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Abstract: Learning about marine ecosystems is often hampered by students’ difficulty in visualizing
abstract concepts and a lack of contextual teaching materials relevant to their surroundings. This
study aims to develop teaching materials in the form of an encyclopedia of unique biota based on
Sabang Island’s local potential and to evaluate its validity, practicality, and initial effectiveness in
improving students’ conceptual understanding. The research used a Research and Development
method, applying the 4D model (Define, Design, Develop, and Disseminate). Seven material and
media experts comprehensively assessed the product’s feasibility and validity, while five education
practitioners evaluated its practicality. Additionally, an initial evaluation of the shift in student learning
outcomes was conducted using a one-group pretest–posttest design involving 46 high school students
in a coastal area socio-ecologically equivalent to Sabang Island. The results showed that experts
declared the developed encyclopedia highly valid, giving it a “Very Good” rating across all evaluated
aspects (General Appearance, Word Usage & Language, Presentation, and Content Suitability). In
terms of practicality, the product was also deemed highly practical for learning, earning a “Very
Good” rating in three key aspects (Ease of Use, Usefulness, and Efficiency) and a “Good” rating in
the Interest aspect. Furthermore, the analysis of learning outcomes showed an average N-Gain of
0.3844, which falls into the moderate category, indicating a positive trend in student conceptual
understanding after product utilization. Based on these findings, the local potential-based encyclopedia
“Umbak Gembara” is highly feasible and practical, showing strong initial indications as an independent
learning resource that can meaningfully bridge abstract biological concepts with the reality of coastal
ecosystems. However, since this initial effectiveness finding relies on a single trial group, future
comparative experimental studies are needed.
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 INTRODUCTION
Biology learning in the 21st century requires

the integration of theoretical concepts with real
phenomena in students’ environments. The
Contextual Teaching and Learning (CTL)
approach is crucial because the concepts of

Article’s DOI: https://doi.org/10.23960/jpmipa.v27i3.pp1516-1537

biology, particularly on the topic of biodiversity
and ecosystems, are often considered difficult for
students due to the large number of Latin
terminology and abstract concepts (Hallaby &
Hamama, 2025; Umar et al., 2024; Zukswert et
al., 2019). Furthermore, experts state that
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biodiversity is a “complex concept, yet crucial”
that requires students to recognize and interpret
complex ecological patterns across multiple
spatial scales (Oliveira et al., 2025; Styers et al.,
2021). Biodiversity is a complex, multi-scale, and
multidimensional subject; thus, effective education
requires an approach that bridges abstract
concepts with local realities (Baylon et al., 2026;
Bermudez & Krell, 2025; Mercier et al., 2025;
Ottogalli & Bermudez, 2024; Schlecht et al.,
2026). One material that has high complexity is
marine ecosystems. In contrast to terrestrial
ecosystems, which are easy to observe directly,
underwater ecosystems have limited visual
accessibility (Bell et al., 2023; Eberbach et al.,
2021; Hagen et al., 2024; Lopez-Vazquez et al.,
2026), making it difficult for students to visualize
the biological interactions that occur in them
without the aid of special media. In contrast,
learning resources available in schools, such as
standard textbooks (BSE) and students’
worksheets (LKS), tend to present material in a
general manner. The examples of biota or
ecosystems presented often refer to Western
literature or distant locations, creating a
“psychological distance” between students and
the material they learn. This gap contributes to
low marine literacy and limited students’
appreciation of biodiversity in their own regions
(Imtihana & Djukri, 2020; Santana et al., 2024).

Environmental and marine literacy in
Indonesia’s coastal regions, particularly among
senior high school students, remains critically
alarming. Nationally, the 2022 PISA study noted
that Indonesia’s literacy levels remain low, a
challenge that is especially felt in coastal areas
facing complex environmental issues (Husain et
al., 2026). Across educational levels, from early
childhood to university students, environmental
literacy has been documented as low to moderate,
reflecting a systemic deficit in the education
system (Aulia & Hadiyanto, 2022; Hariyadi et
al., 2021; Nasution, 2021). Furthermore, in

coastal communities, some individuals still lack
environmental awareness (Suselo et al., 2025),
and legal awareness regarding maritime literacy
remains low (Indrawati et al., 2025). Coastal
settlements have minimal environmental sanitation
infrastructure, reflecting a deficit in practical
environmental literacy (Misdayanti & Suwanti,
2021). Moreover, limited exposure to
environmental (maritime) literacy may contribute
to their lack of awareness of marine issues
(Indrawati et al., 2024). This lack of knowledge
distances high school students from their local
marine environment. Learning only broad
ecological concepts prevents them from
connecting with or even noticing the unique local
species right outside their doors.

However, utilizing local potential as a
learning resource has been proven to improve
motivation and learning outcomes by connecting
students directly with the objects being studied
(Dini & Rini, 2024; Fajeriadi et al., 2025; Kamila
et al., 2024). Contextualizing abstract biological
concepts in learning materials effectively bridges
the theory-practice gap, with multiple studies
demonstrating measurable improvements in
student outcomes (Afnan & Puspitawati, 2024;
Fitarahmawati & Suhartini, 2021; Honra &
Monterola, 2024; Reynolds et al., 2022). Many
studies strongly support the claim that direct
proximity to nature can foster engagement and
environmental awareness (Ilhami et al., 2025;
Jaikrasen & Ketsing, 2025; Williamson et al.,
2022). Numerous studies indicate that connecting
textbook material with students’ local
environments enhances their understanding
(Chang et al., 2024; Harrison, 2025; Lyesmaya
et al., 2025). Consequently, using localized
contexts transforms passive reading into an active
learning experience, improving academic
performance and retention.

Sabang Island in Aceh Province constitutes
a strategic area with high marine biodiversity,
including coral reef ecosystems, mangroves, and
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seagrass beds. Despite this rich ecological
potential, research indicates that local natural
resources are frequently underutilized as
contextual learning resources in coastal schools,
leaving a significant gap between students’
immediate environment and their classroom
curriculum. Educators still rely on general
textbooks that lack visuals and include few
original images relevant to the local context.  As
a result, students struggle to identify local species
and understand their ecological roles. The lack
of media that brings Sabang’s “underwater world”
into the classroom is an urgent issue that must be
addressed to foster meaningful environmental
literacy.

Photo-based, contextual learning resources
can enhance student engagement with marine
ecosystems, although impacts on learning
outcomes vary. Strategically selected photographs
not only foster emotional engagement and post-
learning pro-environmental behavior (Gehlbach
et al., 2022; Hoongland et al., 2018), but also
spark in-depth discussions regarding biodiversity
concepts (Camandero & Abo, 2025; Hassan et
al., 2024). Furthermore, photographic media
have been shown to stimulate critical and creative
thinking, encourage open communication, and
strengthen emotional bonds through students’
personal reflections and experiences (Coles-
Ritchie et al., 2015; deNoyelles et al., 2024;
Lindner et al., 2021), ultimately facilitating the
teacher’s management of the learning process
(Nkomo, 2023; Wikanengsih et al., 2023).

To bridge the gap between local natural
resources and the visual learning materials students
need in the classroom, a supplementary module
rich in visual elements and contextual information
is required. One proposed solution is to develop
an Encyclopedia of Typical Biota. The quality of
such encyclopedias lies in presenting structured,
in-depth information supported by realistic
photographic imagery that effectively represents
real objects (Aini et al., 2024; Etika et al., 2024;

Nasution & Ulfa, 2025). The use of
encyclopedias as a biology learning medium has
proven effective in optimizing the academic
process by improving student learning outcomes,
interest, and critical thinking skills (Al Habib et
al., 2022; Ayuni et al., 2024; Dewi & Firanti,
2024; Kumala & Setiawan, 2019; Salahli et al.,
2019). Encyclopedias have also proven
significant in improving scientific literacy skills
(Agustiani et al., 2024; Vetter et al., 2019).  In
addition to benefiting students, encyclopedias
support teacher efficiency by providing relevant,
up-to-date learning materials (Zahro et al., 2024;
Zhelezniak & Ishchenko, 2021). Therefore,
developing a context-specific encyclopedia is a
strategic step toward creating a meaningful
learning experience.

To address these needs, this research aims
to develop an encyclopedia titled “Umbak
Gembara” (which means Happy Waves),
focusing on Sabang’s unique aquatic ecosystem
through a joyful learning design approach.
Beyond merely shifting the geographical focus to
a new local context, the practical and educational
novelty of this study lies in providing concrete
visual scaffolding using native, rarely exposed
specimens from Aceh waters to support students’
conceptual understanding. Methodologically, this
study contributes to the literature by
demonstrating how structured, context-rich print
media can improve students’ conceptual mastery
and knowledge retention in regions challenged
by digital infrastructure gaps. Through the
development of this encyclopedia, the resulting
material is expected to meet strict criteria for
validity and practicality while serving as an
empirically supported model for contextual
science education.

Consequently, the research questions
guiding this study are (1) To what extent does
the “Umbak Gembara” Encyclopedia meet the
criteria of validity based on expert judgment and
practicality as evaluated by practitioners? and (2)
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How do student learning outcomes differ between
the pretest and posttest measurements following
the implementation of the encyclopedia?

 METHOD
Participants were selected based on the

objectives of each research and development
(R&D) phase, using distinct sampling
approaches. A purposive sampling technique was
used to select experts and practitioners, ensuring
that evaluators had the required professional
expertise.

1. Experts:  Seven experts were recruited for the
validation process, consisting of two biology
education experts, two language specialists,
two biological science specialists, and one
curriculum design expert, each with a minimum
of 10 years of professional experience.

2. Practitioners: Five high school biology
teachers participated in testing the
encyclopedia’s practicality, selected based on
their experience in teaching contextualized
ecology/ecosystem.

3. Encyclopedia trial: 46 high school students,

   class XI, in a one-group pretest-posttest
experiment. Given the constraints of the school
environment, a non-probability convenience
sampling (intact class selection) approach was
used. The sample included 16 men and 30
women, with an average age of 15 years.

This study employs a Research and
Development (R&D) approach, following the
Four-D framework (Define, Design, Develop,
and Disseminate) proposed by Thiagarajan
(Aswita et al., 2026; Firdausi et al., 2023;
Hasnunidah et al., 2025; Maulina et al., 2025;
Rachman et al., 2024). To comprehensively
evaluate the encyclopedia’s development and
effectiveness, a balanced mixed-methods data
collection was embedded directly within the R&D
stages. Qualitative data collection was prioritized
during the initial phase to capture the baseline
environmental context, while quantitative
measures were subsequently deployed to evaluate
product quality and shifting student outcomes.

The step-by-step procedures of this study
were executed through four systematic stages
corresponding to the design framework (Figure
1):

 

 

Define
• Qualitative field 
observations were 

conducted to identify 
Sabang Island's unique 
marine biota, alongside 
front-end and student 
analyses to document 

visual accessibility 
gaps in coastal schools.

Design
• The prototype of the 

"Umbak Gembara" 
encyclopedia was 

constructed, focusing on 
media formatting, 
contextual visual 

scaffolding, and joyful 
learning integration.

Development
• This stage involved expert 

validation and practitioner 
trialing for feasibility and 
practicality, followed by a 

quantitative field trial using a 
one-group pretest–posttest 
design with 46 high school 
students in a coastal area 

socio-ecologically equivalent 
to Sabang Island

Disseminate
• Due to geographic 
constraints, a limited 

dissemination approach was 
executed by distributing the 

finalized encyclopedia 
targetedly to the partner 

school’s library and biology 
teachers to support 
contextual learning

Figure 1. Research procedure with four-d framework

To ensure a coherent design logic, the
instruments were categorized as follows:

Qualitative instruments: observation field
notes used to identify local resource potential
Quantitative instruments:

a. Validation Sheets: Using a 5-point Likert scale
to assess the encyclopedia’s feasibility across

general appearance, word-language usage,
presentation, and content suitability.

b. Practicality Questionnaires: Distributed to
practitioners to measure the ease of
implementation in the field.

c. Pre-posttest instruments: Distributed to high
school students to measure the effectiveness
of using the encyclopedia in supporting biology
learning. To evaluate the product’s
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effectiveness, students’ conceptual
understanding of marine biology was measured
using a cognitive test consisting of 25 multiple-
choice questions with 4 options (A–D). The
instrument was developed based on the
Indonesian National Curriculum (Kurikulum
Merdeka) indicators for Biodiversity and
Marine Ecosystems, adapting cognitive
framework parameters from Anderson &
Krathwohl (2001).

All data collection instruments, including
expert validation sheets, teacher practicality
questionnaires, and the 25-item conceptual
understanding test, underwent rigorous content
and construct validation by expert reviewers. The
cognitive test items were developed from a
detailed table of specifications aligned with high
school biology learning objectives. Experts
iteratively addressed qualitative suggestions to
ensure face validity, conceptual clarity, and item
precision before field deployment. The study
utilized a triangulation analysis method to ensure
reproducibility:

1. Qualitative data obtained from field
observations were analyzed using the
interactive model of Huberman & Saldaña
(Miles et al., 2014).

a. Data Reduction: Raw qualitative data collected
from field observation notes on Sabang Island’s
marine biodiversity were rigorously selected,
focused, and simplified. Overly general

environmental descriptions were filtered out,
while specific data on unique local marine
species were systematically coded and
categorized into potential encyclopedia content
groups.

b. Data Display: The summarized qualitative data
were organized and structured into clear
formats to enable conclusions to be drawn.
These displays used matrix tables that mapped
the classification of unique marine biota on
Sabang Island, their symbiotic relationships,
and their levels of ecological vulnerability.

c. Conclusion Drawing and Verification: From the
beginning of data collection, initial meanings,
patterns, and explanations for how to integrate
these local potentials into biology teaching
materials were recorded. These initial
conclusions were continuously verified for
validity through various literature sources and
relevant studies.

2. Quantitative Analysis: The quantitative data,
derived from expert validation sheets and
practitioner questionnaires, were analyzed
using descriptive statistics. Meanwhile, the pre-
post test data were tested using SPSS. Data
were analyzed using criterion-referenced
evaluation on a 5-point scale to determine the
feasibility and quality of the developed
encyclopedia, as proposed by Mardapi
(Mardapi, 2012). Validity criteria are
interpreted based on the scores presented in
Table 1.

Table 1. Interpretation of scores for the encyclopedia validation test

Aspect Score Range Criteria 
 General Appearance 
 Word Usage & Language 
 Presentation 

X > 21 Very Good 
17 < X ≤ 21 Good 
13 < X ≤ 17 Sufficient 
9 < X ≤ 13 Insufficient 

X ≤ 9 Very Poor 
 Content Suitability X > 16.8 Very Good 

13.6 < X ≤ 16.8 Good 
10.4 < X ≤ 13.6 Sufficient 
7.2 < X ≤ 10.4 Insufficient 

X ≤ 7.2 Very Poor 
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This interpretation is based on the average
value for each sub-indicator; the encyclopedia is
declared valid if each aspect falls within the “very

good” and “good” categories. Furthermore, the
practicality criteria refer to the score interpretation
presented in Table 2.

Table 2. Score interpretation for the encyclopedia practicality test

Aspect Score Range Criteria 
 Ease to Use X > 21 Very Good 

17 < X ≤ 21 Good 
13 < X ≤ 17 Sufficient 
9 < X ≤ 13 Insufficient 

X ≤ 9 Very Poor 
 Interest 
 Usefulness 
 Efficiency 

X > 16.8 Very Good 
13.6 < X ≤ 16.8 Good 
10.4 < X ≤ 13.6 Sufficient 
7.2 < X ≤ 10.4 Insufficient 

X ≤ 7.2 Very Poor 

The interpretation score for this product
practicality test is determined based on the
average score for each sub-indicator, where an
encyclopedia is declared practical if each aspect
falls within the “very good” and “good”
categories.

To evaluate shifts in students’ conceptual
understanding, pretest and posttest scores were
analyzed using the normalized gain ( ) formula
proposed by Hake (Hake & Reece, 1999). The
resulting N-Gain scores were categorized based
on Hake’s criteria: High (g > 0.70), Medium
(0.30 d” g d” 0.70), and Low (g < 0.30).

This research was conducted in accordance
with ethical principles for human subject research.
All participants were informed of the study’s
objectives and provided voluntary informed
consent before participating. Anonymity and data
confidentiality were strictly maintained. Formal
institutional ethics committee approval was not
required for this educational development study
in the local context, and the research adhered to
the ethical standards of the Declaration of Helsinki
regarding participant autonomy and privacy.

 RESULT AND DISCUSSION
This research used a Research and

Development (R&D) approach to develop

supplementary biology teaching materials in the
form of an encyclopedia of unique biota. The
material development focused on the local
potential of marine biodiversity on Sabang Island,
encompassing organism types, habitats and
distribution, habits and behaviors, and the
ecological interactions of that biota.

The encyclopedia developed was titled
“Umbak Gembara”. The nomenclature
“Umbak Gembara” represents the product’s
design philosophy, which upholds the principle
of joyful learning and aims to increase students’
affective engagement with environmental
conservation materials. The stages of this
encyclopedia’s development are outlined as
follows:

Define
This stage began with a literature review

and field observations to identify problems and
delimit the research area. Data collection on
potential flora and fauna focused on Sabang
Island’s ecotourism sites, which were divided into
three ecosystem zones: (1) coral reef ecosystems,
(2) mangrove ecosystems, and (3) the Iboih
coastal area.

Concurrent with the field survey, the team
developed a framework and constructed
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research instruments for validity, practicality, and
readability testing. Based on the research team’s
analysis of data sufficiency, the encyclopedia’s
development at this stage prioritized coral reef
ecosystems. This prioritization was based not only
on high biodiversity but also on Sabang’s status
as a vibrant marine tourism destination. Because
coral reef ecosystems are among the most
frequently accessed and exploited tourism sites,
the encyclopedia is crucial as a preventive
conservation tool to mitigate the risk of
environmental damage through education.
Furthermore, underwater ecosystems cannot be
observed directly (with the naked eye) without
special equipment. Therefore, encyclopedias are
essential for visualizing objects that are difficult
to reach, making them easier for students to
understand.

Various studies have pursued similar goals,
demonstrating that textbook development has
offered significant educational benefits,
particularly in improving learning effectiveness and
meeting specific pedagogical needs (Kurnisar et
al., 2025; Sadikin et al., 2018; Siburian &
Sadikin, 2024). The primary benefits include
supporting systematic, contextual learning;
providing primary reference sources; enhancing
student understanding; and facilitating more
innovative teaching approaches.

The local potential analysis at the Define
stage inventoried significant marine biodiversity,
including 11 coral species across 9 families and
32 reef fish species from 20 families (Noviyanti
et al., 2025), along with other associated marine
invertebrates. These species include biota with
unique biological characteristics that are rarely
covered in conventional textbooks, such as fire
coral (Millepora sp.), a colony of Hydrozoa, and
the piso-piso fish (Aeoliscus strigatus), which
has adapted vertical (head-down) swimming
behavior. The encyclopedia explores these unique
species to enrich students’ understanding of
morphological adaptation and the classification
of living things in context.

Design
The design phase was based on the results

of the needs analysis in the define phase. The
encyclopedia’s structure was designed to
encompass the diversity of unique biota found in
the coral reef ecosystem of Sabang Island. After
that, learning objectives and competency
achievement indicators were formulated.
Concept analysis was conducted to integrate
biology materials in the school curriculum with
local natural resources. The material elaborated
in this encyclopedia includes: Biodiversity and
Ecosystems, Ecology and Interactions of Living
Things, Classification of Living Things (Animalia),
and Environmental Change.

The activities carried out in this research
were also carried out by other researchers, who
have developed innovative biology textbooks
using design and development methodologies
(Hakim et al., 2023; Siburian & Sadikin, 2024),
demonstrating a consistent and rigorous
approach, focusing on contextual relevance,
technology integration, and pedagogical
innovation (Asmawati, 2023; Ikhsan et al., 2024;
Rahmani et al., 2021).

The next step was selecting expert
validators to assess the product’s feasibility.
Validator selection was based on the relevance
of their expertise, grouped into four areas:
Biology Education Experts, Biology &
Environmental Experts, Curriculum Experts, and
Linguistics. Validation aimed to obtain theoretical
assessments, constructive feedback, and
legitimacy for the product’s feasibility before
moving on to the trial phase. Additionally,
educational practitioners (teachers) were selected
to test the product for practicality and usability in
teaching and learning activities.

Development
The development phase began with

preparing an initial draft of the encyclopedia,
which seven experts validated: four subject matter
experts (biology/environment and biology
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education), one curriculum expert, and two
language experts. Validation aimed to ensure the
appropriateness of the material, construction, and

language before field testing. Based on the
assessment, the encyclopedia validation results
are presented as follows:

Table 3. Encyclopedia validation test results

Aspect 
Expert Assessment - 

Average Criteria 
R1 R2 R3 R4 R5 R6 R7 

General Appearance  24 25 21 24 24 25 25 24.00 Very Good 
Word Usage & 
Language 

23 25 20 23 24 23 22 22.86 
Very Good 

Presentation 23 25 20 22 25 25 25 23.57 Very Good 
Content Suitability 17 20 17 17 18 20 20 18.43 Very Good 

 
Based on Table 3, the developed of the

encyclopedia meets the “Very Good” criteria for
all indicators. The high score for the general
appearance aspect (X= 24.00) indicates that the
encyclopedia’s visual design presents information
aesthetically and in a structured manner. This high
score is achieved through a balanced layout
integrating structured text and high-resolution
images of Sabang Island’s marine biota. By
organizing complex ecological data into intuitive,
color-coded sections, this design enhances
information clarity and readability. Combining
descriptive text with realistic visuals serves as a
strategic instructional tool that supports conceptual
understanding rather than mere decoration,
thereby confirming the validity of the developed
product. This aligns with several other studies,
which state that the validation process typically
involves expert assessment and feedback, with

scores of “very good” or “good” indicating a
robust development methodology (Irawati, 2019;
Vebrianto & Syafaren, 2020).

Although experts declared it valid, several
revisions were made based on validator
suggestions, namely sharpening species
descriptions from characteristics to general
descriptions and simplifying scientific terminology
to make it more inclusive for lay readers (see
Table 5). After the validity test was completed,
the product’s practicality was tested. The
practicality test involved five practitioners
(Biology teachers) to assess the encyclopedia’s
ease of use in learning. Based on the assessment,
the results of the encyclopedia’s practicality test
are presented as follows:

Overall, the encyclopedia is considered
practical, with most aspects falling into the “Very
Good” category. The ease of use aspect received

Table 4. Results of the encyclopedia’s practicality test in biology learning

Aspect 
Practitioner Assessment - 

Average Criteria 
P1 P2 P3 P4 P5 

Ease to Use 22 24 25 21 25 23.40 Very  Good 
Interest 13 18 15 13 13 14.40 Good 
Usefulness 20 20 19 20 20 19.80 Very  Good 
Efficiency 20 18 17 18 16 17.80 Very  Good 

 
the highest score (23.40), indicating that the
book’s navigation structure is easy for teachers
to understand.  Meanwhile, the “Interest” aspect
received a score of 14.40, placing it in the “Good”

category. This lower relative score, however,
highlights the specific functional role of a print
encyclopedia. Amidst the dominance of digital
media, which is prone to distraction, the print
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format of “Umbak Gembara” offers advantages
in facilitating deep reading and sustainable
attentional focus. Its accessibility, without
dependence on electricity or internet connections,
makes this product inclusive and ready to use in
various coastal school infrastructure conditions.

These findings reinforce the critical
importance of high-quality visual elements in
developing print-based biology teaching
materials. Given the crucial role of object
visualization in biology learning, maximizing visual
clarity is essential to maintaining student
engagement and comprehension without relying
on digital interactivity. This step aims to maximize
student engagement while synergizing the depth
of print literacy with digital interactivity, given the
crucial role of object visualization in biology

learning. This aligns with research by Soltész
(2025), which found that learning materials with
real-world images produce better learning
outcomes than simple drawings. Zenki-Dalipi &
Osmani (2022) noted that visual representations
directly influence students’ comprehension and
attention retention. This evidence suggests that
visual elements are not merely complementary but
fundamental to maintaining student engagement
in self-directed learning materials (Regondola &
Astorga, 2025; Yousuf & Conlan, 2018).

Following validation and practicality testing,
the final layout revision (Table 5) concluded the
structural development phase. The product then
entered the initial effectiveness evaluation phase
in the field and pedagogical implementation
through limited trials in contextual coastal schools.

Table 5. Results of encyclopedia revisions based on expert suggestions

Before Revision After Revision Description 

  

Redesigned the cover layout by 
adding a high-resolution photo of a 
marine ecosystem, adjusting the 
title font size to 24 pt Bold, and 
changing the background color 
contrast for improved visual clarity. 

  

Changed the wording of the 
description (from characteristics to 
general description) 
Improved the use of more general 
words for easier understanding (For 
example, the abbreviation TL = 
Total Length) 
Addressed spelling and grammar 
errors 
Completed the table of contents for 
easier searching 

- Add Chapter entitled “Marine 
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- 

 

Add Chapter entitled “Marine 
Conservation Efforts”, which 
details local conservation strategies 
and relevant policy frameworks 

  

The Closing Section was expanded 
by adding a summary paragraph of 
the main findings 

 
The next phase is an initial pilot test of the

encyclopedia among high school students in a
socio-ecologically comparable coastal area. This
limited effectiveness test measured the impact of
encyclopedia use on learning outcomes in the

Underwater Ecosystems topic. Data were
collected through pretests and posttests.
The improvement in learning outcomes was
analyzed using N-Gain, as summarized
below: 

 

68.78

80.78

38.44

0
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20

30

40

50

60

70

80

90

100

Pretest Posttest % Mean N-Gain

Figure 2. N-Gain score test results
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The results show that the average student
score increased from 68.78 in the pretest to 80.78
in the posttest, with an average N-Gain of 0.3844
(38.44%), which falls into the moderate category.
To evaluate whether the observed difference
between pretest and posttest scores was
statistically significant, normality tests were first

conducted on the dataset. The Shapiro-Wilk
normality test indicated a non-normal distribution
for both pretest and posttest data ( ),
as detailed in Table 6.

Since the pretest (p = 0.001) and posttest
(p = 0.034) data deviated significantly from a
normal distribution, hypothesis testing was

Table 6. Normality test

Kolmogorov-Smirnova Shapiro-Wilk 
 Statistic df Sig. Statistic df Sig. 

Pre .104 46 .200* .905 46 .001 
Post .116 46 .149 .946 46 .034 
*. This is a lower bound of the true significance. 
a. Lilliefors Significance Correction 

 

conducted using the non-parametric Wilcoxon
Signed Rank Test. The results are presented in
Table 7.

Table 7. Wilcoxon signed rank test

The non-parametric analysis yielded an
Asymp. Sig. (2-tailed) value of 0.000 (p < 0.05),

with a Z-score of . These statistical
findings confirm a statistically significant
improvement in students’ learning outcomes
following the intervention. To visualize the
distribution of individual student improvements
and identify potential outliers, Figure 3 presents
a scatter plot of pretest and posttest scores.

These results confirm that the encyclopedia
significantly enhances student comprehension,
resulting in a moderate yet meaningful
improvement in learning outcomes. This
improvement shows that the encyclopedia
effectively reinforces concepts. Encyclopedias

 Post - Pre 
Z -4.463b 
Asymp. Sig. (2-tailed) 0.000 
a. Wilcoxon Signed Ranks Test 
b. Based on negative ranks. 
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Figure 3. Individual Student Improvement and Score Distribution (n=46)

that prioritize visualizations of real objects in the
marine ecosystem help students understand
abstract concepts in concrete terms. This

supports Dual Coding Theory (Kurniawan et al.,
2022; Listiyani et al., 2025; Wooten & Cuevas,
2024), which states that combining text and
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images strengthens long-term memory and
improves learning outcomes. Furthermore, Nisa
et al. (2022) state that this theory’s strength lies
in its ability to help students visualize content,
increase motivation, and improve information
retention across various educational contexts.

The significant improvement in student
learning outcomes after using the encyclopedia
(N-Gain of 0.3844) confirmed that the local
potential-based biota encyclopedia is more
relevant to students’ cognitive structure. This
finding is due not only to the availability of materials
but also to cognitive efficiency mechanisms that
occur during the learning process. The excellence
of the “Umbak Gembara” encyclopedia lies in
integrating dual coding theory (Paivio) with local
potential. Using typical Sabang biota objects
familiar to students provides strong prior
knowledge. Because these visual objects are
already stored in the students’ long-term memory,
connecting the new academic concepts to their
familiar environment becomes more intuitive. This
integration supports foundational principles of
learning theory, which emphasize that connecting
instruction to existing knowledge structures
significantly enhances comprehension and
meaningful learning in biology education (Azman
& Johari, 2022; Koæ-Januchta et al., 2022;
Sweller, 2024; Toh & Tasir, 2024).

Integrating the “Umbak Gembara”
encyclopedia into enjoyable learning is
conceptually driven by its realistic visualization,
which presents biological objects concretely.
Additionally, the print format’s portability supports
flexible learning outside the classroom without
technical constraints. These design elements are
carefully structured to foster positive affective
engagement. When learning occurs in an engaging
and accessible environment, it can improve
learning outcomes by helping transform emotional
engagement into deeper cognitive focus.
Furthermore, the synergy between realistic
visualization (dual coding) and content familiarity

(local potential) facilitates the formation of new
knowledge schemas, directly supporting the
observed improvement in students’ post-test
scores.

These results reinforce previous findings that
reported that learning materials based on local
potential demonstrated significantly higher
relevance for cognitive structure and improved
critical thinking skills (Fajeriadi et al., 2025; Rahmi
et al., 2023; Setiyanika et al., 2023), enhanced
21st-century skills, including learning outcomes
and conceptual understanding (Kamila et al.,
2024), and bridged science and culture and
enriched students’ scientific understanding through
culturally relevant contexts (Aswita et al., 2018;
Nurfaizah et al., 2025; Ramadani, 2025).
Collectively, these studies validate the cognitive
benefits of contextualizing learning through local
potential, as applied in the development of this
encyclopedia.

Furthermore, integrating local natural
resources into the biology curriculum can increase
students’ intrinsic motivation because the objects
studied are located in their immediate
environment. Various studies have consistently
demonstrated positive effects: learning based on
local potential positively impacts student attitudes
and improves cognitive outcomes (Fajeriadi et
al., 2025), increases student interest and
motivation (Ai, 2025; Nurhidayati, 2024), and
influences various student skills, with the greatest
impact on generic skills (Imtihana & Djukri,
2020). These literature reviews have provided
comprehensive insights into leveraging local
potential as a basis for transformative education.
Purwasih et al. (2025) also expressed the
importance of utilizing local potential as a valuable
educational resource for students.

Compared with studies developing web-
based biology resources (Hadi et al., 2025;
Prayitno & Hidayati, 2022; Vekli & Çalik, 2023),
this printed encyclopedia offers greater
accessibility, particularly for schools in coastal
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Aceh with limited digital infrastructure. Thus, this
encyclopedia serves not only as a source of
information but also as an instrument for
environmental conservation through education.

Disseminate
This stage concludes with disseminating the

developed product through articles published in
accredited national journals and an ISBN-
certified encyclopedia. The final product is then
distributed to partner schools in the coastal areas
of Aceh. This distribution is not only a practical
contribution but also the initial step in initiating a
conservation-based biology learning model that
adapts to the geographical characteristics of the
islands, which is expected to be replicated in other
coastal areas in Indonesia.

 CONCLUSION
This research successfully developed

teaching material in the form of an encyclopedia
of unique marine biota, “Umbak Gembara,”
based on Sabang Island’s local potential, which
met high validity and practicality criteria based
on expert validation and practitioner evaluations.
In the context of implementation, statistical
analysis indicated a significant increase in student
learning outcomes after using this product, with a
medium N-Gain score of 0.3844 (38.44%). This
positive trend in learning outcomes demonstrates
that integrating familiar local content with concrete
photographic visualizations of marine biota
effectively bridges abstract biological concepts
with students’ real-world surroundings. The
contextual representation of Sabang’s marine
ecosystem helps students better visualize and
understand biological interactions, ultimately
supporting their conceptual understanding.
Consequently, the “Umbak Gembara”
Encyclopedia serves as a valuable supplement
to biology teaching materials and a strategic
educational tool to build students’ environmental
literacy regarding vulnerable coastal ecosystems.

The practical implication of this research
highlights the strategic advantage of well-
structured print media in facilitating deep reading
and ensuring educational accessibility, particularly
in island regions with limited digital infrastructure.
However, this study has a methodological
limitation because it relied on a one-group pretest-
posttest design without a control group, meaning
the observed increase in learning outcomes cannot
be definitively attributed solely to the intervention,
as external confounding variables could not be
fully controlled. To address this limitation, further
research is recommended to evaluate the
product’s product’s effectiveness using more
rigorous experimental designs with control
groups, while also exploring the development of
hybrid-based encyclopedias that integrate
Augmented Reality (AR) technology to bridge
printed literacy with digital interactivity.

 REFERENCES
Afnan, M. Z., & Puspitawati, R. P. (2024).

Exploration of biological concept
understanding through augmented reality:
a constructivism theory approach. JPBI
(Jurnal Pendidikan Biologi Indonesia),
10(3), 1139–1147. https://doi.org/
10.22219/jpbi.v10i3.36896

Agustiani, S., Idramsa, I., & Djulia, E. (2024).
Development of a biotechnology
encyclopedia based on scientific literacy
to improve students’ scientific literacy
abilities unimed. Eduvest – Journal of
Universal Studies, 4(10), 9363–9374.
https://doi.org/10.59188/eduvest.
v4i10.1365

Ai, T. (2025). Impact of learning motivation on
student learning outcomes from the
perspective of educational psychology.
Lecture Notes in Education Psychology
and Public Media, 24, 113–118. https://
doi.org/10.54254/2753-7048/2025.
24144



1529                                                              Noviyanti et al., Development of an Encyclopedia...

Aini, S., Eka, A., & Sunandar, A. (2024).
Development of encyclopedia based on
local vegetables North Kayong Regency
as biology learning media. JPBI (Jurnal
Pendidikan Biologi Indonesia), 10(1),
38–46. https://doi.org/10.22219/
jpbi.v10i1.31557

Al Habib, A., Mahendrata, B., Hasanah, M., &
Fitria, R. (2022). Pengembangan media
pembelajaran biologi untuk
meningkatkan minat belajar siswa
[Development of biology learning media to
increase students’ interest in learning].
Jendela Pendidikan, 11(2), 212–222.
https://doi.org/10.55129/jp.v11i2.1627

Anderson, L. W., & Krathwohl, D. R. (2001).
A taxonomy for learning, teaching, and
assessing: a revision of bloom’s
taxonomy of educational objectives.
Longman.

Asmawati, L. (2023). The Development of puzzle
games for early childhood based on the
Banten local culture. Jurnal Ilmiah
Peuradeun, 11(2), 531–550. https://
doi.org/10.26811/peuradeun.v11i2.895

Aswita, D., Hanim, N., Dewi, C. R., Ainun, N.
A., Daud, F., & Rizal, S. (2026).
Developing an Ethno-Ecotourism
Environmental Education Model for
Sustainable Coastal Tourism in Aceh
Indonesia. Jurnal Ilmiah Peuradeun,
14(2), 797–820. https://doi.org/10.26811/
peuradeun.v14i2.2561

Aswita, D., Suryadarma, I. G. P., & Suyanto, S.
(2018). Local wisdom of Sabang Island
society (Aceh, Indonesia) in building
ecological intelligence to support
sustainable tourism. Geojournal of
Tourism and Geosites, 22(2). https://
doi.org/10.30892/gtg.22210-297

Aulia, R., & Hadiyanto, F. (2022). Kepedulian
lingkungan melalui literasi lingkungan
pada anak usia dini [Environmental

awareness through environmental literacy
in early childhood]. Jurnal Obsesi: Jurnal
Pendidikan Anak Usia Dini, 6(6), 6690–
6700. https://doi.org/10.31004/
obsesi.v6i6.3485

Ayuni, A., Fua, J. L., Amalia, H. A. M., &
Sukmawaty, S. (2024). Pengembangan
media ensiklopedia potensi biomassa
dan serapan karbon hutan mangrove di
Desa Lapandewa Makmur dan
pemanfaatanya sebagai bahan ajar
biologi [Development of encyclopedia
media on biomass potential and carbon
absorption of mangrove forests in
Lapandewa Makmur Village and its use
as biology teaching materials]. JB&P:
Jurnal Biologi dan Pembelajarannya,
11(1), 55–63. https://doi.org/10.29407/
jbp.v11i1.21360

Azman, A. N., & Johari, M. (2022). Investigating
the effectiveness of videos designed using
cognitive load theory on biology students’
academic achievement. Jurnal
Pendidikan IPA Indonesia, 11(3), 461–
468. https://doi.org/10.15294/jpii.
v11i3.37324

Baylon, R. J., Teodora, M., & Cabasan, N.
(2026). Biodiversity conservation
narratives and its integration in
environmental education: A systematic
review. Biological Conservation,
321(111978), 1–11. https://doi.org/
10.1016/j.biocon.2026.111978

Bell, J., Rogers, A., Hansen, K., Anslow, C., &
McCallum, S. (2023). Diving into the
twilight zone VR for marine biology.
Proceedings of the 29th ACM
Symposium on Virtual Reality Software
and Technology (Article 50, Pp. 1–2).,
January, 1–2. https://doi.org/10.1145/
3611659.3617207

Bermudez, G. M. A., & Krell, M. (2025).
Students increased their conceptual



1530 Jurnal Pendidikan MIPA, Vol. 27, No. 03, pp. 1516-1537, September 2026

understanding of biodiversity after a
modeling based teaching and learning
sequence. Science & Education,
0123456789, 1–48. https://doi.org/
10.1007/s11191-025-00707-3

Camandero, A. P., & Abo, C. P. (2025).
Enhancing science 10 learning through
photo elicitation-based interactive activities
on biodiversity activities on biodiversity.
Psych Educ, 38(3), 278–301. https://
doi.org/10.70838/pemj.380307

Chang, Y., Choi, J., & Sen-akbulut, M. (2024).
Undergraduate students’ engagement in
project-based learning with an authentic
context. Education Sciences, 14(168), 1–
14. https://doi.org/10.3390/educsci
14020168

Coles-Ritchie, M., Monson, B., & Moses, C.
(2015). Drawing on dynamic local
knowledge through student-generated
photography. Equity & Excellence in
Education, 48(2), 266–282. https://
doi.org/10.1080/10665684.2015.
1025615

deNoyelles, A., Zydney, J., & Roberts, J. (2024).
Photo-based protocols to support
community of inquiry in online discussions.
TechTrends, 68(2), 307–316. https://
doi.org/10.1007/s11528-023-00929-8

Dewi, S. S., & Firanti, A. (2024).
Pengembangan ensiklopedia tumbuhan
paku (Pteridophyta) di kawasan
kampung kaduketug sebagai sumber
belajar biologi SMA/MA [Development
of an encyclopedia of ferns (Pteridophyta)
in the Kaduketug village area as a source
of biology learning for high school
students]. Science Education and
Development Journal Archives, 2(1), 1–
7. https://doi.org/10.59923/
sendja.v2i1.77

Dini, N. A. I., & Rini, E. F. S. (2024). Integration
of local potential in science learning to

improve 21st-century skills. Journal of
Chemistry Education Research, 8(2),
69–75. https://doi.org/10.20885/
ijcer.vol8.iss2.art9

Eberbach, C., Hmelo-Silver, C. E., Jordan, R.,
Taylor, J., & Hunter, R. (2021).
Multidimensional trajectories for
understanding ecosystems. Science
Education, 105(3), 521–540. https://
doi.org/10.1002/sce.21613

Etika, A. D., Setiadi, A. E., & Qirbaniah, M.
(2024). Meta analisis media
pembelajaran biologi berbasis potensi
lokal terhadap hasil belajar siswa
[Meta-analysis of biology learning media
based on local potential on student learning
outcomes]. SAP (Susunan Artikel
Pendidikan), 9(1), 28–34. https://doi.org/
10.30998/sap.v9i1.22240

Fajeriadi, A., Azzam, M. N., & Azzahra, F. G.
(2025). The effect of local potential-based
biology learning resources on students’
competencies: an in-depth analysis.
Biosfer: Jurnal Pendidikan Biologi,
18(2), 315–326. https://doi.org/10.21009/
biosferjpb.54745

Firdausi, C. L., Sugiyarto, K. H., & Maulana, Y.
(2023). Development of electronic student
worksheets based on learning cycle 7E (E-
SW 7E) and its effect on the students’
concept understanding and science
process skills. Jurnal Penelitian
Pendidikan IPA, 9(5), 3862–3868. https:/
/doi.org/10.29303/jppipa.v9i5.3690

Fitarahmawati, F., & Suhartini, S. (2021).
Empowering critical thinking and problem-
solving skills during pandemic through
contextual distance-learning in biology.
Advances in Social Science, Education
and Humanities Research, 541(Isse,
2020), 39–47. https://doi.org/10.2991/
ASSEHR.K.210326.006

Gehlbach, H., Mu, N., Arcot, R. R., Chuter, C.,



1531                                                              Noviyanti et al., Development of an Encyclopedia...

Cornwall, K., Nehring, L., Robinson, C.
D., & Vriesema, C. C. (2022). Addressing
the vexing educational challenges of
biodiversity loss: A photo-based
intervention. Contemporary Educational
Psychology, 1, 1–19. https://doi.org/
10.35542/osf.io/es5fc

Hadi, K., Sudatha, W., Suartama, K., & Santosa,
M. H. (2025). Biology learning based ICT
in Indonesia: a systematic literature review.
Jurnal Penelitian Pendidikan IPA,
11(6), 36–44. https://doi.org/10.29303/
jppipa.v11i6.11778

Hagen, O., Aly, A., Jones, R., Varga, M., &
Bazazian, D. (2024). Beyond the surface:
a scoping review of vision   based
underwater experience technologies and
user studies. Intelligent Marine
Technology and Systems, 2(19), 1–24.
https://doi.org/10.1007/s44295-024-
00034-3

Hake, R. R., & Reece, J. (1999). Analyzing
change/gain scores. Indiana University.

Hakim, N., Hayati, D. K., & Saputri, U. (2023).
Development of socio-eco-techno-
preneurship based biology learning design
textbook. BIODIK: Jurnal Ilmiah
Pendidikan Biologi, 09(3), 50–59. https:/
/doi.org/10.22437/biodik.v9i3.28031

Hallaby, S. F., & Hamama, S. F. (2025).
Identifikasi konsep biologi yang
dianggap sulit oleh siswa sekolah
menengah atas: a systematic literature
review [Identification of biology concepts
considered difficult by high school students:
a systematic literature review]. Jurnal
Dedikasi Pendidikan, 9(1), 399–410.
https://doi.org/10.30601/dedikasi.
v9i1.5958

Hariyadi, E., Maryani, E., & Kastolani, W.
(2021). Analisis literasi lingkungan pada
mahasiswa pendidikan geografi
[Analysis of environmental literacy in

geography education students].
Gulawentah: Jurnal Studi Sosial, 6(1),
1–16. https://doi.org/10.25273/gula
wentah.v6i1.6685

Harrison, L. (2025). Empowering students to
change the world. Childhood Education,
101(1), 32–37. https://doi.org/10.1080/
00094056.2025.2440313

Hasnunidah, N., Fadiawati, N., Herlina, K., &
Dewi, P. S. (2025). Development and
validation of ADI-STEM-based
biotechnology e-Liveworksheets to
enhance student argumentation skills.
Jurnal Pendidikan MIPA, 26(4), 2224–
2245. https://doi.org/10.23960/jpmipa.
v26i4.pp2224-2245

Hassan, N. A. A., Ismail, A. I., & Jamali, S. S.
(2024). Underwater photography as an
educational tool for environmental
awareness and marine conservation.
Pakistan Journal of Life and Social
Sciences, 22(2), 4984–4996. https://
do i .org/10 .57239/PJLSS-2024-
22.2.00370

Honra, J. R., & Monterola, S. L. C. (2024).
Fostering cognitive flexibility of students
through design thinking in biology
education. Cogent Education, 11(1), 1–
14. https://doi.org/10.1080/2331186X.
2024.2415301

Hoongland, K., Koning, J., Bakker, A., Pepin,
B. E. U., & Gravemeijer, K. (2018).
Changing representation in contextual
mathematical problems from descriptive to
depictive: The effect on students’
performance. Studies in Educational
Evaluation, 58, 122–131. https://doi.org/
10.1016/j.stueduc.2018.06.004

Husain, I. A., Ekadayanti, W., Fitriani, W. O.
H., & Niasari, T. (2026). Eksplorasi
keterampilan literasi kritis dalam
pengajaran isu-isu lingkungan kepada
anak usia dini di wilayah pesisir



1532 Jurnal Pendidikan MIPA, Vol. 27, No. 03, pp. 1516-1537, September 2026

pertambangan Konawe Utara
[Exploration of critical literacy skills in
teaching environmental issues to early
childhood in the coastal mining area of
Konawe Utara]. Arus Jurnal Pendidikan
(AJUP), 6(1), 594–606. https://doi.org/
10.57250/ajup.v6i1.2500

Ikhsan, M., Rochaminah, S., & Mastura, A.
(2024). Development of geo-math
application by integrating geo-gebra
applets to improve students’ spatial ability.
Jurnal Ilmiah Peuradeun, 12(3), 1129–
1154. https://doi.org/10.26811/peuradeun
.v12i3.1492

Ilhami, M. R., Abbas, E. W., Subiyakto, B.,
Mutiani, M., Saliman, S., & Rezeki, A.
(2025). Enhancing environmental
conservation in higher education using
place-based pedagogy. Jurnal Penelitian
dan Pengembangan Sains dan
Humaniora, 9(1), 78–85. https://doi.org/
10.23887/jppsh.v9i1.88628

Imtihana, E. R., & Djukri, D. (2020). Learners’
skills affected by the integration of local
potential in biology: a review study. Jurnal
Bioedukatika, 8(3), 204–214. https://
doi.org/10.26555/bioedukatika.v8i3.
16547

Indrawati, I., Lia, R., Maulita, M., & Syam, H.
(2025). Studi pengaruh kesadaran
hukum masyarakat pesisir Desa
Tanjung Limau terhadap literasi
maritim untuk mendukung sustainable
ocean march [Study of the influence of
legal awareness of the coastal community
of Tanjung Limau Village on maritime
literacy to support the sustainable ocean
march]. Saintara/ : Jurnal Ilmiah Ilmu-
Ilmu Maritim, 9(11), 1–7. https://doi.org/
10.52475/saintara.v9i1.367

Indrawati, I., Lia, R., & Rahmat, R. (2024).
Persepsi taruna/taruni jurusan
kemaritiman dalam literasi maritim

yang mendukung sustainable ocean
[Perceptions of male/female cadets
majoring in maritime sciences regarding
maritime literacy that supports sustainable
oceans]. Saintara: Jurnal Ilmiah Ilmu-
Ilmu Maritim, 8(1), 1–8. https://doi.org/
10.52475/saintara.v8i1.253

Irawati, H. (2019). The development of textbook
for a course of pengembangan bahan ajar
biologi (biology teaching material
development) for biology education
department students of Universitas Ahmad
Dahlan. Indonesian Journal of Biology
Education, 2(1), 1–6. https://doi.org/
10.31002/ijobe.v2i1.1247

Jaikrasen, P., & Ketsing, J. (2025). Cultivating
sense of place through place-based
education: an innovative approach to
education for sustainability in a Thai Primary
School. Education Sciences, 15(11), 1–
16. https://doi.org/10.3390/educsci
15111456

Kamila, K., Wilujeng, I., Jumadi, J., & Ungirwalu,
S. Y. (2024). Analysis of integrating local
potential in science learning and its effect
on 21 st century skills and student cultural
awareness: literature review. Jurnal
Penelitian Pendidikan IPA, 10(5), 223–
233. https://doi.org/10.29303/jppipa.
v10i5.6485

Koæ-Januchta, M. M., Schönborn, K. J.,
Roehrig, C., Chaudhri, V. K., Tibell, L. A.
E., & Heller, H. C. (2022). “Connecting
concepts helps put main ideas together”:
cognitive load and usability in learning
biology with an AI   enriched textbook.
International Journal of Educational
Technology in Higher Education,
19(11), 1–22. https://doi.org/10.1186/
s41239-021-00317-3

Kumala, F. N., & Setiawan, A. D. (2019). Local
wisdom-based e-encyclopedia as a
science learning medium in elementary



1533                                                              Noviyanti et al., Development of an Encyclopedia...

school. Journal of Physics: Conference
Series, 1402(6), 1–7. https://doi.org/
10.1088/1742-6596/1402/6/066061

Kurniawan, C., Kusumaningrum, S. R., Lam, K.
T., & Surahman, E. (2022). Improving
language teaching and learning process with
dual coding theory approaches. Jurnal
Pendidikan: Teori, Penelitian, Dan
Pengembangan, 7(8), 281–289. https://
doi.org/10.17977/jptpp.v7i8.15313

Kurnisar, K., Waluyati, S. A., & Fatihah, H.
(2025). Analisis kebutuhan
pengembangan buku ajar berbasis
team based project di mata kuliah
perkembangan peserta didik [Analysis
of the need for developing team-based
project-based textbooks in the subject of
student development]. Journal of Moral
and Civic Education, 9(1), 12–25. https:/
/doi.org/10.24036/8851412912025846

Lindner, M. A., Eitel, A., Barenthien, J., & Köller,
O. (2021). An integrative study on learning
and testing with multimedia: Effects on
students’ performance and metacognition.
Learning and Instruction, 71(101100),
1–9. https://doi.org/10.1016/j.learninstruc
.2018.01.002

Listiyani, L. A., Hidayah, A., Khoerotunisa, M.,
Handayani, F., Athoillah, M. A., Efendy,
M., & Atmaja, D. H. (2025). Pengaruh
metode pembelajaran dual coding
dalam bentuk audiovisual terhadap
tingkat pemahaman belajar pada siswa
kelas V & VI di SDN 2
Korowelanganyar [The influence of the
dual coding learning method in audiovisual
form on the level of learning
comprehension in grades V & VI at SDN
2 Korowelanganyar]. ASPIRASI:
Publikasi Hasil Pengabdian Dan
Kegiatan Masyarakat, 3(5), 128–135.
https://doi.org/10.61132/aspirasi.v3i5.
2250

López-Vázquez, V., Satama-bermeo, G., &
Raheem, H. I. (2026). State of the art:
analysis of deep learning techniques in
images acquired in an aquatic environment.
Machine Learning and Knowledge
Extraction, 8(5), 1–64. https://doi.org/
10.3390/make8050131

Lyesmaya, D., Hidayat, U. S., Almukarom, E.
A., & Jr, S. O. M. (2025). Nature as text:
a systematic review of ecologically themed
writing pedagogy and its influence on
metacognition and student engagement.
IJORER: International Journal of
Recent Educational Research, 6(4),
962–975. https://doi.org/10.46245/
ijorer.v6i4.930

Mardapi, D. (2012). Pengukuran, penilaian,
dan evaluasi pendidikan. Nuha Medika.

Maulina, S., Isa, M., Helmi, R., Riski, N., &
Safitri, E. (2025). Development of
mathematical literacy problems based on
the ethnomathematics of Acehnese culture.
Jurnal Pendidikan MIPA, 26(4), 2077–
2100. https://doi.org/10.23960/
jpmipa.v26i4.pp2077-2100

Mercier, J., Perez, L. L., Audrin, C., Bocher, E.,
Ertz, O., & Sander, E. (2025). The impact
of augmented reality on biodiversity
learning: An experimental study.
Computers in Human Behavior Reports,
20(100801), 1–14. https://doi.org/
10.1016/j.chbr.2025.100801

Miles, M. B., Huberman, A. M., & Saldaña, H.
(2014). Qualitative data analysis (III).
SAGE Publications, Inc.

Misdayanti, M., & Suwanti, S. (2021).
Description of environmental sanitation in
the coastal community of Bajo Indah
Village. Afiasi: Jurnal Kesehatan
Masyarakat, 6(1), 19–29. https://doi.org/
10.31943/afiasi.v1i4.134

Nasution, N., & Ulfa, S. W. (2025).
Development of an encyclopedia based on



1534 Jurnal Pendidikan MIPA, Vol. 27, No. 03, pp. 1516-1537, September 2026

the local potential of Batang Gadis National
Park (BGNP) as a learning resource on
biodiversity for grade X senior high school
students. Journal of Biology Education,
14(2), 188–201. https://doi.org/10.15294/
ujbe.v14i2.32949

Nasution, R. (2021). Analisis tingkat literasi
lingkungan mahasiswa FKIP Universitas
Mulawarman dengan transformasi skor
NELA (National Environmental Literacy
Assessment). Jurnal Ilmiah Biosmart
(JIBS), 1(1), 38–51. https://doi.org/
10.30872/jibs.v1i1.423

Nisa, E. K., Andreani, S., & Astuti, U. P. (2022).
Students’ perception on the use of dual-
coding theory (DCT) in reading descriptive
texts. JoLLA: Journal of Language,
Literature, and Arts, 2(2), 205–216.
https://doi.org/10.17977/um064v2i1
2022p205-216

Nkomo, A. (2023). Teacher narration when using
pictures to depict everyday life physical
science contexts: A novel classification.
Journal of Turkish Science Education,
20(4), 718–728. https://doi.org/10.36681/
tused.2023.040

Noviyanti, A., Aswita, D., Febriyanti, D., &
Ismulyati, S. (2025). Identifying and
utilizing local potentials in Rubiah Island as
a biology learning resource. Jurnal
Penelitian Pendidikan IPA, 11(11), 348–
356. https://doi.org/10.29303/
jppipa.v11i11.12389

Nurfaizah, D. A., Aminatun, T., Fitriani, F.,
Wilujeng, I., Rahmawati, L., & Wiyatmo,
Y. (2025). Evaluating the feasibility of a
flipbook-based physics learning media
integrated with local culture: a case study
on matter state changes. Al-Ishlah: Jurnal
Pendidikan, 17(3), 5354–5367. https://
doi.org/10.35445/alishlah.v17i3.6604

Nurhidayati, S. (2024). Identifikasi sumber
belajar lokal untuk mendukung inovasi

pembelajaran biologi [Identify local
learning resources to support biology
learning innovations]. Panthera: Jurnal
Ilmiah Pendidikan Sains Dan Terapan,
4(3), 129–137. https://doi.org/10.36312/
panthera.v4i3.308

Oliveira, A. P., Paramés, A., Bajanca, A., &
Martinez-perez, C. (2025). Higher
education students’ biodiversity
knowledge. Education Sciences, 15(4),
1–16. https://doi.org/10.3390/educsci
15040499

Ottogalli, M. E., & Bermudez, G. M. A. (2024).
A PCK-mapping approach to show the
integration among components of the
pedagogical content knowledge of
elementary education teacher educators
about biodiversity. Teaching and Teacher
Education, 151(104746), 1–15. https://
doi.org/10.1016/j.tate.2024.104746

Prayitno, T. A., & Hidayati, N. (2022).
Development of web-based general
biology content on the GEN-BIO
platform. Edubiotik: Jurnal Pendidikan,
Biologi Dan Terapan, 07(02), 107–121.
https://doi.org/10.33503/ebio.v7i02.1873

Purwasih, D., Wilujeng, I., Wiyarsi, A., &
Zakwandi, R. (2025). The socio scientific
issue based on local potential in integrated
learning instruction to improve student
ecological literacy. Science & Education,
0123456789, 1–24. https://doi.org/
10.1007/s11191-025-00671-y

Rachman, A., Yochanan, E., Samanlangi, A. I.,
& Hery Purnomo. (2024). Metode
penelitian kuantitatif, kualitatif dan
R&D. Saba Jaya Publisher.

Rahmani, R., Mustadi, A., Maulidar, M., &
Senen, A. (2021). The development of
teaching materials based on context and
creativity to increase students scientific
literacy. Jurnal Ilmiah Peuradeun, 9(2),
345–364. https://doi.org/10.26811/



1535                                                              Noviyanti et al., Development of an Encyclopedia...

peuradeun.v9i2.506
Rahmi, M., Nurhidayati, S., & Samsuri, T.

(2023). Pengaruh bahan ajar berbasis
potensi lokal terhadap kemampuan
berpikir kritis dan sikap peduli lingkungan
siswa. Bioscientist: Jurnal Ilmiah
Biologi, 11(1), 685–695. https://doi.org/
10.33394/bioscientist.v11i1.7692

Ramadani, I. (2025). Integrasi bahan ajar
berbasis kearifan lokal Kajang dalam
meningkatkan keterampilan berpikir
kritis [Integration of teaching materials
based on local wisdom of Kajang in
improving critical thinking skills]. Jurnal
Pengabdian Nasional (JPN) Indonesia,
6(1), 274–284. https://doi.org/10.35870/
jpni.v6i1.1184

Regondola, J., & Astorga, J. M. (2025). Effect
of implementing visual learning materials on
academic engagement among grade 6
students. Journal of Arts, Humanities
and Social Science, 2(2), 256–264. https:/
/doi.org/10.69739/jahss.v2i2.767

Reynolds, M., Bowers, C., Peters, H., Klein, M.,
Clayton, Z., Hagger, D., McGarry, B., &
Pelzer, E. (2022). A team approach to
delivery of contextually relevant bioscience:
encouraging student connections between
tacit knowledge and new content
acquisition. BMC Medical Education,
22(470), 1–8. https://doi.org/10.1186/
s12909-022-03513-5

Sadikin, A., Saudagar, F., & Muslim, F. (2018).
Development of the biology textbook of
process evaluation and learning outcome
for students in biology education, University
of Jambi. Biodik, 4(2), 83–94. https://
doi.org/10.22437/bio.v4i2.6120

Salahli, M. A., Gasimzadeh, T., Alasgarova, F.,
& Guliyev, A. (2019). Enhancing students’
collaboration and creative thinking skills by
using online encyclopedias. 10th
International Conference on Theory and

Application of Soft Computing,
Computing with Words and Perceptions
- ICSCCW-2019, 818–826. https://
doi.org/10.1007/978-3-030-35249-
3_108

Santana, C. M. B., Calegari, A. S., Carvalho, G.
S., Soares, J. P. R., Almeida, E. A. E.,
Jorge, J., & Franzolin, F. (2024). Local
biodiversity: students’ interests and
perceptions, and teaching materials.
International Journal of Science
Education, 46(9), 893–912. https://
doi.org/10.1080/09500693.2023.
2263916

Schlecht, V., Becker, D., Lask, J., Weik, J.,
Pollozek, L., Cossel, M. Von,
Lewandowski, I., & Fender, A. (2026).
From local species monitoring to global
value chain impacts: A starting point for
assessing biodiversity impacts of higher
education institutions. Biological
Conservation, 313(111613), 1–13.
https://doi.org/10.1016/j.biocon.2025.
111613

Setiyanika, N., Ngabekti, S., & Parmin, P.
(2023). Development of local potential-
based ecosystem modules in Grobogan
Regency to improve students’ critical
thinking ability. Journal of Innovative
Science Education, 12(37), 254–261.
https://doi.org/10.15294/jise.v12i2.72482

Siburian, J., & Sadikin, A. (2024). Development
of basics and learning process biology
textbooks based on the industrial revolution
4.0. Jurnal Penelitian Pendidikan IPA,
10(11), 8347–8351. https://doi.org/
10.29303/jppipa.v10i11.8563

Soltész, E. J. (2025). Visual elements in digital
teaching materials. Ybl Journal of Built
Environment, 10(1), 154–159. https://
doi.org/10.12700/jbe-2025-0015

Styers, D. M., Schafer, J. L., Kolozsvary, M.
B., Brubaker, K. M., Scanga, S. E.,



1536 Jurnal Pendidikan MIPA, Vol. 27, No. 03, pp. 1516-1537, September 2026

Anderson, L. J., Mitchell, J. J., & Barnett,
D. (2021). Developing a flexible learning
activity on biodiversity and spatial scale
concepts using open-access vegetation
datasets from the National Ecological
Observatory Network. Ecology and
Evolution, 11(9), 3660–3671. https://
doi.org/10.1002/ece3.7385

Suselo, D., Prisma, T., & Ananda, V. D. (2025).
Penguatan literasi lingkungan dalam
meningkatkan kesadaran masyarakat
terhadap ekosistem pesisir Pantai Dlodo
[Strengthening environmental literacy to
increase public awareness of the coastal
ecosystem of Dlodo Beach]. Khidmah
Nusantara: Jurnal Pengabdian Kepada
Masyarakat, 2(1), 48–57. https://doi.org/
10.69533/z4mj2027

Sweller, J. (2024). Cognitive load theory and
individual differences. Learning and
Individual Differences, 110(102423), 1–
5. https://doi.org/10.1016/j.lindif.2024.
102423

Toh, T. J., & Tasir, Z. (2024). The impact of a
mobile learning application on students’
cognitive load and learning performance in
biology. Journal of Information
Technology Education, 23(6), 1–26.
https://doi.org/10.28945/5380

Umar, M. F., Bariroh, G., Jannah, N. D. K.,
Rahmat, A., & Riandi, R. (2024). The
learning strategy for biodiversity concept:
Pedagogical analysis based on
technological pedagogical and content
knowledge. JPBIO (Jurnal Pendidikan
Biologi), 9(2), 157–170. https://doi.org/
10.31932/jpbio.v9i2.3570

Vebrianto, R., & Syafaren, A. (2020).
Developing basic integrated biology book
for students of tadris IPA faculty of tarbiyah
and teacher training UIN Suska Riau.
International Journal of Scientific &
Technology Research, 9(2), 5275–5280.

http://repository.uin-suska.ac.id/id/eprint/
26777

Vekli, G. S., & Çalýk, M. (2023). The effect of
web based biology learning environment
on academic performance: a meta analysis
study. Journal of Science Education and
Technology, 32(3), 365–378. https://
doi.org/10.1007/s10956-023-10033-4

Vetter, M. A., McDowell, Z. J., & Stewart, M.
(2019). From opportunities to outcomes:
The Wikipedia-based writing assignment.
Computers and Composition, 52, 53–
64. https://doi.org/10.1016/j.compcom.
2019.01.008

Wikanengsih, W., Saadah, S. H. N., Nurhayati,
E., & Puspita, R. D. (2023). Development
of teaching materials for writing description
text using a contextual approach to improve
writing ability in junior high school students:
photography as a media. Proceedings of
the International Conference on
Teaching, Learning and Technology
(ICTLT 2023), 23–31. https://doi.org/
10.2991/978-2-38476-206-4

Williamson, F. A., Rollings, A. J., Fore, G. A.,
Angstmann, J. L., & Sorge, B. H. (2022).
Building capacity for socio-ecological
change through the campus farm: a mixed-
methods study. Environmental Education
Research, 29(2), 212–231. https://doi.org/
10.1080/13504622.2022. 2070604

Wooten, J. O., & Cuevas, J. A. (2024). The
effects of dual coding theory on social
studies vocabulary and comprehension in
elementary education. International
Journal on Social and Education
Sciences, 6(4), 673–691. https://doi.org/
10.46328/ijonses.696

Yousuf, B., & Conlan, O. (2018). Supporting
student engagement through explorable
visual narratives. IEEE Transactions on
Learning Technologies, 11(3), 307–320.
https://doi.org/10.1109/TLT.2017.



1537                                                              Noviyanti et al., Development of an Encyclopedia...

2722416
Zahro, F., Zaini, M., & Irianti, R. (2024). Validity

of the family Anacardiaceae encyclopedia
book: A development. Practice of the
Science of Teaching Journal: Jurnal
Praktisi Pendidikan, 3(1), 1–6. https://
doi.org/10.58362/hafecspost.v3i1.48

Zenki-Dalipi, A., & Osmani, R. (2022). The
positive influence of images and graphics
presentations in teaching texts for keeping
students’ attention and concentration.
Knowledge - International Journal,
54(5), 751–756. https://doi.org/10.35120/
kij5405751z

Zhelezniak, M. H., & Ishchenko, O. S. (2021).
Online encyclopedias of the USA as actual
education resources. Information
Technologies and Learning Tools, 84(4),
339–353. https://doi.org/10.33407/
itlt.v84i4.4410

Zukswert, J. M., Barker, M. K., & McDonnell,
L. (2019). Identifying troublesome jargon
in biology: discrepancies between student
performance and perceived understanding.
CBE—Life Sciences Education, 18(1),
1–12. https://doi.org/10.1187/cbe.17-07-
0118


