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1. INTRODUCTION

The call for Computerized Adaptive Testing (CAT) could not have come at a better time than now when
the world has been confronted with the COVID-19 pandemic, which has affected every aspect of human
endeavors. The integration of CAT in large-stake assessments like the Unified Tertiary Matriculation
Examination (UTME) is fast gaining momentum as a measure of eliminating or eradicating the challenges of in
person assessment caused by the pandemic. In Nigeria the virus broke out on February 27, 2020, when a foreign
national tested positive in Lagos, Nigeria. According to the National Centre for Disease Control (NCDC), the
pandemic affected over two hundred and sixteen countries worldwide, with seven hundred and sixty-seven
million, seven hundred and fifty thousand and eight hundred and fifty-three confirmed cases and six million,
nine hundred and forty one thousand and ninety-five deaths. In Nigeria, two hundred and sixty-six thousand, six
hundred and seventy-five confirmed cases, with two hundred and fifty-nine thousand, nine hundred and fifty-
three discharged cases and three thousand, one hundred and fifty-five confirmed fatalities (WHO, 2023). The
NCDC is the nation's public health institution, and it has put in place some public health measures like any other
country to ameliorate the further spread of the virus via its website (www.ncdc.gov.ng) and Twitter handle
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(@NCDCgov) to ensure the general public has an update about the prevention and management strategies
against COVID-19. Globally, the pandemic has had a significant impact on the education system. In the study of
Mamun and Ullah (2020), it was stated that since the beginning of April 2020, nearly 90% of the total enrolled
students (i.e., 1.5 billion students) from 185 countries had been involved in little or no educational activities
because of the outbreak of the COVID-19 pandemic that is ravaging the world leaving the government of
nations with no choice than to impose restrictions of movement in other to curtail further spread of the virus.
Also, the virus has spread into 58 African countries with over two hundred thousand infections and more than 7
million infected persons worldwide.

The World Health Organisation (WHO) has a heavy burden in proffering solutions to the pandemic and has
prescribed policy directions in solving the pandemic. A framework of maintaining high environmental hygiene
and the introduction of restrictions like lockdowns and curfews to reduce the spread of the virus was
recommended by health expert. In compliance with the COVID-19 guidelines, Nigeria, like other parts of the
world, imposed a lockdown that virtually distorted all educational activities of teaching, learning, and
assessment. The Unified Tertiary Matriculation Examination (UTME) is among the basic requirements for
securing admission into higher institutions in Nigeria. The Joint Admission and Matriculation Board (JAMB)
was established in 1978 and saddled with the responsibility of conducting UTME into all forms of tertiary
institutions in Nigeria, i.e., a uniform standard matriculation educational assessment and placement for
prospective candidates into the nation's universities UTME assessment focuses on four subjects depending on
the candidate’s course of choice. However, in this study, the Mathematics examination is the primary focus.
Although in 2015, JAMB launched the Computer Based Test (CBT), a full-scale assessment of candidates as a
response to meet the rising challenges of the paper and pencil test. Based on this paradigm shift, candidates need
to keep abreast of this new development and build their computer literacy skills to the optimum level. In today's
world of the fourth Industrial Revolution (4IR), which is internet driven and powered by technology, educational
tests correlate with education and training as a way to measure candidates’ performance level (Georgiadou et al.,
2006), and it is one of the core areas of education which cannot be left behind. Similarly, candidates should be
acquainted with technology to fit into new modes of assessment in the era of 4IR (Ayanwale et al., 2022;
Oladele et al., 2022).

JAMB as an examination body shifted their assessment from paper and pencil to CBT. CBT is a linear
form of test administration where examination questions are deployed via computer, and responses are recorded
and examined electronically. Linear and Adaptive CBT are the two types of CBT. Presently, linear CBT is used
to assess UTME scores in Nigeria. The UTME is conducted annually for candidates seeking admission into
institutions of higher learning. Furthermore, a linear test is a full-length examination in which the computer
selects various items for individuals without considering their ability level. Adaptive CBT, or CAT, is a testing
procedure that employs on-the-fly techniques to align with candidates' ability levels in enhancing the accuracy
of testing (Reckase, 2010; Redecker & Johannessen, 2013). CAT is a technologically-driven method for
conducting educational assessments that have been utilized for many years (Oladele, 2021). Chang (2015)
opined that CAT had become an increasingly important testing mode in large-scale assessment. CAT is seen to
be a more reliable mode of test administration than the usual paper and pencil testing because it is only those
items whose level of difficulty matches the ability of the candidates that are delivered to the candidates
(Adeyemo & Opesemowo, 2020; Chang, 2015; Chuesathuchon, 2008; Jimoh, 2022; Opesemowo et al., 2023).
This will drastically reduce any form of examination malpractice and make students self-reliant and dependable.
CAT assesses the capabilities of every candidate accurately while simultaneously solving the problems
encountered under the paper and pencil tests because only those items considered appropriate are selected and
administrated to the candidates. CAT is based on the item response theory model (IRT) (i.e., 1, 2. 3, & 4 IRT
models), calibrated item pool, item selection algorithm, a statistical method for locating candidate on the
construct, and rule for stopping the test.

CAT enables the administration of test items from a calibrated bank, with an emphasis on items that offer
the most information about students' previous answers to questions (Fries et al., 2009; Fries & Krishnan, 2009;
Fries et al., 2014). For Fries et al. (2014), there are three general designs for CAT applications to construct
educational assessments. To begin with, CAT can be given to each student on each occasion. It implies that the
student will receive the questions at the end of the assessment that they did at the start. The second design would
be to use CAT as a benchmark to assign scores to each student and then administer the same items previously
selected by CAT at the final observation. If a student improves, the items chosen at baseline could restrict
measurement of the improvement by imposing limitations rather than allowing the CAT algorithm (Oladele,
2021; Oladele & Ndlovu, 2021; Oladele et al., 2022) and select items at higher levels of the construct. The third
design includes items usually selected and assembled into a static short form that can be administered to all
students. In this case, all students fill out the same form throughout the study, customized in advance to be
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preferentially targeted to the student population level. This implies that throughout the assessment, all students
complete the same form of test, with a form that has been customized in advance to be preferentially targeted to
the level of the student population. CAT involves the use of technology, and it is imperative to consider how it
(CAT) is perceived among the status and years of experience of the mathematics teachers, which are some of the
demographic characteristics in this study. Regarding age, Ayanwale et al. (2022) reported that teachers in lower
age brackets were perceived to embrace technology in teaching and learning quicker.

Though there has been a dearth of research conducted on CAT, those that have been done (Bulut & Kan,
2012; Ogunjimi et al., 2021; Oladele et al., 2020; Oladele & Ndlovu, 2021; Stone & Davey, 2011; Thompson,
2017) have shown that comparing CAT to paper-based testing is more effective in terms of time management
and the student’ ability level are considered in adapting the test items. 4IR plays a critical role in the success of
the post-industrial era of education assessment. If JAMB can tap into this development, it will provide a better
valid and reliable candidates' score and solve the problems associated with paper and pencil examination while
combating the scourge of examination malpractices.

Problem Identification

The involvement of some candidates in examination malpractices such as bringing in unauthorized
materials, writing on currency notes and identity cards, spying on other candidates in the examination hall,
substitution of answer sheets, impersonation, desperate attempts to see questions before the examination,
connivance with supervisors and school authorities to cheat, body writing or tattoo in which students especially
females write on hidden parts of their bodies (Onyibe et al., 2015) among others bedeviling public examinations
made JAMB in 2015 to introduce a full-scale CBT. The introduction of CBT came with numerous challenges
(such as epileptic power failure, poor ICT funding, inadequate ICT workforce/skills, and lack of access to the
internet, e.t.c.). However, poor ICT infrastructure was identified as a significant problem (Onyibe et al., 2015).

Educational experts should continue searching for the best assessment mode and ensure that reliability is
not tempered. The first of the fourth generations of computerized educational assessment is the linear CBT
(Redecker & Johannessen, 2013) which is presently deployed for assessments leading to UTME scores used for
placement of prospective undergraduates into institutions of higher learning. Nevertheless, this method of
educational assessment failed to factor in the candidate's ability with the choice of the item they attempted and
inability to generate the candidate's score immediately after the test. A significant advantage of CAT is that it
places items and candidates on the same scale, directly matching candidates to the most valuable items. In
leveraging CAT, this study hopes to assess the status and experience of mathematics teachers' perception toward
integrating CAT into UTME mathematics.

2. THEORETICAL FRAMEWORK: MARTINGALE AND CAT

For this study, the Martingale theory was adopted, which is based on establishing the limitation of the
distribution of 8 which is critical for furthering CAT research. The theory is a plethora of theoretical tools for
obtaining significant sample results when analysing independent random variables, such as the central
limitation theorem, the law of large numbers, and inequality. This theory becomes essential because the UTME
is a large-scale assessment conducted across the thirty-six (36) states, including the Federal Capital Territory of
Nigeria. In CAT, the vast sample size property of 8 should be calculated using a series of dependent random
variables because the Kth item is chosen according to the preceding K — | responses X, ....., Xk.1, and hence X,
....., Xk are generally dependent. Nonetheless, such dependence emerges in a mathematically fascinating
manner. It is considered that Xi......, Xk which represents the observed arrangement at a specific time K,
contains the earlier sequence Xi, ....., Xka. CAT allows for the dynamic administration of items from a
calibrated bank (Chang, 2015), with an emphasis on items that provide the most incredible information
increment given a subject's prior responses. Items that are frequently selected in a test population can be
aggregated to form a static short form tailored to a portion of the strictness range represented by the test
population (Leung et al., 2014).

Martingale's theory is frequently employed when examining a series of recursive estimates with an
individual dependency. Recently, practitioners have become aware of the martingale theory for its significant
contribution to resolving the CAT problem that arose from educational testing, which no one thought was
related. To demonstrate the relationship between CAT and martingale, let X;,...., X,, represent a series of
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dependent random variables with joint density f (xi, .., xn). Let f (xxlx1, -, xx — 1) be the conditional
density of X, given X, ...., Xj_;. Then

ft er Xn) = l_lf()(kl)(l’ e Xk — 1)
k=1

To consider the null hypothesis Hy : f = f, versus the alternative H; : f = f;. Let L,, be the likelihood ratio

_ iy Xn)
Fo(Xy, o X))

Then, it can be verified that under Hy, L,, is a martingale with respect to ¢ — filteration F,,

Ly

E(Ly| X1, oo vene o, Xp1) (D
Where
E, = o0(Xq, ..., Xy) )

It is important to note that some probability textbooks present martingale with a gambling example
explaining a fair game. In Equation (1), if L,_, represents a gambler's current fortune and (X, ....., X,_1) isa
o-field containing all the information about the game after the ((n — 1)th play. The equation states that the
expected fortune after the next play is the same as the present fortune, which implies that the fortunes of the
gambler and the house are equally weighted. Researchers (Chang, 2015; Chang & Ying, 1999) have shown
that martingales exclude the possibility of winning strategies based on game history and thus are models of fair
games. However, the study focused on integrating the CAT framework into UTME mathematics items. Based
on this, the study seeks to determine the perception of mathematics teachers towards integrating CAT into
UTME mathematics items viz-a-viz the demographic variables of the mathematics teachers are statistically
different regarding their perception towards integrating CAT into UTME mathematics.

3. CAT FRAMEWORK
Thompson and Weiss (2011) proposed the CAT framework, indicating that it is a powerful method of
delivering examinations. Item response theory (IRT) is the foundation for most CATS. In terms of test
construction, item analysis, and examinee scoring, IRT is a robust psychometric paradigm.

Table 1: Proposed CAT Framework

Step Stage Primary work

1. Feasibility, applicability, and planning studies Monto Carlo simulation; business case
evaluation

2 Develop item bank content or utilize existing bank Item writing and review

3. Pretest and calibrate item bank Pretesting; item analysis

4. Determine specifications for final CAT Post-hoc or hybrid simulations

5. Publish live CAT Publishing and  distribution;  software

development

Source: Thompson & Weiss (2011)

The first stage of the CAT framework is the feasibility, applicability, and planning studies. At this stage,
items are developed to ascertain whether the CAT approach is feasible for a testing program. Because the CAT
algorithm is so conceptually appealing and offers certain advantages, stakeholders might become captivated by
the idea and wish to proceed without knowing anything about CAT. This step employs Monto Carlo
stimulation and business case evaluation.

The second stage is the development of an item bank. Once the decision to convert to CAT has been
made, step to create an item bank will be taken. When possible, this should be done based on empirical
evidence. The previous step's simulation studies should be used and may be expanded to provide instructions
for the bank; as indicated by Veldkamp and van der Linden (2010), simulations are valuable for this step and
are not necessarily limited to use after pilot testing as described by Flaugher (2000).
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The third stage is the pretesting, calibrating, and linking of items. At this stage, items must be pretested
after they have been designed. This is critical for CAT because items are matched to candidates based on Item
Response Theory (IRT) item parameters, which are determined by statistical analysis of real candidates’
answers to items.

The fourth stage is the determination of specifications for the final CAT. At this stage, an item bank has
been created and calibrated with IRT. However, this is simply the first of five CAT components originally
stated. The four components must be determined before the CAT can be published and distributed. At this
stage, planning of the item bank should be based on simulation studies rather than random decisions.

The last stage is publishing live CAT. The final CAT can be published once the specifications for all
necessary components and any new algorithms have been specified.

4. METHODOLOGY

The study used a descriptive survey research method to investigate the perceptions of mathematics
regarding integrating CAT into UTME mathematics in Oyo State, Nigeria. The population for the study
consisted of mathematics teachers in Oyo State, Nigeria. The population for the study comprised mathematics
teachers from public and private secondary schools, with a purposive sampling technique used to select 310
participants (118 female and 192 male) from three senatorial districts in Oyo State. The data obtained from the
questionnaire were subjected to descriptive and ANOVA analysis at a significant level of 0.05. Their ages
range from 20 to 56 years, with a mean of 36.59. The instrument has two sessions. The first session contains
demographic variables (i.e., gender, school ownership, age, and years of experience) of the mathematics
teachers. Session two includes questions about integrating the CAT framework into the UTME mathematics
examination. On a four-point Likert scale, respondents indicated their extent level based on statements ranging
from '4=Very large extent' to '3= Large extent' to '2 = Some extent' and '1=Not at all'. Based on literature
reviews and 25 pools of items were developed. The validity and reliability of these items were assessed based
on the content. After reviewing their suggestions, three computer science experts selected 20 items based on
clarity, language use, relevance, and readability of the construct underpinning the study. The surviving items
had a content validity index (CVI) proposed by Lawshe (1975) and Baghestani et al. (2019), the most widely
reported approach for content validity (Ayanwale, 2023; Grant & Davis, 1997; Zamanzadeh et al., 2015). After
the rating by the five panelists in terms of “essentiality and non-essentiality,” the returned instrument revealed
an index of 0.92, and MacDonald Omega reliability (Chowdhary et al., 2020) implemented in the user-
friendly package of Jamovi gave an index of 0.76. In Jamovi software version 2.3.28 (Jamovi project, 2021),
descriptive statistics and one-way analysis of variance (ANOVA) were applied to the analyzed data. Open-
source spreadsheet software Jamovi is a third-generation statistical spreadsheet built with R (R Core Team,
2021). A further step was taken to recode negatively worded items before analyzing them.

5. RESULT

A preliminary investigation was performed to verify some underlying assumptions before conducting the
primary analysis for the study. The mathematics teachers' responses were tested using the normality and
homogeneity of variance assumption. In addition, Shapiro Wilk's test revealed no statistically significant in the
dataset, with kurtosis and skewness values falling within the trench old of -2.58 to +2.58 (Byrne, 2016; Hair et
al., 2010; Opesemowo et al., 2022). An insignificant value was observed with p > 0.05 using Levene's test of
homogeneity of variance. Therefore, the respondents in the study were not statistically different, meaning they
have similar characteristics as mathematics teachers regardless of their demographic variables, i.e., regardless
of status and years of experience, mathematics teachers exhibit similar traits. The subsequent analysis phase
can be carried out since the two major assumptions have been fulfilled. Analysis of Variance (ANOVA) was
used to assess mathematics teachers' perception toward integrating CAT into the UT ME mathematics test. The
demographic variables of mathematics teachers were also evaluated using ANOVA. This was performed on the
item level, and the overall scale determined how their perceptions differed according to their demographic
variables. The results are presented in Table 1.
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Table 1: one-way ANOVA for the individual item across the status of mathematics teachers' perception
in integrating CAT into UTME mathematics

Status N Mean SD F p
ITEM 1 Principal 10 3.50 053 038 0.77
Vice-Principal 20 3.55 0.89
Head of Department 36 3.31 0.92
Teacher 244 3.43 0.74
ITEM 2 Principal 10 3.60 052 180 0.17
Vice-Principal 20 3.40 0.75
Head of Department 36 3.36 0.68
Teacher 244 3.61 0.61
ITEM 3 Principal 10 3.00 094 098 042
Vice-Principal 20 3.50 0.83
Head of Department 36 3.19 0.79
Teacher 244 3.19 0.76
ITEM 4 Principal 10 3.30 1.06 021 0.89
Vice-Principal 20 3.45 0.60
Head of Department 36 3.42 0.69
Teacher 244 3.49 0.66
ITEM 5 Principal 10 3.80 063 286 0.05
Vice-Principal 20 3.35 0.67
Head of Department 36 3.28 0.88
Teacher 244 3.19 0.93
ITEM6 Principal 10 2.20 132 093 044
Vice-Principal 20 2.50 1.10
Head of Department 36 231 1.04
Teacher 244 212 1.05
ITEM7 Principal 10 2.30 134 077 052
Vice-Principal 20 1.95 1.23
Head of Department 36 2.08 0.94
Teacher 244 1.87 1.01
ITEM 8 Principal 10 3.50 097 100 041
Vice-Principal 20 3.40 0.60
Head of Department 36 3.31 0.75
Teacher 244 3.19 0.94
ITEM9 Principal 10 3.30 1.06 036 0.78
Vice-Principal 20 2.95 0.83
Head of Department 36 3.14 0.68
Teacher 244 3.11 0.82
ITEM 10 Principal 10 3.10 129 198 014
Vice-Principal 20 3.45 0.83
Head of Department 36 2.81 1.09
Teacher 244 3.15 0.91
ITEM11 Principal 10 3.00 105 054 0.66
Vice-Principal 20 2.90 0.97
Head of Department 36 2.64 0.99
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Teacher 244 2.70 0.91
ITEM12 Principal 10 3.10 0.88 027 0.85
Vice-Principal 20 3.20 0.77
Head of Department 36 3.03 0.88
Teacher 244 3.16 083 178 0.17
ITEM13 Principal 10 2.90 1.29
Vice-Principal 20 3.50 0.95
Head of Department 36 3.25 0.91
Teacher 244 3.54 0.77
ITEM14 Principal 10 3.70 0.67 232 0.10
Vice-Principal 20 3.60 0.50
Head of Department 36 3.17 0.85
Teacher 244 3.50 0.68
ITEM15 Principal 10 3.50 053 513 0.01
Vice-Principal 20 3.00 0.79
Head of Department 36 2.69 0.75
Teacher 244 2.88 0.82
ITEM16 Principal 10 2.80 114 023 0487
Vice-Principal 20 2.90 0.85
Head of Department 36 3.06 0.83
Teacher 244 2.98 0.84
ITEM17 Principal 10 3.40 070 181 0.17
Vice-Principal 20 3.05 0.51
Head of Department 36 2.92 0.81
Teacher 244 291 0.84
ITEM18 Principal 10 2.60 117 045 0.72
Vice-Principal 20 2.65 0.93
Head of Department 36 2.58 0.94
Teacher 244 2.45 0.98
ITEM19 Principal 10 2.70 116 116 0.34
Vice-Principal 20 3.05 0.89
Head of Department 36 2.72 1.00
Teacher 244 3.02 0.88
ITEM20 Principal 10 3.20 092 097 042
Vice-Principal 20 2.65 1.09
Head of Department 36 2.83 0.85
Teacher 244 2.73 0.90

Table 1 presents the results of the one-way ANOVA conducted to analyze the perception of mathematics
teachers regarding the integration of CAT into UTME mathematics based on their status. Among the 20 items
measured, only item 15 showed a statistically significant difference. The ANOVA test yielded an F-value of
5.13 with degrees of freedom (3, 306) and a p-value of 0.01, which is less than the significance level of 0.05.
This indicates that the rank or position of mathematics teachers can influence their perception of integrating
CAT into UTME mathematics. It suggests that teachers' roles as primary drivers of academic innovations can
influence their acceptance and adoption of CAT in the context of UTME mathematics.

On the other hand, the remaining 19 items, including items 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 16,
17, 18, 19, and 20, did not show any statistically significant difference among the various ranks of the
mathematics teachers. The ANOVA tests for these items yielded F-values ranging from 0.05 to 2.32, with
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corresponding p-values ranging from 0.05 to 0.89, all of which are greater than the significance level of 0.05.
This implies that the ranks of mathematics teachers did not significantly impact their perception of integrating
CAT into UTME mathematics for these particular items. In summary, the statistical analysis of the data
suggests that while the rank or position of mathematics teachers may influence their perception of CAT
integration in UTME mathematics for item 15, it does not significantly impact their perception of the
remaining 19 items. However, ANOVA was conducted on the status of mathematics teachers' perception
toward integrating CAT into UTME mathematics. Further analysis was performed using ANOVA analysis on
the overall perception of mathematics teachers' status in integrating CAT into UTME mathematics in Table 2.

Table 2: One-way ANOVA on the perception of mathematics teachers across status in integrating CAT
into UTME mathematics

Status N Mean SD df F p
CAT Integration Principal 10 59.80 11.82 3 067 057

Vice-Principal 20 58.95 8.50 306

Head of Department 36 56.36 8.13

Teacher 244 57.23 8.58

Table 2 displays the mean and standard deviation of the CAT integration across the different status of
mathematics teachers. It showed that those in the principal status had the highest mean score with N = 10, X =
59.80, SD = 11.82, following were those in the category of vice-principal with N = 20, X = 58.95, SD = 8.50,
followed by teacher with N = 244, X = 57.23, SD = 8.58, and the least was those in the status of Head of
Department with N = 36, X = 56.36, SD = 8.13. However, one-way ANOVA was utilised to determine the
statistical difference. It was discovered that there was no statistically significant difference between
mathematics teachers at different status (F (3, 306)) = 0.67, p > 0.05, and their perception of integrating CAT
into UTME mathematics. By implication, the null hypothesis was accepted. The study went further to consider
the mathematics experience of the teachers presented in Table 3.

Table 3: One-way ANOVA for an individual item across years of experience of mathematics teachers'
perception in integrating CAT into UTME mathematics

Experience N Mean SD F P
ITEM1 1.00 153.00 3.42 0.70 1.28 0.28
2.00 91.00 3.35 0.82
3.00 53.00 3.49 0.89
4.00 13.00 3.77 0.44
ITEM2  1.00 153.00 3.62 0.56 3.95 0.01
2.00 91.00 3.43 0.70
3.00 53.00 3.57 0.72
4.00 13.00 4.00 0.00
ITEM3  1.00 153.00 3.12 0.80 3.85 0.01
2.00 91.00 3.14 0.82
3.00 53.00 3.45 0.61
4.00 13.00 3.62 0.51
ITEM4 1.00 153.00 3.47 0.64 0.71 0.55
2.00 91.00 3.42 0.76
3.00 53.00 3.51 0.67
4.00 13.00 3.69 0.48
ITEM5 1.00 153.00 3.27 0.89 1.00 0.39
2.00 91.00 3.25 0.89
3.00 53.00 3.17 0.96
4.00 13.00 2.85 0.99
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ITEM6 1.00 153.00 2.08 1.03 112 0.34
2.00 91.00 2.29 1.06
3.00 53.00 2.28 1.18
4.00 13.00 1.92 1.04

ITEM7 1.00 153.00 1.79 0.95 2.22 0.09
2.00 91.00 2.02 1.06
3.00 53.00 2.15 1.17
4.00 13.00 1.69 0.95

ITEM8 1.00 153.00 321 0.89 0.08 0.97
2.00 91.00 3.25 0.90
3.00 53.00 3.25 0.94
4.00 13.00 3.15 0.99

ITEM9 1.00 153.00 3.16 0.75 0.80 0.49
2.00 91.00 3.08 0.91
3.00 53.00 3.00 0.83
4.00 13.00 3.31 0.63

ITEM10  1.00 153.00 3.10 0.93 2.00 0.11
2.00 91.00 3.00 1.04
3.00 53.00 3.38 0.81
4.00 13.00 3.31 0.85

ITEM11  1.00 153.00 2.71 0.86 1.80 0.15
2.00 91.00 2.65 1.02
3.00 53.00 2.94 0.97
4.00 13.00 2.38 0.77

ITEM12  1.00 153.00 3.12 0.83 2.84 0.04
2.00 91.00 3.07 0.87
3.00 53.00 3.19 0.81
4.00 13.00 3.77 0.44

ITEM13  1.00 153.00 3.46 0.84 2.34 0.07
2.00 91.00 3.37 0.88
3.00 53.00 3.62 0.71
4.00 13.00 3.92 0.28

ITEM14  1.00 153.00 3.48 0.72 0.56 0.64
2.00 91.00 3.48 0.67
3.00 53.00 3.42 0.72
4.00 13.00 3.69 0.48

ITEM15  1.00 153.00 2.86 0.80 0.55 0.65
2.00 91.00 2.85 0.84
3.00 53.00 3.00 0.81
4.00 13.00 3.00 0.71

ITEM16  1.00 153.00 2.95 0.83 112 0.34
2.00 91.00 3.11 0.81
3.00 53.00 2.87 1.00
4.00 13.00 2.92 0.49

ITEM17  1.00 153.00 2.82 0.85 2.50 0.06
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2.00 91.00 2.99 0.80
3.00 53.00 3.15 0.77
4.00 13.00 3.00 0.41
ITEM18  1.00 153.00 2.35 1.00 2.60 0.06
2.00 91.00 2.54 0.93
3.00 53.00 2.70 0.95
4.00 13.00 2.85 0.80
ITEM19  1.00 153.00 3.05 0.94 1.56 0.20
2.00 91.00 2.82 0.89
3.00 53.00 2.98 0.91
4.00 13.00 3.23 0.44
ITEM20  1.00 153.00 2.71 0.92 0.36 0.78
2.00 91.00 2.82 0.90
3.00 53.00 2.72 0.91
4.00 13.00 2.85 0.90

Table 3 demonstrated the one-way ANOVA for individual items of perception in integrating CAT into
UTME mathematics based on the teachers' years of experience. It depicts that only item 2 with F (3, 306) =
3.95, p = 0.01 < 0.05, item 3 with F (3, 306) = 3.85, p = 0.01 > 0.05, and item 12 with F (3, 306) = 2.84, p =
0.04 < 0.05 respectively, were statistically significant. This indicates that the mathematics teachers' years of
experience will have an impact on the integration of CAT into UTME mathematics because teachers play a
critical role in the success of any academic innovation since they have direct contact with the students while
the remaining 17 items including items 1, 4, 5, 6, 7, 8, 9, 10, 11, 13, 14, 16, 17, 18, 19, and 20 indicate there
was no statistically significant difference among the various years of experience of the mathematics teachers.
The ANOVA tests for these items revealed F-values ranging from 0.05 to 2.60, with a p-value ranging from
0.05 to 0.97, all of which were greater than 0.05 significance level. This implies that the years of experience of
mathematics teachers did not significantly impact their perception of integrating CAT into UTME mathematics
for those items. Consequently, ANOVA was conducted on the entire perception of mathematics teachers
toward integrating CAT into UTME mathematics. Further analysis was performed using ANOVA analysis on
the overall perception of mathematics teachers' years of experience in integrating CAT into UTME
mathematics in Table 4.

Table 4: One-way ANOVA on the overall perception of mathematics teachers across years of experience
in integrating CAT

Experience N Mean SD
CAT Integration 0-10 Years 153.00 56.72 8.36
11 -20 Years 91.00 57.11 9.23
21 -30 Years 53.00 58.85 8.63
31 —40 Years 13.00 59.69 6.91
F (3, 306) = 1.15 P=0.32

Table 4 displays the mean and standard deviation of the CAT integration across the various years of
experience of the mathematics teachers. It was observed that teachers who indicated that they had spent 31 —
40 years had the highest mean score with N = 13, x = 59.69, SD = 6.91, following were those who have spent
21 — 30 years teaching mathematics with N = 53, X = 58.85, SD = 8.63, followed by teachers who have spent
11 — 20 years with N = 91, X = 57.11, SD = 9.23, and the least were those who have spent 0 — 10 years with N
= 153, x = 56.72, SD = 8.36. However, one-way ANOVA was used to determine the statistical difference. It
was noticed that there was no statistically significant difference between mathematics teachers' years of
experience with (F (3, 306)) = 0.67, p > 0.05, and their perception of the integration of CAT into UTME
mathematics. Therefore, the null hypothesis was accepted.
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6. DISCUSSIONS

This study involves the integration of the CAT framework into UTME mathematics. The integration of
CAT into any examination like UTME mathematics is to improve the quality of items, ensuring proper and
unbiased administration of items. CAT is beneficial for teachers in instructional planning and educational
assessment, enabling teachers to design questions for each student. It would provide greater accuracy and
dependability of educational assessment about each student's understanding and allow teachers to identify
better areas where students need additional clarification (Chang, 2015; Chiu, 2021). The study went further to
consider the mathematics teachers' perception toward integrating CAT into UTME mathematics viz-a-viz the
demographic structures (including status and years of experience) of the mathematics teachers towards
integrating CAT into UTME mathematics.

Regarding the status of mathematics teachers' perception towards integrating CAT into UTME
mathematics, the study noticed that mathematics teachers at the principal status had a higher mean score than
their rest counterparts. This means that the principals in high school who are mathematics teachers had a better
perception of integrating CAT into UTME mathematics than follow counterparts. The study further reviewed
that there was no statistically significant difference between mathematics teachers' years of experience and
their perception of integrating CAT into UTME mathematics. This result opposed the study of Ayanwale
(2023), who claimed a statistically significant difference between teachers' years of experience and their
adoption of relevant 4IR skill sets. Adaptive measurement was a more sophisticated and efficient way of
delivering examinations than non-adaptive ones (Bulut & Kan, 2012). Developed nations like the United States
of America are leveraging on CAT for accurate ability placement. It is now imperative for African countries
like Nigeria to adopt CAT in high-stakes examinations to improve the conduct of educational assessments.
Ayanwale et al. (2022) report was also buttressed in the submissions of (Giordano, 2007; Gorder, 2008;
Hernandez-Ramos, 2005; Wong & Li, 2008), who presented that the use of 4IR devices in classroom
instruction is influenced by teaching experience. In addition, more experienced teachers are more likely than
less experienced teachers to use 4IR devices to improve the teaching and learning of mathematics education
and better students' performance in mathematics examinations. The findings of this study were supported by
Oladele et al. (2023), who reported that teachers with more experience use technology in the classroom more
occasionally than those with lesser experience. According to Russell et al. (2003), it was stated that teachers
with less experience but high technology proficiency did not incorporate technology into their lessons. A
teacher with little experience teaching mathematics may focus on using technology rather than integrating it
into the classroom. Researchers (Ayanwale et al., 2022; Baek et al., 2008; Niederhauser & Stoddart, 2001)
revealed that experienced teachers are less likely to integrate CAT into classroom assessment.

7.  CONCLUSION AND RECOMMENDATIONS

The study focused on status and experience mathematics teachers’ perception in integrating the CAT
framework into UTME mathematics to improve the quality of UTME mathematics items. We clinched that the
CAT framework should be integrated into UTME mathematics in other to have an unbiased assessment for
students. The study then recommended that JAMB, an institution of Nigeria's government agent responsible for
conducting UTME, integrate CAT into UTME mathematics, enhancing mathematics education. In addition,
experts (e.g., Psychometricians) should be consulted on how to use CAT to develop and administer UTME
mathematics. This study was restricted to data retrieved from mathematics teachers from the three senatorial
districts in Oyo State, Nigeria, both in private and public high schools. This constrained the generalizability of
the findings since the scope of the study was geographically limited to only one subject teacher, i.e.,
mathematics teachers in high schools, and further studies can be conducted using a more comprehensive
sample size to have a more general inference.
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