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Abstract

Test item writing is one real-life problem that poses a great challenge to teachers and often
impacts negatively on students’ achievement as well as decisions taken about the students. It is
pertinent to use cognitive drill therapy (CDT) to resolve test item writing challenges
experienced by teachers. The authors adopted a Non-equivalent control group research design.
A total of 83 teachers participated in the study and constituted the study sample. Mathematics
Test item Writing Skills Rating Scale (MTIWSRS) was the instrument used for data collection.
The internal consistency of MTIWSRS was determined using Cronbach Alpha and a reliability
coefficient of 0.83 was obtained. Data was analyzed using analysis of covariance. It was found
that cognitive drill therapy (CDT) had a more significant effect on participants’ test item writing
scores. The researchers concluded that cognitive drill therapy (CDT) enhanced the Mathematics
teachers’ item writing skills in Enugu State, Nigeria. CDT was a good professional development
programme for training Mathematics teachers in Enugu State, Nigeria.
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1. Introduction

The inability of students to attain the desirable level of achievement in internal and external
examinations globally and in Nigeria, in particular, has been attributed to the students, teachers,
schools, curricula factors and the assessment approaches employed. The assessment process is
a source of worry for the researchers in this article. The teachers who teach and examine
students in the classroom appear to have some challenges in writing good items, as such they
ignore task that measures higher-order thinking skills during item writing. This could be one of
the reasons why most students cannot sufficiently display higher-order skills in areas like
creativity, abstract thinking, and critical reasoning, (Aydin, Sarier, & Uysal, 2012). The
challenges that teachers face in writing items to measure higher-order thinking skills can also
be considered among the reasons for students’ failure as well as their inability to create and
discover new things (Incecam, Demir, & Demir, 2018; Barak, & Dori, 2009).

Increasing students’ mathematical achievement in internal and external examinations is
considered to be closely related to the cognitive level of teacher questions used in teaching
processes or formative assessment (Calik & Aksu, 2018; Sahin & Kulm, 2008) and the quality
of teacher-designed tests and measurement instruments used in examinations (Aygiin, Baran-
Bulut, & Ipek, 2016). For example, Calik and Aksu (2018) state that teachers and prospective
teachers prefer to ask questions at lower thinking levels during teaching. The writing of good
items to measure pupils/students’ learning in all subjects especially Mathematics has posed
a serious challenge to teachers. Most teachers see it as a difficult task and they simply draw
items or questions directly from past examinations, textbooks or even notebooks when
assessing learners.
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This act helps some learners who have access to the questions to pass well in internal
examinations but fail at external examinations, hence the need for further professional
development of Mathematics Teachers in item writing skills. The training will enhance
Mathematics teachers’ development and in turn, improve their skills in assessment.

Assessment is a major element that enhances students’ thinking and develops their skills
(Alkhateeb, 2019). It is reported that classroom teachers in most countries of the world and
Nigeria in particular lack adequate knowledge and skills to write good items for assessment and
it is a global phenomenon (Cakan, 2004; Sata, 2016). Teachers equally have some challenges
on how to use assessment to measure higher-order thinking competencies and they are also
unable to use assessment sufficiently to support learning. This may indicate the need for more
quality learning opportunities on assessment. However, Professional Development activities on
assessment are limited, and participation is rather low in Turkey (Aydin, Selvitopu, & Kaya,
2018; Kitchen et al., 2019) and even Nigeria.

Teacher development (TD) entails a comprehensive, sustained, and intensive approach to
improving teachers’ effectiveness in raising learners’ achievement and it is regarded as
Professional development. It is activities that aim to develop an individual’s skills, knowledge,
expertise, and other characteristics as a teacher (OECD, 2009). Teacher development has
positive effects on students’ learning outcomes and achievement (Loyalka, Popova, Li, & Shi,
2018). Itis a form of in-service training that could improve the teachers' skill set and knowledge
base. Participation in seminars, conferences, online sharing, belonging to professional groups,
and other methods are some of the ways mathematics teachers can support their professional
growth. This assertion corroborates Sharma's (2015) position that in formal settings,
professional development programmes are often disseminated through seminars, conferences,
workshops, and sometimes occur in informal conditions, through interactions across online
platforms, and peer group discussions among others. The rate of active professional
development (PD) activities such as observation visits, peer and/or self-observation and
coaching is low globally (OECD, 2019). The fact that teachers had been trained to teach
thinking skills to some extent, of which they were less often trained to assess (Stiggins,
Griswold, & Wikelund,1989) makes it pertinent to involve them in professional development.

Some Mathematics teachers have difficulty in determining higher or lower-level thinking
skills and creating test items for higher-order thinking (Thomson, 2008). As such, teachers need
to be trained with the right programs (Driana & Ernawati, 2019). Teachers of mathematics work
extremely hard to make the subject engaging and interesting for their students. To improve the
quality of educational delivery, teachers must occasionally participate in professional
development activities. Majority of the teachers lacked competencies for preparing quality
classroom tests, particularly on the use of Table of Specification as well as lacked professional
support on how to prepare matching items, short answers, and multiple-choice test items.
Effective teacher development has a wide range of benefits, including improved teaching
methods, higher levels of student engagement, and better learning outcomes.

Mathematics teachers need to inculcate, sustain, and have a strong understanding of item
writing skills, especially higher-order thinking and make it an integral part of the classroom
(Sebastian, 2020). Teachers’ understanding of Bloom’s Taxonomy which divides learning
objectives into three domains: cognitive, affective, and psychomotor is essential. The cognitive
domain includes six hierarchical categories: knowledge, comprehension, application, analysis,
synthesis, and evaluation. Knowledge is at the lowest cognitive level, while evaluation is at the
highest level. Learning objectives and questions can be phrased using the specific verbs that are
linked with each category of the cognitive domain.
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Mathematics Teachers’ knowledge of the six levels of the cognitive domain is essential to
higher-order thinking skills (HOTS) and it fosters students’ interest in mathematics as well as
creates continuous learning that will instil creativity among individuals (Abdul et al, 2017).

Moreover, teachers must pay equal attention to questioning skills that provide constructive
feedback or ask constructive follow-up questions (Sebastian, 2020 & Nicol, 1999). It has been
observed that most teachers are not good at constructing tests in their various subject areas. As
such, most teachers hastily duplicate questions from any previous exam. Majority of test
questions created by teachers are poorly designed and lack psychometric features. This revealed
why Quansah et al. (2019) said that teachers have limited skills in the construction of end-of-
term examinations and suggested organizing workshops for teachers regularly to sharpen their
skills in effective test construction practices.

In constructing a good test, Nworgu (2015) outlined some stages which include content
analysis, review of instructional objectives, development of test blueprint/table of specification,
and item writing among others. As pointed out earlier, item writing practices pose a great
challenge to classroom teachers. The practice involved writing the stem of the item using verbs
to present problems, stating questions without irrelevant information, keeping the language
simple and clear, avoiding tricky items, writing the question without giving too many clues to
answers and so on. Teachers who do not possess sound skills in item writing are bound to
produce questions that increase test anxiety among students. This will in turn impact students’
academic performance (Ali & Abdul-Wahab, 2022; Ibrahim, 2018). Researchers have also
argued that test construction among teachers has not been encouraging (Ali & Abdul-Wahab,
2022; Hamafyelto et al., 2015; Kazuko, 2018). Furthermore, the test construction skills of
teachers are inadequate, especially those with few years of teaching experience (Ebinye, 2011)
and worse for non-professional teachers (Ololube, 2008). However, Adodo (2014) found out
that years of experience do not make any significant difference in teachers’ knowledge of test
construction procedures.

Well-written test items contribute to accurate assessment of students' mastery and in turn,
improve the precision of judgment about students’ learning and achievement. Anderson (2017)
found that experienced teachers were more adept at aligning test items with curriculum
objectives, ensuring that assessments accurately measured what students were supposed to
learn. Some experienced teachers write test items that measure a wide range of student
responses and misconceptions (Smith, 2019). They are more likely to design items that probe
for specific misconceptions, resulting in assessments that provide valuable insights into student
understanding (Johnson, 2020). Williams, (2021) opines that their item writing practices align
with evolving pedagogical approaches and assessment methods that permit more innovative
and application-oriented item designs. Moreso, they incorporate/engage in reflective practice,
analyzing the outcomes of their assessments and iteratively improving their item writing skills
in regular self-assessment and feedback processes, leading to the refinement of their item
writing skills over time (Martinez, 2018). The teachers play a mentoring role, guiding novice
educators in test item writing skills development, and giving professional mentorship skills to
foster the growth of novice educators' item writing abilities (Turner, 2019). Although
experienced teachers have a deeper understanding of curriculum standards and learning
objectives as well as possess the qualities enumerated by researchers, most of them still display
unsatisfactory skills in item writing.

There are various gender issues related to teaching and learning at schools at all levels
(Paudel, 2020). Gender refers to a network of beliefs, personalities, traits values, behavior and
activities differentiating women and men through a process of social construction that has
several distinctive features (OECD, 2018, UNDP, 2006). It is a situation in which stereotypical
roles or attitudes are attributed to males or females (Halpern, Straight, & Stephenson, 2011).
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It noted that gender gaps do not fluctuate between items or sections of the exam (Reardon
& Ho, 2015), and female teachers were less likely to perceive themselves as proficient in test
item writing skills compared to their male counterparts (Brown, 2017). This means that gender
inequalities exist across test item writing skills. Some subtle biases could unintentionally
manifest in the wording and framing of questions. This can impact the perceived difficulty and
accessibility of items for different genders (Smith, 2020).

Researchers have found that there exists a significant difference between males and females
in the knowledge of test construction procedures whereas others report no differences. In the
reports, some are in favour of males for tests with more multiple-choice items and more in
favour of females for tests with more constructed-response items (Reardon, Kalogrides, Fahle,
Podolsky, & Zéarate, 2018). Furthermore, gender differences may be noticed in irrelevant skills
required by different item types (Scheiber, Reynolds, Hajovsky, & Kaufman, 2015). Also, the
test item format creates gender differences in achievement across state tests that weigh various
dimensions of learning using overall scores (Reardon, Kalogrides, Fahle, Podolsky, & Zarate,
2018; Taylor & Lee, 2012). It was found that cognitive behavioral active engagement training
was efficacious in the improvement of test items construction skills among primary school
teachers in Nigeria (Ede, et al, 2021). It is essential to determine how gender could moderate
the item writing skills of teachers when trained with Cognitive Drill Therapy and lecture
methods. The essence is to ascertain whether the disparity associated with performance due to
experience and gender could be addressed with Cognitive Drill Therapy.

A lot of teachers feel uncomfortable when they are told to submit quality test items for
examination in their schools. Some of them feel uneasy when developing worthy exam
questions that a superior person is to vet before it is administered to students. This creates
anxiety which is characterized by constant fear and worry in various school settings. Teachers
in this category are found to be deficient or incompetent in writing quality test items in
Mathematics and require specific training through cognitive drill therapy. Cognitive drill
therapy (CDT) is a new approach to the treatment of stimulus-bound anxiety (Kumar et al.
2012). The therapy is based on the theories of conditioning, cognitive appraisal, and linguistics.
CDT has given promising results in many research studies (Verma, Arya, Kandhari & Kumar,
2018; Arya, Verma & Kumar, 2017),

CDT conceptualizes fear as having four components: O- Objects of fear; B- Body Mind
Reactions; S- Safety Behaviors and D- Danger Perceptions (Arya, Verma, Kumar, & Mishra,
2018). The object of fear (carrying out content analysis and preparing test blueprint), causes
physiological and psychological responses (trembling, nervousness, irritability, lack of
concentration among others), teachers cope by avoiding the situation (copying questions from
textbook/notebooks, past questions) as the teacher feels pressurized due to various reasons (test
validators will make fun of him/her, weak skills in test item writing, etc.). It is therefore
pertinent to find out the effect of Cognitive Drill Therapy on the development of Mathematics
Teachers’ test item writing Skills.

Research questions

1. What is the mean rating of Mathematics Teachers’ test item writing skills scores when
exposed to Cognitive Drill Therapy and lecture method?

2. What is the influence of experience in the mean rating of Mathematics Teachers’ test
item writing Skills scores?

3. What is the influence of gender in the mean rating of Mathematics Teachers’ test item
writing Skills scores?
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Hypotheses

1. There is no significant difference in the mean rating of Mathematics Teachers’ test item
writing Skills scores when exposed to Cognitive Drill Therapy and lecture method.

2. There is no significant influence of teachers’ experience in the mean rating of
Mathematics Teachers’ test item writing Skills scores.

3. There is no significant influence of teachers’ gender in the mean rating of Mathematics
Teachers’ test item writing Skills scores.

2. Methods

The quasi-experimental design was used for the study, specifically, the non-equivalent
control group design was employed. The area of the study was Enugu State, Nigeria. The
sample size was 83 Mathematics teachers consisting of 41 male and 42 female teachers using
a purposive sampling technique. The instrument that was used to collect data for the study was
Mathematics Test item Writing Skills Rating Scale (MTIWSRS). MTIWSRS was a 15-item
five-point rating scale of Excellent = 5, very good = 4, good = 3, poor = 2 and very poor = 1. It
was face-validated by two experts from Measurement and Evaluation and one in the
Mathematics Education unit of the Science Education Department, Faculty of Education,
University of Nigeria Nsukka (UNN). The teachers were observed and rated by seven (7)
experts using MTIWSRS. The internal consistency of MTIWSRS was determined using
Cronbach Alpha and a reliability coefficient of 0.83 was obtained. In this study, cognitive drill
therapy was done in face-to-face interaction. The teachers in the CDT group were first asked
to relax by taking deep breaths. When they felt relaxed and calm, participants were asked to
imagine themselves in the challenged situation in Mathematics. At this point, the drill of what
to do (item writing skills) was presented to them. The teachers began the sessions, by imagining
a particular situation and repeating the drill statement severally, then a pause of 20-30 seconds
or larger was given before resuming. The therapy continued from the application of the drill
statement until the fear of writing good items diminished. This session of CDT lasted from 45
minutes to more. In the present study, CDT intervention was carried out in two centres.
Teachers were also given CDT homework to repeat drill statements twice a day, and they were
encouraged to use cognitive drill therapy when they felt uncomfortable or stressed. The training
lasted for eight weeks. Before the commencement of the treatment, MTIWSRS was
administered as a pretest and after the treatment, it was again administered as a posttest. The
data collected were analyzed using SPSS, and the research question was answered with mean
and standard deviation. The hypotheses were tested at 0.05 level of significance using Analysis
of Covariance (ANCOVA). The pre-test scores were used as covariates for the post-test scores.

3. Results

The result presented in Table 1 shows the pretest and posttest mean rating of Mathematics
Teachers’ test item writing skills scores for Cognitive Drill Therapy and lecture method. The
result showed that the CDT group had a pretest mean score of (x = 25.86, SD = 4.17) and
a posttest mean score of (x = 48.34, SD = 3.12). The mean difference was 22.48. The result
also showed that the LM group had a pretest mean score of (x = 25.97, SD =5.41) and a posttest
mean score of (X = 31.38, SD = 3.64) with a mean difference of 5.67. The result reveals that
the CDT group had a higher mean gain in Mathematics item writing skills than their LM
counterparts.
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Table 1. Mean and Standard deviation of ACT and CT groups

Pretest Posttest
Treatment | N x SD x SD | Mean Difference
CDT Group | 44 | 25.86 | 4.17 | 48.34 | 3.12 22.48
LM Group |39 | 2597 | 5.41|31.38 | 3.64 5.67

CDT = Cognitive Drill Therapy; LM = Lecture Method

The result presented in Table 2 shows the pretest and posttest mean rating of Mathematics
Teachers’ test item writing skills scores for 5-years & below and 6-years & above. The result
showed that the 5-year & below group had a pretest mean score of (x = 25.05, SD = 4.13) and
a posttest mean score of (x = 40.06, SD = 8.34). The mean difference was 15.10. The result
also showed that the 6-years & above group had a pretest mean score of (x = 26.85, SD = 5.25)
and a posttest mean score of (x = 40.70, SD = 10.04) with a mean difference of 13.85. The
result reveals that the 5-years & below group had a slightly higher mean gain in Mathematics
item writing skills than their 6-years & above counterparts.

Table 2. Mean and Standard deviation of 5-years & below and 6-years & above

Pretest Posttest
Experience N x SD x SD | Mean Difference
5-years & below | 43 | 25.05 | 4.13 | 40.06 | 8.34 15.10
6-years & above | 40 | 26.85 | 5.25 | 40.70 | 10.04 13.85

The result presented in Table 3 shows the mean rating of males and females in Mathematics
Teachers’ test item writing skills. The result showed that the male teachers had a pretest mean
score of (x = 25.92, SD = 5.48) and a posttest mean score of (x = 39.12, SD = 9.04). The mean
difference was 13.20. The result also showed that the female group had a pretest mean of
(x = 25.90, SD = 4.00) and a posttest mean score of (x = 41.59, SD = 9.19) with a mean
difference of 15.59. The result reveals that the female group had a slightly higher mean gain in
Mathematics item writing skills than their male counterparts.

Table 3. Mean and Standard deviation of male and female groups

Pretest Posttest
Gender | N X SD X SD | Mean Difference
Male 41 25.92 | 5.48 | 39.12 | 9.04 13.20
Female | 42 25.90 | 4.00 | 41.59 | 9.19 15.59

The result in Table 4, shows that the main effect due to treatment was significant (F = 504.23,
p = 0.00 and n; = 0.872), the main effect due to experience was not significant (F = 1.10,
p=0.298 and n;; = 0.02), the main effect due to gender was not significant (F = 0.97, p=0.756 and
n3 = 0.001), the interaction effect for treatments and experience was not significant (F = 3.930,
p = 0.051 and n; = 0.05) and the interaction effect for treatments and gender was equally not
significant (F=1.396, p=0.241 and n;, = 0.019). This implies that there is a significant difference

in the mean rating of Mathematics Teachers’ test item writing Skills scores when exposed to
Cognitive Drill Therapy and lecture method in favor of the CDT group.
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The partial eta square, n; (effect size) of 0.875 means that 87.2 % of the increase in the mean
test item writing Skills values of Mathematics Teachers was due to the effect of training they
received.

Table 4. ANCOVA result on item writing Skills for CDT and LM groups

Source Type 11 df Mean F Sig. Partial | Dec
Sum of Square Eta
Squares Squared
Corrected Model 6023.460? 8 752.932 | 66.175 .000 877
Intercept 3773.659 1| 3773.659 | 331.66 .000 .818
PrelWS 147 1 147 .013 910 .000
Groups 5737.084 1| 5737.084 | 504.23 .000 872 S
Experience 12.512 1 12,512 | 1.100 298 015 | NS
Gender 1.108 1 1.108 097 .756 .001 | NS
Groups * Experience 44,718 1 44,718 | 3.930 .051 .050 | NS
Groups * Gender 15.889 1 15.889 | 1.396 241 019 | NS
Experience * Gender 3.015 1 3.015 .265 .608 .004 | NS
Groups * Experience 5.146 1 5.146 452 503 .006 | NS
* Gender
Error 841.962 | 74 11.378
Total 142157.000 | 83
Corrected Total 6865.422 | 82

a. R Squared = .877 (Adjusted R Squared = .864)

4. Discussion

It was found that CDT and LM significantly enhanced the test item writing skills of
Mathematics teachers in favour of the CDT group. The findings revealed that 87.2 % of the
increase in the mean test item writing values of secondary school teachers was due to the effect
of the training they received. Consequently, teachers of the secondary schools who participated
in the training have gained skills on how to write good items in mathematics. The teacher went
through a well-organized training which was targeted at developing their skills in item writing
and the outcome was encouraging. These results collaborated with OECD (2009) position on
improving teachers’ effectiveness in raising learners’ achievement by involving them in
activities that aim to develop their individual skills, knowledge, expertise, and other
characteristics. Developing teachers’ skills in item writing has positive effects on students’
learning outcomes and achievement (Loyalka, Popova, Li, & Shi, 2018). The findings in this
research complement previous research that focused on test item writing or test construction.
The finding is in consonant with Ede, et al, (2021) who reported that cognitive behavioral active
engagement training was efficacious in the improvement of test items construction skills among
primary school teachers in Nigeria, and giving professional mentorship skills fostered the
growth of novice educators' item writing abilities (Turner, 2019). Thus, the use of CDT was
potent in helping Mathematics teachers to write the stem of the item using verbs to present
problems, write questions without irrelevant information, avoid writing questions that will test
reading skills more than content knowledge in mathematics, and arrange items in order of
difficulty among other skills.
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Other findings of the study were the removal of differences due to experiences and gender.
It was found that there was no significant gender-related difference among teachers after being
exposed to CDT. The main effect due to experience was not significant and the interaction
effect for treatments and gender was equally not significant. Although variations were observed
in mean scores based on experience and gender, the values were not substantial for significant
differences. This means that the therapy was able to remove the gender gap as well as
experience differences observed by other researchers. This result may have been influence by
the fact that both male and female teachers took the training seriously. Also, the novice teachers
were conscious of their involvement in training with more experienced teachers who may have
been mentoring their professional growth and as such, were at their best. This finding negates
the report that female teachers were less likely to perceive themselves as proficient in test item
writing skills compared to their male counterparts (Brown, 2017). The finding was in accord
with the report that years of experience do not make any significant difference in teachers’
knowledge of test construction procedures (Adodo, 2014) and also not in tandem with the
assertion that test construction skills of teachers are inadequate, especially those with few years
of teaching experience (Ebinye, 2011) and worse for non-professional teachers (Ololube, 2008).
The inadequacies of teachers in test construction that were earlier observed by researchers may
be due to the use of inappropriate training programmes employed in developing them.

Overall, the result is indicative that Mathematics teachers who participated in the study
have acquired new knowledge, skills, and value; can display change in behaviors in writing
quality test items and use what they have learnt to impact positively on the schools resulting in
a better outcome. They can be hired by individuals, schools, states, commissions, as well
examination bodies to participate in quality test item writing whenever the need arises. Through
this research, an aspect of human development in Nigeria has been resolved.

Conclusion

Cognitive drill therapy as well as the lecture method enhanced Mathematics teachers item
writing skills in Enugu state. CDT and LM were good training programmes for Mathematics
teachers, but CDT was a better and more effective way of developing Mathematics teachers’
item writing skills.

Recommendations/Future directions: Cognitive drill therapy (CDT) is potent in enhancing
Mathematics teachers' item writing skills and is appropriate for teachers’ training. It was therefore
recommended that Cognitive drill therapy (CDT) should be used for teachers’ professional
development. Subsequent studies should focus on the use of CDT to reduce teachers' anxiety
associated with item writing and teachers of various subjects be involved. Focusing on teachers
of various subjects as participants for future studies will provide researchers with more insight
into the potency of CDT in enhancing the item writing skills of teachers.
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