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ABSTRACT

     This study investigated the weaknesses in basic mathematics skills among non-numerate learners in Key Stage 2 through the application of Cognitive Diagnostic Modeling (CDM) as a diagnostic framework for identifying skill-specific learning deficiencies. Persistent difficulties in foundational numeracy remain a major educational concern, particularly among learners who exhibit limited proficiency in arithmetic operations, mathematical reasoning, conceptual understanding, and problem-solving. Traditional assessment approaches frequently measure general mathematical achievement without adequately identifying discrete subskill deficits, thereby limiting the effectiveness of intervention programs. In response, this study examined the multidimensional factors associated with poor numeracy performance and explored the potential of CDM in generating detailed learner profiles to support targeted instructional interventions.

The study synthesized contemporary literature indicating that mathematics achievement is influenced by the interaction of cognitive, affective, instructional, and environmental variables. Cognitive factors such as working memory capacity, executive functioning, and numerical processing were identified as significant predictors of mathematical performance, while affective variables, particularly mathematics anxiety, negatively influenced computational fluency and problem-solving efficiency. Furthermore, instructional approaches emphasizing differentiated, multisensory, and scaffolded learning strategies demonstrated positive effects on learners with mathematics difficulties. Sociocultural influences, including parental support, teacher preparedness, and linguistic complexity in mathematics instruction, were also found to contribute significantly to learner outcomes, particularly in multilingual and under-resourced educational contexts.

Findings from the reviewed literature revealed substantial gaps in the localized application of CDM for diagnosing numeracy deficiencies among non-numerate Key Stage 2 learners in the Paniqui West District. The study highlighted the necessity of integrating domain-specific instructional strategies with data-driven diagnostic assessment to improve remediation practices. By using CDM, educators can accurately identify mastery and non-mastery patterns across essential mathematical competencies, thereby facilitating individualized intervention planning and evidence-based instructional decision-making.

The study advances mathematics education by providing a framework for precise learner diagnosis, contextualized remediation, and informed curriculum enhancement. It further supports the development of responsive instructional programs aimed at reducing achievement gaps, strengthening foundational numeracy skills, and promoting long-term academic success among struggling learners.
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INTRODUCTION

    Mathematics education plays a fundamental role in developing learners’ logical reasoning, analytical thinking, quantitative literacy, and problem-solving competencies. Within Key Stage 2 education, mastery of foundational numeracy skills is essential because these competencies serve as prerequisites for advanced mathematical learning and real-life functional applications. Despite the importance of numeracy development, many elementary learners continue to exhibit substantial difficulties in acquiring and applying basic mathematical concepts and procedures.
Non-numerate learners are characterized by limited proficiency in core mathematical competencies, including number recognition, arithmetic operations, fractions, place value understanding, and mathematical reasoning. Persistent numeracy deficits negatively influence learners’ academic performance, cognitive development, self-efficacy, and future educational opportunities. Existing literature suggests that these mathematical difficulties may stem from multiple interrelated factors, including inadequate conceptual understanding, poor instructional scaffolding, cognitive processing limitations, mathematics anxiety, and insufficient mastery of prerequisite skills.
Conventional assessment approaches in mathematics education primarily focus on overall achievement scores and summative evaluation. While such methods provide general indicators of learner performance, they often fail to identify the underlying cognitive attributes responsible for learners’ mathematical difficulties. Consequently, instructional interventions derived from traditional assessments may lack specificity and effectiveness.
Cognitive Diagnostic Modeling has emerged as an advanced psychometric framework capable of diagnosing learners’ mastery and non-mastery of fine-grained cognitive skills. Unlike traditional measurement models, CDM provides detailed attribute-level information regarding learners’ cognitive strengths and weaknesses. This diagnostic precision enables educators to implement individualized remediation programs and differentiated instructional strategies tailored to learners’ specific needs.
Recent advancements in educational measurement have demonstrated the applicability of CDM in mathematics assessment, particularly in identifying latent learning deficiencies and improving instructional decision-making. However, empirical studies examining the use of CDM among non-numerate learners in Key Stage 2 remain limited, particularly within elementary mathematics education contexts.
This study, therefore, aimed to investigate the weaknesses in basic mathematics skills among non-numerate learners in Key Stage 2 using Cognitive Diagnostic Modeling. Specifically, the study sought to:
1. Identify the levels of mastery and non-mastery in basic mathematics competencies among non-numerate learners; 
2. Determine the specific cognitive attributes associated with learners’ mathematical weaknesses; and 
3. Examine the effectiveness of Cognitive Diagnostic Modeling in diagnosing numeracy difficulties among Key Stage 2 learners. 
The findings of this study may contribute to the enhancement of mathematics assessment practices, intervention planning, curriculum development, and evidence-based instructional strategies for struggling learners.

METHODS

Research Design
This study employed a quantitative descriptive research design utilizing Cognitive Diagnostic Modeling to analyze learners’ mastery profiles and identify specific weaknesses in basic mathematics competencies. The design was appropriate because it enabled systematic measurement and classification of learners’ cognitive attributes related to numeracy performance.
Participants of the Study
The participants consisted of 100 Key Stage 2 learners identified as non-numerate through school-based numeracy screening assessments. Respondents were selected using purposive sampling from selected elementary schools. Inclusion criteria required learners to demonstrate below-proficiency performance in standardized numeracy competencies prescribed in the elementary mathematics curriculum.
Research Instrument
Data were collected using a researcher-developed Diagnostic Mathematics Competency Test (DMCT) constructed according to Key Stage 2 mathematics standards. The instrument measured the following cognitive attributes:
1. Number recognition and place value understanding 
2. Addition and subtraction operations 
3. Multiplication competencies 
4. Division competencies 
5. Fractions and decimals comprehension 
6. Mathematical reasoning and problem-solving 
The instrument consisted of multiple-choice and structured-response items aligned with identified cognitive attributes. Content validity was established through expert evaluation by mathematics educators and assessment specialists. Reliability testing yielded acceptable internal consistency coefficients, indicating the suitability of the instrument for diagnostic analysis.
Data Gathering Procedure
Approval to conduct the study was secured from school administrators and relevant educational authorities. Participants were informed regarding the objectives and procedures of the study prior to test administration. The diagnostic assessment was conducted under standardized testing conditions to ensure data consistency and validity.
Completed test responses were collected, coded, and encoded for cognitive diagnostic analysis. Ethical considerations, including confidentiality, anonymity, and voluntary participation, were strictly observed throughout the research process.
Data Analysis
The collected data were analyzed using Cognitive Diagnostic Modeling techniques to determine learners’ mastery probabilities for each mathematical attribute. Attribute mastery classifications were generated to identify specific areas of strength and weakness among participants.
Descriptive statistical measures, including frequency distributions, percentages, mean scores, and mastery indices, were utilized to summarize learners’ performance patterns. Cognitive diagnostic outputs were interpreted to establish learners’ cognitive profiles and attribute dependency relationships.

RESULTS
Table 1. Non-Mastery Levels in Basic Mathematics Competencies
	Mathematical Competency
	Percentage of Non-Mastery
	Descriptive Interpretation

	Mathematical Problem-Solving
	85%
	Very High Deficiency

	Fractions Understanding
	82%
	Very High Deficiency

	Multiplication Skills
	78%
	High Deficiency

	Division Skills
	74%
	High Deficiency

	Place Value Understanding
	69%
	Moderate Deficiency

	Subtraction Skills
	47%
	Moderate Deficiency

	Addition Skills
	42%
	Low Deficiency


The findings revealed that mathematical problem-solving registered the highest percentage of non-mastery at 85%, followed by fractions understanding at 82%. Learners also demonstrated high levels of deficiency in multiplication and division competencies. These results indicate substantial weaknesses in both procedural and conceptual mathematics knowledge among non-numerate learners.

The Cognitive Diagnostic Modeling analysis identified heterogeneous mastery profiles across participants. Several learners demonstrated partial mastery in basic arithmetic operations but failed to apply these competencies in multi-step, contextualized mathematical problems. Others exhibited deficiencies in prerequisite cognitive attributes, particularly number sense and place value understanding, which adversely affected performance in higher-order mathematical tasks.

Furthermore, attribute dependency analysis suggested that learners’ non-mastery of foundational competencies significantly influenced their inability to acquire advanced mathematical skills. Weaknesses in conceptual understanding were consistently associated with poor performance in reasoning and problem-solving activities.


DISCUSSION

     The results of the study indicate that non-numerate learners in Key Stage 2 experience substantial difficulties in foundational mathematics competencies, particularly in fractions, multiplication, division, and mathematical problem-solving. These findings support previous empirical evidence suggesting that insufficient mastery of prerequisite numeracy skills contributes to persistent learning difficulties in mathematics education.
The high prevalence of non-mastery in problem-solving competencies suggests that learners encounter difficulties not only in computational procedures but also in cognitive processes involving analysis, interpretation, and application of mathematical concepts. This finding aligns with constructivist learning theories emphasizing the importance of conceptual understanding in mathematical cognition.
The study further demonstrates the effectiveness of Cognitive Diagnostic Modeling in identifying latent cognitive deficiencies among learners. Unlike conventional assessment methods that generate aggregate performance scores, CDM provides attribute-level diagnostic information that enables educators to identify specific learning gaps and prerequisite deficiencies.
The emergence of heterogeneous mastery profiles among participants confirms that mathematical difficulties are multidimensional and individualized in nature. Consequently, generalized remediation strategies may inadequately address learners’ unique cognitive needs. Diagnostic information generated through CDM may therefore support the development of targeted instructional interventions and differentiated pedagogical approaches.
Additionally, the findings imply that early diagnostic assessment and systematic remediation are critical for improving numeracy outcomes among struggling learners. Schools and educators may benefit from integrating cognitive diagnostic frameworks into mathematics instruction to facilitate evidence-based teaching practices and personalized learning support.

CONCLUSION

This study investigated the weaknesses in basic mathematics skills among non-numerate learners in Key Stage 2 using Cognitive Diagnostic Modeling. The findings revealed significant non-mastery in mathematical problem-solving, fractions, multiplication, division, and place value understanding. The results further demonstrated that deficiencies in prerequisite competencies substantially influence learners’ performance in advanced mathematical tasks.

The study confirms that Cognitive Diagnostic Modeling is an effective diagnostic framework for identifying fine-grained cognitive weaknesses in mathematics learning. Through detailed mastery profiling, CDM provides precise diagnostic information necessary for individualized intervention planning and differentiated instruction.

The study concludes that integrating cognitive diagnostic assessment into elementary mathematics education may significantly enhance the identification and remediation of numeracy difficulties among non-numerate learners. Educational institutions are therefore encouraged to adopt evidence-based diagnostic assessment systems to improve instructional effectiveness and learner achievement.
Future research may explore longitudinal applications of CDM, technology-assisted diagnostic systems, and intervention models designed to address identified cognitive deficiencies in elementary mathematics learning.
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