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ABSTRACT

This study investigated the mastery levels of Grade 11 STEM learners across the Third- Quarter competencies
of General Chemistry 2 to identify areas requiring targeted instructional support. Using a descriptive quantitative
research design, data were collected from fifty (50) Grade 11 STEM students enrolled in General Chemistry 2
at a private secondary school in the Philippines. A researcher- developed, MELC-aligned achievement test
consisting of fifty multiple-choice items was employed to assess learners’ conceptual and procedural
understanding. The instrument underwent expert validation, pilot testing, and reliability analysis, yielding a
Kuder—Richardson Formula 20 (KR-20) coefficient of 0.844. The results revealed varying levels of mastery
across the fifteen assessed competencies. Most competencies were classified as Mastered or Nearly Mastered,
particularly those related to phase changes, solution chemistry, thermochemistry, and chemical kinetics,
indicating stronger performance in conceptually oriented and qualitative topics. In contrast, the lowest mastery
levels were observed in competencies requiring the integration of conceptual understanding and mathematical
application, notably the quantitative treatment of colligative properties and the application of Hess’s Law in
determining heat changes. These competencies posed challenges due to their reliance on multi-step problem
solving, numerical computation, and abstract reasoning. The findings underscore the uneven nature of chemistry
mastery across competencies and highlight the need for strand-responsive instructional strategies that emphasize
guided problem-solving, visual representations, and contextualized learning experiences. The study provides
empirical baseline data that can inform the development of targeted instructional interventions, such as Strategic
Intervention Materials, to enhance learners’ mastery of quantitatively demanding chemistry concepts and
improve overall achievement in General Chemistry 2.

Keywords: Least Mastered Competency, Mastery Level, MELCs
INTRODUCTION

Chemistry is widely regarded as the central science because of its integrative role in linking disciplines such as
biology, geology, medicine, and engineering. It provides foundational explanations for the composition of
matter, chemical reactions, and molecular interactions that govern both natural and technological processes. In
an era marked by increasing demand for scientific literacy, chemistry education plays a critical role in
enabling learners to understand phenomena that influence health, industrial development, and
environmental sustainability (Nguyen et al., 2021).

Despite its centrality, chemistry remains a challenging subject for many learners. Empirical studies consistently
report difficulties in understanding abstract concepts, symbolic representations, and mathematically intensive
relationships that require higher-order cognitive processing (Sibomanaet al., 2021). These challenges often result
in fragmented conceptual understanding and uneven mastery across chemistry competencies. In particular,
students frequently struggle to integrate macroscopic observations, submicroscopic explanations, and symbolic
representations—an essential requirement for meaningful learning in General Chemistry 2.

The third quarter of General Chemistry 2 in the Department of Education context encompasses cognitively
demanding topics, including intermolecular forces, colligative properties, acids and bases, chemical kinetics, and
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chemical equilibrium. These areas are widely documented as persistent sources of misconceptions and low
achievement. A recent systematic review highlighted that misconceptions in chemical equilibrium and acid—base
chemistry remain prevalent and continue to hinder accurate scientific understanding (Suparman et al., 2024).
Insufficient mastery of these foundational concepts may limit learners’ capacity to engage with more advanced
chemical principles.

Instructional disruptions during and after the COVID-19 pandemic have further complicated the acquisition of
chemistry competencies. Reduced access to hands-on laboratory experiences and the widespread adoption of
modular and remote learning modalities have constrained opportunities for experiential learning and conceptual
reinforcement (Lucena Rodriguez et al., 2021). These conditions may have contributed to inconsistent mastery
of chemistry competencies across curricular domains.

Within the Philippine K-12 curriculum, the Most Essential Learning Competencies (MELCs) emphasize the
attainment of minimum expected learning outcomes. Identifying competencies that are least mastered is
therefore essential for guiding instructional planning and remediation efforts. Monitoring mastery levels enables
educators to address learning gaps systematically and to design interventions that respond to learners’ specific
needs (Sibomana et al., 2021).

Guided by these considerations, the present study aims to identify the least mastered competency in General
Chemistry 2 among Grade 11 STEM learners, based on mastery levels derived from a researcher- developed
assessment aligned with the MELCs. By determining the competency with the lowest achievement rate, the study
provides baseline empirical evidence to inform instructional decision-making and targeted academic support in
senior high school chemistry.

METHODOLOGY

Research Design. This study employed a descriptive quantitative research design to determine the mastery
levels of Grade 11 STEM learners in selected General Chemistry 2 competencies. The design was appropriate
for identifying patterns of achievement and ranking competencies based on students’ performance without
manipulating instructional variables.

Participants. The participants consisted of fifty (50) Grade 11 STEM learners enrolled in General Chemistry 2
at La Salle Academy, Iligan City, during the School Year 2025-2026. Purposive sampling was used, as the
respondents were officially taking General Chemistry 2 during the third quarter and were therefore suitable for
assessing mastery of the prescribed competencies. The participants constituted a single intact group exposed to
uniform curriculum standards and instructional conditions, ensuring alignment with the Most Essential Learning
Competencies (MELCs). Ethical protocols were observed, and approval was secured from school authorities
prior to data collection.

Instrument. A researcher-made achievement test was developed to assess learners’ mastery of General
Chemistry 2 competencies for the third quarter. The instrument was aligned with the MELCs issued by the
Department of Education and was guided by a Table of Specifications to ensure balanced representation of
content areas and cognitive levels. The initial version of the test consisted of fifty (50) multiple-choice items,
each with four options and one correct answer.

The test covered key third-quarter topics, including intermolecular forces, properties of liquids and solids,
solutions and concentration units, colligative properties, thermochemistry, and chemical kinetics. Each item was
explicitly linked to a specific learning competency to support accurate determination of mastery levels. Content
validity was established through expert validation by specialists in chemistry education, who evaluated the items
for relevance, clarity, cognitive appropriateness, and alignment with the MELCs. Revisions were made based on
their feedback.

The revised instrument was pilot-tested among one hundred fifty (150) Grade 12 STEM learners from the same
institution who had previously completed General Chemistry 2. Item analysis was conducted to determine
difficulty and discrimination indices. Items with negative discrimination indices were discarded, while those
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with low but positive indices were revised for clarity and effectiveness. Reliability analysis using the Kuder—

Richardson Formula 20 (KR-20) yielded a coefficient of 0.844, indicating good internal consistency. The
finalized instrument was subsequently administered to the target respondents.

Data Analysis. Data were analyzed using descriptive statistical techniques, including frequency counts, Mean
Percentage Scores (MPS), and ranking of competencies based on mastery levels. Tabulated results served as the
basis for interpreting mastery classifications and identifying the least mastered competency in General Chemistry
2 (Third Quarter).

Table 1. Mastery Level and its Description

Mean Percentage Score (MPS)

Mastery Level

80% - 100%

Mastered

75% - 79%

Nearly Mastered

51% - 54%

Least Mastered

50% and below

Not Mastered

Reference: DepEd PPST - Module 11

RESULTS AND DISCUSSION

Table 2. Mastery Level of Grade 11 Learners on General Chemistry 2 Competencies

No. Competency #items | Total Possible | Total | Mastery Interpretation
Score Correct | Level (%)

1 Use the kinetic molecular model to | 2 100 87 87.00 Mastered
explain properties of liquids and
solids.

2 Describe and differentiate types of | 2 100 75 75.00 Nearly Mastered
intermolecular forces and predict
the IMF present in molecules.

3 Explain the effect of IMF on |2 100 77 77.00 Nearly Mastered
properties (surface tension,
viscosity,vapor pressure, boiling
point, molar heat of vaporization).

4 Interpret phase changes and 1 50 47 94.00 Mastered
diagrams of water and CO..

5 Describe the different types of |3 150 122 81.33 Mastered
solutions and express concentration
in various units.

6 Explain the effects of temperature | 3 150 129 86.00 Mastered
and pressure on solubility.
Describe  and calculate colligative | 5 250 206 82.40 Mastered
properties; differentiate between
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7 electrolyte and nonelectrolyte
solutions.

Relate solution concentration to its
colligative behavior (boiling point,

8 freezing point). 1 50 35 70.00 Least Mastered
9 Explain energy changes in chemical
reactions; distinguish exothermic vs.
endothermic. 3 150 131 87.33 Mastered
10 Explain  the first law of | 2 100 75 75.00 Nearly Mastered
thermodynamics and enthalpy of a
reaction.

Apply Hess’s Law and
thermochemical  equations  to

11 determine heat change. 1 50 36 72.00 Least Mastered

12 Relate bond formation/ breaking | 2 100 82 82.00 Mastered
toenthalpy and reaction heat.

13 Describe  how various factors | 5 250 212 84.80 Mastered

influence the rate of a reaction.

14 Differentiate reaction order and |3 150 128 85.33 Mastered
write rate laws.

15 Explain the effects of temperature, | 4 200 167 83.50 Mastered
activation energy, and  catalysts
using collision theory.

Legend: Not mastered (50 % below); Least mastered (51 — 74%); Nearly Mastered (75 — 79%); Mastered (80
—100%)

This study investigated the mastery levels of Grade 11 STEM learners across the Third-Quarter competencies of
General Chemistry 2 to identify areas requiring targeted instructional support. Using a descriptive quantitative
research design, data were collected from fifty (50) Grade 11 STEM students enrolled in General Chemistry 2
at a private secondary school in the Philippines. A researcher-developed, MELC-aligned achievement test
consisting of fifty multiple-choice items was employed to assess learners’ conceptual and procedural
understanding. The instrument underwent expert validation, pilot testing, and reliability analysis, yielding a
Kuder—Richardson Formula 20 (KR-20) coefficient of 0.844. The results revealed varying levels of mastery
across the fifteen assessed competencies. Most competencies were classified as Mastered or Nearly Mastered,
particularly those related to phase changes, solution chemistry, thermochemistry, and chemical Kinetics,
indicating stronger performance in conceptually oriented and qualitative topics. In contrast, the lowest mastery
levels were observed in competencies requiring the integration of conceptual understanding and mathematical
application, notably the quantitative treatment of colligative properties and the application of Hess’s Law in
determining heat changes. These competencies posed challenges due to their reliance on multi-step problem
solving, numerical computation, and abstract reasoning. The findings underscore the uneven nature of chemistry
mastery across competencies and highlight the need for strand-responsive instructional strategies that emphasize
guided problem-solving, visual representations, and contextualized learning experiences. The study provides
empirical baseline data that can inform the development of targeted instructional interventions, such as Strategic
Intervention Materials, to enhance learners’ mastery of quantitatively demanding chemistry concepts and
improve overall achievement in General Chemistry 2.
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Results indicate that Grade 11 learners demonstrated varying levels of mastery across the Third- Quarter
competencies of General Chemistry 2. The majority of the competencies were classified as Mastered or Nearly
Mastered, indicating that learners have generally acquired the essential knowledge and skills required to
understand the core chemical principles addressed during the quarter. Higher mastery levels were particularly
evident in competencies related to phase changes, solution chemistry, thermochemistry, and chemical kinetics.
This trend suggests that learners tend to perform more effectively in topics that emphasize conceptual
understanding and qualitative reasoning.

Conversely, several competencies were identified as Least Mastered, particularly those involving the quantitative
application of solution concentration to colligative properties and the use of Hess’s Law to determine heat
changes. These findings suggest that learners encounter greater difficulty with competencies that require multi-
step problem solving, mathematical manipulation, and the integration of quantitative reasoning with abstract
chemical concepts.

Overall, the results demonstrate that while learners show satisfactory performance across most third- quarter
competencies, mastery remains uneven across content areas. This pattern aligns with prior research indicating
that achievement in chemistry varies across competencies, especially in areas that demand higher- order
cognitive processing and advanced problem-solving skills (Andres & Gonzales, 2022; Dela Cruz, 2020).

CONCLUSION AND RECOMMENDATION

The findings of this study indicate that Grade 11 STEM learners demonstrated varying levels of mastery across
the fifteen third-quarter competencies in General Chemistry 2. The majority of the competencies were classified
as Mastered or Nearly Mastered, particularly those related to phase changes, solution chemistry,
thermochemistry, and chemical kinetics. These results suggest that learners are generally more proficient in
competencies that emphasize descriptive explanations and conceptual understanding. Nevertheless, mastery was
not uniform across all competencies, as several areas reflected partial understanding that warrants further
instructional reinforcement.

The lowest mastery levels were observed in competencies that required the integration of conceptual knowledge
with mathematical application. Notably, the competency involving the relationship between solution
concentration and colligative behavior obtained the lowest Mean Percentage Score, followed by the application
of Hess’s Law in determining heat changes. These outcomes indicate that learners encounter greater difficulty
when chemistry learning demands multi-step problem solving, numerical computation, and abstract reasoning.
Although learners demonstrated a foundational grasp of basic principles, limitations in quantitative reasoning
and the application of thermochemical relationships constrained their ability to achieve full mastery of these
competencies.

Taken together, these findings underscore the need for targeted instructional support addressing the identified
least mastered competencies. Teachers handling General Chemistry 2 are encouraged to implement additional
guided problem-solving activities, structured practice exercises, and remediation tasks that emphasize systematic
analysis of colligative property calculations and thermochemical equations. Instructional strategies that
incorporate visual representations, worked examples, and contextualized problem scenarios may help learners
bridge the gap between conceptual understanding and mathematical application.

Furthermore, the development of Strategic Intervention Materials (SIMs) or supplementary instructional
modules is recommended to address learning gaps in colligative properties and Hess’s Law. These materials
should include engaging learning activities, problem-solving drills, and formative assessments designed to
strengthen learners’ confidence and proficiency in quantitative chemistry concepts. School administrators and
curriculum planners may also consider reviewing instructional time allocation and content sequencing to ensure
adequate emphasis on these cognitively demanding topics. Future research may extend this work by examining
factors that contribute to low mastery or by designing and evaluating targeted intervention programs aimed at
improving achievement in the identified competencies. Through these initiatives, more effective instructional
support may be provided to enhance learners’ mastery and overall performance in General Chemistry 2.
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