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Abstract 
This study aimed to develop and preliminarily evaluate Project-Based Learning (PjBL)-based teaching 
materials for the Animal Development course in terms of validity, practicality, learning outcomes, critical-
thinking performance, and student attitudes. A research and development approach was employed using 
the 4D model, consisting of Define, Design, Develop, and Disseminate stages. The developed materials 
were evaluated by three experts in content, media, and language aspects. Practicality testing involved 
lecturer responses and a limited trial with six Biology Education students, while field implementation 
involved 28 students at Universitas PGRI Silampari. Data were collected through expert validation sheets, 
response questionnaires, achievement tests, critical-thinking performance assessments, and attitude 
questionnaires. Data analysis was conducted descriptively using percentage scores, mean comparisons, 
and normalized gain analysis. The results showed that the teaching materials achieved a validity score of 
92.71%, indicating a highly valid category. The practicality evaluation obtained an overall score of 
87.50%, categorized as highly practical. Students’ mean achievement increased from 62.43 in the pretest 
to 81.25 in the posttest, with a normalized gain score of 0.50. Critical-thinking performance reached an 
average score of 85.50, while student attitudes toward the learning implementation obtained an average 
score of 85.50. These findings indicate that the developed PjBL-based teaching materials are feasible and 
demonstrate promising potential for supporting active, contextual, and reflective learning in biology 
education. The study implies that integrating project-oriented activities into discipline-specific teaching 
materials can provide a meaningful framework for fostering students’ scientific reasoning and critical-
thinking performance. 
 
Keywords: Animal Development; Biology Education; Project-Based Learning; Teaching Materials 
Development; Critical Thinking Performance. 

INTRODUCTION 
Contemporary higher education is increasingly expected to prepare students not only to acquire 
disciplinary knowledge but also to analyze complex information, evaluate evidence, formulate 
reasoned judgments, solve authentic problems, and communicate scientifically. These 
competencies represent essential outcomes of twenty-first-century education because graduates 
are required to navigate complex knowledge environments and apply disciplinary understanding 
to real-world challenges (OECD, 2019; Schleicher, 2018; van Laar et al., 2020). These competencies 
are particularly important in science and biology education, where understanding scientific 
concepts requires students to engage with evidence, interpret relationships among biological 
phenomena, and construct scientific explanations rather than merely reproduce factual knowledge. 
Recent studies in science education emphasize that meaningful scientific learning involves 
participation in scientific practices, including reasoning from evidence, modeling phenomena, 
argumentation, and explanation construction (Furtak et al., 2018; Osborne, 2019; Kruit et al., 2019). 
Active and student-centered learning environments have consequently received increasing 
attention because they provide opportunities for learners to participate directly in inquiry, 
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collaboration, problem solving, and knowledge construction. Research has demonstrated that 
learner-centered approaches promote deeper cognitive engagement and support the development 
of transferable competencies when students are involved in authentic tasks and disciplinary 
practices (Baeten et al., 2018; Kember & Leung, 2020; Martin et al., 2021). Within this perspective, 
critical thinking has become a fundamental competence in higher education because university 
students are expected to evaluate information sources, analyze relationships, construct evidence-
based arguments, make justified decisions, and reflect on their reasoning processes (Dwyer et al., 
2019; Facione & Facione, 2019; Sutiani et al., 2021). 

The need to cultivate these competencies is particularly relevant in undergraduate biology 
education because many biological phenomena involve complex relationships across molecular, 
cellular, tissue, and organismal levels (Gomez & Du, 2021; Reinke et al., 2021). Animal Development 
represents a particularly challenging domain because embryonic development involves dynamic, 
spatially complex, and temporally coordinated morphological changes that cannot be adequately 
understood through the memorization of developmental stages alone (Chekrouni et al., 2020; 
Nurdiani et al., 2019). Understanding embryogenesis requires students to recognize relationships 
among developmental events, visualize changes in biological structures over time, and connect 
these transformations with underlying developmental mechanisms. Evidence from embryology 
education indicates that students may experience difficulties when complex three-dimensional 
developmental processes are represented primarily through static two-dimensional materials, 
highlighting the importance of instructional approaches that support visualization, conceptual 
integration, and reasoning (Chekrouni et al., 2020). In the specific context of Animal Embryology 
and Reproduction, organizing relationships among concepts through concept mapping has also 
been associated with analytical thinking and favorable cognitive learning outcomes among Biology 
Education students (Susetyarini et al., 2023). More importantly, developmental biology education 
should move beyond the reproduction of factual knowledge toward students’ ability to construc 

Teaching materials play an important role in facilitating student-centered learning because 
they can function not merely as repositories of disciplinary information but as instructional 
scaffolds that structure and guide students’ engagement with complex learning tasks. Effective 
instructional scaffolding can support cognitive and metacognitive processes by organizing learning 
activities, providing appropriate prompts, directing attention toward relevant information, and 
assisting students in progressively integrating knowledge and skills (Deep et al., 2020; Doo et al., 
2020; Hansen & Richland, 2020). Well-designed teaching materials may therefore integrate 
learning objectives, conceptual explanations, multiple visual representations, authentic problems, 
guiding questions, investigation procedures, analytical activities, and reflective prompts into a 
coherent learning sequence. Such design is particularly important in biology education because 
students frequently encounter abstract and interconnected processes that require them to 
coordinate multiple representations and relate observable phenomena to underlying biological 
mechanisms. Research on complex biological learning has demonstrated the importance of 
providing structured instructional support to help students connect disciplinary concepts, scientific 
practices, and representations rather than learning them as isolated components (Deep et al., 2020; 
Hansen & Richland, 2020; Hidayati et al., 2019). Furthermore, instructional modules incorporating 
multiple representations and active-learning processes can provide students with opportunities to 
analyze information and engage in higher-order cognitive activities (Chusni, 2022; Hansen & 
Richland, 2020; Hidayati et al., 2019). Accordingly, teaching materials in student-centered biology 
learning should move beyond information transmission toward facilitating active knowledge 
construction, inquiry, self-regulated learning, scientific reasoning, and communication. 

Project-Based Learning (PjBL) provides an appropriate pedagogical framework for designing 
teaching materials with these characteristics because it organizes learning around meaningful 
questions, authentic tasks, collaborative inquiry, investigation, product development, 
communication, and reflection. Empirical evidence indicates that PjBL can promote student 
engagement through collaborative, disciplinary, iterative, and authentic learning experiences, 
particularly when project activities are systematically aligned with learning objectives and 
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instructional support (Almulla, 2020; Fajar et al., 2020; Hizqiyah et al., 2023). Within biology 
education, PjBL has been used to engage students in interpreting biological phenomena, 
communicating scientific ideas, developing higher-order thinking, and connecting conceptual 
knowledge with scientific practices (Fajar et al., 2020; Permana & Chamisijatin, 2019; Hizqiyah et 
al., 2023). More recent evidence from undergraduate biology education further indicates that 
project-based activities can support conceptual understanding and science-process performance 
when students are actively involved in investigation and application of disciplinary knowledge 
(Abas et al., 2024). Collectively, these findings strengthen the rationale for integrating PjBL directly 
into Animal Development teaching materials, where students are required not only to understand 
developmental concepts but also to investigate biological phenomena, analyze evidence, 
communicate scientific explanations, and reflect on their learning processes. 

Critical thinking represents one of the higher-order competencies that may particularly 
benefit from appropriately structured project-based environments. However, critical thinking does 
not necessarily emerge merely because students participate in projects; rather, its development 
depends on how project tasks are designed to promote questioning, investigation, evidence 
analysis, reasoning, decision making, and reflection (Maor et al., 2023; Sasson et al., 2018; Shi & Li, 
2024). Project-based environments that incorporate explicit scaffolding, teacher guidance, peer 
interaction, metacognitive regulation, and reflective practices provide stronger conditions for 
students to engage in higher-order cognitive processes (Wu, 2024; Zhong & Lyu, 2022). Moreover, 
evidence from higher education suggests that authentic, disciplinary, collaborative, and iterative 
project experiences can strengthen students’ engagement with complex problems and support 
advanced thinking processes (Almulla, 2020; Barak & Yuan, 2021; Chang et al., 2024). These 
findings indicate that the pedagogical value of PjBL lies not simply in assigning a project but in 
deliberately structuring the cognitive, metacognitive, collaborative, and reflective processes 
embedded within the project experience. 

Despite the potential of PjBL to support higher-order learning, recent evidence indicates that 
its outcomes are highly dependent on instructional design and contextual conditions. The 
effectiveness of project-based environments can vary according to teacher guidance, student 
participation, disciplinary context, institutional setting, scaffolding, authenticity of the project, and 
opportunities for metacognitive regulation (Barak & Yuan, 2021; Chang et al., 2024; Shi & Li, 2024; 
Wu, 2024; Zhong & Lyu, 2022). Moreover, discipline-specific studies in biology have tended to 
examine PjBL as an instructional intervention applied to particular topics, such as histology and 
ecosystems, rather than systematically embedding project processes, critical-thinking indicators, 
learning resources, assessment criteria, and reflective tasks within an integrated teaching-material 
package (Khafah et al., 2023; Permana & Chamisijatin, 2019). This condition provides a relevant 
research space for developing discipline-specific instructional products in which PjBL is 
operationalized directly within the organization of biological content, learning activities, 
assessment, and critical-thinking processes. 

This research need is particularly relevant to Animal Development instruction. In the Biology 
Education Study Program at Universitas PGRI Silampari, the course had predominantly been 
delivered through theoretical lectures and discussions, whereas the characteristics of Animal 
Development content provide substantial opportunities for observation, investigation, 
interpretation, project development, scientific communication, and reflection. The present study 
therefore differs from studies that primarily apply PjBL as an instructional strategy by developing 
a structured teaching-material package in which Animal Development concepts are systematically 
integrated with problem identification, project-question formulation, project planning and task 
distribution, utilization of learning resources, observation and data collection, data processing and 
analysis, product development, collaboration, communication, and reflection. This integration is 
particularly significant because it positions critical thinking not as an isolated learning outcome but 
as a disciplinary practice embedded throughout project implementation. The novelty of the study 
consequently lies in the systematic integration of Animal Development content, PjBL syntax, 
project-process assessment, critical-thinking indicators, and reflective learning activities within a 
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unified set of teaching materials. Accordingly, this study aimed to develop and preliminarily 
evaluate PjBL-based Animal Development teaching materials for Biology Education students in 
terms of expert-validated quality, practicality, student learning outcomes, critical-thinking 
performance, and student attitudes toward learning. 

METHODS 
Research Design and Development Procedure 
This study employed a research and development (R&D) design to develop and preliminarily 
evaluate Project-Based Learning (PjBL)-based teaching materials for the Animal Development 
course in Biology Education. The R&D approach was selected because the primary purpose of the 
study was to systematically design, validate, revise, and evaluate an instructional product rather 
than merely examine the effect of an instructional intervention. Educational design and 
development research emphasizes the systematic construction and refinement of instructional 
products through theory-informed design, prototyping, evaluation, and iterative revision 
(Burkhardt & Schoenfeld, 2021; Reinmann, 2020). 

The development procedure followed the 4D model proposed by Thiagarajan et al. (1974), 
consisting of four stages: Define, Design, Develop, and Disseminate. The Define stage involved 
analyzing learning requirements, student characteristics, learning tasks, essential concepts, and 
learning objectives related to Animal Development. The Design stage focused on developing the 
initial structure of the teaching materials by integrating PjBL components. The Develop stage 
consisted of expert validation, product revision, practicality testing, and field implementation, while 
the Disseminate stage involved distributing the validated teaching materials to students. The use of 
the 4D model for systematic teaching-material development, expert validation, revision, and 
limited-scale testing has also been demonstrated in recent educational development research 
(Ihsan et al., 2023; Amalia et al., 2024). 

The integration of PjBL into the teaching materials was designed to provide students with 
opportunities to engage in authentic biological problems, investigate developmental phenomena, 
analyze information, construct explanations, communicate findings, and reflect on their learning 
processes. Such characteristics are consistent with research describing project-based learning in 
science education as a student-centered and problem-oriented approach that supports the 
integration, application, and construction of knowledge through project activities (Markula & 
Aksela, 2022; Shin et al., 2021). In the context of Biology Education, recent evidence from an 
Invertebrate Zoology course also indicates that integrating PjBL can support students’ scientific 
process skills and conceptual understanding (Abas et al., 2024). 

Participants and Research Setting 
The study was conducted in the Biology Education Study Program at Universitas PGRI Silampari. 
The participants consisted of Biology Education students enrolled in the Animal Development 
course. The expert validation stage involved three experts representing different evaluation 
domains: a subject-matter expert, a media expert, and a language expert. Following expert 
evaluation and revision, a limited practicality trial was conducted involving six Biology Education 
students. Subsequently, a field implementation was conducted with 28 Biology Education students 
to obtain preliminary evidence regarding learning outcomes, critical-thinking performance, and 
student attitudes toward the developed teaching materials. 

The selection of participants was based on their involvement in the Animal Development 
course, where the developed teaching materials were implemented. Because this study focused on 
educational product development and preliminary evaluation, the field implementation was 
designed to examine product feasibility and instructional potential within the intended learning 
context rather than to establish causal effectiveness. 

 

Development Product and Instructional Characteristics 
The developed product consisted of PjBL-based teaching materials specifically designed for the 
Animal Development course. Unlike conventional instructional materials that primarily present 
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biological concepts, the developed materials incorporated learning activities that guided students 
through scientific practices. The materials included conceptual explanations, project instructions, 
guiding questions, learning resources, investigation activities, data analysis tasks, product 
development activities, presentation activities, and reflection components. 

The instructional structure was designed to connect biological concepts with authentic 
developmental phenomena. Students were guided to identify biological problems, formulate project 
questions, collect and analyze information, collaborate with peers, communicate findings, and 
evaluate their learning processes. This design was intended to support the integration of conceptual 
understanding and critical-thinking practices within undergraduate biology learning. 

Instruments and Data Collection 
Data were collected using several instruments, including expert validation sheets, practicality 
questionnaires, learning achievement tests, critical-thinking performance assessment sheets, and 
student attitude questionnaires. 

The expert validation instruments were used to evaluate the quality of the developed teaching 
materials from three perspectives. The subject-matter expert assessed content accuracy, relevance, 
depth, organization, and suitability of learning activities. The media expert evaluated visual 
presentation, layout, readability, and technical aspects of the teaching materials. The language 
expert assessed sentence structure, clarity, terminology, communicativeness, and language 
accuracy. The validation process also included qualitative comments from experts that were used 
as the basis for product revision.  

The practicality instruments were administered to lecturers and students after the teaching 
materials were introduced. The lecturer questionnaire evaluated the usability and feasibility of the 
materials during learning implementation, whereas the student questionnaire examined students’ 
perceptions regarding readability, attractiveness, clarity of instructions, and ease of use. The limited 
student trial involved six students before the field implementation stage.  

Learning outcomes were measured using achievement tests administered before and after the 
implementation of the teaching materials. Critical-thinking performance was assessed during 
project activities through eight indicators: identification of problems and project questions, project 
planning and task distribution, use of teaching materials and learning resources, observation and 
data collection, data processing and analysis, collaboration and responsibility, communication of 
project results, and reflection on project evaluation. Student attitudes were measured using a 
questionnaire evaluating students’ responses toward the implementation of PjBL-based Animal 
Development learning. 

Data Analysis 
The collected data were analyzed descriptively to determine the quality and instructional potential 
of the developed teaching materials. Expert validation and practicality data were analyzed by 
calculating percentage scores based on obtained scores compared with maximum possible scores. 
The resulting percentages were interpreted using predetermined category criteria to determine the 
level of validity and practicality. 

Student learning outcomes were analyzed by comparing mean pretest and posttest scores. 
The improvement in achievement was calculated using normalized gain (N-gain) analysis. Critical-
thinking performance and student attitude data were analyzed using mean scores and category 
interpretations. Because the research design involved a single-group implementation without a 
comparison group, the findings were interpreted as preliminary descriptive evidence regarding the 
feasibility and instructional potential of the developed materials rather than definitive evidence of 
causal effectiveness. This analytical approach is consistent with educational product-development 
research, where formative evaluation emphasizes determining product quality, usability, and 
potential contribution before conducting stronger experimental evaluations. 
 

RESULT AND DISCUSSION 
Development and Expert Validation of PjBL-Based Animal Development Teaching Materials 
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The development process produced Project-Based Learning (PjBL)-based teaching materials for the 
Animal Development course. The developed materials integrated biological concepts with project-
oriented learning activities, including problem identification, project planning, information 
exploration, observation, data analysis, product development, presentation, and reflection. The 
instructional structure was designed to support students in connecting theoretical understanding 
of animal developmental processes with authentic biological phenomena and scientific inquiry 
activities. 

The developed teaching materials were evaluated by three experts consisting of a subject-
matter expert, a media expert, and a language expert. The validation process assessed the suitability 
of the content, presentation quality, visual design, readability, and language accuracy. The experts 
also provided qualitative recommendations related to strengthening contextual biological 
examples, improving visual representations of developmental processes, and refining language 
clarity. These suggestions were incorporated into the final revision of the teaching materials. 

As presented in Table 1, the developed teaching materials obtained a total validation score of 
89 out of 96 points, equivalent to 92.71%, and were categorized as highly valid. The highest 
percentage was obtained in the language aspect (94.44%), followed by media validation (93.75%) 
and material validation (89.29%). These findings indicated that the developed materials fulfilled 
the required criteria regarding content accuracy, technical presentation, and linguistic quality. 

 
Table 1. Expert Validation Results of PjBL-Based Animal Development Teaching Materials 
Validation Aspect Maximum Score Obtained Score Percentage (%) Category 

Material Content Validation 28 25 89.29 Highly Valid 
Media Design Validation 32 30 93.75 Highly Valid 
Language Validation 36 34 94.44 Highly Valid 
Total 96 89 92.71 Highly Valid 

 

Practicality Evaluation of the Developed Teaching Materials 
The practicality evaluation was conducted through lecturer responses and a limited student trial. 
The lecturer evaluation examined the suitability of the teaching materials for classroom 
implementation, while the student trial evaluated students’ perceptions regarding readability, 
attractiveness, clarity of instructions, and ease of use. 

As shown in Table 2, the lecturer response obtained a score of 85.00%, while the small-group 
student trial achieved 90.00%. The overall practicality score was 87.50%, which was categorized as 
highly practical. These findings indicated that the developed teaching materials were considered 
feasible and understandable for supporting project-based learning activities in the Animal 
Development course. 

 
Table 2. Practicality Evaluation of PjBL-Based Animal Development Teaching Materials 

Evaluation Source Participants Obtained 
Score 

Maximum 
Score 

Percentage 
(%) 

Category 

Lecturer Response 1 Lecturer 34 40 85.00 Highly Practical 
Student Small-Group 
Trial 

6 Students 271 300 90.00 Highly Practical 

Overall Practicality - - - 87.50 Highly 
Practical 

Students’ Learning Outcomes After Implementation of the Teaching Materials 
The field implementation was conducted with 28 Biology Education students enrolled in the Animal 
Development course. Students completed achievement tests before and after participating in 
learning activities using the developed PjBL-based teaching materials. 

As presented in Table 3, students’ mean achievement score increased from 62.43 on the 
pretest to 81.25 on the posttest. The difference between the two measurements was 18.82 points. 
Furthermore, the normalized gain value was 0.50, indicating a moderate improvement category. 
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Table 3. Comparison of Students’ Learning Outcomes Before and After Implementation 
Assessment Number of Students (N) Minimum Score Maximum Score Mean Score 
Pretest 28 45.00 80.00 62.43 
Posttest 28 66.35 96.00 81.25 
Mean Difference - - - 18.82 
Improvement Indicator Value 
Normalized Gain (N-gain) 0.50 
Interpretation Moderate 

 
To provide a clearer visualization of students’ learning outcome changes, the comparison 

between pretest and posttest mean scores is presented in Figure 1. Learning Achievement Score 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Comparison of Students’ Mean Scores Before and After Implementation of PjBL-Based Teaching 
Materials 

Figure 1 illustrates that the average student achievement score increased after the 
implementation of the developed teaching materials. The posttest mean score was higher than the 
pretest mean score, indicating a positive change in students’ achievement during the 
implementation period. 

Students’ Critical-Thinking Performance During Project Activities 
Students’ critical-thinking performance was assessed during project implementation based on eight 
indicators: identification of problems and project questions, project planning and task distribution, 
use of teaching materials and learning resources, observation and data collection, data processing 
and analysis, collaboration and responsibility, communication of project results, and reflection on 
project evaluation. 

As shown in Table 4, students achieved an overall critical-thinking performance score of 
85.50, categorized as very good. The highest scores were obtained in problem identification 
(9.50/10), project planning and task distribution (13.50/15), and utilization of teaching materials 
and learning resources (13.50/15). Meanwhile, communication of project results (8.00/10) and 
reflection on project evaluation (7.00/10) obtained comparatively lower scores. 

 

Table 4. Students’ Critical-Thinking Performance During Project Implementation 
Critical-Thinking Indicator Maximum Score Mean Score Category 
Identification of Problems and Project Questions 10 9.50 Very Good 
Project Planning and Task Distribution 15 13.50 Very Good 
Use of Teaching Materials and Learning Resources 15 13.50 Very Good 
Observation and Data Collection 15 12.75 Very Good 
Data Processing and Analysis 15 12.75 Very Good 
Collaboration and Responsibility 10 8.50 Very Good 
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Communication of Project Results 10 8.00 Good 
Reflection on Project Evaluation 10 7.00 Good 
Overall Performance 100 85.50 Very Good 

 

Students’ Attitudes Toward PjBL-Based Animal Development Learning 
Students’ attitudes toward the implementation of the developed teaching materials were evaluated 
using a questionnaire consisting of 20 statements. The questionnaire examined students’ responses 
toward learning engagement, learning experience, and acceptance of the developed materials. 

As presented in Table 5, students obtained scores ranging from 77 to 96, with an average score 
of 85.50 out of 100. The result indicated that students demonstrated positive attitudes toward the 
implementation of PjBL-based Animal Development teaching materials. 

 

Table 5. Students’ Attitudes Toward PjBL-Based Animal Development Learning 
Assessment Component Number of Items Score Range Mean Score Category 
Student Attitude Questionnaire 20 77–96 85.50 Very Positive 

 
Overall, the developed PjBL-based Animal Development teaching materials achieved high validity 
(92.71%) and practicality (87.50%). The field implementation showed a descriptive increase in 
students’ learning achievement, with the mean score increasing from 62.43 to 81.25 and a 
normalized gain score of 0.50. Students also demonstrated strong critical-thinking performance 
(85.50) and positive attitudes toward the learning implementation (85.50). These findings 
indicated that the developed teaching materials were feasible and showed promising instructional 
potential for supporting active and reflective biology learning. 

Disscusion 
The high validity of the developed teaching materials indicates that the product achieved 
substantial alignment among disciplinary content, instructional organization, visual presentation, 
and linguistic clarity. More importantly, validity in the present study should not be interpreted 
merely as a numerical judgment provided by experts, but as evidence that the instructional 
components were sufficiently coherent to operationalize Animal Development concepts through 
structured project activities. Educational design research emphasizes that the quality of an 
instructional product depends on the systematic alignment of its intended objectives, content, 
learning activities, assessment procedures, and intended users, followed by formative evaluation 
and iterative refinement before broader implementation (McKenney & Reeves, 2019; Nieveen & 
Folmer, 2013). Accordingly, the expert-validation process served two complementary functions in 
this study: establishing the appropriateness of the product and identifying specific aspects 
requiring refinement before field implementation. 

This alignment is particularly important in Animal Development because students must 
understand interconnected and temporally sequenced biological processes rather than isolated 
factual information. Consequently, instructional materials for this domain need to facilitate 
connections among biological structures, developmental mechanisms, observable phenomena, and 
evidence-based explanations. The integration of disciplinary content with project activities in the 
developed materials therefore represents more than a modification of presentation format; it 
transforms the teaching materials into an instructional scaffold through which students can identify 
biological problems, organize investigations, collect and interpret information, construct products, 
communicate findings, and reflect on their learning processes. This interpretation is consistent with 
evidence showing that PjBL is most productive when learning activities are systematically 
structured around meaningful tasks rather than when projects are treated merely as supplementary 
assignments (Almulla, 2020; Barak & Yuan, 2021; Sasson et al., 2018). Sasson et al. (2018), for 
example, demonstrated that a structured PjBL environment can support critical thinking and 
question-posing when students are provided with opportunities to engage actively with problems 
and knowledge construction. Similarly, Barak and Yuan (2021) showed that contextualized and 
well-structured project experiences can facilitate advanced forms of thinking. These studies 
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reinforce the importance of instructional structure in explaining why the materials developed in the 
present study achieved strong expert-validation outcomes. 

The practicality findings provide a complementary perspective on product quality because 
they indicate whether an instructional design that appears theoretically appropriate can also be 
implemented by its intended users. The positive responses from lecturers and students suggest that 
the developed materials provided a sufficiently clear and manageable learning pathway for project 
implementation. Rather than attributing this practicality simply to the attractiveness or readability 
of the product, it can be interpreted in relation to the explicit organization of project stages, 
including problem identification, project planning, investigation, data analysis, product 
development, presentation, and reflection. Such sequencing is important because PjBL involves 
multiple interdependent activities that can generate substantial cognitive and organizational 
demands when students receive insufficient guidance. Almulla (2020) similarly emphasized the 
importance of collaborative, disciplinary, iterative, and authentic learning processes in creating 
productive PjBL environments. More specifically, Zhong and Lyu (2022) demonstrated that 
students’ engagement in project-based environments is supported by scaffolding through teacher 
direction, technological support, and peer collaboration. Thus, the practicality observed in the 
present study may reflect not merely the usability of the teaching materials as a physical or textual 
product, but their capacity to scaffold students through increasingly complex project activities. 

This interpretation is also consistent with recent evidence suggesting that the outcomes of 
project-based approaches are highly dependent on implementation conditions. PjBL cannot be 
assumed to produce meaningful learning simply because students complete a project; its 
instructional value depends on the extent to which project activities are aligned with disciplinary 
objectives, supported by appropriate scaffolding, and accompanied by opportunities for 
collaboration, monitoring, feedback, and reflection. Shi and Li (2024) showed that the 
implementation of PjBL in higher education is influenced by interacting factors related to 
instructional design, teacher guidance, student participation, disciplinary context, and institutional 
conditions. Likewise, research on self-regulated learning in project-based environments has 
highlighted the importance of metacognitive support and reflective practices in helping students 
manage complex project tasks (Wu, 2024). Consequently, the positive practicality findings of the 
present study are theoretically meaningful because the developed materials did not simply instruct 
students to produce a project; they organized the project process into explicit and interconnected 
learning phases. 

The discipline-specific nature of the developed product further distinguishes the present 
study from research that treats PjBL primarily as a general classroom intervention. Evidence from 
biology education demonstrates that project-based approaches can be productive when they are 
deliberately adapted to the epistemic and conceptual characteristics of biological content. For 
example, Tuaputty et al. (2023) reported that laboratory-oriented PjBL in marine biology supported 
learning outcomes and critical thinking by involving students directly in investigating and verifying 
biological phenomena. Such findings are particularly relevant to the present study because Animal 
Development similarly requires students to move between conceptual knowledge and the 
interpretation of biological processes. The current product extends this orientation by embedding 
project stages directly within teaching materials rather than treating PjBL as a separate 
instructional procedure imposed on conventional course materials. 

Taken together, the validity and practicality findings provide complementary evidence 
concerning the quality of the developed product. Expert validation established the conceptual, 
instructional, visual, and linguistic appropriateness of the materials, whereas lecturer and student 
responses provided evidence regarding their usability within the intended learning context. The 
contribution of the study therefore lies not simply in producing another set of course materials, but 
in demonstrating a discipline-specific instructional design in which Animal Development content, 
PjBL processes, critical-thinking activities, assessment indicators, and reflection are organized 
within a unified learning resource. Nevertheless, these findings should be interpreted as evidence 
of product feasibility rather than definitive evidence of instructional effectiveness. Establishing 
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whether this integrated design produces superior learning and critical-thinking outcomes requires 
subsequent comparative studies involving control conditions, larger samples, and direct pretest–
posttest measures of critical thinking. 

CONCLUSION 
This study developed and preliminarily evaluated Project-Based Learning (PjBL)-based teaching 
materials for the Animal Development course in Biology Education. The developed materials 
demonstrated high validity based on expert evaluation and high practicality based on lecturer and 
student responses, indicating that the product was appropriate and feasible for supporting project-
oriented biology learning. The implementation of the teaching materials was accompanied by 
positive changes in students’ learning achievement, with an increase in mean scores from pretest 
to posttest and a moderate normalized gain value. Students also demonstrated strong critical-
thinking performance during project activities and showed positive attitudes toward the learning 
process. The main contribution of this study lies in the development of a discipline-specific 
instructional product that integrates Animal Development concepts, PjBL stages, critical-thinking 
indicators, and reflective learning activities into a coherent learning framework. These findings 
suggest that systematically designed project-based teaching materials can provide meaningful 
support for active, contextual, and inquiry-oriented biology education. However, the findings 
should be interpreted as preliminary evidence because the study was conducted using a limited 
sample and a single-group implementation design. Future research should investigate the 
effectiveness and transferability of the developed materials through larger-scale implementations, 
comparative research designs, and more comprehensive measurements of students’ critical-
thinking development. 
 
REFERENCE 
Abas, A., Amin, M., Ibrohim, I., & Indriwati, S. E. (2024). Integration of project-based learning to improve 

scientific process skills and conceptual understanding in the learning process of invertebrate zoology. 
JPBI (Jurnal Pendidikan Biologi Indonesia), 10(2), 486–496. 
https://doi.org/10.22219/jpbi.v10i2.34305 

Adekantari, P., Su’ud, & Sukardi. (2020). The influence of Instagram-assisted project-based learning model 
on critical thinking skills. Journal of Educational and Social Research, 10(6), 315–322. 
https://doi.org/10.36941/jesr-2020-0129 

Almulla, M. A. (2020). The effectiveness of the project-based learning (PBL) approach as a way to engage 
students in learning. SAGE Open, 10(3), 2158244020938702. 
https://doi.org/10.1177/2158244020938702 

Amalia, R., Sumarni, W., & Widiyatmoko, A. (2024). Development of augmented reality on molecule 
geometry to improve mental models of high school students. Unnes Science Education Journal, 13(1), 
12–19. https://doi.org/10.15294/usej.v13i1.359  

Baeten, M., Dochy, F., Struyven, K., Parmentier, E., & Vanderbruggen, A. (2018). Student-centred learning 
environments: An investigation into student teachers' instructional preferences. Learning 
Environments Research, 21, 343–357. https://doi.org/10.1007/s10984-018-9252-0  

Barak, M., & Yuan, S. (2021). A cultural perspective to project-based learning and the cultivation of 
innovative thinking. Thinking Skills and Creativity, 39, 100766. 
https://doi.org/10.1016/j.tsc.2020.100766  

Burkhardt, H., & Schoenfeld, A. H. (2021). Not just “implementation”: The synergy of research and practice 
in an engineering research approach to educational design and development. ZDM–Mathematics 
Education, 53, 991–1005. https://doi.org/10.1007/s11858-020-01208-z 

Chang, Y., Choi, J., & Şen-Akbulut, M. (2024). Undergraduate students’ engagement in project-based learning 
with an authentic context. Education Sciences, 14(2), 168. 
https://doi.org/10.3390/educsci14020168 

Chekrouni, N., Kleipool, R. P., & de Bakker, B. S. (2020). The impact of using three-dimensional digital 
models of human embryos in the biomedical curriculum. Annals of Anatomy–Anatomischer Anzeiger, 
227, 151430. https://doi.org/10.1016/j.aanat.2019.151430 

Chusni, M. M. (2022). Effectiveness of discovery learning-based multiple representation module on 
enhancing the critical thinking skills of the students with high and low science process skills. Jurnal 

https://siducat.org/index.php/isej/
https://doi.org/10.22219/jpbi.v10i2.34305?utm_source=chatgpt.com
https://doi.org/10.36941/jesr-2020-0129
https://doi.org/10.1177/2158244020938702
https://doi.org/10.15294/usej.v13i1.359
https://doi.org/10.1007/s10984-018-9252-0
https://doi.org/10.1016/j.tsc.2020.100766
https://doi.org/10.1007/s11858-020-01208-z
https://doi.org/10.3390/educsci14020168
https://doi.org/10.1016/j.aanat.2019.151430


196 

Published by Yayasan Darussalam Bengkulu 

 

 

Inovasi Pendidikan IPA, 8(2), 199–209. https://doi.org/10.21831/jipi.v8i2.49340 
Deep, A., Murthy, S., & Bhat, J. (2020). Geneticus Investigatio: A technology-enhanced learning environment 

for scaffolding complex learning in genetics. Research and Practice in Technology Enhanced Learning, 
15, Article 24. https://doi.org/10.1186/s41039-020-00145-5 

Doo, M. Y., Bonk, C. J., & Heo, H. (2020). A meta-analysis of scaffolding effects in online learning in higher 
education. The International Review of Research in Open and Distributed Learning, 21(3), 60–80. 
https://doi.org/10.19173/irrodl.v21i3.4638 

Dwyer, C. P., Hogan, M. J., & Stewart, I. (2014). An integrated critical thinking framework for the 21st 
century. Thinking Skills and Creativity, 12, 43–52. https://doi.org/10.1016/j.tsc.2013.12.004 

Fajar, D. M., Ramli, M., Ariyanto, J., Widoretno, S., Sajidan, S., & Prasetyanti, N. M. (2020). Enhancing students’ 
thinking skills through project-based learning in biology. Biosfer: Jurnal Pendidikan Biologi, 13(2), 
230–249. https://doi.org/10.21009/biosferjpb.v13n2.230-249  

Furtak, E. M., Kunter, M., Ruiz-Primo, M. A., Shemwell, J. T., & Weiss, I. R. (2018). Experimental and quasi-
experimental studies of inquiry-based science teaching: A meta-analysis. Review of Educational 
Research, 88(4), 557–596. https://doi.org/10.3102/0034654318780626  

Gomez, N. A., & Du, M. (2021). Animal development in the secondary classroom: Linking basic science to 
livestock production. Advances in Physiology Education, 45(2), 259–263. 
https://doi.org/10.1152/advan.00002.2021  

Hansen, J., & Richland, L. E. (2020). Teaching and learning science through multiple representations: 
Intuitions and executive functions. CBE–Life Sciences Education, 19(4), ar61. 
https://doi.org/10.1187/cbe.19-11-0253   

Hartelt, T., Martens, H., & Minkley, N. (2022). Teachers’ ability to diagnose and deal with alternative student 
conceptions of evolution. Science Education, 106(3), 706–738. https://doi.org/10.1002/sce.21705 

Hidayati, N., Pangestuti, A. A., & Prayitno, T. A. (2019). Edmodo mobile: Developing e-module biology cell 
for online learning community. Biosfer: Jurnal Pendidikan Biologi, 12(1), 94–108. 
https://doi.org/10.21009/biosferjpb.v12n1.94-108  

Hizqiyah, I. Y. N., Nugraha, I., Cartono, C., Ibrahim, Y., Nurlaelah, I., Yanti, M., & Nuraeni, S. (2023). The 
project-based learning model and its contribution to life skills in biology learning: A systematic 
literature network analysis. JPBI (Jurnal Pendidikan Biologi Indonesia, 9(1), 26–35. 
https://doi.org/10.22219/jpbi.v9i1.22089  

Ihsan, N. H., Nasruddin, N., Sejati, A. E., & Sugiarto, A. (2023). Developing teaching material of research 
methodology and learning with 4D model in facilitating learning during the COVID-19 pandemic to 
improve critical thinking skill. Jurnal Kependidikan, 9(2). https://doi.org/10.33394/jk.v9i2.7110  

Kember, D., & Leung, D. Y. P. (2020). Development of a questionnaire for assessing students’ perceptions of 
the teaching and learning environment and its use in quality assurance. Learning Environments 
Research, 23, 1–18. https://doi.org/10.1007/s10984-019-09285-0  

Khafah, F., Suprapto, P. K., & Nuryadin, E. (2023). The effect of project-based learning model on students’ 
critical and creative thinking skills in the ecosystem concept. JPBI (Jurnal Pendidikan Biologi 
Indonesia), 9(3), 244–255. https://doi.org/10.22219/jpbi.v9i3.27461  

Klymkowsky, M. W. (2021). Making mechanistic sense: Are we teaching students what they need to know? 
Developmental Biology, 476, 308–313. https://doi.org/10.1016/j.ydbio.2021.04.004  

Kruit, P. M., Oostdam, R., van den Berg, E., & Schuitema, J. (2019). Assessing students’ ability in performing 
scientific inquiry: Instruments and challenges. International Journal of Science Education, 41(12), 
1641–1665. https://doi.org/10.1080/09500693.2019.1610384  

Markula, A., & Aksela, M. (2022). The key characteristics of project-based learning: How teachers 
implement projects in K-12 science education. Disciplinary and Interdisciplinary Science Education 
Research, 4, Article 2. https://doi.org/10.1186/s43031-021-00042-x 

Martin, F., Sun, T., & Westine, C. D. (2021). A systematic review of research on online teaching and learning 
from 2009 to 2018. Computers & Education, 159, 104009. 
https://doi.org/10.1016/j.compedu.2020.104009 

McKenney, S., & Reeves, T. C. (2019). Conducting educational design research (2nd ed.). Routledge. 
https://doi.org/10.4324/9781315105642 

Nieveen, N., & Folmer, E. (2013). Formative evaluation in educational design research. In T. Plomp & N. 
Nieveen (Eds.), Educational design research: Part A: An introduction (pp. 152–169). Netherlands 
Institute for Curriculum Development (SLO). 

Nurdiani, N., Rustaman, N. Y., Setiawan, W., & Priyandoko, D. (2019). Reasoning patterns and modes of 
prospective biology teachers on embryology learning with TPACK framework. JPBI (Jurnal 

https://doi.org/10.21831/jipi.v8i2.49340
https://doi.org/10.1186/s41039-020-00145-5
https://doi.org/10.19173/irrodl.v21i3.4638
https://doi.org/10.1016/j.tsc.2013.12.004
https://doi.org/10.21009/biosferjpb.v13n2.230-249
https://doi.org/10.3102/0034654318780626
https://doi.org/10.1152/advan.00002.2021
https://doi.org/10.1187/cbe.19-11-0253
https://doi.org/10.1002/sce.21705
https://doi.org/10.21009/biosferjpb.v12n1.94-108
https://doi.org/10.22219/jpbi.v9i1.22089
https://doi.org/10.33394/jk.v9i2.7110
https://doi.org/10.1007/s10984-019-09285-0
https://doi.org/10.22219/jpbi.v9i3.27461
https://doi.org/10.1016/j.ydbio.2021.04.004
https://doi.org/10.1080/09500693.2019.1610384
https://doi.org/10.1186/s43031-021-00042-x?utm_source=chatgpt.com
https://doi.org/10.1016/j.compedu.2020.104009
https://doi.org/10.4324/9781315105642


197 

https://siducat.org/index.php/isej/ 

 

 

Pendidikan Biologi Indonesia), 5(1), 93–100. https://doi.org/10.22219/jpbi.v5i1.7375  
OECD. (2019). OECD Future of Education and Skills 2030: OECD Learning Compass 2030. OECD Publishing. 

https://doi.org/10.1787/9789264300002-en 
Osborne, J. (2019). Not last but not least: The place of argumentation in science education. International 

Journal of Science Education, 41(15), 2193–2210. https://doi.org/10.1080/09500693.2019.1658278  
Permana, F. H., & Chamisijatin, L. (2019). Project-based learning through Edmodo: Improving critical 

thinking and histology concepts. Biosfer: Jurnal Pendidikan Biologi, 12(1), 58–69. 
https://doi.org/10.21009/biosferjpb.v12n1.58-69  

Reinmann, G. (2020). Outline of a holistic design-based research model for higher education. EDeR – 
Educational Design Research, 4(2). https://doi.org/10.15460/eder.4.2.1554  

Reinke, N. B., Kynn, M., & Parkinson, A. L. (2021). Immersive 3D experience of osmosis improves learning 
outcomes of first-year cell biology students. CBE—Life Sciences Education, 20(1), ar1. 
https://doi.org/10.1187/cbe.19-11-0254  

Sasson, I., Yehuda, I., & Malkinson, N. (2018). Fostering the skills of critical thinking and question-posing in 
a project-based learning environment. Thinking Skills and Creativity, 29, 203–212. 
https://doi.org/10.1016/j.tsc.2018.08.001  

Schleicher, A. (2018). World class: How to build a 21st-century school system. OECD Publishing. 
https://doi.org/10.1787/9789264300002-en 

Shi, Y., & Li, W. (2024). Empowering education: Unraveling the factors and paths to enhance project-based 
learning among Chinese college students. SAGE Open, 14(3), 21582440241276600. 
https://doi.org/10.1177/21582440241276600 

Shin, N., Bowers, J., Krajcik, J., et al. (2021). Promoting computational thinking through project-based 
learning. Disciplinary and Interdisciplinary Science Education Research, 3, Article 7. 
https://doi.org/10.1186/s43031-021-00033-y 

Sutiani, A., Situmorang, M., & Silalahi, A. (2021). Implementation of an inquiry learning model with science 
literacy to improve student critical thinking skills. Journal of Turkish Science Education, 18(2), 202–
214. https://doi.org/10.36681/tused.2021.62  

Susetyarini, E., Nurrohman, E., Sharafie, D., & Fatmawati, D. (2023). Ability to compose concept maps and 
student cognitive learning outcomes in animal embryology and reproduction courses. JPBI (Jurnal 
Pendidikan Biologi Indonesia, 9(1), 53–61. https://doi.org/10.22219/jpbi.v9i1.24155 

Thiagarajan, S., Semmel, D. S., & Semmel, M. I. (1974). Instructional development for training teachers of 
exceptional children: A sourcebook. Leadership Training Institute/Special Education, University of 
Minnesota.  

Tuaputty, H., Alimudi, S., Arini, I., Latupeirissa, L. N., & Donkor, A. K. (2023). Project-based learning using a 
laboratory approach on learning outcomes and critical thinking in marine biology. JPBI (Jurnal 
Pendidikan Biologi Indonesia, 9(1). https://doi.org/10.22219/jpbi.v9i1.24551  

van Laar, E., van Deursen, A. J. A. M., van Dijk, J. A. G. M., & de Haan, J. (2020). Determinants of 21st-century 
digital skills: A large-scale survey among working professionals. Computers in Human Behavior, 100, 
93–104. https://doi.org/10.1016/j.chb.2019.06.017  

Witarsa, & Muhammad, S. (2023). Critical thinking as a necessity for social science students capacity 
development: How it can be strengthened through project based learning at university. Frontiers in 
Education, 7, 983292. https://doi.org/10.3389/feduc.2022.983292 

Wu, X.-Y. (2024). Unveiling the dynamics of self-regulated learning in project-based learning environments. 
Heliyon, 10(5), e27335. https://doi.org/10.1016/j.heliyon.2024.e27335  

Zhong, C., & Lyu, K. (2022). Scaffolding junior middle school students’ engagement in online project-based 
learning during the COVID-19 pandemic: A case study from East China. SAGE Open, 12(4), 
21582440221131815. https://doi.org/10.1177/21582440221131815  

 

https://siducat.org/index.php/isej/
https://doi.org/10.22219/jpbi.v5i1.7375
https://doi.org/10.1787/9789264300002-en
https://doi.org/10.1080/09500693.2019.1658278
https://doi.org/10.21009/biosferjpb.v12n1.58-69
https://doi.org/10.15460/eder.4.2.1554
https://doi.org/10.1187/cbe.19-11-0254
https://doi.org/10.1016/j.tsc.2018.08.001
https://doi.org/10.1787/9789264300002-en
https://doi.org/10.1177/21582440241276600?utm_source=chatgpt.com
https://doi.org/10.1186/s43031-021-00033-y
https://doi.org/10.36681/tused.2021.62
https://doi.org/10.22219/jpbi.v9i1.24155
https://doi.org/10.22219/jpbi.v9i1.24551
https://doi.org/10.1016/j.chb.2019.06.017
https://doi.org/10.3389/feduc.2022.983292
https://doi.org/10.1016/j.heliyon.2024.e27335
https://doi.org/10.1177/21582440221131815

