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A B S T R A C T

Ocean Literacy (OL) is essential for changing human behaviours and practices to improve ocean sustainability. Recently, the concept has become a focal topic in 
ocean and coastal research, including as a key pillar of the United Nations Decade of Ocean Science for Sustainable Development. As the concept and practice of OL 
continues to evolve, it is timely to synthesise the existing evidence base to ensure that future research, practice and policy is informed by robust and up-to-date 
evidence. To this end, we undertook a Systematic Map addressing the following research questions: (i) where has OL work been undertaken, (ii) which OL di-
mensions have been discussed and measured, (iii) what methods have been used to measure OL, (iv) what populations have been studied in OL research, (v) what is 
the rationale or purpose of OL research and (vi) what are the recommendations for future OL research and practice? The review included 298 articles, 181 from peer- 
reviewed literature and 117 from grey literature. Results show a growing body of literature on OL research and practice, but also highlight several evidence gaps. 
Most research identified has been published by first authors from the USA, Canada, UK, Ireland and Portugal, accounting for over 50% of articles included in the 
Systematic Map. Evidence suggested that primary data studies have measured all 10 currently recognised dimensions of OL, albeit to varying degrees. However, 
assessing knowledge remains the predominant focus, indicating that the field still relies on the knowledge-deficit approach to OL. To date, studies have measured OL 
in 25 different target populations; however, over 50% focused on OL in students and teachers. Most of the studies employ quantitative approaches, particularly 
surveys, to collect OL data with limited use of other methods. We identified that OL research is driven by four core rationales or purposes: (i) defining and con-
ceptualising OL, (ii) educational design and programming, (iii) evaluating OL, and (iv) increasing OL (tools and improvements). We also captured future priorities 
and recommendations for OL research and practice, including evaluation of OL initiatives and projects, diversity, equity and inclusion and partnerships and 
collaboration. The Systematic Map brings coherence to the existing OL evidence base, identifies gaps, and provides a way forward for OL research and practice and its 
implications for ocean and coastal management.

1. Background

Our ocean is experiencing unprecedented pressures from increasing 
anthropogenic impacts and as such is exhibiting change at an acceler-
ating rate. The main forces of ocean change are land-based and include 
population growth, increasing urbanisation, rising individual con-
sumption and climate change (Nash et al., 2017). The impacts of these 
have severely degraded oceanic ecosystems and the goods and services 
they provide for human well-being and prosperity. These impacts, and 
their consequential effects on society, are projected to continue (Halpern 

et al., 2015, 2019; Jouffray et al., 2020), with some describing the next 
decade as critical for ocean management (Hobday and Cvitanovic, 2017; 
Salinger et al., 2016).

Proposed solutions to many problems facing the ocean are largely 
connected to social values, societal environmental behaviour (Gifford, 
2014; Wynveen et al., 2015) and social and marine governance (United 
Nations Environment Programme, 2021; Veríssimo, 2013)- all of which 
require individuals to have Ocean Literacy (hereafter abbreviated to 
“OL”). The concept of OL was first defined by marine educators in the 
USA in the 2000s as an “understanding of the ocean’s influence on 
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humans and of our influence on the ocean” (Cava, 2005). It emerged 
through recognition of the lack of ocean-related subjects in formal ed-
ucation and the need for a more comprehensive framework to encourage 
the inclusion of ocean sciences into national and state curricula (Santoro 
et al., 2017; UNESCO, 2018). However, OL models have since evolved 
from the knowledge-deficit framing. OL is now seen as a process and an 
outcome resulting in a society that understands, values and cares for the 
ocean (Glithero et al., 2024). Recent studies have proposed several 
additional dimensions of OL: (i) awareness, (ii) attitude, (iii) behaviour, 
(iv) activism, (v) communication, (vi) emotional connections, (vii) ac-
cess and experience, (viii) adaptive capacity and (IX) trust and trans-
parency (Brennan et al., 2019; McKinley et al., 2023).

Increasing recognition of the potential practical role and value of OL 
has seen it become a central component of international frameworks and 
policy goals (McKinley and Burdon, 2020). OL is increasingly being seen 
as a panacea for ocean sustainability policy and will lead to societal 
behaviour change. For example, “Ocean Literacy as a concept and 
approach is radically evolving from being a tool to be applied in formal 
education and training contexts to a tool and an approach for society as a 
whole, aimed at triggering actions towards Ocean sustainability” 
(UNESCO, 2020) (p1). For example, the principles and fundamental 
concepts of OL are now embedded into various European regulations (e. 
g., Marine Framework Strategy Directive, Blue Growth Strategy, Marine 
Spatial Planning Directive, Common Fisheries Policy and the 2013 
Galway Statement on Atlantic Ocean Cooperation; Costa and Caldeira, 
2018; Fernández Otero et al., 2019; French et al., 2015). Further, OL is a 
key pillar of the United Nations Decade of Ocean Science for Sustainable 
Development (hereafter Ocean Decade; Claudet et al., 2020; Ryabinin 
et al., 2019). In April 2024, the Barcelona Statement identified OL as a 
key and strategic mechanism for ensuring that the Ocean Decade suc-
ceeds. The UN highlighted the need to “continue to expand efforts in 
ocean literacy to address all sectors of society including policy makers, 
resource managers, and industry (UNESCO, 2024, p3).

Despite this progress, limitations to the evolution of OL remain 
(McKinley et al., 2023). First, due to the origin and interdisciplinary 
nature of OL, there are disparities regarding its conceptualisation and 
application. In just the last 5 years there have been a range of papers 
outlining different frameworks and approaches to OL, including 
Brennan et al. (2019), Kopke et al. (2019), McKinley et al. (2023) and 
more recently Fauville et al. (2024). This can provide ambiguity and 
complexity for those wanting to operationalise OL. Second, this rapidly 
evolving field lacks an evidence synthesis of work and progress achieved 
to date. Whilst studies have explored bibliographic analyses of OL, these 
focus purely on trends in the peer-reviewed literature (Costa and Cal-
deira, 2018; Paredes-Coral et al., 2021; Cavas et al., 2023; Salazar-Se-
púlveda et al., 2023). These studies omitted the grey literature which 
may be important since OL originated outside of academic research and 
has progressed largely through the marine education. As a result, there is 
a lack of coherence and shared vision of OL which hinders the extent to 
which the potential of OL can be delivered in practice and incorporated 
within diverse decision-making contexts.

The aim of this study is to examine the existing evidence base for OL. 
We adopt a Systematic Map (“SM”) methodology to gather and cate-
gorise relevant articles, describe broad trends and synthesise peer- 
reviewed and grey literature research on OL. This collation of evi-
dence allows us to develop a comprehensive understanding of the 
evolving field and identify gaps in knowledge and directions for future 
research and exploration (Pullin et al., 2022). The SM uses high-quality 
and stringent methods to synthesise the best available evidence on OL. 
Hence, it can provide a go-to resource for practitioners and 
decision-makers expected to develop policy principles and operational 
procedures based on the most current and best available information 
(Kelly et al., 2022).

This study was guided by an overarching research question, drawing 
together more specific sub-questions.

• What is the existing evidence base for OL?
- Where has OL work been undertaken?
- Which OL dimensions have been discussed and measured?
- What methods have been used to measure OL?
- What populations have been studied in OL research?
- What is the rationale or purpose of OL research?
- What are the recommendations for future OL research and practice?

2. Methods

We developed a SM of the OL literature guided by the Collaboration 
for Environmental Evidence (CEE) (Pullin et al., 2022) and RepOrting 
standards for Systematic Evidence Synthesis (ROSES) (Haddaway et al., 
2018). SMs (also known as “scoping reviews”) synthesise existing 
literature on a specific topic and categorise it according to predefined 
keywords. They provide an overview of the distribution and abundance 
of evidence and create a coded database of literature (Bates et al., 2007). 
This database provides “meta-data” which details information about 
each study included in the SM (i.e. bibliographic, geographic and 
study-specific information). The database can be used by various 
stakeholders (e.g. policymakers, service-users, practitioners and re-
searchers) for the purpose of: (i) improving understanding of a specific 
topic, (ii) providing a transparent evidence base from which to highlight 
practice and policy issues, (iii) identifying a breadth of science needed 
for policy-relevant questions, (iv) highlighting knowledge gaps and (v) 
understanding knowledge clusters (James et al., 2016). SMs have 7 main 
stages: (i) planning of the review, (ii) search execution, (iii) screening 
and selection of studies, (iv) data extraction, (v) data coding and data 
extraction, (vi) data synthesis and (vii) interpretation and reporting of 
the findings (Pullin et al., 2022). Supplementary Materials 1 provides 
further detail on the reasons for selecting the Systematic Map approach 
for this study.

2.1. Search strategy

2.1.1. Scoping
Initial scoping was undertaken to ensure appropriateness of the 

keyword search string before systematic searching began and involved 
testing search strategies and keyword strings (Pullin et al., 2022). This 
search string was developed to comprehensively cover the phenomenon 
and outcomes outlined in the eligibility criteria (see 2.3). Supplemen-
tary Materials 2 and 3 details all the searches conducted and includes the 
date, database searched and results for data collection for the scholarly 
and grey literature, respectively.

2.1.2. Keyword string
A Boolean search string was developed through a rigorous process, 

including a ‘naïve’ scoping search and identification of benchmark ar-
ticles to strengthen the search strategy. A proximity operator was used to 
improve the precision of the search string (Livoreil et al., 2017). Further 
details are provided in Supplementary Materials 4. The initial search 
was undertaken in 2022 (June 19, 2022). Then an additional search was 
undertaken in 2023 (June 21, 2023) to capture literature from June 
2022–June 2023.

The final keyword search using in this SM was:
TITLE-ABS-KEY ((“literacy”) W/5 (“Marine*" OR “coast*" OR 

“ocean*" OR “sea”)).

2.1.3. Databases and searches
Academic literature was searched in the Scopus database (http:// 

www.scopus.com/home.uri;) and Web of Science (http://webofsci 
ence.com/), as they comprehensively cover both natural and social 
sciences (Norris and Oppenheim, 2007). Grey literature was also 
collected due to the origin of OL outside of the academic literature and 
to reduce publication bias (Haddaway et al., 2015; Haddaway and 
Bayliss, 2015). Grey literature has previously been defined as: “… a field 
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in library and information science that deals with the production, dis-
tribution, and access to multiple document types produced on all levels 
of government, academics, business, and organization in electronic and 
print formats not controlled by commercial publishing i.e., where pub-
lishing is not the primary activity of the producing body” (GreyNet, 
2013). Examples include reports, theses, book chapters, conference 
proceedings, technical notes and white papers (Livoreil et al., 2017). 
Grey literature was sourced through three databases: (i) Google Scholar, 
(ii) Bielefeld Academic Search Engine (BASE) and (iii) Open Access 
Theses and Dissertations (OATD), as using more than one database in-
creases coverage of the literature (Bramer et al., 2016; Livoreil et al., 
2017). A modified keyword search string was developed, recorded and 
appended to the SM, when the full string was not accepted (e.g., due to 
different Boolean functions and character limits).

2.2. Exported results and duplicate removal

Search results from Scopus, Web of Science and Google Scholar were 
exported from the database using Publish or Perish (https://harzing.co 
m/resources/publish-or-perish). Exports were done manually for BASE 
and OATD. They were then imported into Covidence (https://www. 
covidence.org/), a platform for managing Systematic Review and Map 
processes (Kellermeyer et al., 2018). Literature was collected from 
multiple online sources, resulting in duplicated records. Duplicate re-
cords were removed (see Supplementary Materials 5).

2.3. Article screening and inclusion criteria

Screening was conducted at the title, abstract and full text level. 
Inclusion/exclusion was determined through the Population, Phenom-
enon and Outcome design (see Table 1). The Population to be considered 
for this SM is the body of academic and grey literature focused on OL., 
the Phenomenon is the concept of OL and the Outcome of interest is the 
marine environment. Articles were included if they met the following 
criteria: (i) published peer-reviewed and grey literature, (ii) examined 
the concept of OL and (iii) focused on the use of OL in the context of 
marine environments.

Articles were only included if they referred to OL. While we recog-
nise associated and analogous terms (e.g., marine literacy, coastal lit-
eracy, aquatic literacy, marine citizenship, ocean citizenship, marine 
connectedness), we only considered variations of OL, as we were looking 
at the evolution and trends in relation to this specific concept. Journal 
articles, theses, book chapters, conference proceedings, technical notes 
and white papers were included within the search. In line with previous 
studies, due to language limitations only English language literature was 
searched for and retained. Some articles were inaccessible (e.g., citation 
only or behind an inaccessible paywall) and were excluded from the 
study.

2.4. Consistency checking

Screening consistency was conducted by RJS and EMCK to ensure 
that there was alignment amongst the authors. 15% of papers were 
randomly selected for the internal consistency check (N = 236). 
Following screening, the results were compared, and a kappa statistic 

was calculated. There is no consensus around an ‘adequate’ level of 
agreement (Pullin et al., 2022). However, due to our narrow search 
criteria (i.e., a focus on OL as a concept), we deemed it necessary to aim 
for almost perfect agreement (i.e. above 0.81; Viera and Garrett, 2005). 
Kappa was calculated to be 0.87 (93.64% agreement; see Supplementary 
Materials 6) meaning no further screening or refining of PHO criteria 
was required. Screening of all articles was then conducted by the first 
author (RJS) and discussed with EMCK when there was uncertainty 
regarding inclusion (as per Frampton et al., 2017).

2.5. Data coding

Data coding is the recording of relevant characteristics (meta-data) 
of the study such as when and where the study was conducted and by 
whom and aspects of the study design and conduct (Pullin et al., 2022). 
Key data from the articles was extracted and entered into Microsoft 
Excel. A draft coding strategy was developed by two authors and a pilot 
test was undertaken on five papers selected at random and piloted by 
two of the authors (RJS and EMCK). The authors compared their codes 
to identify any differences, discuss any challenges they had with coding 
and put forward suggestions for changes to the coding strategy. The 
following changes were made: (i) additional coding categories: scale and 
the county/state to gain some more-detailed geographical data and (ii) 
adding a coding category related to the OL dimension studied. The 
coding strategy was then piloted for the second time (n = 5), after which 
it was agreed that the coding strategy (Table 2 and Supplementary 
Materials 7) was collecting suitable data to answer the research ques-
tions. A third co-author (LF) was brought on to code the documents so a 
third round of piloting was undertaken to ensure consensus. The third 
co-author completed coding for the full sample of articles.

3. Results and discussion

Here, we report the results of the SM together with our narrative 
interpretation, to avoid repetition and aid accessible discussion 
(following previous SMs, e.g. Eales et al., 2021).

3.1. Search results and screening

In total, 4605 references were imported. Two thousand and fourteen 
duplicates were removed, leaving 2591 articles. The first stage of 
screening (at the title and abstract level) excluded 1798 articles and left 
794 articles. Full-text screening excluded a further 495 articles, leaving 
298 articles. Fig. 1 presents a summary of the search process and results. 
A total of 298 studies met all search criteria up to and including those 
published before June 23, 2023 and were included in the review.

3.2. Dates and journals

The earliest articles on OL were published in 2002 in the “Our Fragile 
Oceans: California Journal of Science Education” (Cava, 2002a, 2002b). 
This was part of the grass roots movement for OL in the USA with sci-
entists, and educators highlighting the need to include ocean sciences in 
the school curriculum (Fauville et al., 2019; Schoedinger et al., 2005). 

Table 1 
Population, Phenomenon and Outcome elements for assessing inclusion/ 
exclusion.

PHO element Description Inclusion criteria

Population The body of OL literature Is it a defined piece of academic or 
grey literature?

Phenomenon The concept of OL Is the article about OL?
Outcome The use of OL in the context 

of the marine environment.
Is the article about the use of OL in 
the context of marine 
environments?

Table 2 
Coding strategy used for collecting data from each study.

Code 
category

Data

Bibliographic Title, author(s), year, type of document, type of study, journal.
Geographic Location of first author, location of study, scale, county/state
Study-specific Study approacha, study rationale, type of methoda, Ocean Literacy 

dimension(s)a, sample population(s)a, recommendations

a Information collected for primary data studies only (observational and 
experimental studies).
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The number of publications increased during this period but stayed 
relatively steady until 2017. Publications on OL then became more 
numerous from 2017, peaking in 2021 (Fig. 2) with most of the litera-
ture published over the last six years (2018–2023). This is likely as a 
result of various key events which are likely to have raised the profile of 
OL and potential for knowledge sharing; including (i) a special issue in 
Frontiers of Marine Science in 2019 which published 12 articles on OL 
(Borja et al., 2020), (ii) the launch of the United Nations Decade of 
Ocean Science for Sustainable Development (2021–2030; Claudet et al., 

2020; Ryabinin et al., 2019) and (iii) the development of the Intergov-
ernmental Oceanographic Commission’s OL action plan (2018–2021; 
International Governmental Oceanographic Commission 2020).

The scholarly articles were published in 74 journals. One hundred 
and eighty-one articles (60.74% of all articles) were published in jour-
nals. Over a third of the peer-reviewed literature was published in six 
journals (n = 67; 37.43%), including Frontiers in Marine Science (n =
20; 11.17%) and Mediterranean Marine Science (n = 11; 6.15%). Other 
popular journals included Marine Policy, Ocean and Coastal Manage-
ment, Sustainability and the Journal of Marine Education, each of which 
published 9 articles (5.0%). Forty-eight journals each published one 
article each, which collectively equated to 26.82% of the published 
literature. Theses (n = 36; 12.08%), book chapters (n = 28; 9.40%), 
reports, (n = 34; 11.41%), conference proceedings (n = 17; 5.70%), and 
working papers (n = 2; 0.67%) made up the remaining 39.26% of the 
literature base.

3.3. Where has Ocean Literacy work been undertaken?

The majority of first authors came from the USA (n = 73; 25.50%), 
Canada (n = 33, 11.54%), the UK (n = 19; 6.64%), Ireland (n = 17; 
5.94%) and Portugal (n = 16; 5.59%; see Fig. 3). The location of the 
study aligned relatively closely with the first author location and some 
studies had multiple case study locations. The most frequently studied 
location (i.e., where participants originated from) was the USA (n = 53; 
18.73%), followed by Canada (n = 27; 9.54%), UK (N = 17; 6.00%), 
Portugal (n = 15; 5.30%), Ireland (n = 15; 5.30%) and Indonesia (n =
15; 5.30%; Fig. 4).

Fig. 1. ROSES flow diagram showing the stages of the SM process (Haddaway, 2020).

Fig. 2. Publication dates for all articles (total n = 298). Note: 2023 is an 
incomplete record, as the last search was undertaken in June 2023.
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Our findings align with bibliometric analyses which have examined 
the OL literature base between 2017 and 2022 (Cavas et al., 2023; Costa 
and Caldeira, 2018; Paredes-Coral et al., 2021; Salazar-Sepúlveda et al., 
2023). This predominance and activity from the USA could be attributed 
to the following factors: (i) the geographic origins of the concept of OL 
(Schoedinger et al., 2005, 2010), (ii) the presence of the National Marine 
Educators Association (NMEA) in the USA and (iii) 7 out of 8 OCEANS 
conferences being held in the USA, which have contributed to the 
literature.

Despite the dominance of the USA, other countries are active con-
tributors to the peer-reviewed and grey literature on OL. Canada, for 
example, has a national OL Strategy developed by the Canadian Ocean 
Literacy Coalition (COLC) as well as the Canadian Network for Ocean 
Education (CaNOE). Research from Canada has explored OL in various 
regions, including inland Canada, Inuit Nunangat, Pacific and the 
Atlantic (Ammendolia, 2020; Ammendolia et al., 2020; Hoover, 2022; 
Yumagulova, 2020). European countries including the UK, Portugal and 
Ireland have also made large contributions to the literature. This may be 
due to Horizon 2020 projects such as Sea Change and ResponSEAble 
which focus on OL, the European Marine Science Education Association 
(EMSEA) and co-operation with various countries on OL (Cavas et al., 
2023; Costa and Caldeira, 2018).

Our study highlights the strong focus of OL in the Global Minority (i. 
e. the smaller population of the world that live in wealthier nations, 
often described as the “West” or the “Global North”; Oxfam, 2023). 
There may be numerous reasons for the gaps in distribution of studies. 

For example, the trends could be attributed to the Global Minority bias 
in terms of publication (e.g., English language publication) which has 
been observed previously in marine science (Ahmadia et al., 2021). 
Another reason for these geographic gaps in the literature may be that 
the language and terminology of OL may not be perceived as accessible 
or appropriate for all communities and contexts (MacNeil et al., 2021; 
Spalding et al., 2023; Worm et al., 2021). For example, work published 
in 2021, argued that the term OL was insufficient to capture the scope of 
potential experiences people may have with the ocean, is inadequate for 
encapsulating different worldviews across diverse linguistic commu-
nities and emphasise how OL might be perceived as an instrument of 
power, colonialism and oppression (MacNeil et al., 2021). An exception 
to the location bias identified in this SM is Indonesia, where researchers 
have published 15 studies on OL representing 5.30% of the total study 
locations. This bias highlights the infancy of the OL field, outside of the 
Global Minority. It also emphasises that there may be not enough 
context-specific information to understand global variations and pat-
terns of OL if most data collection has been concentrated in the USA, 
Canada, UK, Portugal, Ireland and Indonesia. This presents challenges 
for informing marine and coastal policy, management, planning, 
monitoring, evaluation and learning and marine education. It also sug-
gests that there is limited transcendence across geographical boundaries 
and an inequitable approach to OL, decision-making, communication 
and education. Rectification of this disparity will require a change in 
how funding for OL work is administered and regional and international 
cooperation, joint efforts, and knowledge exchange (e.g. capacity 
building and sharing data and information on methods, tools and as-
sessments) between countries and stakeholders (e.g. researchers, 
decision-makers, industry). This has been called for by the UN Ocean 
Decade (e.g. UNESCO, 2020) and researchers in the OL field (Cavas 
et al., 2023; Paredes-Coral et al., 2021).

3.4. Which Ocean Literacy dimensions have been discussed and 
measured?

The dimensions were coded according to McKinley et al. (2023) (see 
Fig. 5). Our analysis of primary data studies in this SM showed that most 
OL studies measured more than one type of dimension of OL. In keeping 
with the origin of OL, the most popular dimension of OL was knowledge 
(n = 142; 20.91%). Knowledge refers to what an individual knows about 
ocean-related topics, including features of the ocean (e.g. biological, 
physical, chemical processes), the importance and role of the ocean (e.g. 

Fig. 3. The first author location for each of the articles (n = 286).

Fig. 4. The geographical location in which OL studies were carried out. This includes articles that collected primary data (n = 222). In some instances studies had 
multiple study locations, therefore, max n = 283.
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for food, transportation, jobs, culture, well-being) and the types of 
anthropogenic impacts affecting the ocean (e.g. invasive species, 
overfishing, and marine pollution; Cheimonopoulou et al., 2022; Chiashi 
and Sasaki, 2012; Fauville et al., 2019; Leitao et al., 2018; Markos et al., 
2017), ocean decision-making, opportunities to participate and engage 
in ocean decisions and behaviours (Marrero and Mensah, 2010) and 
where and how to get information about ocean issues (Leitao et al., 
2018). We acknowledge that the concept of knowledge has changed 
since the conceptualisation of OL and the OL principles. However, it has 
still predominantly relied on the knowledge deficit approach.

The SM found that studies are measuring broader measures of OL, 
drawing on more contemporary models which have expanded the 
original education-based framing of OL. The second most popular 
dimension was access and experience (n = 111, 16.35%). This refers to a 
person’s physical or virtual experiences with and engagement with the 
ocean and the ways in which they can access these experiences. For 
example, relating to their visits to the ocean, beaches, citizen science, 
activities and exhibitions in museums and aquariums and virtual reality 
(Baldrighi et al., 2022; Boaventura et al., 2021; Cahyadi et al., 2021; 
Childress et al., 2021). Other popular dimensions included: attitudes and 
perceptions (n = 73; 10.75%) and awareness (n = 67; 9.87%). The other 
dimensions were mentioned, albeit to a lesser extent: (i) behaviour (n =
56; 8.25%), (ii) communication (n = 53; 7.81%), (iii) adaptive capacity 
(n = 22; 3.24%), (iv) emoceans (n = 18; 2.65%) and (v) trust and 
transparency (n = 6; 0.88%). It was not always clear which, if any, of the 
ten dimensions were examined in some of the articles and hence they 
were coded as “indiscernible” (N = 66; 9.72%). Some responses were 
also coded as “other” (n = 53; 7.81%), as they did not fall into the OL 
typology (McKinley et al., 2023). Miscellaneous topics included imagi-
nation, collaboration and competencies and employment.

3.5. What methods have been used to measure Ocean Literacy?

Of the primary data studies (n = 218), over half of the articles used 
purely quantitative approaches (n = 104; 50.98%). Just under a third 
used mixed method approaches (n = 63; 30.88%). Finally, the 
remainder of studies used purely qualitative methods (n = 37; 18.14%). 
We were unable to identify the type of approach for 14 studies.

A total of 22 different types of data collection method were discussed 
in the OL evidence base (see Fig. 6). Some studies employed multiple 
data collection methods (n = 412). Surveys were the most popular data 
collection method used to assess OL (n = 98; 23.79%). This was followed 
by interviews (n = 54; 13.11%). Although mentioned less frequently, 
other methods included student tests and content analysis (e.g. of social 
media, lesson plans and other documents). Overall, our results suggest 
that whilst there is a diversity of approaches and methods being used to 
measure OL within the literature, quantitative methodologies are the 
most commonly applied.

3.6. Which populations have been studied in Ocean Literacy research?

Twenty-five different populations (or participant groups) were 
mentioned within the articles (see Fig. 7). Some studies focused on more 
than one population type; hence the number # of data points (n = 237) 
are greater than the number of studies (n = 218). Most articles focused 
on understanding OL levels of students and teachers; representing over 
half of the total (n = 134; 56.54%) which aligns with the history of OL 
(Schoedinger et al., 2005, 2010). For 33 studies, we were unable to 
identify the target group and they were labelled as indiscernible 
(13.92%). Albeit fewer, other groups included stakeholders (n = 13; 
5.49%), the public (n = 6; 2.53%), online participants (n = 6; 2.53%) 
and residents (n = 5; 2.11%).

The remaining groups were mentioned by fewer than five articles 
and made up just over a quarter of the articles (n = 40; 16.88%). These 
findings suggest that the groups included within OL studies are not 
overly diverse, and many groups are missing (e.g. indigenous commu-
nities). To ensure the inclusion of different world views, ontologies and 
ways of being (Moon and Blackman, 2014), it will be important to have a 
more diverse range of participants in studies (and involved in 
co-designing research), particularly as they may have differing factors 
influencing their OL.

Fig. 5. The main dimensions of OL which have been discussed in the literature 
(max n = 679).

Fig. 6. Types of data collection methods used in OL primary data studies (max 
n = 412).

Fig. 7. Target population in OL studies (max n = 237).

R.J. Shellock et al.                                                                                                                                                                                                                              Ocean and Coastal Management 257 (2024) 107325 

6 



3.7. What is the rationale or purpose of Ocean Literacy research?

From the synthesis of the literature, OL research appears to be driven 
by four core rationales or purposes. Defining and conceptualising OL, 
educational design and programming, evaluating OL, and increasing OL 
(tools and improvements; see Fig. 8).

Defining and conceptualising OL (n = 33, 11.07%) primarily re-
volves around scholarly deliberations and conversations regarding the 
fundamental aspects, principles, and significance of OL. The discussion 
of OL concentrates on defining and conceptualising this concept, 
evolving beyond its initial scope in formal education to a broader tool 
for societal engagement (Cavas et al., 2023; McKinley et al., 2023). 
Educational design and programming (n = 44, 14.77%) focuses on 
formulating effective educational strategies, curricula, and programs 
aimed at fostering OL among diverse demographics (O’Brien et al., 
2023). These involve designing engaging and informative educational 
tools and methodologies to enhance understanding and awareness of the 
ocean’s influence. These studies also delve into structuring effective 
educational initiatives, highlighting the need for integrated and 
early-grade approaches in teaching OL (Mokos et al., 2020).

Evaluating OL (n = 137, 45.97%) involves assessing the levels of OL 
among different groups, evaluating existing educational programs’ ef-
ficacy, and measuring the impact of various interventions (McKinley 

Table 3 
Types of intervention studied in primary data studies (max n = 333).

Category Frequency Description Examples

Education and learning 126 Activities/interventions involved in formal and informal education. • Curriculum
• Resources (e.g. textbooks and online resources)
• Learning styles (e.g. place-based learning, co- 

operative learning, role play and inquiry-based 
learning)

• Activities (e.g. experiments in laboratories)
Engagement and connection 46 Engaging with or connecting with other individuals, groups, organisations, 

sectors.
• Traditional knowledge
• Collaboration
• Engagement
• Partnership

Media 42 Interventions which involve exposure to a type of visual media. • Social media
• Film
• Art (e.g. murals and photos)
• Videos
• Posters
• Visualisations
• Books

Physical exposure to marine 
and coastal environments

22 Having access to and making physical visits to the marine and coastal 
environment.

• Leisure and recreation (e.g. scuba diving)
• Field trips (e.g. to marine reserves and fish 

markets)
• Expeditions
• Proximity to the coast

Attending events 20 Attending events which focus on marine and coastal environments. • Conventions
• Meetings
• Workshops

Training and development 18 Training and development programs and activities • Teacher development
• Capacity building
• Professional development

Visits to attractions 18 Visits, outreach, field trips and study visits to environmental and scientific 
attractions and organisations.

• Museums
• Aquariums
• Exhibitions

Technology 16 Exposure to machinery and equipment that uses the application of scientific 
knowledge in the context of the marine and coastal environment

• Games
• Underwater cameras
• Robotics
• Virtual reality

Citizen science 11 Projects which actively involve citizens in scientific endeavour that 
generates new knowledge or understanding of the ocean (including natural 
and social science).

• Sampling plastics
• Collecting data from videos
• Reporting sightings of marine species (e.g. 

seagrass)
Storytelling 5 The activity of writing, telling or reading stories about marine and coastal 

environments.
• Digital storytelling
• Storytelling in person

Other 9 Miscellaneous topics described by respondents. • Research methods (e.g. horizon scanning, 
mapping, ethnography)

• Policy initiatives
• Seafood eco labels

Fig. 8. The rationale and purpose of OL studies (n = 298).
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Table 4 
Recommendations for future OL research and practice from the literature.

Theme Description Example recommendations from the literature Example references

Dimensions of OL Includes all topics related to the conceptualisation of and 
dimensions and components of OL.

• Study interconnectedness between ocean knowledge, values and actions.
• Broaden dimensions (e.g., political visibility of the ocean)
• Promote multiple dimensions of OL, going beyond knowledge.
• Explore how dimensions can be modified, re-framed and contextualised for different 

geographical and sociocultural contexts.

(McKinley et al., 2023; Mokos et al., 2022; Si and 
Chen, 2021)

Assessment of OL Includes all topics relating to the measurement and assessment of 
OL.

• Use common and universal processes to assess OL globally and track progress.
• Conduct cross-cultural comparison of OL.
• Use longitudinal methods to assess OL (e.g., student competencies at different time 

points).
• Use of regional surveys with national frameworks to amplify rural and coastal 

communities.
• Widen survey sample populations, e.g. to include groups beyond just school children 

and teacher, but also policymakers, indigenous groups and industry groups.

(Ahmad-Kamil et al., 2022; Chang et al., 2023; 
Gonçalves, 2022; Markos et al., 2017; Spoors et al., 
2022)

Evaluation Includes all topics relating to the evaluation of the effectiveness of 
OL programs, activities, strategies (e.g., using pre-post surveys 
and experiments).

• Repeat interventions and surveys to obtain more generalisable and reliable findings.
• Improve tools for evaluating the impact and effectiveness of interventions on OL (e.g., 

activities, programs, and initiatives).
• Understand the influence of interventions on behaviour change.
• Undertake more long-term evaluations of interventions.

(Alvisi et al., 2022; Aurélio et al., 2022; Chiashi and 
Sasaki, 2012; Wulff and Johannesson, 2018)

Diversity, equity 
and inclusion

Includes all topics related to the consideration and maximisation 
of diversity, equity and inclusion within OL (e.g., equity, equality, 
justice).

• Consider diversity of languages, cultures, and societies.
• Give special attention to inclusiveness, accessibility and equity in OL.
• Recognise the importance of indigenous knowledge and traditional knowledge for OL.
• Provide partnership support for locally relevant, place-based ocean education and 

training.

(Hoover, 2022; MacNeil et al., 2021; Mokos et al., 
2022; Yumagulova, 2020)

Partnerships and 
collaboration

Includes all topics related to partnerships and collaborations 
within OL, between different disciplines, groups and sectors.

• Co-ordinate organisations and networks to develop synergies and co-ordinate research 
programs.

• Establish cross-institutional and cross-disciplinary cooperation among research in-
stitutions, marine education networks and industry to support OL movement.

• Develop more open dialogue and collaboration between ocean and water literacy 
experts and practitioners.

• Develop partnerships, particularly in relation to the UN Ocean Decade to identify where 
operators already provide OL education and how it can be advanced within their own 
programme(s) would be advantageous.

• Establish partnerships and collaboration which go beyond education - include private 
sector, stakeholders, policy/decision makers, local communities, etc.

(Ammendolia et al., 2020; Lyth, 2021; Mokos et al., 
2022; Paredes-Coral et al., 2021)

Resources and 
investment

Includes all topics related to resourcing, capacity and investment 
in OL strategies, actions, programs, and activities (e.g., budgets, 
personnel, expertise).

• Develop regionally specific resources that tie into an overarching national water/ocean 
narrative.

• Identify scope of work, personnel and ensuring adequate financial resources for OL 
strategies and actions to achieve goals.

(Cava, 2005; Hoover, 2022; Mokos et al., 2022; 
Schubel et al., 2005)

Formal education Includes all topics relevant to formal education programs used to 
increase OL (i.e., in primary, secondary and higher education).

• Integrate of ocean education and OL principles and concepts into the higher education 
curricular framework.

• Focus OL learning on topics that are likely to personally affect students (e.g., climate 
change, coastal hazards and climate adaptation).

• Develop and make accessible professional development for teachers on OL and 
education techniques.

• Expand the use of cross curricula links that recognise and build upon the importance of 
outdoor learning within the marine environment.

• Establish international school partnerships to promote effective teaching about OL (e.g. 
that are relevant to the young people and the area in which they live).

(Attard, 2020; Boaventura et al., 2021; de la Vega, 
2021; Freitas et al., 2022; Gebbels, 2018; Leitner, 
2022; Lyth, 2021)

Informal education Includes all topics relevant to informal education- i.e., takes place 
outside of schools/classrooms (e.g. in museums, aquariums)

• Include OL in formal and informal education.
• Develop close and functional cooperation and intersectional collaborations between 

formal education (e.g., teachers) and educators from informal settings (i.e. non-formal 
education).

• Champion the role of museums and aquariums in informal education (i.e. in experiential 
learning).

(Andriopoulou et al., 2022; Chang et al., 2023; 
Childress et al., 2021; Mokos et al., 2022; Ostertag 
et al., 2021; Sims et al., 2021)

(continued on next page) 
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et al., 2023). These studies explore methodologies to assess the efficacy 
of educational programs and individuals’ understanding, emphasizing 
the importance of robust evaluation tools. Researchers utilise assess-
ments and metrics to gauge individuals’ knowledge and understanding 
of ocean-related concepts. Increasing OL (tools and improvements; n =
95, 31.88%) concentrates on developing tools, methodologies, and 
innovative approaches to augment OL levels (Kelly et al., 2022). These 
studies broadly aim to improve existing educational frameworks, tech-
nologies, and resources to elevate the public’s understanding of the 
ocean’s significance (Cavas et al., 2023).

As a component of the rationale, we also explored the interventions 
which had been studied in primary data studies (n = 218). Some studies 
examined multiple types of intervention, leading to a frequency of n =
333. There were 11 main types of intervention (see Table 3). Education 
and learning (i.e. change to curriculum, education activities, the use of 
resources and applying different learning styles) were the most common 
(n = 126; 37.84%), which aligns to our findings that knowledge is the 
most common dimension of OL (section 3.5). This was followed by 
engagement and connection (n = 46; 13.81%), which focused on people 
gaining OL through engaging and connecting with other individuals, 
groups, organisations and sectors to gain OL (e.g. collaborations, part-
nerships and cultural connections-such as traditional knowledge). In 
addition to media (n = 42; 12.61%) which involved gaining OL through 
being exposed to visual media, in the forms of social media, film, art, 
videos, posters, visualisations and books. The other types of intervention 
included: (i) physical exposure to marine and coastal environments, (ii) 
attending events, (iii) training and development, (iv) visits to attrac-
tions, (v) technology, (vi) citizen science, (vii) storytelling and (viii) 
other.

3.8. What are the recommendations for future Ocean Literacy research 
and practice?

Numerous articles provided future priorities or recommendations for 
OL. Collectively this set of recommendations captured both research- 
focused and operational priorities. Our analysis produced ten themes 
of recommendations (see Table 4 for definitions, examples, and 
references).

Three themes were more explicitly related to research priorities. For 
example, research into: (i) dimensions of OL, (ii) assessment of OL and 
(iii) evaluation of OL. These priorities potentially highlight the specific 
challenges relating to the measurement and operationalisation of OL, 
perhaps emphasizing the urgent need for this work. The complexity of 
these issues will necessitate true interdisciplinarity, transdisciplinarity 
and global efforts, building on the progress and status of research, dis-
ciplines, sectors and networks that work in this space. This will require 
systemic change to funding calls, design and implementation of OL 
research, as has been discussed previously in Marine Social Science 
(McKinley et al., 2022; van Putten et al., 2021) and topics such as public 
perception research and marine conservation (Jefferson et al., 2021; 
Parsons et al., 2014). The remaining seven themes were cross-cutting 
but more explicitly related to OL practice: (i) diversity, equity and in-
clusion, (ii) partnerships and collaboration, (iii) resources and invest-
ment, (iv) formal education, (v) informal education, (vi) technology and 
innovation and (vii) other.

3.9. Implications for research and policy

This SM of OL outlines the first updatable, interrogable and 
comprehensive source of evidence on this topic. It is intended as a first 
step at bringing coherence to the evidence base, identifying the gaps and 
providing a way forward by focusing on synthesised understandings of 
OL (Badullovich et al., 2020; Eales et al., 2021), which will support 
researchers, practitioners and decision-makers. We highlight the main 
implications of the findings for research and policy below. We note that 
the SM assesses the amount of evidence on OL and the types of Ta
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approaches used but does not detail the direction or strength of effect, 
nor quality of individual studies included (Eales et al., 2021). We 
encourage the use of the SM database, available as an excel file in the 
Supplementary Materials to support research and decision-making.

3.9.1. Research
These findings have implications for future research by highlighting 

areas that require further investigation, such as the dimensions of 
emoceans and trust and transparency. Researchers could focus on 
developing appropriate methods and measures to address these under-
explored aspects of OL. We also identified the main rationale and pur-
pose behind OL work to date as: (i) defining and conceptualising OL and 
(ii) educational design and programming. This indication of the trends 
in OL research can help to identify popular topics and guide the design 
and implementation of future work (e.g., OL surveys and evaluations). 
We also identified a range of recommendations for future research and 
practice to provide much-needed direction for the continued develop-
ment and expansion of OL globally. We encourage discussion and action 
around the priorities identified in the SM, along with further investi-
gation by research institutions, industry and NGOs (McKinley et al., 
2022; Wisz et al., 2020).

3.9.2. Policy
Policymakers and practitioners can use the evidence synthesised in 

this SM to inform the development and implementation of OL initiatives 
and strategies. The identified knowledge gaps and recommendations can 
guide the prioritization of efforts and resource allocation to address 
critical areas effectively. In addition, there are risks of bias when gath-
ering evidence, especially when using information from individual 
studies, policy briefs and less-structured discussions of existing literature 
(e.g., narrative reviews and perspective pieces; Boyd, 2013; Tho-
mas-Walters et al., 2021). This SM aims to overcome this barrier by 
using high-quality and stringent methods to synthesise the best available 
evidence on OL. This is particularly pertinent in 2024, following the UN 
Barcelona Statement, which highlighted OL as a priority area for the 
delivery of the Ocean Decade. Hence, this SM will be useful for 
decision-makers working on ocean policy initiatives and drivers con-
nected with OL. These include international initiatives, such as the 
Ocean Decade (Claudet et al., 2020; Ryabinin et al., 2019) and national, 
regional and local policy directives and legal and policy developments 
that address, for example, the sustainable use of marine areas (e.g., 
Marine Protected Areas and Marine Protected Areas and Marine Spatial 
Planning) and marine conservation and climate change (Kelly et al., 
2022). The review may also help to raise the profile of OL amongst 
policy and decision-makers and help facilitate more useful discussions 
between researchers, practitioners and decision-makers. OL is “a key 
tool to engage society and to leverage actions on the ground, needs to be 
more efficiently and widely promoted” (Claudet et al., 2020; p40).

The SM reveals important governance insights related to the appli-
cation of OL in decision-making processes. The findings indicate a need 
for greater collaboration between researchers, policymakers, and 
stakeholders to develop practical guidance on integrating OL into ma-
rine policy and management frameworks. This collaborative approach 
can help bridge the gap between scientific knowledge and governance, 
facilitating the translation of OL concepts into actionable strategies for 
sustainable ocean and coastal management.

To better leverage OL for policymaking and decision-making, future 
research should prioritize examining the direct links between OL and 
policy outcomes, as well as developing practical guidance on how to 
integrate OL into marine policy processes. Collaboration between re-
searchers, policymakers, and stakeholders will be crucial in addressing 
these knowledge gaps and enhancing the policy relevance of OL. From a 
governance perspective, addressing the appropriateness and inclusivity 
of OL terminology is crucial. Collaborative efforts involving diverse 
stakeholders, including indigenous communities and underrepresented 
groups, can help reframe OL in a more inclusive and culturally sensitive 

manner. This could enhance the acceptance and effective implementa-
tion of OL initiatives, fostering greater participation and ownership 
among coastal communities in ocean and coastal management 
processes.

3.10. Limitations

This SM provides an overview of the OL literature to observe the 
evolution and trends in relation to this specific concept. However, as 
highlighted by the review, there are issues with the term OL, including 
calls to redefine OL. For example, to “recognise tacit and practical 
wisdom and local and Indigenous knowledge that, where applicable, is 
also in concert with the dominant scientific paradigm” (Spalding et al., 
2023) (p8). Further, some papers may be discussing OL but use different 
terms in the title or abstract and therefore would be more difficult to 
pick up in the SM process. For example, using terms such as “marine 
literacy”, “coastal literacy”, “aquatic literacy” and “environmental lit-
eracy”. Furthermore, we did not examine associated terms such as ma-
rine stewardship or marine citizenship (Buchan et al., 2023; McKinley 
and Fletcher, 2010, 2012), which are often used in conjunction with OL.

Only English language articles were included in this SM which means 
that potential research in other languages was excluded from our 
database. This limitation could be readdressed by conducting updates on 
this SM to include a range of languages and accessing different litera-
tures. This is important because scientists from the Global Majority are 
underrepresented in marine conservation (Ahmadia et al., 2021; Shel-
lock et al., 2022, 2023) and associated fields (Maas et al., 2021). 
English-language focused searches may further exacerbate these trends 
and result in gaps in understanding of research and practice. Lastly, 
some of the articles were inaccessible, however, this number was low 
and hence unlikely to affect the overall trends in our SM. Despite these 
limitations, the SM provides a comprehensive overview of the current 
state of OL research and highlights areas that warrant further attention 
from both researchers and policymakers. Addressing the identified gaps 
and recommendations can advance the field and enhance the practical 
application of OL in supporting sustainable ocean management.

4. Conclusions

The field of OL has grown since its inception in 2002 and our SM 
demonstrates that OL as a concept and practice is likely to continue 
evolving rapidly. We have used a SM methodology to examine the 
existing evidence base on OL. This SM is a first step at bringing coher-
ence to the evidence base, identifying opportunities, and providing a 
way forward by focusing on synthesised understandings of OL. We 
encourage and invite future primary research and evidence synthesis to 
ask new questions of the literature base and to use our SM as a starting 
point. This SM underscores the importance of adopting a governance 
approach that recognizes the multidisciplinary and cross-sectoral nature 
of OL. Effective ocean and coastal management requires a holistic un-
derstanding of the social, cultural, and economic dimensions of human- 
ocean interactions. By bringing together diverse perspectives and 
knowledge systems, OL can serve as a platform for fostering inclusive 
and participatory governance processes, ultimately contributing to more 
sustainable and equitable management of marine resources and 
ecosystems.
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Pebayle, A., Pörtner, H.-O., Osvaldina, S., Ricard, P., Santos, R.S., Sicre, M.-A., 
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