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product design, (4) design validation, and (5) design revision. The developed e-

booklet was validated by a panel of five experts, including subject matter

experts, digital media specialists, and biology practitioners, using a structured

Likert-scale instrument. Data were collected through surveys, interviews, and  Key Words:
validation questionnaires. The data were analyzed using the Content Validity = E-Booklet, Learning
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images, and videos, to enhance students’ engagement and understanding of

biological concepts. The high validity score indicates that the developed e-

booklet is feasible for use as a biology learning medium, particularly for

teaching the classification of living organisms. These findings demonstrate that

the developed digital learning medium is highly feasible and suitable for

supporting classroom instruction and independent student learning, aligning

with the demands of 21st-century science education.
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Introduction

The success of learning can be determined by the teachers ability to implement
innovations that involve students playing an active role (Carrion-Martinez et al., 2020).
Professional teachers not only have the ability to prepare learning materials, but can also
demonstrate creativity in the use and development of learning media (Hanifah et al., 2020).
In this context, the development of information and communication technology opens up
great opportunities for improving the quality of the learning process (Dewi, 2024;
Ratheeswari, 2018). In fact, the 21 century learning paradigm explicitly requires teachers to
integrate technology effectively without compromising pedagogical quality (Povitasari,
2023). The appropriate use of technology has been proven to create an effective, efficient,
and engaging learning experience (Kouser & Majid, 2021). Therefore, the development of
digital learning media needs to pay attention to three fundamental aspects, namely being
innovative in responding to contemporary educational demands (Chaiyama & Kaewpila,
2022), applicative for ensures ease of implementation in various classroom conditions, and
educative facilitates the achievement of predetermined to competency standard (Twiningsih
& Gunarhadi, 2021).
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The challenges of learning in the modern 21 century era require every teachers to be
the main driver in building a culture of literacy, shaping a resilient personality, and
developing learning potential that is relevant to the times (Padmadewi et al., 2018; Singh,
2019). Scientific literacy is one of the six essential skills needed in 21 century learning.
Programme for International Student Assessment (PISA) 2018, defining scientific literacy as
the ability of students to engage with science related issues and scientific ideas as reflective
citizens (Guerrero & Sjostrom, 2025). If science materials and learning are facilitated with
the integration of appropriate competencies, students scientific literacy will be able improve
(Istyadji & Saugqina, 2023; Yao & Guo, 2018). Biology learning in high school students is an
important component of scientific literacy development. Biology education is contextual,
requiring reasoning and analytical skills (Harahap et al., 2023). One of the fundamental
topics in 10" grade biology is the the classification of living organisms. The learning
objectives in the independent curriculum include identifying the benefits and basis of
classifying living organisms, stating the taxonomy order of animals and plants, understanding
the scientific naming system, understanding the development classification systems, and
constructing cladograms (Maryoto, 2022). Material on the classification of living organisms
is often considered difficult and challenging for students because the many unfamiliar
scientific terms, extensive memorization requirements, inadequate availability of informative
learning media (Bunayah, 2025; Az-zahra et al., 2023).

Based on initial observations conducted in three high schools, namely one in
Pontianak City, one in Mempawah Regency, and another in Sambas Regency. Biology
teachers often rely on lectures and discussion methods supported by presentations using
PowerPoint and educational videos from YouTube. Diagnostic feedback revealed that fewer
than 60% of students achieved passing marks on classification topics, highlighting low
baseline comprehension.Therefore, there is a need for more interactive learning media that
can integrates images and videos relevantly with comprehensive the materials, because this is
material important component in improving science literacy. Students also expressed
difficulties in understanding the concepts of classification living organisms independently,
indicating a gap in the available independent resources and obstacles in learning media. The
use of inappropriate learning media will significantly reduce scientific literacy skills and
collaborative abilities (Mugabekazi et al., 2025; Zhao et al., 2025). Less interactive media
results to a lack student engagement in discussions, analysis, and evaluation because the
presentation of the material is one way and does not provides space for interactivity (Carrion-
Martinez et al., 2020; Han et al., 2025).

Digital learning media, particularly electronic booklet have emerged as a promising
solution to overcome this challenges. E-booklet combine the advantages of conventional
booklet with digital technology, offering portability, multimedia integration, and
environmental sustainability (Febriani et al., 2023). E-booklet are electronic book containing
learning materials presented in a concise format with attractive and systematic layout,
complete with relevant images and videos that can facilitate student understanding (Ayunda
& Lufti, 2024). Previous research has shown the effectiveness of e-booklet in various biology
topics (Hoiroh & Isnawati, 2020; Devi et al., 2021; Sarip et al., 2022; Marcellina et al., 2023;
Oktaviani et al., 2024; Bunayah, 2025), the comparative study on the effectiveness e-booklet
relative to other learning media can identify their specific advantages and optimal
implementation conditions. This is due to the fact that prior research still lacks a specific
focus on the focus on classification of living organisms to enhancing improving scientific
literacy based on PISA indicators.
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This study was conducted to address the identified gap by developing an e-booklet
learning media designed for the topic classification of living organisms in 10" grade high
school students. This study aims to develop and validate an e-booklet-based learning medium
on the classification of living organisms to enhance scientific literacy among high school
students. The novelty of this study lies in the integration of systematic multimedia elements
aligned with scientific literacy competencies, presented in an accessible digital format to
support independent and guided learning. The development of this e-booklet is expected to
provide additional electronic learning media options for teachers and students, as well as
inspire teachers to create and develop more varied and informative learning media.

Research Method

The study used Research and Development (R&D) method to build and validate a
functional educational product (Arikunto, 2014; Gustiani, 2019). The development workflow
adopted the Borg and Gall model, scaled to focus systematically on five foundational stages,
with illustration of the stages represented in Figure 1: (1) Identifying potential and problems,
(2) Data collection, (3) Product design, (4) Design validation, and (5) Design revision
(Waruwu, 2024; Purba, 2024).
Stage 1: Identifying Potential and Problems

Preliminary study was conducted through interviews with three biology teachers and
based on relevant information from a literature review. The interviews results showed that
teaching of the material classification of living organism still relies on lectures, discussions,
PowerPoint presentations, and educational videos from YouTube. The identified problems
include the limited availability of interactive digital media, students difficulties in understand
scientific terminology and concepts in taxonomy, the lack of multimedia based independent
learning resources, existing media being considered uninformative and uninteresting.
Stage 2: Data Collection

Data collection includes analysis of the independent curriculum standard for 10
grade biology learning, content on the material classification of living organisms, review of
the available learning resources, identification of students learning needs through teachers
interviews and analysis of supporting documents such as teaching modules.
Stage 3: Product Design

The e-booklet was designed using Canva and Flip PDF Professional software. The
design process included storyboard preparation, content development based on a three
dimensional scientific literacy framework (process, content, and scientific context),
multimedia integration such as images, diagrams, video links, quick response codes,
interactive elements. The e-booklet is designed to be accessible on various devices with an
optimal file size.
Stage 4: Design Validation

Expert validation was carried out using a Likert scale (1-4) assessment questionnaire
consisting of 20 items, covering four aspects: format (5 items), content (8 items), language (4
items), and practicality (3 items). Each validator (two biology subject matter experts, one
digital learning media experts, and two experienced teacher practitioner) to assessed the e-
booklet independently and provided quantitative assessments and qualitative feedback.
Stage 5: Design Revision

Based on validator feedback, for the e-booklet refinement stage revisions include
improving image resolution and clarity in diagrams, adding examples and expanding the
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discussion of the presented content, to developing a glossary and ensuring consistency in
terminology, as well as enhancing navigation features such as page hide and search functions.

Instrument for validation in this study are based on the assessment criteria for digital
learning media that have been established, adapted from previous study on the validation of
e-booklet media (Fitriani & Fitrihidajati, 2023; Hoiroh & Isnawati, 2020). The validation
questionnaire uses a Likert scale assessment with four main aspects as explained in the
procedure section. This instrument was validated to assess content validity by experts in
educational research methodology before implementation to ensure that all items can
accurately measure the relevant constructs. Quantitative content validity was determined
using Lawshe's Content Validity Ratio (CVR) and Content Validity Index (CVI) formulas
(lawshe, 1975). The CVR for each item was calculated as follows: CVR = nel;_/n;/z Where ne
represents the number of validators rating an item as essential, and N represents the total
number of panel validators (N = 5). The critical CVR threshold for five validators at a
significance level of a = 0.05 is 0.99. The comprehensive Content Validity Index was derived

from the average of the computed valid item ratios:
CV] = ZCVRvalid'
Nitems

The validity category is determined based on the CVI value (Arikunto, 2014), where a
value of 0.80-1.00 is considered Very Valid (Highly Eligible), a value of 0.60-0.79 is
considered Valid (Eligible), a value of 0.40-0.59 is considered Fairly Valid (Need Revision),
and a value of 0.00-0.39 is considered Invalid (Not Eligible).

Results and Discussion

The development of the e-booklet on the classification of living organisms follows
five systematic stages based on modified Borg and Gall model. Each stage significantly
influences the elements of final product, ensuring alignment with curriculum standard,
pedagogical best practices, and the framework of scientific literacy.
Stage 1: Identify the Problem

Based on previous study several main challenges in learning the classification of
organism have been revealed: (1) students difficulty in memorizing scientific terms and
taxonomy hierarchies, with teachers reporting that students often struggle to remember
taxonomy levels and Latin names, (2) the availability of interactive learning resources beyond
textbooks and one way PowerPoint, (3) inadequate multimedia integration in the materials on
the classification of living organisms, with most resources relying on text based explanations,
and (4) the lack of resources that support independent student learning outside of class. These
findings are in line with previous study indicating that this material requires multimedia to
improve understanding more effectively (Maryoto, 2022; Az-zahra et al., 2023).
Stage 2: Data Collection and Analysis

Analysis of the independent curriculum for grade 10" biology learning by identifying
learning objectives. The curriculum emphasizes that students must be able to identify the
benefits and basis of classification, explain the taxonomy system of animals and plants, apply
the principles of scientific naming, understanding the development of classification systems,
and be able to construct simple cladograms to represent evolutionary relationships. Content
analysis reveals the need for a systematic presentation that progresses from basic concepts to
advanced applications such as constructing phylogenetic trees and understanding the
relationships of evolutionary processes in living organisms.
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Stage 3: Product Design and Development
The developed e-booklet is designed to integrate several pedagogical principles that
align with constructivist learning theory and the framework of scientific literacy namely:

1) Content Organization; The material is organized into six sections:

(1) Introduction to classification explains the importance and historical development
of classification, (2) Basics and benefits of classification details the methods of
classification, (3) Taxonomy hierarchies presents the seven taxonomy levels from
kingdom to species, (4) Binomial nomenclature explains the rules of scientific
naming, (5) Development of Classification systems traces the evolution of
classification from Aristotels to modern times, (6) Phylogenetic relationships and
cladograms introduce modern cladogram methods. Each part includes essential
content information with explanatory text, and practice questions to strengthen
understanding.

2) Multimedia Integration; The e-booklet integrates various multimedia elements,

including:
(1) High quality images showing a variety of living organisms, (2) Detailed diagrams
taxonomy hierarchies and cladograms, (3) Links to educational videos examining
specimens to identify of living organisms, and using identification keys for animals
and plants, (4) Interactive navigation features that enable non-linear learning through
table of contents, page hide and search features, (5) QR codes links to supplementary
virtual learning resources.

3) Scientific Literacy Framework; Content presentation aligns with the three dimensions

of scientific literacy identified by PISA (Shaffer et al., 2019):
(1) Scientific process, activities and questions that require students to identify
classification criteria, explain the classification system, use scientific evidence in the
classification system (analyzing morphological, anatomical, genetic data, and
evolutionary), (2) Scientific content, comprehensive coverage of taxonomy and
binomial nomenclature concept and evolutionary relationship processes (3) Scientific
context, application of classification knowledge to solve problems.

4) Visual Design; The e-booklet used visual design principles consistent with clear
typography and readable font sizes (minimum 11pt for body text, larger for titles and
subtitles), suitable color scheme to enhances visuals and increases readability,
balanced layout, simplified infographics, visual representations, symbols for intuitive
navigation. The developed e-booklet comprised 28 pages presenting content and
integrated with multimedia (images, diagrams, video links, QR codes). Several
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Stage 4: Validation Result
This validation process involves a comprehensive assessment by five expert validators
by evaluating four main aspects: (1) Format, (2) Content, (3) Language, and (4) Practicality
in the e-booklet. Table 1 the results of the validation assessment for each aspect and items.
Table 1. Summary of Expert Validation Results

Validation Aspect  Number of Items Mean Score CVR CVI Category
Format 5 3.80 1.00 1.00 Very Valid
Content 8 3.75 1.00 1.00 Very Valid

Language 4 3.90 1.00 1.00 Very Valid
Practicality 3 3.85 1.00 1.00 Very Valid
Overal Performance 20 3.81 1.00 1.00 Very Valid

The validation results show that the content validity with an overall CVI of 1.00
significantly exceeded the critical CVR value of 0.99 for five validators, with this the
consensus of the validator concluded the e-booklet has met quality standard in all aspect. The
obtained mean score of 3.81 out of 4.00 confirms the high quality and feasibility of the
developed e-booklet as an learning media product.

1) Format (Mean Score = 3.80 and CVI = 1.00)

The validators rated the format aspect as excellent. Specific assessments identified

include a layout design that is consistent with a clear-visual hierarchies, appropriate

color scheme that enhanced readability without causing visual fatigue, a well
navigation system that facilitated easy movement between sections, effective

integration of visual elements that supported the textual content, as well as a

responsive design adaptable to various devices. Validator feedback includes: "The

layout is very attractive and professional. Colour usage is appropriate and not

excessive" (Validator 1; Media Expert), "Intuitive navigation can make it easier for

students to find specific topics" (Validator 2; Media Expert), and "The modern design

will attract interest of students" (Validator 5; Biology Teacher). Suggested for

improvement include adjusting some image resolutions to achieve an optimal display.
2) Content (Mean Score = 3.75 and CVI = 1.00)

The content aspect received a high validation score, indicating strong alignment with

curriculum standard and pedagogical principles. The validators stated that the content

coverage was comprehensive of all required topics as specified in the independent
curriculum, it offered accurate and up-to-date scientific information consistent with
current biological knowledge, demonstrated an effective use of examples and case
studies from a variety of living organisms, and integrated contemporary taxonomic
approaches, including molecular and phylogenetic classifications. The content also
showed strong alignment with the dimensions of scientific literacy through its
embedded questions and activities. This was supported by qualitative feedback from
the experts; for instance, one evaluator noted, 'The material is well organized and
develops logically from simple to complex concepts' (Validator 5; Biology Teacher).

Suggested for additions including more diverse examples of taxonomy classification

across various kingdoms and expanding the discussion on the prokaryotic

classification system.
3) Language (Mean Score = 3.90 and CVI = 1.00)

The language aspect received a high validation score, with validators rating it

exceptionally well across all criteria: clear and straightforward language, the use of

accurate scientific paired terminology with adequate explanations and well-structured
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sentences that facilitate understanding while reducing students cognitive load,
consistent terminology to avoid confusion and the right balance between formal
academic language and explanations that are easy for 10" grade students. Validator
feedback includes: "The language is very clear and appropriate for the audience, and
scientific terms are well explained" (Validator 1; Media Expert), "The sentence
structure is already good, making complex concepts accessible" (Validator 3; Content

Expert), and "Students will be able to understand this material independently because

of the clear and straightforward use of language" (Validator 5; Biology Teacher).

Suggested for addition a dedicated glossary section with definitions of scientific terms

for quick reference to enhance interactive learning.

4) Practicality (Mean Score = 3.85 and CVI=1.00)

The validators confirmed the practical applicability of the e-booklet with excellent

criteria, equipped with easy navigation for users who require minimal technical skills,

flexible access across various devices and platforms, efficient learning resources that
can support classroom teaching and independent learning, clear instructions for
accessing multimedia elements that reduce technical barriers, and optimal file size

(around 15-20 MB) that makes it easy to download and share via email or cloud

storage in a short time with a moderate internet connection. Validator feedback

includes: "This e-booklet is very practical to use in learning activities for 10" grade
students" (Validator 2; Media Expert), "The file size is highly appropriate, which
supports ease of sharing with students. I can foresee this digital learning media being
recommended for classroom instruction and utilized outside the classroom for
students independent learning” (Validator 5; Biology Teacher).

Stage 5: Product Revision

Based on the validators feedback, several revisions were undertaken to improve the
quality of the developed e-booklet on the classification of living organisms: (1) Content
improvements included incorporating more diverse examples of taxonomic classification
representing all kingdoms, discussion of prokaryotic classification, and providing additional
practice questions designed to assess multiple cognitive levels. Real life aplications are
integrated studies such as used classification in biodiversity conservation and and species
identification in local environments, which can be practiced by students with living organism
found in their school surroundings, thereby promoting authentic learning experiences (2)
Visual Enhancement the image resolution was upgraded from standard to high definition,
ensuring an optimal display across various screen sizes. The visual quality of the e-booklet
was enhanced improving diagram clarity, increasing font readability, applying a consistent
colour scheme, and file compression was optimized to reduce file size while preserving visual
quality (3) Language refinement aimed to enhance readability through the use of clear and
accessible language. In addition, a comprehensive glossary containing more than 30 scientific
terms, along with clear definitions and relevant examples was developed (4) Functional
improvements focused on enhancing usability by incorporating a bookmark structure for easy
navigation across all sections. A search function was added to facilitate faster access to
specific topics, while printable worksheets were provided to support offline learning without
requiring computers, tablets, and smartphones.

Development of e-booklet learning media successfully addressed the gaps identified
in resources for learning about the classification of living organisms. The validation results,
which fell into the ‘very valid’ category (overall CVI = 1.00) indicate that the developed
product meets strong quality standard across all aspects of format, content, language, and
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practicality. These results exceed those reported in similar studies Hoiroh & Isnawati (2020)
reported a validation percentage of 89.07% for the material and 92.21% for the media,
whereas (Oktaviani et al. (2024) achieved 96.88% feasibility. Expert agreement states in this
study that is very valid. The developed e-booklet is designed by integrating four essentials
21% century learning principles in modern education (Indarta et al., 2022; Kizilaslan,
2019).First, the communication aspect is realized through the integration of text, visuals, and
multimedia to present complex biological concepts, accommodate diverse students learning
preferences. Second, critical thinking is facilitated through questions and activities that
encourage students to analyze, compare, and evaluate classification systems based on
empirical scientific evidence. Third, creativity is fostered through intuitive navigation that
allows students to personalize their exploration of material according to their individual
interests and learning pace. Fourth, digital literacy is developed through the integration of
digital tools and resources that prepare students for technology based academic and
professional environments. By integrating of these four principles, the e-booklet transcends
being a mere instructional media and learning resource, it evolves into a comprehensive
learning environment that actively supports students’ cognitive processes in alignment with
contemporary educational goals (Chaiyama & Kaewpila, 2022).

The integration of scientific literacy dimensions throughout the e-booklet aligns with
the objectives of contemporary biology education (Vieira & Tenreiro-Viera, 2016). The e-
booklet explicitly addresses the scientific process (observation, classification, inference),
scientific knowledge (taxonomy, evolutionary concepts), scientific context (biodiversity
conservation, species identification). This integration facilitates the development of scientific
literacy competencies that are essential for 21st-century education (Chaiyama & Kaewpila,
2022; Kizilaslan, 2019). Previous studies have demonstrated that science learning materials
integrating scientific literacy competencies can significantly enhance students scientific
literacy (Yao & Guo, 2018). Furthermore, the e-booklet presents biological classification not
merely as a hierarchical system to be memorized but as a dynamic scientific process
involving observation, evidence based evaluation, and scientific reasoning. This approach
addresses a gap in that traditional science education, which often prioritizes content
acquisition at the expense of scientific literacy development (Bellova et al., 2018; Carrion-
Martinez et al., 2020).

According to cognitive theory of multimedia learning, individuals learn more
effectively from words and pictures than from words alone (Sopanda et al., 2023). Images
and diagrams provide visual representations of abstract concepts, making taxonomic
hierarchies and evolutionary relationships more concrete, thereby supporting understanding.
The videos demonstrate dynamic proceses such as organism examination, classification
procedures, while providing clear instructions for independent student practice, and
interactive elements foster active learning through exploration and discovery activities,
moving away from passive reading. This multimedia approach aligns with the principle that
effective digital learning media must meet innovative, applicable, and educational aspects
(Twiningsih & Gunarhadi, 2021). The experts’ unanimous agreement on the quality of
multimedia integration (Item 12, Average = 3.8, CVR = 1.00) provides empirical support for
the effectiveness of the media design. The findings of this study are in line with and expand
upon previous research regarding e-booklet development in biology education, in which
Febriani et al. (2023) obtained a validity score of 96.81% for an e-booklet on the the role of
bacteria while Oktaviani et al. (2024) achieved a validity score of 96.88% for an e-booklet on
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genetics. This study also produced high validity scores confirming that a systematic
development process directly contributes to the quality of the resulting instructional product.

This study makes a distinct contribution to the development of biology learning media
by addressing aspects that have received limited attention in previous studies. First, it
explicitly integrated the framework of scientific literacy into the design and development of
content, ensuring that learning activities address the three dimensions of scientific literacy
identified by PISA (Shaffer et al., 2019). This differs from some previous e-booklet
development studies focused on content delivery rather than the integration of scientific
literacy competencies. Second, the integration of multimedia in this study is carried out
comprehensive and systematic to multimedia integrated by combining various media formats,
including images, diagrams, material video links, interactive elements, and QR codes, each
aligned with specific learning objectives, thereby created a more interactive learning
experience than that reported in several previous e-booklet development studies, that
generally only integrated images (Hoiroh & Isnawati, 2020) or video (Devi et al., 2021).
Third, from a methodology perspective, this study used the Content Validity Index based on
Lawshe (1975) critical value as the basis for assessing validity, which offers a more
systematic and transparent approach than the percentage-based method commonly reported in
previous studies.

Practically the e-booklet media can be implemented in various learning settings. In
independent learning, students can access the e-booklet anytime and anywhere through its
navigation features, glossary, and multimedia elements, enabling them to explore the learning
materials independently without relying solely on teacher guidance (Az-zahra et al., 2023). In
the classroom environment, teachers can integrate e-booklet into various instructional
strategies such as flipped classroom, blended learning, and differentiated learning, thereby
supporting systematic planning while providing flexibility according to students’ needs. From
an assessment perspective, the practice questions in the e-booklet function as formative
assessment tools that help teachers monitor students understanding while preparing students
for summative assessments and digital format makes the e-booklet suitable for distance and
hybrid learning. Despite achieving high validation results, this study is limited to the
development and content validation stages without empirical evaluation of the e-booklet
effectiveness, future studies should employ experimental or quasi-experimental designs to
examine impact on students’ achievement, learning motivation, and scientific literacy.

In addition, the validation involved only five experts from West Kalimantan and not
include large scale field testing, future studies should involved teachers and students from
different regions and school settings to improve the generalizability of the findings. Limited
access to digital devices and internet connectivity, particularly in remote areas, should also be
considered, development of an offline version or other accessible alternatives is
recommended. The successful development and validation of the e-booklet have several
important practical and policy implications. From a practical perspective, teachers should
receive training not only in the use of digital learning media but also in instructional media
development, graphic design, multimedia integration, and the creation of interactive learning
content. From a policy perspective, government educational stakeholders must provide
institutional support for the development of quality digital learning materials through
funding, technical training or workshops. Furthermore, a scientific literacy framework needs
to be established a standard for development of all science learning materials as reflected
educational curriculum guidelines.
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Conclusion

This study successfully developed an e-booklet on the classification of living
organisms for 10" grade high school students through five stages of systematic development
based on the modified Borg and Gall model. The validation results obtained a CVI score of
1.00, which exceeded the critical CVR value of 0.99, indicating that five validators were
classified as very valid based on the assessment of all aspects, namely format, content,
language, and practicality, declared very feasible for use as a biology learning media. This e-
booklet integrated systematic content, multimedia, and a comprehensive of scientific literacy
framework, thereby supporting independent learning while fostering essential 21 century
competencies; critical thinking, communication, and digital literacy. These finding reinforce
the evidence that effectiveness of a systematically developed e-booklet in biology education
and scientific literacy framework can be systematically integrated into the design of digital
learning media.

Recommendation

Future studies are recommended to empirically test the e-booklet effectiveness
through experimental designs, larger scale feasibility test, and comprehensive impact
assessments. Additionally, integrating the developed digital media into local Biology Subject
Teacher Working Groups (MGMP Biologi) activities using of learning media in biology
instruction.
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