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Multiple-choice test development
competencies of junior high
school mathematics teachers in
Ghana: a triangulation
methodology

Nathaniel Quansah'*, Frank Quansah? and Yayra Dzakadzie?

Faculty of Educational Foundations, University of Cape Coast, Cape Coast, Ghana, 2Department of
Educational Foundations, University of Education Winneba, Winneba, Ghana

Background: Previous studies on test development competencies have used
three distinct approaches, but none have combined these methods, leaving a
gap in understanding teachers’ test development skills comprehensively.
Purpose: Using a triangulation methodology, this study examined the multiple-
choice test (MCT) development competencies of junior high school (JHS)
mathematics teachers in the Sekondi-Takoradi Metropolis, Ghana.

Methods: A survey was first conducted with 218 mathematics teachers, followed
by a documentary analysis of tests developed by purposefully sampled teachers.
Finally, item analysis was performed using data from the teachers’ tests. The
collected data were analysed through confirmatory factor analysis, structured
qualitative content analysis, item response theory (IRT), and Kendal's Tau-b.
Results: The study found that teachers generally reported multiple-choice test
competencies in areas of test item assembling, content validity, and test option
handling. An evaluation of sample items revealed that most of the developed
MCTs lacked clear directions, contained ambiguous or irrelevant content,
and had generally poor quality. The IRT analysis revealed generally poor
psychometric properties of the test developed by the teachers. A moderate,
statistically significant positive correlation was observed between adherence to
recommended MCT development principles and the quality of items produced.
Conclusion: JHS mathematics teachers primarily developed low-quality MCT
items, which is concerning because poor-quality tests undermine accurate
assessments and sound educational decisions in Ghana.

Recommendations: The Ghana Education Service, NaCCA, and District
Directors should prioritise sustained, hands-on professional development
workshops in test construction and item analysis to strengthen in-service
teachers’ assessment literacy and improve classroom testing practices.
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multiple-choice test, test construction competencies, triangulation research, test
quality, item response theory
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Introduction

Education is considered crucial to the development of
economies. This is due to the connection between the quality of
education provided to citizens and the development of nations.
Based on this relationship, the education systems of nations are
designed to meet economic needs and developmental priorities.
Though education is seen to be critical to national development,
Abreh et al. (2018) assert that science and mathematics education
are even more vital in the expansion and management of economies.
As a result, many governments have made mathematics and science
core subjects at both the junior and senior high school levels. Again,
the recognition of the role of mathematics and science education in
achieving development goals has led governments to initiate and
implement incentive schemes to increase participation and
achievement in both mathematics and science. For example, some
of the interventions undertaken by the Ghanaian government
include the Secondary Education Improvement Project (SEIP) and
the Mathematics, Science and Technology Scholarship Scheme
(MASTESS).

Despite ongoing efforts by governments, improvements in
mathematics achievement have been minimal, with consistently
low performance among Junior High School (JHS) students
(WAEC, 2016). The West African Examination Council (WAEC)
has been the sole organisation evaluating students’ performance
after completing junior and senior high school in Ghana for many
years. Recent trends show many students perform poorly in final
exams (especially in mathematics) across various regions (Ansah
et al., 2020; Fletcher, 2018; Abreh et al., 2018; Bosson-Amedenu,
2017; Mills and Mereku, 2016). This persistent underperformance
has attracted scholarly attention, leading to the identification of
several contributing factors, including teacher characteristics
(Ansah et al., 2020; Abreh et al., 2018), student traits (Amoako
et al., 2024; Iddrisu et al., 2023), and school-related factors
(Ankoma-Sey et al., 2019; Gichuru and Ongus, 2016). Among
these, a key factor often emphasised is teachers’ test construction
practices. Teachers need to have both the competence and
confidence to design practical assessments (Oppong et al., 2023).
They should be seen as knowledgeable individuals capable of
accurately measuring learning objectives. Similarly, for teachers
to effectively assess what they intend to, the test tools they develop
must be precise and reliable. Achieving this requires teachers to
be skilled in managing test tools, including tests and examinations
(Fives and DiDonato-Barnes, 2013).

The issue of the validity and reliability of classroom tests in
schools has attracted growing attention from researchers and
educational stakeholders (Ansah et al., 2020; Baker, 2003). This
concern has been sparked by the fact that teachers seem to lack the
skill of constructing test items; the majority of their classroom-
based achievement tests have low reliability and validity (Agu et al.,
2013). Furthermore, it has been observed that some tests used for
end-of-term examinations and continuous assessment in various
schools contain ambiguous, construct-irrelevant variance, and
misleading items (LeFevre and Dixon, 1986; Quansah et al., 2019).
The implication is that the test developed by these teachers may
be characterised by poor quality, which in turn affects the
of learners due to their

performance inadequate test

construction skills.
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Teachers' test construction competencies
in Africa

In Africa, especially in Ghana and Nigeria, teachers’ test
construction competencies have been a contentious issue, with
previous research showing mixed results. For example, a study by
Ankomah (2020) reported a relatively high level of test construction
skills among secondary school teachers teaching Mathematics,
Science, and English Language. Generally, earlier studies found
that teachers at the pre-tertiary level displayed limited skills and
competence in test item development (Kissi et al., 2023; Ankomah
and Nugba 2020; Quansah et al., 2019; Amedahe, 1993; Quaigrain,
1992). Other scholars argued that, despite teachers being trained in
assessment and item writing, most had a negative attitude and did
not follow recognised test development principles (Anhwere, 2009;
Ebinye, 2001; Quansah, 2018; Quansah and Amoako, 2018).
Findings from other significant studies indicated that teachers who
had received training in educational assessment and test
construction were better at following recommended principles
than those who had not (Quansah and Ankoma-Sey, 2020;
Anhwere, 2009; 2008; 1993;
Quaigrain, 1992).

An extensive study of previous research on teachers test

Oduro-Kyireh, Amedahe,

construction revealed three main approaches to assessing test
development competencies. The first group of researchers, through
surveys, asked teachers to respond to statements about test adherence
principles, attitudes towards test development, and construction skills
(see Amedahe, 1993; Anhwere, 2009; Ankomah and Nugba 2020;
Oduro-Kyireh, 2008; Quaigrain, 1992; Quansah, 2018; Quansah and
Amoako, 2018). This self-report method has been commonly used in
earlier studies in this area, dating back to the 1990s. While the method
is helpful in understanding teachers’ perceptions, attitudes, and
practices regarding their test construction, such responses may not
accurately reflect their actual test construction practices, as most
teachers would prefer not to be perceived as lacking test construction
skills. This was demonstrated in a recent study where teachers rated
their test construction skills, which were then compared to the quality
of the test items they developed (Kissi et al., 2023). The study found
that teachers’ self-assessed skills did not align with their actual
performance, as they failed to demonstrate the test development
competencies that they claimed to possess in the tests they created.
Asking teachers solely about how they construct MCT may not fully
reveal their actual skills, and there is a strong likelihood that their
responses may not accurately reflect their actual practices.

The second approach to understanding teachers’ adherence to test
principles and test construction skills comprised evaluating some test
samples developed by the teachers themselves (Kissi et al., 2023;
Quansah et al.,, 2019). Quansah et al. (2019), for example, evaluated
end-of-term questions of school teachers teaching integrated science,
mathematics and social studies subjects. Typically, such tasks were
designed by the school’s teaching staff before being administered. The
authors clarified that most, if not all, pre-tertiary institutions have
assessment committees that review the assessment tasks designed by
these teachers. This was also the case for Kissi et al. (2023), where the
end-of-term examination papers were assessed for two courses (i.e.,
Business Management and Core Mathematics). Given these instances,
the final product of the assessment tasks evaluated may not accurately
reflect individual teachers’ test construction skills.
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The third approach adopted by previous scholars involves
conducting a psychometric analysis of assessment tasks developed by
teachers (Kissi et al., 2023; Rao et al., 2023; Kumar et al., 2021; Shaheen
etal., 2018; D’Sar and Visbal-Dionaldo, 2017; Rush et al., 2016; Tarrant
et al., 2006; Downing, 2002). All the authors who studied teachers’
MCT development skills and their adherence to assessment guidelines
relied heavily on classical test theory (CTT) analysis (Kissi et al., 2023;
Rao et al., 2023; Kumar et al., 2021; Shaheen et al., 2018; D’Sar and
Visbal-Dionaldo, 2017; Rush et al., 2016; Tarrant et al., 2006; Downing,
2002). While the CTT approach forms the basis of most test theories,
there is a significant challenge in using this method to evaluate item
quality and test construction skills. A key concern is that item
properties are linked to the characteristics of the examinees who sat
the test, meaning such analyses may not accurately reflect teachers’
test construction skills (Allen and Yen, 2001; Crocker and Algina,
1986; Gulliksen, 1950; Magnusson, 1967). Unlike CT'T, which also
centres on observed test scores and assumes measurement error is
consistent across ability levels, the item response theory (IRT) models
the probability of a person’s response to each item based on their
underlying latent trait (ability) and the item parameters (Baker, 2001;
Morizot et al., 2007). Therefore, analysing the psychometric properties
of a test using CT'T may not necessarily reflect the item quality but the
examinees’ characteristics.

Why do multiple-choice test development
competencies matter?

A multiple-choice item comprises two main components: (1) the
stem which is an introductory statement or a question which presents
a problem to the examinee; and (2) a list of options, usually between
two to five, and contains the correct response (known as the key) and
distractors (known as incorrect response) (Nitko, 2001a; Quansah,
2018). Each section of the multiple-choice item plays a critical role in
measuring students’ achievements in any learning area; thus, it is
essential to follow the established principles in developing every
aspect of the item.

This study’s focus on assessing teachers’ test development
competencies regarding multiple-choice tests is based on notable
reasons. First, the MCT is pervasive and has widespread use across
local, national, and international assessments. For example, Ghanaian
school-level assessments utilise multiple-choice items in their
classroom and semester/term examinations. Further, national
assessments organised by the WAEC across West African countries’
pre-tertiary levels have dedicated section of the assessment where the
multiple-choice items are used (Kissi et al., 2023; WAEC, 2016). It is
important to highlight that the multiple-choice items are also used in
international assessments like the Trends in International Mathematics
and Science Study (TIMSS) and Programme for International Student
Assessment (PISA) (The Organisation for Economic Co-operation
and Development [OECD], 2019).

Secondly, compared to the other test formats, the MCT strongly
aligns with item and psychometric analyses that evaluate item quality
and associated contextual realities (Baker, 2001). Therefore, the
multiple-choice items offer an objective platform for assessing the
psychometric properties of the test items. Additionally, the MCT is
relatively efficient in large-scale assessments (characterised by large
class sizes in Ghanaian classrooms) and still promises much higher,
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reliable, and valid assessment outcomes (Nitko, 2001a). Given these
compelling reasons, teachers’ test development skills on MCT are
critical and should be a skill every teacher should possess. Teachers
without this specific skill may be limited to their pedagogical roles,
which could negatively impact learning outcomes and overall
teaching quality.

The study'’s focus

This study employed a triangulation methodology to evaluate
mathematics teachers’ multiple-choice test construction skills,
integrating three procedures to provide comprehensive insights into
the issue under investigation. The central research question that
guided this study is “What are the multiple-choice test development
competencies demonstrated by JHS mathematics teachers in Ghana?”
The adoption of the triangulation methodology helped evaluate the
teachers’ test development competencies through the lens of a multiple
sequential data collection approach. First, we surveyed mathematics
teachers to gather their self-reports on their adherence to test
construction principles. Next, the study deliberately selected and
assessed test samples created by the mathematics teachers to examine
how they applied test construction principles in test development.
Additionally, these teachers were asked to design new multiple-choice
tests and administered them to their pupils. The third aspect of the
study involved conducting an IRT psychometric analysis of the tests
prepared by the teachers, aimed at evaluating their ability to design
psychometrically sound assessments. Finally, we evaluated the
relationship between adherence to recommended test construction
principles and the quality of tests developed by the teachers.

The study’s methodology is grounded in three key theoretical
perspectives in educational assessment, namely, the assessment
literacy framework, measurement errors in test theory, and validity
theory. First, the assessment literacy framework highlights that
teachers should possess both technical knowledge and practical skills
in educational assessment (DelLuca, 2012; Popham, 2009; Stiggins,
1991). Within the literacy assessment model, teachers should not only
possess knowledge about assessment principles but should be able to
exhibit competence in applying them to design highly valid and
reliable assessment tools. In this context, designing MCT is a critical
aspect of assessment literacy, and evaluating teachers’ competencies
reflects both their strengths and gaps in professional practice. The
assessment literacy model, therefore, provides a link to the triangulated
methodology (i.e., three sequenced phases) used in the study design:
(1) knowledge domain—Do mathematics teachers possess knowledge
on the principles of MCT design? (2) Skill domain—Can mathematics
teachers apply the MCT principles in developing real test items? and
(3) Impact domain—Do the MCTs that the teachers designed produce
sound psychometric indicators when subjected to item analysis?

Secondly, the consideration of measurement error highlights the
limitations of the CTT in assessing item psychometric properties
(Allen and Yen, 2001) and offers strong support for the use of
IRT. Although the CTT assumes that the observed score is an additive
component of the actual score and the error, it fails to capture item-
level error variances across ability levels. This measurement error
limitation is rigorously addressed by the IRT, enabling the precise
evaluation of mathematics teachers competencies in MCT
development. The third theoretical consideration is the validity theory,
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which emphasises that validity is not merely a characteristic of a test,
but rather reflects the extent to which evidence is provided to support
the interpretation of test scores (Cronbach and Meehl, 1955). Using
multiple data collection approaches in this research is a strategy for
assessing the validity of the MCT development competencies of
mathematics teachers from multiple angles, thereby serving as
multiple sources of evidence (i.e., self-reports, documentary analysis,
and psychometric analysis).

Methods and materials

As already indicated, the study employed a triangulation research
methodology; therefore, the methods section is structured into three
phases: the survey phase, the documentary analysis stage, and the item
analysis phase.

First phase: survey

Purpose
The purpose of the survey was to explore JHS mathematics
teachers” adherence to MCT construction principles.

Participants

The population consisted of all teachers in public JHSs within the
Sekondi-Takoradi Metropolitan Assembly (STMA) in Ghana. The
STMA comprises nine (9) circuits, namely Sekondi, Adiembra,
Takoradi East, Takoradi West, Takoradi Central, Ketan, Essikado,
Nkroful-Nkansaworado, and Kojokrom Circuits. Records from the
Metropolitan Directorate of Education (2023) indicated a total of 96
public JHSs across these nine circuits. The study focused on JHS
teachers who teach mathematics, as mathematics is one of the subjects
where students frequently underperform (Chief Examiners’ Report,
2021; Etsey, 2006). The total population of mathematics teachers
was 218.

Considering the size of the target population of JHS mathematics
teachers, we employed the census method to include all the
mathematics teachers in the survey (Amedahe and Asamoah-Gyimah,
2015). This approach was suitable because it eliminated sampling
error, as every member of the target population participated in the
study. Consequently, the sample size was 218 mathematics teachers.
Of these, 71.1% were males, while 28.9% were females, indicating that
the majority of the mathematics teachers in the STMA schools were
males. Additionally, the majority of the teachers (61.0%) were between
20 and 30 years old, 32.1% were between 31 and 40 years old, 5.0%
were between 41 and 50 years old, and 1.8% were between 51 and
60 years old.

Instrumentation

The primary tool for data collection at the survey phase was a
questionnaire. The instrument gathered information on respondents’
demographic characteristics (i.e., gender and age). In addition to the
demographic data, the modified version of the Multiple-Choice Test
Construction Competence Questionnaire (TTCCQ-MC) validated by
Kissi et al. (2023) was used for the survey data collection. The
TTCCQ-MC scale consists of 19 items with 4-point Likert-type
agreement options. The scale is multidimensional, featuring a three-
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factor structure: content validity (6 items), item options handling
(6 items), and test item assembling (7 items). The instrument
demonstrates high validity and is suitable for use. The internal
consistency scores for the subscales are as follows: content
validity = 0.79, item options handling=0.78, and test item
assembling = 0.76.

Procedure

The survey phase allowed respondent to report on their level of
adherence to the MCT guidelines in test construction. Ethical
approval was obtained from the Ethical Review Board at the University
of Cape Coast, Ghana, covering all phases of the study. Additional
permission was secured from the heads of schools to facilitate data
collection. Prior contacts were made with the mathematics teachers
to establish rapport and explain the purpose of the research. The
available times for teachers at each school were identified to ensure a
smooth data collection process. On the day of data collection, eligible
teachers were gathered in an office, and the questionnaires were
administered to them. All other ethical considerations, including
informed consent, anonymity, confidentiality, and protection from
harm, were strictly observed. The data collection process lasted
approximately 3 weeks.

Data analysis

Data collected for the study were coded and entered with the help
of SPSS software version 25.0. The survey data were further screened
for outliers, missing data and inconsistent responses or data entry
errors. Identified issues from the screening were rectified by consulting
the original completed questionnaires. The confirmatory factor
analysis (CFA) was used to analyse the data to understand the
mathematics teachers’ adherence to test construction principles.
Parameters from the CFA output included standardised factor loading
(p) with their associated p-values, squared multiple correlation (R?)
and Average Variance Extracted (AVE). Higher f values with
significant p-values indicated the predominant MCT adherence
behaviours demonstrated under a specific adherence domain. For
example, under the content validity adherence sub-domain, the item
with the highest § value (preferably 0.5 and above) is the most
demonstrated adherence behaviour in that sub-domain. Regarding the
AVE values, the sub-domain (e.g., content validity, item options
handling) with the highest value (preferably 0.5 and above) showed
the dimension that the mathematics teachers predominantly adhered
to when designing the MCT. Higher R* values reflected teacher
behaviours consistently demonstrated on that adherence dimension
and vice versa.

Second phase: documentary analysis

Documentary analysis is a systematic method for reviewing or
evaluating documents (i.e., test samples in this context) (Creswell,
2014). The documentary analysis phase had two sub-stages. The first
sub-stage focused on the documentary analysis of tests already
designed by the teachers. The second sub-stage of the documentary
analysis phase was limited to allowing teachers to redesign a set of
MCT under specified conditions. The first sub-stage aimed to
examine mathematics teachers’ naturally produced MCT papers
without blueprint support. The second sub-stage, on the other hand,
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aimed at assessing mathematics teachers’ MCTs when provided with
a validated item specification table. The subsequent description of
the methods for this phase is outlined to capture these two
sub-stages.

Participants and documents collection

Sub-stage 1

Nine teachers were purposively sampled and asked to submit
copies of test samples they had already administered, along with the
associated scheme of work. For each of the nine circuits, teachers
who achieved the highest score on the TTCCQ-MC scale
(administered in the survey phase) were chosen. This was based on
the current literature, which indicates that teachers with high scores
on this measure are more likely to develop quality test items and
create practical tests (Asamoah-Gyimah, 2022; Ankomah, 2020;
Quansah and Amoako, 2018). The two most recent samples of
question papers were presented by each selected teacher, totalling 18
examination papers. The scheme of work for each teacher was also
obtained prior to examining the samples. Overall, the data collection
process took approximately 4 weeks. We assured the teachers of data
privacy, confidentiality, and anonymity. Consent from the respective
obtained before data

schools’ examination boards was

were requested.

Sub-stage 2

We further engaged the nine selected teachers to identify the
topics they would cover for the term and those content areas they had
already covered. The content areas were limited to JHS 2 (grade 8)
level for two reasons: (1) all nine mathematics were currently teaching
the JHS 2 students, with a few of them doubling as mathematics
teachers for JHS 1; and (2) while the JHS 3 students were preparing
for their final national examination (Basic Education Certification
Examination, BECE), the JHS 1 students had not covered much
content for this exercise. The content areas included Numbers and
Numerations, Algebra, Geometry and Trigonometry, Measurement,
and Statistics and Probability. Based on these content areas, the item
specification table (see Supplementary material) was developed and
validated by a team of experts comprising two measurement specialists
and three mathematics education experts.

The nine teachers who were purposively sampled were tasked
with designing 20 multiple-choice items and administering them to
a minimum of 150 students. Although in Ghana, JHS examinations
typically contain 40 multiple-choice items in addition to essay
questions, the decision to limit the MCT to 20 items was based on
some practical and logistical considerations. Using 20 items reduced
the workload and burden on teachers in designing the MCT since
each teacher had to administer the MCT to at least 150 examinees.
With 20 items and four options per item, this produces 80 distractors
per teacher, which is sufficient for assessing the teachers’ proficiencies
in designing multiple-choice items in relation to distractor
plausibility, grammar, cueing, and ambiguity, among others (Nitko,
2001b). While there is no universal number of items for psychometric
analysis, some previous studies have demonstrated that 20 multiple-
choice items are sufficient for item analysis (Licona-Chavez et al.,
2020; Quansah and Cobbinah, 2021). The nine teachers were given
the item specification table to guide them to construct the items.
This was done because the quality of items developed by teachers
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was compared, and therefore, the item specification table helped
create comparable test forms.

Documentary review and analysis

Sub-stage 1

The naturally developed set of MCTs was reviewed based on a
deductive codebook from established test construction criteria,
including test format and test construction errors (Nitko, 2001a,
2001b). The test format error domain encompassed logical formats
and patterns of options, time allocated, hinting and linking items, item
arrangement and spacing, and instructions. The test construction
error indicator assessed the objectivity of test items, the representation
of thinking skills, and the practicality, ambiguity, content relevance,
and fairness of the test. Two experts jointly evaluated the codebook
and co-coded a pilot sample of 25% of the items. The first expert was
a measurement specialist with a background in mathematics, and the
second expert was a measurement specialist with an educational
background and experience in gender equality and social inclusion.
Based on the pilot coding, we computed the inter-rater reliability for
each binary category (Cohen’s «), yielding an overall reliability
coeflicient of 0.71.

The two coders independently engaged in complete coding of the
18 papers by applying the agreed codebook. Upon completion of the
coding, the results of the coding were compared item by item.
We acknowledge that there were instances of disagreement, especially
on issues of flagging an item as ambiguous. Through consensus,
disparities in coding were resolved through the log rule classifications.
Finally, we checked for potential coder drift by randomly double-
coding 30% of the papers, which yielded an inter-rater reliability
(Cohen’s ) of 0.79. The documentary analysis followed a structured
qualitative content analysis approach proposed by Schreier (2012).

Sub-stage 2

In this sub-stage 2, the newly designed test documents were
reviewed and analysed following the same approach adopted in sub-stage
1, with slight changes. The evaluation criteria for reviewing the developed
MCTs were based on four hypothetical dimensions (Nitko, 2001b). The
first dimension is identifiable patterns of answers which reflect a
situation where the correct responses to multiple-choice items follow a
systematic sequence (e.g., ABCD, ABCD, ABCD) or repeated correct
responses to the items (e.g., AAAA, BBBB, CCCC). This trend of correct
responses allows test-wise students to guess the correct answer without
demonstrating content mastery. Ambiguity, which is the second
evaluation criterion, reflects a situation where an item structure and
wording depict multiple interpretations for the examinees. Such
misinterpretations introduce confusion and unintended difficulty,
causing task performance to reflect traits other than the intended
construct, a phenomenon known as construct-irrelevant variance.

The third dimension is unclear instructions, where represent a
situation instructions to a test or an item are misleading, incomplete,
or missing important details (Amedahe and Asamoah-Gyimah, 2013).
Such situations lead to a lack of clarity or misinterpretation of the
expectations of the assessment tasks. The last evaluation dimension is
fairness, which reflects the extent to which the assessment task(s)
provide all test-takers with equal chances to demonstrate their
knowledge, free from biases associated with language, gender,
socioeconomic background, or culture (OECD, 2019).
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The same two coders were engaged to review and rehearse the
codebook using one of the newly designed MCT sets. Following this
exercise, we computed the overall inter-rater reliability which yielded
a reliability coefficient of 0.77. The two coders independently coded
all the MCTs with an overall inter-rater reliability of 0.81. We double-
checked the item specification table to ensure that identified issues
related to ambiguity and fairness were wording flaws and not blueprint
non-adherence. The analysis also followed Schreier’s (2012) structured
qualitative content analysis.

Third phase: item analysis

Purpose

This phase aimed to evaluate the psychometric qualities of
teacher-developed MCT items using IRT, in order to determine how
well these items discriminated between high- and low-ability students.

Participants

The participants for this phase included the nine mathematics
teachers and 1,350 learners who took part in the test developed using
the item specification table. The newly designed instruments were
administered to the students in accordance with all standard protocols
for test assembling, proctoring, and administration. All identifiers of
teachers’ identities were removed from the data to ensure anonymity.
Additionally, the identity of the test evaluated was concealed, and
pseudonyms were assigned. This process, known as data
de-identification, involved assigning names to the teachers, such as A,
B, C, D, E, etc. The developed tests were obtained in digital format and
manually validated to confirm they aligned with the item
specification table.

Statistical analysis

The MCTs administered by the teachers under the supervision of
the researchers were collected and entered into Microsoft Excel,
creating nine sheets to accommodate all nine teachers. Prior to the
entries, the scripts were manually scored; therefore, the data were
entered as 0 or 1 to represent incorrect and correct, respectively. The
data were screened and cleaned to prevent errors in the entry. The
psychometric analysis was conducted using the 2-Parameter Logistic
Model (2-PLM). The choice of the 2-PLM was guided by three key
reasons: (1) model fit analysis of 1-PLM, 2-PLM and 3-PLM showed
that five of the datasets were more aligned to the 2-PLM compared
with the 1-PLM and 3-PLM; (2) the sample size within each dataset
was not sufficient to perform 3-PLM which demands large sample
size due to the guessing parameter; and (3) the guessing parameter is
more tied to the test-taking behaviours of the examinees rather than
the item quality (Embretson and Reise, 2000).

The 2-PLM was, therefore, used to analyse the quality of MCT
items developed by the nine JHS mathematics teachers. The 2-PLM
produces the item difficulty and item discrimination. The
discrimination index in IRT is denoted by “a” and refers to the slope
or steepness of the item characteristic curve. It indicated how well
an item differentiates between low and high abilities. Discrimination
indices ranged from 0 to positive infinity. In this study,
discrimination indices were interpreted based on the following
criteria: a discrimination index below 0.50 was considered poor,
and an index equal to or above 0.50 was deemed good (Baker,
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2001). Difficulty represents the point on the ability scale where an
item functions, specifically where the likelihood of a correct
response is 0.5. This assumption applies to 1-PLM and 2-PLM. For
3-PLM, difficulty is expressed as (1 + ¢)/2. Difficulty ranged from
positive to negative infinity, and it is denoted by “b.” When the item
is easy, the difficulty index became negative, suggesting that the
item is suitable for low-ability groups (Embretson and Reise, 2000).
The IRTPro computer software was used to perform the
IRT analysis.

Kendall's Tau-b correlation coefficient was also used to assess the
relationship between adherence to recommended MCT construction
principles and the quality of MCT produced by mathematics teachers.
The use of Kandall's Tau-b was justified by the small sample size
(n =9), which was used for the correlation analysis (Howell, 2013).
Additionally, the data on teachers’ ranked adherence and test quality
had ties; thus, using Kendall’s Tau-b correlation, adjusted for the tied
ranks, provided accurate estimates (Gibbons and Chakraborti, 2011).
The correlation analysis was conducted using SPSS software
version 25.0.

Results
First phase: survey results

Mathematics teachers’ adherence to
recommended principles of MCT construction

The focus of the analysis was not to validate the scale but to find
out how much variance each specific factor contributed to the level at
which JHS teachers adhere to MCT construction principles.
Adherence, as earlier mentioned, was segregated into three
dimensions: test item assembling, content validity and item option
handling. The result on the level of JHS mathematics teachers’
adherence is shown in Table 1.

Table 1 shows results on adherence to multiple-choice test
construction principles. Regarding test item assembling,
respondents indicated that they mostly review test items for
construction errors (= 0.690, p < 0.001), ensure all parts of an
item are on the same page (f = 0.657, p < 0.001), and correctly
space test items for easy reading (f = 0.656, p < 0.001). However,
the teachers showed lower adherence in the area of numbering test
items sequentially (#=0.183, p <0.001). Concerning content
validity, teachers consistently presented clear items (= 0.730,
p <0.001) and allocated sufficient time for test completion
(# =0.636, p <0.001). Nonetheless, respondents indicated a low
level of adherence regarding including questions with varying
difficulty (f=0.297, p <0.001). In terms of item options and
handling, teachers mostly avoided using “none of the above” as an
option when an item is the best answer type (f = 0.771, p < 0.001),
but they do not typically ensure options are grammatically
consistent with the stem or present options in a logical order when
possible (8 = 0.143, p < 0.001; 8 = 0.291, p < 0.001).

Generally, the mathematics teachers showed a moderate level of
adherence to MCT construction in ensuring test item assembling,
item option management, and content validity. The AVE for these
dimensions (test item assembling, item option management, and
content validity) was 0.089, 0.203, and 0.316, respectively, indicating
that the teachers’ adherence to the MCT construction principle was
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TABLE 1 Adherence to summative test construction principles.

10.3389/feduc.2025.1658971

Statements

When constructing multiple-choice tests, |

Test item assembling 0.535 <0.001 0.286 0.089
give specific instructions on the test 0.537 <0.001 0.288

use the appropriate number of test items 0.466 <0.001 0.217

number the test items one after the other 0.183 0.019 0.033

appropriately assign page numbers to the test 0.553 <0.001 0.305

properly space the test items for easy reading 0.656 <0.001 0.430

keep all parts of an item (stem and its options) on the same page 0.657 <0.001 0.431

review test items for construction errors 0.690 <0.001 0.476

Content validity 0.538 <0.001 0.289 0.316
match test items to instructional objectives (intended outcomes of the appropriate difficulty level) 0.536 <0.001 0.288

make sure each item deals with an important aspect of the content area 0.470 <0.001 0.221

prepare a marking scheme while constructing the items 0.564 <0.001 0.318

pose unambiguous items 0.730 <0.001 0.533

include questions of varying difficulty 0.297 <0.001 0.088

give appropriate time for completion of the test 0.636 <0.001 0.404

Item option handling 0.399 <0.001 0.157 0.203
include in the stem any word(s) that might otherwise be repeated in each option 0.337 <0.001 0.113

make the options grammatically consistent with the stem 0.143 0.004 0.021

make options independent of each other 0.386 <0.001 0.149

avoid the use of “none of the above” as an option when an item is of the best answer type 0.771 <0.001 0.550

make options approximately equal in length 0.467 0.003 0.218

present options in some logical order (e.g., chronological, most to least, alphabetical) when possible 0.291 <0.001 0.084

p-Factor Loadings, AVE, Average Variance Extracted.

more related to content validity than to test item assembling and item
option management.

Second phase: documentary analysis
results

Sub-stage 1—naturally designed MCTs without a
blueprint

Test format errors

After carefully analysing samples of submitted tests, several test
formats and construction errors were identified. The errors included
test format issues, such as alternatives not presented in a logical order
or a detectable pattern, incorrect answers, and test forms without an
indicated completion time. For instance, in one of the MCT samples,
the options alternated between numerical values and words (“12; twelve,
14; fourteen). In another paper, there was a clear pattern of answers (A,
B, C, D repeated across the first 11 items).

Other problems involved wrong keys, clueing and linking items,
implausible distractors, mixing horizontal with vertical options, page
numbers not assigned, poor item spacing and arrangement, construct
irrelevant variance, ambiguous items with more than one correct
answer, instructional-related issues like missing or incomplete
instructions, and the use of k-type items. For example, one of the test
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samples had “all the above” as the key, while not all preceding options
were true, possibly causing ambiguity. While in some cases, the time
allocation for task completion was not indicated, other test items had
mixed vertically and horizontally arranged alternatives.

Test construction errors included thinking skills, content
relevance, and fairness to different learners.

Thinking skills represented: Careful analysis of the MCT samples
indicates that the majority of the items measured lower-level skills.
Most of the items only required examinees to recall facts without
demonstrating deeper understanding. One of the items asked “What
is the value of 7 (pi) to two decimal places?” which is basically a recall
question. Only a few measured understanding and application. For
example, one of the teachers wrote a question, “If the perimeter of a
square is 24 cm, what is the length of one side?” Tasks of this nature,
which required application, were rarely found. Given these types of
questions, it is likely that most of the items may favour test-wise
examinees, failing to discriminate between examinees who have
mastered the content and those who have not. This weakness aligns
with Nitko's (2001a) observation that measuring different types of
thinking skills (knowledge, understanding, applying, analysis,
synthesis, and evaluation) increases test validity. Ultimately, the
limited representation of higher-order skills is a threat to
content validity.

Content relevance and fairness to different learners: Analysis of the
MCT instruments showed that the teachers did not adequately sample
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from all the test content areas as listed in the scheme of work for the
relevant term. In one of the test samples, the greater proportion of the
items focused on algebra manipulation; meanwhile, no task was
developed on statistics, which formed part of the scheme of work. This
imbalance could potentially reduce representativeness, thereby
affecting content and construct validity (Nitko, 2001b). Aside from
issues such as font size and style, as well as clueing and linking items,
and detectable patterns, the assessment tasks did not provide a
particular group of examinees with an advantage over others. With
regards to fairness, no explicit issues of fairness were detected with
none of the items showing gender-stereotyped and culturally-
biased wording.

Sub-stage 2—newly designed MCTs by the
teacher with blueprint support

Identifiable Patterns: Evaluation of the newly developed MCTs
showed that most test items did not exhibit any identifiable answer
patterns. However, exceptions were noted for Teachers A, D, and G,
where identifiable answer patterns were observed. For example,
Teacher D’s scoring rubric indicated that about 15 out of 20 items had
option “B” as the correct answer. Similarly, Teacher G’s test had 11
items with option “A” as the correct answer. In this case, test takers
selecting option “A” for items 1-20 would score 11 points. Moreover,
choosing option “A” for items 1-10 would earn test takers a score of 8
out of 10. These situations illustrate how identifiable answer patterns
could threaten test validity, allowing students to guess the correct
option based on position instead of competence (Haladyna, 2004).

Ambiguity: Evaluation of the newly developed MCTs revealed that
ambiguous items were widespread across all the mathematics teachers
(i.e., Teacher A-I). The ambiguity took diverse forms, including
distractors that could be interpreted differently among examinees,
unclear mathematical expressions, and incomplete or unclear stems.
For example, an item asked “Find the value of x in the equation
2x +2=10" where the missing value (labelled,?) makes the stem
incomplete and unclear. In one instance, an item had an option as “it
depends,” which does not reflect a mathematically valid answer. Other
items had more than one correct answer (e.g., both x =2 and x = -2
satisfy the equation), yet only one was marked as correct. These flaws
could introduce construct-irrelevant variance, affecting students’
achievement (Nitko, 2001a).

Unclear directions: Evaluation of the newly designed MCTs
showed that while some teachers provided clear directions, most tests
contained incomplete or missing instructions. For example, Teachers
E, G, and C included directions specifying the class/grade level,
subject area, type of test items, and how to select the correct answer.
However, they omitted crucial details such as the test duration, which
left examinees without guidance on how much time was allocated. By
contrast, Teacher A’s test lacked almost all essential instructions: there
was no indication of the class/grade level, subject area, type of test
items, answering procedures, or duration. The absence of such
information can confuse students, disadvantage less test-wise
examinees, and ultimately reduce the fairness and validity of the
assessment (Amedahe and Asamoah-Gyimah, 2013; Nitko, 2001b).

Fairness to different students: Analysis of sampled tests showed
that, overall, the newly developed MCT items did not systematically
favour any particular group of examinees. Generally, the items were
fair to candidates regardless of their gender, ethnic background, or
socioeconomic status. However, some format and construction flaws
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(e.g., detectable answer patterns, poor spacing, and unclear fonts)
could create disadvantages for students who struggle with reading
(Nitko, 2001b). Gender-sensitive language was also an issue. Two
teachers consistently used male names in their items. For example:
“John and Joseph are baking bread. The recipe calls for 3/4 cup of flour.
They only have 3/8 cups of flour left. How many more cups of flour do
they need to bake the bread?” Although gender equality and social
inclusion policies encourage using male names in fields like catering
and sewing to promote male engagement, the exclusive use of male
names does not reflect gender-sensitive assessment practices. Another
item read: “Kofi bought 36 banners. He bought an equal number of blue
banners and gold banners. How many banners of each colour did Kofi
buy?” This kind of consistent male representation could inadvertently
marginalise female students. Despite these concerns, most items
provided all examinees with equal opportunities to demonstrate
mathematical competencies. Issues such as font style, size, spacing,
attractiveness, and uniformity were also noted, but these were judged
to have minimal influence on fairness.

Third phase: item analysis results

Quality of MCT items developed by JHS
mathematics teachers

Table 2 presents the results on the discrimination and difficulty
indices of MCT developed by JHS teachers.

From the 2-PLM results, clear patterns emerge across teachers’
item development. Teachers E, B, and I produced the highest-quality
items, with at least half of their MCT items showing good
discrimination between high- and low-ability learners (see Table 2).
For example, teacher B’s test had 50% of the items (i.e., items 2, 4, 6,
8,10, 12, 14, 16, 18, and 20) demonstrating good discrimination. In
contrast, Teachers D, G, A, and C developed the poorest-quality
items, with the majority of their items failing to discriminate
effectively. Taking Teacher C’s test, for example, twelve (12) of the
items (items 1, 3,5, 7, 9, 10, 11, 13, 15, 17, 18, 19, and 20) had poor
discrimination. Teachers F and H showed mixed results, but overall,
their items leaned towards poor discrimination. Broadly, the results
indicate wide disparities in item-writing skills among JHS
mathematics teachers, with only a few demonstrating a strong
capacity to construct high-quality items.

In applying the 2-PLM, some items produced extremely large
discrimination estimates (e.g., above 30), which are unlikely to reflect
true item performance. In IRT, such values often indicate model
misfit, sparse response data at certain ability levels, or potential
coding/administration errors, rather than genuinely high
discriminative power. The perceived causes of these extreme values
included: (a) sparse data at certain ability levels, where too few
students responded in a way that allowed stable estimation of the
parameter, and (b) item flaws, such as poor wording, ambiguity, or
guessability, which may have resulted in response patterns that do not
conform to the expected IRT model. In this study, all parameter
estimates, including the extreme values, were reported to maintain
transparency. However, these extreme values were interpreted with
caution, as they may have artificially inflated or distorted conclusions
about item quality. Additionally, items with implausibly high
discrimination values were flagged for further review rather than
assuming that they represent high-quality test items.
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TABLE 2 Item discrimination and difficulty index.

10.3389/feduc.2025.1658971

Item 1st 2nd 3rd 4th 5th 6th 7th 8th Teacher 9th

Teacher  Teacher Teacher Teacher (D) Teacher Teacher (F) Teacher ((3)] Teacher (1)
(A) (B) (C) (3] (©)]

b A b b b b b
1 067 | —596 008 038 -164 —055 | 033 277 | 381 —082 082  —039 1002 037 —-3501 —131 064  —0.13
2 015 | —159 110 073 100 —044  —-125 —0.85 259 @ —0.59 194 —030 -105 —071 3501 —131 | 258 | 0.28
3 095 | —0.14 -127 —082 -050 015 | 109 —0.14 022  —0.60 —030 058 009 496 | 223  —091 063 | 099
4 —126 -133 104 | 061 096 | —237 014 & —010 —0.63  —140 016 289 058 069 003  —1172 082 048
5 159 091 —159 —070 —121  —036 179 | 009  —029 -244 —114 =055 —031  —-049 —-260 172 | 027 | 215
6 —0.05 2470 083 | 023 132 | 009 | —045 —-138 106  —050 145 —0.00 064 —0.77 057 011 | 044 0.2
7 —0.82 —015 -128 | —0.70 —398 | —055 063 | 093 021 | 111 —0.11 -261 -038 -178 069 | —342 —041 =070
8 304 | —066 238 046 157 018 | —1.88 —095 | 233  —002 137 —0.10 104 048 066 = —3.69 0.2 040
9 —037 529  —084| —093 —061| —086 080 | 085 175 | —074 005 —887 —037 012 9850 @ 036 | 004 3.14
10 —0.53 087 153 | 041 060 | 034 —119 —064 029 | —009 089 036 038 027 —086 022 009 054
11 —1.56  —0.80 —1.68 | —0.55 —0.03 | 1977 = 038 | 066 —053 -1.12 —108 =012 023 060 3501 | —131 047 061
12 —0.61 226 128 | 0.1 050 | 108 = 008 | 120 084 | —096 127 —025 1002 037 —3124 138 117 026
13 2297 193  -109 012  —003 -1978 015 & 606 = 280 —073 010 —224  -105 -071 —024 —522 041 103
14 230 | —140 087 022 043 169 | —0.16 —7.12 | 823  —063 355 —021 066 014 —063 082 | 047 —0.11
15 047 185  —146 —006 —002 -1668 028 | 142 | —033 —207 -083 —094 —001 —114 052 188 036 | 224
16 1.06 —-123 151 | 011 087 | 040 =010 -11.62 178 | —026 202 @ 008 020 274 053 -236 062 003
17 71.80 | —0.57 —160 —0.66 —038 —191 034 013 | 077 =078 —002 1276 040 236 —l64 092 1236 0.2
18 —061 —1.87 176 | 051 020 | 298  —028 —352 019 | 557 012 521 —022 -311 —035 250 076 026
19 089 | —202 -144 =051 —072 —1.09 | 020 376 | 178 —044 040 —072 080 077 035 332 | 137 —033
20 3723 | —1.04 133 —007 038 198 012 721 | 234 —059 069 —1.03 —009 -731 —123 003 100 022

The total information curves from the teachers indicated that
nearly all the tests developed by the teachers provided little to no
information about students’ mathematics achievement for most of the
pupils. It was evident from all the curves that the standard errors
related to measuring students’ ability were largely high across different
ability levels (Figure 1). These elevated standard errors suggest that the
tests created by teachers generally have low reliability.

The test characteristic curves also demonstrated that a
non-definitive and counterintuitive relationship exists between
ability and the likelihood of answering an item correctly. For
instance, Teacher A’s examinee with an underlying ability of 1.0 had
a higher probability of answering an item correctly than examinees
with an ability of 3.0 (Figure 2). This illustrates that, according to this
model, very low-ability examinees can achieve a test score simply
because the items are problematic (exhibiting low or negative
discrimination). At a certain point, examinees with an underlying
ability around —1.5 to —3.0 had the same probability of answering
an item correctly. Additionally, test takers with theta levels of —1.4
and +1.9 had equal chances of answering an item correctly.
Regarding the information function, the test items created by
Teacher A provided little information for test takers with theta levels
between —1.3 and +1.2, as well as those with theta levels between
+1.7 and +2.2. Although the test characteristic curves for Teachers
B and C did not reveal a direct relationship between actual scores
and the ability scale, these test items offered valuable insights for test
takers with a range of abilities.
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Table 3 presents the summary results of the total number of quality
items developed by JHS mathematics teachers. It was found that 75
(41.67%) of the items developed by JHS mathematics teachers were of
good quality. However, about 105 (58.33%) of the items developed by
JHS mathematics teachers were of poor quality. To better understand
the characteristics of items developed by mathematics teachers, the
frequency and percentage of items with negative discrimination were
examined. It was further found that out of the one hundred and five
(105) poor items, sixty-three (63) had negative discrimination. This
indicates that, in such negative items, the probability of correct
responses decreases as the ability increases from low to high.

Relationship between adherence to test
construction principles and the quality of test
items developed by JHS mathematics teachers

The quality of the item was conceptualised as the number of good
and poor items created by the nine selected JHS mathematics teachers.
The aim was to rank teachers’ scores based on adherence, including
several good and poor items, and to explore the relationship between
these variables. Figure 3 displays descriptive statistics for the variables
in question. Table 4 shows the results on the relationship between
adherence to MCT construction principles and the quality of MCT
developed by JHS mathematics teachers.

Figure 3 presents the results of the descriptive summary of the level
of adherence and the number of quality items. The majority of teachers
with higher average adherence scores developed a fairly good number
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Total information curve of the test developed by Teacher 1 to Teacher 9.
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of items. Interestingly, Teacher “E” who had the lowest adherence score,
developed more good items as compared to Teachers G, D, C, and A,
who obtained adherence scores of 3.38, 3.29, 3.31, and 3.25, respectively.

The result in Table 4 indicates that there exists a moderate
statistically significant positive correlation between adherence to MCT
construction principles and the quality of MCT developed by JHS
mathematics teachers (r = 0.569, n = 9). This implies that high levels
of adherence to recommended principles of MCT construction are
associated with an increased number of quality items developed by
JHS mathematics. It can also be said that a low level of adherence to
MCT construction principles leads to a moderate to significant
decrease in the number of quality items developed by JHS mathematics.

Discussion

The study assessed mathematics teachers MCT development
competencies using a triangulation methodology. We began with a
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survey of mathematics teachers’ adherence to MCT construction
principles, followed by documentary reviews of test samples, and
concluded with psychometric analyses of newly developed MCTs. The
discussion section has been structured to follow the three main phases
of the research.

Survey of mathematics teachers’
adherence to MCT construction principles

The findings from the survey phase showed that the teachers
demonstrated a moderate level of adherence to MCT construction.
Notably, the teachers, to some extent, ensured adherence to MCT
principles in relation to test item assembling, content validity, and test
option handling. The average variance extracted for each dimension
also revealed that teachers adhere to recommended principles on
ensuring content validity more than to other dimensions. While this
appears positive from a theoretical perspective, failing to strictly
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follow all recommended principles in MCT construction could
seriously lead to errors in MCT. Similar findings have been reported
in previous studies, which found moderate to high levels of adherence
to test construction principles (Kissi et al., 2023; Asamoah-Gyimah,
2022; Ankomah, 2020; Armah, 2018; Garba et al. (2015); Kinyua and
Okunya, 2014; Agu et al., 2013; Oduro-Kyireh, 2008; Etsey, 2006).
This has some implications for teachers’ assessment of learners’
learning and instructional effectiveness. High test adherence to
recommended principles of MCT construction reduces errors in test
development and administration that could affect the test’s reliability
and validity (Nitko, 2001b).
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Documentary analysis of both existing and
newly developed test samples of the
mathematics teachers

The documentary analysis highlighted persistent weaknesses in
the mathematics teachers MCT development that directly affect
validity and fairness. One recurring concern was the presence of
identifiable answer patterns in some tests. Although not widespread,
such systematic sequences of correct options can enable testwise
examinees to guess answers without engaging with the content.
Haladyna (2004) warns that answer patterns reduce item
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TABLE 3 Summary of the number of quality items developed by JHS
mathematics teachers.

Teacher Good item, = Poor item, f/% of Poor
N (%) N (%) items with
negative dis.
A 7 (35.0) 13 (65.0) 9(69.23)
B 10 (50.0) 10 (50.0) 9(90.0)
C 7 (35.0) 13 (65.0) 10 (76.92)
D 4(20.0) 16 (80.0) 7 (43.75)
E 12 (60.0) 8 (40.0) 4(50.0)
F 9 (45.0) 11 (55.0) 6 (54.55)
G 7 (35.0) 13 (65.0) 8 (61.54)
H 9 (45.0) 11 (55.0) 9 (81.81)
1 10 (50.0) 10 (50.0) 1(10.0)
75 (41.67) 105 (58.33) 63 (59.76)

f, Frequency; %, Percentage.

independence and ultimately compromise validity. The fact that these
flaws occurred even when teachers used a blueprint suggests that
knowledge of principles alone does not guarantee error-free
test construction.

A more pervasive issue was ambiguity and construct-irrelevant
variance. Ambiguous stems, vague distractors, and overly complex
sentence structures made the items difficult to interpret, leaving them
open to multiple possible answers. Previous studies have confirmed
that grammatical and structural flaws confuse learners and lower test
validity (Amedahe and Asamoah-Gyimah, 2013). The persistence of
such problems across teachers underscores that many mathematics
teachers have not yet mastered the linguistic and technical precision
required for effective item writing. As Nitko (2001b) observes,
attention to sentence structure, punctuation, and clarity is central to
producing high-quality items. Without this, MCTs risk measuring
reading or guessing ability rather than mathematical competence.

Another critical concern was the lack of clear test directions.
While some teachers included partial guidance, many omitted key
information, such as test duration or answering procedures. Directions
are not mere formality; they shape how examinees approach test
items. When omitted, they disadvantage less testwise students and
threaten fairness (Amedahe and Asamoah-Gyimah, 2013). Although
some examinees may ignore or scan through test directions, LeFevre
and Dixon (1986) stressed that their consistent inclusion is essential,
especially when new or unfamiliar formats are introduced. This
indicates that teacher competence must extend beyond item-level
construction to encompass test-level organisation.

In terms of fairness to diverse learners, the findings showed that
most tests did not intentionally privilege one group over another in
relation to gender, socio-economic status, or ethnicity. However, some
teachers consistently used male names in contextual problems, which
departs from gender-sensitive assessment practice. In addition,
superficial formatting choices, such as inconsistent font size, spacing,
or layout, though less critical than content or structure, can influence
test validity by affecting readability and student engagement
(Gabuyo, 2012).

Comparing the documentary analysis outcome for the existing
test sample and the newly designed test samples revealed some
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interesting revelations. The item specification intervention used
improved the alignment between test items and curriculum content.
It was also observed that the recurring errors related to ambiguity and
unclear directions reduced when the teachers were given the item
specification table to guide the MCT development. Despite these
improvements, the test development problem persisted, suggesting
that even with structured support, some teachers struggled to translate
guidelines into practice.

Psychometric qualities of the teachers’
newly developed MCT

The psychometric analysis of the newly developed MCTs revealed
that most mathematics teachers produced items of poor quality, with
low or negative discrimination indices. Very few mathematics teachers
achieved relatively better results, with about half of their items
showing acceptable discrimination. These observed deficiencies
mirror earlier studies documenting poor assessment practices and test
quality among teachers (e.g., Tani, 2021; Friatma and Anhar, 2019;
Hamafyelto et al., 2015; Adedoyin and Mokobi, 2013) and are
consistent with Ghanaian evidence pointing to persistent gaps in
classroom assessment competence (e.g., Akayuure, 2021; Quansah
and Ankoma-Sey, 2020; Quansah et al., 2019; Garba et al., 2015;
Kankam et al, 2014; Asare and Nti, 2014; Sofo et al, 2013;
Quargrain, 1992).

A large proportion of the poor items exhibited negative
discrimination, meaning that high-ability students were less likely to
answer them correctly than low-ability students. This phenomenon is
particularly damaging to test validity, as it reverses the intended
relationship between ability and performance. Previous literature has
attributed this to common item-writing problems such as implausible
distractors, use of “all of the above,” incorrect answer keys, ambiguous
stems, or poor formatting (Downing, 2002; Kissi et al., 2023; Tarrant
et al,, 2006; Case and Swanson, 2002; Haladyna, 2004; Kumar et al.,
2021; D’Sar and Visbal-Dionaldo, 2017). These weaknesses point to
insufficient teacher expertise in constructing psychometrically
sound items.

The findings also resonate with broader critiques of teacher
preparation and professional development. Despite government
initiatives, in-service training often emphasises lesson planning,
pedagogy, and classroom management rather than assessment literacy
(Quansah and Ankoma-Sey, 2020). As Mannion et al. (2018) and
Odukoya et al. (2017) observed, many teachers perceived MCT
development as time-consuming and burdensome, and few had
received formal training in item analysis. Consequently, teachers may
rely on recycled items or poorly constructed new ones (Onyechere,
2000; Ebinye, 2001), confirming the gap between theoretical
knowledge of test construction and practical competence (Asamoah-
Gyimah, 2022).

The test characteristic curves (TCCs) and information functions
provided further insight into item quality. For some teachers, the
TCCs did not follow the expected relationship between ability and
actual score, reflecting the influence of negatively discriminating
items. In some cases, examinees with low ability had equal or
greater probabilities of answering items correctly compared with
high-ability students, which is psychometrically illogical. The
information functions also revealed that many tests provided
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FIGURE 3
Level of adherence and number of quality items.

TABLE 4 Relationship between adherence to MCT construction
principles and the quality of MCT developed by JHS mathematics
teachers.

Kendall's r

Variables n p-value

Adherence—no. of 0.569

quality items

9 0.041%*

**Correlation is significant at the 0.01 level.

limited measurement precision across ability levels, though a few
offered more useful information for decision-making. These
findings are consistent with earlier studies that linked poor item
discrimination to ineffective distractors, vague stems, and
construct-irrelevant variance (Adedoyin and Mokobi, 2013;
Frey, 2007).

Triangulation insight across findings from the
three phases

The triangulated design of this study provided a comprehensive
understanding of teachers’ competence in MCT development. While
the survey findings (Phase 1) suggested that teachers were aware of the
principles underlying quality test construction, the documentary
analysis (Phase 2) and psychometric evidence (Phase 3) demonstrated
persistent flaws in actual practice. Errors, such as identifiable patterns,
ambiguity, and unclear directions, were reflected in the poor
psychometric performance of items, many of which displayed low or
negative discrimination. This convergence highlights the disparity
between teachers’ self-perceived competence and their actual ability
to construct valid tests, a challenge well-documented in Ghana and
beyond (Quansah and Amoako, 2018; Akayuure, 2021). At the same
time, the phases complemented each other: the survey provided
insight into teachers’ awareness of test development principles, the
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documentary analysis captured observable practices, and the
psychometric analysis statistically confirmed item weakness. Although
a small group of teachers produced higher-quality items, the overall
pattern highlights the need for targeted professional development that
links theoretical knowledge with practical skills in test construction.

The findings from the correlational analysis provided an
important, second-layer point of integration between teachers’
reported adherence to MCT development principles and the quality
of their developed items. A moderate, significant positive correlation
indicated that teachers who adhered more closely to recommended
test construction principles tended to produce a greater number of
quality items. This finding is consistent with Garba et al., (2015), who
demonstrated that good items are contingent upon systematic
adherence to established guidelines such as clarifying assessment
purposes, defining content and objectives, using unambiguous
stems, ensuring appropriate item formats, and conducting item
analysis. At the same time, individual cases in this study complicate
the pattern; one of the teachers, despite a low adherence score,
developed more quality items than most colleagues with higher
adherence levels. This divergence suggests that while adherence is
generally associated with better outcomes, other factors such as prior
experience, test-taking context, or individual skill may also influence
item quality. Generally, the correlation strengthens the conclusion
that systematic adherence to test construction principles enhances
item validity and reliability. However, it also underscores the need
for practical training that ensures knowledge translates into
consistent practice.

The assessment literacy framework provides a meaningful lens for
understanding the triangulated findings from the study. The
framework emphasises that teachers should not only possess
knowledge of assessment principles but also be able to demonstrate
competencies in applying them to design highly valid and reliable
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assessment tools (DeLuca, 2012; Popham, 2009; Stiggins, 1991). The
triangulated findings portray a consistent gap between teachers’
conceptual knowledge of MCT development and their practical
competence in developing psychometrically sound MCT. The positive
association between adherence to principles and item quality further
reinforces the framework’s central claim that without deep assessment
literacy, teachers cannot reliably generate valid evidence of student
learning. This connection highlights the importance of embedding
assessment literacy more explicitly into teacher education, professional
development, and education policy.

Implications for policy and practice

The findings of this study have several important implications for
teacher education, professional development, and assessment policy
in Ghana and similar contexts:

1. The consistent presence of flawed multiple-choice items
highlights the need to embed assessment literacy, including
practical test construction and item analysis, into both
pre-service and in-service teacher training programmes.
Teacher preparation institutions should revise their curricula
to include more comprehensive assessment courses. At the
same time, the National Teaching Council (NTC) should
incorporate classroom assessment competence evaluation into
teacher licensing and certification requirements. This action is
necessary, as current professional development often
emphasises pedagogy and classroom management (Quansah
and Ankoma-Sey, 2020), but dedicated modules on item
writing and psychometric evaluation are urgently needed.

. The gap between teachers’ self-reported knowledge (survey
findings) and their demonstrated practices (documentary and
psychometric analyses) indicates that theoretical awareness
alone is insufficient. The District Directors of Education, with
support from the Ghana Education Service (GES) and the
National Council for Curriculum and Assessment (NaCCA),
should prioritise hands-on workshops where teachers design
items, receive structured feedback, and conduct item analysis.

. The item specification table improved content coverage but did
not entirely prevent flaws such as ambiguity or unclear
directions. GES and NaCCA should mandate the use of test
blueprints in school-based assessments, embedding important
exemplars in the curriculum. Additionally, subject panels,
district-level assessment officers, and examination boards
should provide expert validation of teacher-developed items to
enhance both content representativeness and technical accuracy.

. Although most tests were broadly fair, gender-insensitive
language and weak formatting were observed. GES and
NaCCA should issue clear guidelines on gender-sensitive
language (including linguistic flaws) and inclusive assessment
practices. Headteachers and school assessment committees
should monitor the appearance and formatting of tests to
ensure consistency in font, spacing, and layout, which directly
affects readability and fairness (Gabuyo, 2012).

. The Ministry of Education and other key educational
policymakers should integrate classroom assessment standards
into teacher appraisal systems, school inspection frameworks,
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and continuing professional development (CPD). Headteachers
should be tasked not only with counting the number of
assessments administered but also with monitoring the quality
of items. This would promote accountability and break the
cycle of weak assessment practices.

Limitations

The study’s strength lies in the triangulation methodology
adopted, which combines three major approaches to exploring the
mathematics teachers’ MCT development competencies in a
municipality in Ghana. Despite this strength, some limitations
exist. First, the survey phase relied on self-reported adherence
behaviours of mathematics teachers, which could be influenced
by social desirability bias and may lead to overestimating
competence. While triangulation with content and item analysis
helped reduce this risk, self-report bias cannot be eliminated.
Additionally, using purposive sampling with only nine teachers
limits the range of perspectives and might not fully represent the
diversity of practices among JHS mathematics teachers in Ghana
(Dzakadzie and Quansah, 2023).

Moreover, since the study is context-specific, the findings might
not be fully applicable to other subject areas, educational levels, or
regions. These limitations should be kept in mind when interpreting
the results, and future studies could include primary school teachers
or teachers of other JHS subjects to broaden the sample. With the
2-PLM, some items yielded tremendous discrimination values, which
are unlikely to reflect actual item quality. Such estimates are often
symptomatic of underlying problems rather than genuine high
discriminative power. Future studies should address this limitation by
setting plausible parameter bounds during estimation, exploring
alternative IRT models (e.g., 3PL to account for guessing), or
re-examining raw data for errors.

Conclusion

This study demonstrates the value of employing a triangulated
methodological approach integrating different methodologies to
gain a holistic understanding of mathematics teachers’ competence
in MCT development. The findings collectively highlight a critical
paradox: while teachers demonstrated awareness of MCT
construction principles, this knowledge often failed to translate into
practice. The study, therefore, raises an urgent call for systematic
investment in assessment literacy. Poorly developed MCTs are not
trivial errors; they distort measurement, compromise fairness, and
lead to flawed educational decisions that affect students, families,
and the broader education system. Given the widespread use of
MCTs in Ghana and beyond for high-stakes and classroom-based
decisions, building teacher capacity in test development and item
analysis is both a pedagogical and policy imperative. Without
targeted reforms in teacher education, professional development,
and assessment policy, the potential of MCTs as objective, scalable,
and psychometrically robust tools will remain unrealised,
perpetuating cycles of weak assessment practice and undermining
the quality of educational outcomes.
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