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Abstract

The study conducted an items analysis of the 2019 and 2021 Mathematics basic education
certificate examinations (BECE) in junior secondary schools in Sokoto state. The objective of the
study is to assess the a, b, and c- parameters of the 2019 and 2021 basic education certificate
examinations Mathematics. Six (6) research questions were raised and answered. Ex-post- facto
research design was adopted. The population of the study was 13,486 and 13,995 students
registered and sat for the 2019 and 2021 BECE Mathematics respectively. Out of which 500
sample from each of the 2019 and 2021 BECE was determined via Item Response Theory for
Patient Reported Outcome (IRT-PRO) models with 3PL recommendation. Multi-stage cluster
sampling technique was used in this research. Item analysis was performed via the use of IRTPRO
software, and conventional statistical analysis using descriptive statistical analysis. The findings
revealed that the 2019 basic education certificate examinations Mathematics objective test items
had adequate discrimination and difficulty indices. The test also showed that the majority of the
items had passed the distracter indices criteria. The findings however revealed that the 2021
basic education certificate examinations Mathematics shows that both discrimination and
difficulty indices were adequate. And also, the majority of the item passed the distracter indices
criteria. The study therefore recommended among others that: government and private schools
proprietors should endeavour to sponsor teachers, especially in the examination offices for
conferences, workshops and seminars.

Keywords: Items Analysis, Basic Education Certificate Examinations (BECE), Mathematics, Junior
Secondary Schools, Covid-19.

Introduction
The level of development in any nation is ascertained via the outcome of its education

policies either in terms of the product from the educational sector or other assessment
parameters (Bassey, Jacob & Nobel, 2022). According to (Anaman et al, 2022) education is
the essential building block for societal, economic, scientific and technological progress.
Thus, education at the basic level should be the foundation for senior secondary school level
and higher knowledge in tertiary institutions.

The prevalent Nigerian educational system seems to be far from achieving the desired
educational goals and objectives as there is noticeable evidence of the decline in the
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standard of education, evidenced by poor and fluctuating results in public examinations.

This evidence is clear in internal and external examinations, especially in Mathematics
subject.
Ohanyelu (2021) stated that the academic performance of students in Mathematics among
public secondary schools in Nigeria has consistently been low over a period. For several
years now, research findings have shown the abysmal performance of students of
secondary schools in public examinations (Ogunbanwo, 2014). However, total success is a
concernto educational administrators, test experts, students, parents, and the examination
body as well. In recent times, the poor performance of secondary school students in
mathematics has become a source of worry for educational researchers, policymakers,
parents, and other stakeholders (Ohanyelu, 2021).
Obarasua and Orluwene (2022) elucidated that, the Basic Education Certificate
Examination (BECE) is a mandatory examination for students in the ninth year of their basic
education class and third year of the junior secondary school. The BECE is an external
examination conducted by the Ministry of Education of each state, normally conducted in
July/June yearly, the exact date may differ from state to state. It is an examination
conducted for students in their final year of Junior Secondary education. Thus, students
must possess at least a credit pass in English language, Mathematics, and any other three
subjects before they are admitted into senior secondary school.
For Nigeria to advance technologically and improve its socio-economic status,
Mathematics education at the basic level should be well managed (Hussaini, 2023).
The present world of post Covid-19 era has changed the mind-sets of the people about the
entire global educational system; teaching, learning, and assessment alike (Hussaini &
Bello, 2023). Thus, the Covid-19 pandemic has created challenges and caused disruption
across the entire educational system tests included. Learning from our student experience
during the Covid-19 period will help us shape our future (Bashir, et al, 2021).
The Covid- pandemic has already reshaped how people do business from now on.
According to (Kofi, 2020) some of the strategies that academic institutions have used
during this pandemic should be modified more radically.
ltem analysis is a process that examines students’ responses to individual test items
(multiple-choice questions) to assess the quality of those items. According to (Hussaini,
2023) item analysis is a technique in which both students’ responses and test items are
examined to assess the quality of the items and the test as a whole. According to Krishnan
(2013). Item analysis broadly refers to the specific methods used to evaluate items on a test,
both qualitatively and quantitatively, to evaluate the quality of individual items. Anikweze
(2012) stated that the outcome of item analysis helps teachers and test developers improve
on item selection for the test by eliminating unreliable items, substituting for poor items,
or recasting poorly stated questions for better effect.
According to Arora (2018), item analysis consists of the following three aspects:

a. Difficulty index

b. Discrimination index
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c. Distracter effectiveness

Difficulty index or easiness index: A measure of whether an item was too easy or too hard.

Discrimination index: A measure of whether an item discriminated between students who
knew the answer and students who did not.

Distracter effectiveness: Determination of whether distractors (incorrect but plausible
answers) tend to be marked by the less able students and not by the intelligent students.

The difficulty index (p):
i.  Between 5oand 60% are considered good
ii. 30—70%is acceptable
iii.  Above 70% or below 30% require modification.

The discrimination index (d):
i. 0.35and above are considered excellent
ii. 0.25t00.34 are good,
iii. 0.20t00.24 are acceptable and
iv. Below 0.20 require modification.

The Pseudo-guessing (c)

According to Ayanwale, Adeleke and Mamadelo (2018) the c- parameter has a theoretical
range of o < c < 1.0, but in practice, values above 0.35 are not considered acceptable, hence
the range e < ¢ < 0.35 is usually adopted when the 3- parameter logistic model is used.

The Objective of the Study

The objective of the study is to assess a, b and c- parameters (discrimination, difficulty and
guessing indices) of the 2019 and 2021 BECE Mathematics in junior secondary schools in
Sokoto state (before and after the Covid-19 lockdown).

Research Questions
The following research questions were raised to guide the study:
i.  What is the a-parameter (discrimination parameter) of the 2019 BECE Mathematics
in junior secondary schools in Sokoto state (before the Covid-19 lockdown)?
ii. Whatis the b- parameter of the 2019 BECE Mathematics in junior secondary schools
(before the Covid-19 lockdown) in Sokoto state (difficulty parameter)?
iii. What is the c- parameter (guessing parameter) of the 2019 BECE Mathematics in
junior secondary schools in Sokoto state (before the Covid-19 lockdown)?
iv. What is the a- parameter (discrimination parameter) of the 2021 BECE Mathematics
in junior secondary schools in Sokoto state (after the Covid-19 lockdown)?
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v. What is the b- parameter (difficulty parameter) of the 2021 BECE Mathematics in

junior secondary schools in Sokoto state (after the Covid-19 lockdown)?
vi. What is the c- parameter (guessing parameter) of the 2021 BECE Mathematics in
junior secondary schools (after the Covid-19 lockdown) in Sokoto state?

Significance of the Study

This study is anticipated to increase the existing literature on item analysis (3PL), especially
during the Covid-19 pandemic era. However, it is expected that this study will enable test
constructors of various states ministries of education and other examination body to make
appropriate use of item analysis procedures to judge the quality and worth of test items.

Statement of the Problem

The performance of students in BECE Mathematics examinations varies from person to
person and it may be credited to the fact that the tests are too simple or too difficult.
Examinations (tests) are often constructed and administered by classroom teachers and
test developers from examination departments with little or no concern about the quality
of what every measurement should possess. Issues of level of difficulty of the items,
discrimination index and probability of testees to guess the right answer correctly seem to
be overlooked.

However, many reasons could be credited to the good performance, these include; the
simplicity of the items, the inability of the items to satisfy the criteria of a good test as well
as the inability of the items to conform with item-writing procedures. Consequently, a well-
standardized test should not be too difficult or too simple. It should be able to discriminate
effectively between high-ability students and low-ability students.

Many students make Mathematics subject their enemy which has among other factors lead
to a high rate of failure in all external examinations (Obarasua & Orluwene, 2022). Equally,
the trends in the performance of students in Mathematics at the Basic Education Certificate
Examination administered by the examination department of the Sokoto State Ministry for
Basic and Secondary Education show that examinees’ performance is consistently
fluctuating over the years. They isolated various factors that could mar examinees’
performances in Mathematics. Nature of the test items is noticeable among these factors.
The investigators believe that it is significant to investigate the quality of the items in the
2019 and 2021 BECE Mathematics multiple choice in junior secondary schools in Sokoto
state before and after the Covid-19 lockdown to see whether there is a difference in @, b and

C- parameters.

Theoretical Framework

Ayanwale, Adeleke and Mamadelo (2018) stated that there are two main frameworks
through which quality test items can be achieved in educational measurements. They are
the Classical Test Theory (CTT) and Item Response Theory (IRT). For this research, the item
response theory (IRT) is employed.
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Item Response Theory (IRT)

According to Hambleton (1994), IRT is a statistical theory comprised of a variety of
Mathematical models that have the following characteristics: a- to predict person’s scores
based on his/her abilities or latent traits and b- to establish a relationship between person’s
item performance and the set of traits underlying item performance through a function
called the “item characteristic curve”. These characteristics are possible because IRT
models provide item and ability parameter invariance for test items and persons, when the
IRT model of interest fits the available test data. In other words, the same items used in
different samples will keep their statistical properties (for instance, difficulty and
discrimination).
The characteristics of item response models as summarised by Hambleton and
Swaminathan (1985) are first, an IRT model must specify the relationship between the
observed response and underlying unobservable construct. Secondly, the model must
provide a way to estimate scores on the ability. Thirdly, the examinee’s scores will be the
basis for the estimation of the underlying construct. Finally, an IRT model assumes that the
performance of an examinee can be completely predicted or explained by one or more
abilities. In item response theory, it is often assumed that an examinee has some latent,
unobservable trait (also called ability), which cannot be studied directly. The purpose of IRT
is to propose models that permit linking this latent trait to some observable characteristics
of the examinee, especially his/her faculties to correctly answering to a set of questions that
form a test (Magis, 2007).
ltem Response Theory's item parameters include difficulty (location), discrimination
(slope), and pseudo-guessing (lower asymptote). The three most commonly used IRT
models are; one parameter logistic model (1PLM or Rasch model), the two-parameter
logistic model (2PLM) and the three-parameter logistics model (3PLM). All three models
have an item difficulty parameter (b), In addition, the 2PL and 3PL models possess a
discrimination parameter (a), which allows the items to discriminate differently among the
examinees. The 3PL model contains a third parameter, referred to as the pseudo-chance
parameter (c). The pseudo-chance parameter (c) corresponds to the lower asymptote of the
item characteristic curve (ICC) which represents the probability that low-ability test takers
will answer the item correctly and provide an estimate of the pseudo parameter (Embretson
& Reise, 2000).
According to Ani (2014), IRT models are described by the number of parameters they use in
revealing item information. The three-parameter logistic (3PL) model is named so because
it employs three-item parameters. That is item difficulty, discrimination and guessing
parameters.
The equation for the three-parameter model is:
(8) = Ci+(1-Ci) eD(0 - bi)

1+ e (((6-bi))
Where:
b is the difficulty parameter
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a is the discrimination parameter

cis the guessing parameter and
e is the ability level

Assumption of Item Response Theory

There are four (4) major assumptions of the IRT as identified by (Warm, 1978). The first
assumption states that if an examinee knows the correct response to an item he/she will go
ahead to answer it correctly. This assumption relates to assumptions in any test theory. The
other three assumptions are; local independence, unidimensionality and item response
function (i.e. item characteristics curve ICC).

Literature Review
Many studies have been carried out on assessing the quality of multiple-choice items. For

instance, Obarasua and Orluwene (2022) psychometric analysis of the 2018-2020 basic
education certificate examination Mathematics objective test items. The findings indicated
that all the test items passed the psychometric properties criteria. In another development,
Ibrahim (2018) in a study psychometric analysis of the 2016 Mathematics, basic education
certificate examination in Gombe state, Nigeria. The study used item response theory (IRT)
to examine item difficulty, discrimination and probability of guessing values. Findings from
the study revealed that 52 out of the 60 items were easy; the items discriminated well
between the high and low-ability groups of students that took the test whereas many items
showed a high probability to guessing.

However, in a study by Alfanda, (2019) item analysis of the 2014 English language senior
Arabic and Islamic secondary school certificate examination (SAISSCE) in the Kano
municipal education zone, Kano. The study findings revealed 57 out of the 70 items in the
examination are easy items, with only 13 items found to be difficult; items discriminated
well among examinees, whereas many items showed a very low probability of guessing with
only 20 items exhibited high guessing values.

In another research, Ogechukwu, (2018) psychometric properties analysis of basic
certification examination for French multiple choice test items of the 2013, 2014, and 2015
in Anambra state. The findings show that the difficulty indices for the basic education
certificate examination for French multiple-choice test items had acceptable difficulty
indices for all the years under investigation, i.e. 2013 63%, 2014 70, % and 2015 72%. The
analyses of discrimination indices revealed that, for 2013 63% discriminated well, 10%
showed negative while 27% did not discriminate well. For 2014 75% of the French multiple-
choice test items discriminated well while 25% did not and for 2015 62% of the French test
items discriminated well and 38% did not.

Moreover, Toyin (2015) in a study analyzing the psychometric properties of Mathematics in
public examinations in Nigeria involved all the SS Ill students at the final stage of their
preparation for WAEC and NECO, SSCE as well as NABTEB papers. The findings indicated
WAEC, NECO, NABTEB, and JAMB developed tests covering not less than 80% of their
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syllabi content and also a fairly high proportion of the test items have appropriate difficulty

index i.e. within the range of 0.25 — 0.75. However, findings shoes that, the functionality of
the distracters is best in JAMB multiple-choice items and least in NECO but in general
terms, the distracters showed a fairly good combination of options.

Methodology
Research Design

An ex-post facto research design was adopted for this research. This is because the nature
of the independent variables; school type, and students’ academic performance obtained
cannot be manipulated. According to Salkind (2010), ex post facto study or after-the-fact
research is a category of research design in which the investigation starts after the fact has
occurred without interference from the researcher.

Population

The population of this study was 13,486 and 13,995 students which comprise all students
who registered and sat for the 2019 and 2021 Mathematics Basic Education Certificate
Examinations (BECE) in junior secondary schools in Sokoto state respectively before and
after the Covid-19 lockdown.

Sample Size

A sample of 5oo units of analysis was selected from each of the 2019 and 2022 BECE
Mathematics. From a theoretical perspective, IRT models with more parameters require a
greater sample size than models with fewer parameters. Smaller sample sizes are required
with the Rasch Model, a one-parameter model, than is the case with the two-parameter or
three-parameter models, usually starting from 500, 1000 to 2000 examinees (Edelen &
Reeve, 2007; Bond & Fox, 2007; Morizot, Ainsworth, & Reise, 2007).

Sampling Technique
A multistage sampling technique was employed for this study.

Statistical Tools

Item analysis and conventional statistical analysis were used by the researchers for analyses
and data interpretation. Item analysis (indices of statistical parameters) via (IRTPRO),
Scientific Software International, Inc (SSI) was used in determining the item parameters
and answering the research questions.

Data Presentation and Findings
Research Question 1: What is the a-parameter (discrimination parameter) of the 2019

BECE Mathematics in junior secondary schools (before the Covid-19 lockdown) in Sokoto
state?
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Table 1: Item Parameter a- Estimates of the 2019 BECE Mathematics in Junior

Secondary Schools (before Covid-19 lockdown) based on 3the PL Logistic Model

Item No.  Estimate  Item No. Estimate Item No. Estimate Item No. Estimate
1 1.06 6 24.38 11 2.12 16 30.28

2 24.38 7 1.92 12 3.19 17 3.97

3 0.87 8 2.10 13 30.28 18 29.87
4 1.86 9 1.49 14 3.73 19 1.10

5 1.04 10 29.87 15 2.24 20 2.21

The parameter a- was estimated by running the person-by-item matrix on the 2019 BECE
Mathematics in junior secondary schools via the IRTPRO package. The output was
extracted and presented in Table 1. However, the decision was guided by the parameter a-
guidelines presented in the table as suggested by Baker (2001) and Demars (2010).

Table 1b: Labels for a- Parameter Values of the 2019 BECE Mathematics in Junior
Secondary Schools (before Covid-19 lockdown) based on the 3PL Logistic Model

Category Number of Items %
None <o o o
Very Low .01-.34 o o
Low .35-.64 o 0
Moderate .65-1.34 4 20
High 1.35-1.69 1 5
Very High 2 1.7 15 75
Total 20 100

Table 1b depicts the summary of the labels for a- parameter estimate of the 2019 BECE
Mathematics in junior secondary schools (before the Covid-19 lockdown). From the table,
it can be seen that o of the items fall under none (< o) value representing 0%. The items that
fallunder very low (.01-.34) values are also o representing 0%. However, o items account for
low (.35-.64) values representing 0%. The items that fall under moderate (.65-1.34) values
are 4 (1, 3, 5, and 19) representing 20%. Moreover, 1 item falls under high (1.35-1.69) values
and the item is item g representing 5%. Fifteen (15) of the items are within the very high (2
1.7) values. Hence, these items are 2, 4, 6, 7, 8, 10, 11, 12, 13, 14, 15, 16, 17, 18 and 20.

Research Question 2: What are the b- parameter (difficulty parameter) estimates of the
items on the 2019 BECE Mathematics in junior secondary schools?

Table 2: Item Parameter b- Estimates of the 2019 BECE Mathematics in Junior
Secondary Schools (before Covid-19 lockdown) based on the 3PL Logistic Model

Item No. Estimate Item No. Estimate Item No. Estimate Item No. Estimate

1 -2.29 6 0.12 11 -0.70 16 -0.39
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2 0.12 7 -0.65 12 -0.64 17 -0.29
3 -2.43 8 -0.57 13 -0.39 18 0.62
4 -0.83 9 -0.42 14 -0.44 19 -1.44
5 0.06 10 0.62 15 -0.19 20 -0.46

Table 2 presents item parameter b- values of the 2019 BECE Mathematics items (before the
Covid-19 lockdown) based on the three-parameter logistic (3PL) model. The parameter b-
was estimated by running the person-by-item- matrix via the IRTPRO package. However,
the decision is based on the values within the range of -3 to +3 as suggested by Baker (2001)
and Demars (2010) in the table 2b.

Table 2b: Labels for b- Parameter Estimates of the 2019 BECE Mathematics in Junior
Secondary Schools (before Covid-19 lockdown) based on the 3PL Logistic Model

Category Number of Items %
Difficult Items 5 25
Easy Items 15 75
Total 20 100

From the table 2b, it can be seen that 5 items are within the b-value range of +3 and have
positive difficult estimates while 15 items are within the b-value range of -3 and have
negative difficulty estimates. The negative estimate implies that 15 items are easy while 5
items are difficult. As per as the labels of the b- parameter is concerned it however revealed
that a minority of the items (5) items are difficult representing 25% and the items are: 2, 5,
6, 10 and 18. However, 15 items are difficult representing 75% and these items are 1, 3, 4, 7,
8, 9, 11, 12, 13, 14, 15, 16, 17, 18, 19 and 20 respectively.

Research Question 3: What are the c-parameter (guessing parameter) estimates of the
items on the 2019 BECE Mathematics in junior secondary schools (before the Covid-19
lockdown)?

Table 3: Item Parameter c- Estimates of the 2019 BECE Mathematics in Junior
Secondary Schools based on the 3PL Logistic Model

Item No. Estimate Item No. Estimate ItemNo. Estimate ItemNo. Estimate
1 2.42 6 -2.87 11 1.49 16 11.69

2 -2.87 7 1.26 12 2.03 17 1.14

3 2.12 8 1.20 13 11.69 18 -18.51

4 1.54 9 0.63 14 1.63 19 1.58

5 -0.06 10 -18.51 15 0.42 20 1.02

The parameter c- was estimated by running the person-by-item-matrix on the 2019 BECE
Mathematics via the IRTPRO package. However, the decision was guided by the parameter
¢- guidelines presented in Table 3b as suggested by Baker (2001) and Demars (2010).
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Table 3b: Labels for c-Parameter Values of the 2019 BECE Mathematics in Junior

Secondary Schools (before Covid-19 lockdown) based on the 3PL Logistic Model

Category Number of Items %
Very Low -0.00 & below 5 25
Low 0.01-0.25 o] o}
High 0.26 & above 15 75
Total 20 100

Table 3b portrays the summary of the labels for c- parameter estimates. The outcome from
the analysis indicated that 5 out of the 20 items have very low guessing values that range
between (-0.00 & below), representing 25% and these items are: 2, 5, 6, 10 and 15 which
implies that the chance of getting an answer correctly by mere guessing is very low. o item
has a low value that ranges from (0.01-0.25), and 15 items (75%) fall under the range of 0.26
and above as the high category. Thus, these items are 1, 3, 4, 7, 8, 9, 11, 12, 13, 14, 16, 17, 18,
19 and 20. By implication, it means that the chance of getting an answer correctly by mere
guessing is high regarding these items.

Research Question 4: What is the a-parameter (discrimination parameter) of the 2021
BECE Mathematics in junior secondary schools (after the Covid-19 lockdown) in Sokoto
state?

Table 4: Item Parameter a- Estimates of the 2021 BECE Mathematics in Junior
Secondary Schools (after Covid-19 lockdown) based on the 3PL Logistic Model

Item No. Estimate Item No. Estimate Item No. Estimate Item No. Estimate
1 0.89 6 0.61 11 1.79 16 1.36

2 0.61 7 0.90 12 2.72 17 3.29

3 1.18 8 1.31 13 1.36 18 21.66

4 1.35 9 1.38 14 1.98 19 4.50

5 6.34 10 21.66 15 2.98 20 18.18

The parameter a- was estimated by running the person-by-item matrix on the 2021 BECE
Mathematics in junior secondary schools via the IRTPRO package. The output was
extracted and presented in Table 4. However, the decision was guided by the parameter a-
guidelines presented in Table 4b as suggested by Baker (2001) and Demars (2010).

Table 4b: Labels for a- Parameter Values of the 20212 BECE Mathematics in Junior
Secondary Schools (after Covid-19 lockdown) based on the 3PL Logistic Model

Category Number of Items %
None <o o 0
Very Low .01-.34 o o
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Low .35-.64 2 10
Moderate .65-1.34 4 20
High 1.35-1.69 4 20
Very High 2 1.7 10 50
Total 20 100

Table 4b depicts the summary of the labels for a- parameter estimate of the 2021 BECE
Mathematics in junior secondary schools (after the Covid-19 lockdown). From the table, it
can be seen that o of the items fall under none (< 0) value representing 0%.

The items that fall under very low (.01-.34) values are also o representing 0%. However, 2
items (1, 6) account for low (.35-.64) values representing 10%. The items that fall under
moderate (.65-1.34) values are 4 (1, 3, 7, and 8) representing 20%. Moreover, 4 item also
falls under high (1.35-1.69) values and the item is item 4, 9, 13 and 16 representing 20%. Ten
of the items are within the very high (= 1.7) values. Hence, these items are 5, 10, 11, 12, 14,
15, 17, 18, 19 and 20.

Research Question 5: What are the b- parameter (difficulty parameter) estimates of the
items on the 2021 BECE Mathematics in junior secondary schools?

Table 5: Item Parameter b- Estimates of the 2021 BECE Mathematics in Junior
Secondary Schools (after Covid-19 lockdown) based on the 3PL Logistic Model

Item No. Estimate Item No. Estimate Item No. Estimate Item No. Estimate
1 -3.12 6 -2.79 11 -0.88 16 -0.58

2 -2.79 7 -1.45 12 -0.55 17 0.16

3 1.67 8 -1.41 13 -0.58 18 1.72

4 -1.79 9 -0.74 14 -0.48 19 0.35

5 1.87 10 1.72 15 -0.37 20 0.24

Table 5 presents item parameter b- values of the 2021 BECE Mathematics items (after the
Covid-19 lockdown) based on the three-parameter logistic (3PL) model. The parameter b-
was estimated by running the person-by-item- matrix via the IRTPRO package. However,
the decision is based on the values within the range of -3 to +3 as suggested by Baker (2001)
and Demars (2010) in the table 5b.

Table 5b: Labels for b- Parameter Estimates of the 2021 BECE Mathematics in Junior
Secondary Schools (after Covid-19 lockdown) based on the 3PL Logistic Model

Category Number of Items %
Difficult Items 7 35
Easy Items 13 65
Total 20 100
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From the table 5b, it can be seen that 7 items are within the b-value range of +3 and have

positive difficult estimates while 13 items are within the b-value range of -3 and have
negative difficulty estimates. The negative estimate implies that 13 items are easy while 7
items are difficult. As per as the labels of the b- parameter is concerned, table 2b revealed
that a minority of the 7 items are difficult items representing 35% and the items are 3, 5, 10,
17,18, 19 and 20. However, 13 items are easy representing 13% and these items are 1, 2, 4,
6,7, 8,911, 12, 13, 14, 15 and 16 respectively.

Research Question 6: What are the c- parameter (guessing parameter) estimates of the
items on the 2021 BECE Mathematics in junior secondary schools (after the Covid-19
lockdown)?

Table 6: Item Parameter c- Estimates of the 20212 BECE Mathematics in Junior
Secondary Schools based on the 3PL Logistic Model

Item No. Estimate Item No. Estimate ItemNo. Estimate Item No. Estimate
1 2.77 6 1.70 11 1.58 16 0.78

2 1.70 7 1.31 12 1.51 17 -0.53

3 -1.97 8 1.85 13 0.78 18 -21.67

4 2.42 9 1.02 14 0.94 19 -1.58

5 -11.87 10 -21.67 15 1.10 20 -28.14

The parameter c- was estimated by running the person-by-item-matrix on the 2021 BECE
Mathematics via the IRTPRO package. However, the decision was guided by the parameter
¢- guidelines presented in Table 3b as suggested by Baker (2001) and Demars (2010).

Table 6b: Labels for c-Parameter Values of the 2021 BECE Mathematics in Junior
Secondary Schools (before and after Covid-19 lockdown) based on the 3PL Logistic

Model
Category Number of Items %
Very Low -0.00 & below 7 35
Low 0.01-0.25 o] o]
High 0.26 & above 13 65
Total 20 100

Table 6b portrays the summary of the labels for c- parameter estimates. The outcome from
the analysis indicated that 5 out of the 20 items have very low guessing values that range
between (-0.00 & below), representing 25% and these items are: 3, 5, 10, 17, 18, 19 and 20
which implies that the chance of getting an answer correctly by mere guessing is very low.
o item has a low value that ranges from (0.01-0.25), and 15 items (75%) fall under the range
of 0.26 and above as the high category. Thus these items are 1, 2, 6, 7, 8, 9, 11, 12, 13, 14, 15
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and 16. By implication, it means that the chance of getting an answer correctly by mere
guessing is high regarding these items.

Discussion of the Findings
The information in Table 1b provided the answer to research question one. Findings

revealed that no item falls under none, very low, and low values. Equally, items 4, 1 and 15
fall under moderate, high, and very high values respectively. This implies that the BECE
2019 a-parameter is adequate. This is in line with the findings of Ibrahim (2018) who
reported that 52 out of the 60 items in the 2016 Mathematics BECE in Gombe state, Nigeria
discriminated well between the high and low-ability groups of students that took the test.
Table 2b provided the answer to research question two. The findings revealed that 5 items
are difficult while 15 items are easy. This is similar to the findings from the work of Alfanda
(2019). Her findings revealed 57 out of the 70 items in the examination are easy items, with
only 13 items found to be difficult.

However, table 3b portrays the answer to research question three. The outcome from the
analysis indicated that 5 out of the 20 items have very low guessing values and 15 items
have high values. These findings are in line with the findings of Ibrahim (2018) where the
findings show that the majority of the items display a high probability of guessing.

Table 4b provides the answers to research question four. The findings show that none of
the items fall under none and are very low. However, item 2 falls under low value. Moreover,
items 4 and 10 are high and very high values respectively. This infers that the majority of
the items in the BECE 2021 a-parameter are adequate. These findings are consistent with
the findings earlier made by Obarasua and Orluwene (2022) which stated that all the test
items in their study passed the psychometric properties criteria.

The answer to research question five is in Table 5b. It can be understood from the findings
that a minority of the items (7) are difficult while the majority (13) are difficult. Similar
findings were made by Toyin (2015) where the study shows a high proportion of the test
items have an appropriate difficulty index.

Moreover, table 6b reveals answers to research question six. The findings from the analysis
indicated that 5 out of the 20 items have very low guessing values while 15 items fall under
the high category. By implication, the chance of getting an answer correctly by mere
guessing is high regarding these items.

Conclusion
Based on the findings of the study, it was concluded that the 2019 BECE Mathematics

objective test items had adequate discrimination and difficulty indices. The test also
showed that the majority of the items had passed the distracter indices criteria. In the same
vein, the 2021 BECE Mathematics also showed that both discrimination and difficulty
indices were adequate. The findings however shows that the majority of the item passed
the distracter indices criteria.
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Recommendations

The recommendations for this study are as follows:

1. Government and private school proprietors should endeavour to sponsor teachers,
especially in the examination offices to attend conferences, workshops, and seminars
to be up-to-date on how to generate test items that meet item analysis and test
criteria.

2. Ministry of basic education should ensure proper supervision of schools to be sure
that teachers abide by rules governing test construction, administration, and
reporting.

3. BECE items need to be pilot tested before actual administration to be sure that only
items that meet the criteria can be retained. Items that fail should be either modify
or discarded.
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