
Contents lists available at ScienceDirect

Marine Policy

journal homepage: www.elsevier.com/locate/marpol

Bibliometric analysis of ocean literacy: An underrated term in the scientific
literature

Sónia Costaa,b,c,⁎, Rui Caldeiraa,b,c

a OOM - Observatório Oceânico da Madeira/ARDITI - Agência Regional para o Desenvolvimento da Investigação, Tecnologia e Inovação, Edifício Madeira Tecnopolo,
Caminho da Penteada, 9020-105 Funchal, Madeira, Portugal
b CIIMAR - Interdisciplinary Centre of Marine and Environmental Research, Research Group of Ecotoxicology, Stress Ecology and Environmental Health, University of
Porto, Terminal de Cruzeiros do Porto de Leixões, Av. General Norton de Matos s/n, 4450-208 Matosinhos, Portugal
c CIIMAR Madeira - Centro Interdisciplinar de Investigação Marinha e Ambiental, Edifício Madeira Tecnopolo, Caminho da Penteada, 9020-105 Funchal, Madeira,
Portugal

A R T I C L E I N F O

Keywords:
Ocean literacy
Review
Bibliometric analyses
Educational
Public
Knowledge

A B S T R A C T

Since the term “ocean literacy” (OL) was proposed in 2004 by a group of professionals dedicated to ocean
sciences, marine education, and general education policies, its principles have spread worldwide. In order to
better understand OL-related research a bibliometric analysis was performed with data from databases obtained
from Scopus and Web of Science (WoS). Fifty-two publications matched the search criteria (articles and con-
ference papers with OL as part of title, keywords and/or abstract). Analysed parameters included the document
types, publishing outlets, authors, countries, institutes, author keywords and title words. The term OL in sci-
entific publications has been quantitatively dominated by the United States of America (USA), followed by the
United Kingdom (UK) and Canada. The UK and Italy were the countries with the most international collaborative
publications on this theme. In addition, the UK was the country that established the most international colla-
borations. National Oceanic and Atmospheric Administration (NOAA) was the most productive institution and
the Proceedings of the MTS/IEEE OCEANS 2005 was the publishing outlet containing the most publications. The
analysis has also revealed the intrinsic link between science and OL, the use of questionnaires to evaluate the
level of citizens’ knowledge, values and awareness about marine issues, and the emphasis placed on educational
approaches to improve OL.

1. Introduction

The term ocean literacy (OL) is defined as the understanding of the
ocean's influence on humans and of our influence on the ocean [1]. The
initial discussions around this idea began in the United States of
America (USA) in 2004, with the engagement of representatives from
several ocean-related areas (educators, researchers and policymakers)
[2,3]. The participants were concerned with the lack of public aware-
ness about the importance of oceans and with the absence of ocean
topics in the American school curriculum. A series of workshops were
organised to discuss what should be understood by Americans about the
ocean by the end of high school [3]. The result was the development of
a framework comprising a guide entitled “Ocean Literacy – The Es-
sential Principles and Fundamental Concepts of Ocean Sciences for
Learners of All Ages” (1st version published in 2005 and 2nd version in
2013) [4] and the start of a national campaign in the USA aimed at

achieving an ocean-literate society. The guide identifies seven essential
principles (Table 1) and 44 fundamental concepts that students should
know by the end of Grade 12. A more detailed document, named
“Ocean Literacy Scope and Sequence for Grades K-12″, was also pro-
duced in order to detail how educators could help learners build their
understanding of the seven Ocean Literacy Principles [5]. Those
guidelines, developed to help implement an ocean-dedicated curri-
culum in the USA, are now largely accepted and have been an in-
spiration for several initiatives worldwide. Some countries adopted the
OL principles and developed new approaches adapted to their reality.
Portugal was one of the first countries to adopt the USA OL guides
through the initiative “Conhecer o Oceano” (“Knowing the Ocean”),
engaging scientists and educators alike (http://www.cienciaviva.pt/
oceano/home/). Also, museums, aquariums, and science centres have
been restructuring their programs, exhibitions, and activities to in-
corporate the OL guidelines [6–8].
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To achieve an ocean-literate society, the OL principles and concepts
should be integrated not only into educational practice, curricula, and
textbooks but also in regulations and scientific research [2,9–11]. Some
regulations which are essential to implementing responsible ocean po-
licies and management strategies, are currently embedding OL and are
aligned with its core principles, although not always explicitly using the
term (e.g. Marine Framework Strategy Directive; Blue Growth Strategy;
Marine Spatial Planning Directive; Common Fisheries Policy; Birds Di-
rective; and Habitats Directive), as discussed in [10]. Furthermore, at
European policy level, the European Union (EU), USA, and Canada
signed a transatlantic ocean research alliance that explicitly identified
OL as one of the key areas for cooperation among marine scientists
[12]. EU awareness of OL is also evident in the recent calls for OL-
dedicated projects. For instance, in 2013 it was included in the “Re-
search and Innovation Funding Program – Horizon 2020”. In fact, a
specific call was dedicated to the topic “Ocean literacy – Engaging with
Society” [13]. One of the funded initiatives was the Sea Change project,
which targeted its intervention at three main societal groups: the gen-
eral public, formal educators, and policy makers [14] (http://www.
seachangeproject.eu/).

Individual behaviour changes are also essential to ensuring the
sustainable use of the ocean and its resources [15]. Anthropogenic
pressures demand an urgent change of human behaviours that is only
possible if each citizen understands the ocean's vital role, i.e., if each
citizen becomes ocean-literate [13,16]. Additionally, enhancing public
knowledge and awareness will lead to increased public support for
ocean restoration and/or conservation efforts [7,10].

Twelve years after the original OL proposal, it is important to review
what has been published as well as to determine what progress has been
made. To this end, the present study aims to perform a bibliometric
analysis on the term OL, thus providing an overview of the research
works’ features. It also attempts to identify trends and gaps that could
orient future studies. The main objectives were: a) to analyse the OL
literature growth over time; b) to identify the countries, institutions,
publishing outlets, and authors publishing on OL; c) to identify the
collaborations established among countries and among institutions to
implement OL initiatives and/or to publish OL studies; d) to identify
research trends and gaps on this topic.

2. Materials and methods

2.1. Data collection

The study was conducted during February 2017 through a biblio-
graphic survey using the Scopus and Web of Science (WoS) multi-
disciplinary databases. Publications were searched from the databases’
custom data (from 1900 to 2016 in WoS and from 1960 to 2016 in
Scopus) using OL as search criteria. The documents where OL appeared
in the title, keywords, and/or abstract were included in the study.

The search resulted in 93 records, all written in English. After re-
moving duplicates in our in-house database, 62 records belonging to
different document types remained: 32 articles (61.5%), 20 conference
papers (38.5%); 3 notes (5.8%); 3 editorial materials (5.8%); 1 book
(1.9%); 1 book chapter (1.9%); 1 conference review (1.9%); and 1
meeting abstract (1.9%). Taking into consideration the

representativeness of different publication types, 52 records belonging
to the article and conference paper categories were selected for further
analysis.

2.2. Data management and analysis

Bibliometric approaches have been widely accepted for evaluating
several research topics (e.g. methods, trends, preeminent authors) in
most areas of expertise, from natural (e.g. [17,18,19]) to social sciences
(e.g. [20–22]. In the present bibliometric study, performance analysis
and science mapping [23] were used as procedures to evaluate the
publications’ characteristics and to display some content features. The
focus was placed in the document types, publishing outlets, authors,
countries, institutions, author keywords, and title words.

The contributions of institutions and countries were estimated using
author affiliations and addresses. Each journal's Impact Factor (IF) was
obtained from InCites™ Journal Citation Reports® (Thomson Reuters,
Philadelphia, PA) and refers to the year 2015. The term “single country
publication” was assigned to outputs of authors from the same country
and ‘‘single institutional publication” was assigned when the re-
searchers’ addresses were from the same institution, even though they
belonged to different departments. “National inter-institutional colla-
borative publication” was used to designate works co-authored by re-
searchers from multiple institutions, but all from the same country, and
“international collaborative publication” was assigned for publications
with authors from multiple countries. Pairs of collaborative countries
and pairs of collaborative institutions were identified through maps
based in co-occurrences and drawn in Pajek software.

Pajek is an open source program used for analysis and visualisation
of large networks [24]. The data inserted into Pajek was previously
obtained with Bibexcel, a free software frequently used to perform
bibliometric analysis and to prepare data for mapping in other appro-
priate software [25]. Further visual improvements were made in Pajek
maps.

Title word and author keyword analysis is a relatively simple
method to perform content studies to reveal the main topics and trends
emerging from the research data. In the present study, the list of words
used in the publications’ titles and the frequency of their presence
(prepositions and other stop words removed) was obtained using the
Bibexcel software. First Bibexcel separates the titles into single words
and then ranks them according to their frequency. The list obtained was
further examined in order to identify and group similar words (ex.
engage/engagement, impact/impacts). Author keywords (available
only in 24 of the 52 publications) were also obtained with Bibexcel. The
same software was used to extract author, institution, and country
frequencies from our database.

3. Results and discussion

3.1. Publication characteristics through time

Searching by OL on Scopus and WoS returned 52 publications
meeting our criteria (32 articles and 20 conference papers, duplicates
excluded). The first records were found in the year 2005 (2 articles and
6 conference papers) (Fig. 1). This finding was expected because the
concept was initially proposed in late 2004 with a subsequent OL
campaign initiated thereafter.

Assuming that journals and conferences are the main tools in dis-
seminating scientific research results, it may be posited that the pattern
of publication in those diffusion media could give us an indication of
the themes’ importance within the academic research community.
Additionally, it could be an indicator of the funding allocated to the
research theme, since the number of publications, and their impact, are
widely regarded as a useful method of demonstrating the investment
return of research and institutional funding [26]. In this case, the
number of publications was considerably low and widely variable

Table 1
The essential principles of ocean literacy.

1. The Earth has one big ocean with many features
2. The ocean and life in the ocean shape the features of Earth
3. The ocean is a major influence on weather and climate
4. The ocean makes Earth habitable
5. The ocean supports a great diversity of life and ecosystems
6. The ocean and humans are inextricably interconnected
7. The ocean is largely unexplored
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through time (ex: 8 publications in 2005, 1 in 2006, and 3 in 2007 and
2008) (Fig. 1). Those results suggest that research on OL was not suc-
cessful in terms of number of published scientific studies, at least when
compared with “environmental literacy” [16]. Nevertheless, the term
has been used extensively in numerous other contexts. A quick search
for OL in Google and Google Scholar returned, respectively, around 89
800 and 920 results, confirming that at present OL is a concept broadly
accepted and adopted and used as a guide for several activities. In fact,
sometimes the term OL is not explicitly mentioned; but its principles
can be easily identified in ocean-related literature including, for in-
stance, its evidence in marine policy documents, some written even
before the start of the regular use of the term and the launch of the USA
OL guides [10].

In this context, French et al. [10] suggest that the OL term should be
used in political communications and documents and in follow-up ac-
tivities and initiatives. This suggestion should be extended to scientific
research.

The most productive year was 2015 with 10 publications, of which 7
were articles (Fig. 1). In contrast, in 2010 and 2012 no articles or
conference papers were found. Moreover, in 2014 and 2016 no records
of conference papers were detected, while in 2009 the pattern was re-
versed: no articles were published. Between 2005 and 2012, the

number of articles was equal to or lower than conference papers, while
after 2013 this tendency was inverted. The increasing number of arti-
cles in recent years might reflect an increased interest of the scientific
community and publishers in the topic and suggests a future positive
growth trend. It is possible that at the time of our data collection
(February 2017), some publications from 2016 were not yet included in
the searched databases and their actual number could be higher. In
addition, besides the cumulative low number of publications found, it is
plausible that the several projects and initiatives that have been un-
dertaken, not only in the USA but also more recently in Europe with
funds allocated to OL projects and initiatives, may result in future sci-
entific research outputs that could increase the actual number of pub-
lications.

The number of authors and publication outlets followed the same
temporal trend of total articles and conference papers. Their peaks were
registered in 2015 corresponding to 41 authors and 10 publishing
outlets (Fig. 1).

3.2. Publication activity of journals and conference proceedings

Fig. 2 lists the publishing outlets with the matching number of
publications and the IF 2015 (some of the publishing outlets do not

Fig. 1. Number of total publications, articles, conference papers,
authors, and publishing outlets (journals + conference proceed-
ings) on “ocean literacy”, from 2005 to 2016.

Fig. 2. Publishing outlets used to disseminate studies on “ocean
literacy”, from 2005 to 2016, with the number of publications and
respective Impact Factor 2015. The journal marked with an as-
terisk includes one publication classified as conference paper,
since it was published in a special issue of a conference.
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have IF). A considerable amount of journals (n = 18) and conference
proceedings (n = 11) published scientific studies on OL. The mean IF
was 2.35± 2.43 (SD), ranging from 0.047 (Sea Technology) to 9.423
(Proceedings of the National Academy of Sciences of the United States of
America – PNAS). For most publishing outlets only 1 work was found.
Some were more productive but none published more than 5 works.
The Proceedings of the MTS/IEEE OCEANS 2005 ranked 1st, corre-
sponding to 9.6% of all published studies, followed by the Journal of
Geoscience Education and Sea Technology journals, which both ranked in
2nd position with 4 articles. Marine Policy and Ocean & Coastal Man-
agement, both with 3 articles, ranked 3rd in the most productive jour-
nals group. Together, those 4 journals accounted for 26.9% of all
publications and 43.8% of all articles.

When considering only the conference proceedings (Fig. 2), the
Proceedings of MTS/IEEE OCEANS 2005, the most productive, were
followed by the Oceans Conference Record (IEEE) - OCEANS 2007 and
by the Proceedings of the OCEANS’08 MTS/IEEE- Quebec City, both
with 3 records and accounting for 21.2% of total publications and
55.3% of all conference papers. The proceedings of the OCEANS con-
ference was the main publishing outlet of conference papers. OCEANS,
sponsored by IEEE Oceanic Engineering Society and The Marine
Technology Society, is an international forum for scientists, engineers
and ocean users to disseminate and exchange their knowledge, ideas
and scientific-technical advances in Oceanic Engineering and Marine
Technology. Its aim is to raise awareness regarding the vital role of the
sea and the use of technology to preserve it. The conference is biannual,
one held at various locations in the USA or Canada and one in an in-
ternational location [27]. OCEANS's scope is aligned with OL principles
which explains its predominance as a source of publications, con-
tributing 28.8% of them. From all OCEANS conferences, the most
productive was the one held in Washington D.C., in 2005, the year after
the official OL was born, probably reflecting the campaign efforts.
Afterwards, the yield was inconsistent and in recent years the interest in
presenting OL-related works in this conference seemed to decrease;
only one conference paper was presented in OCEANS 2009, 2013, and
2015, and none in 2010 or 2012 (Fig. 2).

3.3. Publication activity of countries

Sixteen countries from 4 continents were identified as publishing
articles or conference papers on OL (Table 2). Half of the publications
(n = 26) were single country outputs of 6 countries; the other half
comprised collaborative publications covering 14 countries. Clearly, the

USA was the main contributor with 38 records (73.1%) (Table 2), fol-
lowed by the UK but with a large gap (5 publications, 9.6%), and by
Canada (4 publications, 7.7%). The USA's dominance is unsurprising
given that it was American specialists and organizations that proposed
the term and initiated the OL national campaign [3] as well as the fact
that 7 of the 8 OCEANS conferences that contributed to the available
scientific literature on OL were held in American cities.

Until 2012 only articles and/or conference papers assigned to the
USA were found (Fig. 3), confirming its prominent interest in the topic.
It was only in 2013 that other countries started publishing scientific
works on OL, but sporadically and with low representation. In addition,
the USA presented the largest number of publications during the whole
period, except in 2014, when it was slightly overtaken by the UK
(Fig. 3).

Globally, 70.8% works (n = 46) were single country and 29.2% (n
= 19) international collaborative publications (Table 2). The 3 most
productive countries mentioned (USA, UK and Canada) published both
single country and collaborative studies. In Fig. 4 the pairs of colla-
borative countries are shown. The UK was the country that established
cooperation with the highest number of countries (n = 7), followed by
Italy and Spain (n = 6). The main OL contributor country, i.e. USA,
only established 1 international collaboration (with Sweden) (Fig. 4).
The USA's other collaborations, corresponding to 19 works, were
among institutions within its territory.

3.4. Publication activity of institutions

Through the authors’ affiliations 82 institutions devoted to OL were
identified. The more active (with 2 or more outputs) are displayed in
Table 3 and the ones with more authors (5 or more) are present in
Table 4. In the list of the 10 most productive institutions 8 are from the
USA, 1 from Sweden, and 1 from Greece. Regarding the number of
authors, only institutions from the USA and the UK were present in the
list (Table 4). The National Oceanic and Atmospheric Administration
(NOAA) was the most productive institution with 10 publications
(26.3%), followed distantly by Oregon State University with 3 records.
NOAA was one of the institutions, along with COSEE, National Marine
Educators Association, College of Exploration, National Geographic
Society, University of California, Berkeley, and Lawrence Hall of Sci-
ence, which supported the OL campaign [6], thus explaining its pro-
ductivity.

There is no doubt that collaborative work plays an important role in
science. In the present case, half of the outputs (n = 26) were in-
dependent publications, i.e., published by a single institution, while the
other half were inter-institutional works, comprising both national and
international collaborations (respectively, 20 and 6 publications).
International collaborations only started in 2014 (Fig. 5). NOAA, be-
sides its high productivity (compared with the other institutions) only
has 3 collaborative works, all national (Table 4), i.e., written by co-
authors from other American institutions.

The configuration of partnerships among institutions is drawn in
Fig. 6. NOAA was the organization that established collaborations with
more institutions; it cooperated with 7 institutions. The Beacon In-
stitute for Rivers and Estuaries, University of Rhode Island, University
of Gothenburg and Oregon State University, were ranked 2nd, all with 2
inter-institutional collaborations. No institution established a strong
relation with any other since they all had a cooperation frequency of
one.

3.5. Publication activity of authors

In total, the 52 publications analysed were written by 161 authors
(3.1 authors per publication). Ten publications were single author
works (19.2%), 10 were written by 2 authors (19.2%), and 13 by 3
authors (25%). The number of authors was variable through the years
and two peaks were found: one in 2005 and the other in 2015,

Table 2
Performance of countries publishing on “ocean literacy”, from 2005 to 2016.

Country TP (%) SCP (%) ICP (%) AU (%) AU/TP

United States of America 38 (73.1) 37 (71.2) 1 (1.9) 95 (59.0) 2.5
United Kingdom 5 (9.6) 2 (3.8) 3 (5.8) 28 (17.3) 5.6
Canada 4 (7.7) 3 (5.8) 1 (1.9) 11 (6.8) 2.8
Italy 3 (5.8) 0 (0.0) 3 (5.8) 3 (1.9) 3.0
Greece 2 (3.8) 2 (3.8) 0 (0.0) 4 (2.5) 2.0
Spain 2 (3.8) 0 (0.0) 2 (3.8) 4 (2.5) 2.0
Sweden 2 (3.8) 0 (0.0) 2 (3.8) 3 (1.9) 3.0
Australia 1 (1.9) 0 (0.0) 1 (1.9) 1 (0.6) 1.0
Belgium 1 (1.9) 1 (1.9) 0 (0.0) 1 (0.6) 1.0
Chile 1 (1.9) 0 (0.0) 1 (1.9) 4 (2.5) 1.3
China 1 (1.9) 1 (1.9) 0 (0.0) 2 (1.2) 2.0
Ireland 1 (1.9) 1 (1.9) 0 (0.0) 3 (1.9) 1.5
France 1 (1.9) 0 (0.0) 1 (1.9) 1 (0.6) 1.0
Netherlands 1 (1.9) 0 (0.0) 1 (1.9) 1 (0.6) 1.0
Norway 1 (1.9) 0 (0.0) 1 (1.9) 1 (0.6) 1.0
Portugal 1 (1.9) 0 (0.0) 1 (1.9) 1 (0.6) 1.0

TP – Total publications; SCP – Single country publications; ICP – International colla-
borative publications; AU – authors; AU/TP – Mean number of authors per total number
for publication for each country.
Note: Some authors presented affiliations assigned to multiple countries.
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corresponding respectively to 8 and 12 authors (Fig. 1). The lowest
value was recorded in 2006 when only 2 authors were found. Globally,
the USA contributed the highest number of authors followed by the UK
and Canada, corresponding respectively to 95, 28 and 11 authors
(Table 2). The 1st position regarding the mean number of authors per
output was occupied by the UK with 5.6 authors per work, while USA
dropped to 4th position with 2.5 authors per output (Table 2).

Most authors (n = 148, 91.9%) published only 1 work. Only 13
authors wrote 2 or more publications (Table 5). The main contributor
was Keener-Chavis, P. with 5 records (9.6%), followed by Martinez, C.
with 3 works (5.8%). Both authors have American affiliations.

3.6. Characteristics of title words and keywords: a brief content review

Title words (TW) and author keywords (AUKW) are often used to
reveal research field hotspots and discover the emerging trends in sci-
entific research. Titles are the most visible and probably the most read
part of publications. They help readers find the information they are
looking for and, if well-chosen, it will synthesize the information of the
whole paper and will show the subject focus and emphasis of the study.
Consequently, its analysis allows inferences about the tendency of re-
search priorities. Similarly, author keywords can help readers recognise
key publication research content because they are chosen to reflect the

Fig. 3. Number of publications of each country by year, from 2005
to 2016. All institutional addresses of all contributing authors
were considered. Some overlap exist, since the same author often
has affiliations from different countries, thus contributing to the
productivity of 2 or more countries simultaneously. The numbers
inside columns indicates the number of publications of the cor-
responding country.

Fig. 4. Collaborative network among countries. The lines re-
present cooperation between two countries and its width refers to
the frequency it happened. In this case, all collaborations had a
frequency of 1, meaning that only one collaborative output be-
tween the pairs was found. The size of each circle stands for the
total number of international collaboration publications. The
name of the countries are written inside the circles as well as the
number of collaborative publications of each one (n = x).
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authors’ reasoning and to represent the main research emphasis of the
work. Those two indicators of content were analysed in the present
study. Table 6 shows the frequency of the most repeated title words
(mentioned 5 or more times) while Table 7 shows the keywords that
were present in 2 or more outputs.

Apart from the terms included in the search criteria, i.e., ocean and
literacy, the terms science/scientific/scientists, marine and public, were
the three most frequent title words (Table 6). With regards to the author
keywords, only 7.0% of the 117 keywords identified (n=8) were pre-
sent in 2 or more publications (Table 7). Most of them (n = 109,

93.0%) were selected by the authors only once, suggesting diversified
studies. The keyword attitudes ranked 1st (n = 3, 12.2%), but with a
large gap (Table 7), while questionnaires, information sources, middle
school, oceanology, knowledge, climate and Okeanos Explorer all occupied
the 2nd position.

The analysis of the most cited TW and AUKW revealed some re-
searching hot topics and trends. A frequent word in the titles was sci-
ence/scientific/scientists (1st position) revealing a connection between
science and oceans. Indeed, OL and scientific literacy are intrinsically
linked as marine educators have always claimed; they are aware that
science concepts can be taught through ocean examples [6].

NOAA, besides being the most productive institution on OL, as
mentioned above, also features prominently on the most used title
words list (5th position, mentioned in 6 titles, Table 6). This is no doubt
the consequence of strong investment and efforts made by this agency
in education and outreach programs, which have been designed to
improve public OL, both in formal and informal ways [28–30]. Also,
NOAA's ship, named Okeanos Explorer, was present in 4 titles and 2
times as AUKW (Tables 6 and 7). This ship uses real-time commu-
nication with live audiences ashore and is frequently used for OL
education and outreach purposes.

Knowledge is one of the OL components and this word was present in
3 titles and chosen as keyword for 2 publications. Those studies high-
light the importance of assessing the general public and/or specific
societal groups’ level of knowledge about the ocean and to identify
where they tend to acquire it [11,31–34]. However, the research on the
level of knowledge of the general population revealed that, despite the
high percentage of human population living in coastal areas, public
knowledge about ocean and coastal issues is typically low to moderate,
resulting in an ocean illiterate society [2,11,31,32,34–36]. In contrast,
they usually show a high valuation of the marine environment and
concern.

Diverse approaches have been applied until now not only to assess
the level of public OL but also to promote its improvement. The ana-
lyses carried out in this study gave some indications about the methods
used to achieve this aim. For instance, the keyword questionnaires
(AUKW, 2nd position, Table 7) was used in 2 publications indicating its
convenience as a research tool. As an example, Hynes et al. [37] im-
plemented a nationwide survey by questionnaire to explore the public
values, concerns, and preferences towards the Irish marine (WT, 2nd
position, Table 6) environment (WT, 4th position, Table 7), while
Hawkins et al. [38] applied a similar tool to assess public awareness
(WT, 4th position, Table 6) about UK marine protection. In another
study, Heck et al. [36] used the same type of research instrument to
explore the level of Chinese students' ocean environmental awareness.
Although only those 2 works included the keyword questionnaire, other
works were identified using this as a tool. It was the case, for instance,
in Boubonari et al. (2013) and Mogias et al. (2015), who applied

Table 3
Active institutions (with 2 or more outputs) publishing about “ocean literacy”, from 2005
to 2016.

Institute Country P (%) SIP NICP IICP

National Oceanic and Atmospheric
Administration (NOAA)

USA 10 (26.3) 7 3 0

Oregon State University USA 3 (5.8) 1 1 1
Aquarium of the Pacific USA 2 (3.8) 1 1 0
Beacon Institute for Rivers and

Estuaries
USA 2 (3.8) 0 2 0

National Geographic Society USA 2 (3.8) 1 1 0
Democritus University of Thrace Greece 2 (3.8) 2 0 0
Savannah State University USA 2 (3.8) 2 0 0
University of California USA 2 (3.8) 1 1 0
University of Gothenburg Sweden 2 (3.8) 0 1 1
University of Rhode Island USA 2 (3.8) 0 2 0

P: Number of publications.
(%): Percentage relative to all publications.
SIP: Single institute publications.
NICP: National inter-institutional collaborative publications.
IICP: International inter-institutional collaborative publications (at least one of the col-
laborator institution from another country).

Table 4
Institutions with 5 or more authors writing about “ocean literacy”, from 2005 to 2016.

Institution Country Publications (%) Authors (%)

National Oceanic and Atmospheric
Administration (NOAA)

USA 10 (19.2) 10 (6.2)

University of California-Davis USA 3 (5.8) 8 (5.0)
Oregon State University USA 2 (3.8) 7 (4.3)
University of Hawaii USA 2 (3.8) 7 (4.3)
University of York UK 2 (3.8) 7 (4.3)
The University of Exeter Medical

School
UK 2 (3.8) 6 (3.7)

Savannah State University USA 2 (3.8) 5 (3.1)
University of California USA 2 (3.8) 5 (3.1)
Woods Hole Oceanographic

Institution
USA 2 (3.8) 5 (3.1)

Fig. 5. Single institute publications (independent) and colla-
borative publications (national and international) on “ocean lit-
eracy” by year, from 2005 to 2016.
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questionnaires to assess the Greek pre-service teachers’ knowledge,
attitudes, and self-reported behaviours towards marine issues, but these
authors did not include this word in the keyword list nor in the title.

Because all citizens directly or indirectly impact (TW, 7th position,
Table 6) the marine (TW, 2nd position, Table 6) and coastal environment
(TW, both in 6th position, Table 6), public (TW, 3rd position) OL could
play a pivotal role in developing individual perceptions and shaping
individual behaviours, which could contribute to decreasing or in-
creasing the pressures on the ocean. OL is also essential to implement
effective and efficient environmental policies because citizens can play
a significant role in decision-making processes, required by both na-
tional and international regulations, and in efforts and support for
ocean restoration and reforms [7,31,39–41]. In this sense, as stated in
several contexts, citizens should be ocean literate in order to be

Fig. 6. Collaborative network among institutes. The lines denote collaborations between two institutes and its width refers to the frequency of collaboration. In this case, all colla-
borations had a frequency of 1, meaning that only one collaborative output between the pairs was found. The size of each circle stands for collaborative publication number.

Table 5
Active authors (with 2 or more published works) writing on “ocean literacy”, from 2005
to 2016.

Author Country Number of publications (%)

Keener-Chavis P. USA 5 (9.6)
Martinez C. USA 3 (5.8)
Boubonari T. Greece 2 (3.8)
Cava F. USA 2 (3.8)
Curran M. C. USA 2 (3.8)
Dupont S. Sweden 2 (3.8)
Gorell F. USA 2 (3.8)
Hotaling L. USA 2 (3.8)
Kevrekidis T. Greece 2 (3.8)
Markos A. Greece 2 (3.8)
Schubel J. R. USA 2 (3.8)
Scowcroft G. A. USA 2 (3.8)
Steel B. S. USA 2 (3.8)

(%): Percentage relative to all authors.

Table 6
Frequency of the title words mentioned 5 or more times in publications, from 2005 to
2016.

Title words Frequency (%)

Science/Scientific/Scientists 20 (38.5)
Marine 12 (23.1)
Public 8 (15.4)
Education 6 (11.5)
NOAA 6 (11.5)
Students 5 (9.6)
Enhancing/Improve/Increase 5 (9.6)
Attitudes 4 (7.7)
Awareness 4 (7.7)
Coastal 4 (7.7)
Environment/Environments/Environmental 4 (7.7)
Exploration 4 (7.7)
Okeanos explorer 4 (7.7)
Ship 4 (7.7)
Teacher/teachers 3 (5.8)
Classroom/Classrooms 3 (5.8)
Curriculum 3 (5.8)
Engage/Engagement/Engaging 3 (5.8)
Impact/Impacts 3 (5.8)
Knowledge 3 (5.8)
Learning/Learnt 3 (5.8)
National 3 (5.8)
Research 3 (5.8)
Role 3 (5.8)
Understanding/Understand 3 (5.8)

The keywords related to filters, i. e., ‘‘ocean’’ and ‘‘literacy’’, are not included in this table.
Stopwords (prepositions and empty words) were not included. Combination of plural
forms, abbreviations, and other transformations were made.

S. Costa, R. Caldeira Marine Policy 87 (2018) 149–157

155



engaged in policy discussions in an informed way.
The most used TW (Table 6) and AUKW (Table 7) also suggests that

great importance has been attached to the OL educational perspective,
since many of the words included in both lists refer to that (e.g. edu-
cation (TW, 4th position, Table 6), students (TW, 5th position, Table 6),
teachers (TW, 7th position, Table 6), learning (TW, 7th position,
Table 6), classroom (TW, 7th position, Table 6), middle school (AUKW,
2nd position, Table 7)). In the educational framework, the main focus
of the studies was: to understand if ocean science educators are pre-
pared involves knowledge, training, skills and competencies needed to
educate and inform students about ocean issues (e.g. [33,42]); to ex-
amine the knowledge, valuation, interaction and/or interest of students
in ocean subjects (e.g. [11,43]) to describe ocean-related initiatives/
activities and materials/tools developed and implemented to provide
meaningful educational experiences to boost OL levels, both in formal
and informal scenarios [8,28,44–47]. In line with the above, several
authors advocate that integration of OL statements into standard school
curricula would be an effective solution to create a generation of ocean-
literate young people [9,11,42,48]. But, as Schubel & Schubel stated
[7], enhancing public ocean literacy is a major challenge and efforts
should be undertaken with adults as well as with children.

Despite the approaches already implemented over the studied
period, more advanced and in-depth studies are required to understand
several other OL issues. The OL baseline across social groups and all
over the world are required to identify gaps that should be filled, since
until now they were mainly focused in the USA and only recently have
other countries started their own OL campaigns. The curricula re-
formulations should include more ocean-related subjects and issues
along with the evaluation of their efficacy. The design of new materials
and activities is necessary but also with appropriate monitoring and
evaluation ensuring its efficiency and continuous refining. To
strengthen international research cooperation on OL, there is a gap that
should be filled. As far as these issues are concerned, strategic invest-
ments will be needed, not only to undertake OL activities but also to
support scientific research related to it.

4. Conclusions

A bibliometric analysis was carried out to study, both quantitatively
and qualitatively, global research patterns on OL up to 2016. An
overview of the research was presented with information related to
document type, publishing outlets (journals and conference proceed-
ings), authors, countries, institutions, title words, and author keywords.
Some issues and research trends were also considered.

In recent years, OL has become an interesting topic of research but
not as successful in terms of scientific literature as might be expected,
since published studies have been sparse. From 2005 (the year when the
first publication presenting our criteria was found) to 2016, only 52
articles including conference papers were present in Scopus and WoS
databases. The Proceedings of the MTS/IEEE OCEANS 2005 was the

publishing outlet with most publications. The USA was the most in-
fluential country with the highest number of published works and au-
thors. The most productive institution and the most active author were
also from the USA (NOAA and Keener-Chavis, P., respectively). The UK
and Italy presented the leading position regarding the number of in-
ternational collaborative publications. Additionally, the UK established
collaborations with the most countries. Finally, the keyword and title
word analysis revealed the link between science and OL, the usage of
questionnaires as a research tool to evaluate the levels of citizen OL
(including general public, students and teachers), and the design of
materials/activities to improve the OL levels of a range of groups across
society.

Acknowledgments

Sónia Costa and Rui Caldeira were financially supported by the
Oceanic Observatory of Madeira Project (M1420-01-0145-FEDER-
000001-Observatório Oceânico da Madeira-OOM), under Madeira's
Regional Operational Programme (Madeira 14–20), Portugal 2020 and
European Union, through the European Regional Development Fund
(ERDF).

The authors would like to thank to Lídia Martins, Margarida
Hermida, James Auger and Julian Hanna for their help revising the
English.

References

[1] Ocean Literacy Initiative 2004–2005, Ocean literacy: the essential principles and
fundamental concepts of ocean sciences. URL: 〈http://www.coexploration.org/
oceanliteracy/documents/OceanLitConcepts_10.11.05.pdf〉 (Accessed 27 July
2017).

[2] S. Schoedinger, F. Cava, C. Strang, P. Tuddenham, Ocean literacy through science
standards, results of October 2004 workshop on ocean literacy, 2005, pp. 1–5.
〈http://dx.doi.org/http://dx.doi.org/10.1109/OCEANS.2005.1639840〉.

[3] S. Schoedinger, L. Tran, L. Whitley, From the principles to the scope and sequence: a
brief history of the ocean literacy campaign, Spec. Report. Natl. Mar. Educ. Assoc.
(NMEA) 3 (2010) 3–7.

[4] Ocean Literacy Framework, Ocean literacy: the essential principles and funda-
mental concepts of ocean sciences for learners of all ages (version 2), NMEA Special
Report, 2013.

[5] P. Tuddenham, I. Grigorov, T. Bishop, H. Breidahl, E. Copejans, M. Cira, F. Crouch,
G. Fauville, H.K. Susan Heaney, John Joyce, Paula Keener-Chavis, I. Modinou, J.
Parr, R. Rocha, M.S. Ryan, S. Jan, L. Zwartjes, Vision statement on ocean literacy,
and Atlantic Ocean cooperation between European Union, United States of
America & Canada, 2014, p. 2. 〈http://dx.doi.org/dx.doi.org/:10.5281/zenodo.
11864〉.

[6] B.C. Strang, S. Schoedinger, Can you be science literate without being ocean lit-
erate? J. Mar. Educ. 23 (2007) 7–9.

[7] J.R. Schubel, K.A. Schubel, From ocean issues to solutions: the role of public ocean
literacy, Oceans 2008, 2008. 〈http://dx.doi.org/dx.doi.org/10.1109/OCEANS.
2008.5151878〉.

[8] J. Thompson, M.C. Curran, T. Cox, J. Thompson, M.C. Curran, T. Cox, “Capture”me
if you can: estimating abundance of dolphin populations, Sci. Act. 53 (2016) 49–67,
http://dx.doi.org/10.1080/00368121.2015.1135863.

[9] L.U. Tran, D.L. Payne, L. Whitley, Research on learning and teaching ocean and
aquatic sciences, J. Res. Sci. Teach. (2010) 22–26.

[10] V. French, N.-.C. Chu, F. Santoro, I. Sousa Pinto, D. Borges, N. McDonough, Review
of Ocean Literacy in European Maritime Policy, EU Sea Change Project. URL:
〈http://www.marineboard.eu/sites/marineboard.eu/files/public/publication/D5.
1Review_of_Ocean_Literacy_in_Governance.pdf〉 (Accessed 27 July 2017).

[11] H. Guest, H.K. Lotze, D. Wallace, Youth and the sea: Ocean literacy in Nova Scotia,
Canada, Mar. Policy 58 (2015) 98–107, http://dx.doi.org/10.1016/j.marpol.2015.
04.007.

[12] M. Geochefan-Quinn, E. Fast, K.-.A. Jones, Galway statement on Atlantic Ocean
Cooperation lauching a European Union – Canada – United States of America
Research Alliance. URL: 〈https://ec.europa.eu/research/iscp/pdf/galway_
statement_atlantic_ocean_cooperation.pdf〉 (Accessed 27 July 2017), 2013.

[13] European Comission, Ocean literacy – engaging with society – social Innovation.
URL: 〈https://ec.europa.eu/research/participants/portal/desktop/en/
opportunities/h2020/topics/bg-13-2014.html〉 (Accessed 27 July 2017).

[14] C. Vinagre, F.D. Santos, H.N. Cabral, M.J. Costa, Impact of climate and hydrology
on juvenile fish recruitment towards estuarine nursery grounds in the context of
climate change, Estuar. Coast. Shelf Sci. 85 (2009) 479–486, http://dx.doi.org/10.
1016/j.ecss.2009.09.013.

[15] E. McKinley, S. Fletcher, Individual responsibility for the oceans? An evaluation of
marine citizenship by UK marine practitioners, Ocean Coast. Manag. 53 (2010)
379–384, http://dx.doi.org/10.1016/j.ocecoaman.2010.04.012.

Table 7
Most frequent author keywords (mentioned 2 or more times) in
“ocean literacy” publications, from 2005 to 2016.

Author Keywords Frequency (%)

Attitudes 3 (12.2)
Questionnaire 2 (8.3)
Information sources 2 (8.3)
Middle school 2 (8.3)
Oceanology 2 (8.3)
Knowledge 2 (8.3)
Climate 2 (8.3)
Okeanos explorer 2 (8.3)

The keywords related to filter, i.e. ‘‘ocean literacy’’ are not included in
this table.

S. Costa, R. Caldeira Marine Policy 87 (2018) 149–157

156

http://www.coexploration.org/oceanliteracy/documents/OceanLitConcepts_10.11.05.pdf
http://www.coexploration.org/oceanliteracy/documents/OceanLitConcepts_10.11.05.pdf
http://dx.doi.org//http://dx.doi.org/10.1109/OCEANS.2005.1639840
http://refhub.elsevier.com/S0308-597X(17)30510-9/sbref1
http://refhub.elsevier.com/S0308-597X(17)30510-9/sbref1
http://refhub.elsevier.com/S0308-597X(17)30510-9/sbref1
http://dx.doi.org//dx.doi.org/:10.5281/zenodo.11864
http://dx.doi.org//dx.doi.org/:10.5281/zenodo.11864
http://refhub.elsevier.com/S0308-597X(17)30510-9/sbref2
http://refhub.elsevier.com/S0308-597X(17)30510-9/sbref2
http://dx.doi.org//dx.doi.org/10.1109/OCEANS.2008.5151878
http://dx.doi.org//dx.doi.org/10.1109/OCEANS.2008.5151878
http://dx.doi.org/10.1080/00368121.2015.1135863
http://refhub.elsevier.com/S0308-597X(17)30510-9/sbref4
http://refhub.elsevier.com/S0308-597X(17)30510-9/sbref4
http://www.marineboard.eu/sites/marineboard.eu/files/public/publication/D5.1Review_of_Ocean_Literacy_in_Governance.pdf
http://www.marineboard.eu/sites/marineboard.eu/files/public/publication/D5.1Review_of_Ocean_Literacy_in_Governance.pdf
http://dx.doi.org/10.1016/j.marpol.2015.04.007
http://dx.doi.org/10.1016/j.marpol.2015.04.007
https://ec.europa.eu/research/iscp/pdf/galway_statement_atlantic_ocean_cooperation.pdf
https://ec.europa.eu/research/iscp/pdf/galway_statement_atlantic_ocean_cooperation.pdf
https://ec.europa.eu/research/participants/portal/desktop/en/opportunities/h2020/topics/bg-13-2014.html
https://ec.europa.eu/research/participants/portal/desktop/en/opportunities/h2020/topics/bg-13-2014.html
http://dx.doi.org/10.1016/j.ecss.2009.09.013
http://dx.doi.org/10.1016/j.ecss.2009.09.013
http://dx.doi.org/10.1016/j.ocecoaman.2010.04.012


[16] M.C. Uyarra, Á. Borja, Ocean literacy: a “new” socio-ecological concept for a sus-
tainable use of the seas, MPB 104 (2016) 1–2, http://dx.doi.org/10.1016/j.
marpolbul.2016.02.060.

[17] A.J.J. Vickers, Bibliometric analysis of randomized trials in complementary medi-
cine, Complement. Ther. Med. 6 (1998) 185–189, http://dx.doi.org/10.1016/
S0965-2299(98)80026-5.

[18] W. Zhang, W. Qian, Y.-S. Ho, A bibliometric analysis of research related to ocean
circulation, Scientometrics 80 (2009) 305–316, http://dx.doi.org/10.1007/s11192-
007-1863-0.

[19] J. Sun, M.-H.H. Wang, Y.-S.S. Ho, A historical review and bibliometric analysis of
research on estuary pollution, Mar. Pollut. Bull. 64 (2012) 13–21, http://dx.doi.
org/10.1016/j.marpolbul.2011.10.034.

[20] F.G.A. De Bakker, Frank G.A. de Bakker, P. Groenewegen, F. Den Hond, A biblio-
metric analysis of 30 years of research and theory on corporate social responsibility
and corporate social performance, Bus. Soc. 44 (2005) 283–317, http://dx.doi.org/
10.1177/0007650305278086.

[21] C.I.S.G. Lee, W. Felps, Y. Baruch, Toward a taxonomy of career studies through
bibliometric visualization, J. Vocat. Behav. 85 (2014) 339–351, http://dx.doi.org/
10.1016/j.jvb.2014.08.008.

[22] M. Ali, R. Rahimi, F. Okumus, J. Liu, Bibliometric studies in tourism, Ann. Tour.
Res. 61 (2016) 180–198, http://dx.doi.org/10.1016/j.annals.2016.10.006.

[23] E.C.M. Noyons, H.F. Moed, M. Luwel, Combining mapping and citation analysis for
evaluative bibliometric purposes: A bibliometric study, J. Am. Soc. Inf. Sci. 50
(1999) 115–131, http://dx.doi.org/10.1002/(SICI)1097-4571(1999)
50:2<97::AID-ASI1>3.0.CO;2-R.

[24] V. Batagelj, A. Mrvar, Pajek – program for large network analysis, 1999, pp. 1–11.
URL: 〈http://vlado.fmf.uni-lj.si/pub/networks/doc/pajek.pdf〉 (Accessed 27 July
2017).

[25] O. Persson, R. Danell, How to use Bibexcel for various types of bibliometric analysis
(in), Celebrating Scholarly Communication Studies: A Festschrift for Olle Persson at
his 60th birthday, (1999), pp. 9–24.

[26] A. Agarwal, D. Durairajanayagam, S. Tatagari, S.C. Esteves, A. Harlev, R. Henkel,
S. Roychoudhury, S. Homa, N.G. Puchalt, R. Ramasamy, Bibliometrics: tracking
research impact by selecting the appropriate metrics, Asian J. Androl. 18 (2016)
296–309, http://dx.doi.org/10.4103/1008-682X.171582.

[27] Marine Tecnhology Society, Marine Tecnhology Society, 2017. URL: 〈https://www.
mtsociety.org/conferences/Ocean.aspx/〉 (Accessed 27 July 2017).

[28] C. Martinez, F. Gorell, P. Keener-chavis, Reaching out in new ways: working with
alternative schools and underrepresented groups to improve ocean literacy through
the national oceanic and atmospheric administration’s office of ocean exploration,
in: Proceedings of MTS/IEEE OCEANS, 2005, pp. 1–5. 〈http://dx.doi.org/10.1109/
OCEANS.2005.1639869〉.

[29] National Research Council, NOAA's Education Program: Review and Critique,
Committee, The National Academic Press, Washington, D.C, 2010.

[30] P. Keener, Enhancing ocean science literacy in the U.S. and abroad through NOAA
ocean exploration, in: OCEANS, 2011, p. art. no 6107313.

[31] B.S. Steel, C. Smith, L. Opsommer, S. Curiel, R. Warner-steel, Public ocean literacy
in the United States, Ocean Coast. Manag. 48 (2005) 97–114, http://dx.doi.org/10.
1016/j.ocecoaman.2005.01.002.

[32] E.E. Perry, M.D. Needham, L.A. Cramer, R.S. Rosenberger, Coastal resident
knowledge of new marine reserves in Oregon: the impact of proximity and

attachment, Ocean Coast. Manag. 95 (2014) 107–116, http://dx.doi.org/10.1016/j.
ocecoaman.2014.04.011.

[33] A. Mogias, T. Boubonari, A. Markos, T. Kevrekidis, Greek pre-service teachers’
knowledge of ocean sciences issues and attitudes toward ocean stewardship, J.
Environ. Educ. 46 (2015) 251–270, http://dx.doi.org/10.1080/00958964.2015.
1050955.

[34] T. Boubonari, A. Markos, T. Kevrekidis, Greek pre-service teachers’ knowledge,
attitudes, and environmental behavior toward marine pollution, J. Environ. Educ.
44 (2013) 232–251, http://dx.doi.org/10.1080/00958964.2013.785381.

[35] M.L. Umuhire, Q. Fang, Method and application of ocean environmental awareness
measurement: lessons learnt from university students of China, Mar. Pollut. Bull.
102 (2015) 289–294, http://dx.doi.org/10.1016/j.marpolbul.2015.07.067.

[36] N. Heck, A. Paytan, D.C. Potts, B. Haddad, Coastal residents’ literacy about seawater
desalination and its impacts on marine ecosystems in California, Mar. Policy 68
(2016) 178–186, http://dx.doi.org/10.1016/j.marpol.2016.03.004.

[37] S. Hynes, D. Norton, R. Corless, Investigating societal attitudes towards the marine
environment of Ireland, Mar. Policy 47 (2014) 57–65, http://dx.doi.org/10.1016/j.
marpol.2014.02.002.

[38] J.P. Hawkins, B.C.O. Leary, N. Bassett, H. Peters, S. Rakowski, G. Reeve,
C.M. Roberts, Public awareness and attitudes towards marine protection in the
United Kingdom, MPB 111 (2016) 231–236, http://dx.doi.org/10.1016/j.
marpolbul.2016.07.003.

[39] Water Framework Directive, Off. J. Eur. Commun. Dir. – 2000/60/EC. L327, 2000,
pp. 1–72.

[40] R. Jefferson, E. McKinley, S. Capstick, S. Fletcher, H. Griffin, M. Milanese,
Understanding audiences: making public perceptions research matter to marine
conservation, Ocean Coast. Manag. 115 (2015) 61–70, http://dx.doi.org/10.1016/
j.ocecoaman.2015.06.014.

[41] T.C. Beierle, J. Cayford, Democracy in Practice: Public Participation in
Environmental Decisions, Resources for the Future Press, Washington, D.C, 2002.

[42] L. Eidietis, A.M. Jewkes, Making curriculum decisions in K-8 science: the re-
lationship between teacher dispositions and curriculum content, J. Geosci. Educ. 59
(4) (2011) 242–245, http://dx.doi.org/10.5408/1.3651406.

[43] J. Kim, D. Anderson, S. Scott, Korean elementary school students’ perceptions of
relationship with marine organisms, Asia Pac. Forum Sci. Learn. Teach. 14 (2013)
1–21.

[44] J.A. Collins, S. County, F. County, P. Schools, A.G. Collins, N. History, P.O. Box,
Systematics as a hypothesis-based science and its fundamental role in under-
standing oceans, 2005, pp. 1–8.

[45] M.J. Martin, Living classrooms: Teaching ocean education through NOAA’s national
marine sanctuaries, OCEANS, 2005. Proceedings of MTS/IEEE, 2005, pp. 1–5.

[46] M. Hoeberechts, D. Owens, D.J. Riddell, A.D. Robertson, The Power of seeing: ex-
periences using video as a deep-sea engagement and education tool, in: OCEANS’15
MTS/IEEE Washington, 2015. 〈http://dx.doi.org/dx.doi.org/10.23919/OCEANS.
2015.7404592〉.

[47] J.M. Foley, B.C. Bruno, R.T. Tolman, R.S. Kagami, M.H. Hsia, B. Mayer, J.K. Inazu,
C-MORE science kits as a classroom learning tool, J. Geosci. Educ. 267 (2013)
256–267, http://dx.doi.org/10.5408/12-336.1.

[48] F. Cava, S. Schoedinger, C. Strang, P. Tuddenham, Science content and standards
for ocean literacy: a report on ocean literacy, Natl. Geogr. Soc. (2005), 〈http://
www.cosee.net/files/coseeca/OLit04-05FinalReport.pdf〉 (Accessed 27 July 2017).

S. Costa, R. Caldeira Marine Policy 87 (2018) 149–157

157

http://dx.doi.org/10.1016/j.marpolbul.2016.02.060
http://dx.doi.org/10.1016/j.marpolbul.2016.02.060
http://dx.doi.org/10.1016/S0965-2299(98)80026-5
http://dx.doi.org/10.1016/S0965-2299(98)80026-5
http://dx.doi.org/10.1007/s11192-007-1863-0
http://dx.doi.org/10.1007/s11192-007-1863-0
http://dx.doi.org/10.1016/j.marpolbul.2011.10.034
http://dx.doi.org/10.1016/j.marpolbul.2011.10.034
http://dx.doi.org/10.1177/0007650305278086
http://dx.doi.org/10.1177/0007650305278086
http://dx.doi.org/10.1016/j.jvb.2014.08.008
http://dx.doi.org/10.1016/j.jvb.2014.08.008
http://dx.doi.org/10.1016/j.annals.2016.10.006
http://dx.doi.org/10.1002/(SICI)1097-4571(1999)50:2<97::AID-ASI1>3.0.CO;2-R
http://dx.doi.org/10.1002/(SICI)1097-4571(1999)50:2<97::AID-ASI1>3.0.CO;2-R
http://vlado.fmf.uni-lj.si/pub/networks/doc/pajek.pdf
http://refhub.elsevier.com/S0308-597X(17)30510-9/sbref16
http://refhub.elsevier.com/S0308-597X(17)30510-9/sbref16
http://refhub.elsevier.com/S0308-597X(17)30510-9/sbref16
http://dx.doi.org/10.4103/1008-682X.171582
https://www.mtsociety.org/conferences/Ocean.aspx/
https://www.mtsociety.org/conferences/Ocean.aspx/
http://dx.doi.org//10.1109/OCEANS.2005.1639869
http://dx.doi.org//10.1109/OCEANS.2005.1639869
http://refhub.elsevier.com/S0308-597X(17)30510-9/sbref18
http://refhub.elsevier.com/S0308-597X(17)30510-9/sbref18
http://dx.doi.org/10.1016/j.ocecoaman.2005.01.002
http://dx.doi.org/10.1016/j.ocecoaman.2005.01.002
http://dx.doi.org/10.1016/j.ocecoaman.2014.04.011
http://dx.doi.org/10.1016/j.ocecoaman.2014.04.011
http://dx.doi.org/10.1080/00958964.2015.1050955
http://dx.doi.org/10.1080/00958964.2015.1050955
http://dx.doi.org/10.1080/00958964.2013.785381
http://dx.doi.org/10.1016/j.marpolbul.2015.07.067
http://dx.doi.org/10.1016/j.marpol.2016.03.004
http://dx.doi.org/10.1016/j.marpol.2014.02.002
http://dx.doi.org/10.1016/j.marpol.2014.02.002
http://dx.doi.org/10.1016/j.marpolbul.2016.07.003
http://dx.doi.org/10.1016/j.marpolbul.2016.07.003
http://dx.doi.org/10.1016/j.ocecoaman.2015.06.014
http://dx.doi.org/10.1016/j.ocecoaman.2015.06.014
http://refhub.elsevier.com/S0308-597X(17)30510-9/sbref28
http://refhub.elsevier.com/S0308-597X(17)30510-9/sbref28
http://dx.doi.org/10.5408/1.3651406
http://refhub.elsevier.com/S0308-597X(17)30510-9/sbref30
http://refhub.elsevier.com/S0308-597X(17)30510-9/sbref30
http://refhub.elsevier.com/S0308-597X(17)30510-9/sbref30
http://dx.doi.org//dx.doi.org/10.23919/OCEANS.2015.7404592
http://dx.doi.org//dx.doi.org/10.23919/OCEANS.2015.7404592
http://dx.doi.org/10.5408/12-336.1
http://www.cosee.net/files/coseeca/OLit04-05FinalReport.pdf
http://www.cosee.net/files/coseeca/OLit04-05FinalReport.pdf

	Bibliometric analysis of ocean literacy: An underrated term in the scientific literature
	Introduction
	Materials and methods
	Data collection
	Data management and analysis

	Results and discussion
	Publication characteristics through time
	Publication activity of journals and conference proceedings
	Publication activity of countries
	Publication activity of institutions
	Publication activity of authors
	Characteristics of title words and keywords: a brief content review

	Conclusions
	Acknowledgments
	References




