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ABSTRACT

Readiness in General Mathematics is a critical factor in ensuring students’ successful transition from Junior
High School to Senior High School. However, traditional assessments often focus solely on the correctness of
answers and fail to identify students’ reasoning, confidence, and misconceptions. This study aimed to develop
a Four-Tier Diagnostic Test (FTDT) integrated with the Certainty of Response Index (CRI) to assess the
readiness of incoming Grade 11 students in General Mathematics. Specifically, it sought to establish the
psychometric properties of the instrument and analyze students’ readiness through multidimensional diagnostic
classifications.

A descriptive-developmental research design was employed involving 100 Grade 10 students from Dr.
Apolonio M. Lirio National High School. The instrument underwent expert validation and pilot testing. Data
were analyzed using the Content Validity Index (CVI), Rasch Model, Readiness Index (RI), and frequency and
percentage distribution.

Results showed that the FTDT demonstrated good content validity, with an S-CVI/Ave of 0.81. Rasch analysis
revealed high person reliability for both the knowledge tier (0.883) and reasoning tier (0.884), indicating that
the instrument could effectively differentiate students according to readiness levels. The Readiness Index
revealed that 55% of students exhibited low readiness, 42% demonstrated moderate readiness, and only 3%
achieved high readiness. Furthermore, the FTDT-CRI classification identified misconceptions, false negative
responses, false positive responses, and lack of knowledge, highlighting significant gaps in prerequisite
competencies.

The findings suggest that the FTDT integrated with CRI is a valid and reliable diagnostic instrument for
assessing readiness in General Mathematics. The instrument provides a comprehensive assessment of students’
knowledge, reasoning, and confidence, which may assist teachers in identifying learning gaps and designing
targeted instructional interventions and bridging programs.

Keywords: Diagnostic assessment, Certainty of Response Index, Four-Tier Diagnostic Test, General
Mathematics readiness, Rasch Model, Readiness Index

INTRODUCTION

Education plays a vital role in preparing learners for higher-level academic work and real-world problem-
solving. In mathematics education, this preparation becomes particularly important as students transition to
Senior High School, where they are expected to demonstrate readiness in prerequisite competencies necessary
for General Mathematics.

Mathematical readiness extends beyond the ability to recall procedures or provide correct answers. It involves
conceptual understanding, reasoning skills, and the ability to apply knowledge in different contexts. However,
traditional assessments often focus solely on correctness and provide limited information about students’
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reasoning, confidence, and misconceptions. Consequently, teachers may find it difficult to identify learning
gaps and design appropriate interventions.

Diagnostic assessment offers a more comprehensive approach by evaluating learners’ prior knowledge,
strengths, and weaknesses before formal instruction begins. One promising diagnostic tool is the Four-Tier
Diagnostic Test (FTDT), which consists of answer selection, confidence in the answer, reasoning selection,
and confidence in reasoning. This structure enables the identification of misconceptions, partial understanding,
false positive responses, false negative responses, and lack of knowledge, providing a deeper understanding of
students’ readiness.

Given the need for valid and reliable readiness assessments in General Mathematics, this study focuses on the
development and validation of a Four-Tier Diagnostic Test (FTDT) integrated with the Certainty of Response
Index (CRI). By incorporating correctness, reasoning, and confidence, the instrument aims to provide a
comprehensive assessment of incoming Grade 11 students’ readiness and support data-driven instructional
planning and intervention.

LITERATURE REVIEW
Diagnostic Assessment in Mathematics Education

Studies have consistently shown that readiness in mathematics is a multidimensional construct involving
conceptual understanding, procedural fluency, reasoning skills, and confidence. Research by Kilpatrick et al.
(2001), Carlson et al. (2010), and Duncan et al. (2007) emphasized that mastery of prerequisite competencies
significantly influences students’ success in advanced mathematics. Furthermore, studies have demonstrated
that diagnostic assessments provide valuable information about learners’ strengths, weaknesses, and
misconceptions, enabling teachers to design targeted interventions before formal instruction begins. These
findings highlight the importance of developing comprehensive diagnostic tools that measure multiple
dimensions of mathematical readiness rather than relying solely on correct answers.

Mathematical Readiness and Prerequisite Competencies

Research suggests that readiness extends beyond content mastery and includes learners’ ability to apply
knowledge, reason mathematically, and demonstrate confidence in their responses. Studies have shown that
students with strong conceptual understanding and procedural fluency perform better in higher-level
mathematics. In the Philippine context, several studies reported persistent misconceptions in algebra and
deficiencies in higher-order thinking skills among learners. These findings underscore the need for readiness
assessments that capture cognitive and affective dimensions of learning to provide a more accurate
representation of students’ preparedness for General Mathematics.

Four-Tier Diagnostic Test (FTDT)

The Four-Tier Diagnostic Test (FTDT), developed by Caleon and Subramaniam (2010), was designed to
improve traditional multiple-choice assessments by incorporating answer selection, confidence rating,
reasoning selection, and confidence in reasoning. Numerous studies have demonstrated its effectiveness in
identifying misconceptions, distinguishing true understanding from guessing, and providing detailed diagnostic
information. Research conducted in mathematics and science education reported high validity and reliability of
FTDT instruments, making them useful tools for assessing conceptual understanding and diagnosing learning
difficulties. The FTDT has also been recognized for its ability to classify learners according to levels of
understanding, misconceptions, and uncertainty, thereby providing richer diagnostic information than
conventional assessments.

Certainty of Response Index (CRI)

The Certainty of Response Index (CRI), introduced by Hasan et al. (1999), measures learners’ confidence in
their responses. Studies have shown that CRI enhances diagnostic assessment by distinguishing between
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correct answers based on genuine understanding and those resulting from guessing. When combined with
diagnostic tests, CRI improves the identification of misconceptions, partial understanding, and lack of
knowledge. Its integration provides additional information about students’ cognitive and metacognitive
processes, leading to more accurate assessment results. In mathematics education, CRI has been widely used to
determine the degree of certainty associated with students’ conceptual understanding and to identify areas
requiring instructional intervention.

Misconceptions in Mathematics Learning

Misconceptions are persistent and incorrect understandings that influence how students interpret mathematical
concepts and solve problems. Research indicates that misconceptions commonly arise when students rely
heavily on procedures without fully understanding the underlying concepts. Diagnostic assessments have been
found to be effective in identifying these misconceptions, particularly when reasoning and confidence
measures are included. Identifying misconceptions allows teachers to implement focused interventions that
promote conceptual change and improve mathematical understanding. Studies further suggest that
misconceptions in foundational mathematical concepts can hinder students’ readiness for more advanced
topics, making early diagnosis essential for successful learning progression.

Rasch Analysis in Educational Measurement

Rasch analysis has become an important approach in educational research for evaluating the psychometric
properties of assessment instruments. Developed from Item Response Theory (IRT), the Rasch Model
transforms ordinal raw scores into interval-level measures, allowing for more precise estimation of both item
difficulty and person ability. Researchers have utilized Rasch analysis to examine item fit, person fit,
dimensionality, reliability, separation indices, and rating scale functioning. Unlike classical test theory, Rasch
analysis provides sample-independent item estimates and item-independent person measures, enhancing the
objectivity and generalizability of assessment results.

Several studies have highlighted the usefulness of Rasch analysis in mathematics education, particularly in
validating diagnostic and achievement tests. Through fit statistics such as Infit Mean Square (MNSQ), Outfit
MNSQ, and standardized Z-values, researchers can identify problematic items that do not function as intended.
Rasch analysis also enables the construction of Wright Maps, which visually compare item difficulty and
respondent ability on a common scale. These features make Rasch analysis a valuable tool for ensuring that
assessment instruments accurately measure the intended constructs and provide meaningful diagnostic
information.

Validation of Assessment Instruments

The development of quality assessment instruments requires evidence of validity and reliability. Content
validity is commonly established through the Content Validity Index (CVI), while construct validity and
reliability may be examined using Rasch analysis. The Rasch Model provides objective measurement by
evaluating item difficulty, person ability, fit statistics, and reliability indices. Previous studies have
demonstrated that Rasch analysis is an effective method for validating educational instruments because it
provides more precise and invariant measurement compared to traditional approaches. These advantages make
Rasch analysis particularly suitable for validating diagnostic instruments such as the FTDT. In addition,
Rasch-generated reliability and separation indices help determine whether an instrument can effectively
distinguish among different levels of learner ability and item difficulty, thereby strengthening the overall
quality of the assessment.

METHODOLOGY

This study employed a descriptive-developmental research design. The descriptive component was utilized to
describe the psychometric properties of the instrument and the readiness levels of the respondents, while the
developmental component involved the construction, validation, pilot testing, and refinement of the Four-Tier
Diagnostic Test (FTDT). The study focused on developing a diagnostic instrument capable of assessing
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incoming Grade 11 students’ readiness in General Mathematics through the integration of the Certainty of
Response Index (CRI).

The respondents of the study were 100 Grade 10 students from Dr. Apolonio M. Lirio National High School
selected through convenience sampling. The sample served as the pilot-testing group for the validation of the
FTDT. While previous Rasch studies suggest that a sample size of 100 may provide stable item estimates for
pilot testing, the findings should be interpreted within the context of a single-school sample and may not be
generalized to all incoming Grade 11 students.

Prior to administration, the FTDT underwent a series of validation procedures. Face validation was conducted
to evaluate the clarity, readability, and appropriateness of the items. Content validation was then performed by
expert validators to determine the alignment of the items with the intended competencies and learning
objectives. Revisions were made based on the validators’ comments and recommendations. After validation,
the revised instrument was subjected to pilot testing among the selected respondents to evaluate its
psychometric properties.

The FTDT consisted of 50 items covering prerequisite competencies in General Mathematics, including
algebra, functions, rational expressions, geometry, and statistics and probability. Each item was structured into
four tiers: (1) answer selection, (2) confidence in the answer, (3) reasoning selection, and (4) confidence in the
reasoning. The content of the items was developed based on the Grade 10 Mathematics curriculum and the
prerequisite competencies identified in the General Mathematics curriculum guide. Distractors and reasoning
options were constructed using findings from previous studies on mathematical misconceptions and common
student errors reported in the literature. A Table of Specifications (TOS) was prepared to ensure alignment
between the competencies and the test items.

Table 1. Distribution of FTDT Items by Competency

Competency Area Number of Items
Algebra 10
Functions 10
Rational Expressions 10
Geometry 10
Statistics and Probability 10
Total 50

Permission to conduct the study was secured from the appropriate authorities before data collection. The
validated FTDT was administered to the respondents, and their responses were collected, encoded, and
organized for analysis. The gathered data were then subjected to statistical treatment to determine the validity,
reliability, and diagnostic capability of the instrument.

The data were analyzed using the Content Validity Index (CVI) to establish content validity. Rasch analysis
was employed to examine item difficulty, person ability, fit statistics, and reliability of the FTDT. The
Readiness Index (RI) was used to determine the readiness levels of the respondents, while frequency and
percentage distributions were utilized to classify students according to the FTDT-CRI diagnostic categories
and describe the overall response patterns.

RESULTS
Content Validation of the FTDT

The CVI was used as a standard for establishing the content validity of the FTDT (i.e.., the ratings from seven
raters) were utilized in this process by using the CVI to validate the content validity of the FTDT
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Table 2. Scale-Level Content Validity Index (S-CVI)

Index Value Interpretation

S-CVI/Ave 0.81 Good

The FTDT obtained an S-CVI/Ave of 0.81, indicating acceptable content validity. According to Polit and Beck
(2006), an S-CVI/Ave value of 0.80 or higher suggests that the items are generally relevant and representative
of the construct being measured. This finding indicates that the FTDT adequately reflects the prerequisite
competencies required in General Mathematics. Although several items required revision, the validation
process helped improve item clarity, relevance, and alignment with the intended learning competencies. The
result supports previous studies emphasizing the importance of expert validation in ensuring the quality and
appropriateness of educational assessment instruments.

Rasch Reliability and Construct Validity

Table 3. Model Fit Statistics for the Knowledge Tier

Indicator Value Interpretation
Person Reliability 0.883 High

MADaQ3 0.118 Acceptable
p-value <.001 Model fits the data

Note. MADaQ3 = Mean of absolute values of centered Qs statistic with p-value obtained using Holm
adjustment; Ho = the data fit the Rasch model.

Table 4. Model Fit Statistics for the Reasoning Tier

Indicator Value Interpretation
Person Reliability | 0.884 High

MADaQ3 0.119 Acceptable
p-value <.001 Model fits the data

Note. MADaQ3 = Mean of absolute values of centered Qs statistic with p-value obtained using Holm
adjustment; Ho = the data fit the Rasch model.

Table 3 and 4 shows the person reliability indices obtained through Rasch analysis. The knowledge tier
achieved a reliability coefficient of 0.883, while the reasoning tier obtained 0.884. These results indicate that
both tiers consistently differentiated respondents according to their readiness levels.

Wright Map Findings

Figure 1. Wright Map for Knowledge Tier

[ Le
64 =6

":c;’ |

< a =
g 1 1, 8
g ETYT I IO
z A A §
@ g ¥ 1AK =
h= - K. 4 S ,'i)
= AF X .

g A R R A a0 B
@ & 014 8

& 3| QA AQAS

I k.2

A

-4 -4

Figure 2. Wright Map for Reasoning Tier
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Figures 1 and 2 present the Wright Maps for the knowledge and reasoning tiers. Respondents were generally
clustered between —2 and +1 logits, indicating low to moderate readiness levels. Item difficulties ranged from
approximately —3 to +2.8 logits, demonstrating a wide distribution of difficulty levels.

Readiness Index

Table 5. Distribution of Students Based on Readiness Index (RI)

Readiness Level Frequency | Percentage | Interpretation

High Readiness (80—100%) 3 3% Ready for SHS Mathematics
Moderate Readiness (50-79%) | 42 42% Needs instructional support
Low Readiness (<50%) 55 55% Needs intervention

Total 100 100%

Table 5 shows the readiness levels of the respondents. The majority of students (55%) demonstrated low
readiness, while 42% demonstrated moderate readiness. Only 3% of the respondents were classified as highly
ready.

FTDT-CRI Classification

Table 6. Mean Distribution of Response Categories per Item

Category Mean Interpretation

High Readiness 29.88 Majority demonstrated mastery
Partial Understanding | 7.28 Correct but unsure

False Positive 10.46 Possible guessing

False Negative 22.5 Difficulty in application
Misconception 133 Incorrect understanding

Lack of Knowledge 16.58 No prior knowledge

Table 6 presents the mean percentage of responses classified under each FTDT-CRI diagnostic category across
all test items. High readiness obtained the highest mean percentage (29.88%), indicating that a considerable
proportion of responses reflected mastery of prerequisite competencies. However, false negative responses
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(22.50%), lack of knowledge (16.58%), and misconceptions (13.30%) were also prominent, suggesting that
many students experienced difficulties in applying concepts correctly or possessed inaccurate conceptual
understanding despite demonstrating partial knowledge.

DISCUSSION
Content Validation of the FTDT

The S-CVI/Ave value of 0.81 indicates acceptable content validity, suggesting that the FTDT adequately
represents the prerequisite competencies required in General Mathematics. According to Polit and Beck
(2006), an S-CVI/Ave value of 0.80 or higher is considered acceptable for newly developed instruments. The
relatively low S-CVI/UA value indicates that certain items required refinement to achieve stronger agreement
among validators. These findings demonstrate the importance of expert review in improving the quality and
relevance of assessment items.

Rasch Reliability and Construct Validity

The high person reliability values for both the knowledge and reasoning tiers indicate that the FTDT can
consistently differentiate students according to readiness level. Most items also demonstrated acceptable fit
statistics, suggesting that they functioned as intended within the Rasch measurement model. The presence of
only a few misfitting items indicates that the instrument generally possesses acceptable construct validity,
although several items require revision to improve measurement accuracy.

Wright Map Findings

The Wright Maps revealed a mismatch between respondent ability and item difficulty. Most respondents were
clustered between —2 and +1 logits, indicating low to moderate readiness levels, whereas several items were
located above the average respondent ability. This suggests that a number of prerequisite competencies
assessed by the FTDT were beyond the current mastery level of many students. The maps also showed
clustering of items near the mean difficulty level, indicating potential redundancy among certain items, as well
as gaps at the extreme ends of the scale. These findings suggest the need for additional items targeting very
low- and very high-ability respondents to improve measurement precision and ensure more balanced coverage
of the readiness continuum.

Readiness Index

The finding that only 3% of students demonstrated high readiness indicates substantial deficiencies in
prerequisite mathematical competencies. The large proportion of students classified as low readiness suggests
the presence of learning gaps that may hinder performance in General Mathematics. These results emphasize
the importance of early diagnostic assessment and intervention before formal instruction begins.

FTDT-CRI Classification

The FTDT-CRI classification revealed that misconceptions and false negative responses were common among
respondents. False negative responses suggest that students may possess partial understanding but experience
difficulty applying concepts correctly. Meanwhile, misconceptions reflect strongly held incorrect
understandings that may interfere with future learning. These findings demonstrate that readiness extends
beyond answer correctness and involves reasoning and confidence. Consequently, diagnostic assessments that
incorporate confidence measures provide more meaningful information than traditional assessments alone.

CONCLUSION

This study was limited to 100 Grade 10 students from a single public secondary school. Although the sample
size was adequate for pilot testing and Rasch analysis, the findings may not be generalizable to all incoming
Grade 11 students. Furthermore, the study focused primarily on content validity and Rasch-based
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psychometric evaluation. Criterion-related validity, differential item functioning, and cognitive interviews
were not conducted. Future studies may involve larger and more diverse samples, examine subgroup
differences, and collect additional validity evidence to further strengthen the FTDT.

This study successfully developed and validated a Four-Tier Diagnostic Test (FTDT) integrated with the
Certainty of Response Index (CRI) to assess the readiness of incoming Grade 11 students in General
Mathematics. The results established that the instrument possesses acceptable content validity and high
reliability, indicating that it is capable of providing consistent and meaningful measurements of students’
readiness. The Rasch analysis further confirmed that the majority of the test items functioned appropriately and
contributed to the measurement of the intended construct.

The findings revealed that most students demonstrated low to moderate levels of readiness, with only a small
proportion exhibiting high readiness. This suggests that many incoming Grade 11 students have not yet fully
mastered the prerequisite competencies required for success in General Mathematics. The Wright Map analysis
further showed that several test items were more difficult than the average ability level of the respondents,
highlighting existing gaps in foundational mathematical knowledge and skills.

Moreover, the FTDT-CRI classification revealed the presence of misconceptions, false negative responses,
false positive responses, and lack of knowledge among students. These findings indicate that students’
readiness extends beyond answer correctness and involves reasoning ability and confidence in their
understanding. The prevalence of misconceptions and false negative responses suggests that many students
experience difficulties in applying mathematical concepts despite possessing partial or perceived
understanding.

Overall, the FTDT integrated with CRI provides a multidimensional assessment of readiness by
simultaneously measuring knowledge, reasoning, and confidence. As a diagnostic instrument, it offers valuable
information that may assist teachers in identifying learning gaps, designing targeted instructional interventions,
and implementing readiness enhancement programs to support students’ success in General Mathematics.

Practical Implications

The FTDT may serve as a diagnostic tool for mathematics teachers at the beginning of Grade 11. The
readiness classifications can be used to identify students requiring remediation, bridging activities, or
enrichment programs. Students classified under misconceptions may benefit from conceptual change
strategies, while those exhibiting false negative responses may require opportunities to strengthen the
application of their knowledge through guided practice and problem-solving activities. The results may also
assist teachers in grouping learners for differentiated instruction and in designing targeted interventions that
address specific learning gaps before formal instruction in General Mathematics begins.
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