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Abstract. This study aims to identify activities in digital storytelling that promote three
types of thinking skills: associative, visual, and divergent, in science classrooms. To
achieve this research purpose, a systematic review of the literature was conducted using
the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)
guidelines. The final reviewing process has led to a total of 41 selected articles that were
retrieved from six electronic databases: Web of Science, Scopus, ScienceDirect,
EBSCOhost, Semantic Scholar, and Google Scholar. These articles were published from
2004 until 2022. Through qualitative data analysis, the results revealed 36 digital
storytelling activities that can be implemented in science classrooms to promote students*
thinking skills. It can also be concluded from the findings that, for optimal results, the
implementation of digital storytelling should incorporate a combination of activities and
adopt a collaborative approach to support all three types of thinking skills. Overall, this
study highlights the activities of digital storytelling that can develop students® thinking
skills and enhance their science learning understanding.
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1 Introduction

This study highlights activities in digital storytelling that train students’ thinking skills to
help them understand science concepts. First, the term "digital storytelling" refers to the ability
to tell stories digitally using multimedia elements such as text, graphics, voiceover, a
background soundtrack, animation, and video [1][5]. Like traditional storytelling, digital
storytelling will focus on a specific topic and include a viewpoint. Nevertheless, the term "digital
storytelling” is distinguishable by the process of mixing digital media materials using video
editing software to aid audience comprehension of a story in video format. The research studies'
findings indicate that using digital stories helps students develop their ability to absorb concepts
more deeply and achieve high academic achievement [6-8].

Almost all digital stories are short and concise, typically lasting between 3 and 5 minutes
and not exceeding 10 minutes in duration [9]. Generally, the digital storytelling video can be
displayed on any electronic device that supports this format and shared online. Although there
are various types of digital stories, some academics have proposed categorising them into a few
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narrow groups, such as biographies, history documentaries, and topical stories that educate
about a specific topic [10]. Since digital storytelling can assist students in achieving academic
success, it has increasingly drawn attention among teachers and students to creating digital
storytelling on a broad range of subjects, including science [12—15].

However, science concepts are abstract in nature, and implementing digital storytelling in
the science classroom requires activities that can support thinking skills [19-21]. Among the
thinking skills that can help students attain a good understanding of science concepts are
associative thinking [20], visual thinking [24], and divergent thinking [18].

According to [25], the three thinking skills aforementioned should be mastered in
hierarchical order. The first skill is associative thinking, which means making a connection
between content knowledge and daily life experience [26]. According to the associative theory,
which was put forth by Mednick in 1962, associative thinking aids students in identifying the
root causes of their problems and increases the probability that a solution will be found [19].
Hence, the process of linking the prior knowledge to the assigned task requires the student to
explore more about the science content, which leads to better comprehension.

The second skill is visual thinking, which is defined as the capability to visually imagine
specific concepts [30]. The capability to integrate various meanings of images into a full, visible
picture is the primary function of visual thinking. Students can also use visual thinking to make
sense of the results of abstract verbal thinking. This is because visual thinking makes an abstract
idea more concrete. Its application in studying and analysing research work helps students
understand scientific concepts [30-32].

The third skill, called "divergent thinking," is the ability to come up with different ideas
that are valued based on what students already know [35]. Hargreaves first proposed divergent
thinking in 1927, and Guilford distinguished it from convergent thinking in 1950 [32].
According to a study conducted by [15], students who perform well in science academic tests
are also those who are more divergent. Therefore, divergent thinking is an important skill in
learning and has a significant relationship with academic achievement.

In contrast, the weakness in these three skills causes students to have problems with
science learning. For instance, weaknesses in associative thinking skills contribute to the
problem of students' difficulties in making mental images to understand the topic in chemistry
[34]. In the topic of acids and bases, the weakness of students' visual thinking skills is in making
visual representations related to concepts beyond the scope of the naked eye, which causes
students to have misconceptions.

In the different science disciplines, [35] discovered that a lack of visual thinking skills is
one of the major contributing factors in making learning physics difficult. He goes on to explain
that physics theories like general relativity and the concept of radiation are exceedingly difficult
for students to grasp because they deal with generally abstract concepts. Designing and
implementing educational activities that aid students in developing visual representations that
express their conceptual ideas is crucial. The inability to visualise is significant because it
interferes with their ability to make connections, which is dependent on their individual
associative thinking skills [36].

As aresult, a student's lack of visual and associative thinking skills makes it hard for them
to come up with ideas for their assigned tasks. As shown in a survey done by [37], students' test
answers were incorrect and only contained one type of answer or idea. The inability to generate
ideas is due to the weakness of students' divergent thinking skills [39—41]. Hence, due to the
dependency relationship between these three thinking skills, it is essential to carry out teaching
activities that can train this set of skills in the classroom to help students better understand
science learning [42].



A recent systematic literature review by [42] indicates that digital storytelling can
effectively train and incorporate these three skills in a science classroom. The review analysed
40 empirical studies that employed various teaching approaches in science lessons, such as
project-based learning, problem-based learning, inquiry, multidisciplinary integration, and
hands-on activities. However, there is a gap in knowledge on how digital storytelling processes
and activities can specifically promote these essential thinking skills and how they can be
incorporated into teaching. Even though there are various versions of digital storytelling
activities, they are found to be implemented in standard stages, as illustrated by [43] see Figure
1.

* Posing specific questions

* Exploring related
information

* Writing script

* Carrying out oral storytelling

* Designing story board

1. Pre-
production

2. * Preparing multimedia
Production contents/elements
* Recording their own voices

3. Post-
production

* Sharing comments
and digital stories

Fig. 1. Three standard stages in producing digital storytelling.

Nevertheless, the existing digital storytelling process, as described by several digital
storytelling scholars, does not pinpoint the exact thinking skill involved in each activity [2][4]
[5][45-47]. Thus, the activities in digital storytelling that influence thinking skills are still
unknown. Therefore, this study fills this gap, guided by the main research question as follows:
Which digital storytelling activities promote associative thinking, visual thinking, and divergent
thinking?

2 Methods

In this study, the systematic literature review (SLR) is used as a way to search articles in
a large database of publications on a certain topic and time period in a systematic way. The
Preferred Reporting Items of Meta-Analysis (PRISMA) guidelines were used as a guide during
the review process. Six electronic databases were searched: ScienceDirect, Scopus, Web of
Science, EBSCOhost, Google Scholar, and Semantic Scholar. The articles were retrieved
between 2004 and 2022, when they were published. The 18-year time frame was set up due to
the first digital storytelling article published in 2004 and continues until 2022 to ensure a
comprehensive review process. The review procedure involves four stages (see Figure 2).
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Fig. 2. A systematic review procedure based on PRISMA

In the first stage, identification starts with obtaining the primary keyword from the research
question, namely, “digital storytelling”, “thinking skills” and “science classroom”. The
identification of related keywords, synonyms, and variations was carried out to further broaden
the search. These keywords were later combined in an advanced search by using the Boolean
operators OR, AND, or both. The second stage of the screening procedure continued with the
criteria for inclusion. For an article to be included in this study, it must be a journal article or a
thesis, written in English or Malay, and discuss the effect of digital storytelling activities. As a
result, 962 articles have been retrieved from the screening procedure.

2.1 Sample

In the third stage, the 962 articles are checked to see if they are eligible by looking at their
titles and abstracts. This led to the selection of 84 articles. The selection process is based on the
sample involved, which ranges from preschool to tertiary students and is associated with four
science disciplines (earth science, biology, chemistry, and physics). In stage four, 84 articles
were evaluated for quality, and the Critical Appraisal Tool (CAT) checklist was used to evaluate
each of the retrieved articles. The CAT was developed by the Joanna Briggs Institute (JBI)
and consists of eleven questions. Each question requires a "yes," "no," or "unclear" response.
Not applicable ("NA") is also an option, and in some instances, it may be appropriate. Score 1
if the answer to a particular question in the checklist is “yes”, and 0 if it is “no”. If the sum of
all scores for an evaluated article is equal to or greater than 6 (>50%), then the article is included
to be reviewed in this study [47]. As a result, 41 articles with moderate- and high-quality
appraisals are included in this study.



2.2 Data Analysis

In the data analysis procedure, the main focus has been on getting information about
activities that were done to train three types of thinking: associative, visual, and divergent.
According to [48], this can be done using a qualitative data analytic process known as the coding
method. Through this method, a coding scheme has been developed specifically for the review
that highlights the key characteristics of thinking skills. In this study, the coding scheme is
established by a 3-step process referring to the coding manual outline provided by [48]. First,
identify key concepts and terms related to associative, visual, and divergent thinking. The online
thesaurus was used to expand the list of key concepts and identify related terms that are relevant
to this study. Second, develop a preliminary coding scheme by organising these concepts into
categories or themes. The established coding scheme was later refined and revised in step 3.
This is based on new insights and patterns that emerge from the data. This may involve adding
new codes, combining or splitting existing codes, or reorganising the categories.

In this study, the three themes of a coding scheme have been established as follows: The
first theme, associative thinking, refers to any of the terms used in discussions and conclusions
about the influence of digital storytelling activities on science learning outcomes, such as
"connecting", "linking", "associating", "combining", "integrating", "bringing together",
"correlating", "relationships", "matching", and "putting together". The second theme, visual
thinking is any term that is used to talk about academic achievement, such as "visualise",
"envision", "picture", "conceptualise", "imagine", "imagination", and "fantasise". The third
theme and the last, divergent thinking, refers to any of the following keywords used in

"non

discussion related to academic achievement, such as "generate", "produce", "create", "describe",
"express", "deliver", "make", "suggest', "process", "put", "construct", "explain" and "initiate".
Finally, a synthesis of the extracted data can be conducted, in which the key findings
related to the activities in digital storytelling that promote the development of the targeted
thinking skill are summarised and analysed. The extracted data from the included studies was
organised using the three stages of the digital storytelling process. Table 1 summarises the
overall analysis of each study reviewed. This table contains data extracted from the 41 articles

that were reviewed.

3 Results and Discussion

The reviewed result in Table 1 will be discussed in terms of the three stages in creating
digital storytelling, namely, 1) pre-production, 2) production, and 3) post-production, as
illustrated by [43].

Table 1. Digital storytelling activities that promote students‘ thinking skills

SN Thinking skills
Stages  References Activities Associative  Visual Divergent
[49] Project-based /
[50] Hands-on /
o) [51] Completing Instructional material /
A [5] Challenging assignment /
[52],[53]  Creating a story based on an experiment / /
[54] Historical story content /
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3.1 Digital storytelling activities that promote associative thinking

Based on Table 1, project-based digital storytelling activities train associative thinking at
each stage of the digital story creation process [85]. During pre-production, associative thinking
is required to create a scenario-based story plot by writing it on a graphic storyboard or using a
brainstorming sheet [9][59][65][88]. During story plot writing, students must relate the science
topics they learn to real life in story format [64]. The story plot combination in the form of a
video essay creates a meaningful relationship between abstract science concepts and daily life
phenomena [71]. The involvement of associative thinking in this process is through the ability
to conceptually link two story plots based on students' comprehension. Before students can tell
the whole story and make their points, they have to do this first [63]. Nevertheless, [87] states
that the main challenge for associative thinking skills is finding ideas that need to be connected.
Hence, [88] suggests that, to cultivate students' ability to connect different ideas, adopting
collaborative activities can help diversify students' ideas.

Under other conditions, making a video using editing software during the production
stages assists students in creating digital stories [72][77]. This educational video editing
software acts as a platform to help students explore and deliver information about science
concepts by incorporating multimedia [74]. According to [66], incorporating multimedia into
the writing of a story also helps students include tangible details that prevent them from
receiving the wrong idea about science concepts. Unfortunately, because not all students take
basic computer courses, their skills in using multimedia presentation software vary [89]. Thus,
it's important to make sure that students know how to use computers well enough to add
multimedia to their digital stories. Regarding digital story content, [52] suggests creating stories
based on lab experiments to give students a chance to think about how their previous
experiments relate to what they are learning in class. In addition, [56] suggested that the story
creation process be done in groups to provide variation in the respondents' opinions in order to
make digital story content more effective. However, this method required more time and teacher
support, as well as careful planning [92][93].

In the post-production of digital storytelling activities, associative thinking can be trained
during collaborative formative and summative assessments. These assessments can be done in
small groups to evaluate the quality of the displayed digital storytelling video produced at the
end of the project [83][84]. The reflective assessment can help students learn deeper and for
longer when they can identify connections between their experiences [92]. In short, the
associative thinking activities involved in digital story creation offer a significant advantage in
enabling students to establish connections between their knowledge and real-life content.
Nonetheless, for the best outcomes, it is essential to adopt a collaborative approach, manage
time effectively, and receive strong support from teachers.



3.2 Digital storytelling activities that promote visual thinking

As shown in Table 1, the reviewed result shows how visual thinking is involved in hands-
on digital storytelling activities at every stage of making a digital story [50]. During pre-
production, writing a story requires students to use their imaginations to create stories that reflect
their understanding of science content [59]. For example, a task that challenges students'
imagination in seeking an appropriate scientific solution for an astronaut living on Mars [93].
This writing activity allows students to use science facts in a creative way to solve a task that
requires imagination. Nevertheless, this activity seems difficult for some students if it is solely
dependent on metaphorical thinking. Instead, according to [93] and [69], using a combination
of visuals such as a photo of Mars, a spacecraft, a space station, or video simulations helps
students' imaginations and makes this activity possible to carry out. At the production stage, the
process of adding visual technologies such as embedding stories with authoring tools
(augmented reality AR or virtual reality VR), animation, or voiceover audio recording helps
students visualise content related to written storyboards [36][79][80][82]. In terms of the story
content, the historical story of the real-life scientist develops students’ imaginations, and the
information becomes more permanent. The historical content in the form of video allows
students to picture the events of the story in their minds [94]. Moreover, telling a story verbally
and effortlessly helps the student's visual style absorb new ideas into the audience's preexisting
schema [79].

At the post-production stage of the digital story activity, collaborative group work helps
students successfully complete their projects. According to [36], collaborative digital
storytelling activities support students' ability to visualise content in a constructivist
environment, which is reflected in enhanced student science academic achievement. Overall,
the reviewed studies indicate that hands-on, collaborative digital storytelling activities involving
visual thinking occur at every stage of making a digital story. Nevertheless, it is important to
note that some students find it challenging to write a story using science facts in a creative way.
However, using visual technologies such as science’s historical stories presented in the form of
videos or told verbally can help students visualise content.

3.3 Digital storytelling activities that promote divergent thinking

The analysis based on Table 1 indicates that activities in digital storytelling are capable of
integrating divergent skills in the science classroom. At the pre-production stage, the assignment
of challenging tasks such as writing a scientific story based on an experiment or using poetry
offers students opportunities to comment on scientific phenomena and create quality answers to
the task [6][55][6][55][57]. This challenging task can also be used in collaborative work to aid
in problem-solving and knowledge construction with classmates [60][97]. However, [51]
advises that in order to effectively guide students in collaborative digital storytelling learning,
procedures and checklists can be used in this approach to assist students’ activities.



At the production stage, divergent thinking can be nurtured through script writing [13],
[61] and multimedia integration [72]. During these activities, students are expected to think of
new ideas and create a multimedia story. The ability to generate ideas is demanded during these
stages to provide unique ideas. The use of a story map is helpful in assisting students to further
elaborate on their ideas [12]. Apart from that, the use of alternative media such as web-based
platforms or drawings is beneficial to support students in expressing their story ideas
[67][69][75]. Meanwhile, [62] stated that taking pictures with a digital camera allows students
to examine how content can be changed for illustrations and compare how personal videos
express themselves. Yet, students' storytelling skills are different even if they are in the same
class. This limitation can be overcome by conducting pre-storytelling training prior to the
production of actual digital storytelling [96].

In the post-production of digital storytelling, the infusion of divergent thinking can be
identified during the questioning activities of the digital storytelling presentation [85][86].
When students finish a digital story, teachers can implement questioning activities by asking
them to think about it and share their thoughts and ideas. Therefore, these activities support
students' divergent thinking to be able to generate more ideas that are unique and detailed. As a
result, students gain a better understanding of a scientific concept.

4 Conclusion

As part of our systematic review, we identified 36 digital story activities that can be
implemented in science classrooms to promote students® thinking skills (see Table 1). These
activities involve students' thinking skills in all three stages of producing digital stories. But
then, no single activity in the production of digital storytelling is simultaneously able to train
associative, visual, and divergent thinking skills. Hence, the implementation of digital
storytelling should combine several activities and integrate a collaborative approach to be able
to support all three types of thinking skills. In conclusion, this systematic review contributes to
the addition of information about digital storytelling activities that can be used by educators to
promote associative, visual, and divergent thinking skills.



References

(11]

[12]

(13]

[14]

[15]
[16]

[17]

(18]

(19]

(20]

(21]

B. R. Robin, “The Power of Digital Storytelling to Support Teaching and Learning,” Digit. Educ.
Rev., no. 30, pp. 17-29, 2016, doi: 10.1344/der.2016.30.17-29.

A. Sadik, “Digital storytelling : a meaningful technology-integrated approach for engaged student
learning,” pp. 487-506, 2008, doi: 10.1007/s11423-008-9091-8.

B. Porter, “DigiTales: The Art of Telling Digital Stories,” 2004. http://www.digitales.us/evaluating/
(accessed Jul. 17, 2022).

J. Lambert, Digital storytelling, vol. 41, no. 2. 2007.

G. Kirilmazkaya, “Effect of science teaching supported with scientific stories on students’ academic
success, attitudes and motivation.,” Int. Online J. Educ. Teach., vol. 9, no. 4, pp. 1838-1851, 2022,
[Online]. Available: https://iojet.org/index.php/IOJET/article/view/1746.

N. Chubko, J. E. Morris, D. H. McKinnon, E. V. Slater, and G. W. Lummis, “Engaging Adolescent
Kyrgyzstani EFL Students In Digital Storytelling Projects About Astronomy,” Issues Educ. Res.,
vol. 29, no. 4, pp. 1107-1130, 2019.

N. R. Dewi, S. Nurkhalisa, E. N. Savitri, I. Dwijayanti, and S. W. A. Wibowo, “The influence of
science learning media based digital storytelling towards metacognition ability,” J. Phys. Conf. Ser.,
vol. 1567, no. 2, 2020, doi: 10.1088/1742-6596/1567/2/022067.

D. O. Goksiin and G. Giirsoy, “Digital Storytelling in Science Teacher Education: Evaluation of
Digital Stories,” Sci. Educ. Int., vol. 33, no. 2, pp. 251-263, 2022, doi: 10.33828/sei.v33.i2.13.

J. Lambert, Digital Storytelling Capturing Lives, Creating Community, 4th ed. New York: Taylo &
Francis Ltd., 2013.

H. Chang, Y. Do, and J. Ahn, “Digital Storytelling as an Intervention for Older Adults : A Scoping
Review,” Int. J. Environ. Res. Public Health, vol. 20, no. 2, p. 1344, 2023, doi:
https://doi.org/10.3390/ijerph20021344.

C. Nicolaou, “The Secret Power of Digital Storytelling Methodology : Technology-Enhanced
Learning Utilizing Audiovisual Educational Content,” pp. 1-5, 2023, doi: 10.4018/978-1-6684-
5394-0.ch013.

G. Groshans, E. Mikhailova, C. Post, M. Schlautman, P. Carbajales-Dale, and K. Payne, “Digital
story map learning for STEM disciplines,” Educ. Sci., vol. 9, no. 2, pp. 1-17, 2019, doi:
10.3390/educsci9020075.

N. Kotluk and S. Kocakaya, “The effect of creating digital storytelling on secondary school students’
academic achievement, self efficacy perceptions and attitudes toward physics,” Int. J. Res. Educ.
Sci., vol. 3, no. 1, pp. 218-227, 2017.

S. U. Kubravi, S. O. Shah, and K. Jan, “Digital Storytelling: The Impact on Student Academic
Achievement, Critical Thinking, and Learning Motivation,” Int. J. Res. Eng. Sci. Manag., vol. 1, no.
12, pp. 787791, 2018.

F. R. Choudhary, “Possible Relationship between Extents of Divergence , Science Achievement and
Attitudes towards Science,” J. Sci. Educ., no. Ii, pp. 6380, 2019.

Y. Hadzigeorgiou, Imaginative science education: The central role of imagination in science
education, no. January 2016. 2016.

P. Munther, M. Abdul, K. Al, D. Abdul, and H. Ward, “The effect of ( 5555 ) strategy in associative
thinking among fourth-grade scientific level students in the subject of biology,” vol. 6, no. 4, pp.
5298-5310, 2022.

J. Yang and X. Zhao, “The effect of creative thinking on academic performance: Mechanisms,
heterogeneity, and implication,” Think. Ski. Creat., vol. 40, no. 2021, 2021, doi:
10.1016/j.tsc.2021.100831.

M. M. Abdul Karim Al Abbasi and D. Abdul Hussein Ward, “The effect of ( 5555 ) strategy in
associative thinking among fourth-grade scientific level students in the subject of biology,” J. Posit.
Sch. Psychol., vol. 6, no. 4, pp. 5298-5310, 2022.

R. E. Beaty, D. C. Zeitlen, B. S. Baker, and Y. N. Kenett, “Forward flow and creative thought:
Assessing associative cognition and its role in divergent thinking,” Think. Ski. Creat., vol. 41, no.
May, pp. 1-15, 2021, doi: 10.1016/j.tsc.2021.100859.

S. M. Kosslyn, “Mental images and the brain,” Cogn. Neuropsychol., vol. 22, no. 3—4, pp. 333-347,

10



(22]

(23]

(24]

(25]

(26]

(27]

[36]

[37]

[38]

[39]

[40]
[41]

[42]

[43]

2005, doi: 10.1080/02643290442000130.

M. Kozhevnikov, M. Kozhevnikov, C. J. Yu, and O. Blazhenkova, “Creativity, visualization
abilities, and visual cognitive style,” Br. J. Educ. Psychol., vol. 83, no. 2, pp. 196-209, 2013, doi:
10.1111/bjep.12013.

I. Reche and F. Perfectti, “Promoting Individual and Collective Creativity in Science Students,”
Trends Ecol. Evol., vol. 35, no. 9, pp. 745-748, 2020, doi: 10.1016/j.tree.2020.06.002.

A. Gerwig, K. Miroshnik, B. Forthmann, M. Benedek, M. Karwowski, and H. Holling, “The
relationship between intelligence and divergent thinking—a meta-analytic update,” J. Intell., vol. 9,
no. 2, 2021, doi: 10.3390/JINTELLIGENCE9020023.

M. K. Suyundikova, E. O. Zhumataeva, M. M. Suyundikov, and E. I. Snopkova, “Prerequisites
defining the trajectory of creative thinking,” Obraz. i Nauk., vol. 23, no. 3, pp. 75-100, 2021, doi:
10.17853/1994-5639-2021-3-75-100.

S. Mednick, “The associative basis of the creative process,” Psychol. Rev., vol. 69, no. 3, pp. 220—
232, 1962, doi: 10.1037/h0048850.

C. L. Wu, S. Y. Huang, P. Z. Chen, and H. C. Chen, “A Systematic Review of Creativity-Related
Studies Applying the Remote Associates Test From 2000 to 2019,” Front. Psychol., vol. 11, no.
October, pp. 1-17, 2020, doi: 10.3389/fpsyg.2020.573432.

S. M. Kosslyn and J. R. Pomerantz, “Imagery, propositions, and the form of internal representations,”
Cogn. Psychol., vol. 9, no. 1, pp. 52-76, 1977, doi: 10.1016/0010-0285(77)90004-4.

R. Arnheim, “A Plea for Visual Thinking,” Crit. Inq., vol. 6, no. 3, pp. 489—497, 1980, [Online].
Available: http://www jstor.org/stable/1343105 .

R. H. McKim, Experiences in Visual Thinking. California: Brooks Cole Publishing Company, 1972.
B. Edwards, The New Drawing on the Right Side of the Brain. Canada: Penguin Putnam Inc., 1979.
J. P. Guilford, “Creativity,” Am. Psychol., vol. 5, no. 9, pp. 444-454, 1950, doi:
10.4324/9781003235361-54.

M. Sun, M. Wang, and R. Wegerif, “Effects of divergent thinking training on students’ scientific
creativity: The impact of individual creative potential and domain knowledge,” Think. Ski. Creat.,
vol. 37, no. September 2019, pp. 1-10, 2020, doi: 10.1016/j.tsc.2020.100682.

K. Ivanoska and M. Stojanovska, “Addressing and Eliminating the Misconceptions About Acid and
Bases Concepts in Primary School Chemistry Teaching,” Maced. J. Chem. Chem. Eng., vol. 40, no.
2, pp. 325-339, 2021, doi: 10.20450/MJCCE.2021.2413.

Y. Kurniawan, R. Muliyani, and S. Nassim, “Digital Story Conceptual Change Oriented (DSCC) to
Reduce Students’ Misconceptions in Physics,” J. Ilm. Pendidik. Fis. Al-Biruni, vol. 8, no. 2, pp. 211—
220, 2019, doi: 10.24042/jipfalbiruni.v0i0.4596.

M. F. Francis, “Digital Storytelling with Project-Based Learning: Engaging High School Males in
Space Science to Improve Academic Achievement,” Northcentral University, 2018.

S. S. Omar, J. Harun, N. D. A. Halim, J. Surif, and S. Muhammad, “Investigating the level of
scientific creativity of science students,” Adv. Sci. Lett., vol. 23, no. 9, pp. 8247-8250, 2017, doi:
10.1166/as1.2017.9870.

B. Forthmann, A. Gerwig, H. Holling, P. Celik, M. Storme, and T. Lubart, “The be-creative effect
in divergent thinking: The interplay of instruction and object frequency,” Intelligence, vol. 57, pp.
25-32, 2016, doi: 10.1016/j.intell.2016.03.005.

S. Acar and M. A. Runco, “Assessing Associative Distance Among Ideas Elicited by Tests of
Divergent Thinking,” Creat. Res. J., vol. 26, no. 2, pp. 229-238, 2014, doi:
10.1080/10400419.2014.901095.

M. Benedek, T. Konen, and A. C. Neubauer, “Associative abilities underlying creativity,” Psychol.
Aesthetics, Creat. Arts, vol. 6, no. 3, pp. 273-281, 2012, doi: 10.1037/a0027059.

T. Saleem and Y. Masadeh, “Teaching Practices of EFL Teachers and the Enhancement of Creative
Thinking Skills among Learners,” vol. 02, no. 2, 2021.

W. M. F. Wan Mohd Nasir, L. Halim, and N. Mohamad Arsad, “Strategies in promoting creative
thinking skills in science classroom: A systematic review,” Cypriot J. Educ. Sci., vol. 17, no. 12, pp.
4839-4855, 2022, doi: https://doi.org/10.18844/cjes.v17i112.7605.

H. Moradi and H. Chen, “behavioral sciences Digital Storytelling in Language Education,” Behav.

11



[44]

[45]

[46]

[47]

(48]

[49]

[50]

(51]

[52]

(53]

[54]

(53]
[56]

[57]

(58]

[59]

[60]

Sci. (Basel)., vol. 9, no. 147, pp. 1-9, 2019.

D. S. Jakes and J. Brennan, “Capturing stories, capturing lives: An introduction to digital storytelling
Authors.” p. 7, 2005, [Online]. Available:
http://id3432.securedata.net/jakesonline/dst_techforum.pdf.

S. Morra, “The 8 Steps of A Great Digital Storytelling Process,” 2013.
https://www.educatorstechnology.com/2014/03/the-8-steps-of-great-digital.html (accessed Jul. 17,
2022).

J. Ohler, “Digital Storytelling in the Classroom: New Media Pathways to Literacy, Learning, and
Creativity,” Digit. Storytell. Classr. New Media Pathways to Literacy, Learn. Creat., pp. 1-5, 2008,
doi: 10.4135/9781452277479.

E. Aromataris, R. Fernandez, C. M. Godfrey, C. Holly, H. Khalil, and P. Tungpunkom,
“Summarizing systematic reviews: Methodological development, conduct and reporting of an
umbrella review approach,” International Journal of Evidence-Based Healthcare, vol. 13, no. 3. pp.
132-140, 2015, doi: 10.1097/XEB.0000000000000055.

J. Saldana, The Coding Manual for Qualitative Researchers, 2nd Editio. SAGE Publication, Inc,
2013.

C. M. Hung, G. J. Hwang, and I. Huang, “A project-based digital storytelling approach for improving
students’ learning motivation, problem-solving competence and learning achievement,” Educ.
Technol. Soc., vol. 15, no. 4, pp. 368-379, 2012.

A. Andriopoulou, S. Giakoumi, T. Kouvarda, C. Tsabaris, E. Pavlatou, and M. Scoullos, “Digital
storytelling as an educational tool for scientific, environmental and sustainable development literacy
on marine litter in informal education environments (Case study: Hellenic Center for Marine
Research),” Mediterr. Mar. Sci., vol. 23, no. 2, pp. 327-337, 2022, doi: 10.12681/mms.26942.

C. W. Nam, “The effects of digital storytelling on student achievement , social presence , and attitude
in online collaborative learning environments,” vol. 4820, no. February, 2016, doi:
10.1080/10494820.2015.1135173.

K. Bilen, M. Hostut, and M. Biiyiikcengiz, “Retraction Note: The Effect of Digital Storytelling
Method in Science Education on Academic Achievement, Attitudes, and Motivations of Secondary
School Students,” Pedagog. Res., vol. 5, no. 3, p. em0080, 2020, doi: 10.29333/pr/8540.

M. S. Kapucu and Z. Y. Avci, “The Digital Story of Science: Experiences of Pre-Service Science
Teachers,” J. Educ. Sci. Environ. Heal., vol. 6, no. 2, pp. 148-168, 2020, doi:
10.21891/jeseh.689444.

M. Giiler, “Tell me a story , professor! The effect of historical science stories on academic
achievement and motivation in a physics class,” Res. Sci. Technol. Educ., vol. 00, no. 00, pp. 1-18,
2021, doi: 10.1080/02635143.2021.1928046.

N. V. Stanley, “Poetry and digital media for improving upper elementary African American science
learning,” J. Poet. Ther., vol. 34, no. 1, pp. 13-23, 2021, doi: 10.1080/08893675.2020.1846866.

O. Giannakou and A. I. Klonari, “Digital storytelling in education using WEBGIS,” Eur. J. Geogr-,
vol. 10, no. 3, pp. 154-172, 2019.

P. Anastasiou, “Using Digital Storytelling in Science: Meaning Making with Students aged 10-12
years old,” no. January, pp- 1-24, 2022, [Online]. Available:
https://search.proquest.com/openview/1357edd5a01dcc1438c2275b7a40f774/1?pq-
origsite=gscholar&cbl=2026366&diss=y%0Ahttp://oro.open.ac.uk/81890/1/POPI
ANASTASIOU_PHD THESIS.pdf.

N. Smeda, E. Dakich, and N. Sharda, “The effectiveness of digital storytelling in the classrooms: a
comprehensive study,” Smart Learn. Environ., vol. 1, no. 1, pp. 1-21, 2014, doi: 10.1186/s40561-
014-0006-3.

A. K. H. Alghamdi and W. H. Alotaibi, “Bringing Science Fiction Story Writing to Saudi Science
Education: Writing-to-Learn Exploratory Case Study,” Sci. Educ., vol. 31, no. 2, pp. 525-541, 2022,
doi: 10.1007/s11191-021-00254-7.

A. Zarei, R. Mojtahedzadeh, A. Mohammadi, J. Sandars, S. Amir, and H. Emami, “Applying digital
storytelling in the medical oncology curriculum : Effects on students ’ achievement and critical
thinking,” Ann. Med. Surg., vol. 70, no. May, p. 102528, 2021, doi: 10.1016/j.amsu.2021.102528.

12



[61]

[62]

[63]

[64]

[65]
[66]

[67]

[68]
[69]
[70]

(71]

(72]

(73]

[74]

[75]
[76]

[77]

(78]
[79]
(80]

(81]

T. A. Lashari, U. Sajid, and S. A. Lashari, “The Effective Use of Digital Storytelling and Flipped
Classroom Instructional Approach to Improve Science Subjects,” Int. J. Instr., vol. 15, no. 4, pp.
221-232,2022, doi: 10.29333/1ji.2022.15413a.

N. Kotluk and S. Kocakaya, “Researching and evaluating digital storytelling as a distance education
tool in physics instruction: An application with pre-service physics teachers,” Turkish Online J.
Distance Educ., vol. 17, no. 1, pp. 87-99, 2016, doi: 10.17718/tojde.59900.

U.-B. Titus, “Digital Storytelling in a Science Curriculum Digital Storytelling in a Science
Curriculum : The Process of Digital Storytelling to Help the Needs of Fourth Grade Students
Understand the Concepts of Food Chains Una-Bellelinda Titus Presented in partial ful,” Hofstra
University, 2012.

P. G. Ozkaya and M. V. Coskun, “The effect of understanding phrase-meaning relationships through
digital storytelling on academic achievement and retention,” Educ. Policy Anal. Strateg. Res., vol.
14, no. 3, pp. 200-236, 2019, doi: 10.29329/epasr.2019.208.10.

A. Kocaman-Karoglu, “Telling stories digitally: an experiment with preschool children,” EMI. Educ.
Media Int., vol. 52, no. 4, pp. 340-352, 2015, doi: 10.1080/09523987.2015.1100391.

P. Adell and H. Wimpey, “The Effects of Digital Storytelling on Astronomy Misconceptions,” PhD
Diss., pp. 1-122,2018.

L. M. B. Enero, R. J. R. Claveria, and C. C. Soto, “Disaster readiness and risk reduction students’
academic achievement in a web-based learning platform,” ACM Int. Conf. Proceeding Ser., pp. 49—
52,2019, doi: 10.1145/3337682.3339888.

S. Kocakaya, N. Kotluk, and F. Karakoyun, “Pre-service physics teachers views on designing and
developing physics digital stories,” Digit. Educ. Rev., no. 30, pp. 106-122, 2016.

A. Christopoulos, “Escaping the cell : virtual reality escape rooms in biology education,” Behav. Inf-
Technol., no. Brame 2016, pp. 1-18, 2022, doi: 10.1080/0144929X.2022.2079560.

N. Chubko, J. E. Morris, D. H. Mckinnon, E. V Slater, and G. W. Lummis, “Engaging adolescent
Kyrgyzstani EFL students in digital storytelling projects about astronomy,” vol. 29, no. 4, 2019.

M. Potter, K. L. Tuck, A. J. Robinson, P. W. Richardson, and A. Grieve, “Medialab: video as a
multi-valent tool for science teaching and learning,” Media Pract. Educ., vol. 22, no. 1, pp. 23-37,
2021, doi: 10.1080/25741136.2021.1832766.

M. Saritepeci, “Students’ and Parents’ Opinions on the Use of Digital Storytelling in Science
Education,” Technol. Knowl. Learn., vol. 26, no. 1, pp. 193-213, 2021, doi: 10.1007/s10758-020-
09440-y.

T. Olokunde, “Digital Storytelling As An Educational Tool for Children Learning STEM Subjects,”
in 2018 Hawaii University International Conferences, 2018, p. 8.

I. Kazanidis, N. Pellas, P. Fotaris, and A. Tsinakos, “Can the flipped classroom model improve
students’ academic performance and training satisfaction in Higher Education instructional media
design courses?,” Br. J. Educ. Technol., vol. 0, no. 0, pp. 1-14, 2018, doi: 10.1111/bjet.12694.

G. Giirsoy, “Digital storytelling: Developing 21st century skills in science education,” Eur. J. Educ.
Res., vol. 10, no. 1, pp. 97-113, 2021, doi: 10.12973/EU-JER.10.1.97.

F. Karakoyun and 1. U. Yapici, “Use of Digital Storytelling in Biology Teaching,” Univers. J. Educ.
Res., vol. 4, no. 4, pp. 895-903, 2016, doi: 10.13189/ujer.2016.040427.

P. Korukluoglu and B. Yucel-Toy, “Digital storytelling in online elementary science education: a
case study on science and technology club activities,” Int. J. Sci. Educ., vol. 44, no. 17, pp. 2541—
2564, 2022, doi: 10.1080/09500693.2022.2138727.

M. Anastasiadis et al., “A Storytelling Platform for Deeper Learning in STEM Combined with Art-
Related Activities,” vol. 3, pp. 84-92, 2018.

R. Maharaj-Sharma, “Using storytelling to teach a topic in physics,” Educ. Inqg., vol. 00, no. 00, pp.
1-20, 2022, doi: 10.1080/20004508.2022.2092977.

M. Cicek, “Investigating the effect of digital storytelling use in sixth-grade science course: a mixed-
method research study,” Middle East Technical University, 2018.

T. Bagar, “The Effect of Digital Stories on 3rd Graders’ Achievement, Attitudes and Motivation in
Science Lesson,” Particip. Educ. Res., vol. 9, no. 5, pp. 127-142, 2022, doi:
10.17275/per.22.107.9.5.

13



(82]

(83]

(84]

(85]

(86]

(87]

(88]

(89]

[90]

1]
[92]

(93]

[94]

(93]

[96]

N. S. Shemy, “The Impact of Digital Storytelling on Motivation and Achievement in Teaching
Scientific Concepts for Pre-School Students,” Eur. J. Educ. Stud., vol. 7, no. 12, pp. 801-820, 2020,
doi: 10.46827/ejes.v7112.3627.

S. Olitsky, E. A. Becker, 1. Jayo, P. Vinogradov, and J. Montcalmo, “Constructing ‘Authentic’
Science: Results from a University/High School Collaboration Integrating Digital Storytelling and
Social Networking,” Res. Sci. Educ., vol. 50, no. 2, pp. 505-528, 2020, doi: 10.1007/s11165-018-
9699-6.

K. Y. Alderbashi, “Attitudes of Primary School Students in UAE Towards Using Digital Story-
Telling as a Learning Method in Classroom,” Res. Humanit. Soc. Sci., vol. 11, no. 10, pp. 20-28,
2021, doi: 10.7176/rhss/11-10-03.

C. Hung, G. Hwang, and I. Huang, “A Project-based Digital Storytelling Approach for Improving
Students > Learning Motivation , Problem-Solving Competence and Learning Achievement,” vol.
15, pp. 368-379, 2012.

A. Zarei, R. Mojtahedzadeh, A. Mohammadi, J. Sandars, and S. A. Hossein Emami, “Applying
digital storytelling in the medical oncology curriculum: Effects on students’ achievement and critical
thinking,” Ann. Med. Surg., vol. 70, no. June, p. 102528, 2021, doi: 10.1016/j.amsu.2021.102528.
L. Fries, J. Y. Son, K. B. Givvin, and J. W. Stigler, “Practicing Connections: A Framework to Guide
Instructional Design for Developing Understanding in Complex Domains,” Educ. Psychol. Rev., vol.
33, no. 2, pp. 739-762, 2021, doi: 10.1007/s10648-020-09561-x.

Y. Hsu, L.-P. Peng, J.-H. Wang, and C. Liang, “Revising the Imaginative Capability and Creative
Capability Scales : Testing the Relationship between Imagination and Creativity among Agriculture
Students,” Int. J. Learn. Teach. Educ. Res., vol. 6, no. 1, pp. 57-70, 2014, [Online]. Available:
http://www ijlter.org/index.php/ijlter/article/viewFile/118/pdf.

R. Mark, P. C. Matias, and B. B. A. Jr, “A Study on the Level of Effectiveness of Multimedia Content
as Instructional Methodologies to Improve the Quality of Students Learning Experience during
COVID-19 Pandemic,” Asian J. Res. Educ. Soc. Sci., vol. 4, no. 1, pp. 5-20, 2022, doi:
10.55057/ajress.2022.4.1.2.

P. Yuksel, B. B. R. Robin, and S. McNeil, “Educational Uses of Digital Storytelling Around the
World,” Elements, vol. 1, pp- 1264-1271, 2010, [Online]. Available:
http://www.olc.edu/~khecrow/webfolder/Research/SITE DigitalStorytelling.pdf.

R. Clarke and A. Adam, “Digital storytelling in Australia: Academic perspectives and reflections,”
Arts Humanit. High. Educ., vol. 11, no. 1-2, pp. 157-176, 2012, doi: 10.1177/1474022210374223.
R. Pennington, “Assessment as Science and Story: A Roadmap for Christian Higher Education,”
Christ. High. Educ., vol. 19, no. 5, pp. 365-384, 2020, doi: 10.1080/15363759.2020.1712560.

Z. Smyrnaiou, E. Georgakopoulou, and S. Sotiriou, “Promoting a mixed-design model of scientific
creativity through digital storytelling—the CCQ model for creativity,” Int. J. STEM Educ., vol. 7,
no. 1, 2020, doi: 10.1186/s40594-020-00223-6.

F. Karakoyun and A. Kuzu, “The Investigation of Preservice Teachers’ and Primary School
Students’ views about online digital storytelling,” Eur. J. Contemp. Educ., vol. 15, no. 1, pp. 51-64,
2016, doi: 10.13187/ejced.2016.15.51.

I. Skopeliti and A. Riga, “Collaborative Learning and Its Positive Impact in the Cognitive
Development of Children with Learning Disabilities,” Curr. Res. Lang. Lit. Educ. Vol. 2, pp. 73-82,
2021, doi: 10.9734/bpi/crlle/v2/15108d.

S. Rowclifte, “Storytelling in Science,” Sch. Sci. Rev., vol. 86, no. 314, p. 6, 2004.

14



