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ABSTRACT

This study investigates the impact of Problem-Based Learning (PBL) on
enhancing student understanding of high school biology, specifically focusing on
the topic of biodiversity. This research is grounded in constructivist and inquiry-
based pedagogical theory, addressing common issues of low engagement and
underachievement in biology classrooms. As Maldivian schools transition toward
more active learning paradigms, this study offers timely insight into how student-
centered strategies such as PBL might improve both comprehension and motivation.
A mixed methods approach was used, involving a single Grade 12 student selected
through purposive sampling. Quantitative data were gathered using pre- and post-
tests to measure changes in conceptual understanding and engagement. Qualitative
data emerged from interviews, reflective discussions, and analysis of student work.
The results showed improved student performance, with a 20% increase in post-
test scores. The participant demonstrated an enhanced ability to apply biological
concepts in unfamiliar contexts. Beyond academic gains, the PBL strategy also
fostered metacognitive skills, critical thinking, and development of transferable
skills. Student reflections highlighted increased engagement and a deeper connection
to the learning process. Despite the single-subject scope and limited sample size,
the findings provide compelling evidence supporting the effectiveness of PBL in
promoting meaningful, student-centered learning in biology classrooms. The study
suggests broader implementation of PBL in Maldivian classrooms and contributes to

the literature advocating innovative, inquiry-based approaches in science instruction.
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INTRODUCTION

Biology is an important subject for students who intend to pursue careers in science.
However, many high school students do not find biology enjoyable because they often
experience it as a subject that requires memorizing a large volume of information. This
emphasis on memorization can lead to boredom, reduced concentration, and weaker interest

in learning biology (Husna et al., 2023; Wang et al., 2023).

Memorizing concepts without understanding is insufficient because students are then
unable to apply knowledge to new scenarios, which is a central goal of science education
(Kaminske et al., 2020). Surface-level memorization restricts the deeper knowledge
needed for real conceptual change (McDaniel et al., 2022). This transfer gap can persist
even in courses designed around active learning and conceptual thinking when students’
memorization-based approaches override the intended deep-learning goals (McDaniel et
al., 2022).

Transfer of biological concepts requires learning strategies that move students beyond
memorization and toward applying knowledge in unfamiliar contexts. This study therefore
examines Problem-Based Learning (PBL), a student-centered strategy designed to engage
learners in sustained inquiry and deeper learning rather than surface learning (Abugri et
al., 2026).

PBLinhigh school biology has often been studied through short-term quasi-experimental
designs, while fewer studies combine quantitative and qualitative approaches (Nurhasanah
et al., 2024; Nwankwo et al., 2024). As a result, limitations remain in understanding the
transferability of findings and the specific mechanisms through which PBL may shift
students away from rote memorization (Akcay & Benek, 2024; Uliyandari et al., 2021).

Biology education faces a persistent tension between surface-level learning and the
deep conceptual understanding needed to solve real-world problems and sustain interest in
the subject (Honra & Monterola, 2026; Uluginar, 2023). In the Maldives, this concern is
reflected in low achievement in A Level biology; in 2017, only 22% of candidates passed the
subject (Ministry of Education, 2017). This combination of limited conceptual engagement
and low attainment creates a need to examine learning approaches that may help students

connect and apply biological ideas.

The Maldives national curriculum calls for incorporating PBL into lessons to make
them interactive (National Institute of Education, 2014). While PBL is a widely recognized
student-centered approach that fosters authentic student engagement, its effect on cognitive
engagement within biology education remains underexplored (Honra & Monterola, 2026).
Furthermore, research on problem solving as a fundamental learning outcome in biology
remains limited (Nigussie et al., 2025). Moreover, many existing studies use homogeneous
designs (Trullas et al., 2022). Fewer studies have applied mixed methods specifically to
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examine whether PBL shifts students from surface-level learning toward abstract concept
building (Adah Miller et al., 2025; Honra & Monterola, 2026). This study examines
changes in one Grade 12 student’s understanding of biodiversity following participation
in Problem-Based Learning. Following with the research question: What changes in one
Grade 12 student’s understanding of biodiversity are observed following participation in

Problem-Based Learning?

A key significance of the current study is its contextual specificity. It adds case-based
evidence from a Maldivian classroom to research examining how PBL may support
conceptual understanding, higher-order thinking, and active participation in biology
lessons. Because PBL is flexible rather than one-size-fits-all, evidence from one curriculum

setting does not automatically transfer to another (Ivaningtias et al., 2024).

This study is grounded in constructivist and inquiry-based learning theories, which
view learning as an active process involving questioning, investigation, evidence use, and
reflection (Antonio & Prudente, 2023). PBL applies these principles by placing authentic
problems at the center of learning. Through this approach, students identify what they
need to know, direct aspects of their own learning, and engage with evidence while the
teacher acts as a facilitator (Morris, 2025). In the context of this study, the biodiversity
topic demonstrates how these theories can be portrayed within local classroom realities.
Therefore, the study contributes not only to understanding whether PBL is effective, but
also to explaining how constructivist and inquiry-based teaching can be meaningfully
localized in biodiversity education (Iwan et al., 2025; Smith et al., 2022).

REVIEW OF LITERATURE
Origins of Problem-Based Learning

Problem-Based Learning (PBL) was pioneered in the mid-twentieth century at a medical
school in Canada as an alternative to traditional lecture-based instruction (Hill & Smith,
2005). Although the approach first took hold in medical education, it has since expanded
into general education settings, where it is now applied across disciplines and grade levels
(Hill & Smith, 2005).

PBL is defined by Ram et al. (1995) as “a constructivist pedagogy in which students
learn science and develop critical thinking skills by solving real-world problems in small
groups.” Two features of this definition distinguish it from traditional classroom practices:
the learning task is an authentic problem, and students drive the investigation while the
teacher facilitates. Hence, PBL activities are student-centered, integrating real-world
problem solving in ways that conventional, subject-bound instruction does not (Rubrica,
2019).
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The rationale for PBL rests on constructivism, which holds that learners build new
understanding by interpreting ideas and information in relation to what they already know
and believe (Richardson, 2003). PBL translates this principle into practice by asking students
to construct knowledge through problem solving rather than receive finished explanations
(Ram et al., 1995). This orientation supports its use in high school science because learners
must connect prior knowledge, evidence, and new concepts while developing solutions to

authentic problems.
Implementing Problem-Based Learning
Vincent R and Lyons (2015) outline six steps for implementing PBL:

1. Identify the intended learning outcomes and prepare assessments aligned with those

outcomes

2. Design the scenario: an authentic, real-world problem embedded in the lesson,

constructed so that it generates discussion among students

3. Introduce PBL to students, communicating expectations, assessments, rubrics, and

timelines

4. Allow students to research the topic, cover the syllabus specifications, and create a

product from their research
5. Have students present their research and their proposed solutions to the problem
6. Evaluate students’ work
PBL and cognitive improvement

Recent meta-analyses suggest that PBL produces significant cognitive benefits, although
the effects are far from uniform. A meta-analysis of 25 studies found a large overall effect
of PBL on critical thinking, moderated by teaching method and subject (Lu et al., 2025).
However, a synthesis of 50 studies reported a moderate effect with high heterogeneity and
little benefit from short interventions (Liu & Pasztor, 2022). At the secondary level, a meta-
analysis of 11 studies reported a large positive effect of PBL on science achievement (Funa
& Prudente, 2021). High school biology studies show a similar pattern: PBL improved
achievement and retention among students in Nigeria (Usman et al., 2023), and Indonesian
students improved in argumentation and critical thinking, but only with metacognitive
prompting (Marthaliakirana et al., 2022). This evidence is not uniformly positive, however.
A meta-analysis of first-year medical students found no significant advantage of PBL over
conventional instruction (Manuaba et al., 2022). Moreover, engagement scores in PBL
tutorials show no consistent relationship with academic achievement (Kassab et al., 2023).
Notably, most studies of PBL concern higher education, while studies conducted in high

schools are short-term quasi-experiments in single schools.
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PBL and conceptual understanding

PBL is expected to deepen conceptual understanding, and recent secondary-school
studies provide partial support for this claim. An intervention integrating STEM and
PBL in Grade 11 biology reported gains in conceptual understanding, although it used a
limited pretest—posttest sample (Funa, 2026). Similar gains have been reported in Grade
11 physics (Damanik et al., 2024). However, effect sizes vary across studies, samples
are often small, and researcher-developed instruments may measure recall rather than
conceptual understanding. Outcomes may also depend on teacher scaffolding; without
metacognitive prompts, students have demonstrated weaker argumentation and critical
thinking (Marthaliakirana et al., 2022). Because much of this evidence comes from single-
design studies, further mixed methods research is needed to examine cognitive engagement

and conceptual understanding in specific high school biology contexts.
Conceptual difficulties in biodiversity learning

Biodiversity is a major topic in International Advanced Level (IAL) Biology and is
addressed in Unit 2 of the programme. It is defined by Fullick and Sochacki (2018) as the
variety of organisms, including the species and genes found in a region. Its interrelated
subtopics include biodiversity and endemism, measuring biodiversity, adaptation to a niche,
gene pools and genetic diversity, speciation, and conservation. Because IAL examination
questions cover most of these subtopics, students must understand the concepts fully and

relate them to one another.

Recent research shows that biodiversity is a difficult concept because it spans multiple
interacting dimensions. Among 10th-grade students’ responses to biodiversity items,
29.41% reflected misconceptions and 20.59% were unanswered (Ilhamdi et al., 2022).
A diagnostic survey found that just 7.4% of students fully understood biodiversity,
with misconceptions arising when comparing genetic, species, and ecosystem diversity
(Purba et al., 2026). Since biodiversity conceptions are stable and resistant to correction,
transmission-based teaching is unlikely to be sufficient, requiring a more student-centered

approach such as PBL.
Theoretical Framework

This study is grounded in inquiry-based learning (IBL), a learner-centered approach
in which learners construct knowledge through questioning, investigation, interaction,
reflection, and the application of ideas to meaningful problems. The framework is
historically associated with Dewey’s emphasis on experience and learning through inquiry.
It is also consistent with constructivist principles, which view learners as active participants

in the construction of knowledge (Suryati et al., 2024).

PBL is an important approach within IBL because it engages learners with authentic
problems. It encourages them to ask questions, investigate evidence, collaborate, develop
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explanations, and apply possible solutions. Recent evidence indicates that IBL can improve
learning outcomes, although its effectiveness may depend on factors such as educational

level, instructional design, and learner engagement (Harleni et al., 2025).

The framework guided the data collection process by directing attention to the learner’s
questions, participation, interactions, investigations, problem-solving activities, and
reflections. Data were therefore collected from the learner’s experiences and observable
engagement with the inquiry-based activities rather than from final outcomes alone. This
approach is consistent with Tshering and Yangden (2021), who examined inquiry-based
learning using achievement tests, questionnaires, and classroom observations.

The framework guided the analysis of data, as the participant’s responses and observed
learning process were examined according to the six-step inquiry-based learning model
proposed by Vincent R and Lyons (2015). The analysis focused on evidence of the learner’s
movement through the stages of problem identification, questioning, investigation,

collaboration, reflection, and the development or application of solutions.

During interpretation, the findings were understood in relation to constructivist learning
principles. Changes in the learner’s responses and participation were interpreted as evidence

of how she constructed meaning through experience, inquiry, and reflection.

RESEARCH DESIGN

An action research design was adopted to answer the research question. Sagor (2000)
defines action research as a disciplined process of inquiry conducted by and for those taking
action. This fits the current study as the study is conducted by the teacher researcher to
determine whether PBL improves students’ understanding of biodiversity. Action research
may be individual, collaborative, school-wide or district-wide (Mertler, 2017). This study

follows the individual form, as the research was carried out by the teacher herself.

The study used a mixed methods approach. Quantitative data came from pre- and
post-assessments administered before and after the PBL lessons, and the scores were
compared descriptively. Qualitative data came from the student’s reflections after each
task, content analysis of her written work and assessment responses, and observations of

her presentations.

The single-student sample and the teacher-researcher’s dual role limit generalizability
and carry arisk of bias. However, individual action research aims to improve the practitioner's
own practice, and validity was maximized through triangulation, with conclusions drawn
only where qualitative and quantitative sources converged; through repeated measurements
across the intervention; and through reflexivity, with the teacher-researcher monitoring her
dual role (Johnson et al., 2020). A detailed description of the context, intervention, and data

sources further supports transferability to comparable settings (Kakar et al., 2023).
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The target population was high school biology students. The sample consisted of one
Grade 12 biology student selected through criterion-based purposive sampling, which
aligned with the research aim and supported the trustworthiness of the findings (Campbell
et al.,, 2020). Only one student was selected because data were collected during the
examination period and the COVID-19 pandemic, when student availability and access were
substantially restricted. Single-participant research is appropriate when one participant can
be studied intensively and repeatedly over time because it can provide detailed, context-
specific insight, although the findings should not be treated as statistically generalizable to
all students (Sandars, 2009).

A pre-assessment and post-assessment were used to gather quantitative data and
determine whether the student’s understanding improved after the PBL lessons. Each
assessment contained seven items covering the biodiversity learning objectives, and
the items were reviewed by a subject teacher for content validity before administration
(Moskal, 2002). Both assessments were scored using a common marking scheme, and a
sample of scripts was re-marked by a subject teacher to confirm scoring consistency and

reliability (Moskal, 2002). Sample items are provided in Appendix A.

A semi-structured interview was used to collect qualitative data on the student’s cognitive
engagement and understanding. The interview prompts were derived from the research
question and reviewed by an expert following the recommended phases for developing a
rigorous interview guide (Kallio et al., 2016). Open-ended questions were used to generate
flexible, in-depth responses (Kallio et al., 2016). Interview findings were triangulated with
the pre- and post-assessment results and with analyses of the student’s written tasks and
reflections. Before the PBL lessons were conducted, written consent was obtained from the
participant. The participant was fully informed of the purpose of the research, how it would
be conducted, and her role in the study, all of which were stated in the consent form.

A pre-assessment was administered through an online platform and sent to the student
via Viber. The student was given 20 minutes to complete and return it. The assessment
was marked, and the answers were analyzed. Five PBL lessons on biodiversity were then
conducted on different days over a four-week period. After each lesson, the student was
assigned a task to complete for the next class, where she presented her work. During these
presentations, data were collected on her knowledge of the topic, the quality of her work,
and her presentation skills. Each presentation was followed by a reflective discussion
that generated qualitative data. Finally, a post-assessment was administered, marked, and

analyzed using the same procedures as the pre-assessment.

Because all assessments were completed and submitted online, the researcher could
not observe the classroom dynamics, body language, or immediate reactions that would

accompany face-to-face administration, and the reduced visibility of non-verbal cues in
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online settings can limit what the researcher perceives during data collection (Eklund &
Isotalus, 2024). The live presentation sessions in which the student presented her tasks
helped offset this by allowing direct observation of her explanations and responses during
the study.

Because the researcher served as both teacher and data collector, several safeguards
were used to reduce bias. A second teacher independently marked the assessments, and
the two sets of scores were compared before the results were finalized. The researcher
also kept a reflective journal throughout the study to record expectations and assumptions,
supporting reflexivity in the qualitative analysis (Johnson et al., 2020). Findings from the
assessments, presentations, and reflective discussions were triangulated, and interpretations
from the reflective discussions were verified with the participant through member checking

before inclusion in the analysis.

The pre- and post-assessment marks were analyzed using descriptive statistics in
Microsoft Excel, and the results were presented in tables and graphs. The qualitative data
from the reflective discussions and student work were analyzed using thematic analysis.
The analysis followed a systematic coding process. First, the reflective discussions were
transcribed and typed in Microsoft Word. Second, the transcripts were read several times to
gain familiarity with the data. Third, initial codes were generated by identifying and labeling
key terms and meaningful segments in the text. Fourth, related codes were grouped into
themes, and the themes were reviewed against the data to ensure that they were internally
consistent and supported by the evidence. Finally, each theme was defined, named, and
illustrated with excerpts from the transcripts. This step-by-step approach follows the
systematic thematic analysis process recommended in recent methodological guidance
(Byrne, 2022; Naeem et al., 2023).

To increase the trustworthiness of the study, the coding process was checked by a second
reviewer, and the researcher’s interpretations were triangulated with the assessment scores
and student work (Kakar et al., 2023). Illustrative quotes are used in the findings to ground

each theme in the participant’s own words.
Ethical considerations

The student received written and oral information about the study before the lessons
and the reflective discussions and interview, including its purpose, procedures, and use of
data. Participation was voluntary, and informed consent was obtained. The student could
refuse to answer any question or withdraw from the study at any time without penalty.
Confidentiality was maintained by removing identifying information. Data were stored
securely and used only for research purposes. Data were reported in a way that protected

the student from identification. Interview recordings and notes were handled confidentially.
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Reliability and Validity

The interview questions were derived from the theoretical framework to ensure that
they addressed the research question. The pre- and post-assessments drew items directly
from Edexcel examination papers, aligning the test content with the assessed curriculum
and supporting content validity. Assessment scores were triangulated with qualitative data
from the reflective discussions, interview, and student work, thereby strengthening the
credibility of the conclusions (Kakar et al., 2023b).

Because the study involved a single participant, reliability was addressed through
consistency in measurement and analysis. Both assessments were scored using a common
marking scheme, and a second high school biology teacher independently marked the tests
to reduce the influence of researcher bias. A second reviewer also checked the coding of
the qualitative data.

FINDINGS
Quantitative data

The student’s overall score improved from 73% in the pre-assessment to 93% in the
post-assessment, a gain of 20 percentage points (Figure 1). Because the study involved a
single participant, these results are reported descriptively and are not subjected to inferential

statistical analysis. Therefore, no claims of statistical significance are made.

Figure 1 - overall biodiversity assessment scores
in percentage before and after the PBL lessons.

100 93

Pre-assessment Post-assessment
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An item-level comparison shows where improvement occurred. In both assessments, the
student scored well on lower-level items testing factual knowledge of biodiversity, such as
species concept, adaptation and endemism. On higher-level items requiring the connection
of multiple biodiversity concepts, the student scored 2/6 in the pre-assessment but 5/6 in
the post-assessment, an improvement of 50%. The largest gains were on items addressing
speciation, which improved from 30% to 80%. These descriptive patterns suggest that the
student was better able to link different biodiversity concepts after PBL lessons, consistent

with the qualitative findings below.

Qualitative data

The qualitative data came from the student’s presentations, written work, reflections,
and interview. Following the systematic coding process described in the data analysis
section, the interview transcript, reflective discussion records, and student work were read
repeatedly, initial codes were generated, and related codes were grouped into candidate
themes. Four themes were identified and reviewed against the data to confirm that they
were supported by the evidence: understanding of the topic, metacognitive abilities,

development of transferable skills, and attitude.

During coding, the initial codes clustered into four recurring groups. Codes such as

EEINT3 ]

“links concept to context,” “gives relevant examples,” and “makes inferences” formed
the theme of understanding the topic; codes such as “identifies own misconceptions” and
“relates learning to local context” formed metacognitive abilities; codes such as “learns

EEINT3

new software features,” “phrases searches,” and “cites sources” formed the development
of transferable skills; and codes such as “shows interest” and “prefers this way of learning”
formed attitude. Each theme is described below with supporting evidence and the student’s

own words.
Understanding the topic
This theme captures the student’s grasp of biodiversity concepts and her ability to

connect and apply them. In the pre-assessment, she struggled to connect concepts and
relate content to contextual questions, which cost her marks. In the post-assessment, she
integrated multiple concepts and related them to context, and her score rose from 73% to
93%. Her presentations showed the same pattern: she produced information-rich work,
explained most research questions clearly, and linked relevant examples to the content
taught in class. From this understanding, she made inferences, judgments, and suggestions

on biodiversity issues.

“Finding information on my own to do this task was very helpful. I was able to read a lot
of information, unlike the notes given by Miss. Also, when you give notes, students won t
bother reading more about it.”
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Learning biodiversity through real-world scenarios made the topic more meaningful
to her and encouraged her to take responsibility for her own learning, which may explain
why she read beyond what was assigned. This is consistent with research showing that
PBL encourages a deep rather than surface approach to learning by requiring students to
engage with information at multiple levels and in greater depth than traditional teaching
(Fox, 2010). Because exam questions are often set in unfamiliar contexts, PBL can broaden
students' knowledge so they can answer questions based on contexts they have not seen

before.
Metacognitive abilities

This theme captures the student’s awareness of her own learning and thinking.
Metacognition refers to thinking about thinking, becoming aware of one’s own learning
and growth (Flavell, 1979). The student related what she learned to biodiversity in the
Maldives, identifying similar environmental conditions in the Maldives and Australia, and
reasoned about why animals in the Maldives show particular adaptations. She recognized
the importance of conserving Maldivian biodiversity and proposed solutions to its decline,

showing comprehension that supported critical thinking and problem solving.

“While researching the peppered moth and the Industrial Revolution, I realized I had a few
misconceptions about mutation and natural selection.”

Her ability to identify her own misconceptions through research is direct evidence
of metacognitive growth. This finding aligns with research showing that PBL improves
students’ metacognitive abilities alongside their understanding of a topic (Jannah et al.,
2025).

Development of transferable skills

This theme captures the new skills the student acquired during the PBL lessons.
Transferable skills are defined by the Organisation for Economic Co-operation and
Development (OECD) as “the bundle of knowledge, attributes and capacities that can be
learned and that enable individuals to successfully and consistently perform an activity or
task and can be built upon and extended through learning” (Pearson Education Limited,
2020). The student learned to search for relevant information, phrase searches to obtain the
results she needed, cite sources, separate syllabus content from extra information, and align
it with learning outcomes.

“I didn't know how to use some features of PowerPoint before, like how to send back
pictures. To do this presentation, I googled and learnt it.”

She also learned to use features of Microsoft applications by searching the web. The
PBL tasks required her to move beyond her existing skills and develop research, digital-

literacy, critical-thinking, and problem-solving practices that may be useful in future study
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and work. This finding is consistent with research showing that PBL can motivate learning
about sustainability and support transferable-skill development (Overton & Randles, 2015).
In the present case, these skills also helped the student organize information and construct

contextually relevant answers in biology.
Attitude

This theme captures the student’s engagement and disposition toward learning biology.
Although the student was in high school, she appeared uninterested and unmotivated
in face-to-face classes, sometimes sleeping during explanations, and this pattern was
confirmed in the interview. Despite being conducted online and with a single participant,
the PBL lessons motivated her to learn the biodiversity topic because she was interested in
the tasks. Her curiosity led her to learn more than expected, helped her retain information,

and led her to express a clear preference for learning biology through this method.

“I think learning like this will help me to remember the information for a longer period of
time. Also, in exams, we get questions relating to species we know nothing about. So this
method will help me to attend these questions too.”

This shift in attitude is consistent with research showing that PBL significantly
improves student attitudes toward science, problem-solving skills, and views of the learning
environment (Ferreira & Trudel, 2012). PBL can therefore help teachers engage students in

learning complex topics such as biodiversity.

DISCUSSION

The currentactionresearch study examined changes in a Grade 12 student’sunderstanding
of biodiversity following participation in PBL. The findings also documented related
changes in her performance on higher-order assessment items, metacognitive awareness,
transferable skills, and attitude toward learning biology. The discussion considers how

features of PBL may have contributed to these observed changes.

The central mechanism is that PBL replaced passive reception of content with active,
self-directed construction of knowledge, which is central to inquiry-based learning. Recent
evidence shows that PBL and deep-learning approaches significantly improve students’
active and independent learning, both directly and through self-regulated learning (Tamami
et al., 2025). The open-ended, real-world tasks required the student to locate, evaluate,
and integrate information from multiple sources, which forced deeper processing than
teacher-delivered notes and explains the depth of understanding she demonstrated (Funa
& Prudente, 2021). Because the problems were contextual rather than abstract, the student
had to connect biodiversity concepts to real situations, precisely the kind of integration that

higher-order questions demand and that her post-assessment performance reflected.
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A second mechanism is autonomy and ownership, which are central to inquiry-based
learning. Being responsible for her own research shifted the student from a passive
recipient to an active agent in her learning. A meta-analysis of PBL across disciplines found
a significant effect on self-directed learning compared with lecture-based instruction, with
personal autonomy showing the strongest effect (Leary, 2021). This likely explains her
motivation and the fact that she read beyond what was assigned. Therefore, when learners

direct their own inquiry, they may invest more in both the process and the outcome.

Her metacognitive growth, evidenced by identifying her own misconceptions about
mutation and natural selection, follows from the same inquiry process. When learners
generate and evaluate their own knowledge, they become aware of gaps in it. This is
consistent with quasi-experimental evidence that PBL significantly improves high school
students’ metacognitive skills alongside their biology concept achievement (Jannah et al.,
2025b).

The development of transferable skills (research, digital literacy, and critical thinking)
and the positive shift in attitude are also consistent with the inquiry-based learning literature.
PBL has been shown to significantly improve student attitudes toward science, problem-
solving skills, and positive views of the learning environment (Funa & Prudente, 2021).

LIMITATIONS

The study was conducted with a single student, so the findings are case-specific and
cannot be generalized to all students or used to determine how PBL would function with
a whole class. Because the study did not include a comparison condition, the observed
changes cannot be attributed solely to PBL; they may also reflect repeated assessment,
teacher support, or the participant’s individual characteristics. The teacher-researcher’s dual
role and reliance on one participant’s self-reported reflections may also have influenced
the qualitative findings, despite the use of triangulation, second marking, and second
reviewer. In addition, the lessons were delivered online via Google Meet rather than in a
physical classroom, and the untimed tasks were completed at the student’s convenience. It
therefore remains uncertain whether similar activities and outcomes could be achieved with
approximately 30 students during a standard 45-minute school period. These constraints
mean that the findings should be interpreted as promising, context-specific evidence from

one case rather than proof of effectiveness.

ACTION PLAN

e Increase the sample size. Future studies should include a full class (25 to 30
students) rather than one participant, and ideally multiple classes, so findings can

be compared across groups and generalization claims become defensible.
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e Use multi-site implementation. Conducting the same PBL design across several
schools (two or three secondary schools) would show whether the effects hold in
different settings and student populations, strengthening the external validity of

results.

e  Use group tasks. Assigning collaborative group tasks distributes the workload and
mirrors real classroom conditions, testing how PBL functions with interdependent
learners.

e Provide clear task instructions. Each task should come with detailed instructions
and explicit teacher expectations, so students are not confused about the quality of
work required.

o Teach information-search skills in advance. Before beginning the tasks, students
should learn how to formulate searches, evaluate relevance, and identify sources

aligned with the learning outcomes.

e Include recommended sources. Attaching suggested sources to each task guides

students toward content aligned with the learning outcomes.

e Time the lessons. Future implementation should follow a fixed schedule to test

whether tasks can be completed within the standard lesson period.

IMPLICATIONS

Although the findings cannot be generalized to a mixed-ability class of approximately
30 students, they identify practices worth evaluating in broader classroom settings.
Meaningful PBL tasks may support attentiveness and, when combined with collaboration,
may contribute to a constructivist learning environment and more positive attitudes toward
biology. Similar designs may also be explored in other science subjects, business, and the
arts, where authentic problems can help connect disciplinary content to practical contexts.
These possibilities require further classroom-based evaluation before claims about

effectiveness or transfer across subjects can be made.

CONCLUSION

The study provides an affirmative answer to its research question for the participant:
following the PBL intervention, she demonstrated stronger conceptual understanding of
biodiversity, improved performance on higher-order assessment items, and a more positive
attitude toward biology. These outcomes are consistent with PBL’s emphasis on active,
self-directed, and context-rich inquiry, which may support conceptual understanding,
metacognitive and transferable skills, and motivation. Given the constraints of a single-
participant online intervention, the findings support further classroom-based implementation
and evaluation of PBL using differentiated and collaborative tasks, larger and more varied

samples, and standard lesson timings.
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