistic initiatives
such as the Blue School Program demonstrate the
potential of interdisciplinary and community-based
learning (Costa & Faria, 2025), empirical classroom-
based studies still show limited diversification of
instructional models. In contrast, project-based learning
(PjBL) appears less frequently and is more context-
dependent (Bldzquez, Padrén, Badimén, & Lozano,
2023), and no empirical evidence of problem-based
learning (PBL) or case-based learning (CBL) was
identified. This pattern indicates a gap between
theoretically recommended instructional approaches
and their practical implementation in ocean literacy
education.

Table 2. Characteristics of Instructional Practices and
Ocean Literacy Integration

N Study Educat Instruct Key Ocean
o ional ional  Learnin Literacy
Setting Model g Principle
Activiti s
es Addresse
d
1 Italian Formal Project- Project P1-P7
OL (primar Based constru  (compreh
assess V& Learnin ction ensive
ment second g(PjBL) (e.g., but
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ms, marine biodiversity (Principle 5) and human-ocean
present interactions (Principle 6), indicating an emphasis on
ation ecological understanding and socio-environmental
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works  (primar Based onfish  (dominan  balanced coverage across all ocean literacy principles.
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2025)  school) experie  g), (partial) experiential and context-based learning. The reviewed
ntial context studies consistently demonstrate that effective
learning ual instruction involves active, student-centered learning
discussi environments in which students engage in fieldwork,
on, hands-on investigations, and collaborative inquiry
reflectio processes. Such experiential learning activities enable
non direct interaction with marine systems and contribute
marine to deeper conceptual understanding as well as affective
resourc engagement.
es and Previous studies have similarly emphasized the
consum importance of contextual and experiential learning in
ption enhancing environmental awareness. For instance,
4 Reside Formal Inquiry- Ecologi P6 integrating local contexts through field-based and
ntial (upper  Based cal (dominan  Jaboratory activities has been shown to increase student
marin  second  Learnin fieldwo t), P5 engagement and foster more meaningful learning
efield ary, g (IBL)  rk (strong), experiences (Pazoto et al., 2023). In addition, emotional
course field-  with (transec  P3-P2 connectedness developed through experiential learning
(Wink  based  field- ts, (moderat  plays a crucial role in shaping pro-environmental
setal, progra based samplin ) attitudes and behaviors (Wang et al., 2025). Teacher-
2020)  m) experie  g), data focused studies also highlight that incorporating local
nce analysis and contextual elements into instruction is essential for
, group effectively delivering ocean literacy concepts (Freitas et
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al,, 2025). Furthermore, experiential and
interdisciplinary learning environments, such as field
courses and marine science programs, have been
associated with both cognitive and professional
development outcomes (Sims et al., 2021; Aliu, McKay,
Welch-Devine, & Bledsoe, 2025). This pattern is
consistent with experiential learning theory, which
highlights the importance of direct experience and
reflection in facilitating deeper cognitive and affective
learning

The present findings extend these insights by
demonstrating that instructional effectiveness is less
dependent on the formal classification of the
instructional model and more on the degree of
authentic engagement embedded within the learning
process. In other words, approaches that provide
meaningful interaction with real-world contexts tend to
produce stronger learning outcomes regardless of
whether they are labeled as IBL or PjBL.

In terms of content coverage, instructional
practices predominantly address ocean literacy
principles related to marine biodiversity and human-
ocean interactions. Similar patterns have been reported
in curriculum-based studies, which indicate that certain
ocean literacy principles receive greater emphasis than
others (Chang, Hirenkumar, & Wu, 2021). Additionally,
limited integration of ocean-related topics into formal
curricula has been identified as a persistent challenge in
several educational contexts (Freitas et al., 2025; Winks,
Ward, Zilch, & Woodley, 2020). This suggests that
current instructional practices may not fully reflect the
multidimensional nature of ocean literacy.

The analysis of pre-post learning outcomes
indicates that inquiry-based learning demonstrates the
highest level of effectiveness in improving ocean
literacy across cognitive, affective, and behavioral
domains. In particular, interventions that integrate
experiential components—such as fieldwork and
citizen science—have been shown to significantly
enhance students’ understanding of marine-related
issues (Boaventura et al., 2021; Kevrekidis et al., 2024).
Hands-on and context-based learning activities also
contribute to increased student engagement and more
positive attitudes toward ocean conservation (Pazoto et
al., 2023). Furthermore, emotional connectedness
developed through experiential learning plays an
important role in fostering pro-environmental behavior
(Wang et al., 2025). From a theoretical perspective,
these outcomes can be explained by the integration of
experiential and inquiry-based processes, which
enhance both conceptual understanding and behavioral
engagement

These findings
experiential and

reinforce the argument that
inquiry-based approaches are

particularly effective in promoting holistic ocean
literacy outcomes. Unlike earlier studies that primarily
rely on descriptive or theoretical discussions, the
present study provides an evidence-based synthesis by
examining empirical pre-post data. This allows for a
more robust evaluation of instructional effectiveness
across different approaches.

In contrast, project-based learning demonstrates
moderate and less consistent effectiveness. Although
PjBL enables broader coverage of ocean literacy
content, its impact on measurable learning outcomes
varies across contexts. This suggests that instructional
effectiveness is more strongly influenced by the depth
of experiential and contextual engagement than by the
instructional model itself.

A key finding of this review is the absence of
empirical studies implementing problem-based
learning (PBL) and case-based learning (CBL) in ocean
literacy education. Although these approaches are
widely recommended for addressing complex socio-
ecological issues, their application in ocean literacy
contexts remains limited. This indicates a clear
concept-practice gap, where pedagogical approaches
are theoretically promoted but not systematically
implemented in classroom practice.

In addition, the findings reveal that current
instructional practices tend to focus on a limited range
of ocean literacy principles, particularly those related to
biodiversity and human-ocean interactions. This
pattern reflects broader challenges in integrating ocean
literacy into formal education, including limited teacher
capacity and insufficient instructional resources (Freitas
et al., 2022; Freitas et al., 2025).

The findings have important implications for
curriculum development and educational policy. The
effectiveness of inquiry-based learning (IBL),
particularly when combined with experiential
activities, suggests that ocean literacy should be
integrated through active, student-centered
instructional designs. Curriculum development should
ensure a more balanced coverage of all ocean literacy
principles, while educational policies need to support
implementation through teacher training, resources,
and interdisciplinary approaches. Additionally, the lack
of empirical evidence on problem-based learning (PBL)
and case-based learning (CBL) highlights the need for
policy support to encourage the adoption of diverse
instructional strategies.

Taken together, these findings suggest
important directions for future research. Further
studies should prioritize empirical investigations of
instructional effectiveness, particularly through the
implementation of underutilized approaches such as
problem-based learning (PBL) and case-based learning
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(CBL). Moreover, there is a need to develop
instructional designs that integrate a broader range of
ocean literacy principles in order to support a more
comprehensive and balanced understanding of marine
systems.

This study has several limitations that should
be acknowledged. First, the review relied solely on the
Scopus database, which may have limited the inclusion
of relevant studies indexed in other databases such as
Web of Science or ERIC. Second, the study only
covered publications within the period of 2016 to 2026,
which may exclude earlier foundational studies in
ocean literacy education. Third, only English-language
publications were included, potentially introducing
language bias and excluding relevant research
published in other languages. These limitations suggest
that future research should adopt a broader search
strategy, including multiple databases, wider
publication periods, and multilingual sources to
provide a more comprehensive understanding of
instructional approaches in ocean literacy.

Conclusion

This study provides an evidence-based
synthesis of instructional approaches for promoting
ocean literacy in formal education. First, inquiry-based
learning (IBL) emerges as the most consistently
implemented approach, while project-based learning
(PjBL) appears less frequently. Second, -effective
instructional practices are characterized by experiential
and context-based activities that promote active student
engagement. Third, IBL demonstrates the strongest
impact on students’ knowledge, attitudes, and pro-
environmental behavior, whereas PjBL shows moderate
effectiveness. Fourth, a significant research gap is
identified, as no empirical evidence was found for
problem-based learning (PBL) and case-based learning
(CBL), indicating a clear concept-practice gap.

This study is limited by its reliance on a single
database (Scopus), a restricted publication period
(2016-2026), and the inclusion of only empirical studies
with pre-post data. Future research should expand
database coverage (e.g.,, Web of Science and ERIC),
adopt  experimental designs, and investigate
underutilized approaches such as PBL and CBL. For
practice, educators and curriculum developers are
encouraged to integrate experiential learning and
ensure a more balanced coverage of ocean literacy
principles.
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