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Abstract. This classroom action research aimed to enhance Grade-3 students’ scientific
problem-solving skills on the topic of electrical energy using a problem-based learning
(PBL) approach. The participants were 28 students from a public school in Phuket Province,
purposively selected because the researcher was also their classroom teacher. The
intervention consisted of four PBL-aligned lesson plans. Research instruments included a
20-item three-answer choices test and four in-class activity sheets, each aligned with four
domains of scientific problem-solving: identifying problems, analyzing problems, proposing
solutions, and evaluating outcomes. Data were analyzed using both quantitative (descriptive
statistics) and qualitative (content analysis) methods. Findings revealed a significant
improvement in students’ problem-solving skills, with post-test scores (M = 74.43%)
exceeding pre-test scores (M = 60.53%). Qualitative data indicated increased proficiency in
identifying relevant problems, applying reasoning, and evaluating solutions. The study
highlights the effectiveness of the PBL model in fostering higher-order thinking and
scientific reasoning in primary education. Implications are offered for instructional design,
early science education, and curriculum reform in competency-based learning contexts.
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INTRODUCTION

In the 21 century, technological advancements have increasingly taken over roles
traditionally performed by humans, rendering many conventional skills sets outdated. The pervasive
integration of information and communication technology across all areas of life necessitates a
transformation in the competencies required in the modern workforce (Dwyer et al., 2014; Hidayah
etal., 2017). Tosucceed in this era, students must develop key 21%-century skills, including critical
thinking and problem-solving, creativity and innovation, as well as collaboration and communication
(Hosnan, 2014; Redhana, 2019). Therefore, educators must carefully select instructional models that
align with the competencies demanded by the 21st-century learning environment.

Contemporary Thai education aims to develop individuals into well-rounded human beings
across all dimensions, as outlined in the National Education Act of 1999 and its Amendment (No. 2)
of 2002 (Office of the National Education Commission, 2002, p. 14), the 13" National Economic
and Social Development Plan (2023-2027), and the education reform policy for the third decade
(2019-2028). These policies share a common goal: to cultivate learners with advanced cognitive
abilities such as analytical thinking, integrative thinking, synthetic thinking, problem-solving, and
critical thinking. Additionally, they emphasize the ability to access and utilize technology, foster
environmental awareness, promote public mindedness geared toward contributing to society,
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encourage the creation of social good, and support harmonious coexistence within the community
(Ministry of Education, 2008, p. 5).

Problem-based learning (PBL) is an instructional model grounded in constructivist learning
theory, where learners construct new knowledge through engagement with real-world problems as
the learning context. This approach enables students to develop analytical and problem-solving skills
while simultaneously acquiring knowledge within their respective disciplines.

PBL is fundamentally a process-oriented method that emphasizes understanding and
problem resolution. As a teaching strategy, it promotes self-directed learning by encouraging
students to independently explore and confront problems. Through this process, learners are given
opportunities to develop a range of thinking skills, including critical thinking, analytical thinking,
synthetic thinking, and creative thinking.

From the management of science learning activities, it was observed that when students were
presented with tasks involving real-life situations and current news for analysis, most of them
struggled to identify key issues or understand the problems. They also faced difficulties in designing
problem-solving processes. Scientific problem-solving skills are essential for living in the modern
era. Therefore, the researcher aimed to enhance students’ abilities in this area to support further
learning in subsequent units and to enable the application of these skills across other subjects.

Based on the reasons and significance outlined above, the researcher is interested in developing
the scientific problem-solving skills of Grade-3 students on the topic of electricity. It is believed that
implementing a problem-based learning model is an effective instructional approach for fostering these
skills. This approach encourages students to analyze real-life situations, which leads them to identify
problems, propose solutions, and evaluate the outcomes of their problem-solving processes. Through this,
students can demonstrate their understanding and ability to apply their knowledge effectively.

The present study distinguishes itself from previous research through its contextual grounding,
methodological rigor, and contribution to early science education. While much of the existing literature
on problem-based learning (PBL) in science education has centered on secondary or tertiary education
contexts (e.g., Joseph & Melfei, 2019), this study focuses explicitly on Grade-3 primary school students
in a public school in Phuket Province, Thailand. This localization of the research setting enables the
investigation to directly respond to the learning needs and lived experiences of younger learners,
particularly in the area of electrical energy—a topic embedded in students’ everyday realities. This
context-sensitive approach aligns with the call for curriculum development that is both culturally
responsive and pedagogically sound (Dwyer, Hogan, & Stewart, 2017).

Methodologically, the study employs a classroom action research model based on Kemmis and
McTaggart’s (2008) four-cycle framework. Unlike traditional experimental studies that isolate variables
under controlled conditions, the action research design allows for iterative refinement of instructional
practices based on real-time feedback and reflective analysis. As such, it embodies the dual roles of the
teacher as both practitioner and researcher, thereby bridging the gap between theory and practice in
science education.

Furthermore, this research innovatively disaggregates scientific problem-solving into four
distinct skill domains: (1) identifying the problem, (2) analyzing the problem, (3) proposing solutions,
and (4) evaluating results. This detailed breakdown allows for more nuanced measurement of student
learning than is typically found in studies that rely solely on summative assessments. By integrating both
guantitative (pre- and post-tests) and qualitative (student activity sheets and observations) data, the study
offers a comprehensive picture of student growth and highlights the developmental trajectory of problem-
solving skills across instructional cycles.

In contrast to previous studies that often overlook the capacity of young learners to engage in
complex inquiry, this study reveals that even early primary students can successfully develop scientific
reasoning when guided through structured, real-world problems in a collaborative learning environment.
As such, it offers both theoretical and practical insights into how PBL can be effectively adapted for
younger age groups and embedded within localized curricular frameworks. This contribution is
particularly valuable in advancing educational equity and improving science literacy at foundational
levels.

In the 21st century, scientific problem-solving skills have become essential competencies for
learners to navigate complex, real-world challenges. Early development of these skills in primary
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education is critical, as it lays the foundation for higher-order thinking and lifelong learning. However,
young students often struggle to identify, analyze, and resolve scientific problems in meaningful ways.

To address this gap, this study adopts a Problem-Based Learning (PBL) approach grounded in
constructivist theory. PBL encourages learners to engage with authentic, real-life problems, fostering
analytical thinking, creativity, and self-directed learning. This instructional model aligns with national
education policies in Thailand, which emphasize competency-based education and 21st-century skills.

Focusing on Grade-3 students in Phuket Province, this research aims to enhance students'
scientific problem-solving skills through a localized and culturally responsive science lesson on electrical
energy—a topic embedded in everyday experiences. By employing a classroom action research model,
the study not only supports iterative improvement of instructional practices but also contributes to the
discourse on early science education and equity.

RESEARCH OBJECTIVES
To develop the scientific problem-solving skills of Grade-3 students on the topic of electrical
energy through the implementation of a problem-based learning model.

CONCEPTUAL FRAMEWORK

This study is grounded in the constructivist theory of learning, which posits that students
actively construct their own understanding and knowledge through experiences and reflection
(Piaget, 1950; Vygotsky, 1978). Based on this theoretical perspective, the Problem-Based Learning
(PBL) approach is employed to serve as the instructional foundation for promoting scientific
problem-solving skills among Grade-3 students.

1. Problem-Based Learning (PBL)

PBL is an instructional model that centers on real-world problems as the context for learning.
Learners engage with ill-structured problems that do not have straightforward solutions, which
encourages them to think critically, collaborate with peers, explore relevant information, and apply
knowledge to formulate and evaluate solutions (Barrows & Tamblyn, 1980). In this study, the PBL
model consists of the following key stages:

Engagement with a real-world problem: Students encounter issues related to electrical
energy (e.g., energy conservation, energy sources).

Investigation and exploration: Students analyze the problem by connecting prior knowledge
with new information.

Solution proposal: Students formulate possible solutions based on scientific reasoning.

Evaluation and reflection: Students evaluate the effectiveness of the proposed solutions and
reflect on the learning process.

2. Scientific Problem-Solving Skills

Scientific problem-solving refers to a set of cognitive processes that students use to address
scientific questions or real-life problems. In this study, the skills are categorized into four
components:

Problem Identification: Recognizing and clearly defining the problem.

Problem Analysis: Understanding the cause-effect relationships and identifying relevant
information.

Proposing Solutions: Suggesting plausible and evidence-based methods to resolve the
problem.

Evaluating Solutions: Assessing the validity and effectiveness of the solution based on
scientific principles.

3. Interrelationship Between PBL and Scientific Problem-Solving Skills

The PBL model aligns with and supports the development of scientific problem-solving
skills through the following mechanisms:

PBL promotes active learning, which is essential for students to internalize and apply
problem-solving strategies.

The iterative process of inquiry embedded in PBL mirrors the stages of scientific problem-
solving.
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By working collaboratively and engaging in dialogue, students refine their reasoning and
deepen their understanding of scientific content.

The real-world problems used in PBL provide authentic contexts that enhance the relevance
and transferability of problem-solving skills.

Thus, in this study, the PBL approach is hypothesized to positively influence students'
scientific problem-solving skills, particularly in the context of learning about electrical energy. The
conceptual framework is illustrated in Figure 1.
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Figure 1. conceptual framework

METHODOLOGY

This research employs a classroom action research design, in which the researcher, acting as
the classroom teacher, conducts the study. It adopts a mixed-methods approach, with guantitative
data collection and analysis as the primary method, and qualitative data collection and analysis as a
secondary method integrated throughout the research process.

The study follows Kemmis and McTaggart’s (2008, p. 278) four-stage action research cycle,
which includes:

(D)Planning Stage: The researcher investigates learning management problems by reviewing
relevant literature and prior research. This stage also involves assessing students' scientific problem-
solving skills using a skill test focused on the topic of electrical energy. The results inform the design
of learning activities based on the problem-based learning model.

(2)Action Stage: The researcher implements the problem-based learning lesson plans that
were developed during the planning stage.

(3) Observation Stage: The researcher observes students' behaviors during the instructional
process and collects data using research tools, including activity sheets related to the topic of
electrical energy and the scientific problem-solving skill test.

(4) Reflection Stage: Data from both quantitative and qualitative instruments are analyzed
to guide the improvement and refinement of the lesson plans for the next cycle.

This process continues through four full cycles. After the completion of all instructional
plans, students’ scientific problem-solving skills are assessed again using the same test. The
researcher then synthesizes the research process, as illustrated in Figure 2.

Participants

Twenty-eight Grade-3 students from a school in Phuket Province were selected through
purposive sampling. As the researcher also serves as the classroom teacher, issues related to students’
lack of problem-solving skills were identified based on classroom evidence such as their responses
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to questions derived from media and innovations used during instruction. It was observed that the
students were unable to effectively identify problems or design appropriate solutions.
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Figure 2. The steps of the action research process.

Research Tools
1. Lesson Plans: A total of four learning management plans were implemented over eight
hours, as follows:
1.1 Lesson Plan 1: Converting One Form of Energy to Another 2 hours.
1.2 Lesson Plan 2: Electricity Production and Energy Sources for Electricity Production 2
hours.
1.3 Lesson Plan 3: Benefits and Harms of Electricity — 2 hours.
1.4 Lesson Plan 4: How to Use Electricity Economically and Safely 2 hours.
2. Scientific Problem-Solving Skill Test: The test covered four main topics aligned with the
lesson plans:
2.1 Converting one form of energy to another.
2.2 Electricity production and energy sources for electricity production.
2.3 Benefits and harms of electricity.
2.4 How to use electricity economically and safely.

3. Test Format: The scientific problem-solving skill test consisted of 20 multiple-choice
guestions (three options per item) and was administered as both a pre-test and a post-test.

Instrument Quality and Validation Procedures

To ensure the quality, accuracy, and credibility of the assessment instruments used in this
study, the following procedures were employed to examine both their validity and reliability.

1. Instrument Development: The research instruments consisted of (1) a 20-item three
answer choices test on scientific problem-solving skills, and (2) in-class activity sheets. Both
instruments were designed to assess students’ abilities across four domains: identifying problems,
analyzing problems, proposing solutions, and evaluating outcomes. The content of the items was
based on four key subtopics related to electrical energy, corresponding to the instructional units
implemented in the classroom.

The 20-item multiple-choice test on scientific problem-solving skills was developed to assess
students’ cognitive processes in four major domains: identifying problems, analyzing problems,
proposing solutions, and evaluating outcomes. These domains align with established frameworks for
scientific reasoning and problem-solving, such as those proposed by Jonassen (2000), Mayer and
Wittrock (2006), and OECD (2019) in the context of PISA scientific literacy.
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The item development process followed these steps:

(1) Content Specification: The items were constructed based on four key subtopics in
electrical energy aligned with the instructional content delivered in the classroom.

(2) Cognitive Process Alignment: Each item was designed to reflect a specific stage of the
scientific problem-solving cycle (Bybee, 2002; Huitt, 1992).

(3) Expert Review: A panel of three science education experts reviewed the items for content
validity, clarity, and alignment with the target skills.

(4) Pilot Testing: The instrument was piloted with 30 students not involved in the main study
to assess item difficulty, discrimination index, and reliability.

( 5) Reliability Analysis: Cronbach’s alpha coefficient for the overall instrument was
calculated to ensure internal consistency, targeting o > 0.70.

According to Mayer and Wittrock (2006), effective scientific problem-solving assessments
should elicit students' abilities to recognize a problem, reason through causes and consequences,
generate possible solutions, and evaluate the appropriateness of those solutions. The design of the
present instrument adheres to this framework, as shown in the table below.

Instrument Quality and Validation Procedures

The 20-item multiple-choice test was developed to assess students’ scientific problem-
solving skills, grounded in established theoretical frameworks (Table 1). The process was rigorous
and included multiple phases to ensure content validity, clarity, alignment, and reliability.

Literature Reviews Informing the Test Development

1) Jonassen (2000), Mayer & Wittrock (2006), and OECD (2019): These scholars propose
frameworks that define scientific problem-solving as a cognitive process involving recognizing
problems, analyzing data, generating solutions, and evaluating outcomes.

2) Bybee (2002); Huitt (1992): Their work on scientific reasoning cycles guided the
alignment of each test item with specific stages in the problem-solving process.

3) Mayer and Wittrock (2006): Emphasized that effective problem-solving assessments
should involve:

3.1) Identifying a problem.
3.2) Reasoning through causes and consequences.
3.3) Generating potential solutions.
3.4) Evaluating the appropriateness of solutions.
These sources validated the inclusion of four major domains in the instrument: (1)

Identifying Problems, (2) Analyzing Problemsu (3) Proposing Solutionsy and (4) Evaluating
Outcomes.

Table 1: Mapping of 20 Multiple-Choice Items to Scientific Problem-Solving Skills

Item  Subtopic in Electrical Target Skill Problem-Solving Skill Represented
No. Energy Domain
1-5 Electric current and Identifying Recognizing phenomena that signal a
circuits problems malfunction or inconsistency
6-10 Electrical resistance Analyzing Interpreting diagrams, data, and cause-
problems effect relationships
11-15 Power and energy Proposing Suggesting ways to reduce energy use or
consumption solutions correct system errors
16-20  Safety and practical Evaluating Judging the effectiveness or safety of
applications outcomes proposed electrical setups

Development Process Summary:

1) Content Specification: Items were based on four key subtopics in electrical energy taught
in class.

2) Cognitive Process Alignment: Each item matched a stage in the scientific problem-solving
cycle.
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3) Expert Review: Panel of science education experts ensured validity and alignment.

4)Pilot Testing: Conducted with 30 students to measure difficulty, discrimination, and
reliability.

5) Reliability Analysis: Achieved Cronbach’s alpha > 0.70, ensuring internal consistency.

This structured alignment ensured that the assessment was not only content-valid but also
reflective of meaningful cognitive and scientific processes. The integration of problem-solving
components based on literature enhances the instrument’s utility in diagnosing students’ strengths
and gaps in scientific reasoning (OECD, 2019; Jonassen, 2000).

How the Researcher Might Have Designed the Analytic Scoring Rubrics

Although not explicitly detailed in the image, a logical design of analytic scoring rubrics for
scientific problem-solving skills would follow the four domains referenced in the study: 1)
Identifying Problems 2) Analyzing Problems 3) Proposing Solutions 4)Evaluating Outcomes

The researcher would likely create rubric dimensions aligned with each of these cognitive
domains, incorporating performance levels (e.g., 0 = No attempt, 1 = Emerging, 2 = Developing, 3
= Proficient, 4 = Advanced).

Steps in Rubric Development (Inferred from Educational Measurement Literature):

1) Define Constructs. Based on Jonassen (2000), Mayer & Wittrock (2006), and Bybee
(2002), clearly define the cognitive skill for each rubric category.

2) Determine Performance Levels. Establish 3-5 levels of achievement per skill (e.g.,
“Incorrect,” “Partial,” “Complete and Reasoned”).

3) Align Criteria with the Scientific Problem-Solving Cycle. As per Bybee’s 5E model
(Engage, Explore, Explain, Elaborate, Evaluate), ensure rubric items evaluate reasoning, evidence
use, and clarity.

4) Expert Review. As mentioned in the image, expert validation is a critical step (e.g., three
science education experts reviewed test content—Iikely true for rubrics too).

5) Pilot Testing and Revision. Use pilot student responses to calibrate the rubric, revise
criteria, and ensure inter-rater reliability.

As illustrated in Table 2, the rubric dimensions are directly aligned with the four cognitive
domains of scientific problem-solving. For example, the Identifying Problems domain emphasizes
students’ ability to accurately recognize the core issue, consistent with Jonassen’s (2000) framework
on problem representation. The Analyzing Problems domain highlights interpretation of data and
causal reasoning, which reflects the importance of analytical thinking in Mayer and Wittrock’s
(2006) model. Similarly, the Proposing Solutions domain ensures that students generate feasible and
context-relevant responses, echoing Bybee’s (2002) emphasis on authentic inquiry and OECD’s
(2019) focus on real-world problem solving. Finally, the Evaluating Outcomes domain underscores
the critical appraisal of solution safety, effectiveness, and efficiency, as supported by Mayer and
Wittrock (2006). Thus, Table 2 not only operationalizes the abstract constructs defined in the rubric
design steps but also grounds them in established literature, ensuring that the scoring process is both
theoretically robust and pedagogically meaningful.

Table 2: Example of Possible Rubric Dimensions.

Skill Domain Criteria Example Reference
Identifying Accurately identifies the core scientific issue  Jonassen (2000)
Problems or inconsistency
Analyzing Interprets data/diagrams correctly; explains Huitt (1992), Mayer &
Problems cause-effect clearly Wittrock (2006)
Proposing Suggests feasible, science-based, and Bybee (2002), OECD
Solutions context-relevant solutions (2019)

Evaluating Critically evaluates solution safety, Mayer & Wittrock (2006)
Outcomes effectiveness, and efficiency

2. Content Validity: To establish content validity, the initial draft of the test and activity
sheets was reviewed by three experts in the fields of science education and educational assessment.
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Each item was evaluated for alignment with the instructional objectives, clarity of language, and
relevance to scientific problem-solving skills. The Item-Objective Congruence (IOC) index was
calculated, and items receiving an 10C score of 0.67 or above were retained. Items with lower scores
were revised or removed.

3. Pilot Testing: The revised version of the test was then pilot-tested with a group of 15
Grade-3 students who shared similar characteristics with the target population but were not part of
the main study. This pilot aimed to ensure that all items were understandable, the test length was
appropriate, and the wording was age-appropriate.

4. Item Analysis: Data from the pilot test were analyzed to evaluate item difficulty and
discrimination. Items were retained if their P-values (difficulty index) fell within the recommended
range (0.20-0.80), and their discrimination indices (D) were at least 0.20. Items not meeting these
criteria were revised or excluded to enhance the overall quality of the instrument.

5. Reliability Estimation: The internal consistency reliability of the test was computed
using Kuder-Richardson Formula 20 (KR-20), suitable for dichotomous items. A KR-20 value of
0.70 or higher was considered acceptable, indicating that the test was sufficiently reliable for
measuring student learning outcomes.

6. Scoring Rubrics for Qualitative Data: For the in-class activity sheets, analytic scoring
rubrics were developed to assess students’ performance in each domain of scientific problem-solving.
The rubrics were subjected to expert validation to ensure clarity and alignment with theoretical
constructs. Two independent raters were trained to apply the rubric to a sample of student responses,
and inter-rater reliability was calculated using Cohen’s Kappa to confirm consistency between
scorers.

Data Collection

The researcher collected data according to the following steps:

(1) The researcher administered the scientific problem-solving skill test on the topic of electrical
energy before the lesson to gather baseline data from the students. The test was scored and recorded
for accuracy.

(2) The researcher conducted learning activities using the problem-based learning approach and
collected data on students’ scientific problem-solving skills that emerged during the lesson, over the
course of four sessions.

(3) The researcher administered the same scientific problem-solving skill test on electrical energy
after the lesson, then checked and recorded the students’ scores.

(4) The learning outcomes were analyzed using both quantitative and qualitative methods: 1)
Problem identification, 2) Problem analysis, ) Proposal of problem-solving methods, and 4)
Verification of problem-solving results.

Data Analysis

Data analysis in this research was divided according to the nature of the data: quantitative and
gualitative, as follows:

(1) Quantitative data included evaluation scores from activity sheets based on the learning
activity plans, as well as scores from students’ scientific problem-solving skill tests. The data were
analyzed using percentage calculations.

(2) Qualitative data consisted of students’ responses from activity sheets, which were grouped
to categorize their scientific problem-solving skills into four areas: 1) Problem identification, 2)
Problem analysis, 3) Proposal of problem-solving methods, and 4) Verification of problem-solving
results.

Students’ responses were analyzed and grouped according to the components of problem-
solving skills, and their levels of development were reported in percentages.

In this study, data were analyzed using both quantitative and qualitative approaches to
provide a comprehensive understanding of students’ development in scientific problem-solving
skills.

1. Quantitative Data Analysisx

Quantitative data were derived from two sources:
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- Scores obtained from the scientific problem-solving skill test (administered as a pre-test
and post-test).

- Scoring results from student activity sheets, which corresponded to each of the four lesson
plans.

The following steps were undertaken for the quantitative analysis:

1. Scoring: Students’ responses to multiple-choice items in the pre- and post-tests were
scored dichotomously (1 point for a correct answer, 0 for an incorrect answer). Each test comprised
20 items, yielding a maximum possible score of 20.

Percentage Calculation: The raw scores were converted into percentages to facilitate
interpretation and comparison between pre-test and post-test performance. These percentages
reflected the extent of students’ improvement in scientific problem-solving skills.

Descriptive Statistics: Data were summarized using descriptive statistics, including mean
scores and percentage of correct responses, to highlight the overall learning gains and identify areas
of strength or weakness.

Skill-Based Categorization: Test items were mapped to four specific skill domains problem
identification, problem analysis, solution proposal, and result evaluation allowing for domain-
specific quantitative analysis of student performance.

The analytic scoring rubrics used in this study were developed to evaluate students’
performance on in-class activity sheets across four core domains of scientific problem-solving:
identifying problems, analyzing problems, proposing solutions, and evaluating outcomes. The
development of the rubrics followed established principles from assessment literature emphasizing
clarity, objectivity, and alignment with learning goals (Brookhart, 2013; Moskal, 2000).

The steps in designing the analytic rubric were:

(1)Domain Specification: Each rubric dimension reflected a component of problem-solving
skills (e.g., identifying variables, reasoning through evidence, selecting appropriate solutions).

(2) Level Descriptors: Performance levels were divided into four tiers: Beginning (1),
Developing (2), Proficient (3) Each level was described with specific behavioral indicators to ensure
consistency in scoring.

(3) Content and Cognitive Alignment: Rubric criteria were mapped directly to the learning
outcomes and the types of cognitive tasks expected in each activity. This approach is consistent with
recommendations by Nitko & Brookhart (2014) that rubrics should align with instructional objectives
and promote valid inferences about learning.

(4) Expert Validation: Three experts in science education reviewed the rubric for content
validity, ensuring that each criterion was clear, observable, and developmentally appropriate.

(5) Pilot Application and Revision: The rubric was trialed with a sample of student responses.
Inter-rater reliability was calculated using Cohen’s Kappa, and necessary revisions were made based
on discrepancies and expert feedback.

This method reflects a constructive alignment approach (Biggs & Tang, 2011), ensuring
coherence between learning outcomes, instruction, and assessment.

2. Qualitative Data Analysis: Qualitative data were drawn from students’ open-ended
responses on activity sheets completed during the learning process. These responses were analyzed
using the following procedures:

Data Coding: Student responses were first categorized according to the four scientific
problem-solving components: (1) Identifying the problem, (2) Analyzing the problem, (3) Proposing
solutions, and (4) Verifying the results.

Criteria for Classifying Student Responses into Problem-Based Learning Skill
Domains

To evaluate students’ scientific problem-solving skills, student responses from the activity
sheets were classified into four core domains of problem-based learning: (1) Problem Identification,
(2) Problem Analysis, (3) Solution Proposal, and (4) Result Evaluation. Each domain was assessed
using a structured rubric that categorized student responses into three developmental levels
Beginning, Developing, and Proficient based on clearly defined criteria.

The rubric development process described above is concretely operationalized in Table 2
and further elaborated in Table 3. While Table 2 presents the broader rubric dimensions across four
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core domains of scientific problem-solving (identifying problems, analyzing problems, proposing
solutions, and evaluating outcomes), Table 3 provides detailed performance levels and criteria within
each domain. For example, in the Problem Identification domain, Table 2 outlines the importance of
recognizing the core scientific issue (Jonassen, 2000), and Table 3 expands this into observable levels
ranging from “fails to identify the problem” (Beginning) to “clearly identifies with accurate reference
to context or content” (Proficient). Similarly, the domains of problem analysis, solution proposal,
and result evaluation in Table 2 are specified in Table 3 with progressive achievement descriptors
(Beginning—Developing—Proficient). Together, these tables illustrate how abstract rubric dimensions
(Table 2) are systematically translated into measurable performance indicators (Table 3), ensuring
validity, clarity, and consistency in assessing scientific problem-solving skills.

Table 3: Rubric for Assessing Levels of Scientific Problem-Solving Competence
Level Criteria

1. Problem Identification

Proficient Clearly identifies the problem, with accurate reference to real-life context or
scientific content.

Developing Identifies a general issue or partial aspect of the problem but lacks clarity or
precision.

Beginning  Fails to identify the problem or presents unrelated or vague information.

2. Problem Analysis

Proficient ~ Analyzes the problem by identifying relevant causes, factors, or scientific
concepts with logical reasoning.

Developing Provides some relevant analysis but lacks depth, completeness, or contains partial
misconceptions.

Beginning  Provides little or no analysis; shows misunderstanding or random ideas unrelated
to the problem.

3. Solution Proposal

Proficient Proposes a feasible, clearly explained, and scientifically valid solution.

Developing  Suggests a possible solution, though it may lack full explanation or contain minor
scientific inaccuracies.

Beginning  Offers an implausible or unscientific solution, or fails to propose a solution at all.

4. Result Evaluation

Proficient Evaluates the effectiveness of the proposed solution with evidence, reasoning, or
real-world applicability.

Developing  Attempts an evaluation but lacks justification or shows limited connection to the
problem.

Beginning  Does not evaluate the result or provides irrelevant or unclear comments.

This rubric was applied consistently to each student’s responses across all learning sessions.
Two trained raters independently scored the responses, and inter-rater reliability was established
using Cohen’s Kappa to ensure consistency. The frequency of students falling into each level per
domain was then converted into percentages for reporting in the results section.

Thematic Grouping: Within each category, responses were grouped by theme to determine
common patterns and variations in student thinking. This process allowed researchers to identify how
students approached each stage of the problem-solving process.

Developmental Level Classification: Each student’s response in each domain was
evaluated against a rubric or criteria developed to determine the level of proficiency (e.g., beginning,
developing, proficient). These levels were then quantified into percentages, providing an overview
of student progress and learning distribution.

Triangulation: The qualitative findings from the activity sheets were compared and cross-
referenced with quantitative test results to enhance the reliability and validity of the interpretations.
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RESULTS AND DISCUSSION
This research aimed to develop the scientific problem-solving skills of Grade-3 students on the
topic of electrical energy using a problem-based learning model, implemented before, during, and
after instruction. Data were collected through a science problem-solving skill test, and the results
were analyzed accordingly. The researcher presents the data analysis results as follows:
Part 1: Analysis of the scientific problem-solving skill activity sheets
Part 2: Analysis of the scientific problem-solving skill test results before and after instruction
Part 3: Students’ scientific problem-solving abilities before, during, and after instruction using
the problem-based learning model on the topic of electrical energy
Chapter 1: Analysis of the scientific problem-solving skill activity sheets

Chapter 1 presents the analysis of students’ scientific problem-solving skills through their
responses to four structured lesson plans. Each lesson plan was designed to engage students in
different contexts of energy and electricity, allowing the researcher to observe how students
performed across the four core dimensions of problem-solving: problem identification, problem
analysis, proposing solutions, and verifying results. The findings reveal that students’ performance
varied across lessons. For instance, in Lesson Plan 1, many students demonstrated difficulties in
clearly identifying the problem and proposing solutions relevant to the context, which indicates a
Developing or Beginning level of performance. In contrast, Lesson Plans 2-4 show progressive
improvement, as students were increasingly able to connect the problems with real-life contexts,
propose scientifically valid and practical solutions, and verify the results effectively.

Overall, Chapter 1 highlights not only the challenges students face in early attempts at
scientific problem-solving but also the evidence of growth when learning activities are scaffolded.
This provides a strong rationale for using analytic rubrics (as outlined in Table 1) to capture
performance differences across domains and levels, ensuring that assessment reflects both strengths
and areas for further development.

As shown in Table 4, the grouping of students’ answers across the four lesson plans provides
clear evidence of how their scientific problem-solving skills develop in authentic learning contexts.
In Lesson Plan 1, most responses reflect difficulties in both problem identification and solution
proposal, indicating that students struggled to apply scientific reasoning to the given situation.
However, from Lesson Plan 2 onward, students demonstrated greater accuracy in identifying core
issues, analyzing problems in relation to real-life contexts, and proposing feasible solutions, such as
renewable energy sources. Lesson Plans 3 and 4 further highlight students’ progression toward
proficiency, with many providing clear, context-relevant solutions and verifiable outcomes.

This pattern of responses illustrates the usefulness of the rubric dimensions (problem
identification, problem analysis, solution proposal, and result evaluation) in capturing both strengths
and weaknesses. Table 4 thus not only summarizes students’ actual performance but also confirms
that the analytic rubric framework is capable of differentiating between varying levels of
competency. In this way, the table bridges theoretical constructs of problem-solving skills with
practical classroom evidence, offering insights for refining instructional design and assessment
practices.

As shown in Table 5, the summary of student performance across lesson plans provides a
holistic picture of how their problem-solving skills evolved throughout the activities. Lesson 1
(Energy Conversion) reveals that students struggled particularly with problem analysis, solution
proposal, and result evaluation, where most responses remained at the Beginning level. This suggests
that students initially lacked the ability to apply scientific reasoning to contextual problems.

However, in Lessons 2—4, students consistently reached the Proficient level across all four
domains. This indicates substantial improvement, as they were able to accurately identify problems,
analyze them with logical reasoning, propose scientifically valid and context-relevant solutions, and
verify results effectively. These findings confirm the progression already observed in Tables 3 and
4, where students moved from vague or inconsistent responses to increasingly accurate and
scientifically grounded solutions.
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Table 4: The results of grouping students' answers for all 4 activities.

Lesson Plan

Answer

Lesson Plan 1:
Converting One
Form of Energy
to Another

(1) Problem identification

“Partially stated problem: Matter cannot change energy into other forms. ”
(2) Problem analysis

“Unable to analyze the cause of the problem: The student cannot determine
whether the issue lies in matter being unable to convert energy or does not provide
an answer at all.”
(3) Proposal of problem-solving methods

“The design is not consistent with the issue: A separation process is written
that is not relevant to the given situation.”
(4) Verification of problem-solving results

“Check for inconsistent results: Provides a general description of substance
changes that does not align with the given situation—for example, stating that
substances can change in many forms depending on various factors.”

Lesson Plan 2:
Electricity
Production and
Energy Sources
for Electricity
Production

(1) Problem identification

“Identifies 80% of the issues consistent with the situation: Recognizes that
electricity is produced from natural energy sources and acknowledges that there
are various sources of production.”
(2) Problem analysis

“Analyzes problems in line with the situation: Connects the problem to related
information, such as energy shortages and the depletion of energy production,
leading to the need to find alternative natural energy sources.”
(3) Proposal of problem-solving methods

“Proposes an approach consistent with the problem situation: Designs a
method to test renewable energy sources, such as wind and sunlight, which have
low production costs. ”
(4) Verification of problem-solving results

“The designed approach can be verified ”

Lesson Plan 3:
Benefits and
Harms of
Electricity

(1) Problem identification

“Correctly identifies the problem: Students misuse electrical appliances and do
not practice energy conservation.”
(2) Problem analysis

“Shows the relationship through issue analysis: Not unplugging electrical
appliances leads to excessive electricity consumption, despite electricity being
essential for daily life.”
(3) Proposal of problem-solving methods

“Provides clear solutions: Suggests actions for environmental conservation,
such as unplugging power cords after use and using electricity only when
necessary.”
(4) Verification of problem-solving results

“The designed approach can be verified”

Lesson Plan 4:
How to Use
Electricity
Economically
and Safely

(1) Problem identification

“Clearly identifies the issue: Raises students' awareness about electricity
usage.”
(2) Problem analysis

“Analyzes problems in line with the situation: Connects the problem to related
information, such as energy shortages and the depletion of energy production,
leading to the need to find alternative natural energy sources.”
(3) Proposal of problem-solving methods

“Proposes an approach consistent with the problem situation: Designs a
method to test renewable energy sources, such as wind and sunlight, which have
low production costs.”
(4) Verification of problem-solving results

“The designed approach can be verified”
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In this way, Table 5 not only synthesizes the performance trends but also validates the
usefulness of the rubric framework (outlined in Table 2 and Table 3). It demonstrates how structured
learning and repeated practice enabled students to progress from Developing/Beginning toward
Proficient levels in scientific problem-solving, thereby highlighting the effectiveness of the
instructional design.

Table 5: Student Problem-Solving Skill Levels by Lesson Plan.

Lesson Plan Problem Problem Solution Result
Identification Analysis Proposal Evaluation
Lesson 1: Energy Conversion Developing Beginning Beginning Beginning
Lesson 2: Electricity Production Proficient Proficient Proficient Proficient
Lesson 3: Benefits & Harms Proficient Proficient Proficient Proficient
Lesson 4: Economic & Safe Use Proficient Proficient Proficient Proficient

The qualitative data, derived from student responses on activity sheets, revealed meaningful
insights into the development of scientific problem-solving skills among Grade-3 students. The
analysis focused on four key domains: problem identification, problem analysis, solution proposal,
and result evaluation.

Overall, the findings demonstrated progressive growth in students’ problem-solving abilities
as they engaged in problem-based learning activities. In the initial lesson on energy conversion, most
students exhibited limited conceptual understanding, as evidenced by vague or incorrect responses
in all four skill domains. Their difficulty in identifying the problem accurately and proposing relevant
solutions indicated a foundational level of scientific reasoning.

However, in subsequent lessons particularly those focused on electricity production, its
benefits and harms, and safe usage practices students showed significant improvement. Their
responses reflected an increased ability to Identify relevant problems grounded in real-life
scenarios,Analyze issues logically by connecting them with prior knowledge and contextual factors,
Propose feasible and scientifically valid solutions, and Evaluate the effectiveness of solutions with
clear reasoning.

These findings suggest that the iterative implementation of problem-based learning enabled
students to gradually internalize scientific inquiry processes. Additionally, the integration of real-
world issues enhanced students’ motivation and contextual understanding, leading to more
thoughtful and structured problem-solving approaches.

The analysis also confirmed that even young learners, when guided through appropriately
designed instructional strategies, can successfully develop complex reasoning and problem-solving
skills. This highlights the pedagogical value of applying qualitative assessments to uncover nuanced
dimensions of learning that standardized tests alone may overlook.

= Activity 1 = Activity 2 = Activity 3 = Activity 4

O FRLP NWK OO

Answer Grouping

Problem identification Problem analysis Proposal of problem- Verification of
solving methods  problem-solving results

Figure 2. Results from grouping students’ responses across all four activities.
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From Figure 2, it can be observed that, in terms of problem identification, students were able
to identify the problems presented in each activity as designed by the teacher. However, in the area
of problem analysis, the initial part of the chart shows a low performance level, indicating that
students initially struggled to analyze the problems. As the activities progressed, by Activity 4, the
chart shows a notable increase, suggesting that students improved their ability to analyze problems.
In the aspects of proposing solution methods and evaluating the results, the chart indicates that all
groups of students were able to perform these steps effectively.

Chapter 2: Analysis of Pre-Test and Post-Test Results on Scientific Problem-Solving Skills

Chapter 2 presents the analysis of pre-test and post-test results to evaluate the development
of Grade-3 students’ scientific problem-solving skills in the topic of electrical energy through a
problem-based learning (PBL) approach. As indicated in Table 2, the mean score of students
increased from 24.21 (S.D. = 2.28) on the pre-test to 29.79 (S.D. = 3.02) on the post-test, reflecting
a clear improvement in performance following the instructional intervention.

When disaggregated into the four dimensions of problem-solving skills (problem
identification, problem analysis, proposing solutions, and evaluating solutions), Table 3 shows that
students initially demonstrated only moderate levels of ability (ranging from 57.14% to 64.64%).
After instruction, however, their performance improved substantially, reaching high levels across all
domains, with the highest gains observed in solution evaluation (80%).

Further evidence is provided in Table 4, which traces students’ progress before, during, and
after the lesson plans. The results demonstrate a steady increase in problem-solving proficiency,
beginning with 60.53% at the pre-test and rising to 84.50% by the post-test. Notably, after each
successive lesson plan, students showed consistent growth: 80% after Lesson 1, 78% after Lesson 2,
82% after Lesson 3, and 84% after Lesson 4. This progression underscores the effectiveness of the
PBL model in scaffolding students’ learning, enabling them to move from a moderate to a high level
of problem-solving competence.

2.1 The pre-test and post-test scores of Grade-3 primary school students on the topic of
electrical energy, taught using the problem-based learning model, are presented in Table 2.

Table 2: Displays the comparison of students' pre-test and post-test scores in scientific problem-
solving skills.

Test N Maximum score x S.D
Pre-test 28 40 24.21 2.28
Pos-test 28 40 29.79 3.02

From Table 13, it is shown that the pre-test scores of Grade-3 students on scientific problem-
solving skills in the topic of electrical energy, using a problem-based learning approach, had a mean
score (X) of 24.21 (S.D. = 2.28). The post-test scores had a higher mean score (X) of 29.79 (S.D. =
3.02).

2.2 The pre-test and post-test scores of scientific problem-solving skills among Grade-3 students
on the topic of electrical energy, taught using a problem-based learning approach, can be categorized
into four areas of scientific problem-solving skills: 1) Problem identification, 2) Problem analysis,
3) Proposing problem-solving methods, and (4) Evaluating the results of problem-solving.

Table 3: Presents the pre-test and post-test scores for each of these skill areas.

Problem-solving skills N=28
Pre-test Pos-test
(1) Problem identification 58.21 71.01
(2) Problem analysis 57.14 71.01
(3) Proposing problem-solving methods 62.14 75.71
(4) Evaluating the results of problem-solving 64.64 80
Total score of the student 60.53 74.43

©2025 Copyright by the Science Education Association (Thailand). This article is licensed under CC BY-NC-ND 4.0.



https://creativecommons.org/licenses/by-nc-nd/4.0/deed.en

155

Scientific problem-solving ability on the topic of electrical energy revealed that before
instruction using the problem-based learning model, most Grade-3 students demonstrated a moderate
level of scientific problem-solving ability, accounting for 60.53%. This can be divided into four
areas:

(1) Problem Identification — Most students demonstrated a moderate level, 58.21%

(2) Problem Analysis — Most students demonstrated a moderate level, 57.14%

(3) Proposing Solutions — Most students demonstrated a moderate level, 62.14%

(4) Evaluating Solutions — Most students demonstrated a moderate level, 64.64%

After instruction using the problem-based learning model, most students showed a high level of
scientific problem-solving ability, at 74.43%. Specifically:

(1) Problem Identification — High level, 71.01%

(2) Problem Analysis — High level, 71.01%

(3) Proposing Solutions — High level, 75.71%

(4) Evaluating Solutions — High level, 80%

Table 4: Scientific Problem-Solving Ability of Students Before, During, and After Learning.

Problem-solving skills N=28
Pre- Lesson Lesson Lesson Lesson Post-
Test Plan 1 Plan 2 Plan 3 Plan 4 Test
(1) Problem identification 58.21 100 60 90 80 71.01
(2) Problem analysis 57.14 30 80 50 60 71.01
(3) Proposing problem- 62.14 80 66.67 80 86.67 75.71
solving methods
(4) Evaluating the results of 64.64 100 100 100 100 80
problem-solving
Total score of the student 60.53 80 78 82 84 84.50

Before the instructional intervention, most students demonstrated a moderate level of
scientific problem-solving ability, accounting for 60.53%. After the implementation of the problem-
based learning approach, students showed improved scientific problem-solving skills, with 74.43%
of students achieving a high level of ability.

This finding is consistent with the analysis of students' responses in the activity sheets after each
lesson plan. It was found that:

(1) After Lesson Plan 1, most students demonstrated a high level of scientific problem-

solving ability at 80%

(2) After Lesson Plan 2, the percentage was 78%

(3) After Lesson Plan 3, the percentage increased to 82%

(4) After Lesson Plan 4, the percentage further rose to 84%

CONCLUSION AND IMPLICATIONS
This study investigated the effectiveness of a problem-based learning (PBL) approach in

promoting scientific problem-solving skills among Grade-3 students, with a focus on the topic of
electrical energy. The findings based on both quantitative test scores and qualitative performance
assessments demonstrate significant learning gains across all components of scientific problem-
solving.

Conclusion

The analysis showed that students improved notably in their scientific problem-solving
competencies as a result of the instructional intervention. Specifically: Problem Identification:
Students successfully identified the problems embedded in the teacher-created scenarios in 90% of
cases. This high performance indicates that young learners can recognize scientifically framed
problems when they are presented in relatable, real-world contexts. Problem Analysis: Initially,
only a few student groups could analyze the root causes of the problems. However, through repeated
engagement across four structured activities, performance in this area improved significantly rising
to 75% by the final activity. This progressive improvement illustrates the value of scaffolding and
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iteration in developing analytical skills. Solution Proposal and Evaluation: All student groups
(100%) were able to propose suitable problem-solving methods and evaluate their results by the final
activity. This reflects mastery in the latter stages of the problem-solving cycle and demonstrates that
primary students, when supported through structured inquiry, can engage in high-level reasoning and
reflection.

From a quantitative perspective, the comparison between pre- and post-tests showed a statistically
significant improvement in scientific problem-solving scores. The mean post-test score (M = 29.79,
SD = 3.02) was higher than the pre-test score (M = 24.21, SD = 2.28), with significance at the .01
level. The increase in standard deviation indicates a wider distribution of scores, suggesting that
while overall achievement increased, learners responded differently to the PBL process highlighting
diverse pathways of cognitive development.

Prior to instruction, 60.53% of students were at a moderate level of problem-solving proficiency.
After the implementation of PBL, 74.43% of students reached a high level of proficiency. These
results validate the impact of the PBL model in fostering meaningful learning gains, consistent with
previous findings (e.g., Suratmi et al., 2025; Joseph, 2019), which emphasized the role of PBL in
promoting energy literacy and scientific engagement.

Implications

Implications for classroom practice: This study confirms that PBL is not only feasible but highly
effective for use in primary science classrooms. Teachers should be encouraged to implement real-
life, scenario-based lessons that allow students to engage in identifying problems, analyzing
information, designing solutions, and evaluating outcomes. The integration of tools like mind maps
and collaborative discussions further supports cognitive development.

Implications for curriculum design: Curriculum developers should consider embedding structured
problem-solving frameworks into science units at the elementary level. The use of sequential, real-
world problem scenarios supports inquiry-based learning and aligns with competency-based
educational reforms.

Implications for assessment: The four-domain rubric developed in this study (identification,
analysis, solution, evaluation) offers a reliable framework for assessing scientific problem-solving in
young learners. This approach allows for both formative and summative assessments that go beyond
traditional multiple-choice formats.

Implications for policy and reform: The results provide empirical evidence supporting the
inclusion of PBL within national education policies aimed at promoting 21st-century skills, such as
critical thinking, creativity, and collaboration. This model also supports equity by enabling all
learners to engage in high-level cognitive tasks, regardless of background.

Implications for future research: Further studies could explore the long-term impact of PBL on
student achievement, as well as its effectiveness in other scientific topics and among different age
groups. Additionally, researchers should examine how PBL interacts with digital tools and local
contexts to enhance personalized learning pathways.
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