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Abstract: The shift in the learning paradigm emphasizes the importance of
active student involvement through project-based learning. This research was
conducted at PGRI Silampari University with 32 students as research subjects.
The problem of this research is how the data on process skills, learning
outcomes and perceptions of Biology Education students at PGRI Silampari
University after project-based learning. The purpose of this study was to
determine the data on process skills, learning outcomes, and student
perceptions after learning with a project-based learning model. This research
method is a descriptive method with a quantitative approach. The research
instruments are observation sheets, tests, and questionnaires. The results of
this study are that students achieve learning outcomes in the high category
after the implementation of Project-based learning, data on students' science
process skills, namely observation indicators obtained 75.25%, interpretation
67%, classification 75%, experimental planning 75%, use of tools 81.25%,
predicting 77%, application of concepts 80%, communicating 100%. The
average score obtained was 78.75% with a high category. Student learning
outcomes in the Animal Development Course show that in general the final
achievement is in the good category. Based on the final grades of 32 students,
the highest score was 95.4, while the lowest was 65, with an overall average
score of 78.85, which is categorized as Good. The conclusion of this study is
that most students were able to achieve learning outcomes well, acquire
meaningful new knowledge through problem-solving, and think critically.
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Introduction

In the current increasingly developing digital era, it
has caused significant transformations, especially
regarding input and output in the learning process
(Haleem et al., 2022; Sudirman & Yuhelman, 2025). One
category of approaches that integrates argumentation in
all classroom activities to support conceptual
understanding in science (Fitria et al., 2025; Gogh &
Kovari, 2025; Weiss et al., 2022).

How to Cite:

In the 1980s, referring to constructivist learning
theory, science education in the US emphasized an
inquiry-based approach as a more authentic model of
the scientific process, in line with the goals of scientific
literacy that highlight critical thinking skills in the
application of scientific methods (DeFeo et al., 2025).
Science in Biology subjects is developing along with
technology towards the Industrial Revolution Era 4.0.
Education 4.0 integrates technology in learning. The goal
of learning is to improve student skills, including critical
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thinking, communication, collaboration, creativity,
innovation, and problem-solving skills. Problem-solving
skills are important for students because they involve
the use of knowledge, skills, and experience to solve
problems (Zakia, 2025).

Biology courses in most colleges and universities
have two mandatory components: lecture-related
knowledge and laboratory work (DeFeo et al., 2025).
This knowledge-based approach emphasizes that
science instruction should support all learners, not in
memorizing facts but in applying their knowledge in
new and challenging situations (He et al., 2024).
Scientists rely on principle-oriented, logically structured
knowledge to solve problems and explain phenomena in
various contexts (Dawson et al.,, 2024; Nahum et al,,
2010). Therefore, the logical structure of scientific
knowledge, which can be illustrated in a science concept
map, is crucial for student learning. Scientists also
conduct scientific inquiries involving observation,
controlling variables, and making inferences (Jin et al.,
2019).

The current learning paradigm emphasizes the
need for active student involvement through learning
that emphasizes hands-on experience, one of which is
project-based learning. Scientific understanding in a
project-based learning environment serves as a context
for developing cognitive flexibility through social
constructivism and meaningful problem-solving (Adah
Miller et al., 2025). Project-based learning emphasizes an
educational approach that aims to teach students by
engaging them in finding solutions to problems through
investigation (Firneno et al., 2023). Learning activities
are encouraged to carry out projects that students carry
out to answer questions or problems that they choose
themselves or are posed by the lecturer. The result of this
activity is usually a product or artifact that addresses the
project's objectives. Typically, projects are complex tasks
that involve students in design, problem-solving,
decision-making, and resource management in a social
context, that is, working together with peers to achieve a
common goal.

An interesting characteristic of project-based
learning is that the learning process and the final
outcome cannot be fully determined in advance. This
requires students and lecturers to continuously monitor,
reflect, assess, and update their practices. They
characterize project-based learning with the following
principles: Engaging learning experiences that engage
students in complex, real-world projects, through which
they develop and apply skills and knowledge; Learning
that requires students to draw from multiple sources of
information and disciplines to solve problems; Learning
where the curriculum outcomes can be predetermined,
but the results of the student learning process are not
predetermined or fully predictable experiences, through
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which students learn to manage and allocate resources
such as time and materials (Chounta et al., 2017).

In the Biology Education Study Program at
Universitas PGRI Silampari, the Animal Development
course is one of the relevant courses using this model
because it requires students to master conceptual
material while applying science process skills in real life.
Although Project Based Learning has been widely used
in various learning contexts at Universitas PGRI
Silampari, data regarding learning outcomes, process
skills, and student perceptions in the Animal
Development course are not yet known. Therefore, this
research is important to answer the application of Project
Based Learning can increase student activeness and
develop science process skills periodically. In the context
of Biology Education, students reported that Project
Based Learning helped them develop critical and
creative thinking skills (Nurulwati et al, 2021). In
practical courses like Animal Development, project-
based learning is considered effective in connecting
theoretical concepts with students' empirical
experiences (Kibet et al., 2024). However, there are still
reports that some students are not yet accustomed to
managing projects independently, resulting in
suboptimal learning outcomes.

Method

Time and Location of the Research

This research was conducted from February to June
2025, during the even semester of the 2024/2025
academic year, in the Animal Development course. This
research was conducted in the Biology Education Study
Program, Faculty of Science and Technology,
Universitas PGRI Silampari.

Types of Research

This research wuses a qualitative descriptive
approach with a case study design. This qualitative
design was chosen to explore in-depth educational
phenomena related to the implementation of Project
Based Learning (Project based learning) in the Animal
Development course. Through this design, researchers
can gain a comprehensive understanding of students'
experiences, learning processes, and perceptions. This
approach was chosen to explore in-depth the
educational phenomenon related to the implementation
of Project-Based Learning in the Animal Development
course in the Biology Education Study Program. This
design allows researchers to comprehensively
understand students' experiences in the learning process
and their perceptions of the model's effectiveness.
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Research Methods

The case study method was applied to focus on a
single case the implementation of Project based learning
in the Animal Development course. This method
enabled the researcher to collect detailed and contextual
data from multiple sources (observations, tests, and
questionnaires).

Population and Sample

The population consisted of all Biology Education
students who had taken the Animal Development
course at PGRI Silampari University. The sample was
selected purposively, involving 32 students who actively
participated in Project based learning activities and were
willing to provide reflective and detailed responses. The
sample represented varied backgrounds and levels of
achievement to capture a diverse range of experiences.

Research Stages

The research was carried out in several systematic
stages as follows: 1) Preparation Stage, determining the
research focus and objectives. Designing research
instruments (observation sheet, test, questionnaire).
Conducting  instrument validation and trial.
Coordinating with lecturers and students involved in
the Animal Development course; 2) Implementation
Stage, Introducing students to the concept and
procedures of project based Learning. Organizing
project based learning activities where students
designed small-scale research related to animal
development; 3) Data Collection Stage, observation data:
collected  throughout Project based learning
implementation using process skill rubrics. Learning
outcomes: collected from students’ project reports and
final exam results. Perception data: collected using
questionnaires distributed after the learning activities
concluded; 4) Data dnalysis and interpretation stage,
quantitative scoring of process skills, learning outcomes,
and perceptions. qualitative interpretation of students’
reflections and open-ended questionnaire responses.

Data Analysis

Data collection began with coordination and
information provided to participants regarding the
research objectives. Students developed research
projects related to the animal development course.
Student learning outcomes were derived from final
exam data, and perceptions regarding project based
learning were collected after the lectures concluded. The
following is the formula for scoring process skills,
learning outcomes and analysis of perception data on
project-based learning.

Pa = ax 100% /N )
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Information: Pa = Percentage of student learning
activities; a = Total score of the student's skills
assessment components achieved; N = Maximum score
from the student activity assessment component.

Table 1. Process Skills Criteria

Percentage Category
80% - 100% Very good
70% - 80% Good
60 % -70% Fair
50% - 60% Weak
0% - 50% Very weak

The formula for student learning outcome scores is:
Pa=nx100%/N (2)

Information: P = percentage of improvement in learning

outcomes; n = number of students increases; N = total

number of students.

Table 2. Learning Outcomes Criteria

Score Range Category
80-100 Very good
70 - 80 Good
60 -70 Fair
50-60 Weak
0-50 Very weak

Result and Discussion

Student Process Skills Results

The results of the study indicate that the
implementation of Project-Based Learning in the Animal
Development course has a positive impact on three main
aspects: learning outcomes, process skills, and student
perceptions. Project based learning has been widely
used in science education as a promising teaching
approach to enhance learning in its cognitive, social, and
emotional aspects. Project-based learning promotes in-
depth collaborative multidisciplinary learning, engages
students in authentic practice, and “builds an iterative
culture in which students are constantly prototyping,
reflecting, redesigning, revising, and evaluating”
(Tsybulsky et al., 2021). In higher education, students
need to be prepared for their future professions, and
their professional competencies must encompass a wide
range of complex skills (Holmes et al., 2021; Yi et al,,
2024). The importance of 21st-century skills extends
beyond secondary education and is also frequently
discussed throughout higher education. Critical
thinking, problem-solving, communication, and
collaboration appear to be the most relevant skills that
students must master throughout their education,
alongside domain-specific knowledge and skills to be
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able to make professional decisions and implement
solutions (Finefter-Rosenbluh et al., 2023; Parlindungan
et al., 2023)

From the quantitative data, most students achieved
high grades. Meanwhile, from the qualitative data, it
was found that students felt more motivated and
actively involved in project activities. The results of the
qualitative analysis produced three main themes: (1)
Improved learning outcomes through direct experience,
(2) Strengthening science process skills during project
implementation, and (3) Positive student perceptions of
the implementation of Project-Based Learning (Project
based learning). Each theme is closely related to the
research objective, which is to determine the impact of
project-based learning comprehensively. Students
stated that the project process made it easier for them to
understand the concept of animal development. One
student stated, "With this project, I understand better
because I directly apply the material in real activities."
Observations also showed that students actively
collected data, discussed, and compiled reports
collaboratively. The lecturer stated that "The
implementation of Project-Based Learning (Project
based learning) can increase students' independence and
process skills." These findings are in line with research
by Sutaryani et al. (2024) and Rehman et al. (2024), that
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Project based learning improves science process skills
and student activeness. The findings also support Abas
et al. (2024) that project-based learning can optimize
conceptual understanding in biology courses. This
shows that Project based learning not only improves
academic achievement, but also helps students develop
critical thinking skills.

There is a strong relationship between improved
learning outcomes and process skills. Improved process
skills during project work also broaden students'
conceptual understanding, resulting in better learning
outcomes. Students' positive perceptions also act as a
motivating factor, strengthening their engagement
during project implementation. Several external factors
supporting the success of project-based learning include
the availability of laboratory facilities and support from
lecturers in facilitating the project. Furthermore, a
collaborative work culture among students positively
impacts project implementation. Although most
students demonstrated positive outcomes, some
students experienced difficulties in managing their time
during project work. Several participants also stated that
they needed more intensive guidance in the initial stages
because they were unfamiliar with the project-based
learning model.

Table 3. Results of the Process Skills of Biology Education Students at PGRI Silampari University in the Animal

Development Course

No Indicator Theory

Activity K-1 K-2 K-3 K-+4
Implementation

1. Observation The process of collecting data
about a phenomenon or event

using the senses

Conduct observations using all five senses to the N v N N

maximum

Observe the symptoms that appear in the right way v v -

Distinguish changes that appear in observation results - - N

Indicator score
2. Interpretation Make temporary conclusions

from the recorded data

Indicator score
3. C(lassification Systematics used to classify

something based on certain

(can connect between variables)
100% 67% 67% 67%
Conducting observations obtained v v

Finding patterns in a series of observations made - - N -
Drawing conclusions based on the observation data

NN
obtained

67% 67% 67% 67%

Record each observation separately ¥+

Look for differences and similarities from the v \ N

conditions observation results obtained
Compare the observation results obtained with the - - N

theoretical results
Finding the right basis for grouping or classifying - - NN

observations

Indicator score
4. Experimental

Planning hypotheses

75% 50% 75%100%

Organized planning in testing Using appropriate tools and materials for appropriate ¥ v+«

experimental trials

Design the experiment according to the things that ¥ v« +
need to be observed so that it is in accordance with the

objectives of the experiment.

Carrying out experimental procedures is done - -

systematically
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No Indicator Theory

Activity K-1 K-2 K-3 K-+4
Implementation

Indicator score
5. Using Tools Skilled in using various tools in

experimental activities

Know the name and function of the tools used
Using materials correctly, efficiently and carefully v N N
Know the names and functions of the materials used v \ v v
N

Using good, correct and logical language - - NN
75% 50% 75%100%
VNN

Revealing what might happen in circumstances that - - -

Indicator score

have not been observed
75% 75% 75%100%

6. Predicting The skill of making predictions Predicting the experimental results that will be - - NN
about something that has not obtained

yet happened or has not been Predicting the causes of inaccuracy in the results - - - A
observed based on existing obtained

trends or patterns.
Indicator score
7. Applying the
Concept

Use learned concepts in new
situations or apply them to new
experiences to explain what

Explain the experiments carried out based on the

Use learned concepts in new problems v v v
33% 33% 67%100%
VoAV A

concepts that have been studied

Conduct experiments appropriately according to the v v

happened. concepts that have been studied
Using concepts obtained from experimental resultsto v ¥ v v

answer questions
ask questions about the experimental materials to - - - A

lecturers and friends
Discuss work steps or problems that arise during - N NN

Indicator score
8. Communicate  Students are able to discuss in
certain groups and compile and
present reports on activities
carried out systematically and
clearly.

Indicator score

practice with group members.
60% 80% 80%100%

Discuss experimental data with a group of friendsto v N v

get the right answer.

Explaining experimental data in tables or graphs v v
Reporting experimental results orally or in writing ¥ v+

Explain the experimental results obtained v v v
100%100%100%100%

Group 1 (The effect of temperature on the opening and closing movements of the operculum in goldfish (Cyprinus caprio) fry)
Group 2 (Eating behavior of male and female hamsters (Mesocricetus auratus ) towards 3 types of food)

Group 3 (Metamorphosis of fruit flies (Droshopila melanogaster))

Group 4 (Differences in the growth of tilapia (Oroechromis niloticus ) with natural and factory-grown food

In general, all student groups demonstrated good
development of science process skills across most
indicators. This was evident in the “Communication”
indicator score, which reached 100% across all groups,
indicating that students were able to discuss, prepare
reports, and present project results systematically and
clearly. The “Observation” indicator also showed high
achievement (100%) in group 1, and relatively stable
(67%) in the other groups. This condition reflects that the
Project based learning process encouraged students to
conduct real-world observations of biological objects.
The “Experiment Planning” and “Tool Use” indicators
showed variation in scores between groups. Groups 1
and 3 scored 75%, while group 4 scored 100%, indicating
that this group was able to systematically design
experiments and use tools appropriately. Implementing
projects in the context of biological experiments
improved skills in planning and implementing
practicum procedures effectively. Meanwhile, group 2
showed a lower score (50%) because they still needed

guidance in designing experimental stages and ensuring
the suitability of practicum objectives. The "Predicting"
indicator showed a significant increase in scores, with
Group 4 achieving 100%, while Groups 1 and 2 remained
at 33%. This indicates that students who were more
active in discussing and interpreting data were able to
make better predictions about observed biological
phenomena. The "Applying Concepts" indicator showed
an increasing trend from Group 1 (60%) to Group 4
(100%). This indicates that through contextual project
development, students were better able to apply animal
development concepts to real-world situations. Overall,
it can be concluded that groups that chose more complex
and realistic project topics (e.g., tilapia growth in Group
4) tended to demonstrate higher process skills. This
indicates that the success of Project based learning
implementation is determined not only by the learning
strategy but also by the relevance and appropriateness
of the project to the course objectives.
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These findings are supported by relevant research
that suggests aligning instructional objectives with
classroom assessments helps uncover important aspects
of student learning, understand student learning, and
promote the achievement of instructional objectives.
Aligning instructional activities with classroom
assessments clarifies instructors' instructions and helps
them provide feedback to students that helps them
achieve instructional objectives. When instructors'
instructional objectives align with student activities and
classroom assessments, teaching and learning are
maximized, and student learning is enhanced. In
addition to guiding instructional implementation,
curriculum standards also determine the scope of
academic-level examinations (Zhao et al., 2023).

Project based science pedagogy is built on five
features used to design activities that: (a) engage
students in investigating real-life questions or problems
that drive the activity and organize concepts and
principles; (b) result in students developing a series of
artifacts, or products, that address the question or
problem; (c) enable students to engage in inquiry; (d)
engage students, faculty, and community members in a
community of inquiry as they collaborate on the
problem; and (e) encourage students' use of cognitive
tools (Hasni et al., 2016).

Students' biological knowledge during learning can
influence their learning. Therefore, one predictor is
students' overall biological knowledge, as measured by
posttest or learning outcomes (Zha et al., 2025).
Furthermore, this framework empowers students by
allowing them to receive feedback on their collaborative
efforts, which encourages improved interaction skills.
These findings have significant implications for the
development and implementation of Project based
Learning environments, offering valuable insights for
educators to evaluate student progress and make
strategic decisions (Hadyaoui & Cheniti-Belcadhi, 2023).
Process skills are part of the scientific skills used to
acquire, process, construct, and apply scientific theories.
Process skills are not only useful in science learning but
also in students' daily lives (Hartono et al., 2022). Science
process skills are crucial for students to apply scientific
methods and develop knowledge to acquire new
knowledge or enrich existing knowledge. Science
process skills can be facilitated through learning with a
Project-Based Learning model (Napitupulu et al., 2024).
Critical thinking is a skill or process that enables
students to acquire new knowledge through problem-
solving and collaboration. Critical thinking skills focus
more on the learning process than simply acquiring
knowledge. Critical thinking skills involve activities
such as interpreting, analyzing, evaluating, concluding,
explaining the results of one's thinking, and how to
make decisions and apply new knowledge. Based on
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these reasons, student development (Pradana et al,
2020).

Student Learning Outcomes in the Animal Development
Course

Figure 1, student learning outcomes in the Animal
Development course showed that in general, the final
achievement is in the good category. Based on the final
grade data of 32 students, the highest score was 95.4,
while the lowest score was 65.6, with an overall average
of 78.85. This indicates that most students were able to
achieve learning outcomes according to the expected
targets after implementing the Project Based Learning
model. Students who obtained high scores generally
demonstrated active involvement during the project
process, were able to integrate theory and practice, and
completed assignments independently and
collaboratively. In contrast, students with lower scores
still experienced obstacles in managing time and
integrating the concept of animal development into
project activities.

100

BEELEBSBE

10

Final Score

Figure 1. Final grade for the animal development course

Judging from the distribution of scores, more than
half of the students scored above 80, indicating that
project-based learning can improve conceptual
understanding of animal development material. This
finding is in line with research Dwiningsih et al. (2024)
Project-based learning can be used to improve students'
creative thinking skills. Critical thinking skills are
mental  processes for  perceiving, analyzing,
synthesizing, and evaluating information obtained from
observation, experience, reflection, and reasoning.
Critical thinking is related to learning-to-learn skills and
is key to generating new ideas, organizing one's learning
through efficient time and information management
(Fontana-Rosa et al., 2025). Practice-based learning
offers a promising approach to enabling prospective
lecturers to acquire the skills they need to engage in
complex classroom practice (Hoppe et al., 2025). Project-
based learning is an educational approach that aims to
teach students by engaging them in finding solutions to
problems through investigation (Chounta et al., 2017;
Fitri et al., 2024).
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Student Perception Data Results Regarding Project Based  curiosity, —wanting to innovate, and being

Learning critical/reflective, which are carried out by students in
The data in Figure 2 are interpreted as showing the  the animal development course.
habits carried out related to asking questions, namely

m strongly agree
w agree

m Strongly agree
u Agree

m disagree m Disagree
1 Strongly disagree Strongly disagree
@) ®)
m strongly agree m strongly agree
W agree magree
m disagree = disagree
1 Strongly disagree 1 Strongly disagree
m strongly agree | strongly agree
= agree = agree
m disagree = disagree
Strongly disagree 1 Strongly disagree
m strongly agree m strongly agree
| agree - agree
= disagree m disagree

()

1 Strongly disagree

m strongly agree

= Strongly disagree

m strongly agree

= agree W agree
= disagree m disagree
= Strongly disagree » Strongly disagree

0]

Figure 2. Student perception data on project based learning. (a) Interested in participating in project based animal
development learning; (b) Remain enthusiastic even though the project I am working on is quite difficult; (c) Actively discuss
and share ideas while working on the project; (d) Would like to find out more about the given project topic; (e) Took the
initiative to complete the project assignment without waiting for the lecturer's instructions; (f) The project topic matches my
interests and passions; (g) Feel satisfied when the project I am working on is completed well; (h) Enjoy working in groups when
working on projects; (i) Interested in using technology (e.g. internet, software) in projects; (j) Have difficulty evaluating project

results to improve my learning process

210



Jurnal Penelitian Pendidikan IPA (JPPIPA)

Their perceptions of the value of inquiry
prospective lecturers related to these aspects when
describing having a habit of thinking inquisitive,
lecturer education Researchers most frequently
mentioned that they were critical /reflective and curious
(van Katwijk et al., 2022).

This study showed that students not only gained
new ways to work collaboratively but also gained a
better understanding of the technical principles of the
course (Hadyaoui & Cheniti-Belcadhi, 2023). This study
showed that the Project based learning teaching model
was more effective than other teaching models in terms
of improving clinical competence and student
satisfaction (Zheng et al., 2023).

The project based learning model organizes
learning around a project. A project consists of complex
tasks, based on challenging questions or problems, that
engage students in design, problem-solving, decision-
making, or investigative activities; giving students the
opportunity to work relatively independently over a
long period of time; and culminating in a realistic
product or presentation. Project based learning
encompasses learning about authentic content, authentic
evaluation, unsupervised faculty facilitation, explicit
educational objectives, cooperative learning, reflection,
and the incorporation of adult skills. PBL uses authentic
(guided) questions, has an investigative community,
and utilizes technology-based cognitive instruments as
well as comprehensive, community-based, and
multidisciplinary "expeditionary learning." Project
based learning is a form of student-centered learning
based on three constructivist principles: learning is
context-specific; students are actively involved in the
learning process; and they achieve goals through social
interaction and the sharing of experiences, knowledge,
and understanding. Project based learning is a specific
type of inquiry-based learning in which the learning
context is provided through authentic questions and
problems in real-world practice that result in
meaningful learning experiences (Santoso et al., 2023). In
the project-based learning process, students' abilities can
be enhanced by exploring ideas, reviewing possibilities,
selecting topics and planning, producing and testing
media, and presenting them.

Conclusion

The majority of students achieved learning
outcomes in the high category after the implementation
of Project based learning, data on students' science
process skills, namely observation indicators obtained
75.25%, interpretation 67%, classification 75%,
experimental planning 75%, wusing tools 81.25%,
predicting 77 %, applying concepts 80%, communicating
100%. The average score obtained was 78.75% with a
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high category. Student learning outcomes in the Animal
Development course show that in general the final
achievement is in the good category. Based on the final
score data of 32 students, the highest score obtained was
95.4, while the lowest score was 65 with an overall
average score of 78.85 included in the Good category.
This indicates that most students are able to achieve
learning outcomes according to the expected targets
after the implementation of the Project Based Learning
model. Students provide positive responses and
perceptions towards the implementation of Project
Based Learning in the Animal Development course.
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