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Abstract: Consuming fish sustainably means consuming less and better, considering 
environmental, social, and economic impacts. This demands more knowledge to make informed 
decisions. In this study, the main goal was to understand how sustainability education can be used 
as a tool to raise awareness and promote new habits regarding the sustainable consumption of fish 
in 4th-grade students at primary school. During the COVID-19 pandemic, face-to-face and online 
learning methodologies were used in two different groups of students to understand whether the 
teaching method impacted learning. A sequential explanatory mixed methodology was applied, 
with a pre-test/post-test design, combined with focus group sessions. Between the pre and post-
tests three learning modules were performed. The results showed that the students were unaware 
of many aspects related to fish sustainable consumption, but the developed activities significantly 
increased their knowledge of the subject and impacted students to change their consumption 
behaviours. It was also found that the construction of knowledge by the students after the activities 
was achieved either by face-to-face or online learning. Interviews from focus group sessions showed 
that students got to know new fish species, learned about the concept of minimum landing size and 
closure season and that fish are labelled like other types of food. 

Keywords: Sustainable fish consumption; primary school; 4th grade students; face-to-face learning; 
online learning; ocean literacy 

 

1. Introduction 

Marine ecosystems offer numerous advantages, including the provision of sustenance, 
pharmaceutical resources, basic materials, and energy. Additionally, they serve a cultural function 
by facilitating leisure pursuits that enhance our overall health and happiness [1–3]. 

To ensure the well-being of marine ecosystems, it is of paramount importance to foster a deeper 
appreciation and understanding of the ocean. This mission should commence in early education, 
offering children the opportunity to develop a connection with their local marine environment [4]. 
Urgent action is needed to educate and inform citizens of all ages, encouraging responsible attitudes 
and critical thinking to promote a more ocean-literate society [5]. Specifically, middle school students 
have proven to be influential, as they can impact the adults in their families and social circles, acting 
as agents of change and responsible future citizens [6]. Consequently, students must have a solid 
foundation of ocean knowledge, coupled with pro-environmental attitudes and behaviours, enabling 
them to safeguard and sustainably use the ocean and make informed, responsible decisions regarding 
it as they transition into adulthood. This motivated the present research, knowing if 9 to 10-year-old 
students recognize the importance of fish consumption, the urgency of being sustainable in their 
choices, and the role they can have as information vectors within their families. 

Disclaimer/Publisher’s Note: The statements, opinions, and data contained in all publications are solely those of the individual author(s) and 
contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting 
from any ideas, methods, instructions, or products referred to in the content.
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As so, the main objective of the present study was to understand how Ocean Literacy can be 
used as a tool to raise awareness and promote new habits regarding sustainable fish consumption by 
children in the 4th grade. Moreover, as the work took place during the COVID-19 pandemic, 
constraints were raised particularly in public schools regarding the access of staff outside the schools, 
forcing the use of new online learning methodologies. Thus, face-to-face learning methodology was 
used in private schools and distance learning in public ones, conditioning the need to evaluate the 
effectiveness of the methods used. 

1. The following research questions were defined: 
What is the effect of the participation in sustainable fish consumption activities on the 

knowledge and behaviour of 4th-grade students? 
2. How does the mode of implementing activities (face-to-face vs. online) affect the knowledge 

of students? 

2. Literature review 

2.1. The need for sustainable fish consumption 

Fish are widely recognized for their nutritional advantages. They are a favoured dietary 
selection due to their delectable taste, low calorie and carbohydrate content, high protein levels, 
minimal saturated fat, and rich assortment of vital minerals and micronutrients. Furthermore, fish 
represent the primary dietary source of long-chain omega-3 polyunsaturated fatty acids, which are 
deemed "essential" since the human body requires them but cannot sufficiently produce them on its 
own, necessitating their acquisition through dietary means [7]. 

Globally, aquatic foods provided about 17 percent of animal proteins and 7 percent of all 
proteins in 2019 [8]. The global intake of aquatic foods has seen a significant rise in recent years and 
is expected to continue. Excluding algae, the per capita amount meant for human consumption 
reached 20.2 kg. Anticipated drivers of a 15 per cent increase in aquatic food consumption, resulting 
in an average of 21.4 kg per capita by 2030, include increasing incomes, urbanisation, enhanced post-
harvest practices, and evolving dietary preferences. Portugal stands among the top five countries 
globally, with an average apparent per capita consumption of aquatic foods exceeding 50 kg per year 
between 2017 and 2019 [88], and it holds the distinction of being the European Union nation with the 
highest annual per capita seafood consumption, approximately 56 kg) [9]. 

A complex interplay of factors, including geography, marine resources, historical fishing 
traditions, political dynamics, and sociocultural influences like religion and social customs, 
collectively shape the patterns of seafood consumption [10]. These multifaceted elements help explain 
the disparities in per capita aquatic food consumption between nations. 

As fish consumption increases, fishery resources face ongoing depletion driven by overfishing, 
pollution, inadequate management, and other contributing factors. Encouragingly, there is a 
concurrent rise in the landings from biologically sustainable stocks [8]. However, the heightened 
consumption of fish carries consequences on multiple fronts: environmental, given the 
overexploitation of marine resources; economic, with implications for imported products; and even 
health-related concerns in terms of human nutrition, as excessive consumption can lead to health 
problems. However, the viability of promoting greater fish consumption as a dietary suggestion must 
be carefully weighed against the sustainability of marine stocks [11]. 

Consumers have actively joined efforts to address the issue, leading to the emergence of a 
sustainable seafood movement aimed at redirecting consumer demand toward more 
environmentally responsible seafood products. Additionally, eco-labels have become emblematic of 
sustainability, with certain supermarket chains and restaurants pledging to exclusively offer certified 
sustainable seafood [11]. 
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Portuguese consumers possess a substantial knowledge base about seafood in general, and they 
enjoy a diverse range of seafood, including fish, shellfish, cephalopods, and crustaceans, which 
should be a consequence of the diverse nature of Portuguese fisheries [11] In Portugal, cod takes the 
lead as the most consumed fish, accounting for approximately 38% of seafood consumption, followed 
by tuna at 7%, and hake at 6% [10]. Sea bream and salmon, both from aquaculture sources, also enjoy 
substantial popularity. However, there appears to be a declining trend in the significance of sardines 
and horse mackerel [9]. Nevertheless, and despite their considerable knowledge of seafood, 
Portuguese consumer choices do not seem to be significantly influenced by environmental concerns 
[11]. 

Healthy eating has emerged as a prevailing trend in food consumption, leading to a growing 
demand for nutritious and healthful options, including aquatic foods. This surge in consumer and 
major distributor interest in the sustainability of aquatic food systems, with a focus on environmental 
and social aspects, has prompted the development of certification programs and labelling by 
producers and retailers. These efforts aim to align with consumer preferences for sustainable aquatic 
food [8]. However, consumers often lack awareness of the environmental consequences associated 
with their seafood consumption. This is, in part, attributed to a deficiency in "ocean literacy," as well 
as an inability to transform knowledge into action through what is referred to as "marine citizenship." 
This concept involves the idea of collectively altering behaviours to diminish adverse impacts [12]. 

2.2. Ocean literacy and Sustainable Development Goals 

Ocean literacy is the understanding of the ocean’s influence on us, and our influence on the 
ocean. An ocean-literate person understands the fundamental concepts about the functioning of the 
ocean; can communicate about the ocean in a meaningful way; and can make informed and 
responsible decisions regarding the ocean and its resources. [13].  

Ocean literacy is a huge challenge for all players in society. The understanding of how the 
human-ocean relationship translates into a behavioural change that positively affects the oceans is 
key to making decision-makers and the society ocean literate. This task should start with primary 
and secondary students with scientists and schools’ educators playing a crucial role in increasing 
students’ awareness about the ocean [14]. Unfortunately, national school curricula worldwide lack 
ocean literacy-related issues [1], probably because curriculum designers and textbook authors are 
most probably unaware of the existence of the Ocean Literacy Framework [15]. 

In 2015 the United Nations announced the 2030 Agenda for Sustainable Development, composed 
of 17 Sustainable Development Goals (SDGs) [16]. Among them, three are particularly relevant in the 
present study: SDG 4 (Quality Education), which seeks to ensure inclusive and equitable quality 
education, providing students with the knowledge and skills needed to advance a more sustainable 
society, SDG 12 (Responsible Consumption and Production) which claims to ensure sustainable 
consumption and production patterns, which is key to sustain the livelihoods of current and future 
generations, and SDG 14 (Life below Water), which focuses on the conservation and sustainable 
utilisation of oceans, seas, and marine resources for sustainable development. Ocean literacy plays a 
pivotal role in achieving these goals and the objectives of the Decade, holding a significant position 
in the Implementation Plan, where is one of the seven Ocean Decade Outcomes, ‘An engaging and 
inspiring ocean’, and is explicitly referenced in the 9th and 10th Ocean Decade Challenges [17].  

2.3. Face-to-face vs online methodologies 

E-learning has become a topic of discussion in the late 1990s, but only during the pandemic it 
become prominent with the necessity of using it bringing up the dichotomy between this 
methodology and face-to-face teaching mode [18]. These are two learning methods with different 
characteristics. In the first one specific teaching activities are performed and information transfer is 
mediated by electronic and digital platforms facilitated by the Internet. The second one is considered 
a more traditional type of learning where course content and learning material are taught in person 
to a group of students [19].  
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Online learning places a greater emphasis on student-centred approaches. Assessments of 
students can be conducted using various tools, allowing access to information from diverse 
documents uploaded onto the platforms. The effectiveness of learning is closely tied to both the 
digital proficiency of teachers and their instructional methods. The face-to-face learning method 
tends to be conducted by teachers who serve as the primary source of information [19,20]. 
Consequently, the quality of learning is heavily reliant on the effectiveness of the teachers. E-learning 
is more flexible, there is no need to travel to school, and it is cost-effective, requiring only an internet 
connection and a computer. However, it involves acquiring computer skills and access to a dedicated 
physical space, which may not be accessible to all potential beneficiaries [20]. Some studies also show 
that e-learning does not have the same impact as face-to-face learning [21]. Students may struggle to 
maintain focus and meet deadlines, leading to potential negative consequences like vision issues and 
back pain. Additionally, there could be a perceived lack of outdoor activities for students [22]. 

2.4. Hypotheses 

Overall, the present study aims to test the following research hypotheses: 
H1. The participation in sustainable fish consumption activities increases the knowledge and promotes 

sustainable fish consumption of 4th-grade students. 

H2. Students increase knowledge regardless of the implementation learning mode (face-to-face vs. online). 

3. Materials and Methods 

3.1. Participants and procedure 

A total of 179 students of the 4th grade (aged 9–11 years of formal education at school) belonging 
to eight classes within four primary schools (two public schools and two private schools) from the 
Lisbon region (Portugal) participated in this study. The activities were implemented by a researcher 
in collaboration with each class's in-service teacher. 

The 4th-grade students were chosen because these are the primary school students with the best 
reading and writing skills, as well as greater autonomy and critical thinking about the world around 
them. In Portuguese primary schools, the classes are tutored by a single teacher, which facilitates the 
development of curriculum extension activities. Additionally, in Portugal, ocean literacy topics are 
being added to the curricula of the 4th-grade students which reinforces the selection of this school 
year.To reach the project’s main goals, three phases were considered:  

1. Pre-test: Aiming to gauge students' prior knowledge about fish sustainable consumption, they 
were asked to complete an online questionnaire (Table 1); 

Table 1. List of twenty-one questions used as pre-and post-test, answer options, and category. The 
right answers are in bold. 

Question Options Category 

1. What species of fish do you usually eat? (You can write several species) Knowledge 

How often do you do the following activities? (Select only one answer for each point) 

2. Eating fish at home. 

a) Never 

b) Almost Never 

c) Sometimes  

d) Always 

C
onsum

ption habits 

3. Buying fish at the market or supermarket. 

4. Choosing the fish you eat at home. 

5. Choosing a fish meal when you have the 

option of meat (for example, in a restaurant). 
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6. Who chooses and buys the fish in your 

house? (Choose only one answer) 

a) Only adults. 

b) I choose. 

c) We decide together. 

For each of the following sentences, select the option you think is correct. 

(Choose only one answer for each question. If you don't know the answer, choose "I don't know") 

7. We should always consume the same fish 

species. 

a) True 

b) False 

c) I don’t know 

K
now

led
ge 

8. If we always buy the same fish species, the 

fishermen will catch more of it. 

a) True 

b) False 

c) I don’t know 

9. There are times of the year when we 

shouldn't eat certain species of fish. 

a) True 

b) False 

c) I don’t know 

10. Fishing does not destroy the place where 

animals live (habitat). 

a) True 

b) False 

c) I don’t know 

11. We should catch any fish regardless of its 

size. 

a) True 

b) False 

c) I don’t know 

12. Some people almost always buy the same fish 

because they don't know other species. 

a) True 

b) False 

c) I don’t know 

13. Fish from outside Portugal is worse for the 

environment than fish caught in our country.  

a) True 

b) False 

c) I don’t know 

14. The fish on sale in the supermarket and the 

market have a label. 

a) True 

b) False 

c) I don’t know 

15. Fishing nets can catch other animals besides 

fish. 

a) True 

b) False 

c) I don’t know 
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16. What should we do to be sustainable fish 

consumers? (Select all the options you think 

are correct) 

. Always eat the same fish. . Consume juvenile fish. . Choose species caught in 

national waters. . Catch our own fish. . Eat fish every day. . Choose species caught in 

different ways that don't destroy 

habitats. . Diversify our choices when 

buying fish. . Opt for frozen fish rather than 

fresh fish. . Opt for farmed fish whenever 

possible. . Not considering certificates that 

guarantee the sustainability of the 

fish. . I don't know. 

Sustainable behaviors 

What do you think the definition of each of the following concepts is? 

(Select only one option for each concept) 

17. Closed season . Period during which fishing is 

prohibited so that a species can 

feed. . Period when fishing is 

prohibited so that a species can 

reproduce. . Don't know/Never heard of it 

K
now

led
ge 

18. Minimum conservation reference size . Smallest size that an adult fish 

can be caught. . Smallest size that a juvenile fish 

can be caught. . Don't know/Never heard of it 

19. Fishing gear . Instruments or apparatus used to 

store fish. . Instruments or apparatus used 

for fishing. . Don't know/Never heard of it. 

20. Fish label . Label with photos of the fish on 

sale. 
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. Label with information about 

the fish on sale. . Don't know/Never heard of it 

21. Sustainable fish consumption . When we buy fish to eat with the 

aim of keeping the ocean healthy 

today and in the future. . When we buy fish to eat to save 

money. . Don't know/Never heard of it. 

2. Activities: Three learning modules in a school context, comprising different sustainability 
education and awareness-raising activities were developed (Table 2); 

Table 2. Learning modules description. 

Modules Topics Description 

M1 

T1 - Species biology . Presentation about fish consumption in Portugal. . Pair activity to select from 16 fish cards those that 
corresponded to the most and least consumed 
fish species. 

T2 - Seasonality of fishing . Presentation about “closed season” and its 
importance for fish conservation. . Pair activity where each group analysed one 
identification card from one fish species and 
proposed a fishing season taking into 
consideration the protection of the reproductive 
season. 

Discussion and consolidation 

M2 

T3 - Fishing methods . Presentation of five videos related to different 
fishing gears. . Filling in a table with the advantages and 
disadvantages of each capture method and 
discussion. 

T4 - Minimum landing size . Presentation simulating fishing with nets of 
different mesh sizes. . Discussion on how this affects juvenile fishing. 

Discussion and consolidation 

M3 

T5 - Fish labelling . Presentation about fish labelling. . Pair activity where each group analysed two fish 
labels and selected which one corresponds to a 
more sustainable choice.  

Discussion and consolidation 

 General discussion and consolidation 
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3. Post-tests and focus group interviews: Students were asked to complete the same online 
questionnaire responded before and answers were used to evaluate the effect of the participation in 
the activities in the knowledge of students. Focus group interviews were applied to a group of five 
students from each class. 

The activities were split into three modules and structured to address five topics about fish 
sustainable consumption: M1, species biology and seasonality of fishing; M2, fishing methods and 
minimum landing size; M3, fish labelling (Table 2). 

As the study took place during the COVID-19 pandemic (September - December 2020), public 
and private schools had different rules for accessing the classroom and the students. In public schools, 
people outside the school were not allowed in, so the procedure took place online with the guidance 
of the main researcher (first author of this paper); teachers had a preliminary training session to be 
aware of the procedures and be able to help to distribute the support materials (online mode). In 
private schools, the main researcher was able to go in and was responsible for developing all the 
procedures with some help from the teachers (face-to-face mode). 

3.2. Data Collection 

A mixed methodology was applied in this study based on critical and interpretive social science 
techniques [23,24], with the use of questionnaires and focus group interviews. 

Data were collected through pre-and post-tests to students (n=179, 88 face-to-face and 91 online), 
and focus group interviews (n=40). 

The questionnaire was closed, individual, anonymous, and the same before and after the 
activities took place. It was tested for adequacy understanding in a control group of 10 participants 
with the same age as the students included in this study. The pre-test was applied one week before 
the activities and the post-test one week after. It was structured into 21 questions organised into three 
categories: knowledge, consumption habits, and sustainable behaviour (Table 1). The pre-test aimed 
to give an initial diagnostic assessment, allowing to understand the student’s knowledge of the topics. 
The post-test and the comparison of the answers between pre- and post-tests allowed observing if 
there was an increase in knowledge and changes in attitudes toward fish sustainable consumption. 
Cronbach’s Alpha [25] as applied as it is a measure of internal consistency; a score between 0.7 and 
0.8 is considered acceptable, that is, the scale is internally consistent. The present questionnaire with 
21 questions was performed on 181 students achieving a Cronbach’s Alpha of 0.742. 

The focus group interviews were semi-structured, and the questions related to the analysed 
categories (Table 3), lasted a maximum of 30 minutes, and took place two weeks after the post-tests. 
The five students of each class that participated were randomly selected. In the face-to-face teaching 
mode, interviews took place in a classroom context at the school, and in the online teaching mode, 
they took place via videoconference (Zoom and Teams platforms). The interviews were audio-
recorded and fully transcribed for posterior analysis. 

Table 3. Semi-structured focus group interview scripts for students. 

Categories Sub-categories Guidance questions 

Knowledge 

about the 

biology of 

species 

. Recognize the diversity of 
species. . Understand the importance of 
respecting the closed season. 

. Did you get to know more species of 
fish? If so, which ones? . Do you think we can consume one 
species all year round?  . Can you explain what the closed 
season is? . Why is it important not to consume 
species when they are reproducing? 
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Knowledge of 

fish-catching 

methods 

. Learn some fishing gear. . Recognize the impacts of 
different fishing gear on the 
Environment. . Understand the importance of 
respecting the minimum 
conservation reference sizes. 

. Can you explain what fishing gear is?  . What fishing gear do you know? . What impacts can fishing gear have on 
the environment? . Can you explain the importance of 
minimum reference size for 
conservation and what it is used for? 

Knowledge 

about labelling 

and sustainable 

fish 

consumption 

. Learn to analyse labels.  . Understand what it means to 
be a sustainable fish 
consumer. . Understand the importance of 
diversifying our choices. 

. What information can we get from a 
fish label? . Why is it important to consult fish 
labels when we go to the 
supermarket? . What do we mean by sustainable fish 
consumption? . After the activities, did you learn 
about more species? . Do you think you'll be able to change 
your habits on this subject at home? 
For example, teaching your parents 
what you've learned, helping to 
choose the fish to buy... 

3.3. Data Analysis 

3.3.1. Pre- and Post-test 

Answers obtained from both questionnaires (pre and post) were scored according to a correction 
matrix [26]: each correct answer had a score equal to one (1); each incorrect answer or the option "I 
don't know/never heard of it" scored zero (0); questions with several answer options had a scale of 
score value (1, 2 or 3); the total score obtained was considered proportional to students’ knowledge 
on the subjects. The maximum score that could be achieved was 21. Comparisons between the results 
obtained in pre-and post-tests were statistically analysed using RStudio [27], including packages 
dplyr [28], psych [29], rstatix [30] DescTools [31]. To test the existence of statistically significant 
differences (p < 0.05), the presupposes of normality and homoscedasticity were tested, and when 
fulfilled allowed the application of one-way ANOVA, otherwise, non-parametric tests were 
performed. 

3.3.2. Interviews in focus group 

All focus group interviews were audio-recorded and were analysed through content analysis, 
based on categories that emerged from starting questions and responses given by the participants, 
aiming to support the study results. It was an iterative process of reading and re-reading the data, 
selecting, and coding (data reduction) and displaying the data into categories [32]. The content 
analysis was performed using the N-Vivo program (N-Vivo v. 1). 
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4. Results 

41. Pre- and Post-test 

4.1.1. Knowledge and sustainable behaviour 

An overall improvement regarding knowledge and sustainable behaviour categories was 
observed with significant statistical differences registered between overall scores obtained in pre-and 
post-test (H = 104.29, p< 0,05; Figure 1). 

 

Figure 1. Pre- and post-test scores considering all the participant students. [Middle line – median; box 
lower and upper limits – 1st and 3rd quantiles; whisker values – 1.5 times the interquartile range from 
the top (or bottom) of the box to the furthest datum; points – outliers]. 

Regarding the questions of “knowledge” and “consumption habits” significant statistical 
differences between most of them were obtained, namely Q7 to Q14, Q17, and Q21 where the number 
of wrong answers decreased in the post-test. In questions Q1 and Q16 significant statistical 
differences were observed only for the percentage of students that chose options b) and d), and a) 
and d), respectively (t < 1.98; Figure 2). Q15 was the only question where no differences were 
observed. 
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Figure 2. Relative frequencies obtained for each question related to the category “knowledge” and 
“sustainable behaviours”: ⬛pre-test; ⬜post-test. Questions with significant differences between 
pre and post-test are marked with ∗. 

4.1.2. Consumption habits 

In general, no statistically significant differences between pre-and post-test questions regarding 
the “consumption habits” category were observed, except for: (1) the percentage of students who 
answered, “Never bought fish” (Q3) that decreased significantly in the post-test; (2) in Q6, the 
percentage of students who answered “We decide together” and “I decide what to eat”, that 
significantly increased and decreased, respectively, in the post-test (t < 1.98; Figure 3). 
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Figure 3. Relative frequencies obtained for each question related to the category “consumption 
habits”: ⬛pre-test; ⬜post-test. 

4.1.3. Results per teaching mode 

The students’ answers obtained in the "knowledge" and "consumption habits" categories were 
compared to check for differences between learning modes (Figure 4). 

Statistically significant differences both in the face-to-face mode (H (1) = 64.254, p < 0.05) and in 
the online mode (H (1) = 39.642, p < 0.05) were found, with an increase in the score from pre- to post-
test in both teaching methods. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 6 December 2023                   doi:10.20944/preprints202312.0365.v1

https://doi.org/10.20944/preprints202312.0365.v1


 13 

 

 

Figure 4. Pre- and post-test scores obtained per teaching mode (white, Face-to-face; grey, Online). 
[Middle line – median; box lower and upper limits – 1st and 3rd quantiles; whisker values – 1.5 times 
the interquartile range from the top (or bottom) of the box to the furthest datum; points – outliers]. 

The initial level of knowledge of the students who took part in each teaching mode was assessed 
by comparing the results of the pre-test. Those who participated in the online learning mode scored 
higher than those from the face-to-face learning mode (ANOVA, F (177.1) = 11.36, p < 0.05). When 
comparing the results obtained in the post-test for both learning modes no statistically significant 
differences were observed (H (1) = 0,319, p = 0,572; Figure 5). 
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Figure 5. Face-to-face and Online scores obtained in pre- and post-tests (white, Pre-test; grey, Post-
test). [Middle line – median; box lower and upper limits – 1st and 3rd quantiles; whisker values – 1.5 
times the interquartile range from the top (or bottom) of the box to the furthest datum; points – 
outliers]. 

4.2. Focus Group Interviews’ Content Analysis 

Content analysis of the focus group interviews revealed that students learned about fish 
biodiversity. The gurnard was the species most often mentioned as a new species, but many others 
were cited, such as black scabbard fish, horse mackerel, sardine, sea bream, tuna, bib, and bream. 

The importance of the “closed season” was well understood by students. This was always 
referred to as “the time of year when a particular species reproduces” and it was mentioned that it is 
important to comply with the closed season, otherwise: 

"The species will disappear." (S1, S3, S9, S12, S18, S20). 
"They could become endangered." (S7, S19, S22, S33, S40) 
Concerning the fishing gear, most of the students acknowledged that they are “instruments used 

to catch fish” and that “there are various ways of catching fish". As examples of fishing gear, trawling 
and traps were the most frequently considered. The main environmental impacts of fishing gears 
indicated by students were: 

"Catching baby fish and fish that are reproducing." (S9) 
“Destroying the seabed." (S7) 
“Catching other animals that are not supposed to be caught." (S6, S26, S28) 
When asked about the minimum landing size most students realised the importance of avoiding 

juvenile catch, "you can't fish for baby fish" (S8). However, only some students addressed that setting 
a minimum size at which fish can be landed may help to ensure that fish grow to a size that allows 
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them to spawn at least once, defining this concept as the size "when it is certain that [the fish] have 
already reproduced" (S7, S30). 

During the interviews, students revealed that they learned to analyse the information presented 
on commercial fish labels and the aspects most frequently mentioned brought up were the price, 
fishing gear, production method, and common name of the species. The reasons given by students 
on the importance of analysing labels when choosing fish were: 

"To acquire information, we don't know about the species." (S22) 
"To avoid choosing trawled fish." (S26, S34) 
"We should choose [fish] from our country." (S35) 
Finally, the students were asked about the meaning of sustainable fish consumption. They 

emphasised the need to eat diverse species, not eating juvenile fish, to consume in a way that does 
not “harm” the environment, and to choose fish caught locally. After the activities, and using the 
knowledge they had acquired, the students mentioned some behaviours they were willing to change 
at home like choosing diverse species to consume, buying species from local catches, and paying 
attention to the labels. 

5. Discussion 

The findings of this study demonstrated a significant improvement in the knowledge and 
consumption habits of 4th-grade students following the implementation of sustainable fish 
consumption activities. The students exhibited improved comprehension regarding fish biodiversity, 
fishing techniques, and their ecological effects, as well as the significance of concepts such as closed 
season and minimum landing size for species conservation. They also demonstrated improved 
awareness of commercial fish labelling information, applied according to Portuguese legislation, and 
its implications for making sustainable consumption decisions. It should be noted that the fish species 
most mentioned by the students in the pre-test (cod, tuna, and salmon) are consistent with those that 
are the main choices of Portuguese adults [10]. These results reinforce the idea that Ocean Literacy 
issues can be successfully addressed in Portuguese primary school, using student-centred activities.  

The results also indicate that students complied with the targets of SDG12, which encompass: 
(1) cognitive learning, involving the expectation that the learner acquires knowledge about 
sustainable production strategies and practices; (2) socio-emotional learning, which emphasises the 
learner's ability to encourage others to adopt sustainable practices in consumption and production 
and to take responsibility for the environmental and social impacts of their actions as producers or 
consumers; and (3) behavioural learning, which considers the learner's capacity to plan, execute, and 
assess consumption-related activities using established sustainability criteria [16]. 

The goals outlined in SDG 14 [16] were also addressed as students acquired knowledge about 
the sustainable use of marine life resources. They were capable of introspectively evaluating their 
dietary preferences to determine if their consumption habits aligned with the responsible use of 
seafood resources. Furthermore, they engaged in classroom discussions regarding sustainable 
practices, identifying and procuring marine products harvested in an environmentally responsible 
manner using appropriate labelling. 

Engaging students in practical activities and presenting them with challenges during the 
learning process heightens their interest, motivation, critical thinking skills, and awareness of 
environmental issues [33]. However, altering attitudes plays a pivotal role in fostering 
environmentally conscious behaviour, as knowledge alone may not necessarily translate into tangible 
behavioural changes [34]. Despite an increase in knowledge, the students demonstrated a willingness 
to make changes in their domestic behaviours, even though there were no significant shifts in 
consumption patterns. This could be attributed to the relatively short duration of the project, as the 
period between the pre-test and post-test may not have been sufficient to instigate substantial 
alterations in consumption habits. 

Altering students' consumption patterns hinges on their capacity to influence their family's 
habits, since children of this age typically do not have a significant role in shaping consumption 
choices. A similar constraint in another research on promoting the sustainability of artisanal fishing 
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through environmental education with game-based learning, highlighted the limited involvement of 
primary school students in their families' decisions regarding fish purchases [35]. Nevertheless, based 
on the post-tests and interviews with the students of our study, it became evident that the majority 
made efforts to advocate for this shift within their families. Students proposed behaviours they would 
encourage among their relatives, pointing out the significance of diversifying food choices, refraining 
from consuming young fish, and considering factors like the fish source and the method of capture. 
Moreover, in question six of the questionnaire, the number of students willing to choose and buy fish 
together with the family increased significantly after the activities took place.  

In the present study, no significant differences were obtained between learning modes, with 
both face-to-face and online learning leading to improvement in the knowledge and behaviour of 
students, which is not surprising according to the Equivalency Theory that states that “distance 
education’s appropriate application should provide equivalent learning experiences” [36]. The major 
negative aspects of e-learning have been related to the lack of interaction, particularly the 
socialisation with their peers, and the fact that it requires more initiative and self-discipline from 
students [37,38]. To address these challenges, [37] recommended the integration of practical exercises 
and activities, and whenever feasible, facilitating direct contact with an individual, such as the 
teacher, as was done in this study. In the present work, although the theoretical context was given 
online, the practical activities were developed face-to-face which minimized the possible constraints 
of the e-learning method. Moreover, before the activities took place, teachers participated in 
preparatory sessions, so they were instructed on how to take over the activities. If the activities had 
taken place completely online, the results might have been different. 

On the other hand, the initial knowledge of the online learning students was higher than that of 
the face-to-face students. This can be attributed to the specific school environments, as the institutions 
involved in remote learning are accustomed to focusing on ocean-related topics and participating in 
projects within this domain. Moreover, a significant number of students in this region have a direct 
connection to the sea, often through family ties, with many of their relatives working as fishermen. 

The family plays a pivotal role in shaping students' learning experiences, and the learning 
process is a continuous and consistent one, extending beyond the classroom and into their homes 
[39]. This extended learning may account for the deeper knowledge possessed by these students, 
which, in turn, manifests in their behaviour. 

Undoubtedly, sustainability education plays a pivotal role in advancing sustainable 
development. The UN Decade of Ocean Science for Sustainable Development 2021–2030 highlights 
the necessity for a comprehensive ocean literacy program of activities to enhance public awareness 
and knowledge, ultimately guiding sustainable behaviours and informing decision-making [40,41]. 
In the realm of sustainability education at the primary level, a review highlights a growing interest 
in the roles of in-service teachers and community stakeholders [42]. Given that many teachers express 
a desire to incorporate sustainability education in primary schools but may lack the confidence, skills, 
and knowledge to do so, research has shifted its focus towards both pre-service teachers [43] and in-
service teachers [44–46]. Nonetheless, children have the capacity to assume proactive roles as citizens 
and play a vital part in examining modern consumption patterns and promoting a sustainable future 
[47], as illustrated by this study. 

6. Conclusions 

This study developed a set of activities organised into three modules and five topics regarding 
fish sustainable consumption, for 4th-grade students. The impact of the activities on their knowledge 
and consumption habits was measured using a mixed methodology including questionnaires and 
focus group interviews. 

The results showed that the developed sustainability education activities improved knowledge 
and consumption habits regarding sustainable fish consumption and that there were no significant 
differences regarding the learning modes used. 
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To prove if the knowledge and consumption habits acquired during the study have been 
consolidated, resulting in more sustainable consumer behaviour that has lasted over time, the study 
could be extended to include a medium and long-term evaluation, also involving the students' 
families to see to what extent it is possible, through the students, change family consumption habits. 
The somehow small sample size and the self-reporting bias are two limitations of this study that limit 
the generalization of the results. 
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