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 Biology learning in the 21st century demands a shift from conventional 
teacher-centered methods to student-centered approaches to improve 
critical thinking and problem-solving skills. The Problem-Based 
Learning (PBL) model is one relevant approach, but its 
implementation is highly dependent on the quality of teacher planning. 
This study intends to describe and analyze in depth the PBL model 
planning process in biology subjects at high school. This study uses a 
qualitative approach with a case study method. The research subjects 
are biology teachers and the school's internal MGMP team. Data 
collection was conducted through in-depth interviews, non-
participatory observation during planning meetings, and document 
analysis in the form of lesson implementation plans. The results of the 
study indicate that the PBL planning process at High School 5 Medan 
goes through several crucial stages: (1) Identification of essential 
materials suitable for PBL; (2) Formulation of problems (scenarios) 
that are authentic, contextual, and relevant to the student's 
environment; (3) Design of systematic learning steps according to PBL 
syntax; and (4) Development of authentic assessment instruments that 
focus on process and product. The main challenges faced by teachers 
in planning are time allocation and alignment problems with the 
learning outcomes set by the curriculum. This case study concludes 
that thorough and collaborative planning is an essential key to the 
successful implementation of PBL and recommends the need for 
ongoing professional development support for teachers in designing 
innovative learning. 
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1. INTRODUCTION 

Science education, particularly biology, plays a crucial role in preparing students for 
adequate scientific literacy, critical thinking, and problem-solving skills needed in the 
21st century (Pinar et al., 2025; Suwono et al., 2023). However, biology instruction at 
the high school level is often dominated by lectures and memorization, leading to 
students' lack of active engagement and difficulty connecting biology concepts to real-
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world situations (Byukusenge et al., 2023; Christopoulos et al., 2023; Ferry, 2024; 
Rozikin, A., & Sanjaya, 2025). Consequently, learning outcomes, particularly in higher-
order thinking skills (HOTS) and problem-solving, tend to be low (Primahesa et al., 
2023; Wikanta & Susilo, 2022). 

One approach believed to be effective in addressing these challenges is Problem-
Based Learning (PBL). PBL is a learning model that places authentic and meaningful 
problems as the primary focus of the learning process (Anggraeni et al., 2023; Muzaini 
et al., 2022; Smith et al., 2022). In PBL, students actively collaborate to analyze 
problems, identify learning needs, seek relevant resources, and present solutions (Hasbi 
& Fitri, 2022; Hussein, 2021; Satriani et al., 2021). This model inherently encourages 
the development of critical thinking skills, collaboration, and independent learning, 
which are particularly relevant for biology (Hung & Amida, 2020; Usman et al., 2024), 
a subject rich in contextual issues such as health, the environment, and technology. 

The Problem-Based Learning (PBL) model is a student-centered learning model that 
focuses on presenting problems from everyday life at the beginning of the lesson 
(Peranginangin, 2025). The application of the problem-based learning model is based 
on the idea that learning is more effective when students are directly involved in solving 
real problems (Permata et al., 2022), so they are able to search, find, and apply ideas in 
analyzing and solving problems. The problem-based learning model is very suitable for 
application in biology because the combination of the two can increase student interest 
in learning (Ananda et al., 2023; Faradila et al., 2023). 

A preliminary study conducted with five biology teachers at High School 5 Medan—
three 11th-grade teachers and two 10th-grade teachers—found that they had different 
perspectives and experiences in implementing the PBL model. The first teacher stated 
that she does not use the PBL model and still relies on direct instruction. The second 
teacher revealed that she has implemented the PBL model in biology lessons but has not 
yet fully implemented the syntax due to time constraints. Meanwhile, the third teacher 
stated that she was able to implement the PBL model across all biology materials in 11th 
grade with careful planning, enabling students to be more actively involved in the 
learning process. Interviews with two grade 10 biology teachers revealed that the PBL 
model has been implemented in accordance with the Independent Curriculum, but its 
implementation has not been optimal.  

Additionally, the main obstacle encountered is group formation, which requires time, 
direction, and guidance from the teacher. The teachers also stated that students still need 
assistance in implementing the PBL syntax, indicating that student independence, as 
linked to the Pancasila Student Profile, is still developing. Furthermore, in group 
discussions, students were still passive and the atmosphere was less conducive, 
particularly during the inquiry stage, which involves gathering information for problem-
solving. 

Although the effectiveness of PBL has been widely supported by research, its 
implementation in the classroom often faces obstacles, particularly in the planning and 
learning design stages. Biology teachers need clear and practical guidance on how to 
design authentic problem scenarios, integrate them with a comprehensive biology 



 Arwita et al., Planning a Problem Based Learning (PBL) Model in …  

 

198

curriculum, and systematically develop PBL steps tailored to the specific school context 
(Nursyada et al., 2025). The success of PBL implementation is largely determined by 
the quality of the planning (Evendi & Verawati, 2021; Meng et al., 2023; Yu et al., 
2023). 

While there is a wealth of research on the effectiveness of PBL in biology, this article 
offers significant novelty through several aspects: (1) Focus on the In-Depth Planning 
Process: Most studies focus on the outcomes or effectiveness of PBL implementation 
(e.g., improvements in learning outcomes or skills), but rarely comprehensively dissect 
and document the initial planning process undertaken by teachers. This article provides 
an in-depth look at teachers' pedagogical decision-making in designing PBL, from topic 
selection to the design of authentic problem scenarios. (2) Data-Rich Contextual Case 
Study: As a case study, this article presents rich, context-specific planning data from 
one school, including teachers' planning documents (teaching modules), developed 
problem scenarios, and in-depth interviews with teachers regarding the rationale behind 
each planning decision. This provides a practical model that can be replicated and 
adapted by other teachers. (3) Developing an Adaptive PBL Planning Model: The results 
of this case study are expected to produce a practical and adaptive PBL planning 
framework or model for biology, which bridges the gap between PBL theory and actual 
practice in high school classrooms, especially regarding the integration of complex 
biology material and contemporary issues. 

Therefore, this study aims to explore and document in detail the PBL model planning 
process in biology at a specific high school (case study). The focus is on identifying key 
components, challenges, and strategies used by teachers in designing problem scenarios, 
determining time allocation, and developing assessment instruments that align with PBL 
objectives. 

 

2. METHOD 

This research uses a qualitative approach with a case study design. The case study 
design was chosen because it allows the researcher to conduct an in-depth and 
comprehensive exploration of a contemporary phenomenon (PBL planning) within a 
real-life context and specific constraints. The research was conducted at High School 5 
Medan, North Sumatra. High School 5 Medan was chosen based on the consideration 
that the school has demonstrated a commitment to implementing innovative learning 
models or because it has a biology teacher who has/is planning PBL implementation 
and is willing to be a key participant (key informant). The following is the case study 
design presented in Figure 1.  
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Figure 1. Research Flowchart 

The key participants in this case study were (1) the biology teacher responsible for 
planning and implementing the PBL model in the biology class. This teacher was 
selected based on the criteria of having experience or currently planning lessons using 
the PBL model. (2) the Vice Principal for Curriculum: To obtain supporting data related 
to school policies regarding the implementation of innovative learning models. Data 
sources were obtained directly from participants through in-depth interviews. This data 
included teachers' perspectives, reasons, challenges, and strategies in planning PBL 
(e.g., selecting authentic problems and curriculum integration). Data were also obtained 
from official school and teacher documents and archives. Additionally, data was 
obtained from non-participant observations during the planning process or from initial 
implementation observations (to verify consistency between planning and practice). 

The data collection techniques used were: 

1. In-depth Interviews: Conducted with the biology teacher and the vice principal for 
curriculum using a semi-structured interview guide. The interviews aimed to elicit 
detailed information regarding why (rationality), how (process), and what 
(components) PBL planning was carried out. 

2. Document Analysis: Analyze the lesson planning documents (teaching modules) 
to identify consistency between the planning and PBL principles and the 
applicable biology curriculum. 

3. Observation: Non-participant observation is conducted during teacher planning 
meetings and/or at the beginning of PBL implementation to gain context and 
validate the collected planning data. 
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The collected data will be analyzed using qualitative data analysis techniques. The 
stages commonly used in case studies are 

1. Data Collection: Collect all primary and secondary data (documents and interview 
transcripts). 

2. Data Reduction: Select, focus, simplify, and transform raw data emerging from 
field notes and interview transcripts. The focus is on the PBL planning aspects. 

3. Data Display: Present the reduced data in narrative form, tables, or thematic 
matrices to facilitate drawing conclusions. 

4. Conclusion Drawing/Verification: Draw conclusions based on the findings and 
verify the findings through triangulation. 

To ensure the validity (trustworthiness) of the data, this study will use the data source 
triangulation technique. Triangulation is carried out by comparing and checking 
information obtained from different sources, namely, comparing the results of teacher 
interviews (teachers' views on planning) with the planning documents (teaching 
modules) they created and comparing teachers' views with school policies (from the 
deputy head of curriculum, if interviewed). Triangulation aims to increase the credibility 
and internal validity of research findings. 

  

3. RESULTS AND DISCUSSION 

Results 

This study's results are presented according to three aspects: the evaluation of teaching 
module documents, the evaluation of student worksheet materials, and the evaluation of 
assessment documents. The aforementioned features were employed to evaluate the 
planning of the PBL model concerning environmental change and preservation for grade 
10, as well as the human nervous system for grade 11 at High School 5 Medan. 

 
Assessment of Teaching Module Documents 
The evaluation of the revised teaching module documents by biology instructors for 

grades 10 and 11 at High School 5 Medan reveals that both modules employ the PBL 
model for the subjects of environmental change and preservation, as well as the nervous 
system. The evaluation of the teaching modules offers a preliminary insight into instructor 
preparedness for classroom instruction. The findings of the evaluation of the teaching 
module papers are displayed in Table 1. 

Table 1. Results of Assessment of Teaching Module Documents 

Aspect Indicator 
Evaluation 

Teacher Teaching 
Module X-11 

Teacher Teaching 
Module XI-11 

General 
Information 

Module Identity Good Good 
Beginning Competencies Good Good 
Pancasila Student Profile Good Good 

Facilities and Infrastructure Good Good 

Core 
Components 

Target Students Good Good 
Learning Model Good Good 

Learning Objectives Good Good 
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Aspect Indicator 
Evaluation 

Teacher Teaching 
Module X-11 

Teacher Teaching 
Module XI-11 

Meaningful Understanding Good Good 
Leading Questions Good Good 
Learning Activities Good Good 

Introductory Activities Good Good 
Main Activities (Problem 

Orientation) 
Good Good 

Main Activities (Organizing 
Students) 

Good Good 

Main Activities (Guiding 
Investigations) 

Good Good 

Main Activities (Developing & 
Presenting Results) 

Good Good 

Main Activities (Analyzing & 
Evaluating Problems) 

Good Good 

Closing Activities Good Good 
Assessment Good Good 

Enrichment and Remedial 
Learning 

Good Good 

Attachment 

Teacher and Student 
Reflections 

Good Not Good 

Student Worksheets Not Good Not Good 
Reading Materials Good Good 

Glossary Good Good 
Bibliography Good Good 

 
The results of the teaching module assessment presented in Table 1, along with the 

teaching module documents on environmental change and preservation for grade 10 and 
the nervous system for grade 11, compiled by the biology instructors for grades 10 and 
11 at High School 5 Medan, are well-organized. In conclusion, both teaching modules 
are well-structured and exhibit a sufficient comprehension of the concepts of designing 
instructional materials. Both modules conform to the essential elements of a teaching 
module and satisfy most of the criteria for organizing learning through the PBL 
approach. Nonetheless, there exists potential for enhancement, especially with the 
comprehensiveness and quality of the appendices, notably in the formulation of the 
Student Worksheet and learning reflections, which require additional refinement to 
facilitate the attainment of overarching learning objectives. 

 
Student Worksheet Document Assessment 
This study evaluated the quality of student worksheet papers created by biology 

teachers for grades 10 and 11, focusing on the content of the documents. The evaluation 
concentrated on the thoroughness of critical elements, adherence to educational 
objectives, and compliance with the PBL model's syntax. The studied data comprised 
two Student Worksheet documents, each created by a teacher. The analysis findings are 
displayed in Table 2. 
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Table 2. Student Worksheet Document Assessment Results 

Aspect Indicator 

Student 
Worksheet for 

Grade 10 
Teachers 

Student 
Worksheet for 

Grade 11 
Teachers 

Student 
Worksheet Title 

and Identity 

Format Compliance or 
Completeness of Identity 

Good Good 

Student 
Worksheet 

Instructions and 
Guidelines 

Learning Objectives Good Good 

Instructions and 
Guidelines 

Good Good 

Core Activities 

PBL Syntax Compliance Not Good Not Good 
Problem Compliance with 

Student Worksheets 
Good Good 

Content and Material in 
Student Worksheets 

Good Good 

 
Initial Problems in Student 

Worksheets 
Good Good 

Student 
Activities 

Discussion and 
Collaboration Activities in 

Student Worksheets 
Good Good 

Problem Solving and 
Solutions in Student 

Worksheets 
Good Good 

Assessment Assessment Completeness Good Good 
 
The examination of the student worksheets for grade 10 and 11 biology instructors 

at High School 5 Medan, as illustrated in Table 2, indicates that both student worksheets 
were effectively constructed and predominantly satisfied the criteria for facilitating the 
PBL model. Moreover, both student worksheets were classified as "good" in nearly all 
evaluation criteria. The learning objectives in both student worksheets were aligned with 
those in the instructional modules. This signifies a strong alignment between the 
planning of the teaching modules and the student worksheets as a framework for 
classroom execution. The issues outlined in both student worksheets were intended to 
stimulate active thinking, discussion, and collaboration among students. The issues 
identified were also connected to the topic matter and its contextual surroundings. 

 
Document Assessment 
This study evaluated assessment documents to determine the quality of exams created 

by biology teachers for grades 10 and 11, focusing on their content. The studied data 
comprised two assessment documents and was restricted to the evaluations articulated 
in the instructional modules developed by the two educators. The analysis findings are 
displayed in Table 3. 

Table 3. Assessment Document Assessment Results 

Aspect Indicator 
Class X 
Teacher 

Class XI 
Teacher 

Penerapan pola pikir 
bertumbuh 

Clarity of supporting assessments Good Good 
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Aspect Indicator 
Class X 
Teacher 

Class XI 
Teacher 

Terpadu 

Quality of knowledge, skills, and 
attitude assessment 

Good Good 

Quality of attitude assessment Good Good 
Quality of knowledge assessment Good Good 

Quality of skill assessment Good Good 
Flexibility in 
determining 

assessment timing 
Formative Assessment Good Good 

Flexibility in using 
assessment techniques 

Assessment Techniques Good Good 

Flexibility in 
processing assessment 

results 
Assessment Good Good 

 
The examination of assessment papers, illustrated in Table 3, inside the biology 

teaching modules for grades 10 and 11 at High School 5 Medan, reveals that educators 
have created extensive assessment instruments to facilitate the execution of PBL-based 
learning. Both encompass many assessment methodologies that evaluate knowledge, 
abilities, and attitudes, while fostering the cultivation of a growth mindset among pupils.  

Both teacher-designed exams can be classified as "good" across nearly all evaluation 
criteria. The educators have effectively crafted attitude evaluations. Teachers have 
developed thorough and detailed skills assessment rubrics, incorporating distinct 
evaluations for group discussions and presentations, as well as criteria for meeting 
learning objectives. Evaluations in the knowledge domain employ multiple-choice 
questions and are aligned with the intended learning objectives. The preliminary 
conclusion indicates that the assessment documents created by the grade 10 and 11 
biology instructors at High School 5 Medan generally adhere to the principles of 
effective assessment: they are integrated, equitable, diverse, conducive to student 
learning advancement, and reflect robust planning direction. 

 
Interview Results 
In-depth interviews with biology teachers revealed several key findings related to the 

rationale, process, and challenges of PBL planning. 
Rationale and Selection of PBL Topics 
Both biology teachers agreed that PBL was chosen as an effort to improve critical 

thinking skills and the relevance of the material to students' real lives. 
Teacher A: "We feel that the 11th grade biology material on the excretory system is 
simply memorized. With PBL, we can raise issues of kidney failure in society or the 
dangers of smoking. This makes students see biology as alive." 
 
Teacher B: "Here (at State Senior High School 5 Medan), we apply PBL primarily 
to topics that pose strong controversies or social issues, such as environmental 
pollution or endemic diseases. The goal is for students to learn not only the theory 
but also the solutions." 



 Arwita et al., Planning a Problem Based Learning (PBL) Model in …  

 

204

The topics most frequently planned to use PBL are those related to ecology 
(environmental pollution), human organ systems (diseases), and biotechnology. 

 
Authentic Problem Scenario Design Process 
- The planning process carried out by teachers begins with identifying a problem that 

must meet the criteria of authenticity, relevance, and open-endedness (ill-
structured). 

- Problem Source Identification: Teacher A tends to use local news or case studies 
that have gone viral on social media, while Teacher B prefers data from the nearest 
community health center or environmental issues around Medan City. 

- Curriculum Adaptation: The biggest challenge is the limited time available in class. 
Both teachers acknowledged that they had to select key sub-topics that could be 
covered by the problem scenario, with the remainder assigned as independent 
assignments. 

- Problem Statement: Teachers create problems in the form of narratives or trigger 
videos that do not provide direct clues to the answer but instead force students to 
identify knowledge gaps they must explore (a key principle of PBL). 

 
Teacher A: "I have to create a compelling problem statement, for example, about 
stunting cases in a particular village. Students should be confused: is this a 
nutritional, social, or biological issue? That confusion will drive them to 
investigate." 
 
Assessment Planning 
The assessment aspects planned by both teachers emphasize process and product 

assessment. 
- Process Assessment: Conducted through observation sheets during group 

collaboration sessions, focusing on communication skills, collaboration, and 
independent learning. 

- Product Assessment: In the form of the final product of problem-solving (e.g., a 
scientific report, campaign poster, or solution presentation). Teachers ensure that 
the assessment instrument (rubric) is clearly linked to the learning objectives and 
problem-solving criteria. 

 
Observation Results 
Observations were conducted on the lesson planning documents (teaching modules) 

designed by Teachers A and B, as well as brief observations of the classrooms used. 
Planning Documentation (Teaching Modules) 
Analysis of the planning documents found consistency between PBL theory and the 

implementation of its steps. 
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Table 4. Observation Results 
Planning 

Components 
Findings in the Teaching Module 

Phase 1: Problem 
Orientation 

There is a clear attachment of Authentic Problem Scenarios (in the 
form of long narrative texts or news video links). 

Phase 2: Organizing 
Students 

It includes heterogeneous group divisions and the teacher's role as 
a facilitator (coaching). 

Phase 3: Guiding 
Inquiry 

The teacher lists recommended primary and secondary learning 
resources (textbooks, journals, websites). 

Phase 4: Developing 
& presenting 

It includes detailed instructions on the final product format (e.g., 
creating a digital infographic or a mini-solution proposal). 

Time Allocation 
The time allocation is dominated by Phases 3 and 4 

(approximately 70% of the total time) to allow space for in-depth 
investigation and solution development. 

 
Learning Environment (Context of High School 5 Medan) 
- Infrastructure Support: The school provides an adequate biology laboratory and Wi-

Fi access to support students' data and resource search phases. This availability is 
explicitly integrated into the teacher's planning steps (e.g., online searching or data 
collection sessions in the lab). 

- Resource Availability: The planning documents indicate that the teacher utilizes 
local resources (such as access to the school's online journal subscription) as 
references for students to ensure the data used in problem-solving is valid and 
scientific. 

- Classroom Arrangement: The planning document mentions the use of group seating 
arrangements (U-groups or clusters) during PBL sessions, differing from the 
traditional classroom arrangement during conventional learning. This facilitates 
interaction and collaboration, as required by the PBL model. 

 
Triangulation of Findings 
We found high consistency through triangulation (comparison) between teacher 

interviews and document analysis of teaching modules. For example, teachers' focus on 
"improving collaboration skills" (Interview) was reflected in their use of "collaboration 
assessment rubrics" and "cluster seating arrangements" (Document/Classroom 
Observations). This confirms that the PBL planning conducted at High School 5 Medan 
was systematic and detailed. 

 

Discussion  

This discussion section will analyze research findings regarding the planning of the 
PBL model at High School 5 Medan and relate them to the theoretical principles of 
Problem-Based Learning (PBL) and the context of biology learning. Lesson planning is 
a crucial initial step in implementing the problem-based learning model. At this stage, 
teachers are responsible for designing a comprehensive and systematic lesson plan. 
Aspects of lesson planning include teaching modules, worksheets, and assessments 
developed by the teacher prior to the lesson. 
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Assessment of Teaching Module Documents 
An examination of two biology teaching modules for grades 10 and 11 at High 

School 5 Medan revealed that both completely integrate the PBL model framework, 
featuring problems pertinent to students' everyday experiences. The chosen biology 
material for the PBL model planning was considered suitable for fostering critical 
thinking and problem-solving abilities in students. The two observed teaching modules 
were well-organized and fulfilled the majority of the specified assessment criteria.  

Rochim et al. (2024) elucidated that structured lesson planning enables teachers to 
instruct more effectively, while students obtain enhanced support in their learning 
endeavors. The elements of the two biology teaching modules for grades 10 and 11 at 
High School 5 Medan were found to be sufficiently aligned with the standards for 
teaching module components in the independent curriculum. This aligns with the 
assertion by Salsabilla et al. (2023) that teaching modules typically comprise general 
information, core components, and appendices. 

 
Assessment of Student Worksheet Documents 
An examination of two Biology Student Worksheet documents for grades 10 and 11 

at High School 5 Medan revealed that both utilized student worksheets to apply the 
problem-based learning model on subjects including environmental change and 
preservation, as well as the human nervous system. In the implementation of the 
Independent Curriculum, which emphasizes learning outcomes, the planning of the 
Teaching Module acts as the principal reference for creating teaching materials, such as 
the Student Worksheets. A proficient student worksheet must be meticulously crafted 
to ensure coherence with the teaching module planning. This alignment is evidenced by 
research findings indicating that the learning objectives in the student worksheets for 
grade 10 biology teachers are consistently articulated with those in the teaching 
modules. This illustrates the congruence between the planning of the teaching module 
and the student worksheets as a framework for classroom execution. According to 
Istiqomah (2021), alignment between the objectives of the Student Worksheet and the 
learning objectives guarantees that the activities within the Student Worksheet facilitate 
the attainment of competencies outlined in the teaching module.  

The analysis indicates that the activities in the Student Worksheet generally embody 
the principles of problem-based learning. The Student Worksheet for teachers of grades 
10 and 11 in student activities fails to conform to the principles of problem-based 
learning syntax. While the syntax is not explicitly articulated, the activities nonetheless 
encompass it, including group segmentation and information dissemination. This 
finding corresponds with Syamsi and Fitrihidajati (2021), who asserted that student 
worksheets in problem-based learning modules must explicitly delineate the syntax 
stages to facilitate concentrated learning and conform to the problem-based model. 

 
Assessment Document Assessment 
An examination of two evaluation documents for grade 10 and 11 biology instructors 

at High School 5 Medan revealed that both assessments were constructed in alignment 



                   Volume 5, No 1, 2025, pp 196 - 212
 

 

207

with the criteria outlined in the independent curriculum. Assessment is essential in the 
learning process as a means of evaluating student competency attainment (Krstikj et al., 
2022). Consequently, the development of assessments must be executed meticulously 
and methodically to ensure that the outcomes accurately reflect student capabilities. The 
assessment was crafted with careful consideration of and compliance with universally 
applicable assessment principles.  

This study's findings reveal that in the biology teaching modules for grades 10 and 
11 at High School 5 Medan, educators have created extensive assessment instruments 
to facilitate the execution of problem-based learning. Both encompass diverse 
assessment modalities addressing knowledge, skills, and attitudes, while fostering the 
cultivation of a growth mindset in students. This aligns with Hadiansah (2022), who 
delineated the components of an assessment as (1) application of a growth mindset, (2) 
integration, (3) flexibility in determining assessments, (4) flexibility in employing 
assessment techniques, and (5) flexibility in processing assessment results. 

 
Rationale for PBL Planning to Improve 21st-Century Skills 
Interview findings indicate that Teachers A and B's decision to adopt PBL was based 

on a strong desire to overcome rote learning in biology and to improve students' critical 
thinking skills. This rationale aligns closely with the primary goal of PBL, which is 
rooted in constructivist theory (Hung et al., 2019; Schmidt et al., 2019). 

- Contextual Connections: The use of local issues such as stunting cases or 
environmental pollution in Medan as sources of problems (as revealed by 
Teachers A and B) demonstrates that the teachers have successfully integrated the 
principle of authenticity into PBL planning. This authenticity is particularly 
important in biology, as it enables students to see the relevance of science to real-
life social and environmental problems. 

- Scientific Literacy: Planning topics involving social controversies demonstrates 
that teachers aim to develop students' scientific literacy, the ability to use scientific 
knowledge to understand and make decisions regarding social issues (OECD, 
2018). 

 
Challenges and Strategies in Designing Authentic Problem Scenarios 
Interviews and document analysis showed that the main goal of planning was to come 

up with ill-structured problem scenarios. Ill-structured scenarios force students to define 
their problems, which is a critical initial step in the PBL cycle (Jaelani et al., 2023; Riis 
et al., 2017; Shipton, 2023). 

- Curriculum Time Management: Both teachers faced classic PBL challenges, 
namely curriculum density and limited time allocation. Their strategy of focusing 
PBL on only key subtopics and making the remaining material independent 
assignments was a practical solution to balance curriculum demands without 
sacrificing the quality of PBL's in-depth inquiry. 
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- The Role of Video Triggers: The use of video triggers and narratives from local 
news in planning demonstrates the use of digital media to create "cognitive 
dissonance," effectively motivating students to engage in independent inquiry. 

 
Integration of School Infrastructure in Planning 
Observations indicate a strong correlation between teacher planning and 

infrastructure support at High School 5 Medan. Teacher planning explicitly includes the 
use of Wi-Fi access and a biology laboratory. PBL as Independent Learning: The 
availability and planning of these resources support the Guiding Independent Inquiry 
phase (Phase 3 of PBL), in which students need to seek diverse data and information 
sources. This feature demonstrates that planning should not only focus on classroom 
activities but also on learning resources outside the classroom. 

 
Consistency of Process and Product Assessment 
The teacher's assessment planning shows that they understand the requirements for 

PBL assessments, which include both the process (collaboration and self-directed 
learning) and the product (solution). 

- Formative Assessment (Process): The emphasis on observation rubrics during 
group work (as reflected in the lesson plan) supports the teacher's role as a facilitator 
who monitors the development of students' non-cognitive skills, which are often 
overlooked in traditional assessments. 

- Summative Assessment (Product): The use of digital infographics or mini-proposals 
as the final product reflects the teacher's efforts to integrate digital skills and 
scientific communication (solution presentation skills) into the biology curriculum, 
in line with the demands of 21st-century skills. 

This case study provides theoretical and practical contributions by providing a 
feasible PBL planning model in the context of High School 5 Medan. This documented 
planning can serve as a practical guide (best practice) for other biology teachers, 
particularly in adapting authentic local problems into effective PBL scenarios. Overall, 
the PBL planning process at High School 5 Medan demonstrated systematic and detailed 
implementation, which successfully bridged the gap between PBL theory and real 
practice in biology subjects. 

 

4. CONCLUSION 

Teachers have planned their lessons using the problem-based learning model well, 
as demonstrated by the development of learning materials such as teaching modules, 
student worksheets, and assessments that have been adapted to its characteristics. 
However, the structured PBL syntax within the students' worksheets is still lacking. 
Additionally, the interview results show that PBL planning was driven by the need to 
improve students' critical thinking, problem-solving, and real-life biology skills. 
Teachers consciously chose PBL to shift away from rote-based learning. The planning 
process at High School 5 Medan was systematic, focusing on three main aspects: (1) 
selecting an authentic, local, ill-structured problem (e.g., stunting or local pollution), (2) 
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adapting the time allocation of the dense biology curriculum by prioritizing the 
investigation and solution presentation phases, and (3) explicitly integrating school 
resources (the biology lab and digital access) into the PBL steps. Assessment planning 
was consistent with PBL principles, emphasizing process assessment (collaboration and 
independent learning) through observation sheets and final product assessment 
(infographics/solution proposals). Overall, the PBL planning carried out by biology 
teachers at High School 5 Medan can be an adaptive planning model, successfully 
bridging PBL theory with practical challenges in the field by utilizing local issues and 
optimizing school infrastructure. 

As a suggestion, teachers are advised to continue to strengthen the consistency 
between planning and implementation, especially in maintaining the authentic and 
unstructured nature of PBL problems so that students are truly involved in the process 
of identifying and defining problems. Schools and biology teachers are advised to create 
a database of PBL problem scenarios based on contemporary and local issues in Medan 
City so that it is easier for other teachers to plan PBL implementation on different 
biology topics. Further training is needed for teachers on the development and use of 
comprehensive assessment rubrics that are able to measure all dimensions of PBL, 
including metacognition and students' self-directed learning. In addition, further 
research is recommended to continue this case study by focusing on the implementation 
process (classroom observation) and the real impact of PBL planning on student 
learning outcomes, especially on the dimensions of higher-order thinking skills (HOTS) 
and scientific literacy. 
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