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A B S T R A C T   

The sea surrounds both Taiwan and Japan, but they have adopted different marine education policies. This study 
used the ocean literacy framework published by the National Oceanic and Atmospheric Administration to 
examine the ocean literacy of high school students in Taiwan and Japan. We also investigated the channels 
through which students acquired marine biology knowledge and whether parental education level and students’ 
attitudes toward the ocean affected ocean literacy. Tests were administered in Japanese and Chinese to assess 
students’ ocean literacy, attitude, and background. This study used descriptive statistics, the independent sample 
t-test, and multigroup structural equation modeling. Taiwanese students considerably outperformed Japanese 
students in ocean literacy, scoring significantly higher in five of the seven ocean literacy principles. In Taiwan, 
higher parental education level led to higher ocean literacy scores, but not in Japan. Access to information 
regarding marine biology also differed by country. These results provide a reference to high schools, teachers, 
and policymakers in Taiwan and Japan and can help improve curricula, learning environments, and marine 
education policies.   

1. Introduction 

This study used the English and Chinese versions of the International 
Ocean Literacy Survey (IOLS), developed by Tsai and Chang [1] and 
Fauville et al. [2] to explore ocean literacy (OL) among high school 
students in Taiwan and Japan and to understand the effects of parental 
education level (P.EDU) and students’ attitude (ATT) toward the ocean 
on OL. Taiwan and Japan have adopted different approaches to marine 
education. Japanese marine education is promoted through social edu-
cation. Sasaki [3] mentioned that marine education should be integrated 
into teaching materials to help students understand marine sciences, 
develop respect for the ocean, and create a society with extensive ocean 
knowledge. A total of 12 concepts should be incorporated into the 
teaching and supplementary materials for students of all ages. After the 
2011 Tohoku earthquake and tsunami, the Japanese government was 
urged to increase its investment in marine education, promote it through 
official and unofficial channels, and follow the US model [4]. However, 
in Taiwan, marine education has been incorporated into various courses 
and focuses on OL’s relationship with recreation, culture, society, sci-
ence, technology, resources, and sustainability. Because of these dif-
ferences in the educational system, OL among Taiwanese and Japanese 

students should be explored. 

1.1. Marine education in Taiwan and Japan 

Both Taiwan and Japan are surrounded by and dependent on the 
ocean, but their policies on marine education are different. One study 
analyzed Japanese elementary and high school textbooks and revealed 
that topics related to rivers, oceans, and water constituted 21.7 % of the 
content of elementary school textbooks and 34.5 % of high school 
textbook content [5]. These percentages are considerably higher than 
those in Taiwanese textbooks (< 10 %)[6], indicating an emphasis on 
these topics in Japan. However, Sasaki [3] suggested that the amount of 
marine education content in Japanese elementary and high school 
textbooks was insufficient to provide students with a systematic un-
derstanding of the ocean. The White Paper on Oceans and Ocean Policy 
published by Japan’s Ocean Policy Research Institute in 2004 indicated 
that the core elements of marine education are the ability to protect the 
ocean, knowledge of the ocean, and proper use of the ocean. To instill 
these core elements in students and promote marine education nation-
wide, the institute published the Basic Act on Ocean Policy in 2007, the 
first comprehensive marine policy in Japan, defining the key goals. 
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Article 28 of the act states that marine education in Japan should deepen 
the nation’s understanding of and care for the ocean through school and 
social education, signing treaties regarding the ocean and the use of its 
resources, and implementing sustainable practices. It also proposes 
measures such as allocating government resources to interdisciplinary 
education, university research on marine science, and training pro-
fessionals in marine science. The act drives policies that reflect the 
ocean’s critical role in Japan and promote marine education [5]. The 
Ocean Policy Research Institute of Japan publishes elementary, middle, 
high school, and vocational high school marine education guidelines 
[4]. The guidelines provide supplementary lesson plans for teachers of 
each grade to ensure marine education. They also provide recommended 
lessons on caring for the ocean, human–ocean interaction, marine re-
sources, and understanding and connecting with the ocean [4]. 

Taiwan performs better in promoting marine education than Japan, 
the U.S., and European countries mainly in the following four ways: (1) 
Taiwan has established the Curriculum Guidelines of Marine Education 
Issues, formulated by the Ministry of Education, which extends the 
Competence Indicators of Ocean Education for nine-year integrated 
education to the substantive content of marine education issue for 12- 
year compulsory education; (2) Taiwan has a policy to educate stu-
dents on marine issues before high school; (3) Commissioned by the 
Ministry of Education, the Taiwan Marine Education Center conducts a 
comprehensive marine literacy test for students of the sixth, ninth, and 
twelfth grades nationwide, which is one of the largest tests of its kind 
among countries in the world. The results of the test are used as a 
reference for the revision of the national marine education policy and 
the marine education implementation of counties and cities; (4) Tai-
wan’s marine education takes into account both humanities and the 
natural aspects. Taiwan promotes the five cores of learning simulta-
neously, including marine leisure, society, culture, science and tech-
nology, and resources and sustainability [6], while the Curriculum 
Guidelines of Marine Education of Taiwan is its biggest advantage. 

Taiwan’s marine education is implemented with the integration of 
major issues, and is carried out in accordance with the goal of devel-
oping marine education. The White Paper on Marine Education Policy was 
published in 2007, to outline the foundation of Taiwan’s blueprint for 
marine education. Based on this, the Curriculum Guidelines of Marine 
Education Issues for Primary and Secondary Schools were issued in 2008 
to include marine education issues into the Nine-Year Integrated Cur-
riculum, as well as senior high school and vocational high school sub-
jects. In contrast to following the international definition of marine 
literacy that focuses on marine science, the new guidelines emphasize 
the appropriate interaction between people and the ocean, creating an 
educational environment that encourages being close to, loving, and 
understanding the sea. The daily life of human beings is closely related 
to the ocean. However, due to political and cultural factors in Taiwan’s 
early days, its marine education developed at a slower pace compared 
with other countries. Moreover, most of the serving teachers had no 
training in marine education. Students could only obtain ocean-related 
information through other means (such as family education, cultures 
and customs, or life experience), which led them to receive wrong 
concepts or myths, and these factors hindered students’ learning of 
ocean education [7]. Therefore, Taiwan’s education authorities realized 
the importance of marine education and constructed a complete and 
feasible strategy to implement marine education. 

1.2. Definition of ocean literacy 

Because people’s lives are closely related to the sea, understanding 
and improving the ocean literacy of students and the general public are 
particularly crucial. Ocean literacy leads to informed participation in the 
discussion on the future of the oceans and responsible and effective 
decision making [2]. Ocean literacy requires individuals to be empow-
ered with knowledge and inspired to act [8]. These acts can involve 
communicating about the ocean in a meaningful way as well as making 

informed decisions about behavior changes at individual as well as so-
cietal scales. Additionally, a person with ocean literacy understands the 
origin and basic concepts of the ocean and can convey marine knowl-
edge and form clear and meaningful conclusions regarding the ocean 
and its resources [9]. Based on marine science, the NMEA (National 
Marine Educator Association) defines ocean literacy as “an under-
standing of the ocean’s influence on you, and your influence on the 
ocean” [10]. According to this definition, the NMEA developed a 
framework regarding ocean literacy, namely The Essential Principles of 
Ocean Science K-12 (Ocean Literacy Principles) and the Ocean Literacy 
Scope and Sequence for Grades K-12 (Scope and Sequence). The seven 
principles of ocean literacy are (P1) Earth has one large ocean with 
many features, (P2) The ocean and life in the ocean shape the features of 
Earth, (P3) The ocean is a significant influence on weather and climate, 
(P4) The ocean made Earth habitable, (P5) The ocean supports a great 
diversity of life and ecosystems, (P6) The ocean and humans are inex-
tricably interconnected, and (P7) The ocean is largely unexplored [10]. 
The Ocean Literacy Principles and Scope and Sequence also provide 
formal and informal educators and curriculum and project designers 
with a framework diagram for establishing coherent and sound marine 
learning content for kindergarten to 12th grade (K-12) students. 

1.3. Ocean literacy survey 

There are some OL investigations performed in Taiwan but not in 
Japan [7,11–14]. These surveys have also revealed low OL and little 
knowledge of marine science among Taiwanese students [7,11–14]. 
Chang [11] investigated middle school students’ knowledge of marine 
science, OL, and marine science skills; the students answered 50 % of 
questions on marine science correctly. This indicates insufficient 
knowledge of marine science and misconceptions about the ocean. Lwo 
et al. [7] reported that high school students had an average accuracy of 
50 % in identifying misconceptions about the ocean, with accuracy 
lower than 50 % for more than half of the assessment items. This in-
dicates that these students’ educational materials about the ocean were 
insufficient in elementary and high school. Chang et al. [12] indicated 
that vocational high school students exhibited unsatisfactory OL, with 
an average accuracy lower than 50 % on the OL assessment. They also 
had only a basic understanding of the ocean. The middle school students 
exhibited an accuracy rate of 63 % for ocean literacy sentence-making, 
indicating a basic performance level [13]. Tsai [14] collected 1944 high 
school students in Taiwan to understand their performance in OL. The 
research results also showed that the response rate of high school stu-
dents on the ocean literacy questionnaire was about 60 %. 

1.4. Influence of variables on the ocean literacy 

The present study examined how Taiwan and Japan’s marine edu-
cation policies have affected the OL of high school students. Numerous 
studies have reported that students’ OL can differ considerably by 
country. In addition, this study explored how P.EDU and ATT affect OL. 
Scholars have also examined differences in OL between male and female 
students [7,11,15]; Chang [11] observed no significant differences, but 
Lwo et al. [7] discovered that female high school students scored 
significantly higher on marine science tests than male students. More-
over, men were reported to significantly outperform women in 
self-assessed knowledge of marine biology and on tests [15]. Some 
studies have indicated that women are more concerned about problems 
affecting the ocean than men [16,17]. 

Studies [18,19] have demonstrated that socioeconomic factors (e.g., 
parental education level and income) affect students’ literacy and per-
formance in science. Scholars have also noted the particular importance 
of the relationship between parental education and student performance 
in science [18,20,21]. Kalender and Berberoglu [18] used parental ed-
ucation as a socioeconomic status indicator and noted that it affected 
students’ science performance. Caldas and Bankston [22] also used 
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parental education as a proxy for family socioeconomic status and 
revealed that it considerably affected students’ performance in science. 
Although marine education is a crucial component of science curricula, 
few studies have explored how P.EDU affect students’ OL. 

Academic performance is also affected by ATT. Positive ATT and 
strong motivation help students learn and achieve higher academic 
performance. Students’ ATT toward the environment also affects their 
marine education [23,24]; however, few studies have explored this 
relationship. Greely [23] indicated that knowledge of the ocean and ATT 
toward the environment contribute substantially to OL. Fortner and 
Mayer [24] revealed that ATT toward the ocean and the Great Lakes 
determined individuals’ knowledge of them. 

Studies have explored the OL of Japanese and Taiwanese students 
separately using different frameworks, which has precluded the com-
parison of the two groups. The present study employed the OL frame-
work of the National Oceanic and Atmospheric Administration (NOAA). 
We investigated the channels through which students acquired knowl-
edge of the ocean and whether P.EDU and students’ ATT affect their OL. 
The results could help high schools in Taiwan and Japan understand the 
factors that affect students’ OL and improve their curricula and learning 
environment. 

2. Methods 

2.1. Materials and procedure 

Students’ OL, ATT, and background (gender, P.EDU, and source of 
knowledge) were evaluated. The IOLS, developed for students aged 
16–18 years and originally in English, was used to assess the OL. Because 
of enthusiasm in the OL community, volunteer researchers have trans-
lated it into 16 languages [2]. Tsai and Chang [1] and Fauville et al. [2] 
indicated that the IOLS has satisfactory psychometric properties (e.g., 
reliability and validity). It comprises seven principles that constitute OL; 
the principles have 48 items in total, with 38 being single-choice items 
and 10 being multiple-choice. Table 1 presents the items for each 
principle. P2, P4, and P7 have fewer items, which is consistent with the 
SOLE (survey of ocean literacy and experience) developed by Markos 
et al. [25]; the items in these principles are difficult to answer correctly, 
and measuring students’ knowledge of the ocean through 
paper-and-pencil tests is challenging [1]. For more details, refer to Tsai 
and Chang [1] and Fauville et al. [2]. 

Students’ ATT was mainly assessed using items based on those 
developed by Tsai et al. [26] Three items were used (“I enjoy learning 
about the ocean,” “Marine biology is boring,” and “I like marine biology” 
[26]). Each item was rated on a 4-point Likert-type scale (1 = strongly 
disagree, 2 = slightly disagree, 3 = slightly agree, and 4 = strongly agree). 
The second item was reverse scored. Higher scores indicated more 

positive ATT toward the ocean. The method suggested by Tsai et al. [26] 
and Tsai et al. [27], which was based on a 4-point Likert-type scale (1 =
middle school or below, 2 = high school, 3 = university, 4 = master’s 
degree or above) was used to measure P.EDU. 

The Chinese and Japanese questionnaire versions were used in 
Taiwan and Japan, respectively. Because this study was conducted be-
tween May 2020 and March 2021, during the COVID-19 epidemic, data 
were collected online through a web survey. The respondents were from 
the northern, central, and southern parts of Taiwan, northeastern Japan, 
and the Tokyo area. Teachers helped the students complete the survey 
during class on a computer. Some schools were closed due to the 
pandemic and could not administer the questionnaires, which is a lim-
itation of this study. 

2.2. Participants 

A total of 750 and 542 high school students from Taiwan and Japan, 
respectively, completed the questionnaire. A total of 69 and 46 incom-
plete questionnaires were excluded, leaving 681 and 493 valid ques-
tionnaires from Taiwan and Japan, respectively; 351 (51.5 %) of the 
Taiwanese students were male and 330 (48.5 %) female, whereas 255 
(51.7 %) of the Japanese students were male and 238 (48.3 %) female. 

2.3. Statistical analysis 

This study used descriptive statistics, the independent sample t-test, 
and an evaluation of measurement invariance across countries. Mea-
surement invariance was tested hierarchically through a series of seven 
nested models with successive equivalence constraints across groups 
[28]. Measurement invariance was determined by assessing the change 
in the root mean square error of approximation (RMSEA); a change of >
0.07 indicated no measurement invariance [26,29]. Multigroup struc-
tural equation modeling (MG-SEM) was used to determine whether the 
relationships among the hypothesized model’s latent variables fit the 
data. Several criteria and cutoffs were used to assess the confirmatory 
factor analysis model [28,30]. A comparative fit index (CFI) of > 0.97 
indicates a satisfactory model–data fit, whereas 0.90 is acceptable for 
the lower bound [31]. An RMSEA < 0.05 indicates adequate fit, 0.05 <
RMSEA < 0.08 suggests moderate fit, and RMSEA > 0.10 indicates poor 
fit [30,32]. Standardized root mean squared residual (SRMR) > 0.05 
also indicates adequate model–data fit [30]. The MG-SEM parameters 
were estimated using Mplus [33] based on maximum likelihood 
estimation. 

3. Results 

3.1. Sources of knowledge 

Fig. 1 presents the analysis results of sources of knowledge and in-
formation. The three most common sources for Taiwanese students were 
museums, TV, and classes (67.1 %, 62.0 %, and 51.2 %, respectively). 
For Japanese students, the most common sources were school-based 
promotional activities (i.e., marine accident and disaster prevention 
promotion), TV, and classes (62.9 %, 53.5 %, and 49.7 %, respectively). 

3.2. Mean comparison 

Fig. 2 presents the results for each principle of the OL scale. The 
Taiwanese and Japanese students answered more than 50 % of the 
questions correctly; 61.3 % for the Taiwanese students and 51.2 % for 
the Japanese students. Both groups answered the most questions 
correctly for P1 and P3, but the Taiwanese students answered more 
questions correctly in five of the seven principles (P1–P3, P5, and P6) 
than the Japanese students. 

The total scores and scores for each principle were averaged. Table 2 
presents the means and standard deviations. An absolute value of 3 was 

Table 1 
Number of items in the scale that feature the seven principles of ocean literacy.  

Essential principle No. of 
items 

P1: The Earth has one big ocean with many features 
(Features of the ocean) 

15 

P2: The ocean and life in the ocean shape the features of Earth 
(The ocean and its life shape earth) 

3 

P3: The ocean is a major influence on weather and climate 
(Weather and climate) 

10 

P4: The ocean made Earth habitable 
(The ocean made earth habitable) 

3 

P5: The ocean supports a great diversity of life and ecosystems(The 
diversity of life and ecosystems) 

9 

P6: The ocean and humans are inextricably interconnected 
(The ocean and humans are interconnected) 

6 

P7: The ocean is largely unexplored 
(The ocean is largely unexplored) 

2 

Total 48  
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used as the threshold for skewness and kurtosis to determine normal 
data distribution [34,35]. In Taiwan, the skewness and kurtosis for the 
variables were from − 1.381 to 0.495 and from − 0.769 to 2.159, 
respectively. In Japan, the skewness and kurtosis for the variables were 

from − 0.493 to 0.432 and from − 1.237 to 0.174, respectively. The 
values were within the acceptable range. The independent sample t-test 
was conducted to compare the average scores between genders and 
countries, with the total scores and scores for each principle as the 
dependent variables; Table 2 presents the results. Significant differences 
in the total score and the score for each principle were observed between 
the Taiwanese and Japanese students. For P1–P3, P5, P6, and total 
scores, the Taiwanese students (M = 10.8, 1.78, 6.9, 4.76, 3.22, and 
29.43, respectively) had significantly higher scores than the Japanese 
students (M = 8.97, 1.36, 5.21, 4.05, 2.67, and 24.52, respectively). For 
P4 and P7, the Taiwanese students (M = 1.18 and 0.8, respectively) had 
significantly lower scores than the Japanese students (M = 1.32 and 
0.99, respectively). 

Among the Taiwanese students, the female students had significantly 
higher scores for six of the eight dependent variables than the male 
students (all but P5 and P7). The average P1–P4, P6, and total scores for 
the female students were 10.99, 1.92, 7.28, 1.26, 3.44, and 30.5, 
respectively, while those for the male students were 10.62, 1.64, 6.53, 
1.10, 3.01, and 28.43, respectively. The female students in Taiwan 
outperformed the male students, whereas the male students in Japan 
significantly outperformed the female students. Among the Japanese 
students, the male students had significantly higher scores than the fe-
male students for seven of the eight dependent variables (all but P3). The 
average P1, P2, P4, P5, P7, and total scores for the male students were 
9.27, 1.43, 1.49, 4.2, 2.76, 1.06, and 25.52, respectively, whereas those 
for the female students were 8.62, 1.29, 1.16, 3.89, 2.57, 0.92, and 

Fig. 1. Sources of marine knowledge for students.  

Fig. 2. Relative frequencies of correct answers per principle and total OL scale. Note. P1:The Earth has one big ocean with many features; P2:The ocean and life in the 
ocean shape the features of Earth; P3:The ocean is a major influence on weather and climate; P4:The ocean made Earth habitable; P5:The ocean supports a great 
diversity of life and ecosystems; P6:The ocean and humans are interconnected; P7:The ocean is largely unexplored. 

Table 2 
Descriptive statistics for OL and other variables.  

Item/observed variable Taiwan Japan Total sample 

Male 
(n = 351) 

Female 
(n = 330) 

t Male 
(n = 255) 

Female 
(n = 238) 

t Taiwan 
(n = 681) 

Japan 
(n = 493) 

t 

Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) 

P1: Features of ocean 10.62(2.65) 10.99(1.97)  -2.07* 9.27(2.09) 8.62(2.13)  3.83** 10.80(2.36) 8.97(2.13) 13.67*** 
P2: Ocean & its life shape Earth 1.64(0.71) 1.92(0.59)  -5.66*** 1.43(0.72) 1.29(0.65)  2.30* 1.78(0.66) 1.36(0.69) 10.51*** 
P3: Weather and climate 6.53(2.43) 7.28(1.85)  -4.49*** 5.31(1.76) 5.11(1.81)  1.22 6.90(2.20) 5.21(1.78) 13.98*** 
P4: Earth habitable 1.10(0.66) 1.26(0.67)  -2.97** 1.49(0.72) 1.16(0.63)  5.47*** 1.18(0.67) 1.32(0.69) -3.73*** 
P5: Diversity of life and ecosystems 4.70(1.91) 4.82(1.63)  -0.85 4.20(1.41) 3.89(1.50)  2.34* 4.76(1.78) 4.05(1.46) 7.29*** 
P6: Ocean and humans are interconnected 3.01(1.26) 3.44(0.99)  -4.89*** 2.76(1.00) 2.57(1.05)  2.04* 3.22(1.16) 2.67(1.02) 8.44*** 
P7: Ocean largely unexplored 0.82(0.68) 0.78(0.68)  0.59 1.06(0.70) 0.92(0.65)  2.40* 0.80(0.66) 0.99(0.69) -4.81*** 
Total 28.43(7.96) 30.50(5.60)  -3.89*** 25.52(5.46) 23.55(5.42)  3.99*** 29.43(6.99) 24.52(5.66) 12.78*** 

Note. *:p < .05; **:p < .01; ***:p < .001. 
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23.55, respectively. 

3.3. Relationships between parental education level, students’ attitude, 
and ocean literacy 

Measurement invariance across countries was a prerequisite for 
comparison. Table 3 presents the results of the analysis with the nested 
models. The RMSEA for each model was less than 0.08, and the CFI was 
greater than 0.90. These results indicated that the models adequately fit 
the sample data. The ΔRMSEA of the seven nested models was less than 
0.07, which indicated measurement invariance across the Taiwanese 
and Japanese students. The hypothesized models for the Taiwanese and 
Japanese students were analyzed through MG-SEM; Fig. 3 presents the 
results. The model had adequate fit (CFI = 0.976 > 0.90, 
RMSEA = 0.029 < 0.05, and SRMR = 0.043 < 0.05). 

Table 4 presents the indirect, direct, and total effects of P.EDU and 
ATT on OL under the condition of measurement invariance between 
Taiwan and Japan. ATT significantly impacted OL in both countries, 
with effect sizes of 0.08 and 0.26, respectively. The effect of P.EDU on 
ATT was nonsignificant in both countries, indicating that ATT does not 
moderate the effect of P.EDU on OL. 

The direct effect of P.EDU on OL varied between countries. In 
Taiwan, the effect was directly related to OL, and the coefficient was 
0.21 (p < .001). For Japan, the coefficient (0.14) was nonsignificant. 
The total effect of P.EDU on OL was stronger for Taiwanese students 
than for Japanese students: 0.208 and 0.145, respectively. The effect of 
ATT on OL was stronger for Japanese students than for Taiwanese stu-
dents: 0.257 and 0.084, respectively. 

4. Discussion 

4.1. Ocean knowledge sources and ocean literacy performance 

Students from Taiwan and Japan acquire knowledge from different 
sources because of the countries’ respective marine education systems. 
Although marine education is similar in Taiwan and Japan in terms of 
content, each system has unique characteristics. In Taiwan, museums, 
TV, and classroom learning are students’ primary sources of knowledge 
about the ocean. The study’s results were similar to those of Chang [11]. 
It indicated that students who frequently visited marine biology mu-
seums and watched TV programs about marine science exhibited strong 
knowledge of marine science [11]. Japanese students mainly rely on 
school, TV, and classroom learning. The only difference in resources 
between the two countries is museums. Taiwan adopts an integrated 
approach to promoting marine education. Schools that do not prioritize 
marine education rarely integrate it into the curriculum, and teachers 

seldom teach it through an integrated approach. Marine education is 
more comprehensive in Japan than in Taiwan. After the 2011 Tohoku 
earthquake and tsunami, 83.2 % of Japanese students indicated that 
they considered knowledge of marine biology essential [4]. This has 
contributed to the advancement of marine education in Japanese 
schools and represents a key difference between the countries. 

The Taiwanese students scored higher in ocean literacy than the 
Japanese students. The Taiwanese students had more correct answers 
and higher mean scores than the Japanese students in five of the seven 
principles. The result is quite interesting. Japanese elementary and high 
school textbooks found higher percentages of rivers, oceans, and water 
topics than Taiwan’s textbooks [5]. However, Taiwanese students have 
a relatively high ocean literacy performance. This may have been 
because, in Taiwan, students are exposed to marine biology in the earth 
science curriculum beginning in the eighth grade. In middle school, the 
natural science curriculum includes certain marine biology-based con-
tent, and some teachers specialize in earth science. Furthermore, the 
items used to assess ocean literacy were based on the NOAA framework, 
and the seven principles mostly relate to marine biology. These factors 
may have resulted in the Taiwanese students outperforming the Japa-
nese students in ocean literacy. 

Although the performances of students in the two countries were 
different, both countries should be more committed to improving stu-
dents’ marine literacy. According to Stefanelli-Silva et al. [36], the 
marine life around schools, as well as informal marine courses on 
pollution, waste management and recycling can significantly improve 
students’ awareness of ocean-related topics. In addition to in-person 
classes, online courses are also being delivered around the world, 
which helps students achieve the goal of improving their marine literacy 
[8]. For example, Fielding et al. [8] designed the “Exploring Our 
Oceans” online course. The impacts of this course include evidence of 
changed awareness and attitudes to ocean issues; increased applications 
and participation in undergraduate and postgraduate programs; devel-
opment of communication and outreach skills in the postgraduate 
community. Both Taiwan and Japan are coastal countries. It is suggested 
that in addition to formal courses taught in schools, the marine envi-
ronment around the school can be used to create more non-formal 
(support by research and academic organizations) or online courses, to 
break the rigid way of learning marine knowledge and improve stu-
dents’ marine literacy. 

4.2. Influence of variables on the ocean literacy 

The relationships between parental education level, students’ atti-
tude, and ocean literacy differed slightly between Taiwan and Japan. 
Previous studies have demonstrated that parental education level and 

Table 3 
Fit indices for multi-group analysis across countries.  

Model χ2 df CFI RMSEA SRMR Model 
comparison 

ΔRMSEA 

Model 1 
Configural invariance  

186.43  102  0.976  0.027  0.043 - - 

Model 2 
Invariance of factor loadings of measured variables  

220.29  111  0.967  0.026  0.045 2 vs. 1 0.000 

Model 3 
Invariance of intercepts of measured variables  

281.91  123  0.949  0.032  0.045 3 vs. 2 0.006 

Model 4 
Invariance of intercepts of latent variables  

305.56  126  0.943  0.035  0.045 4 vs. 3 0.003 

Model 5 
Invariance of structure covariance  

362.69  127  0.926  0.040  0.046 5 vs. 4 0.005 

Model 6 
Invariance of disturbances of latent variables  

369.41  129  0.925  0.040  0.046 6 vs. 5 0.000 

Model 7 
Invariance of residuals variance of measured variables  

450.32  141  0.902  0.043  0.046 7 vs. 6 0.003 

Note. Taiwan group n = 6814, Japan group n = 493. df = degree of freedom; CFI = comparative fit index; RMSEA = root mean squared error of approximation; 
SRMR = standardized root mean square residuals. 
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income affect students’ literacy and performance in science [18,19]. The 
present study also confirmed the same research results in Taiwan, where 
parental education level and students’ attitude affected students’ ocean 
literacy. Students with higher parental education level scored higher in 
terms of ocean literacy. This finding is also consistent with Kalender and 
Berberoglu [18] and Campbell et al. [20] Kalender and Berberoglu [18] 
demonstrated that parental education level strongly affects students’ 
academic performance, and Campbell et al. [20] revealed that students 
with higher parental education level often earn higher grades. However, 
this may not apply to Japanese high school students. The effect of 
parental education level on ocean literacy was nonsignificant in this 
group. This result is consistent with the investigation of Tsai[14] and 
Mohammadpour[37]. Parental education had nonsignificant effect on 
students’ OL and academic performance. Japanese students may be less 
susceptible to parental influence and have more academic autonomy 
than Taiwanese students; this should be further explored. In Taiwan and 
Japan, the more positive the students’ attitude, the better their ocean 
literacy was. This result is similar to those of some previous studies [14, 
26]. Students’ attitude toward the ocean was a predictor of ocean 

literacy. However, parental education level did not affect ocean literacy 
through students’ attitude. 

4.3. Limitations and future research 

A longitudinal study could be conducted to explore ocean literacy in 
students of other countries and ages to analyze ocean literacy in relation 
to each nation’s marine education policies and to establish ocean liter-
acy models for elementary, middle, and high school students. The results 
of such studies can be a reference for educators developing activities and 
policy makers for marine education. Studies can also widen the scope of 
data collection to entire nations. This study was conducted during the 
COVID-19 epidemic, and some schools were closed, which limited data 
collection to Japan’s Tokyo and Tohoku regions; this is one limitation. 
After the pandemic, scholars should collect data more comprehensively 
to achieve a representative level of coverage. In addition, this study was 
limited to understanding students’ access to marine knowledge and their 
performance in ocean literacy. Recent work has broadened the defini-
tion of ocean literacy and suggested that the concept comprises the 
following dimensions: (i) attitude, (ii) communication, (iii) behavior 
and (iv) activism, (v) connection to the ocean, (vi) emotions and 
empathy, (vii) motivations and (viii) access. [38,39] This should also be 
the focus of future research and will expand the study of ocean literacy. 

5. Conclusions 

This study examined ocean literacy in Taiwanese and Japanese high 
school students, the channels through which students acquire knowl-
edge of marine biology, and the factors that affect ocean literacy. 
Taiwanese students significantly outperformed Japanese students in 
terms of ocean literacy. In addition, the channels through which stu-
dents acquired knowledge are similar in both countries. In Taiwan, high 

Fig. 3. Standardized estimates of relations of 
latent variables in hypothesized model. Chi- 
Square = 186.43, df = 102, p-value = < 0.001, 
RMSEA = 0.029, SRMR = 0.043, CFI = 0.976. 
Note. Taiwan group n = 681, Japan group 
n = 493 and total sample n = 1174. P. 
EDU = parental educational level; ATT = mar-
ine attitude; RMSEA = root mean squared error 
of approximation; SRMR = standardized root 
mean square residuals; The first value is for 
Taiwan group and second value is for Japan 
group.   

Table 4 
Direct, indirect, and total effects of latent variables on ocean literacy.  

Effects Paths Taiwan Japan 

Direct P.EDU → ATT  0.037  0.029 
P.EDU → OL  0.205  0.138 
ATT → OL  0.084  0.257 

Indirect P.EDU → OL  0.003  0.007 
Total P.EDU →ATT  0.037  0.029 

P.EDU →OL  0.208  0.145 
ATT → OL  0.084  0.257 

Note. P.EDU = parental educational level; ATT = marine attitude; OL = ocean 
literacy. 
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parental education levels led to high ocean literacy scores, but this was 
not the case in Japan; these results may have been due to differences in 
the countries’ marine education policies. The results provide a reference 
for high schools, teachers, and policy makers wishing to improve 
curricula, learning environments, and marine education policies in 
Taiwan and Japan. 

CRediT authorship contribution statement 

Liang-Ting Tsai: Conceptualization, Methodology, Supervision, 
Writing – original draft, Writing – review & editing, Formal analysis, 
Funding acquisition, Project administration. Tsuyoshi Sasaki: Data 
curation, Writing – original draft. Chin-Kuo Wu: Data curation, Writing 
– original draft. Cheng-Chieh Chang: Writing – original draft, Formal 
analysis, Writing – review & editing, Funding acquisition, Project 
administration. 

Funding 

This work was supported by the Ministry of Science and Technology, 
Taiwan under Grants MOST 108-2511-H-019-001-MY3 and MOST 109- 
2511-H-320-004-MY3. 

Data Availability 

Data will be made available on request. 

References 

[1] L.T. Tsai, C.C. Chang, Measuring ocean literacy of high school students: 
psychometric properties of a Chinese version of the ocean literacy scale, Environ. 
Educ. Res. 25 (2019) 264–279, https://doi.org/10.1080/ 
13504622.2018.1542487. 

[2] G. Fauville, C. Strang, M.A. Cannady, Y.F. Chen, Development of the international 
ocean literacy survey: measuring knowledge across the world, Environ. Educ. Res. 
25 (2019) 238–263, https://doi.org/10.1080/13504622.2018.1440381. 

[3] T. Sasaki, How to enhance ocean literacy, Rakusui 817 (2017) 27–35. 
[4] Nippon Foundation Ocean Policy Research Foundation, A Nationwide Survey on 

the Situation of Marine Education in Elementary and Junior High Schools, Nippon 
Foundation, Tokyo, 2012. 

[5] T. Sasaki, S. Kawashita, A. Manap, Japanese fisheries high school student attitudes 
about the fisheries school technical curriculum, J. Tokyo Univ. Mar. Sci. Technol. 6 
(2010) 59–68. 

[6] C.C. Chang, L.S. Lwo, A research on the importance of the learning contents of 
marine education, Curric. Instr. Q 19 (2016) 53–82. 

[7] L.S. Lwo, C.C. Chang, Y.P. Tung, W.C. Yang, Marine science literacy and 
misconceptions among senior high school students, J. Res. Educ. Sci. 58 (2013) 
51–83, https://doi.org/10.6209/JORIES.2013.58(3).03. 

[8] S. Fielding, J.T. Copley, R.A. Mills, Exploring our oceans: using the global 
classroom to develop ocean literacy, Front. Mar. Sci. 6 (2019) 340, https://doi.org/ 
10.3389/fmars.2019.00340. 

[9] W.F. Kean, T.J. Posnanski, J.J. Wisniewski, T.C. Lundberg, Urban earth science in 
Milwaukee Wisconsin, J. Geosci. Educ. 52 (2004) 433–437, https://doi.org/ 
10.5408/1089-9995-52.5.433. 

[10] NMEA, NMEA Special Report #3. 〈http://oceanliteracy.wp2.coexploration.or 
g/ocean-literacy-network/foundations/nmea-special-report/〉 (Accessed 30 
November 2021 from): The Ocean Literacy Campaign, 2010. 

[11] C.C. Chang, A study on the influential factors of marine science knowledge and 
capability indicators for junior high school students, Educ. J. 43 (2015) 173–196. 

[12] C.C. Chang, W.C. Yang, L.S. Lwo, Evaluating vocational high school students’ 
marine science literacy and their misconceptions, Sci. Educ. Mthly. 371 (2014) 
2–17. 

[13] Y.L. Lin, L.Y. Wu, L.T. Tsai, C.C. Chang, The beginning of marine sustainability: 
preliminary results of measuring students’ marine knowledge and ocean literacy, 
Sustainability 12 (2020) 7115, https://doi.org/10.3390/su12177115. 

[14] L.T. Tsai, Multilevel effects of student and school factors on senior high school 
students’ ocean literacy, Sustainability 11 (2019) 5810, https://doi.org/10.3390/ 
su11205810. 

[15] 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, https://doi.org/ 
10.1016/j.ocecoaman.2005.01.002. 

[16] European Commission, European attitudes towards climate change, 2009. 
〈http://ec.europa.eu/public_opinion/archives/ebs/ebs_322_en.pdf〉, (Accessed 10 
December 2012). 

[17] M. Wester, B. Eklund, My husband usually makes those decisions: gender, 
behavior, and attitudes toward the marine environment, Environ. Manag. 48 
(2011) 70–80, https://doi.org/10.1007/s00267-011-9676-6. 

[18] I. Kalender, G. Berberoglu, An assessment of factors related to science achievement 
of Turkish students, Int. J. Sci. Educ. 31 (2009) 1379–1394, https://doi.org/ 
10.1080/09500690801992888. 

[19] E. Myrberg, M. Rosén, A path model with mediating factors of parents’ education 
on students’ reading achievement in seven countries, Educ. Res. Eval. 14 (2008) 
507–520, https://doi.org/10.1080/13803610802576742. 

[20] J.R. Campbell, C.M. Hombo, J. Mazzeo, NAEP, 1999 trends in academic progress: 
three decades of student performance, 2000. 〈http://nces.ed.gov/nationsreportca 
rd/pdf/main1999/2000469.pdf〉, (Accessed 19 September 2013). 

[21] B. Senler, S. Sungur, Parental influences on students’ self-concept, task value 
beliefs, and achievement in science, Span. J. Psychol. 12 (2009) 106–117, https:// 
doi.org/10.1017/s1138741600001529. 

[22] S.J. Caldas, C.L. Bankston, Effect of school population socioeconomic status on 
individual academic achievement, J. Educ. Res. 90 (1997) 269–277, https://doi. 
org/10.1080/00220671.1997.10544583. 

[23] T. Greely, Ocean Literacy and Reasoning about Ocean Issues: The Influence of 
Content, Experience and Morality (PhD dissertation), University of South Florida, 
2008. 〈http://scholarcommons〉. 〈http://usf.edu/etd/271〉. 

[24] R. Fortner, V. Mayer, Ohio students’ knowledge and attitudes about the oceans and 
Great Lakes, Ohio, J. Sci. 83 (1983) 218–224. 

[25] A. Markos, T. Boubonari, A. Mogias, T. Kevrekidis, Measuring ocean literacy in pre- 
service teachers: psychometric properties of the Greek version of the survey of 
ocean literacy and experience (SOLE), Environ. Educ. Res. 23 (2017) 231–251, 
https://doi.org/10.1080/13504622.2015.1126807. 

[26] L.T. Tsai, Y.L. Lin, C.C. Chang, An assessment of factors related to ocean literacy 
based on gender-invariance measurement, Int. J. Environ. Res. Public Health 16 
(2019) 3672, https://doi.org/10.3390/ijerph16193672. 

[27] L.T. Tsai, C.C. Yang, Y.J. Chang, Gender differences in factor affecting science 
performance of eighth grade Taiwan students, Asia-Pac. Educ. Res. 24 (2015) 
445–456, https://doi.org/10.1007/s40299-014-0196-z. 

[28] B.M. Byrne, Testing for multigroup equivalence of a measuring instrument: a walk 
through the process, Psicothema 20 (2008) 872–882. 

[29] G.W. Cheung, R.B. Rensvold, Evaluating goodness-of-fit indexes for testing 
measurement invariance, Struct. Equ. Model. 9 (2002) 233–255, https://doi.org/ 
10.1207/S15328007SEM0902_5. 

[30] R.B. Kline. Principles and Practice of Structural Equation Modeling, second ed., 
The Guilford Press, New York, 2005. 

[31] K. Schermelleh-Engel, H. Moosbrugger, H. Müller, Evaluating the fit of structural 
equation models: tests of significance and descriptive goodness-of-fit measures, 
Methods Psychol. Res. 8 (2003) 23–74. 

[32] M.W. Browne, R. Cudeck, Alternative ways of assessing model fit, in: K.A. Bollen, J. 
S. Long (Eds.), Testing Structural Equation Models, Sage, Beverly Hills, California, 
1993, pp. 136–62. 

[33] L.K. Muthén, B.O. Muthén, Mplus User’s Guide, Muthén & Muthén, Los Angeles, 
California, 1998–2017. 

[34] L.T. Tsai, C.C. Chang, P.H. Hu, A scale for assessing student understandings of 
marine resource conservation and sustainability: psychometric verification and the 
latent mean difference between genders, Environ. Educ. Res. 27 (2021) 
1329–1342, https://doi.org/10.1080/13504622.2021.1923664. 

[35] R.B. Kline, Principles and Practice of Structural Equation Modeling, Guilford Press, 
New York, 2015. 

[36] G. Stefanelli-Silva, J.C.F. Pardo, P. Paixão, T.M. Costa, University extension and 
informal education: useful tools for bottom-up ocean and coastal literacy of 
primary school children in Brazil, Front. Mar. Sci. 6 (2019) 389, https://doi.org/ 
10.3389/fmars.2019.00389. 

[37] E. Mohammadpour, Factors accounting for mathematics achievement of 
Singaporean eighth-graders, Asia-Pac. Educ. Res. 21 (2012) 507–518. 

[38] 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, https://doi.org/10.1016/j.ocecoaman.2010.04.012. 

[39] C. Brennan, M. Ashley, O. Molloy, A system dynamics approach to increasing ocean 
literacy, Front. Mar. Sci. 6 (2019) 360, https://doi.org/10.3389/ 
fmars.2019.00360. 

L.-T. Tsai et al.                                                                                                                                                                                                                                  

https://doi.org/10.1080/13504622.2018.1542487
https://doi.org/10.1080/13504622.2018.1542487
https://doi.org/10.1080/13504622.2018.1440381
http://refhub.elsevier.com/S0308-597X(23)00082-9/sbref3
http://refhub.elsevier.com/S0308-597X(23)00082-9/sbref4
http://refhub.elsevier.com/S0308-597X(23)00082-9/sbref4
http://refhub.elsevier.com/S0308-597X(23)00082-9/sbref4
http://refhub.elsevier.com/S0308-597X(23)00082-9/sbref5
http://refhub.elsevier.com/S0308-597X(23)00082-9/sbref5
https://doi.org/10.6209/JORIES.2013.58(3).03
https://doi.org/10.3389/fmars.2019.00340
https://doi.org/10.3389/fmars.2019.00340
https://doi.org/10.5408/1089-9995-52.5.433
https://doi.org/10.5408/1089-9995-52.5.433
http://oceanliteracy.wp2.coexploration.org/ocean-literacy-network/foundations/nmea-special-report/
http://oceanliteracy.wp2.coexploration.org/ocean-literacy-network/foundations/nmea-special-report/
http://refhub.elsevier.com/S0308-597X(23)00082-9/sbref9
http://refhub.elsevier.com/S0308-597X(23)00082-9/sbref9
http://refhub.elsevier.com/S0308-597X(23)00082-9/sbref10
http://refhub.elsevier.com/S0308-597X(23)00082-9/sbref10
http://refhub.elsevier.com/S0308-597X(23)00082-9/sbref10
https://doi.org/10.3390/su12177115
https://doi.org/10.3390/su11205810
https://doi.org/10.3390/su11205810
https://doi.org/10.1016/j.ocecoaman.2005.01.002
https://doi.org/10.1016/j.ocecoaman.2005.01.002
http://ec.europa.eu/public_opinion/archives/ebs/ebs_322_en.pdf
https://doi.org/10.1007/s00267-011-9676-6
https://doi.org/10.1080/09500690801992888
https://doi.org/10.1080/09500690801992888
https://doi.org/10.1080/13803610802576742
http://nces.ed.gov/nationsreportcard/pdf/main1999/2000469.pdf
http://nces.ed.gov/nationsreportcard/pdf/main1999/2000469.pdf
https://doi.org/10.1017/s1138741600001529
https://doi.org/10.1017/s1138741600001529
https://doi.org/10.1080/00220671.1997.10544583
https://doi.org/10.1080/00220671.1997.10544583
http://scholarcommons
http://usf.edu/etd/271
http://refhub.elsevier.com/S0308-597X(23)00082-9/sbref19
http://refhub.elsevier.com/S0308-597X(23)00082-9/sbref19
https://doi.org/10.1080/13504622.2015.1126807
https://doi.org/10.3390/ijerph16193672
https://doi.org/10.1007/s40299-014-0196-z
http://refhub.elsevier.com/S0308-597X(23)00082-9/sbref23
http://refhub.elsevier.com/S0308-597X(23)00082-9/sbref23
https://doi.org/10.1207/S15328007SEM0902_5
https://doi.org/10.1207/S15328007SEM0902_5
http://refhub.elsevier.com/S0308-597X(23)00082-9/sbref25
http://refhub.elsevier.com/S0308-597X(23)00082-9/sbref25
http://refhub.elsevier.com/S0308-597X(23)00082-9/sbref26
http://refhub.elsevier.com/S0308-597X(23)00082-9/sbref26
http://refhub.elsevier.com/S0308-597X(23)00082-9/sbref26
https://doi.org/10.1080/13504622.2021.1923664
http://refhub.elsevier.com/S0308-597X(23)00082-9/sbref28
http://refhub.elsevier.com/S0308-597X(23)00082-9/sbref28
https://doi.org/10.3389/fmars.2019.00389
https://doi.org/10.3389/fmars.2019.00389
http://refhub.elsevier.com/S0308-597X(23)00082-9/sbref30
http://refhub.elsevier.com/S0308-597X(23)00082-9/sbref30
https://doi.org/10.1016/j.ocecoaman.2010.04.012
https://doi.org/10.3389/fmars.2019.00360
https://doi.org/10.3389/fmars.2019.00360

	Ocean literacy among Taiwanese and Japanese high school students
	1 Introduction
	1.1 Marine education in Taiwan and Japan
	1.2 Definition of ocean literacy
	1.3 Ocean literacy survey
	1.4 Influence of variables on the ocean literacy

	2 Methods
	2.1 Materials and procedure
	2.2 Participants
	2.3 Statistical analysis

	3 Results
	3.1 Sources of knowledge
	3.2 Mean comparison
	3.3 Relationships between parental education level, students’ attitude, and ocean literacy

	4 Discussion
	4.1 Ocean knowledge sources and ocean literacy performance
	4.2 Influence of variables on the ocean literacy
	4.3 Limitations and future research

	5 Conclusions
	CRediT authorship contribution statement
	Funding
	Data Availability
	References


