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ABSTRACT 
[bookmark: _GoBack]	This study aimed to identify and map critical learning gaps in Senior High School General Chemistry using a PISA-based assessment instrument anchored on scientific literacy competencies. A quantitative diagnostic research design with an instrument development component was employed. The instrument underwent expert validation, yielding mean ratings classified as “Exceed Expectation,” and demonstrated acceptable reliability (Cronbach’s α = 0.757). The assessment was administered to Senior High School learners from selected public schools. Results revealed that all ten core chemistry competencies were classified as “Least Mastered,” with performance ranging from 28% to 57%. The most critical gaps were observed in chemical bonding, solutions, atomic structure, and gas laws. Findings indicate a systemic deficiency in both conceptual understanding and application of chemistry knowledge. The study concludes that traditional instructional approaches fail to develop scientific literacy competencies. The validated PISA-based instrument proved effective in diagnosing learning gaps and offers implications for curriculum development, instructional redesign, and targeted interventions.
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INTRODUCTION 
	Scientific literacy has become a central goal in modern education, emphasizing not only knowledge acquisition but also the ability to apply scientific concepts in real-world contexts. International assessments such as the Programme for International Student Assessment (PISA) highlight the importance of higher-order thinking skills, including explaining scientific phenomena, interpreting data, and designing inquiry-based solutions. However, chemistry education remains a challenge, particularly among Senior High School learners, due to its abstract nature and reliance on symbolic and conceptual understanding.
	In the Philippine context, persistent learning gaps have been observed in fundamental chemistry topics such as gas laws, mole concepts, and chemical reactions. These gaps hinder learners’ ability to progress in more advanced scientific domains. Despite the global shift toward competency-based assessment, many local evaluation tools remain focused on content recall rather than application and reasoning.
	To address this gap, this study developed and utilized a PISA-based assessment instrument designed to diagnose learners’ conceptual understanding and scientific literacy competencies in General Chemistry. By mapping these learning gaps, the study aims to provide empirical evidence to support instructional improvement and curriculum alignment with international standards.
METHODOLOGY
	This study employed a quantitative diagnostic research design with an embedded instrument development component to identify critical learning gaps in Senior High School General Chemistry among learners from three public secondary schools in Iligan City. A researcher-developed PISA-based assessment consisting of 50 multiple-choice, scenario-based items covering major chemistry topics from Grades 7–12 was utilized. The instrument was aligned with the PISA science literacy domains and underwent expert validation and pilot testing, yielding a Cronbach’s Alpha of 0.757, indicating acceptable reliability. Data collection was conducted under standardized and ethical procedures, ensuring informed consent, confidentiality, and voluntary participation. Quantitative analyses, including item analysis, frequency counts, percentages, means, and standard deviations, were employed to evaluate learners’ performance and map learning gaps according to mastery levels. The findings enabled the identification and categorization of least mastered competencies in General Chemistry while adhering to ethical standards and the Data Privacy Act of 2012.
RESULTS AND DISCUSSION 
Instrument Validity
	Table 1 presents the expert validation results of the PISA-based assessment instrument. All parameters obtained mean ratings ranging from 3.75 to 3.85, interpreted as “Exceed Expectation,” indicating that the instrument is highly valid in terms of content, clarity, difficulty, distractor quality, format, and alignment with learning objectives.
Table 1
Validators Rating on PISA-Based Assessment Instrument 
	Parameter
	V1
	V2
	V3
	Mean
	Interpretation

	Content & Validity
	3.80
	4.00
	3.50
	3.76
	Exceed Expectation

	Clarity of Wording
	3.80
	3.96
	3.50
	3.75
	Exceed Expectation

	Appropriateness of Difficulty
	4.00
	4.00
	3.50
	3.83
	Exceed Expectation

	Quality of Distractors
	4.00
	4.00
	3.54
	3.85
	Exceed Expectation

	Format and Consistency
	4.00
	4.00
	3.56
	3.85
	Exceed Expectation

	Alignment of Objectives
	3.84
	4.00
	3.56
	3.80
	Exceed Expectation


	
	The findings suggest that the instrument is both psychometrically sound and pedagogically appropriate for diagnosing learning gaps in General Chemistry. High ratings in content validity and alignment with objectives confirm that the assessment adequately measures intended chemistry competencies and scientific literacy domains. Likewise, clarity of wording and quality distractors ensure that items are understandable and effective in differentiating learners’ levels of understanding. The appropriateness of difficulty further indicates that the instrument can reliably assess varying levels of learner proficiency. These results imply that the developed assessment tool can provide credible and meaningful data on learners’ conceptual understanding and scientific reasoning. Its alignment with the PISA framework also highlights its focus on higher-order thinking skills rather than simple recall, making it useful for instructional planning and curriculum improvement.
	The findings are supported by recent studies emphasizing the importance of validity in assessment design. Martínez (2020) noted that content-valid instruments ensure accurate measurement of learning domains, while García-Ceberino et al. (2020) emphasized that validated instruments improve the reliability and usefulness of educational assessments. Similarly, the Organisation for Economic Co-operation and Development PISA framework highlights the importance of assessing scientific literacy through competencies such as explaining phenomena, interpreting evidence, and evaluating inquiry. Studies by Andaresta et al. (2023) and Hadiastriani and Prasetyorini (2024) further confirmed that competency-based assessment tools are effective in identifying conceptual gaps and improving science learning outcomes.
Instrument Reliability 
	To ensure the consistency and dependability of the developed PISA-based assessment instrument, a reliability analysis was conducted using Cronbach’s Alpha. Reliability to determine whether the assessment accurately measures learners’ competencies and minimizes measurement error. Table 2 presents the reliability coefficient of the instrument.
Table 2
Reliability Coefficient of the Instrument
	Cronbach’s Alpha
	No. of Items
	Variance
	Interpretation

	0.757
	50
	43.68
	Acceptable



	Table 2 presents the reliability analysis of the PISA-based assessment instrument using Cronbach’s Alpha. The 50-item test obtained a reliability coefficient of 0.757, interpreted as acceptable, indicating satisfactory internal consistency among the test items. This suggests that the instrument consistently measures learners’ scientific literacy and conceptual understanding in General Chemistry. The obtained coefficient exceeds the commonly accepted threshold of 0.70 for educational research, while the variance value of 43.68 indicates that differences in responses are largely due to variations in learners’ abilities rather than measurement error.
	These findings imply that the instrument is reliable for diagnosing and mapping learning gaps among Senior High School learners. The acceptable reliability coefficient supports the consistency and dependability of the assessment results, making the instrument suitable for instructional planning, curriculum improvement, and future research applications. However, since the coefficient has not yet reached the higher benchmark of 0.80, further refinement of weaker items may still improve the overall consistency of the instrument.
	The results are supported by previous studies emphasizing the importance of reliability in educational assessment. Olateju et al. (2024) noted that Cronbach’s Alpha values above 0.70 indicate acceptable reliability for research instruments. Similarly, Irwanto et al. (2019) emphasized that science education assessments must demonstrate sufficient internal consistency to accurately measure higher-order thinking skills. The Organisation for Economic Co-operation and Development PISA framework also highlights the need for reliable scientific literacy assessments to ensure accurate measurement of learners’ reasoning and problem-solving competencies. Studies by Andaresta et al. (2023) and Hadiastriani and Prasetyorini (2024) further confirmed that reliable instruments contribute to accurate identification of learning gaps and support evidence-based educational practices.
Item Analysis 
	Table 3 presents the summary of the item analysis conducted on the PISA-based assessment instrument.
Table 3
Summary of Item Analysis
	Category
	Number of Items
	Interpretation

	Good Discrimination
	20
	Retained

	Fair Discrimination
	22
	Requires Revision

	No Discrimination
	8
	Rejected

	Difficulty Level (Average)
	Majority
	Suitable for diagnostic testing



	The item analysis results in Table 3 indicate that the majority of the test items fall within the average difficulty level, making them suitable for diagnostic assessment. Out of the 50 items, 20 demonstrated good discrimination and were retained, while 22 showed fair discrimination and require revision to improve clarity, alignment, or distractor effectiveness. However, 8 items exhibited no discrimination and were rejected because they failed to distinguish between high- and low-performing learners. These findings suggest that the instrument has a strong foundation for assessing scientific literacy and conceptual understanding, although refinement is still necessary to improve its overall quality and diagnostic accuracy.
	The results emphasize the importance of item analysis in developing reliable and valid assessment tools. Retaining well-performing items, revising moderately functioning ones, and removing weak items help ensure that the instrument accurately identifies learners’ strengths and learning gaps. Recent studies support this process, highlighting that appropriate difficulty and strong discrimination indices are essential for effective educational assessment and scientific literacy evaluation (Irwanto et al., 2019; Setiawan et al., 2020; García-Ceberino et al., 2020).

Least Mastered Competencies 
	Table 4 presents the learners’ performance across major General Chemistry competencies.
Table 4
Least Mastered Competencies 
	[bookmark: _Hlk229060620]Learning Competency
	% Correct
	Mastery Level

	Matter and Its Properties
	43%
	Least Mastered

	Atomic Structure & Periodic Table
	52%
	Least Mastered

	Chemical Bonding
	57%
	Least Mastered

	Chemical Reactions
	47%
	Least Mastered

	Gas Laws
	28%
	Least Mastered

	Solutions, Acids, and Bases
	55%
	Least Mastered

	Thermochemistry and Kinetics
	48%
	Least Mastered

	Nuclear Chemistry
	45%
	Least Mastered

	Organic Chemistry & Biochemistry
	44%
	Least Mastered

	Chemistry in Everyday Life
	44%
	Least Mastered



	The results presented in Table 4 reveal that learners demonstrated low mastery across all ten core competencies in General Chemistry, with percentage scores ranging from 28% to 57%, all classified under the “Least Mastered” level. None of the competencies reached the “Nearly Mastered” threshold, indicating widespread conceptual difficulties among learners. Among the topics, Gas Laws (28%) showed the lowest performance, suggesting that learners struggle with mathematical relationships and particle behavior concepts. Foundational topics such as Atomic Structure and the Periodic Table (52%) and Chemical Bonding (57%) also reflected low mastery, indicating difficulties in understanding abstract chemistry concepts. Likewise, the low score in Chemistry in Everyday Life (44%) suggests that learners have difficulty applying theoretical knowledge to real-world situations, highlighting weaknesses in scientific literacy.
	These findings imply that learners possess fragmented understanding and rely more on memorization than meaningful conceptual learning. Difficulties in abstract and mathematically intensive topics indicate weaknesses in both conceptual reasoning and quantitative skills. The results also suggest that chemistry instruction may not be sufficiently contextualized or inquiry-based, limiting learners’ engagement and understanding. Therefore, there is a need for improved instructional strategies such as inquiry-based learning, model-based teaching, and contextualized approaches to strengthen conceptual understanding and scientific literacy.
	The findings are supported by recent studies emphasizing persistent learning gaps in chemistry education. Poblete et al. (2025) and Sayre et al. (2025) reported that Senior High School learners often demonstrate low mastery in chemistry competencies due to difficulties in abstract reasoning and problem-solving. Similarly, Khmel and Shpyrka (2025) explained that the abstract nature of chemistry and its symbolic representations contribute to poor conceptual understanding. 	Furthermore, the Organisation for Economic Co-operation and Development PISA framework (2019, 2023) emphasizes that scientific literacy requires learners to apply knowledge and explain phenomena in real-world contexts. Studies by Andaresta et al. (2023) and Hadiastriani and Prasetyorini (2024) further support that scientific literacy-based assessments effectively identify conceptual gaps and guide instructional improvement.
Ranking of Least Mastered Competencies 
Table 5
Ranking of Least Mastered Competencies 
	LEARNING COMPETENCIES
	No. of Items
	Number of Correct Responses
	Percentage Correct
	Rank

	Chemical Bonding
	5
	215
	43
	1

	Solutions, Acids and Bases
	4
	163
	41
	2

	Atomic Structure and Periodic Table
	4
	157
	39
	3

	Gas and Gas Laws
	5
	177
	35
	4

	Thermochemistry and Kinetics
	5
	181
	36
	4

	Chemical Reactions
	5
	176
	35
	6

	Nuclear Chemistry
	3
	102
	36
	7

	Chemistry in Everyday Lives
	3
	98
	33
	8

	Organic Chemistrty and Biochemistry
	2
	65
	33
	9

	Matter and Its Properties
	5
	129
	32
	10

	Legend: (Increasing Level of Difficulty); were 1: easiest, 16: most difficult



	The ranking of least mastered competencies presented in Table 5 highlights the major learning difficulties experienced by Senior High School learners in General Chemistry. All competencies obtained scores below 45%, indicating low mastery across all chemistry domains. Among the competencies, Chemical Bonding (43%) ranked as the most difficult, followed by Solutions, Acids, and Bases (41%) and Atomic Structure (39%). These topics involve abstract and microscopic concepts that learners often struggle to visualize and understand. Similarly, low scores in Gas Laws, Thermochemistry, and Chemistry in Everyday Life suggest difficulties in mathematical reasoning, conceptual understanding, and real-world application of chemistry concepts.
	These findings imply that learners rely more on memorization than meaningful conceptual understanding, resulting in fragmented knowledge structures. The results also suggest that current instructional approaches may not sufficiently support inquiry, visualization, and contextualized learning. Thus, there is a need for innovative teaching strategies such as simulations, model-based instruction, laboratory activities, and real-world applications to strengthen learners’ scientific literacy and conceptual understanding.
	The findings are supported by studies showing that chemistry learners commonly struggle with abstract concepts and multiple representations in chemistry (Johnstone, 2019; Sayre et al., 2025; Poblete et al., 2025). Furthermore, the Organisation for Economic Co-operation and Development PISA framework (2019, 2023) emphasizes that scientific literacy requires learners to apply scientific concepts and explain real-world phenomena, competencies that were found to be weak among the learners in this study.
CONCLUSION
	This study identified and mapped learning gaps in Senior High School General Chemistry using a PISA-based assessment instrument anchored on scientific literacy competencies. The instrument underwent expert validation and reliability testing, obtaining “Exceed Expectation” ratings and a Cronbach’s Alpha of 0.757, indicating acceptable reliability. Item analysis showed that 20 items were retained, 22 required revision, and 8 were rejected. Results revealed that all ten chemistry competencies were classified under the “Least Mastered” level, with major difficulties observed in Chemical Bonding, Atomic Structure, Gas Laws, and Thermochemistry. The findings showed that learners struggle with conceptual understanding, scientific reasoning, and application of chemistry concepts in real-world situations. 
	The study concludes that significant and widespread learning gaps exist among Senior High School learners in General Chemistry, particularly in abstract and foundational concepts. Learners demonstrated weaknesses not only in content knowledge but also in scientific reasoning and application skills, suggesting limitations in traditional teaching approaches. The study also confirmed that the developed PISA-based assessment instrument is a valid and reliable tool for diagnosing chemistry learning gaps and supporting instructional improvement.
 RECOMMENDATION 
Based on the findings and conclusions of the study, the following recommendations are proposed:
1. Chemistry teachers should use learner-centered and inquiry-based strategies that promote conceptual understanding, scientific reasoning, and real-world application of chemistry concepts. 
2. Schools and curriculum developers should strengthen the integration of scientific literacy competencies in chemistry instruction and assessment aligned with the PISA framework. 
3. Remediation and intervention programs should be implemented to address least mastered competencies, particularly foundational chemistry topics. 
4. Teachers should participate in professional development programs focusing on competency-based instruction, scientific literacy, and innovative assessment practices. 
5. Future researchers are encouraged to conduct further studies on intervention strategies and learning gaps in chemistry education. 
6. The validated PISA-based assessment instrument may be utilized and refined for wider use in other schools and science disciplines.
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