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Abstract  
 

Students’ achievement in core subjects in the West African Secondary School Certificate Examination (WASSCE) has 

been a subject of concern for stakeholders due to poor performance. The purpose of this study is to assess whether item 

difficulty is a significant source of variability to the measurement of students’ achievement in WASSCE in Ghana, using 

the generalizability theory. The study had three specific objectives: (1) to examine the sources of variability (e.g., item) to 

students’ achievement in WASSCE in Ghana, (2) to assess the dependability of students’ responses in relation to their 

ability, (3) evaluate how many items are sufficient to provide an optimum measure of student achievement. The one-facet 

crossed random design was adopted as the research design. Data were obtained from students’ achievement in 2015 

WASSCE in the four subjects, namely, Mathematics, Science, Social Studies and English Language. The generalized 

analysis of variance (GENOVA) was used for the analysis, conducting both G-study and D-study. The analysis revealed 

that the findings from this study showed that item difficulty had minimal effect on the variability in students’ 

achievement in English Language and Mathematics. The result further revealed that item difficulty had a significant 

effect on variability in students’ achievement in Science and Social Studies. Only the English Language test showed 

relatively low reliability. The study recommended the item difficulty and content structure of the Science and Social 

Studies multiple-choice test should be evaluated by WAEC officials and their examiners. 

Keywords: Item difficulty, student achievement, generalizability theory, English Language, Mathematics, Science, 

Social Studies. 
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INTRODUCTION 
Performance of students in the West African 

Secondary School Certificate Examination (WASSCE) 

(West African Examination Council [WAEC], 2014, 

2015, 2016) and Basic Education Certificate 

Examination (BECE) (Adamoah & Acquah, 2016; 

Amuzu, Ankalibazuk, & Abdulai, 2017; Nugba, 

Quansah, Ankomah, Tsey, & Ankoma-Sey, 2021; Mills 

& Mereku, 2016) in Ghana has been a concern for 

stakeholders in education. Particularly for the Senior 

High School (SHS) students, the poor performance has 

grave consequences on the student’s life in terms of 

having access to a tertiary institution; this marks an 

important point of their lives in building a career for 

themselves (Ansah, 2017). While exploring the factors 

accounting for the poor performance of students in high 

stakes examinations has been on the agenda of the 

government of Ghana and its stakeholders, the search 

has led to inconclusive findings and observations. This 

is to say that the possible causes of low student 

achievement in Ghana are varied and include teacher 

and student absenteeism, lateness on the part of both 

students and teachers, insufficient teaching and learning 

resources, poor parental involvement in school 

activities, poverty, teaching experiences of teachers, 

teacher subject matter knowledge, teacher pedagogical 

skills, among others (see Ankoma-Sey, Asamoah, 

Quansah, & Aheto, 2019; Ansah, Quansah, & Nugba, 

2020; Amaah, Ato-Davies, Kpeyibor, Semordey, & 

Oppong, 2019; Fletcher, 2018; Gyan, Mabefam, & 

Baffoe, 2014; Nugba, 2021; Mohammed, Asare-

Bediako, & Aboagye, 2016; Quansah, 2021). With all 

these factors, one thing is common; that is, the probable 

factors identified as the possible causes of poor 

students’ performance are largely external (i.e., factors 
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outside the examination context) and do not include 

issues with the test/item itself. 

 

Statistical test theory has stipulated that the 

quality of a test or an item plays a significant role in the 

outcome of the test (Lord & Novick, 1968). The item 

difficulty, item discrimination, and distractor function 

are critical when developing a multiple-choice test 

(Nitko, 2004). Item difficulty- which is defined as the 

proportion of examinees who had an item right- has 

been extensively discussed in the literature as a pointer 

to the variability in students’ academic performance 

(Huck & Bower, 1972; Nitko, 2004). Despite this, the 

relationship between item difficulty and academic 

achievement is still inclusive. Whereas several studies 

have found no link between item difficulty and 

academic performance (e.g., Di-Battista et al., 2009; 

Skinner, 1999; Vander Schee, 2013), other scholars 

have established that there is a link between item 

difficulty and students’ academic achievement (e.g., 

Brenner, 1964; Caldwell & Pate, 2013; MacNicol, 

1960; Hambleton & Traub, 1974). Based on the latter 

scholars’ view, there appears to be a wide range of 

factors that affect item difficulty and consequently, the 

performance of the test takers. Prominent among these 

factors include ambiguity, misalignment between what 

was taught and test content, time allocated for the test, 

items not matching the class-level of the examinees, not 

using age-appropriate words in item development, 

unclear distractors, unfamiliar item context, among 

others (Nitko, 2004). 

 

The purpose of this study is to assess whether 

item difficulty is a significant source of variability to 

the measurement of students’ achievement in WASSCE 

in Ghana, using the generalizability theory. The 

generalizability theory is a psychometric theory that 

provides a conceptual view for assessing the 

dependability of scores obtained from a test (Cronbach, 

Rajaratnam, & Gleser, 1963; Shavelson, Webb, & 

Rowley, 1989). This study is based on the premise that 

the variability in students’ achievement in WASSCE 

should not be explained by any other factor except for 

the ability of the examinee (Huck & Bower, 1972). 

Therefore, the general achievement of students on 

WASSCE would be confounded if the item difficulty 

parameter contributes a significant measurement error 

to the achievement construct. The study, which 

operated within the framework of generalizability 

theory, posited that the difficulty of an item contributed 

to the students’ performance in three specific ways: (1) 

the sources of variability (e.g., item) in students’ 

achievement in WASSCE in Ghana, (2) the 

dependability of students’ responses in relation to their 

ability, (3) the number of items sufficient to provide an 

optimum measure of student achievement. 

 

This research is the first of its kind in Ghana, 

using generalizability theory to understand the role of 

item difficulty in explaining the sources of variability in 

students’ achievement in WASSCE core subjects. 

Previous studies which attempted to investigate the 

effect of item difficulty on the item and test 

performance generally used experimental design and 

such studies did not use tests that were high stakes 

(Brenner, 1964; Caldwell & Pate, 2013; Di-Battista et 

al., 2009; Huck & Bower, 1972). Due to the 

experimental design used by the earlier studies, the 

scholars ended up with small sample sizes and focused 

on a single subject area. This study used secondary data 

on student scores in WASSCE for the four core subjects 

written by the examinees. The outcome of the study 

provides insight into the role of item difficulty in 

explaining student achievement in WASSCE, to inform 

appropriate policies and practices of the West African 

Examination Council (WAEC) and all relevant 

stakeholders in education. 

 

Research Questions: 

The following research questions were formulated to 

guide the study 

1. What are the sources of variability (e.g., item) in 

students’ achievement in WASSCE in Ghana? 

2. What is the dependability of students’ responses in 

relation to their ability? 

3. How many items are sufficient to provide an 

optimum measure of student achievement? 

 

METHODS AND MATERIALS 
Design 

The research employed the one-facet crossed 

random design (Brennan, 2001). The single facet was 

the item. The person (student) facet was not considered 

as a major facet in the design (Shavelson & Webb, 

1991). The major sources of variability were person 

(i.e., students serving as the measurement object) 

symbolized as p, and items labelled as i. Therefore, the 

one-facet crossed design was symbolized by p x i. The 

interaction source of variability was also symbolised by 

p x i, e (person-by-item interaction/residual). The 

expected mean square for the sources of variations is 

shown in T: 

 

Table 1: ANOVA Table for a Person-by-Item Design 

Source of variation Sum of square df Mean Square Expected Mean Square 

Person (p) SSp np-1 MSp= SSp /dfp     
       

  

Item (i) SSi ni-1 MSi= SSi /dfi     
       

  

pi,e SSpi,e (np-1)(ni-1) MSpi,e= SSpi,e /dfpi,e      
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Data Source and Participants 

Data were obtained from the WAEC on 

students’ responses to the multiple-choice section of the 

four papers, namely, Mathematics, Science, Social 

Studies and English Language. The Mathematics, 

Science, and Social Studies subjects had 50 multiple-

choice items each with 2566, 2487, and 2519 students 

respectively sitting for the papers. The Englsih 

Language test had 80-items which was administered to 

2257 students. The data covered senior high school 

students who sat for the 2015 WASSCE. These four 

subjects were chosen because they form the 

requirement for the progression of students to the next 

level of their academic life. The data was obtained after 

ethical clearance has been granted by the Institutional 

Review Board (IRB), University of Cape Coast, Ghana.  

 

Data Analysis 

The data were processed in the R-studio 

environment and analysed using the Generalized 

Analysis of Variance (GENOVA) within the 

generalizability theory framework. Both the 

generalizability study (G-study) and decision study (D-

study) were performed. The G-study involved the 

computations on the mean squares and variances 

components, providing much information about the 

sources of variability (Shavelson & Webb, 1991). This 

research design yielded three variance components: (1) 

variances due to person, (2) variability due to item 

difficulty, and (3) variations due to item-by-person, 

residuals. The estimates from the G-study were used for 

the D-study to estimate the reliability coefficients and 

their associated errors as well as optimizations 

(Sudweeks et al., 2005). The reliability coefficients 

were interpreted based on Creswell (2012) who 

indicated that for a reliability coefficient to be judged as 

sufficient, it should be greater than or equal to .84, 

especially when such coefficient is used to make high 

stake decision. 

 

RESULTS 
Sources of variability (e.g., item) in students’ 

achievement in WASSCE in Ghana 

The study explored the sources of variability in 

students’ achievement in WASSCE in Ghana. Two 

sources of variability were considered, namely, items 

and residuals (i.e., items interacting with other 

variables, and other unexplained factors). The person 

(i.e., student) facet was not considered as a facet but 

carefully guided the dispersion of scores. Hence, 

emphasis was not placed on the person variability. 

Table 2 presents the details of the results. 

 

Table 2: Sources of Variability in Students’ Achievement in WASSCE in Ghana 

Subject Sources of variability df Sum of square Variance Percent 

Mathematics Person (p) 2565 4990 0.035 14.6 

 Item (i) 49 2912 0.023 9.6 

 p x i, e 125685 22934 0.182 75.8 

Science Person (p) 2486 2041 0.016 33.5 

 Item (i) 49 1501 0.012 25.7 

 p x i, e 12181 23821 0.020 40.8 

Social Studies Person (p) 2518 1162 0.009 28.3 

 Item (i) 49 650 0.005 16.8 

 p x i, e 123382 21230 0.017 54.9 

English Language Person (p) 2256 2174 0.009 4.3 

 Item (i) 79 1410 0.008 3.5 

 p x i, e 17822 36395 0.204 92.2 

 

The results shown in Table 2 revealed that 

variability of students’ responses to the multiple-choice 

items was largely explained by the residuals (i.e., 

person-by-item interaction, plus other systematic and 

unsystematic factors). For the Mathematics subject, the 

residual explained about 75.8% in the variations in 

students’ achievement (Table 2). About 54.9% of the 

variability in Social Studies were explained by some 

unknown systematic and unsystematic variables. 

Similarly, these systematic and unsystematic factors 

accounted for 92.2% of the variability in students’ 

achievement in the English Language. It appears that it 

was only Science subject which the residuals explained 

less than 50% of the variances in the students’ 

achievement (40.8%). 

 

Whereas item difficulty explained very little of 

the variances in students’ achievement in WASSCE in 

some subjects, the story was different for other subjects. 

Taking the English Language subject, for instance, item 

difficulty accounted for 3.5% in the variation in 

students’ achievement in the subject, followed by 

Mathematics subject with item difficulty accounting for 

9.6% variances in students’ achievement. For Social 

Studies and Science subjects, the variations in students’ 

achievement explained by item difficulty were quite 

high. While item difficulty explained about 16.8% 

achievement variability in Social Studies, item 

difficulty in Science subject accounted for 25.7% 

variability in students’ achievement. 
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Dependability of students’ responses to the items in 

relation to their ability 

The reliability coefficients of the multiple-

choice test in their current forms (i.e., 50-items for 

Mathematics, Science, Social studies, and 80-items for 

the English Language) were examined. Table 3 presents 

the detailed results. 

 

Table 3: Reliability Coefficients of the Test 

Subject g-coefficient Relative error Phi-coefficient Absolute error 

Mathematics 0.91 0.060 0.90 0.064 

Science 0.98 0.020 0.96 0.026 

Social Studies 0.96 0.019 0.95 0.021 

English Language 0.79 0.051 0.78 0.051 

 

The results from the analysis showed that the Science 

test with 50-items yielded the highest reliability 

(rg=0.98, rphi=0.96) compared to the other tests (Table 

3). This was followed by the Social Studies, with 50-

items, which also had a reliability coefficient greater 

than 0.90 (rg=0.96, rphi=0.95). Similarly, the English 

Language test with 80-items also yielded an appreciable 

level of reliability (rg=0.91, rphi=0.90). The reliability of 

the English Language test (rg=0.79, rphi=0.78) did not 

show sufficient or optimum reliability, however.  
 

How many items are sufficient to provide an optimum 

measure of student achievement 

Optimization was further conducted to 

understand how many items should constitute a test that 

can adequately measure students’ achievement in the 

subject area. The details of the results are shown in 

Table 4. 

 

Table 4: Optimizations 

Mathematics G-study Option 1 Option 2 Option 3 Option 4 Option 5 

Lev. Univ. Lev. Univ. Lev. Univ. Lev. Univ. Lev. Univ. Lev. Univ. 

P 2566 INF 2566 INF 2566 INF 2566 INF 2566 INF 2566 INF 

I 50 INF 20 INF 30 INF 40 INF 60 INF 70 INF 

g  0.91  0.79  0.85  0.89  0.92  0.93 

phi  0.90  0.77  0.84  0.87  0.91  0.92 

Science G-study Option 1 Option 2 Option 3 Option 4 Option 5 

Lev. Univ. Lev. Univ. Lev. Univ. Lev. Univ. Lev. Univ. Lev. Univ. 

P 2566 INF 2566 INF 2566 INF 2566 INF 2566 INF 2566 INF 

I 50 INF 20 INF 30 INF 40 INF 60 INF 70 INF 

g  0.98  0.94  0.96  0.97  0.98  0.98 

phi  0.96  0.91  0.94  0.95  0.97  0.97 

Social Studies G-study Option 1 Option 2 Option 3 Option 4 Option 5 

Lev. Univ. Lev. Univ. Lev. Univ. Lev. Univ. Lev. Univ. Lev. Univ. 

P 2519 INF 2566 INF 2566 INF 2566 INF 2566 INF 2566 INF 

I 50 INF 20 INF 30 INF 40 INF 60 INF 70 INF 

g  0.96  0.91  0.94  0.95  0.97  0.97 

phi  0.95  0.89  0.92  0.94  0.96  0.97 

English G-study Option 1 Option 2 Option 3 Option 4 Option 5 

Lev. Univ. Lev. Univ. Lev. Univ. Lev. Univ. Lev. Univ. Lev. Univ. 

P 2257 INF 2566 INF 2566 INF 2566 INF 2566 INF 2566 INF 

I 80 INF 100 INF 50 INF 60 INF 70 INF 90 INF 

g  0.79  0.84  0.70  0.74  0.76  0.81 

phi  0.78  0.84  0.69  0.73  0.76  0.80 

 

The results outlined in Table 4 revealed that 

the 50-item test in Mathematics, Science, and Social 

Studies yielded an optimum level of reliability in 

students’ achievement. The reliability estimates for both 

relative and absolute parameters were greater than 0.50. 

With 50-items, Mathematics had a reliability estimate 

of .90, Science had .98, and Social Studies had .96. 

Although optimization with items more than 50 yielded 

a slightly higher level of reliability, it is not prudent to 

use these number of items for three related reasons: (1) 

the reliability estimate of .90 and above is adequate 

based on recommendation from literature (Creswell, 

2012), (2) the difference between the reliability 

estimates of a 50-item test and a test with more than 50 

items is very little, (3) considering the little change in 

reliability estimates, it will not be economical (e.g., 

paying item developers for more items, using more 

resources in printing the items, etc) to go for more 

items. In the case of the English Language, using the 

current form with 80 items could not yield sufficient 
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reliability. Based on the optimization, a 100 item 

English Language test would yield a test with a 

sufficient level of reliability. 

 

DISCUSSION 
The findings from this study showed that item 

difficulty had minimal effect on the variability in 

students’ achievement in English Language and 

Mathematics. For these two subjects, the results further 

revealed that variability in students’ achievement was 

largely explained by some systematic and unsystematic 

factors which were not explored in this study. Indeed, 

previous studies in Ghana have stressed that poor 

performance in subjects like Mathematics is due to poor 

teacher pedagogy, subject matter knowledge, negative 

attitude towards teaching and learning of the subject, 

teaching experiences, and low student-textbook ratio 

(Ankoma-Sey et al., 2019; Nugba et al., 2021; Ansah et 

al., 2020; Quansah, 2021). The findings of this study 

that factors other than item difficulty in English 

Language test contributed greatly to students’ 

achievement, is also reflected in a study by Mosha 

(2014) which revealed that factors such as unqualified 

English teachers, large class size, poverty, and limited 

support from home played a significant role in students’ 

achievement in the subject. The challenges confronting 

the teaching of Mathematics and the English Language 

is real and as such, it is not surprising that other factors 

outside the test itself contributed to the variances in 

students’ achievement. 

 

The result, additionally, revealed that item 

difficulty had a significant effect on variability in 

students’ achievement in Science and Social Studies. 

This effect was much greater in Science achievement as 

compared to Social Studies achievement. This implies 

that, although other systematic and unsystematic 

variables played a role in the variability in students’ 

achievement in these two subjects, the difficulty of the 

items contributed significantly to errors in the 

measurement of the construct. The result suggests that 

some of the items in these subjects may be above their 

ability and not because the students were taught and did 

not learn. This result is supported by the research 

conducted by Tatar, Tüysüz, Tosun, and İlhan (2016) 

which cited the Science curriculum as the major cause 

of poor achievement in the subject, indicating that the 

science curriculum may be quite difficult or has been 

structured in a way which makes the subject a difficult 

one. Also, Boakye and Ampiah (2017) intimated that 

some teachers were not able to complete the Science 

syllabus and, as a result, students may find it difficult to 

answer questions in the areas which were not covered 

by the teachers.  

 

The findings also showed that the English 

Language test had low reliability, indicating that the 

measurement errors were quite high. Further inspection 

of the results revealed that the original 80-item test was 

not enough to yield optimum dependability in terms of 

measuring the ability (i.e., true score) of the test takers. 

This may be explained by the fact that the 80 items 

were not enough to cover other aspects of the English 

Language ability of the examinees. This is supported by 

the various reliability theory where the number of items 

plays a crucial role in determining the extent of 

reliability of the measurement (Nitko, 2004). Thus, 

increasing the number of items would be a great way to 

improve the reliability of the estimates (Nitko & 

Brookhart, 2014; Quansah, 2017). In an optimization 

test, it was found that between 100 test items in English 

Language would yield optimum reliability greater than 

.80. This also has implications for WEC examiners 

regarding the test content coverage; the test content 

needs to be expanded to cover other areas of English 

Language skills and competencies. 

 

CONCLUSION AND RECOMMENDATIONS 
This study highlighted the role of item 

difficulty in explaining the variability in students’ 

achievement in Mathematics, Science, English 

Language, and Social Studies subjects in WASSCE in 

Ghana. The outcome of the research showed that item 

difficulty played little role in students’ variations in 

achievements in Mathematics and English Language 

subjects. The trend of results for Science and Social 

Studies subjects were quite different, with item 

difficulty accounting for relatively moderate to high 

variances in students’ achievements. For instance, item 

difficulty accounted for more than one-fourth of the 

total variability in students’ achievement in Science. In 

as much as, item difficulty is very tough to eliminate 

entirely from a test with about 50-items, its effect can 

be reduced to the barest minimum. The results have 

implications on the review of item content and 

structure, especially in Science subject, by experts to 

ensure that items match the ability of examinees. This 

can be done by conducting pilot testing in schools, 

covering a wider geographical location. 

 

The English Language items yielded a 

relatively low level of reliability, and this was explained 

by the fact that the items were not adequate to fully 

capture students’ proficiencies in the subject. It is 

recommended to the WAEC and their examiners to 

increase the number of multiple-choice items for the 

English Language paper to 100. It is further suggested 

that the item structure of Mathematics, Social Studies, 

and Science should be maintained by WAEC. This 

notwithstanding, several studies of this nature need to 

be conducted to validate this present research. This 

study was carried out using a single year group data 

(i.e., 2016) and thus, generalizing the findings to items 

in other years may be limited, especially when different 

items are used for different year groups. It is suggested 

that a similar study should be conducted to cover 

several years, say, 10 years. Also, future studies should 

conduct similar research using some selected elective 

subjects (like Physics, Biology, Elective Mathematics, 
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among others) to also understand how item difficulty 

functions in such subjects. 
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