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Abstract. This research addresses the urgent need to enhance college students'
critical thinking skills in conventional Basic Biology courses. The Project-Based
Learning (PjBL) approach is proven effective in developing higher-order
thinking skills. Furthermore, integrating Deep learning into biology education
can strengthen students' critical thinking by encouraging them to connect
biological concepts in depth and apply them in real-world contexts. This study
aims to develop a Basic Biology student worksheet that integrates a Project-
Based Learning (PjBL) model with a Deep learning approach. The goal is to
make learning more applicable, meaningful, and reflective, thus equipping
students with critical thinking skills. The research is a type of Research and
Development (R&D) study, utilizing the ADDIE model (Analysis, Design,
Development, Implementation, Evaluation), a systematic design framework. The
primary data collection instruments were expert validation sheets, student
response questionnaires, practicality sheets, and effectiveness tests. The research
sample consisted of 40 students enrolled in a Basic Biology course. The results
indicate that the Deep-PjBL student worksheet is categorized as Valid, Practical,
and Effective. Therefore, it can be used in biology education to enhance students'
critical thinking skills.

Keywords: Student Worksheets, Project Based Learning, Deep learning,
Critical Thinking

Introduction

S Biology Education Department, Faculty of Teacher Training and Education, University

Prospective teacher students must improve their quality by having 21st century skills.
This aims to make prospective teacher students competitive and prepare themselves to
become professional teacher candidates. It is also hoped that educational institutions in
Indonesia will be able to produce graduates who are not only intellectually superior,
but also skilled in accordance with the needs of the times and the world of work [1].
One of the skills of the 21st century is critical thinking skills. Critical thinking accord-
ing to Anugraheni (2020) is a dynamic process, where a person is able to recognize
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differences in information, collect data, analyze the data obtained, then evaluate and
draw conclusions from the information/data obtained [2].

Efforts to develop these skills, especially critical thinking, can be honed through
various courses facilitated by various learning media. One of the mandatory courses
that must be taken by students majoring in Mathematics and Natural Sciences Educa-
tion (PMIPA) at the University of Riau is Basic Biology. In this course, students are
required to be able to think critically in order to be able to relate the concept of biology
to the problems of the surrounding environment [2-5]. However, in order for these goals
to be achieved optimally, several components are needed such as learning methods,
learning media, learning environment, the role of lecturers, and assessments. Based on
the results of observations of 40 students, it is known that as many as 51.7% still need
learning media in the form of Student Worksheets.

Student Worksheets are sheets containing assignments that must be done by students
in the form of questions and student demonstration activities during lectures [6]. Stu-
dent Worksheets are often used as a medium in practicum learning, but they are gener-
ally still procedural, limited to the mechanistic stage and their use is not optimal in
encouraging exploration and deep reflection on biological concepts [7]. Student Work-
sheets can be developed using learning models, one of which is Project Based Learning.
Project Based Learning (PjBL) is one of the methods that can be applied as an effort to
improve students' critical thinking skills. The implementation of sustainable Project
Based Learning measures can increase student activities in learning and direct students
to cooperate with each other in completing projects. Project-based Student Worksheets
are known to improve students' critical thinking [8]. In line with this, the concept Deep
Learning It is also present as an approach that encourages students to build a more
meaningful understanding.

Deep learning or deep learning is an approach that encourages learners to understand
the material more meaningfully and can relate it to real-life contexts [9]. This approach
aims to create a meaningful and immersive yet enjoyable learning experience. This
concept emphasizes three main aspects, each of which plays a role in increasing en-
gagement, expanding understanding, and fostering satisfaction in the student learning
process, namely mindful learning, Meaningful learning, and joyful learning. Mindful
learning emphasizes the importance of awareness and mindfulness in the learning pro-
cess [10], Meaningful learning that is, associating new information with existing
knowledge [11]. While joyful learning emphasizing the importance of creating a fun
and motivating learning environment [12]. Not only relevant for students at the primary
and secondary levels, the concept Deep Learning is also considered relevant to students.
Application Deep Learning It is important for students to be able to face the challenges
of the increasingly complex modern world with an emphasis on developing critical
thinking skills, creativity, and problem-solving skills [13, 14].

This research aims to develop and test the effectiveness of Project-Based Learning
and Deep learning based Student Worksheets on Basic Biology materials to improve
students' critical thinking skills.
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2 Research Method

This research was carried out at the University of Riau in the period August-November
2025. This type of research is Research and Development (R&D) with the ADDIE (An-
alyze, Design, Development, Implementation, and Evaluation) development model.
The development model used is ADDIE which is one of the systematic design models
[15,16]. The flow of MFI development using the ADDIE model is presented in Figure

1 below.

Observasi Desain Integrasi Pengembangan Implementasi Revisi akhir
Pembelajaran PiBL dan Deep Pl (LKM) berbasis ™ Penggunaan produk LKM
Biologi Dasar Learning Deep-PjBL LKM berbasis berbasis

l l PjBL dan Deep berbasis PjBL
Learning pada dan Deep
Analisis l Validasi Ahli Mahasiswa Learning

Kebutuhan - - (Expert Pendidikan

Teaching Desain Keglatan Judgment) Biologi l

Materials Pembelajaran

i T Produk LKM
l l Revisi | berbasis
Analisis Desain Lembar - berbasis PiBL
Kurikulum dan ; A l Uji Efektivitas dan Dgep
RPS Kerja Mahasiswa dan Praktikalitas Learning
(LKM) Uji Coba Produk LKM
l l Terbatas | terhadap
. . Keterampilan
Analisis Teoritis Desain Instrumen l Berpikir Eritls
Penelitian Revisi Il Mahasiswa
(Lembar
Analisis Sintaks Observasi, l
Project Based Lembar Validasi,
Learning Lembar Uji Coba, Uji Coba l
l dan Instrumen Terbatas Analisis data
Tes) l efektivitas dan
Analisis Revisi Il Praktikalitas

Pendekatan evist Penggunaan

Deep Learning LKM Deep-PjBL

Fig. 1. ADDIE Development Model

The research instruments consisted of validation sheets, response questionnaires, and
cognitive tests. The validation sheet for subject matter experts is arranged based on the
feasibility aspect of the material, the feasibility aspect of the presentation, the aspect of
language feasibility, and the aspect of contextual assessment. Meanwhile, the media
expert validation sheet is prepared based on format and graphic aspects, language as-
pects, and content aspects. Product validation is carried out by 2 validators consisting
of media expert lecturers and material expert lecturers. PjBL-based and deep learning
Student Worksheets are ready to be used if the average assessment of validators is valid
and very valid. The instrument was in the form of a questionnaire with a likert scale of
1-4. The criteria for making decisions on the validation of MFIs can be seen in Table
1. The validation results are calculated using the average score formula, namely:
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M =2/% (1)
Description :
M = Average score

Fx = Score obtained
N = Number of validation components

Table 1. Validity Categories

Score Interval Validity Categories
3.25<x<4 Highly Valid
25<x<3.24 Valid
1.75<x<24 Less Valid
1<x<1.74 Invalid

Modifications (Scott, 2020)

After the validation process, a limited trial was carried out for 10 students who took
the Basic Biology course, especially in the Biodiversity material. Furthermore, a lim-
ited trial II was carried out on 30 students. At the end of the lesson, students are given
a cognitive test to measure their masteryof biodiversity. In addition, students were also
given a questionnaire on responses to the use of MFIs in terms of design, pedagogical
aspects, and content and language aspects.

3 Result and Discussion

The first stage of the development of PjBL-based Student Worksheets (MFIs) and Deep
Learning is the stage of analysis. The analysis stage is the main foundation in the
ADDIE model because it functions in determining the focus and content of the product
being developed. At this stage, observation of Basic Biology learning needs analysis
Teaching Materials, curriculum and RPS analysis, theoretical analysis, and PjBL syntax
analysis and approaches Deep Learning. The results of the overall analysis show that
the product to be developed must be able to encourage students to think critically while
relating the concept of biology to real problems in daily life. Therefore, there is a great
need for a learning media that can facilitate prospective teacher students to improve
students' critical thinking skills, one of which is by developing PjBL-based MFIs and
Deep Learning [17,18].

This is also in line with Nurazizah's research et al., (2025), the integration of the
PjBL model in deep learning (Deep Learning) is an effective strategy in building a
learning culture and is relevant to the educational needs of the 21st century [9]. Various
studies have compared the effects of deep learning (deep learning) with conventional
learning in improving critical thinking skills. Learning Deep Learning It is known to be
able to improve critical thinking skills. Ratnasari's research results et al., (2025) through
the deep learning, Critical thinking skills have improved compared to learning with
conventional methods [19]. Therefore, the interaction of these two approaches in MFIs
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is a strategic step to produce prospective teacher students who are adaptive to the chal-
lenges of 21st century education.

The next stage is design. At this stage, MFI design is carried out by paying atten-
tion to Aspects of presentation qualifications, language qualification aspects, and con-
textual evaluation aspects for material experts and format aspects as well as graphics,
language aspects, and content aspects for media members. The MFI design can be seen
in table 2.

Table 2. Development of PjBL-Deep learning MFIs

MFTI Section Display Design
Cover LEMBAR KERJA
MAHASISWA
BIOLOGI DASAR

atalina L., M.
Nadia Ramona, M.Pd

Module cover design design
Contents N
G':gku:ﬂnlﬂnhfi

A.Dofinisi Keanckaragaman Hayati

makhluk idup yang ada di muka bum, mulai dari tingkat gen, spesies(jenis),
dan ekosistern.
a. Keragaman Genetik

toh
) berwama merah, pink,

akhluk hidup pada suatu
imau ad toh

lah
ekosis Contoh : s i
keragaman spesies dalom satu famil, yaitu famili Felidae; berbagai jens ika

warno, dan ukuran ekosistom

m menunjukkan veriasi bentuk ekosistem dalam
donesia terdapat ekosistem hutan dan ekosistem

Module content design
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MFI Section

Display Design

Syntax of Project
Based Learning
(PJBL)

< Langkah Kegiatan

Sintak1: Orientasi Permasalahan
Pindai kode QR dibawah dan bacalah wacana yang telah tersedia dengan
seksamal

TGO RonseresT Gajah Tnaonesto TIRGT] Serarar
tindakan penyelamatan dan memuihkan habitat gajah
Sumatera (Elephas maximus sumatranus) di Taman
Nasional Tesso Nio (TNTN) di Pelalawan, Riou. Kawasan
hutan ini merupakan kantong habitat terbesar populasi
gojoh Sumatera. Namun, saot ini menghadap tekanan
berat akibot aih fungsi lahan, perambahon, dan
meningkatnya konflik antara manusia dan satwa lcr.

Baca kasus lengkapnya dengan momindai kode QR di
samping!

o Setelah membaca wacana diatas, opakah hubungan Gnitara penurunan
Tesso Nio?

b. Bagaimana strategi yang dopat diakukan untuk mencegah dan mengotasi
permasalahan diatas?

Presentation of Project Based Learning syntax

Deep Learning
Integration

« Over Eksploitasi
Porburuon otau pengambilan sumber daya alom secara berlebih
menyebabkan penurunan populasi,
« Polusi dan Kontaminasi
Polusi menyebabkan kerusakan ekosistem yang tidak dopat dipulinkan,
menghilangkan spesies yong rentan, serta membahayakan  kesehatan

« Perubahan Ikim

Kenaikan suhu global, perubahan pola cuaca ekstrem, dan kenakan
permukaan laut akibat perubahan iklim dapat mengganggu habitat alami,
menyebabkan kepunchan  spesies, dan mengganggu keseimbangon
ekosistom.

. Dampak Penurunan Keanekaragaman

o berikut Hayati
sokurcngnya famich spesos con
loss - why should you membuat ekosistem lebih rentan terhadap

berbagai perubahan lingkungon,  seperti
perubahan ki, polusi,don masuknya spesies
invasit.  Sebalknya, skosistem yang kaya
keanekarogamon memilii_kemampuan yong
lobih baik dolom menyedickan berbagai jasa
ckosistem seperti pemurnian af, penyerbukan
0 tonaman, pengendalian hama, don siklus nutii

2 ko keanekaragaman hayati menurun, maka

Deeplearning:  fungsi-fungsi tersebut akan terganggu dan
©  Meaningful Learning _ dapat memberikan banyak dempak negatit
e Dampok yang dopat terjadi yoitu

keseimbangan ekosistem terganggu

Penurunan ketahanan pangan dan kesehatan manusia

Kerugian ekonomi akibat menurunnya hasil pertanian, perikanan, dan

ekowisata

Hilangnya nilai-nilai budaya sepert kearifal lokal

Rentan terhadap bencana alam seperti banjr, longsor, kekeringan, dan

kebakaran hutan

. daya genetik untuk

« Ketahanan terhadap perubahan ikiim menurun karena ekosistem dengan
keanekargoman rendah sulit beradaptosi terhadap perubahan  ikiim

- ‘

Deep Learning in MFIs
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MFI Section Display Design

sintak 5: Pengujian Hasil
« Setelah proyek mu selesai, presentasikanioh hasil proyek yong telah
nt
+ Setiap kelompok dapat memberikan penilaian terhadap kelompok lain yang
melakukan presentasi

sintak 6 : Evaluasi Pengalar
Dosen bersama mahasiswa bersama-sama melakukon refleksi terhadap
kegiaton yang telah selesai dilakukan, kemudian menyimpulkan hasil dari
kegiatan yang telah dilakukan

KUIS.

Kerjakan kuis singkat dengan cara pindai kode QR di bawah init

Deep Learning :
® __ Joyfullearning

Final competency test of the module

After completion, the MFI is then validated by experts to assess the suitability of the
format. Based on the results of the validation, revisions were carried out and then con-
tinued with limited trials until the final revision results were obtained. This stage is
carried out so that the resulting MFIs have good quality, according to the needs of stu-
dents, and are able to achieve the goals that have been set. The results of the validation
of MFIs based on PjBL and deep learning can be seen in the following table 3:

Table 3. Results of MFI Validation by Material Experts

Aspects Average Categories
Material Feasibility Aspects 3,66 Highly Valid
Aspects of Presentation Eligibility 3,62 Highly Valid
Language Eligibility Aspects 3,14 Valid
Contextual Assessment Aspects 3,55 Highly Valid
Average 3,49 Highly Valid

The table above shows the percentage of material expert validator assessments on
the material feasibility aspect of 3.66, the feasibility aspect of presentation 3.62, the
language feasibility aspect 3.14, and the contextual assessment aspect of 3.55. So that
it produces an average of the results of validation by material experts on MFIs based
on PjBL and deep learning seen from four aspects, namely 3.49 (Very valid).

Validation by media experts aims to assess the graphics of MFIs based on PjBL and
deep learning. The results of the validity of media experts can be seen in the following
table 4.
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Table 4. MFI Validation Results by Media Experts

Aspects Average Categories
MFI Size 4,00 Highly Valid
MFI Cover Design 4,00 Highly Valid
Content Design 3,72 Highly Valid
Average 3,90 Highly Valid

Based on table 4 above, it is known that the MFI size aspect has an average of 4.00;
the average MFI cover design aspect is 4.00; and the average content design aspect is
3.72. So that obtained the results of the validation of PJBL-based MFI media and Deep
Learning of 3.90 (Very Valid). A learning media is said to be feasible if the results of
validation assessments from material experts and media experts show a valid or very
valid category [20]. Because the validation results by material experts and media ex-
perts show very valid results, the MFIs are based on PjBL and Deep Learning designed
in accordance with the standards and can be used as a Teaching Materials in the Basic
Biology course.

Student Worksheets based on Project Based Learning (PjBL) and deep learning that
have gone through the validation stage by material experts and media experts are then
continued in trial stages 1 and 2. This trial aims to determine the level of feasibility and
applicability of the product that has been developed. The results of the phase 1 trial can
be seen in the following table 5:

Table 5. Phase 1 Trial

Aspects Average Categories
Planning 3,40 Excellent
Pedagogy 3,50 Excellent
Content and Language 3,40 Excellent
Average 3,43 Excellent

Based on table 5 above, in the phase 1 trial, the average design aspect was 3.40, the
pedagogical aspect was 3.50, and the content and language aspect was 3.40, so that an
overall average of 3.43 was obtained with the category of Very Good.

Table 6. Phase 2 Trial

Aspects Average Categories
Planning 3,62 Excellent
Pedagogy 3,61 Excellent
Content and Language 3,53 Excellent
Average 3,58 Excellent

Furthermore, in the phase 2 trial from table 6 above, the average design aspect was
3.62, the pedagogical aspect was 3.61, and the content and language aspect was 3.53,
with an overall average of 3.58 in the Very Good category. There was an increase in
the score of the assessment results from the phase 1 trial to the stage 2 trial assessment.
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The average phase 1 trial was 3.43 with a very valid category. Meanwhile, the average
phase 2 trial is 3.58 with a very valid category.

Thus, the results of phase 1 and 2 trials show that the Project Based Learning (PjBL)
and deep learning based Student Worksheets (LKM) are declared feasible and very
good to be used as teaching materials. This proves that the product has met the aspects
of design, pedagogy, and feasibility of content and language, so that it can be applied
in Basic Biology courses to improve student understanding.

4 Conclusion

Based on the results of the study, it can be concluded that MFIs based on PjBL and
deep learning on biodiversity materials are valid with an average value of 3.69. The
average of the phase 1 trial was 3.43 with the very good category. Meanwhile, the av-
erage phase 2 trial was 3.58 with a very good category. This shows that the integration
of the PjBL model with a deep learning approach can train students to think critically.
This MFI is expected to be used in lectures to improve students' critical thinking skills.
For the next research, it is recommended that the development of other learning media
based on PjBL and deep learning on other materials.
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which permits any noncommercial use, sharing, adaptation, distribution and reproduction in any
medium or format, as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons license and indicate if changes were made.

The images or other third party material in this chapter are included in the chapter's
Creative Commons license, unless indicated otherwise in a credit line to the material. If material
is not included in the chapter's Creative Commons license and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder.
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