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ARTICLEINFO ABSTRACT

Article history Ecology learning presents complex challenges due to its
Received: 25 July 2025 interdisciplinary nature, requiring students to develop both
Revised: 19 October 2025 critical and computational thinking skills. However, these higher-
Accepted: 28 November 2025 order cognitive abilities must be intentionally cultivated through
Keywords: innovative pedagogical strategies. This study developed and
Higher-order thinking evaluated a digital storytelling-based learning medium designed
Multimedia learning to enhance students’ critical and computational thinking skills in
Science education ecology. The research involved 120 seventh-grade students from

a public Islamic junior high school in Bekasi, Indonesia, and
employed a quasi-experimental pre-test-post-test control group
design. The control group received instruction through interactive
PowerPoint presentations, while the experimental group used the
digital storytelling medium; both groups followed a guided inquiry
model. The developed media were validated by experts, yielding
average scores of 74.28% (language), 77% (content), and 80%
(design), indicating strong validity and feasibility. Instruments
measuring critical and computational thinking were also validated
and demonstrated high reliability (« = 0.83; KR-20 = 0.89). Data
were analyzed using descriptive statistics and MANOVA. Results
revealed significant improvements in both skills across groups,
with the experimental group exhibiting greater consistency and
higher final performance. Evaluation and decomposition emerged
as the strongest indicators of critical and computational thinking,
respectively. MANOVA confirmed a statistically significant
multivariate effect (p = 0.033) of digital storytelling. These
findings demonstrate that digital storytelling is a valid, feasible,
and effective medium for fostering higher-order thinking in
ecology learning and should be integrated into 21st-century
science education.
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INTRODUCTION

Ecology is a fundamental branch of biological science that investigates the complex interactions
between organisms and their environments. As a discipline central to addressing urgent environmental
challenges such as biodiversity loss, climate change, and ecosystem degradation, ecology requires not
only a solid grounding in biological principles but also the cultivation of advanced cognitive skills
(Hardanie et al., 2021). Owing to its inherently interdisciplinary nature, the field increasingly relies on
computational tools and mathematical models to analyze and simulate ecological processes (Husodo et
al, 2020). However, existing educational practices often fail to adequately equip students with the
critical and computational thinking skills necessary to navigate these complex systems effectively (Putra
& Fitrihidajati, 2022). Despite the gradual integration of digital technologies into education, traditional
approaches such as lectures and textbook-based instruction remain predominant. These methods
typically emphasize rote memorization rather than analytical reasoning, problem-solving, or digital
literacy (OECD, 2021). Consequently, students frequently struggle to engage deeply with ecological
content or to apply their knowledge in real-world contexts. This situation underscores a clear research
problem: how can educators effectively foster students’ critical and computational thinking skills in
ecology through innovative, technology-enhanced pedagogies? To address this gap, the present study
proposes the development and implementation of a digital storytelling-based learning tool as a
pedagogical strategy (Mayarni & Yulianti, 2020). Digital storytelling integrates multimedia elements,
including text, audio, images, video, and animation, into coherent narratives that promote active,
reflective, and student-centered learning. This approach not only cultivates critical thinking by
requiring students to analyze and synthesize ecological information but also enhances computational
thinking through the use of digital tools, logical sequencing, and problem-solving frameworks
(Haslaman et al.,, 2024; Wing, 2017). Aligned with contemporary pedagogical frameworks such as
TPACK (Technological Pedagogical Content Knowledge), digital storytelling supports the meaningful
integration of content knowledge, pedagogy, and technology to improve learning outcomes. Therefore,
this study aims to design and evaluate a digital storytelling-based learning tool intended to strengthen
students’ critical and computational thinking skills within the context of ecology learning (Abdullah &
Mahmud, 2024; Lim & Md Noor, 2019; Mishra & Koehler, 2016).

The theoretical foundation of this study is grounded in constructivist learning theory, which
posits that learners acquire knowledge most effectively through active engagement and personal
meaning-making. Digital storytelling aligns closely with this perspective, as it fosters student agency,
encourages reflective thinking, and supports the development of contextual understanding. The study
also draws on the computational thinking framework proposed by Wing (2006), which encompasses
core competencies such as abstraction, decomposition, and algorithmic design skills increasingly
essential in contemporary scientific learning. Furthermore, it incorporates critical thinking frameworks
that emphasize interpretation, analysis, inference, and evaluation, all of which are integral to ecological
inquiry. Numerous studies have underscored the importance of critical and computational thinking in
science education (Rosyid et al.,, 2025). Csizmadia et al (2015) highlighted computational thinking as a
key competency for effective problem-solving in STEM disciplines. However, Uribe-Enciso et al (2017)
observed that traditional instructional methods rarely provide structured opportunities to
systematically develop these skills. Although digital storytelling has been shown to enhance student
engagement, digital literacy, and self-reflection, few studies have explicitly explored its potential to
cultivate both critical and computational thinking within the context of ecology learning. Moreover,
much of the existing research lacks a rigorous integration of storytelling approaches with domain-
specific biological content, particularly in areas such as ecosystem dynamics, biodiversity, and
environmental modeling. This gap highlights both the originality and urgency of the present study
(Kortegast & Davis, 2017).

The subject matter selected for this study is ecology, with a particular focus on core topics such as
ecosystem dynamics, energy flow, biogeochemical cycles, and species interactions. Mastery of these
concepts requires students to comprehend systemic relationships, evaluate anthropogenic impacts, and
predict ecological outcomes tasks that inherently demand both critical analysis and computational
reasoning. Engaging with this content through digital storytelling enables learners to examine real-
world scenarios (e.g., climate change, deforestation, pollution) within a narrative framework that
fosters empathy, contextual understanding, and digital competence (Darwis et al., 2025). This research
is situated at the intersection of digital pedagogy, cognitive skill development, and biological learning,
representing an innovative response to the evolving demands of science education in the digital era
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(Husamah et al., 2025). The proposed learning tool adopts a state-of-the-art approach by combining the
immersive and affective dimensions of storytelling with the analytical rigor of ecological science. Its
novelty lies in the deliberate integration of multimedia narratives with targeted objectives for
developing critical and computational thinking in a scientifically grounded and pedagogically robust
manner (Andriopoulou et al,, 2022; Putri, 2018). The anticipated outcomes include heightened student
engagement with ecological content, enhanced problem-solving abilities, improved digital literacy, and
a deeper conceptual understanding of complex ecological systems. Ultimately, this research seeks to
contribute a validated, scalable educational model that can be adapted across STEM disciplines to
support the development of essential 21st-century skills (Juanda et al., 2024; Siddique & Khan, 2024).

METHODS
Research Design

A quasi-experimental method employing a pre-test-post-test control group design was used in
this study. The research was conducted at a public Islamic junior high school in Bekasi, Indonesia, during
the 2024 /2025 academic year. This design consisted of two groups: the control group, which was taught
using interactive PowerPoint presentations, and the experimental group, which engaged with a digital
storytelling-based learning medium. Both groups were instructed through a guided inquiry learning
model over three sessions, each lasting 40 minutes. Within this model, students were guided to
formulate questions, collect data, analyze findings, and draw conclusions, while the teacher acted as a
facilitator (Nurfauziyah et al., 2015). The primary objective of the study was to examine the effect of
digital storytelling on students’ critical and computational thinking skills. Foundational frameworks
proposed by Facione (2015) and Wing (2008) were adopted to underpin the conceptualization of these
thinking skills.

Population and Samples

The study population comprised 120 seventh-grade students from a public Islamic junior high
school in Bekasi, Indonesia. The broader regional selection process employed a combination of
purposive and cluster sampling techniques. West Java Province and Bekasi City were selected
purposively, while East Bekasi District was chosen using cluster sampling. The participating school was
selected purposively based on its identified need for enhanced learning media in ecology learning.
Within the school, four classes were randomly selected through simple random sampling and assigned
to either the control or experimental group, with 60 students in each group. The demographic
characteristics of the sample are presented in Table 1.

Table 1

Demographic Characteristics of the Sample

Group Class Gender N %

Male 30 50.0%

Control 2 (VII-1 and VII-2) Female 30 50.0%
. Male 29 48.3%

Experiment 2 (VII-3 and VII-4) Female 31 51.7%

Total 4 120 100%

Instrument

Two assessment instruments were developed to evaluate students’ critical and computational
thinking skills. Critical thinking was assessed using an essay test designed according to the six indicators
proposed by Facione (2015) interpretation, analysis, inference, evaluation, explanation, and self-
regulation. Student responses were scored on a four-point scale, following the guidelines of the
California Critical Thinking Skills Test (CCTST). An example of an essay item used to assess critical
thinking is presented in Table 2 (Alkharusi et al., 2019). Computational thinking was measured using a
multiple-choice test developed based on the four indicators proposed by Wing (2008) decomposition,
pattern recognition, abstraction, and algorithm design. Each item consisted of five options with a single
correct answer. Correct responses were awarded one point, while incorrect responses received zero
points. An example of a multiple-choice item used to assess computational thinking is provided in Table
3 (Roman-Gonzalez et al., 2016). Both instruments were reviewed by three experts to ensure content
accuracy and alignment with the intended constructs. Construct validation was conducted with a sample
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of 34 eighth-grade students who had previously studied ecology. The content validity of the essay test
was examined using the Pearson product-moment correlation, while the multiple-choice test was
validated using the point-biserial correlation. Reliability was assessed using Cronbach’s alpha for the
critical thinking test and the Kuder-Richardson Formula 20 (KR-20) for the computational thinking test
(Choirunnisya' & Sudira, 2021; Hidayati et al., 2023; Ramadhan et al., 2024; Setyaedhi, 2024; Sutrimah
etal, 2019).

Table 2
Critical Thinking Skills Instrument
Component Description
Topic Ecology
Sub-topic Biodiversity and energy flow in forest ecosystems (food chains, ecological pyramids,
and food webs in forest ecosystems)
Prior Competency Analyzing interactions among components of an ecosystem
Learning Objective Students will be able to analyze the relationships among organisms within food

chains and food webs in forest ecosystems and construct ecological pyramids
(numbers, biomass, energy) based on one of the identified food chains.
Indicators of Learning a. Identify trophiclevels within a food chain in a forest ecosystem

Achievement b. Construct pyramids of numbers, biomass, and energy based on the selected food
chain
c. Develop a food web by integrating multiple interacting food chains
d. Explain the roles of producers, consumers, and decomposers in maintaining

ecological balance

Cognitive Level (Bloom’s a. Analyze (C4): Analyze food chains and relationships among organisms
Taxonomy) b. Create (C6): Construct food webs from multiple food chains

Critical Thinking Skills a. Analysis

Indicators (Facione, b. Explanation

2015)

Sub-indicators of Critical a. Identify relationships among information (organisms in the food chain)
Thinking Skills (Facione, b. Explain the processes and reasoning underlying the formation of ecological
2015) pyramids and food webs

Question Biodiversity in forests is exceptionally high, leading to numerous complex food

chains. This is particularly evident in tropical rainforests, where interactions are
both diverse and dynamic. Below are examples of food chains commonly found in
forest environments:

Food Chain 1: Sunlight — Grass — Goat — Tiger — Decomposer

Food Chain 2: Sunlight — Forest Plants — Deer — Tiger — Decomposer

Food Chain 3: Sunlight — Grass — Grasshopper — Frog — Snake — Decomposer

Tasks:

a. Based on one of the food chains above, construct diagrams of the following: a
pyramid of numbers, a pyramid of biomass, and a pyramid of energy.

b. Using the organisms provided in the food chains, develop a comprehensive food
web representing their interactions.

Table 3

Computational Thinking Skills Instrument

Component Description

Topic Ecology

Sub-topic Ecosystems and population dynamics (predator-prey relationships and competition
among species)

Prior Competency Understanding basic concepts of reproduction, predator-prey dynamics, and
ecological interactions such as competition and mutualism.

Learning Objective Students will be able to analyze population interactions between species and predict

ecological outcomes based on reproduction rates and resource availability.
Indicators of Learning 1. Explain and predict population dynamics based on reproduction rate and

Achievement competition
2. Identify and evaluate types of interspecies interactions
Cognitive Level Analyze (C4): Students interpret the relationship between reproduction rates and
(Bloom’s Taxonomy) ecological outcomes.
d
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Table 3

Computational Thinking Skills Instrument

Component Description

Computational Thinking Pattern recognition

Skills Indicators (Wing,

2008)

Sub-indicators of Identify patterns in species reproduction rates and their influence on population

Computational Thinking dynamics.

Skills (Wing, 2008)

Question A culture of algae is inoculated with a small number of two different species of ciliated
protozoa, Protozoa A and Protozoa C, both of which feed on the algae. Protozoa A
reproduces asexually every hour, while Protozoa C reproduces asexually every 1.5
hours, assuming an unlimited supply of algae. Which of the following statements is
most likely to be observed?
a. The protozoa will develop a mutualistic relationship with the algae
b.Both protozoa populations will increase in number, then Protozoa C will disappear

from the culture

c. The algae will evolve quickly to develop mechanisms to avoid predation
d.The algae will disappear from the culture due to over predation
e. The protozoa will evolve the ability to reproduce more quickly

Procedure

The research was conducted in two main phases: the development and validation of the learning
media and instruments, and the implementation of the learning intervention. In the first phase, the
digital storytelling media and assessment instruments were designed and validated through expert
review. Subsequently, empirical validation was conducted with a sample of 34 eighth-grade students to
ensure that the instruments were suitable for measuring the targeted thinking skills. During the
implementation phase, 120 seventh-grade students were divided into two groups. The control group
received instruction through interactive PowerPoint presentations, whereas the experimental group
was taught using digital storytelling media. Both groups followed a guided inquiry model that involved
structured questioning, exploration of ecological concepts, data interpretation, and guided conclusion
formulation (Roman-Gonzalez et al., 2016). The lessons were delivered over three sessions, each lasting
40 minutes. A pre-test was administered before the intervention, and a post-test was conducted after
the final session to assess changes in students’ critical and computational thinking skills (Jannah et al.,
2024).
Data Analysis Techniques

The study employed both descriptive statistics and Multivariate Analysis of Variance (MANOVA)
to provide a comprehensive understanding of the data and to test the research hypotheses. Descriptive
statistics served as a crucial preliminary step, summarizing students’ performance levels before and
after the introduction of the digital storytelling media. By examining measures of central tendency
(mean) and dispersion (range, standard deviation, and variance), along with frequency distributions,
the analysis offered a clear depiction of how students’ skills were distributed across conditions. These
descriptive insights identified general trends and potential differences in learning outcomes, thereby
setting the foundation for inferential testing (Hasim et al., 2024). The use of MANOVA was particularly
appropriate for this study, as it involved multiple dependent variables representing various aspects of
students’ skills. This multivariate approach provided a more holistic assessment of the impact of digital
storytelling, determining whether the learning media exerted a collective influence on students’ skill
dimensions rather than producing isolated effects. Prior to conducting the MANOVA, the researchers
verified nine key assumptions, including multivariate normality, linearity, homogeneity of variance-
covariance matrices, absence of multicollinearity, and independence of observations. All assumptions
were satisfactorily met, thereby enhancing the credibility and robustness of the analysis, as any
violations could have resulted in biased estimates or misleading conclusions. Meeting these conditions
ensured that the MANOVA results could be interpreted with confidence and that any significant effects
reflected genuine group differences attributable to the implementation of digital storytelling media
rather than statistical artifacts. Overall, the combined use of descriptive and multivariate analyses
enabled both a comprehensive summary of student performance and a rigorous inferential test of the
intervention’s effectiveness. This methodological rigor strengthens the study’s conclusions regarding

d 10.21009/biosferjpb.59002 Ziaetal E-ISSN: 2614-3984 126


https://doi.org/10.21009/biosferjpb.59002
https://issn.brin.go.id/terbit/detail/1180433305

the educational benefits of digital storytelling and supports its potential for broader application in
instructional contexts (De Santis et al., 2024).

RESULTS AND DISCUSSION

This study resulted in the development of digital storytelling-based learning media, accompanied
by evaluation tools that include assessments of critical and computational thinking skills. These
components were meticulously designed to align with ecology learning objectives and to effectively
measure students’ competencies, which are essential for meeting educational standards (York et al,,
2015). The digital storytelling media integrates multiple elements that support students’ holistic skill
development, including learning content, summaries, ecologist profiles, research articles, case studies,
virtual laboratories with interactive worksheets, question banks, glossaries, and references. The
learning content consists of two main components: learning information and learning materials.
Learning information includes learning outcomes, learning objectives, and concept maps, whereas the
learning materials are presented through a combination of storytelling and interactive multimedia that
integrates text, digital graphics, animated videos, voice narration, and music. These elements are
cohesively designed to convey ecological concepts within a structured and time-efficient framework
(Mayer, 2021). The summary section simplifies complex ecological concepts without diminishing their
scientific integrity, thereby making them more accessible to students (Tarigan et al., 2023). Ecologist
profiles highlight key contributors to the field of ecology, while research articles present contemporary
issues related to ecosystems. By engaging with and analyzing these articles, students enhance their
critical and computational thinking skills, particularly in evaluating arguments, analyzing data, and
interpreting scientific evidence on ecosystem-related issues (Musah & Wangila, 2024; Palop et al,,
2025). In the case study section, students examine real-world ecological problems and develop
evidence-based solutions, which they subsequently present through digital storytelling (Dibia, 2023).

The virtual laboratories are supported by interactive worksheets hosted on the Liveworksheets
application, which include tasks such as observing environmental components, analyzing organism
interactions, and studying population dynamics. These worksheets follow a guided inquiry model
structured through stages of orientation, problem formulation, hypothesis development,
experimentation, data analysis, and conclusion, an approach specifically designed to foster both critical
and computational thinking (Riskayanti, 2023). Additionally, educational games are incorporated to
promote abstract thinking and reinforce computational concepts within ecological contexts (Saidin et
al,, 2021). Students’ responses are automatically submitted to the teacher’s account and assessed by the
system, thereby reducing the burden of manual grading (Widodo, 2021). The question bank comprises
multiple-choice questions covering cognitive domains from C1 to C6, designed to assess critical and
computational thinking skills such as prediction, inference, and experimental or model design. These
questions are completed individually and graded automatically. The glossary provides definitions of key
ecological terms, while the references section lists all sources used in developing the digital storytelling-
based learning media (Javed et al., 2025).

A high-quality learning product must satisfy two key criteria: validity (the alignment of content
with measurement objectives) and reliability (the consistency of measurement results). When
instruments demonstrate both, they can be effectively employed to assess critical and computational
thinking skills (Putri et al.,, 2023). To ensure quality, the instruments and digital storytelling-based
media were validated by three expert evaluators. The average validation scores for the digital
storytelling media were 74.28% for language, 77% for content, and 80% for design. Meanwhile, the
assessment instruments for critical and computational thinking skills obtained an average score of 77%,
indicating that both the media and instruments were valid (Mawarni et al., 2022), feasible (Athifah et
al,, 2022), and practical for classroom implementation (Hodiyanto et al., 2020). Content validity testing
revealed that 18 out of 36 items in the critical thinking test were valid, while the remaining 18 were
invalid. For the computational thinking test, 40 out of 60 items were valid and 20 were invalid.
Reliability analysis produced coefficients of 0.83 for critical thinking and 0.89 for computational
thinking, both classified as very high, signifying strong internal consistency. Overall, the digital
storytelling media and associated assessment instruments met the quality standards required for both
research and instructional purposes (Putrawan, 2022).

Evaluation in ecology learning was conducted using pre-tests and post-tests to assess students’
critical and computational thinking skills. The pre-test established a baseline of students’ abilities before
the learning intervention, whereas the post-test measured the development of these competencies
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afterward. The results for both the control and experimental groups are presented in Table 4, with a
detailed analysis of each skill indicator provided in Tables 5 and 6 (Mukti & Istiyono, 2018).

Table 4

Students’ Critical and Computational Thinking Skills Results

Description Class Group Critical Thinking SKkills Computational Thinking Skills

Pre-test Post-test Pre-test Post-test

Total Control 2272 5320 1,287.50 5,087.50
Experimental 2537 5325 1,637.50 5,122.50

Average Control 38 89 21.45 84.79
Experimental 42 89 27.29 85.37

Range Control 31-46 78-99 5-35 72.5-100
Experimental 36-50 79-100 7.5-65 72.5-100

Standard Control 3 4 8.15 7.38

Deviation Experimental 3 4 11.77 7.75

Variance Control 12 17 66.49 54.51
Experimental 12 15 138.64 60.10

The results presented in Table 4 indicate a substantial improvement in both critical and
computational thinking skills among students in the control and experimental groups. In the control
group, critical thinking scores increased from 38 to 89, while in the experimental group, they rose from
42 to 89, demonstrating that the learning process effectively enhanced students’ ability to analyze,
evaluate, and reflect on ecological concepts (Alshaye, 2021). Similarly, computational thinking scores
improved from 21.45 to 84.79 in the control group and from 27.29 to 85.37 in the experimental group,
suggesting that students became more proficient in problem-solving, logical reasoning, and engaging
with complex material (Erwinsyah et al., 2025; Zhang & Savard, 2023). Although both groups achieved
comparably high final scores, the experimental group demonstrated greater consistency. Their lower
standard deviation and variance indicate that most students improved at a similar rate, suggesting that
the digital storytelling approach fostered a more uniform learning experience across varying ability
levels. This consistency may be attributed to the multimodal and narrative-based nature of digital
storytelling. Narratives provide a coherent storyline that enables learners to construct stable mental
models for understanding complex ecological interactions. By integrating abstract concepts into
meaningful sequences, this approach helps reduce cognitive overload. Moreover, its multimodal design
combining visual, auditory, and textual elements addresses diverse learning styles and promotes more
equitable comprehension (Chelghoum, 2017). While both instructional methods yielded positive
learning outcomes, digital storytelling offered distinct cognitive and affective advantages. Unlike
interactive PowerPoint presentations, which often fragment information into discrete bullet points,
digital storytelling organizes content in a temporal and contextual sequence. Through a coherent
narrative, students can trace cause-and-effect relationships, explore character motivations, and
comprehend ecological processes more holistically. This approach supports situated cognition, wherein
learning occurs within meaningful and authentic contexts (Anggeraini & Afifah, 2017; Hung et al., 2012;
Parsazadeh et al, 2020; Smeda et al., 2014; Yang & Wu, 2012). In addition, the storytelling format
requires students to actively interpret and reconstruct meaning, thereby fostering metacognitive
engagement. The process of creating or evaluating stories enhances evaluative reasoning, reflective
thinking, and the synthesis of information from multiple sources. Consequently, digital storytelling not
only deepens conceptual understanding but also cultivates emotional engagement and higher-order
thinking, surpassing the surface-level interaction typical of traditional multimedia lectures (Lai &
Hwang, 2014; Lee, 2015; Quines, 2017; Sahibzada et al., 2020).

Table 5
Students’ Critical Thinking Skills by Indicator
. Control Group Experimental Group

Numb. Indicator Pre-test Post-test Pre-test Post-test
1. Interpretation 43.19 86.94 38.61 88.75
2. Analysis 37.50 88.33 40.00 86.25
3. Inference 37.63 87.50 44.02 88.47
4. Evaluation 37.77 89.16 44.86 90.69
5. Explanation 34.02 89.30 41.94 88.47
6. Self-regulation 36.94 90.27 44.16 89.44

Average 37.84 88.58 42.26 88.68
d
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Table 6
Students’ Computational Thinking Skills by Indicator

. Control Group Experimental Group
Numb.  Indicator Pre-test Post-test Pre-test Post-test
1. Decomposition 22.22 85.83 25.14 89.72
2. Pattern recognition 20.64 83.41 24.05 86.17
3. Abstraction 21.03 85.58 22.58 83.14
4 Algorithm 21.20 84.40 21.62 83.89
Average 21.27 84.81 23.35 85.73

Tables 5 and 6 indicate a significant improvement in students’ critical and computational thinking
skills across both the control and experimental groups. Regarding critical thinking, both groups
demonstrated substantial progress across all six indicators. The control group’s mean score increased
from 37.84 in the pre-test to 88.58 in the post-test, while the experimental group’s mean rose from 42.26
to 88.68. Although both groups achieved nearly identical post-test scores, the experimental group’s
slightly higher pre-test performance suggests a stronger initial understanding. Among all aspects of
critical thinking, the indicator of evaluation exhibited the most substantial improvement, reflecting a
marked enhancement in students’ higher-order cognitive processes. This skill entails the capacity to
make reasoned judgments, appraise evidence, and justify decisions based on established criteria and
standards. In an educational context, it transcends the mere recall or application of knowledge,
requiring learners to analyze the validity, reliability, and relevance of information before concluding.
The significant gains observed suggest that students not only became more proficient in understanding
and analyzing concepts but also developed the intellectual maturity to critically assess arguments and
construct informed judgments (Dewi et al., 2019; Mardiana et al.,, 2025). The pronounced improvement
in evaluation can also be attributed to the interactive and reflective nature of digital storytelling. Unlike
traditional teaching methods, digital storytelling actively engages students in creating and interpreting
multimedia narratives, prompting them to continuously assess the quality and coherence of their own
work. This process involves iterative decision-making, the selection of appropriate media, the logical
organization of content, and ensuring that the narrative aligns with intended learning objectives. Each
of these tasks requires evaluative thinking, as students must weigh alternatives, justify their choices,
and consider the impact of their decisions on the final product (Hidayah et al., 2017; Putri et al., 2019).
Furthermore, the findings suggest that evaluation serves as an integrative skill connecting other
dimensions of critical thinking, such as analysis, inference, and interpretation, into a cohesive cognitive
framework. As students synthesize knowledge from multiple sources and perspectives through
storytelling, they become more adept at identifying inconsistencies, recognizing biases, and
constructing coherent arguments. This integrative process reflects the transition from surface-level
understanding to deep learning, whereby students internalize concepts and apply them both critically
and creatively (Agnafia, 2019). The notable improvement in evaluation underscores digital
storytelling’s capacity to promote analytical judgment, reflective inquiry, and intellectual autonomy. By
positioning students as creators and evaluators of knowledge rather than passive recipients, this
approach cultivates the essence of higher-order thinking: critical discernment, logical reasoning, and
the ability to make informed, evidence-based decisions (Papathanasiou et al., 2014; Smyrnaiou et al.,
2020).

Similarly, students’ computational thinking skills improved markedly in both groups. The control
group’s mean increased from 21.27 to 84.81, while the experimental group’s mean rose from 23.35 to
85.73. The largest gain occurred in decomposition, particularly among students in the experimental
group. These findings indicate that both instructional methods were effective in enhancing thinking
skills; however, the digital storytelling approach facilitated more consistent and slightly higher
improvements in several key dimensions. This suggests that digital storytelling enhances student
engagement and promotes deeper conceptual understanding, particularly in tasks involving critical
evaluation and problem-solving (Metin et al., 2025). Digital storytelling supports the development of
decomposition skills the ability to break complex problems into smaller, more manageable components.
Each sub-problem is analyzed, solved, and evaluated independently, enabling clearer understanding
and more effective solution design. Through this process, students learn to adapt previous strategies to
new contexts, improving flexibility and efficiency. Recognizing patterns, identifying relationships, and
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discerning differences among problems become essential elements of this skill. By structuring problems
into sequential steps, students cultivate both logical reasoning and creative problem-solving abilities
(Shute et al, 2017). Computational thinking promotes systematic, structured, and innovative
approaches to learning, encouraging learners to become active constructors of knowledge rather than
passive recipients. Moreover, the integration of digital storytelling appears to bridge the cognitive and
affective domains of learning. The narrative element inherent in storytelling provides context and
meaning, making abstract computational concepts more accessible and relatable. When students design
and narrate their own digital stories, they engage in a process that requires not only technical
proficiency but also reflection, communication, and collaboration. This multimodal approach aligns with
constructivist learning theories, wherein knowledge is built through active exploration and social
interaction.

The collaborative and reflective dimensions of storytelling may therefore enhance metacognitive
awareness, as students become more conscious of their problem-solving strategies and decision-making
processes (Kearney, 2011). Additionally, digital storytelling fosters creativity and innovation qualities
increasingly recognized as integral to computational thinking. By blending narrative composition with
digital design, students are encouraged to think critically about how to represent problems and
solutions both visually and conceptually. This process nurtures divergent thinking, whereby multiple
solutions are explored and evaluated. Such experiences deepen students’ understanding of algorithmic
thinking and abstraction, two other essential dimensions of computational thinking. Another notable
implication of these findings concerns the motivational aspect of storytelling-based learning. Students
often perceive storytelling as a personally meaningful activity, which can enhance intrinsic motivation
and sustained engagement. When learning tasks are contextualized within authentic narratives,
students are more likely to perceive them as relevant and worthwhile. This emotional investment may
partially explain the experimental group’s higher and more consistent gains across dimensions
(Corradini et al., 2017; Niemi et al., 2018). Overall, the findings underscore the pedagogical potential of
digital storytelling as an effective approach to fostering both critical and computational thinking. By
engaging students in reflective, creative, and problem-oriented learning experiences, digital storytelling
bridges the cognitive, affective, and social dimensions of learning. This approach not only enhances
students’ analytical and evaluative abilities but also nurtures their capacity for systematic problem-
solving and innovative thinking. For educators, these results highlight the importance of integrating
narrative-based digital activities into instructional design to promote deeper learning and sustained
engagement. Future implementations should emphasize collaboration, reflection, and iterative creation,
enabling students to develop transferable thinking skills applicable across disciplines and real-world
contexts (Bilici & Yilmaz, 2024; Maulana et al., 2021). Table 7 presents the results of multivariate tests
used to examine the effect of the class variable on the dependent variables simultaneously.

Table 7

Multivariate Tests Results
Test Statistic value F dfl df2 p

Control and experiment Pillai's Trace 0.077 3.52 2 117 0.033
Wilks' Lambda 0.923 3.52 2 117 0.033
Hotelling's Trace 0.083 3.52 2 117 0.033
Roy's Largest Root 0.077 3.52 2 117 0.033

Table 7 presents the results of four multivariate statistical tests (Pillai’s Trace, Wilks’ Lambda,
Hotelling’s Trace, and Roy’s Largest Root) used to evaluate whether statistically significant differences
existed between the control and experimental groups across multiple dependent variables (in this case,
critical and computational thinking skills). All four tests yielded identical F-values of 3.52 and a p-value
of 0.033. This consistency across the different statistical tests strengthens the reliability of the findings.
Since the p-value is smaller than the commonly accepted significance level of 0.05, it can be concluded
that a statistically significant difference exists between the two groups when the dependent variables
are considered jointly. In practical terms, this finding indicates that the learning approach applied to the
experimental group had a measurable and meaningful impact compared with the approach used for the
control group. The use of multivariate testing is particularly important in this context because it enables
the simultaneous analysis of multiple outcomes rather than examining each dependent variable in
isolation. This method captures the combined effects of the intervention on interrelated cognitive skills
(Tabachnick & Fidell, 2025). The results show that, although both groups experienced improvement
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following the learning activities, the experimental group which received the digital storytelling
intervention demonstrated a significantly greater increase in both critical and computational thinking
skills. The study therefore provides strong evidence that digital storytelling-based media are effective
in enhancing students’ critical and computational thinking skills in ecology learning. The improvement
observed is not only quantitative (reflected in higher scores) but also qualitative, encompassing more
consistent performance, deeper conceptual understanding, and stronger engagement (Pituch & Stevens,
2015). The narrative coherence and multimodal features of digital storytelling help bridge abstract
ecological concepts with students’ lived experiences, leading to both cognitive and affective learning
gains. These findings reinforce prior research demonstrating that storytelling enhances higher-order
thinking and conceptual understanding. Consequently, digital storytelling can be regarded as an
innovative, equitable, and theory-grounded instructional approach that supports the goals of
contemporary education, cultivating learners who can think critically, reason computationally, and
engage meaningfully with real-world ecological challenges (Hair et al., 2018).

CONCLUSION

This study demonstrates that digital storytelling-based learning media are valid, feasible,
practical, and highly effective in enhancing students’ critical and computational thinking skills in ecology
learning. Compared with interactive PowerPoint presentations, the digital storytelling approach
produced significantly greater gains in higher-order cognitive processes, particularly in evaluation and
decomposition, thereby confirming its value as an innovative pedagogical strategy aligned with the
demands of twenty-first-century education. From a practical perspective, the findings suggest that
teachers and curriculum designers can integrate digital storytelling into science instruction by
developing narrative-driven multimedia materials that combine ecological content with guided inquiry-
based activities. Successful implementation requires access to appropriate digital tools (e.g., video
editing software, animation platforms, and interactive worksheet applications) as well as targeted
professional development to strengthen teachers’ Technological Pedagogical Content Knowledge
(TPACK) and their capacity to design and facilitate digital narratives effectively. Moreover, schools
should ensure adequate technological infrastructure, including computers, reliable internet
connectivity, and multimedia equipment to support seamless integration. Despite these promising
outcomes, the study is limited by its relatively small sample size, confinement to a single school, short
intervention duration, and the specific cultural and curricular context in which it was conducted. These
factors may constrain the generalizability of the findings. Future research should therefore examine the
long-term effects of digital storytelling on learning outcomes, its applicability across diverse subjects
and educational levels, and students’ affective responses and perceptions of this approach. Broadening
such investigations will provide a more comprehensive understanding of how narrative-based digital
pedagogy can be scaled and adapted to foster critical and computational thinking across varied learning
environments.
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