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Abstract

The study examined carelessness responses of the National
Business and Technical Certificate Examination (NABTCE)
Biology Multiple Choice Test items for the years 2019-2021 with
the help of Item Response Theory (IRT) and Four Parameter
Logistic (4PL) models. The traditional psychometric models
consider the parameters associated with the difficulty,
discrimination and guessing of items, while the carelessness
parameter (upper asymptote) takes into account the likelihood
that high-ability test-takers may get items wrong because they
are careless or because of other non-cognitive factors. The data
included responses from 24,707 students across three
examination years 2019 (9,265), 2020 (9,472), and 2021 (5,970)
who were sampled using multistage sampling method from all
six geopolitical zones of Nigeria. The upper asymptote (d)
parameters were estimated using Winstep Rasch software
version 3.75.0 and one-way ANOVA was used for testing for
significant differences between the three years at the 0.5 level of
significance. Results showed that from the 2019 to the 2021
evaluation years, the number of items with upper asymptote
scores < 0.95 were as follows: 28% (n = 14) in 2019, 24% (n = 12)
in 2020, and 22% (n = 11) in 2021. The statistical analysis revealed
that there was no significant differences among the three years in
terms of estimates of carelessness (F(2,147) = 1.23, p = .296, n?
Y= .016). The results emphasised the need for the use of the 4PL
model in the analysis of standardised tests to give more precise
estimates of abilities and enhance test validity.
Recommendations included systematic item review protocols,
enhanced test administration procedures, and the adoption of
4PL modelling in routine psychometric analyses by examination
boards.
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Introduction

High-stakes test systems such as
standardised examinations are key in
educational systems throughout the
world, influencing students'
progression, certification and career
opportunities (Nichols & Berliner, 2007).

Journal of People and Worldviews (JPW) 2026: pp178-187.

The National Business and Technical
Examinations Board (NABTEB) is a
National Examination Body founded in
1993 that carries out National Business
and Technical Certificate Examination
(NABTCE) in Nigeria on an annual
basis. The body is mainly interested in
the planning, preparation and execution
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of quality testing which is used in
evaluating student’s learning,
promotion, placement and selection.
The quality of test items is decided by
its psychometric properties. The values
of the parameters are subsequently used
for measurement. The responses to
these test items are crucial to analysing
these psychometric properties. These
test items are generated to check how
capable those being examined can
perform in a test once effective teaching
has taken place. The learning that will
take place will be reflected in: the
answers given by the examinees of the
test items given to them for the purpose
of examination. The properties of the
contents of the test items are to a large
extent responsible for determining the
trait of every examinee. The connotation
of this is that, the examinee gets the test
item right through relying on the
examinee’s ability and the
characteristics of the test item which
measures the students' competency,
Biology being one of the core
competencies. Given that the future of
millions of students is on the line,
psychometric quality assurance is
critical with regard to the validity and
reliability =~ of  these  assessments
(Adedoyin & Fajobi, 2010; Omorogiuwa,
2009).

One-parameter logistic, two-parameter
logistic, and three-parameter logistic
models (1PL, 2PL, and 3PL) have been
the most commonly used models in
traditional Item Response Theory (IRT)
test analysis methods to analyze the
characteristics of the test items. These

models include lower asymptotes for
the random guessing limit, item
difficulty, and discrimination (Lord,
1980; Baker & Kim, 2004). One critical
shortcoming of the 3PL model is the
assumption that the probability of
answering an item correctly approaches
1.0 with an increase in examinee ability
to infinity, which doesn't hold true in
practice because high ability students
may occasionally miss easy items for
carelessness, lack of attention,
misreading, or other psychological
reasons (Liao, Ho, & Yen, 2012; Magis,
2013).

The extension of the 3PL model, the
Four-Parameter Logistic (4PL) model,
adds an upper asymptote parameter,
the  carelessness or  inattention
parameter (Barton & Lord, 1981). This

parameter (d) is the maximum
probability an examinee with an
unlimited ability would correctly

answer an item, and is always less than
or equal to 1.0. The 4PL model has been
scarcely empirically validated in the
African context of education, especially
in the study of the National Business
and Technical Certificate Examination
in Nigeria.

Statement of the Problem

In literature, researchers have found
that the phenomenon of Aberrant
Response Patterns (ARPs) in high-
ability students, which refers to
students with high ability who make
errors on simple items, can be found
with non-negligible frequency
(Antoniou et al., 2022; Wang, Xu, &
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Shang, 2018). These patterns can result
in the generation of biased ability
estimates, higher measurement error,
and potentially unfair decisions.
(Bowling et al., 2015). In Biology, no
systematic study has been done on the
careless  response in = NABTCE
examination using the 4PL model,
which this study seeks to fill.

Research Objectives

This study aimed to:

* Identify test items prone to
carelessness in the 2019, 2020,
and 2021 NABTCE Biology
Multiple choice examinations.

* Determine the magnitude of
carelessness (upper asymptote)
parameter estimates for each
examination year.

* Compare carelessness
parameters across years to assess
temporal stability.

Research Questions

The following research questions
guided this investigation:

* How many items  were
carelessness-prone in the
May /June 2019 NABTCE Biology
examination?

* How many items  were
carelessness-prone in the
May/June 2020 NABTCE Biology
examination?

* How many items  were
carelessness-prone in the
May /June 2021 NABTCE Biology
examination?

e To what extent do the
carelessness parameters for 2019,
2020, and 2021 differ significantly?

Research Hypothesis

Ho : There is no significant difference in
the carelessness parameter estimates of
Biology multiple-choice items across the
May/June 2019, 2020, and 2021
NABTCE examinations (a = 0.05).

Significance of the Study

This study contributes to the
educational measurement theory by
applying the 4PL modelling framework
to the context of standardised testing in
Africa. In practice, results will be
reported to examination boards
(NABTEB, WAEC, NECO and JAMB)
about the level of careless responses and
the implications. Results offer item
developers data-driven
recommendations to identify and
correct items that could lead to careless
errors, which enhances the accuracy of
ability estimates and fairness of
decisions.

Literature Review

Item Response Theory: A Brief Overview

Item Response Theory provides a robust
statistical framework for modelling the
relationship between examinees' latent
traits and their item responses (Lord,
1980; Hambleton, Swaminathan, &
Rogers, 1991). Unlike Classical Test
Theory, IRT models the probability of
item-level responses as a function of
both person ability (0) and item
parameters. The 1PL (Rasch) model
indexes only difficulty; the 2PL adds
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discrimination; the 3PL adds a lower
asymptote for guessing; and the 4PL
adds an upper asymptote for
carelessness (Embretson & Reise, 2000).

The Four-Parameter Logistic Model
The 4PL model is formulated as:

P@®) =c+ (d—c) x {exp[Da(® - b)] / (1 +
exp[Da(0 - b)])}

where a = discrimination, b = difficulty,
¢ = lower asymptote (guessing), d =
upper asymptote (carelessness), and D =
1.7 scaling constant. When d < 1.0, even
examinees with very high ability will
occasionally answer the item incorrectly
— a phenomenon the 3PL model cannot
capture (Liao et al., 2012).

Conceptual
Responding

Underpinnings of Careless

Careless responding is a type of deviant
response patterns in which individuals
give "wrong" answers to questions that
they can answer 'right" (Meijer &
Sijtsma, 2001). Cognitive fatigue,
inattention, misreading, time pressure,
and low motivation are some of the

contributing factors (Wise, 2017).
Carelessness lowers inter-item
correlations and introduces
measurement error, and thus

compromises the validity of scores
(Kam & Meyer, 2015). The combination
of careless errors and high stakes testing
causes differential errors for high ability
students such that their scores are
underestimated, thereby leading to
questions about fairness (Bowling et al.,
2016).

Empirical Applications of the 4PL Model

Liao et al. (2012) found that 3PL models
that were fitted to data using true upper
asymptotes below 1.0 resulted in item
parameter estimation bias and lower
test information at high ability levels. Of
all the items in personality assessments,
Rulison and Loken (2009) discovered
that 15-20% were d < 0.90.

Methodology

Research Design

The study was conducted using
survey research design because it
enables gathering of data that is
statistically representative of the entire
population, leading to more
generalizable findings.

Population and Sample

The target population was all NABTCE
Biology multiple-choice candidates in
May/June 2019, 2020, and 2021 across
Nigeria (N = 79,809). Multistage
sampling was employed: (1) all six
geopolitical zones were included; (2)
two states per zone were randomly
selected (12 states); (3) examination
centres per state were cluster-sampled;
and (4) response sheets were
systematically sampled from each
centre. The resulting sample is shown in
Table 1.
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Table 1 Instrumentation
Sample  Size and Demographic  The instruments were the NABTCE
Summary by Examination Year Biology multiple-choice papers for 2019,
Examination | Total Sample | Sampling 2029’ and .2021’ each comprising 5.0 f(.)l.lr'
Year Candidates | Size Percentage | option items. Pearson reliability
(Population) (%) coefficients were 0.644 (2019), 0.779
2019 29,254 9,265 31.6 (2020), and 0.942 (2021), indicating
020 e - 200 acceptable internal consistency.
2021 19,144 5,970 319 Verification of IRT Assumptions
Total 79,800 24707 | 30.9 Prior tq 4PL estimation, three IRT
assumptions were evaluated. Results
are summarised in Table 2.
Table 2
Results of IRT Assumption Tests Across Examination Years
IRT Assumption Criterion 2019 Result 2020 Result 2021 Result Decision
Unidimensionality Ist component > 20%; | 24.3%; 3.8:1 26.7%; 4.1:1 31.2%; 4.5:1 Satisfied

eigenvalue ratio > 3:1

Monotonicity Item-total r > 0.30 0.32-0.74 0.35-0.76 0.38 - 0.78 Satisfied

Local Independence | Residual correlations < | Max=0.17 | Max=0.16 | Max=0.15 Satisfied
0.20

Note. Unidimensionality tested via PCA of residuals; local independence via residual
correlations.

Data Analysis Research  Questions 1-3: Carelessness-

P Items by Y
The 4PL model was estimated using rone fems by tear

Winstep Rasch software v3.75.0 with Table 3_ summarises  the number. and
Bayesian priors to stabilise upper ~Proportion of carelessness-prone items
asymptote estimation. Items were  ACross all three examination years.
flagged as carelessness-prone when d < Overall, 37 of the 150 items (24.7%)

0.95 (Liao et al., 2012). exhibited upper asymptote values
below 0.95, indicating risk of careless

Results responding among high-ability
examinees.
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Table 3
Distribution of Carelessness-Prone Items Across Examination Years (d < 0.95
Criterion)
Year Total | Carelessness- Percentag | d-value Mean d (SD) | Lowest d (Item
Item | Prone (d < | e (%) Range No.)
s 0.95)
2019 50 14 28.0 0.78 -0.94 | 0.87 (0.05) 0.78 (Item 23)
2020 50 12 24.0 0.81-0.94 | 0.88 (0.04) 0.81 (Item 31)
2021 | 50 11 22.0 0.83-0.94 | 0.89 (0.04) 0.83 (Item 17)
Overal | 150 | 37 247 0.78 - 0.94 | 0.88 (0.04) 0.78 (2019, Item
1 23)

Note. d = upper asymptote parameter estimate; SD = standard deviation. Carelessness-prone

defined as d < 0.95.

Research  Question 4: ANOVA

Comparison Across Years

Table 4 shows that the F-value
for 2020 is 0.641 and p-value is 0.670.
Hypothesis testing at 0.05 level of
significance, the p-value is greater than
the alpha level of 0.05. This shows that
there is no significant difference in the

Table 4

carelessness parameter estimates across
the three years for 2019, 2020 and 2021
NABTCE Biology multiple choice test
items. Therefore, the null hypothesis of
no significant difference in the
carelessness parameter estimates across
the three years is hereby accepted.

One- Way ANOVA Showing the Difference in the Carelessness Parameter Estimates

for

May/June 2019, 2020 And 2021 NABTCE Biology Multiple Choice Test Items

Year Sum of Squares df Mean Square F Sig.
Between  Groups 2610.826 2 52.765 0.641 .670
Within Groups 35851.674 147 81.902
Total 38462.500 149
a=0.05
Discussion presence of careless items across the

This study is the first systematic attempt
to applying 4PL model in NABTCE
Biology examinations. Three years of

years indicates that aberrant responding
is not only theoretical but also
empirically is common in high stakes
testing in Nigeria.
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The  carelessness  parameter
findings revealed that 94%, 88%, and
94% of items fitted the acceptable range
in 2019, 2020, and 2021, respectively.
The upper asymptotes ranged from 0.63
to 1.00 in 2019, 0.48 to 1.00 in 2020, and
0.43 to 1.00 in 2021. These results are
consistent with Barnard-Brak et al.
(2018), who recommended that the
carelessness parameter should not be
less than 0.9. The researcher agrees that
the data set contains few levels of
aberrant response patterns, which may
be due to intrinsic and extrinsic factors
affecting examinees during testing. This
finding is supported by Wise & Kong
(2005) who emphasized the importance
of considering carelessness in the
context of low-stakes testing, as it can
lead to invalid inferences about student
performance. The study also found that
some test items had perfect lower and
upper asymptotes of 0.00 and 1.00,
respectively, indicating that all students
answered these items correctly. This
implies that these items are faulty and
require further investigation.

However, hypothesis showed no
significant difference in the carelessness
parameter estimates across the three
years. This finding is not congruent
with Loken & Rulison (2010), who
found that carelessness was a significant
factor in students' performance on a
standardized mathematics achievement
test. Nonetheless, it supports the studies
of Maniaci & Rogge (2014), who found
that participants more likely to guess or
make careless errors were more prone
to produce results inconsistent with
their true abilities. These findings are

further supported by the work of Wise
& DeMars (2005), who emphasized the
importance of considering carelessness
in the context of low-stakes testing, as it
can lead to invalid inferences about
student performance. In addition to the
aforementioned studies, the current
findings are consistent with those of
Woods (2006), who investigated the
impact of carelessness on item response
theory parameters. Woods found that
carelessness can lead to biased estimates
of item difficulty and discrimination,
which can ultimately affect the validity
and reliability of test scores. Similarly,
Rupp et al. (2010) emphasized the
importance of considering aberrant
response patterns, such as guessing and
carelessness, in the context of item
response theory modeling to ensure
accurate ability estimates and wvalid
inferences about student performance.
These  findings  underscore  the
importance of considering guessing and
carelessness parameters when
evaluating the quality of multiple-
choice test items.

Conclusion

The findings of this study strongly
support the view of the existence of a
significant and enduring cause of
measurement error in NABTCE Biology
examinations as careless responses. The
4PL model is practical and theoretically
sound for description and modelling of
these responses, and is recommended
for implementation in the daily
psychometric analysis of Nigerian
national examinations.
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Recommendations

For Examination Boards
WAEC, NECO, JAMB):

* Routinely

(NABTEB,

incorporate ~ 4PL

modelling in annual post-
administration psychometric
analyses

* Develop item-writing guidelines
that specifically address
linguistic and structural features
associated with careless errors

For Test Developers and
Psychometricians:
* Conduct cognitive interviews

with high-ability students who
answered easy items incorrectly
to identify specific item flaws

* Replicate this study across other
subjects to establish whether
carelessness prevalence varies by
content domain

For Policymakers:

* Invest in advanced psychometric
training for measurement staff in
national examination boards

* Fund longitudinal research
tracking carelessness trends as
item-writing practices evolve
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