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Abstract 

This paper assessed the validity and reliability of 2021 Katsina State BECE 

Mathematics multiple-choice items. Three objectives and three research questions 

were guided the study. Descriptive survey design was adopted. The population 

consisted of all Junior Secondary School three (JSS III) students who sat for the 

2021 Mathematics BECE in public junior secondary schools, totaling 68,219 

students. A multi-stage sampling technique was used to select a sample of 1,428 

students’ responses. The collected data was analyzed using MS Excel 2010 to 

answer the research questions using Lawshe's formula to establish CVRs and CVI, 

while KR-20 was used to determine internal consistency. The findings revealed 

that 49(82%) of the items had very high CVRs, and the CVI value was 0.79. It was 

also found that the 2021 Katsina State Mathematics BECE possessed a high 

reliability coefficient of 0.83. It was concluded that the 2021 BECE Mathematics 

multiple-choice items had content validity and were homogeneous. Therefore, it is 

recommended that test experts should be involved in test construction and 

validation, and item analysis should be maintained in test development. Also, 

Katsina State BECE multiple-choice items should be pilot-tested to establish their 

item statistics. 
 

Keywords: Achievement, Psychometrics, Content Validity Ratio, Content 
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Introduction 

Achievement tests are designed to measure students' knowledge in specific subjects or skills. They 

assess the level of mastery or accomplishment that students achieve through their efforts. These tests 

are commonly used in educational settings such as schools and universities to evaluate the 

effectiveness of a particular programme of instruction or training. The primary purpose of an 

achievement test is to determine a student's understanding of a specific subject. They serve as tools to 

assess students' progress, identify areas for improvement, inform instruction and curriculum 

development and evaluate the overall effectiveness of educational programs. It is important to note 

that achievement tests reflect knowledge based on what has been learnt. Achievement tests can be 

categorized into standardized and non-standardized tests. 
 

According to Sidhu (2012), standardized tests are developed by experts and are administered, scored 

and interpreted under uniform conditions. In contrast, non-standardized tests are developed by teachers 

for local use. Typically, achievement tests are conducted after a teaching-learning programme to 

evaluate the extent to which educational objectives have been met. These tests are critical assessment 

tools and must be designed to be as objective as possible, ensuring that their results, whether indicating 

success or failure, are accepted by candidates. The quality of tests is a top priority for test constructors, 

test-takers, and anyone who relies on test scores for decision-making. Therefore, it is essential that 
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these tests effectively and efficiently measure learners' abilities. 

Basic Education Certificate Examination (BECE) is a crucial assessment for junior secondary school 

students, evaluating their knowledge in core subjects like English, Mathematics, and Integrated 

Science, as well as elective subjects. The exam format combines multiple-choice and written questions, 

with results significantly impacting students' progression to senior secondary education. BECE is an 

annual examination conducted by the Katsina State Education Resource Centre (ERC) for JSS III 

students. It aims to develop patriotic citizens with diverse knowledge, skills, and values that promote 

national consciousness, entrepreneurship, and moral uprightness. Its objectives, as outlined in the 

National Education Policy (NPE, 2014), include fostering citizens who contribute positively to society, 

appreciate the dignity of labor, and coexist harmoniously despite differences in abilities, religion, 

ethnicity, or socio-economic background. 
 

Psychometrics is a discipline that focuses on the theory and practice of psychological measurement. 

This includes assessing knowledge, abilities, attitudes, personality traits, and educational outcomes 

(Jones & Thissen, in Gawthrop, 2014). Psychometrics employs standardized tests that measure 

psychological traits using a mathematical approach. The field involves the development and validation 

of instruments to ensure they provide reliable and valid measurements. Psychometrics is primarily 

concerned with the theory of psychological measures, encompassing the assessment of knowledge, 

abilities, attitudes, personal capacities, traits, and educational measurements. Psychometricians operate 

on the assumption that evaluation tests are objective, motivating them to create and refine standardized 

tests. This contrasts with clinometric, which favors clinical expertise over formal statistical models or 

biometrics (Alkharusi, 2011). Psychometrics often focuses on measuring mental capacities. Over time, 

it has evolved as a sub-discipline of psychology, becoming a science centered on quantifying 

individual non-observable characteristics. This includes the design and analysis of measurement 

instruments and the development of theoretical methodologies for measurement (Aborisade & Fajobi, 

2019). There are several psychometric properties among which is validity and reliability which are 

crucial statistical measures that determine the quality of a test. 
 

Validity refers to how well a test measures what it is designed to measure while reliability indicates 

the consistency, stability, and dependability of the test in measuring its intended constructs (Anikweze, 

2010; Anastasi & Urbina, 2014; Creswell, 2012). Validity of a test is exclusively concerned with what 

the test measures and how it does so. Therefore, validity evidence of a test could be established through 

content, criterion, face and construct validation. Content validity simply refers to the extent to which 

an instrument measures the features for which it is made. When the content of a test is valid, the test 

items represent the range of possible items that the test should cover. It is the degree to which a test or 

instrument adequately covers the area of behavior it intends to measure (Sidhu, 2012). Content validity 

assesses whether the dimensions and components of a concept are appropriately defined (Sekaran & 

Bougie, 2011). It involves validating each item of the instrument to ensure it accurately represents the 

construct being measured (Miller & Lovler, 2013). In psychometrics, the validity of a scale reflects its 

efficacy in assessing a particular construct. 
 

Content validity ratio is a process used to assess an instrument by assessing whether it includes all 

necessary particulars and removes any that are not applicable to the specific construct being measured. 

It's a extensively habituated system for determining content validity developed by Lawshe. This 

approach helps judges or raters agree on the significance of each point in relation to the construct. 

Lawshe (1975) ,proposed that each member of the panel should answer a specific question for every 

point" Is the skill or knowledge covered by this point essential or useful, but not essential, or not 

necessary for the performance of the construct?" The content validity rate is a numerical score that 
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reflects the validity of the instrument grounded on the conditions handed by the experts. According to 

Lawshe, if more than half of the panelists consider a point essential, then it is considered to have a 

certain position of content validity. 
 

A greater level of content validity exists as a larger number of panelists agree that a particular item is 

essential. It is a method of measuring mutual agreements between evaluators and judges concerning 

the importance of a particular item. Likened to other alternative methods in quantifying content 

validity, such as Cohen’s kappa; Tinsley Weiss, T index; and James, Demaree, and Wolf's index; the 

CVR method is more straightforward, user-friendly, and simple. It also provides a table for finding the 

critical cutoff value (Wilson et al., 2012). For these reasons, CVR has been widely utilized by local 

and foreign researchers as the first step in the instrument development process (Doust et al., 2017; 

Kim, 2011; Matore & Khairani, 2015; Norashady et al., 2016). Lawshe (1975), suggested that each 

rater should respond to each item with (1) Essential, (2) Useful but not essential, and (3) Not necessary. 

Based on these assumptions, Lawshe developed a formula known as the content validity ratio formula:  

 

  
N = total number of panelists. 

Content Validity Index is commonly used in quantitative evaluations. The content validity index is a 

statistic designed to indicate the degree to which a test measures what it is intended to measure. The 

higher the validity indexes of the test, the greater the validity of the test. A scale with excellent content 

validity should be composed of CVI of 0.78 and above. Content validity index refers to the mean of 

the CVR values of items. Content validity index is widely used to estimate the validity of the content 

by researchers, teachers and test experts. This index does not account for the possibility of inflated 

values due to the chance agreement. The content validity index is mostly used by researchers, test 

experts and teachers because it is simple to calculate, easy to understand and provides information 

about tests (Sangoseni et al., 2013). 
 

Reliability is the degree to which a test is consistent, stable, and dependable in measuring what it is 

measuring. Reliability of a test is its standard of consistency, stability, dependability, precision, and 

accuracy. However, a test may give very consistent day-to-day results without measuring what it is 

intended to measure. This means that a test can be reliable when it is not valid. It is estimated that the 

scores of a particular test should generate the same or nearly the same when questions are administered 

multiple times or at different times (Anikweze, 2010; Kubiszyn & Borich, 2013; Sidhu 2012). Internal 

consistency measures a test's ability to produce reliable results across different items that assess similar 

concepts. It evaluates whether multiple items intended to measure the same general construct yield 

comparable scores. The Kuder-Richardson (K-R20) is a method for estimating internal consistency; it 

calculates the reliability of test scores based on a single administration of one test form using a formula 

developed by Kuder-Richardson. K-R20 and K-R21 methods provide procedures for assessing 

whether all items within a test measure the same abilities without being divided into two halves. 
 

Classical Test Theory (CTT) is a foundational framework in educational and psychological 

measurement that posits an individual's observed score which consists of a true score and measurement 

error. It emphasizes evaluating and improving test reliability focusing on individual performance and 

item difficulty. According to CTT, each individual has a true score representing their ability, 

achievable in a measurement devoid of error. This theory is essential for guiding test development and 

validation in various assessments (METRIC, 2006). 
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In Katsina State, Nigeria, the state government, through Education Resource Centre (ERC), conducts 

Basic Education Certificate Examination (BECE) for all Junior Secondary School three (JSS III) 

students. Despite the importance of this examination and its widespread popularity particularly in 

Nigeria, there is no clear evidence to prove that the test questions pass through the assessment of 

essential qualities such as validity and reliability among others. This clearly indicates that the statistical 

qualities of the items used for BECE are not known. As such, the items may probably be lacking in 

one or more psychometric properties which may affect the performance of the students.  
 

It is possible that there are some technical weaknesses in the construction of the test items and probably 

in their administration. Performance in Mathematics BECE in particular is critical as obtaining a credit 

serves as a benchmark for decision making with regards to performance of a student. However, passing 

of Mathematics examination in BECE has been a major challenge to students. Any student who fails 

to pass Mathematics has to re-sit or repeat JSS 3 class. As a result, the process of learning is to some 

extent delayed. This study is focused on measuring the validity and reliability of the 2021 Katsina 

State Mathematics Basic Education Certificate Examination (BECE). 
 

Objectives of the Study 

The main objective of this study is to measure the validity and reliability of 2021 Katsina State 

Mathematics Basic Education Certificate Examination (BECE) Multiple Choice Items. The specific 

objectives of the study are to find out the: 

1. content validity ratios (CVRs) of 2021 Mathematics BECE multiple-choice items  

2. content validity index (CVI) of 2021 Mathematics BECE multiple-choice items 

3. reliability coefficient of 2021 Mathematics BECE multiple-choice items 

Research Questions 

1. What are the content validity ratios (CVRs) of 2021 Mathematics BECE multiple-choice items? 

2. What is the content validity index (CVI) of the 2021 Mathematics BECE choice items? 

3. What is the reliability coefficient of 2021 Mathematics BECE 
 

Methodology 

The study adopted a descriptive survey design because it systematically collects data from a large 

sample, allowing for the identification of patterns, trends, and correlations. The population of the study 

consisted of all the students who sat for the 2021 Mathematics BECE in public Junior Secondary 

Schools in Katsina State. In this study, there are two types of populations: students and Mathematics 

teachers. The population comprised 68,219 JSS III students who sat for the 2021 Mathematics BECE. 

The population of the experts is ten (10) Mathematics teachers. A total of 1,428 students' responses 

were drawn from twelve (12) public junior secondary schools using a multi-stage sampling technique. 

Ten (10) Mathematics teachers were randomly selected from different schools as the experts' ratings 

for content validation. The 2021 BECE question paper served as the instrument for data collection. 

Lawshe's formula was used to establish Content Validity Ratio (CVR) and Content Validity Index 

(CVI) to answer research questions 1 and 2 while Kuder-Richardson (KR-20) was used to determine 

the internal consistency of the test for research question 3. 
 

Results 

RQ1: What are the content validity ratios (CVR) of 2021 Mathematics BECE multiple-choice items? 

This research question was answered by using formula proposed by Lawshe (1975). Each expert panel 

responded to each item with essential=1 or useful but not essential and not necessary = 0. Content 

validity ratios (CVRs). 
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N = total number of panelists.  

Table below summarized the CVR or indices of the 2021 Katsina state Mathematics Basic Education 

Certificate Examination multiple choice items. 
 

Table 1: Content validity ratio (CVR) of 2021 Katsina state Mathematics Basic Education 

Certificate Examination multiple choice items  

Items CVR Items CVR Items CVR 

1 0.8 21 0.8 41 0.8 

2 0.8 22 0.8 42 0.8 

3 1 23 0.4 43 0.8 

4 1 24 0.8 44 0.8 

5 0.8 25 1 45 0.8 

6 0.8 26 0.6 46 0.8 

7 0.8 27 1 47 0.8 

8 1 28 0.8 48 0.8 

9 1 29 0.8 49 0.8 

10 0.8 30 0.6 50 0.8 

11 0.6 31 0.8 51 0.2 

12 1 32 0.8 52 1 

13 1 33 0.8 53 0.4 

14 0.8 34 1 54 0.4 

15 0.4 35 1 55 1 

16 0.6 36 0.4 56 0.8 

17 0.8 37 0.8 57 0.8 

18 0.6 38 0.8 58 0.8 

19 0.8 39 1 59 1 

20 0.8 40 1 60 1 
 

Table 1 indicates the analysis of the Content Validity Ratio (CVR). Sixty (60) items were content 

validated based on the 10 experts judgment using CVR based on the formula proposed by Lawshe 

(1975). However, all the experts have more than 5 years of teaching experience in the area (i.e. 

Mathematics) and the experts were chosen from different schools. The results showed that 49 items 

have a CVR value greater than 0.78 (> 0.78) while 11 items have a CVR value < 0.78 which is in line 

with (Lawshe, 1975).  
 

RQ2: What is the content validity index (CVI) of the 2021 Mathematics BECE? 

Table 2: Content validity Index (CVI) of 2021 Katsina state Mathematics Basic Education 

Certificate Examination 

Indicator Value  

Items  60 

CVI 0.79 
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 The content validity index (CVI) of the 2021 Mathematics BECE multiple-choice items was 

investigated based on the view of 10 experts in the area of Mathematics. Thus, the CVI value is 0.79 

and the results showed that the instrument has a good content validity index based on recommendations 

given by Songoseni et al., (2013) that a scale with an excellent content validity index ranges from 0.78 

and above. 
 

RQ3: What is the reliability coefficient KR-20 (internal consistency) of 2021 Mathematics BECE? 
 

Table 3: Internal Consistency Reliability of 2021 Katsina state Mathematics BECE multiple-

choice items Using Kuder-Richardson (KR-20) 

Indicator Value  

No. of Items  60 

KR-20 or Reliability coefficient  0.83 
 

Table 3 indicates the reliability coefficient of a dichotomous variable in the 2021 Mathematics BECE 

multiple-choice items. The coefficient of the internal consistency was reported at 0.83 which is high 

in line with Brown, (2005) who had recommended an acceptable value of 0.70 to 0.79.  
 

Discussion 

The aim of the study was to measure the validity and reliability of the 2021 Katsina State Mathematics 

Basic Education Certificate Examination. The validity and reliability investigated include: Content 

Validity Ratios (CVRs), Content Validity Index (CVI), and Reliability (Internal consistency). The 

findings of this study were discussed under each research question. 
 

The finding of the study revealed that the items on the 2021 Katsina state Mathematics Basic Education 

Certificate Examination (BECE) possessed an acceptable Content Validity Ratio (CVR) within the 

range of 0.78 and Above in which 49 (82%) of the items in the test are considered to have acceptable 

CVR value based on the recommendation given by Lawshe (1975). This finding was supported by 

Gharamani and Khalkali (2015); Ahari et al., (2018); Ramli et al., (2018); Feleye and Ayeloja (2018); 

Chong et al., (2019); Othman and Mature (2020); Cardenas et al., (2021) where they indicated in their 

studies that the test items (in terms of CVR) are good because they possessed the acceptable CVR 

value of greater than 0.78 (> 0.78). The findings of this study differ from those of Adechi et al., (2017), 

Ghazali et al., (2017), in which their findings showed that items are poor and fail to possess the 

acceptable range, i.e., CVR value < 0.78. 
 

The findings of the study also revealed that the items on the 2021 Katsina state Mathematics Basic 

Education Certificate Examination (BECE) had an acceptable content validity index (CVI) within the 

range of 0.78 and above (i.e., 0.79). This finding was in line with that of Sangoseni et al., (2013); 

Larsson et al., (2015); Ghhramani and Khalkhali (2015); Masuwai et al., (2016); Adachi et al., (2017) 

and Eleje et al., (2018) in which in terms of CVI their findings possessed an acceptable value which is 

more than 0.78. However, the finding of this study differs with that of Hadie et al., (2017) in their 

study which shows that a low level of CVI was exhibited (<0.78).  
 

Meanwhile, the internal consistency of 2021 Katsina state Mathematics Basic Education Certificate 

Examination was estimated using Kuder and Richardson (KR-20) method. It exhibits a high level of 

reliability of .83. This indicates that the test is reliable because it is in line with Brown's (2005) 

recommendation stated earlier. This finding was supported by Osadebe (2014); Dorothy et al., (2015); 

Larsson et al., (2015), Sa'ad and Ado (2020), and Ahmad, et al., (2020) in their studies that possessed 

an excellent and acceptable internal consistency reliability coefficient within the acceptable range of 
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>0.70. The findings of the study also revealed that the 2021 Katsina state Mathematics Basic Education 

Certificate Examination possessed an acceptable reliability coefficient within the range of 0.80 and 

above, i.e., 0.83, which is high. This indicated that the tests (in terms of reliability) are good. The 

finding is in line with that of Agu et al., (2013), and Aggarwal (2018) and Matthew (2019) in their 

studies in which it was revealed that a high reliability index was exhibited. The study contrasted with 

that of Toyin (2015), and Margaret and Anthonia (2017), who indicated that their findings have low 

or poor reliability coefficients within the acceptable range of <0.70. 
 

Conclusion 

From the findings of the study, the researchers conclude that the test had content validity and the items 

were homogeneous. 
 

Recommendations 

From the findings of this study, the researchers were able to come up with the following 

recommendations;  

1. Test construction experts should be involved in the construction and validation of tests. 

2. Item analysis should be kept up in test development and evaluation, because of its importance in 

the probe of reliability and in minimizing measurement errors. 

3. Katsina state BECE multiple-choice items need to be pilot tested to establish their item statistics. 

4. Regular sensitization workshops and seminars should be organized for ERC to familiarize them 

with the necessary techniques needed for test construction. 
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