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Abstract

The modern era is characterised by the explosion of Information and Communication Technologies (ICT) and their multiple 
applications both in school communities and extracurricular activities. ICT enables the school community to engage in new ed-
ucational storytelling approaches with educational and learning content, using  multimedia applications. This article describes a 
study that took place at the headquarters of the Hellenic Center for Marine Research and involved a convenience sampling of 153 
high school students (ages 13 to 15 years old). The study aims to investigate the use of digital storytelling, as an instructional tool 
for informal learning,  to develop environmental and sustainability awareness, and enhance the scientific literacy of high school 
students around the topic of marine litter, a serious environmental and sub-regional issue of our times. A didactic intervention 
was applied which focused on digital storytelling and experiential hands-on activities covering concepts of marine pollution, to 
establish the acquisition of new knowledge and the strengthening of optimal behaviour towards the environment and development 
of sustainable attitudes towards the global problem of plastic marine pollution. The results of the study confirm the importance of 
digital storytelling for the cultivation of students’ scientific and environmental literacy for oceans.

Keywords: DST; Non-formal education; science institute; education for environment and sustainable development; experiential 
activity; micro-plastics; pollution; science literacy; Information and Communication Technologies.

Introduction

The new era of globalisation and 21st century learn-
ing has brought many changes to all types of educational 
settings all around the world. Places such as zoos, muse-
ums, and other learning locations where this experience 
is often a one-time event, are classified as non-formal 
learning locations (Davidson et al., 2010). Non-formal 
learning acts as a bridge between the formal and infor-
mal realms of learning. As Ainsworth & Eaton (2010) de-
scribe, non-formal learning usually involves some form 
of organization, but it can be extremely loose. In contrast 
to formal learning situations, there is no credit system 
established through non-formal learning. Therefore, the 
learning can be more genuine and realistic, as the focus 

is on building knowledge, without outside pressures or 
concerns. Compared to informal learning opportunities, 
which can be additive or transformative (Schugurensky, 
2000), non-formal learning typically does have a defined 
location and time (Ainsworth & Eaton, 2010). In terms 
of non-formal, informal and lifelong learning, biosphere 
reserves, science museums, science centres, zoos, and 
aquariums constitute significant frameworks for public 
understanding and engagement of science and acquisi-
tion of scientific literacy (UNESCO, 2013) particularly 
on major challenges such as marine litter, connected to a 
wide range of research topics and welcoming large num-
bers of visitors. Furthermore, teaching science in science 
museums and science centres is strongly connected with 
the socio-cultural aspects of science education (Plakitsi, 
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2013). Science education plays an essential role in the 
development of science literacy, scientific methodology, 
scientific concepts, and science process skills of people 
in a technologically and scientifically advanced world. 
(Dewi et al., 2019).

Scientific literacy is one of the key competencies for 
21st-century skills. It is considered essential for all citi-
zens and is seen as the capacity to access, read and un-
derstand the global world from a scientific and/or techno-
logical perspective, in order to make a careful appraisal, 
and use that evaluation to make and inform everyday 
decisions. (Okada, 2013). Scientific and environmental 
literacy in modern societies, when provided through-
out school learning environments (non-formal learning 
environments and informal learning) is a complex, de-
manding,  issue, and full of challenges. Typically, this 
type of learning takes place in environments outside the 
classroom, which are aimed at the teaching of science to 
a heterogeneous audience in a pleasurable way (Maar-
schalk, 1988). Museums, zoos, science centres and other 
types of non-formal settings seem to be highly suitable 
to communicate science-related topics since they provide 
opportunities for a wide audience to see or experience 
scientific phenomena (Gibson & Chase, 2002). As these 
institutions are closely connected to the scientific com-
munity, they provide an ideal stage for communicating 
rapidly, and attractively, current scientific disciplines 
and important environmental issues to a broad audience. 
A variety of learning approaches are usually chosen in 
these environments, mainly from an experiential point of 
view such as observation, experiments, exploration, ex-
hibitions, games, etc. (Scoullos & Malotidi, 2004). How-
ever, the use of activities in which students are actively 
engaged through hands-on experiential learning linked to 
real-world applications is more likely to produce more 
realistic experiences with the content that will be bene-
ficial to student learning in multiple contexts (Clement, 
2014; Digka et al., 2018). According to a report of the 
US National Research Council for informal education 
(NRC, 2009), citizens choose to invest more time in 
out-of-school learning environments by attending pro-
grammes provided and implemented in various informal 
and non-formal educational settings. However, recent 
research showed that school visits to science museums 
and research centres do not seem to maximize the learn-
ing opportunities they could have offered to the students, 
due to the way they are conducted (Falk & Storksdieck, 
2005). 

Therefore, in the modern technological era, the use 
of digital tools for the implementation of scientific and 
environmental literacy in formal education and out-of-
school learning (non-formal settings and informal learn-
ing) can be an effective pedagogical strategy. Alessi & 
Trollip (1991) point out that the capacity to improve sci-
ence education is high when using technology as a di-
dactic resource. Through various simulations, many ab-
stract concepts can be comprehended more effectively. 
Furthermore, through these techniques, experiments that 
in real life would be dangerous, very costly or difficult to 
perform, can now be designed and executed successfully. 

According to Williams et al. (2000), the use of technol-
ogy facilitates the construction of knowledge and allows 
the educator to provide more individualized attention. 
This is of paramount importance for new emerging or ur-
gent issues where many educators may not have adequate 
knowledge and training. Such an issue is marine litter, 
where knowledge, fit for purpose data to support deci-
sion making, and help through positive public opinion of 
the implementation of the necessary measures, are scarce 
(Vlachogianni et al., 2018, 2020). In addition, using 
multimedia and interactive materials favours the devel-
opment of decision-making, communication, and prob-
lem-solving skills. (Whitworth & Berson, 2003; Robin, 
2005). An innovative tool for enriching the learning and 
teaching approach of science education and raising envi-
ronmental awareness is digital storytelling. Digital story-
telling (DST) is characterized as the modern expression 
of the ancient art of storytelling and it is an application 
defined by the telling of stories through the use of mul-
timedia technology (Duman & Göcen, 2015). DST helps 
students develop their creativity for solving problems and 
enhances their learning motivation. In addition, it gives 
them opportunities to express their thoughts and expe-
rience different perspectives (Ohler, 2008; Reijnders, 
2010; Smeda et al., 2014). Digital storytelling is an in-
novative approach that presents such opportunities as re-
flective learning, active learning, and learning by having 
fun (Bilen et al., 2019). The approach allows learners 
to create unique relationships between their experience 
and academic content through active engagement in the 
teaching process (Lisenbee & Ford, 2018). According to 
Barrett (2005), digital storytelling facilitates the conver-
gence of four student-centred learning strategies: student 
engagement, reflection for deep learning, project-based 
learning, and the effective integration of technology into 
instruction procedures. Based on results from the liter-
ature, educators at all levels and in most subjects/disci-
plines can use digital storytelling in many ways to support 
students’ learning by encouraging them to organize and 
express their ideas and knowledge in an individual and 
meaningful way (Robin, 2008; Hur & Suh, 2012; Baki, 
2015; Anderson et al., 2018; Saritepeci, 2021). In addi-
tion, digital stories can open up a path to creativity and 
collaboration (Ranieri & Bruni, 2013; Lazar et al., 2019). 
While it seems obvious that DST enhances knowledge in 
social sciences, humanities, languages and literacy edu-
cation, it also works efficiently in science and technology 
classes according to the bibliography (Sadik, 2008; Wang 
& Zhan, 2010; Balaman, 2018). According to Bilen et al. 
(2019), the digital storytelling method can be used as a 
suitable teaching method for science subjects allowing 
them to be taught within a plot with the accompaniment of 
a story, and the method can be used as a successful means 
of concretizing and exemplifying abstract science con-
cepts. The integration of non-formal teaching approach-
es within environmental-themed units as part of the sci-
ence curriculum allows students the opportunity to make 
stronger personal connections with the material through 
the expression of the material in real-world applications. 
(Tan et al., 2014; Bilen et al., 2019). In the context of 
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environmental education and education for sustainable 
development, storytelling has been considered as an ef-
fective teaching strategy in cases where direct experience 
is impossible or unmediated, as well as in cases where 
the consequences of our experience are negative or un-
desirable (De Young & Monroe, 1996; Hadzigeorgiou et 
al., 2010). Furthermore, storytelling can be considered to 
be an effective strategy across the curriculum, especial-
ly when the educational goal is raising young students’ 
awareness of the environment and sustainable develop-
ment (Hadzigerorgiou et al., 2010; Judson, 2010), and 
preparing students to further participate in science. Dig-
ital storytelling also seems to be a useful background for 
the planning and experience of museum exhibition visits, 
creating significant new challenges for their role in the 
educational process (Roussou et al., 2015). 

Purpose-Objectives-Research Questions

This study aims to assess DST as a teaching/learning 
strategy in a non-formal learning setting such as the Hel-
lenic Center for Marine Research, for the promotion of 
positive attitudes among high school students towards 
plastic pollution and marine litter issues, particularly in 
the Mediterranean. Scoullos et al. (2017), have empha-
sised the importance of introducing critical issues such 
as marine litter in high schools, as well as in informal 
learning settings by utilising regional experiences. The 
research questions raised, concern the effectiveness and 
pedagogical value of DST in relation to the building of 
scientific and environmental literacy of high school stu-
dents when this is combined with hands-on/or experien-
tial activities. Analytically, the research questions are as 
follow:

1. According to the views of educators, could DST 
contribute to the improvement of students’ sci-
ence literacy in relation to major contemporary 
environmental issues? 

2. Could DST contribute to student engagement 
and enjoyment of the learning experience in a re-
search centre?

3. Could DST contribute to the popularisation of 
scientific knowledge when combined with expe-

riential activities (e.g., laboratory experiments, 
etc.)?

Material and Methods

The teaching interventions took place from Febru-
ary 2019 until April 2019 in HCMR’s premises in Attica 
under the supervision of HCMR’s Education Unit. The 
Education Unit consists of a non-formal inquiry-based 
educational environment that promotes scientific and en-
vironmental literacy of students and the public through 
informal and non-formal educational approaches/meth-
ods. A convenience sampling consisting of 153 high 
school students was conducted, from various schools of 
the Attica region, of which 15% were first-grade students, 
37.3% second-grade students and 47.7% third-grade stu-
dents. Regarding the gender of the students, 58% were 
female and 42% were male.

The teaching/didactic intervention was entitled 
“Stephanie presents the history of plastics and their im-
pact on marine life” and it was a non-formal intervention 
as it was based on student-centred teaching and learning 
approaches (e.g., participatory and learner-centred, pro-
cess-oriented, close to real-life concerns, experiential 
and focus on learning by doing, etc.) (Council of Europe, 
2001; Ainsworth & Eaton, 2010). The intervention in-
cluded a digital narration and an experiential/hands-on 
activity and had a total duration of 1 hour and 50 min-
utes. As a pedagogical tool, the DST involved students 
in a story related to the given scientific issue of plastic 
marine pollution. The digital narrative was entitled “The 
history of plastics and their effects on the marine envi-
ronment”. The protagonist, and narrator, of the story, is 
Stephanie, a young chemical scientist descendant of the 
famous and renowned chemist Leo Beckeland. The hero-
ine of the story works in a research centre that deals with 
marine research. Through the narrative, the heroine at 
first presents a brief historical background of the origin, 
production, and evolution of plastics as well as chemistry 
issues behind the creation of plastics (Fig. 1), emphasis-
ing their widespread and daily use through their multiple 
functions. Then the narrator refers to the impact of plastic 
marine waste in marine fauna and the marine ecosystem 

Fig. 1: Presentation of the chemistry behind the plastics in the 
DST.

Fig. 2: Presentation of the impact of plastic waste in marine 
fauna.
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in general (Fig. 2). The conclusion is that students have to 
adopt a responsible attitude and action in order to tackle 
this major environmental problem (Fig. 3). Through rais-
ing their awareness, the narrative aims to raise the chil-
dren’s interest in this serious environmental issue. The 
“Crazy talk animator” program was used to design the 
heroine of the narrative. The DST was presented via the 
Microsoft PowerPoint program, and the speaking parts of 
the narrative were recorded using the Audacity program.

Subsequently, the students participated in an authentic 
learning task such as a hands-on laboratory-experiential 
activity, for familiarisation with scientific methodologies 
and equipment. Students were provided with samples of 
sand, and they were asked to observe them with stereo-
scopes, to detect plastic and microplastic items in them 
(Fig. 4). 

To evaluate the effectiveness of the intervention two 
different questionnaires (5-point Likert scale - and di-
chotomous questionnaires) were used with the students, 
aiming to investigate their awareness, performance, and 
attitudes towards marine litter and plastic pollution. 

The option to provide two different questionnaires 
(pre-test and post-test) to students was chosen: a) to ex-
amine the cognitive status of students in relation to the 
environmental issue of marine litter/ plastic pollution 
(pre-test) and b) to investigate the impact, and effective-
ness, of digital narration on both the improvement of their 
knowledge (students’ final scores between 1st and 2nd 
questionnaire) and on their behaviour-attitudes axis. The 
post-test included several items related to the content of 
the digital narrative, the understanding/effect of which 
was a task that we wanted to assess. 

The first questionnaire (pre-test) detected their per-
ceptions and knowledge on plastics and marine pollution, 
while the second one (post-test), evaluated how their 
perceptions and knowledge were influenced by the inter-
vention. The collected data were analysed through IBM 
SPSS Statistics.

Specifically, students completed the first question-
naire (pre-test) before participating in the intervention. 
The questionnaire consisted of 5 questions (Likert type 
and dichotomous questions) aiming to explore their 
knowledge and attitudes regarding the DST and the en-
vironmental issue of plastic marine pollution. The first 

question was a Likert type question related to students’ 
familiarity with digital storytelling. The second one was 
a closed question (dichotomous question) referring to 
students’ experience regarding the implementation of a 
DST. The third question (Likert type) investigated the 
frequency of students’ recycling habits in their daily 
life. The fourth question (Likert type) assessed the stu-
dents’ awareness regarding the importance of the impact 
of plastic waste on the marine environment in relation 
to the aesthetical degradation, the damage of the eco-
system, and their impacts on human health. In the end, 
by answering the last questions students were asked to 
choose true or false for a series of cognitive items related 
to the use of plastics in our daily life and the effects of 
plastics on marine ecosystems. After the completion of 
the intervention and before their departure, the students 
completed a second questionnaire (post-test) aimed at in-
vestigating the understanding of the topics, terms/notions 
that were developed and presented in the teaching inter-
vention and the evaluation of the pedagogical tool. An-
alytically three groups of questions were present in this 
questionnaire. The first group focused on the evaluation 
of digital storytelling (their views on the usability of the 
medium in science literacy and environmental literacy) 
and the satisfaction of the learning experience of students 
in the research centre. The second group referred to the 
understanding of the concepts presented in the DST and 
the experiential activity related to students’ performance. 
Finally, the third group was concerned with students’ at-
titudes towards the environmental issue of the impact of 
plastic pollution on marine life. Aiming to evaluate the 
intervention as a whole, a third questionnaire was hand-
ed to the educators (Educators questionnaire), at the very 
end of the programme. Educators from different schools 
who accompanied the students in their visit to the Cen-
ter completed this last questionnaire, which consisted 
of seven questions. The first two were closed questions 
(dichotomous questions and referred to their familiarity 
with DST, while the remaining five (Likert type ques-
tions) aimed to reveal the educators’ perceptions of using 
DST in science instruction and environmental education.

Fig. 3: Presentation of the best practices to tackle the marine 
pollution issues.

Fig. 4: Hands-on experimental activity using stereoscopes.
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Results

The analysis of the students’ questionnaires including 
items on plastic marine pollution issues indicates quite 
significant changes in students’ performance. (Table 1). 
Wilcoxon Signed Ranks Test showed that the students’ 
performance concerning plastic pollution was statistically 
higher in the post-test (Z = 4.949 and p < 0.001 and effect 
size r = 0.4) than in the pre-test. The average score for 
the pre-test questionnaire was 76.8 while for the post-test 
was 84.4 (Table 2). This could be assessed as a positive 

result of such an intervention. Concerning the reliability 
and the validity of the questionnaires, the reliability value 
for the pre-test was calculated and its reliability coeffi-
cient was 0.613 (acceptable value for validity and reli-
ability). Concerning the post-test, the Cronbach’s alpha 
reliability coefficient was 0.764 which indicates quite 
strong reliability.

According to the results of the descriptive statistics, 
the students appeared to have little to moderate familiar-
ity/experience with DST. Regarding their perceptions of 
the impact of plastics on ecosystem destruction, aesthetic 

Table 1. Students’ performance related to the results of pre-test and post-test.

Pre-test:  Knowledge/Attitudes related questions % Correct 
answers Μean Std.D

Plastics are widely used in our daily lives 97.4 1.03 .160

Plastics are not damaged. 58.8 1.41 .494

Plastics do not contribute to marine pollution. 81.7 1.82 .388

Many marine organisms eat plastic by choice 87.6 1.88 .331

Plastics break into smaller pieces called microplastics. 74.5 1.25 .437

Most likely, microplastics are a problem for our health. 85.6 1.14 .352

Plastic waste management is adequate. 66.0 1.34 .475

Disposable plastics, such as straws, cutlery, etc., cause great environmental 
damage. 83.7 1.16 .371

Recycling is a solution to the problem of plastic pollution. 89.5 1.10 .307

Changing people’s habits is important for protecting the environment 92.8 1.07 .259

Post-test: Knowledge /Attitudes related questions % Correct 
answers Μean Std.D

Plastics are widely used in our daily lives. 100 1.0 .000

Bakelite is a natural material 83.7 1.84 .371

Plastics are polymers 86.3 1.14 .345

Plastics are durable, malleable, and cheap. 92.1 1.08 .270

Plastics are stored for many years. 80.4 1.2 .398

A small percentage of marine pollution comes from the land. 51.6 1.52 .501

Plastics break down in the stomach of sea turtles 56.2 1.56 .498

Various marine organisms are trapped in plastic items 90.2 1.10 .298

Plastics break into smaller pieces called microplastics 94.1 1.06 .236

The microplastics are less than 5 mm in size 94,1 1.06 .236

Many marine organisms accidentally eat plastic. 96.1 1.04 .195

Most likely, microplastics are a problem for human health. 88,2 1.12 .323
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degradation and human health presented in Table 3, the 
findings indicate that the effect is quite significant. As 
far as recycling in everyday life is concerned, the results 
showed that the frequency of this practice varies between 
“every month” and “every week”.

Additionally, perhaps as expected, the deterioration of 
human health is considered by the students as the ma-
jor impact of plastics in comparison to the damage of the 
ecosystem and the aesthetic degradation of the landscape.

According to the results (Fig. 5), 79.08% of the stu-
dents agreed that they should avoid buying disposable 
products (e.g., Single-Use Plastics / SUPs), while 78.43% 
of them agreed that recycling is a solution to tackle the 
problem of marine pollution (Fig. 6), and 94.12% of the 
respondents agreed that “we need to change our daily 
consumption habits and behaviours in order to protect 
the planet” (Fig. 7). The majority of the students (96.1%) 
expressed their belief that DST could advance education 

Table 2. Students’ performance concerning plastic pollution according to Wilcoxon Signed Ranks Test.

Descriptive Statistics

N Mean Std. Deviation Minimum Maximum

Pre-test 100 153 76.7974 13.45820 20.00 100.00

Post-test 100 153 84.3682 11.40369 41.67 100.00

Test Statistics

Z -4.949b

Asymp. Sig. (2 tailed) .000

a. Wilcoxon Signed Ranks test 

Table 3. Descriptive statistics of the students’ perceptions as they emerge from the 1st questionnaire.

1st questionnaire 
(pre-test – Likert scale questions) Median Range Mean St. error Std. 

Deviation

How familiar are you with the notion Digital 
Storytelling? 3.00 4 2.63 .111 1.376

Classify the impact/importance of plastic waste in the 
marine environment:
Damage to the ecosystem

5.00 4 4.59 .063 .782

Classify the impact/importance of plastic waste in the 
marine environment:
Aesthetic degradation of landscape

4.00 4 3.89 .076 .936

Classify the impact/importance of plastic waste in the 
marine environment:
Deterioration of human health

5.00 4 4.65 .064 .797

How often do you recycle in your daily life? 4.00 4 3.87 .108 1.336

Fig. 5: Students’ perceptions on avoiding disposable products.
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concerning the environment and sustainable development 
issues, and could be used successfully as an instruction-
al tool for environmental literacy (Fig. 8). Finally, most 
of the students expressed their satisfaction regarding the 
learning experience in the research centre with an empha-
sis on the experimental activity in which they had partic-
ipated. (Fig. 9).

Concerning the data analysis of educators’ responses, 
it appeared that most of them had previous experience 
with DST. The mean, standard deviation, median and 
range of their responses that are related to their experi-
ence with digital storytelling are given in Table 4. Fur-

thermore, the reliability of the educators’ questionnaire 
was also investigated. The reliability coefficient was 
0.792 indicating quite strong reliability.

Moreover, educators responded positively towards the 
use of digital storytelling as an instructional and peda-
gogical tool for environmental/sustainable development 
and scientific literacy, as they consider that DST could 
contribute to students’ engagement in a science centre 
(Fig. 10). 

In conclusion, the results of a performed correlation 
analysis indicate that there is a strong positive and statis-
tically significant relationship between the DST’s contri-

Fig. 6: Students’ perceptions on recycling in our daily lives.

Fig.7: Students’ perceptions on changing our daily consumption habits.

Fig. 8: Assessment of the suitability of DST in promoting environmental issues
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bution to students’ engagement and the degree of active 
students’ participation in the intervention (ρ = 0.536 and 
p = 0.048, <0.05).

Discussion

Education’s role in behavioural change is indeed cru-
cial, however, there is a lack of research regarding what 
has been developed towards plastic pollution and ma-
rine litter prevention and reduction. According to litera-
ture (Digka et al., 2018; Bettencourt et al., 2021), many 
interventions targeting marine litter issues and plastic 
pollution by using multimedia technologies to further 
attract youngsters, have been performed in the last 20 
years. However, the use and implementation of a digi-

tal narrative as an initiative has not been recorded so far. 
Therefore, this specific case study could be characterised 
as pioneering, since it introduces digital storytelling as 
a useful and effective innovative initiative, able to ade-
quately raise awareness and change attitudes towards ma-
rine litter issues.

To maximize the potential efficacy of the interven-
tions, different skills, values and attitudes must be fos-
tered, together with knowledge. For that, processes that 
rely on open-minded, reflexive and participative ap-
proaches must be explored as they will lead to better re-
sults (Tambovceva et al., 2018). Similarly, the linkage be-
tween visual and experiential methods has been proved to 
produce positive results, as the participants can perceive 
reality and feel the necessity of changing behaviours (An-
derson et al., 2016).

Fig. 9: Assessment of students’ satisfaction from didactic intervention.

Fig. 10: Educators’ perceptions of DST effectiveness in science education.

Table 4. Descriptive statistics of the educators’ experience with digital storytelling. 

Experience with DST Median Range Mean Std. Deviation

Are you familiar with the term 
DST? 1.00 1.00 1.21 .426

Have you ever viewed a Digital 
Story? 1.00 1.00 1.07 .267
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In this study, we present a didactic intervention where 
digital storytelling and hands-on activities were com-
bined to promote students’ scientific literacy and environ-
mental/sustainable development awareness in a science 
centre. Furthermore, we identify the degree of familiarity 
of students and educators with DST and their perceptions 
regarding the pedagogical value of DST in environmental 
and science literacy. Additionally, students’ attitudes and 
perceptions on the environmental issue of plastic waste 
pollution were examined throughout this research. Based 
on our preliminary results some interesting conclusions 
emerged regarding the research questions that were in-
vestigated. In addition, our outcomes encompass not only 
knowledge acquisition but also changes in interest and 
attitudes.

The findings in this study showed that the majority 
of both students and educators (with a ratio of 7 out of 
10) agreed on the usefulness of DST as an instructional 
tool for teaching science in non-formal educational envi-
ronments. According to the literature (Gils, 2005; Sadik, 
2008), the positive attitude of educators, and the effective 
use and implementation of DST by the school communi-
ty, are both important factors for its successful integration 
into the learning process. 

Moreover, all students and educators answered pos-
itively to the research question concerning the suitabil-
ity of DST as a tool for the promotion of contemporary 
environmental issues, agreeing on the usefulness of its 
application in environmental literacy. According to the 
literature, storytelling is an appropriate education tool to 
persuade people and facilitate behavioural change (An-
derson et al., 2016; Pasupa & Pasupa 2017; Pahl et al., 
2017). In addition, when educators were asked about the 
didactic value of DST in the science literacy of students, 
9 out of 10 of them answered positively. As is indicated in 
the literature, the use of narratives to engage and stimulate 
changes in non-expert audiences has also been claimed 
as a powerful way to communicate science (Dahlstrom, 
2014). Additionally, Bettencourt et al. (2021) emphasise 
the importance of developing hands-on and technolog-
ic-educational actions to foster participants’ attitudes, 
perceptions, and behaviour changes, particularly among 
the younger generation.

Regarding the research question that referred to the 
engagement of students and the enjoyment of the learning 
experience in a science centre, the majority of the edu-
cators believe that it contributes positively. Additionally, 
most of the students stated that they were very satisfied 
with their experience at the research centre. The correla-
tion analysis exhibited a positive and of high significance 
relationship between the DST’s contribution to student 
engagement and the degree of active student participa-
tion. Concerning students’ perceptions and behaviours on 
plastic pollution, it appears that the majority of them (7 
out of 10 students) believe that plastic waste causes dam-
age to the ecosystem, contributes to the aesthetic deg-
radation of the landscape, and can threaten human life. 
Regarding recycling as a good environmental practice, 
a large percentage of students stated that they choose to 
recycle in their daily lives. More specifically, 4 out of 10 

students stated that they recycle every day. In addition, 9 
out of 10 students stated that changing our daily consum-
er habits and behaviours is important for the protection of 
the environment.

Summarising our results, we can conclude that the di-
dactic intervention that was  applied helped students to 
further familiarise themselves with digital storytelling 
and to further engage in marine pollution issues by the 
use of technologies as an ideal tool for scientific educa-
tion and environmental literacy. In addition, it contribut-
ed to the cultivation of students’ engagement in science 
and environmental literacy in a research centre by provid-
ing authentic experiences through hands-on interactions, 
which strengthened students’ attitudes towards science 
and the environment. Furthermore, to maximize the po-
tential efficacy of the interventions, skills, values and at-
titudes must be fostered, together with knowledge. For 
that, processes that rely on open-minded, reflexive and 
participative approaches must be explored as they will 
lead to better results (Tambovceva et al., 2018). 

Limitations and future research proposals

This research is a case study presenting early results 
that cannot be generalised, mainly due to the limited 
number of students trained. However, these results point 
to the need for further research on this topic. The repe-
tition of similar interventions followed by surveys with 
a larger sample of participants (students and educators) 
in various non-formal/informal learning environments is 
strongly recommended for obtaining more reliable and 
generalised results. It is also suggested that for better de-
velopment of the learning outcomes of the teaching in-
tervention on the part of educators, there is a need for 
close and functional cooperation between teachers and 
educators from informal settings. Better preparation of 
both educators and students, before and after their visits 
to the non-formal learning centre, enhanced and comple-
mented with appropriate material, toolkits, etc. is also 
needed (Alampei et al., 2014). This cooperation would 
help teachers to acquire more in-depth knowledge about 
the connections between research centre resources and 
school science, to fully understand the importance of 
knowing the research centre resources before planning 
their school visit, in order to become a much more ac-
tive participant during their own school visits (Faria & 
Changas, 2012). According to Anderson & Zhang (2003), 
the activities that will follow after a visit to a non-for-
mal learning institution should be harmonized with the 
experiences and knowledge that students acquire during 
that visit but also with the use of pre-existing knowledge 
and experience in order to consolidate and/or expand the 
understanding of the issues related to the educational pro-
grams attended.



336 Medit. Mar. Sci., Special Issue 23/2 2022, 327-337

Acknowledgements

We thank Dr. Psallidas Vasilis from MIO-ECSDE for  
useful discussions and comments that greatly improved 
the provided intervention. We would like also to recog-
nize the precious assistance of the late Mrs. Elena Er-
midou during the implementation of this intervention at 
HCMR premises in Attica.

References

Ainsworth, H.L., Eaton, S., 2010. Formal, Non-Formal and 
Informal Learning in the Sciences. Education Resources 
Information Center (ERIC), Online Submission, 48 pp. 
ISBN-978-0-9733594-5-9

Alampei, I., Malotidi, V., Vlachogianni, Th., Scoullos, M., 
2014. Know, Feel, Act! to Stop Marine Litter: Lesson plans 
and activities for middle school learners. Mediterranean 
Information Office for the Environment, Culture and Sus-
tainable Development (MIO-ECSDE), 109 pp. ISBN 978-
960-6793-16-5.

Alessi, S.M., Trollip, S.R., 1991. Computer-based instruction: 
Methods and Development (2nd ed.). Upper Saddle River, 
New Jersey: Prentice Hall.

Anderson, D., Zhang, Z., 2003. Teacher perception of field trip 
planning and implementation. Visitor Studies Today, 6 (3), 
6-12.

Anderson, A.G., Grose, J., Pahl, S., Thompson, R.C., Wyles, 
K.J., 2016. Microplastics in personal care products: explor-
ing perceptions of environmentalists, beauticians and stu-
dents. Marine Pollution Bulletin, 113, 454-460.

Anderson, J., Chung, Y.-C., Macleroy, V., 2018. Creative and 
critical approaches to language learning and digital technol-
ogy: Findings from a multilingual digital storytelling proj-
ect. Language and Education, 32 (3), 195-211.

Baki, Y., 2015. The effect of digital stories on the sixth-grade 
students’ writing process. PhD Thesis, Atatürk University, 
Erzurum.

Balaman, S., 2018. Digital storytelling: A multimodal narrative 
writing genre. Journal of Language and Linguistic Studies, 
14 (3), 202-212.

Bettencourt, S., Costa, S., Caeiro, S., 2021. Marine litter: A re-
view of educative interventions. Marine Pollution Bulletin, 
168, 112446.

Barrett, H., 2005. Storytelling in higher education: A theory 
of reflection on practice to support deep learning. p.1878-
1883. In: Proceedings of the Technology and Teacher Ed-
ucation Annual Conference 2005. Charlottesville, VA. As-
sociation for the Advancement of Computing in Education. 
http://electronicportfolios.com/portfolios/ Kean.pdf (Ac-
cessed 12 February 2009).

Bilen, K., Hoştut, M., Büyükcengiz, M., 2019. The Effect of 
Digital Storytelling Method in Science Education on Aca-
demic Achievement, Attitudes, and Motivations of Second-
ary School Students. Pedagogical Research, 4 (3), 1-12.

Clement, C.C., 2014. Utilizing Non-Formal Teaching Strate-
gies to Enhance Student Engagement within Environmental 
Themed Science Units. MSc Thesis. Education and Human 
Development Master’s Theses, The College at Brockport: 

State University of New York, 406 pp.
Council of Europe, 2001. Symposium on non-formal education. 

Strasbourg (EYC), 13-15 October 2000. Report. Council of 
Europe.

Dahlstrom, M., 2014. Using narratives and storytelling to com-
municate science with nonexpert audiences. Proceedings of 
the National Academy of Sciences of the United States of 
America, 111, 13614-13620.

Davidson, S., Passmore, C., Anderson, D., 2010. Learning on 
Zoo Field Trips: The Interaction of the Agendas and Practi-  

      ces of Students, Teachers, and Zoo Educators, Science Edu-
cation, 94 (1), 122-141.

Dewi, N.R., Maghfiroh, L., Nurkhalisa, L., Dwijayanti, I. 2019. 
The Development of Contextual-Based Science Digital 
Storytelling Teaching Materials to Improve Students’ Crit-
ical Thinking on Classification Theme. Journal of Turkish 
Science Education, 16 (3), 364-378.

De Young, R., Monroe, M., 1996. Some Fundamentals of En-
gaging Stories. Environmental Education Research, 2 (2), 
171-187.

Digka, N., Ioakeimidis, C., Andriopoulou A., 2018. The impact 
of non-formal educational intervention on children’s point 
of view and attitude about marine litter. p. 184. In: 12th Pan-
hellenic Symposium of Oceanography & Fisheries, 30 May 
- 3 June 2018, Corfu, Greece. HCMR, Athens.

Duman, B., Göcen, G., 2015. The effect of the digital storytell-
ing method on pre-service teachers’ creative writing skills. 
Anthropologist, 20 (1, 2), 215-222. 

Falk, J.H., Storksdieck M., 2005. Learning science from mu-
seums. Historia Ciencias Saude - Manguinhos, 12 (suppl. 
0), 117-143. 

Faria, C., Changas, I., 2012. School-visit to a science cen-
tre: student interaction with exhibits and the relevance of 
teachers’ behavior. RevistaElectrónica de Enseñanza de las 
Ciencias, 11 (3), 582-594.

Gibson, H.L., Chase, C., 2002. Longitudinal Impact of an In-
quiry-Based Science Program on Middle School Students’ 
Attitudes toward Science. Science Education, 86, 693-705. 

Gils, F.V., 2005. Potential applications of digital storytelling in 
education. In: 3rd Twente Student Conference on IT, Feb-
ruary 17-18 2005. University of Twente, Faculty of Elec-
trical Engineering, Mathematics and Computer Science, 
Enschede.

Hadzigeorgiou, Y., Prevezanou, B., Kabouropoulou, M., Kon-
solas, M., 2010. Teaching about the importance of the trees. 
A study with young children. Environmental Education Re-
search, 17, 519-536.

Hur, J.W., Suh, S., 2012. Making learning active with interac-
tive whiteboards, podcasts, and digital storytelling in ELL 
classrooms. Computers in the Schools, 29 (4), 320–338.

Judson, G., 2010. A new approach to ecological education. En-
gaging Students’ Imaginations in Their World. Peter Lang: 
New York, 284 pp. 

Lazar, I., Paun, A.C., Mierlea, S., 2019. Educație globală în 
contexte pedagogice non-formale [Global education in 
non-formal educational contexts]. Presa Universitară Clu-
jeană, 102 pp.

Lisenbee, P.S., Ford, C.M., 2018. Engaging students in tradi-
tional and digital storytelling to make connections between 



337Medit. Mar. Sci., Special Issue 23/2 2022, 327-337

pedagogy and children’s experiences. Early Childhood Edu-
ucation Journal, 46 (1), 129-139.

Maarschalk, J., 1988. Scientific literacy and informal science 
teaching. Journal of Research in Science Teaching, 25 (2), 
135-146.

NRC (National Research Council), 2009. Introduction. Chap-
ters 5 and 8 in Committee on Learning Science in Infor-
mal Environments, Learning Science in Informal Environ-
ments: People, Places, and Pursuits. Washington DC: The 
National Academies Press, 2009.

Ohler, J., 2008. Digital storytelling in the classroom: New me-
dia pathways to literacy, learning and creativity. SAGE 
Publications, Corwin Press, 228 pp.

Okada, A., 2013. Scientific Literacy in the digital age: tools, 
environments and resources for co-inquiry. European Sci-
entific Journal, 4, 263-274.

Pahl, S., Wyles, K., Thompson, R., 2017. Channelling passion 
for the ocean towards plastic pollution. Nature Human Be-
havior, 1, 697-699. 

Pasupa, S., Pasupa, K., 2017. The potential of digital story-
telling in encouraging sustainable lifestyle. p. 263-270. In: 
SUIC’s 15th Anniversary Conference and Exhibition, 19-
20 October 2017. Bangkok, Thailand.Plakitsi, K., 2013. 
Teaching Science in Science Museums and Science Cen-
ters. p. 27-56. In: Activity Theory in Formal and Informal 
Science Education. Sense Publishers.

Ranieri, M., Bruni, I., 2013. Mobile storytelling and informal 
education in a suburban area: a qualitative study on the 
potential of digital narratives for young second-generation 
immigrants. Learning, Media and Technology, 38 (2), 217-
235. 

Reijnders, S., 2010. Places of the imagination. An ethnography 
of the TV detective tour. Cultural Geographies, 17 (1), 37-
52. 

Robin, B., 2005. Educational uses of digital storytelling. Main 
directory for the educational uses of digital storytelling. 
Instructional technology Program. University of Huston. 
http://www.coe.uh.edu/digitalstorytelling/default.htm (Ac-
cessed 12 February 2007).

Robin, R., 2008. Digital storytelling: a powerful technology 
tool for the 21st century classroom. Theory into Practice, 
47, 220-228. 

Roussou, M., Pujol, L., Katifori, A., Chrysanthi, A., Perry, S. et 
al., 2015. The Museum as Digital Storyteller: Collaborative 
Participatory Creation of Interactive Digital Experiences. 
In: Annual Conference of Museums and the Web: MW, 8-11 
April 2015. Chicago, IL, US. 

Sadik, A., 2008. Digital storytelling: A meaningful technolo-
gy-integrated approach for engaged student learning. Ed-
ucational Technology Research and Development, 56 (4), 
487-506.

Saritepeci, M., 2021. Students’ and Parents’ Opinions on the 

Use of Digital Storytelling in Science. Education.Technolo-
gy, Knowledge and Learning, 26, 193-213.

Scoullos, M., Malotidi, V., 2004. Handbook on Methods used 
in Environmental Education and Education for Sustainable 
Development. MIO-ECSDE, pp 117. ISBN: 960-88033-1-
4. 

Scoullos, M., Malotidi, V., Lindroos, P., Suomalainen, S., 2017. 
Learning for and about sustainability in higher education – 
a regional perspective based on experiences from the Baltic 
and the Mediterranean. International Journal of Sustain-
ability in Higher Education, 18 (6), 877-893.

Schugurensky, D., 2000. The forms of informal learning. To-
wards a conceptualization of the field. Working Paper 19-
2000. Presented at the New Approaches for Lifelong Learn-
ing (NALL) Fourth Annual Conference, October 6-8.

Smeda, N., Dakich, E., Sharda, N., 2014. The effectiveness 
of digital storytelling in the classrooms: a comprehensive 
study. Smart Learning Environments, 1 (6), 1-21. 

Tambovceva, T., Dimante, D., Atstāja D., 2018. Consumer be-
haviour change through education for sustainable develop-
ment: case of Latvia. International Journal of Environmen-
tal Technology Management, 21, 238-252. 

Tan, M., Lee, S.-S., Hung, D.W.L., 2014. Digital storytelling 
and the nature of knowledge. Education & Information 
Technologies, 19, 623-635. 

UNESCO, 2013. Education for Sustainable Development in 
Biosphere Reserves and other Designated Areas. A resource 
book for Educators in South-Eastern Europe and the Medi-
terranean. pp 259. ISBN 978-92-3-001120-8.

Vlachogianni, T., Fortibuoni, T., Ronchi, F., Zeri, C., Mazziotti, 
C. et al., 2018. Marine litter on the beaches of the Adriatic 
and Ionian Seas: An assessment of their abundance, com-
position and sources. Marine Pollution Bulletin, 131, 745-
756.

Vlachogianni, T., Skocir, M., Constantin, P., Labbe, C., Ortho-
doxou, D. et al., 2020. Plastic pollution on the Mediterra-
nean coastline: Generating fit-for-purpose data to support 
decision-making via a participatory-science initiative. Sci-
ence of the Total Environment, 711, 135058.

Wang, S., Zhan, H., 2010. Enhancing Teaching and Learning 
with Digital Storytelling

 International Journal of Information and Communication 
Technology Education, 6 (2), 76-87. 

Whitworth, S., Berson, M.J., 2003. Computer technology in the 
social studies: An examination of the effectiveness litera-
ture (1996-2001). Contemporary Issues in Technology and 
Teacher Education, 2 (4), 472-509.

Williams, D., Coles, L., Wilson, K., Richardson, A., Tuson, J., 
2000. Teachers and ICT: Current use and future needs. Brit-
ish Journal of Educational Technology, 31 (4), 307-320.

Powered by TCPDF (www.tcpdf.org)

http://www.tcpdf.org

