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Abstract: Digital revolution in education necessitates the utilisation of interactive and contextual
learning media, particularly in the presentation of biological content, such as biodiversity.
Nevertheless, traditional learning predominates, thereby diminishing student engagement in the
educational process. This study seeks to evaluate the necessity for the creation of Problem-Based
Learning (PBL) e-modules utilising the Google Sites platform to improve students’ digital literacy and
engagement in learning. The employed methodology is descriptive quantitative, involving the
distribution of questionnaires to 80 students and 6 biology instructors at SMAN 1 and SMAN 9 OKU.
The research findings indicate that most students exhibit a preference for digital learning resources
and favour interactive learning approaches, including conversations and problem-solving activities.
Furthermore, both students and educators concur on the necessity of creating digital learning resources
that foster 21st-century competencies, including critical and collaborative thinking. The subject of
biodiversity was recognised as particularly pertinent for development through the PBL methodology.
This discovery underscores the necessity of incorporating digital technology in education to foster a
more engaging, significant, and needs-based learning experience for pupils.
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1. INTRODUCTION students navigate an increasingly technologically
The rapid advancement of information saturated world - engaging with social media,
technology has ushered in a digital revolution that  accessing information online, and utilizing
permeates nearly every aspect of modern life, various digital applications daily - a renewed
making its integration into education an optimism emerges within the educational sphere
undeniable necessity (Dr. Ranbir, 2024). In this  to adapt to the inherent learning characteristics of
evolving landscape, 2lst-century education this digital age. Indeed, numerous studies affirm
demands that digital technology transcends its that the strategic use of technology in education
traditional role as a mere supplementary tool, can significantly enhance student motivation,
becoming instead a fundamental component of the  engagement, and conceptual understanding s
teaching and learning process (Indarta et al., 2022;  (Purwanti & Sholihah, 2021; Rohmatul Laila
Keengwe, 2015). The core challenge facing Negeri, 2022: Zhong et al.. 2022). This
contemporary education lies in fostering learning  technological integration empowers educators to
environments that cultivate essential 21st-century  craft flexible learning environments rich in visual
competencies, including critical ~ thinking, and multimedia resources, while facilitating more
creativity, communication, and collaboration, all  personalized and contextualized learning
through the adept application of technology (Peng  (Meirbekov et al., 2022; Yaumi, 2018).
et al., 2023; Strakova & Cimermanovd, 2018). As
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Despite the recognized benefits, the
comprehensive incorporation of technology has
not been uniformly achieved across all academic
disciplines (Kose et al., 2018). This is particularly
evident in subjects like biology, which inherently
demand visual, interactive, and contextual media
for effective instruction (Kono et al., 2016; Wong
& Subramaniam, 2022). Biology encompasses
complex content, such as biodiversity, that
necessitates active and tangible student
involvement. Biodiversity, a pivotal topic within
the Dbiology curriculum, presents unique
instructional challenges due to its intricate
connections with ecological principles, the
taxonomy of living organisms, and abstract yet
impactful environmental issues. While crucial for
cultivating students' understanding of
environmental conservation, traditional
pedagogical methods, often relying on lectures
and rote assignments, frequently fall short in
effectively engaging students or deepening their
interest and comprehension of this vital subject
matter (Putra et al.,, 2018). This prevailing
condition underscores a pressing need for the
development of innovative educational media that

align with the contemporary learning
requirements and characteristics of today's
students.

In response to this pedagogical gap, the
utilization of e-modules as electronic instructional
resources has demonstrated considerable potential
to deliver content systematically, visually, and
with pervasive accessibility, anytime and
anywhere (Abyan Rofiyadi & Lestari Handayani,
2021; Hartati, 2022). Furthermore, the Problem-
Based Learning (PBL) paradigm stands out as an
educational strategy uniquely suited to foster the
creation of interactive and contextual learning
media (Uluginar, 2023). PBL, as an educational
methodology, fundamentally prioritizes the
resolution of real-world, contextual problems as a
foundational element in knowledge acquisition
(Khasanah & Indah, 2024). Within this
framework, students are actively encouraged to
investigate, analyze, and resolve authentic
situations, thereby significantly enhancing the
relevance and depth of their learning experience
(Savery, 2015; Wang, 2022).

The efficacy of PBL in biology instruction
has been substantiated by its capacity to enhance
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students' critical, collaborative, and reflective
thinking abilities. Research indicates that students
engaging with the PBL approach exhibit
improved conceptual comprehension and
heightened engagement throughout the learning
process (Uluginar, 2023). This instructional
technique actively promotes collaborative group
work, facilitates dynamic discussions, and
encourages constructive debate, ultimately
generating a vibrant and participatory learning
environment. The integration of such project-
based learning with digital technology holds
immense promise for enriching the overall
learning experience, particularly when facilitated
by intuitive and accessible digital platforms.
Among these platforms, Google Sites presents a
viable option for the creation of e-modules
(Danev, 2024). Google Sites, an online platform,
enables users to construct digital sites with
remarkable simplicity and efficiency (Ghani et al.
2024). Its primary advantage lies in its ability to
seamlessly integrate diverse media formats,
including text, images, videos, and external links,
into a unified page that is readily accessible to
students across various digital devices
(Kurniawati, 2020; Wahyuningsih & Harisanty,
2023; Harahap et al., 2024; Vikenso Ch. S.
Taaraaungan et al., 2025). Moreover, Google
Sites supports both autonomous and collaborative
learning processes, as content can be accessed at
any time and from any location, thereby
augmenting flexibility in learning both within and
beyond the traditional classroom setting.
However, despite the extensive exploration
of digital learning media such as interactive e-
books, ducational videos, and various educational
applications (Abyan Rofiyadi & Lestari
Handayani, 2021), a critical research gap remains.
There is a distinct scarcity of literature conducting
a comprehensive needs analysis for Problem-
Based Learning (PBL) e-modules specifically
utilizing the Google Sites platform, particularly
for biodiversity content (Khairunnisa et al., 2024;
Sari et al., 2023; Wardani et al., 2024). While
previous studies have examined PBL or digital
tools in isolation, few have investigated the
specific integration of accessible web-based
platforms like Google Sites to facilitate the
contextual and inquiry-driven nature required for
biodiversity education. Consequently, empirical
evidence regarding the necessity of this specific
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technological and pedagogical combination
remains limited.
The imperative to integrate teaching

methods that cultivate higher-order thinking skills
with readily available digital platforms is a
pressing necessity in contemporary education
(Zainal Falah et al., 2025). Addressing this need is
crucial, as the lack of such integrated resources
hinders the potential for truly contextual biology
instruction. Therefore, this study addresses this
disparity by presenting a novel needs analysis for
the development of Problem-Based Learning
(PBL) e-modules using the Google Sites platform,
with a specific focus on biodiversity. Unlike
earlier studies that predominantly concentrated on
application- or video-based media production, this
research prioritizes the creation of problem-based
digital teaching resources designed to promote
contextual, interactive, and flexible learning. The
anticipated outcomes of this needs analysis are
expected to yield practical contributions to the
development of highly pertinent learning media
and to establish a robust foundation for the
subsequent development of e-modules that
effectively address the evolving requirements of
students and educators in the digital age. By
analyzing the specific needs of teachers and
students, this research aims to inform a targeted
initial design of the e-module, thereby
emphasizing the critical role of technology as a
transformative solution for future education. The
existing digital literacy of students and their
expressed keen interest in learning through
interactive media establish a strong basis for the
successful development of PBL-Google Sites e-
modules, representing an innovative approach to
tackling contemporary challenges in biology
education.

2. RESEARCH METHOD
Research Design

This study used a descriptive quantitative
methodology to understand the current learning
environment in biology education before
developing new instructional materials. This
approach systematically investigates existing
practices, views, and expectations of both
educators and students regarding digital media
utilization and biodiversity topics. The goal was
to identify areas for innovation, particularly for an
e-module centered on Problem-Based Learning
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(PBL) using Google Sites, designed to enhance
visualization, contextualization, and interactivity.
This method was chosen because it allows
researchers to document real-world occurrences
without manipulating variables, effectively
discerning behavioral patterns and attitudes and
providing numerical data that summarizes
opinions to highlight differences between current
and optimal learning designs.

Furthermore, this descriptive technique
aligns perfectly with the Analysis phase of the
ADDIE instructional design model, which heavily
relies on a needs assessment. The study collected
data on teachers' methods, the media they use, and
the challenges they face, as well as students'
engagement, preferred media, and impressions of
digital learning. This detailed analysis of both
teacher and student perspectives ensured that the
proposed PBL-based e-module for biodiversity
education would be targeted and problem-solving,
guiding its structure and content to meet both
pedagogical and technological standards.
Ultimately, this comprehensive data collection
provided a strong foundation for developing an e-
module that supports student-centered learning
and bridges the gap between current and optimal
21st-century learning practices.

Population and Samples

This study focused on improving digital
education in a typical learning environment: high
schools in Ogan Komering Ulu (OKU), South
Sumatra, Indonesia. The research specifically
targeted biology professors and students to
understand the evolving needs of 2I1st-century
education. The researchers employed a purposive
sampling strategy, which is ideal for identifying
participants with specific expertise. This allowed
them to carefully select individuals whose
knowledge and experience were directly relevant
to the study's goals, ensuring the data collected
would be rich and insightful.

The sample included six certified biology
teachers with at least a decade of experience and
advanced degrees in biology education. These
educators were chosen for their deep
understanding of teaching methodologies, student
engagement, and the challenges of teaching
biodiversity. Their insights were crucial for
assessing the requirements of new digital learning
tools. Additionally, 80 tenth-grade students from
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SMAN 1 OKU and SMAN 9 OKU participated.
These students were selected because biodiversity
is formally introduced in the national curriculum
at this grade level and because they had access to
digital devices and internet connectivity, essential
for evaluating the feasibility of digital learning
interventions like e-modules using Google Sites.

The choice of these specific schools was also
deliberate, as they offered reliable internet
connectivity and a supportive environment for
digital learning, evidenced by their participation
in online learning during the COVID-19
pandemic. School administrators also expressed a
strong interest in integrating more technology into
their classrooms. By selecting both experienced
educators and digitally-equipped students, the
study aimed to create an e-module that was both
relevant and applicable to real-world biology
instruction and learning. This comprehensive
approach, integrating teacher expertise and
student experience, ensured the findings
accurately reflected the target population and
would effectively guide the development of the
proposed PBL-based e-module.

Instruments

Researchers created distinct structured
questionnaires specifically designed for teachers
and students to collect data. The instruments
comprised a combination of Likert-scale items,
multiple-choice questions, and checklists. The
items were crafted to investigate respondents'
choices for learning media, their degrees of digital
literacy, the instructional methodologies currently
employed in biodiversity lessons, and their
judgements regarding the efficacy of digital
modules. The questionnaire's construction was
informed by research instruments utilised in
analogous studies of educational needs analysis
and tailored to the setting of Indonesian high
school biology teaching (Purwanti & Sholihah,
2021). The instruments were evaluated for content
validity by experts in instructional design and
subject matter specialists. Feedback was solicited
to enhance the clarity, relevance, and alignment of
the items with the research objectives. A pilot test
was performed using a small sample group
(excluded from the primary data collection) to
assess the reliability and clarity of the
questionnaires. The pilot findings were utilised to
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amend unclear questions and verify the internal
consistency of each portion of the instrument.

The student questionnaire concentrated on
metrics including the frequency of digital media
utilisation, preferences for learning
methodologies (e.g., video-based instruction,
group discussions, problem-solving), experiences
with  project-based learning (PBL), and
perspectives on the significance of digital
education. The teacher questionnaire includes
elements regarding teaching experience,
utilisation of digital technologies in the
classroom, issues associated with teaching
biodiversity, and willingness to incorporate PBL
approaches with online platforms like Google
Sites.

The utilisation of organised and tested
instruments enabled researchers to obtain an
extensive array of quantitative data. The feedback
from both educators and learners was crucial in
determining the congruence (or incongruence)
between current practices and required standards.
This corresponds with Prastowo & Andriyani
(2022), who emphasise the necessity of assessing
both cognitive and behavioural variables in the
creation of responsive educational interventions.

Procedures

The research was executed through multiple
procedural phases to guarantee methodical and
ethical data acquisition. An extensive literature
study was performed to establish the theoretical
framework and to pinpoint deficiencies in current
research concerning e-module development,
project-based learning, and digital education in
biology. Subsequently, research instruments were
developed and presented for wvalidation by
specialists in instructional design and biology
teaching.

Upon validation, formal consent was secured
from school principals and district education
authorities in compliance with ethical research
standards. A comprehensive briefing was
conducted for participating instructors and
students to elucidate the study's goal, secure
informed consent, and safeguard the
confidentiality and anonymity of participants'
responses.

Data were gathered through the distribution
of printed and online questionnaires, contingent
upon participants' access to devices and internet
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connectivity. This hybrid methodology facilitated
inclusivity in data collecting, especially in schools
with inconsistent digital infrastructure. Upon
gathering the completed surveys, the responses
were systematically organised, coded, and input
into statistical software for analysis. A logbook
was kept to monitor the progress of instrument
distribution and response rates for transparency.
The techniques complied with ethical
standards for educational research, as highlighted
by Yaumi (2018), guaranteeing the respect of
participants' rights throughout the process. The
methodology corresponds with recent research on
digital learning preparedness and instructional
media production, emphasising the importance of
mixed-format distribution and school-based
consent for the execution of field-based research.
The procedure is shown in the diagram in Figure

Preparation of
> instruments
(questlonnalre

- Data analysis -

Figure 1. Data Collection Procedure
Data Analysis

The data obtained from the questionnaires
were analysed with descriptive statistical
methods. This entailed computing percentages
and frequencies to discern trends and patterns in
the responses. Key variables encompassed the
ratio of students favouring digital learning
compared to traditional formats, preferred
instructional approaches (such as conversations or
problem-solving), views of challenges in learning
biodiversity, and general support for the creation
of a PBL-based digital module. The data were
analysed to determine specific needs and priorities
that would inform the effective design of an e-
module with Google Sites. This analytical
methodology guarantees that instructional design
is grounded in evidence and corresponds with real
classroom conditions (Ardyagarani et al., 2024).

Descriptive statistics were selected as they
offer a concise description of data features without
seeking to infer causality. The analysis
concentrated on converting raw data into
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comprehensible  knowledge  applicable to
instructional design. This stage is essential for
matching instructional media development with
user  expectations, as emphasised by
Wahyuningsih & Harisanty (2023).

3. RESULTS AND DISCUSSION

The data collection approach produced
quantitative information from 80 tenth-grade
students and 6 biology teachers at SMAN 1 and
SMAN 9 OKU. The data were examined by
descriptive statistics and interpreted concerning
the primary objectives of the research:
determining the necessity for a PBL-based e-
module on biodiversity and assessing the
preferences, readiness, and views of students and
teachers.

Responses from Students

All student participants (100%) indicated a
preference for digital formats of learning media.
In response to enquiries regarding the media that
facilitated their learning, 85% of students
expressed a pronounced preference for video-
based explanations, interactive modules, and
digital simulations. These results corroborate the
findings of Wahyuningsih & Harisanty (2023),
highlighting that multimedia-enhanced digital
learning environments enhance engagement and
conceptual comprehension. Students
demonstrated considerable excitement for
learning approaches that incorporate debate and
problem-solving. Over 90% of students indicated
that they acquired knowledge more successfully
through collaborative efforts in addressing real-
world biological issues. This validates the
appropriateness of the Problem-Based Learning
(PBL) methodology, which fosters critical
thinking, cooperation, and contextual learning.

Remarkably, 85% of students believed that
their present classroom instruction inadequately
addressed their digital learning requirements or
preferences. Numerous individuals indicated that
traditional resources, such as printed worksheets
and textbook readings, were less stimulating.
These insights affirm the transformation in learner
expectations in the digital age and suggest a
necessity for instructional redesign employing
technology-enhanced, student-centered
pedagogies (Indarta et al., 2022). The results are
shown in Figure 2 and Figure 3.
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Figure 2. Results of the Student Needs Analysis Questionnaire Regarding Teaching Materials

Learning Model
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Figure 3. Results of the Student Needs Analysis Questionnaire Regarding Learning Models

Educator’s Feedback

From the educators' perspective, the results
indicated that 100% of respondents utilised
printed textbooks and LKPD (student worksheets)
as their principal teaching resources. Although
several indicated the incorporation of films and
presentations into their instruction, merely 33%
had endeavoured to produce their own digital
content. The restricted utilisation of digital
technologies is frequently ascribed to time
limitations, insufficient technical assistance, and
an absence of professional development in
educational technology (Prastowo & Andriyani,
2022).
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All educators conveyed robust endorsement
for the implementation of digital learning
advances. They recognised that students exhibited
greater enthusiasm in interactive learning
environments and concurred that biodiversity
elements may be more effectively taught through
problem-based and digital forms. Furthermore, all
teachers concurred that employing an e-module
with integrated Project-Based Learning on a user-
friendly platform such as Google Sites would be
advantageous, particularly for accessibility,
flexibility, and interaction. Figure 4 shows the
results of the teacher's questionnaire.
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Teacher Needs Analysis Results
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Figure 4. Results of the Teacher Needs Analysis Questionnaire Models

Summary of Needs Analysis

Triangulation of student and instructor
replies indicates a significant necessity for the
creation of an e-module on biodiversity based on
the PBL model. The alignment of instructor
recognition and student necessity enhances the
capability of this module to address current
educational deficiencies. The results emphasise
the necessity of employing technology not merely
to digitise current processes but to innovate them
in ways that enhance learning outcomes
(Ardyagarani et al., 2024). This aligns with Sari et
al. (2023), who discovered that the integration of
PBL with digital modules improves students'
motivation, retention, and problem-solving
abilities, particularly in relation to abstract
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biological subjects such as biodiversity. The
findings of this study substantiate the premise that
successful  digital learning design must
correspond with the cognitive and emotional
requirements of learners.

In conclusion, the findings validate the
imperative and immediacy of creating an
innovative, student-centered e-module that
employs the Problem-Based Learning approach
and is hosted on an accessible, interactive
platform such as Google Sites. This corresponds
with 21st-century educational objectives and
immediately addresses the contextual
requirements identified in the biology classrooms
of SMAN 1 and SMAN 9 OKU. Based on student
needs for the module shown in Figure 5.
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Analysis of Student Needs
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Figure 5. Results of the Student Needs Analysis Questionnaire Regarding the Development of e-
modules to Improve Digital Literacy and Learning Interest

Research Novelty

This study is different from others because it
doesn't just digitize textbooks into static electronic
formats (PDFs). Instead, it carefully matches the
media format to specific cognitive and emotional
bottlenecks found in the needs analysis. First, the
study looks at the exact "challenging substances"
that students named, which are the Taxonomy of
Organisms and Diversity of Living Things. This
study goes beyond generic e-learning by using the
students' favorite formats—Modules (90%) and
Video (78%)—to focus on these hard topics.
Second, even though many e-modules only focus
on cognitive gains, this one stands out because it
directly connects the Affective Domain to the
learning loop. The data substantiates a mutual
agreement among educators and learners
regarding the imperative of cultivating Discipline
and Collaboration. The e-module is new because
it has two functions: it helps students learn about
complex biological classification by letting them
interact with it, and it also helps students build
their character and independence, which is
something that is often missed in standard digital
media development.

What this means for biology teachers in real
life The results of this study have important
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practical implications for Biology teachers,
especially when it comes to overcoming the
teaching problems shown in Figure 4. Teachers
clearly stated that "Students exhibit a deficiency
in motivation" (100%) and recognized that current
"Teaching methods are not appropriate" (100%).
The practical implication of this PBL-based e-
module is that it functions as a direct intervention
tool to rectify this motivational deficiency.
Teachers can get students more involved in class
without having to learn how to make complicated
content from scratch by switching from text-
heavy resources to the interactive, video-assisted
formats that students like. Also, the fact that 93%
of students prefer Discussion and 75% prefer Case
Solving means that the teacher's role needs to
change from being the main source of information
to being a guide for inquiry. This e-module makes
this change possible by moving the teaching of
basic content (like Classification of Living
Things) to the digital platform. This frees up
valuable class time for teachers to lead the
collaborative and problem-solving activities that
students really want.
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4. CONCLUSION

This study indicates an immediate necessity
for the creation of novel digital learning resources,
namely a biodiversity e-module utilising the
Problem-Based Learning (PBL) framework.
Students demonstrated a distinct preference for
interactive and multimedia learning aids that
augment their engagement in conversations,
inquiry, and problem-solving activities. In
contrast, teachers exhibited little proficiency in
utilising digital tools; yet, they demonstrated a
favourable disposition and willingness to embrace
contemporary methodologies consistent with
21st-century education.

The congruence  between student
requirements and instructor preparedness
underscores the necessity of creating a PBL-
oriented e-module using the Google Sites
platform. This program aims to deliver a flexible,
engaging, and student-centered educational
experience. Furthermore, it possesses the capacity
to enhance pupils' digital literacy alongside their
critical thinking and collaboration abilities—
essential talents in the contemporary digital
environment. These recommendations seek to
render biology education more contextual,
adaptive, and pertinent to the requirements of
contemporary learners.
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