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ABSTRACT 

Multiple choice questions (MCQs) are a common tool used to evaluate students' performance because of 

their objectivity and capacity to cover a wide scope of the curriculum. This study evaluated the quality of 

computer programming MCQs used to test the knowledge of second-year Biochemistry students at a 

Nigerian university. This study involved 20 second-year Biochemistry students that registered and sat for 

an examination for computer programming course in 2021 at the Bayelsa Medical University in Yenagoa, 

Nigeria. The paper consists of 60 MCQ items, each with five alternatives (one key answer and four 

distractors). Distractors were deemed to be ineffective if fewer than 5% of students chose them, whereas 

items with values of ≥20 and 30 to 70% were regarded as having excellent discriminator and difficulty 

indices, respectively. The results showed that approximately 92% of all items had an acceptable or 

excellent discrimination index. While 80%, 18.33%, and 1.67% of the items had ideal, easy, and difficulty 

indexes, 26.67%, 38.33%, 25.00%, 8.33%, and 1.67% of the items had 0, 1, 2, 3, and 4 non-functioning 

distractors, respectively. The distribution of the keys was equal, and the distribution curve for the overall 

score was startlingly symmetrical. For a classroom assessment, the items' internal consistency 

(Cronbach's alpha) was excellent with a value of 0.910. Hence, the items are excellent for an assessment. 

Based on the results, the distracters that are not functional, and the few items that had a low 

discrimination index or defective, as well as the easy and hard questions, need to be looked at again and 

fixed through technical pitfall analysis. 

Keywords: Assessment tool, Cronbach alpha, MCQs, Distractor effectiveness, Item analysis 

 

1.0 INTRODUCTION  

Computer programming is the art of instructing computers or programmable electronic devices using 

special languages (programmable languages) to perform specified tasks. Computer programming plays a 

vital role in our modern world. It is at the center of automation and has wide application in society 

including but not limited to smart phones, smart homes, smart cities, washing machines and the 

telecommunication sectors. Computer programming has contributed immensely to the various sectors in 

society for example the health sector (automated medical information and database systems and 

equipment), the agricultural sector (automated equipment such as tractors), the engineering sector 

(automated equipment for building and constructing), government (e-governance), education (e-learning 

and research), the banking sector (automated information and database systems, electronic banking, 

internet banking etc.), the manufacturing sector (automated equipment for building and constructing) 

among others. It can therefore be correctly stated that the relevance of computer programming in present-

day society cannot be overemphasized. 
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Today, computer programming is studied at all levels in the educational system. Computer Programming 

I is a second-year, first semester course at Bayelsa Medical University. All departments like Computer 

Science, Biochemistry, Physics, Mathematics, etc., offer this course. Topics include the importance of 

algorithms, problem-solving techniques, their basic ideas and characteristics, how to make flowcharts and 

pseudocodes, and how to use algorithms in programming languages like Visual BASIC, JAVA, C, and 

C++ (Lynch, 2022). 

According to Yale Poorvu, Center for Teaching and Learning (2021), an assessment can be utilized in a 

number of contexts. Types of assessments are formative and summative, and aid both the teacher and the 

student in monitoring progress toward achieving the learning objectives. Formative evaluations involve 

evaluating students' understanding as it develops (Formlus Blog, 2022). It occurs throughout a session or 

lesson-period and tries to improve students' accomplishment of learning objectives through techniques 

that can cater to particular student requirements (Yale Poorvu, Center for Teaching and Learning, 2021). 

This makes it easier for teachers to keep track of students' advancement throughout a course. A 

summative assessment, on the other hand, evaluates student learning, knowledge, competency, or 

accomplishment at the conclusion of a teaching period, like a unit, course, or program (Yale Poorvu, 

Center for Teaching and Learning, 2021). 

Both assessments can be carried out using different assessment tools such as essay questions, multiple 

choice questions (MCQs), short-answer questions, etc. At Bayelsa Medical University, one of the 

assessment tools used for assessing students is MCQs. 

Examining students' responses (answers) to specific test items (questions) is the process of item analysis, 

which aims to determine the quality of the items and the assessment as a whole (Office of Educational 

Assessment, University of Washington, 2022). Item analysis is a useful educational method that 

successfully separates academically strong and weak students depending on the specified learning 

objectives of the course. Additionally, it helps instructors become more adept at creating tests and 

pinpoints particular sections of the course material that require more clarification or emphasis. Finally   

this study is necessary, because item analysis on items is required to assess the effectiveness and quality 

of the MCQs used for the assessment of computer programming I course for Biochemistry students at the 

Bayelsa Medical University, Nigeria. 

The university and the scientific community, involved in MCQ construction will all benefit greatly from 

the study's findings in terms of improving the items that will be used in future tests and examinations 

while also getting rid of any unclear or deceptive items in a single test administration. 

 

2.0 METHODOLOGY 

Structure of the item analysis of the MCQs 

A total of twenty second year Biochemistry major students took part in the summative examination. 

The examination comprised of 60 single response stems, 4 alternatives (distractors) and one key 

(correct answer). Each correct answer was awarded one mark and no marks were deducted for wrong 

or blank answers and the maximum possible score in the assessment was 60 (Izah et al., 2021, 

2022a). The time given to attempt all questions was 1 hour allowing for 1 minute per question. 

Utilizing discrimination and difficulty indices and distractor efficiency calculations, an item analysis was 

conducted. The discrimination index, difficulty index, and distractor efficiency were calculated according 

to the method described by Rao et al. (2012), Izah et al. (2021, 2022a). For the discrimination index and 

the difficulty index, the students' scores are arranged according to their merit and divided into three 

groups: 27 percent (the top one-third of students, H), 46 percent (the middle group), and 27 percent (the 

bottom one-third of students, L). Calculating the discrimination and difficulty indices required 5 students 

from the top and bottom thirds of the student population. 

Difficulty index (P) =  ------------------------------ (i) 

Discrimination index (DI)  =  ------------------------- (ii) 
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Where N is the total number of students in both the high and low groups and H and L are, respectively, 

the number of correct responses in the high and low groups (Izah et al., 2021, 2022a). The grouping 

difficulty index criteria ranged from 0 to 100 percent. The difficulty index was classified as p<30 

(difficult), p=30–70 (ideal), and p>70 (easy) (Rao et al., 2017). The range of discrimination index criteria 

was 0 to 1. The discrimination index was classified as D = 0.00 – 19.00, D = 0.20 – 0.29, D = 0.30 – 0.39, 

and D ≥0.40, indicating poor, acceptable, good, and excellent discrimination, respectively, while a 

negative D discrimination index indicated a defective item or incorrect key. 

Each item contained a stem and five options, including one correct answer and four distractors. A 

distractor is deemed non-functional when less than 5 percent of students select it. The distractor's 

effectiveness ranges from 0% to 100%. If an item has four, three, two, one, or no non-functional 

distractions, then the percentage of distractions is 0%, 25%, 50%, 75%, and 100%, respectively (Izah et 

al., 2021, 2022a). 

Statistical analysis 

The data was analyzed statistically using SPSS version 20 and Microsoft excel. The data was subjected to 

descriptive statistics, Pearson's correlation, and reliability index (Cronbach's alpha).  

 

RESULTS AND DISCUSSION  

Table 1 provides a summary of the discrimination index, difficulty index, and distractor efficiency for the 

computer programming I multiple-choice examination administered to students of Biochemistry. The 

range of the discrimination index is between -0.20 and 1.00 (mean 0.46). 43 (71.67%), 12 (20.00%), 3 

(5.00) and 2 (3.33%) of the items had an excellent, acceptable, poor, and defective discrimination index, 

respectively (Figure 1). Approximately 92% of all items had an acceptable or higher discrimination index. 

This demonstrates that these items can efficiently differentiate between students who are strong and those 

who are weak academically (Izah et al., 2021). Furthermore, the discrimination index was higher than the 

values recorded in MCQ administered by first year microbiology major student at the Bayelsa Medical 

University by Izah et al. (2021). Two of the items had negative discrimination power which usually 

reduces the reliability and validity of the items therefore, they must be eliminated to prevent a negative 

washback effect (Rao et al., 2017). This is because greater proportion of low-achieving students answered 

correctly than high-achieving students (Chhaya et al., 2018; Hingorjo and Jaleel, 2012). Izah et al. (2021) 

attributed this to incorrectly typed answer key, ambiguous question wording, or a general lack of 

preparation on the part of the students. Three questions had a discrimination index of zero, indicating that 

both student groups answered the questions correctly or wrongly, and therefore, the question should be 

rephrased or removed from the question bank (Chhaya et al., 2018). 
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Table 1: Discrimination and difficulty indices of Computer programming I MCQs used as an 

assessment tool of second year Biochemistry students in a Nigerian University  

Items  Difficulty 

index 

Classification  Discrimination 

index  

Classification  

1.  70.00 Ideal  0.60 Excellent  

2.  50.00 Ideal  0.60 Excellent  

3.  70.00 Ideal  0.60 Excellent  

4.  70.00 Ideal  0.20 Excellent 

5.  60.00 Ideal  0.80 Excellent  

6.  40.00 Ideal  0.80 Excellent  

7.  30.00 Ideal  0.20 Acceptable 

8.  60.00 Ideal  0.80 Excellent 

9.  0.00 Difficult  0.00 Poor 

10.  60.00 Ideal  0.80 Excellent  

11.  40.00 Ideal  0.80 Excellent  

12.  80.00 Easy 0.40 Excellent 

13.  70.00 Ideal  0.20 Acceptable 

14.  60.00 Ideal  0.40 Excellent 

15.  70.00 Ideal  0.60 Excellent 

16.  80.00 Easy 0.40 Excellent 

17.  60.00 Ideal  0.80 Excellent  

18.  50.00 Ideal  0.60 Excellent  

19.  70.00 Ideal  0.60 Excellent  

20.  90.00 Easy 0.20 Acceptable 

21.  50.00 Ideal  0.20 Acceptable 

22.  50.00 Ideal  1.00 Excellent 

23.  80.00 Easy 0.40 Excellent 

24.  80.00 Easy 0.00 Poor 

25.  90.00 Easy -0.20 Defective item 

26.  70.00 Ideal  0.20 Acceptable 

27.  50.00 Ideal  0.20 Acceptable 

28.  60.00 Ideal  0.80 Excellent  

29.  60.00 Ideal  0.80 Excellent  

30.  60.00 Ideal  0.40 Excellent  

31.  80.00 Easy 0.40 Excellent  

32.  70.00 Ideal  0.60 Excellent  

33.  70.00 Ideal  0.60 Excellent  

34.  80.00 Easy 0.40 Excellent  

35.  60.00 Ideal  0.40 Excellent  

36.  50.00 Ideal  0.20 Acceptable 

37.  40.00 Ideal 0.00 Poor 

38.  80.00 Easy 0.40 Excellent  
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39.  60.00 Ideal  0.40 Excellent  

40.  70.00 Ideal  0.60 Excellent  

41.  30.00 Ideal  0.60 Excellent  

42.  70.00 Ideal  0.60 Excellent  

43.  50.00 Ideal  0.60 Excellent  

44.  50.00 Ideal  0.20 Acceptable 

45.  50.00 Ideal  0.20 Acceptable 

46.  90.00 Easy 0.20 Acceptable 

47.  50.00 Ideal  0.60 Excellent 

48.  60.00 Ideal  0.40 Excellent  

49.  40.00 Ideal  0.40 Excellent  

50.  30.00 Ideal  0.60 Excellent 

51.  70.00 Ideal  0.60 Excellent 

52.  90.00 Easy 0.20 Acceptable 

53.  50.00 Ideal  -0.20 Defective item 

54.  40.00 Ideal  0.80 Excellent  

55.  40.00 Ideal  0.80 Excellent  

56.  60.00 Ideal  0.80 Excellent  

57.  70.00 Ideal  0.60 Excellent  

58.  60.00 Ideal  0.80 Excellent  

59.  70.00 Ideal  0.60 Excellent  

60.  50.00 Ideal  0.20 Acceptable  

Mean  60.17  0.46  

Minimum  0.00  -0.20  

Maximum  90.00  1.00  
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Figure 1: Percentage distribution of discrimination index of MCQs of computer programming 1 used as 

an assessment tool in a Nigerian University 

 

The range of the difficulty index is between 0.00 and 90.00% (mean = 60.17%). 48(80.00%), 11(18.33%) 

and 1 (1.67%) of all the items had ideal, easy, and difficult, respectively (Figure 2). The greater the 

difficulty index, the simpler it is to complete the tasks (Rao et al., 2017). The recorded mean values of the 

difficulty index were comparable to those of previous works with values of 61.67% reported in Izah et al. 

(2021). The recorded values were comparable to previous works according to the classification criteria. 

For instance, 37 (61.7%), 9 (15%), and 14 (23.3%) of the sixty items had good, simple, and challenging 

difficulty, respectively (Izah et al., 2021). The fact that 80.00% of the items in this study fall within the 

ideal range indicates that the questions were moderately good. This implies that the course material was 

covered and/or that the students performed exceptionally well academically (Izah et al., 2021, 2022a). 

However, 11 items were simple, which may indicate that the distractor was ineffective. Furthermore, 1 

question were deemed challenging for even the most intelligent students and therefore must be revised. 
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Figure 2: Percentage distribution of difficulty index of MCQs of computer programming 1 used as an 

assessment tool in a Nigerian University 

 

The effectiveness of the distraction ranges from 0 – 100%. 16 (26.67%), 23 (38.33%), 15 (25.00%), 5 

(8.33%), 1 (1.67%) based on the distribution of the distractors, had zero, one, two, three, and four non-

functioning distractors, respectively (Figure 3). 72(30.00%) of the distractions were non-functional, 

whereas 168 (70.00%) were functional. The values recorded were close to the value of 76.00% 

functioning distractors reported in MCQs used as an assessment of first year microbiology major students 

by Izah et al. (2021). 

According to Charania et al. (2015), the relative usefulness of items is determined by analyzing incorrect 

responses. Therefore, items not chosen by a significant number of students (5.00%) must be modified or 

eliminated (Izah et al., 2021, 2022a). Increasing non-functional distractors in an item increases the 

difficulty index and decreases the effectiveness of the distractors, whereas decreasing the number of non-

functional distractors increases the effectiveness of the distractors (Gajjar et al., 2014; Izah et al., 2021, 

2022a). Since the greater the effectiveness of the distractors, the more challenging the item may be, 

therefore, the number of non-functioning distractors could influence the difficulty index of an item. 
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Figure 3: Percentage distribution of non-functioning distractors of MCQs of computer 

programming 1 used as an assessment tool in a Nigerian University 

 

 

Table 2 displays the relationship between the discrimination index, the difficulty index, and the distractor 

efficiency of computer programming I multiple-choice questions used for assessing Biochemistry 

students in a Nigerian University. The difficulty index showed negative correlation with distractors 

efficiency (r=-0.335; p=0.05). This pattern was previously reported by Izah et al (2021). The number of 

non-functional distractions also affects an item's capacity for discrimination. Gajjar et al. (2014) also 

reported that easy items discriminated poorly, while difficult items discriminated well, unless both student 

groups (high scorers and low scorers) correctly answered the question. 

 

Table 2: Pearson correlation of the between the Difficulty index, Discrimination index and 

Distractor efficiency of MCQs of computer programming 1 used as an assessment tool in a 

Nigerian University 

Indices  Difficulty index Discrimination index Distractor efficiency  

Difficulty index 1   

Discrimination index -.109 1  

Distractor efficiency  -.335** .148 1 

**. Correlation is significant at the 0.01 level (2-tailed).; N=60 
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The internal consistency (Cronbach's Alpha) of the computer programming I multiple-choice questions 

used for assessing biochemistry major students is 0.910 (Table 3), and the Cronbach's alpha is greater 

than 0.900 for each of the 60 items if an item is deleted. Patel (2017) considers the values between 0.80 

and 0.90 to be excellent for classroom evaluations. Thus, the value of the alpha coefficient is high, 

indicating that students who responded correctly to a question were more likely to respond correctly to 

subsequent questions (Patel, 2017; Izah et al., 2022a,b). These Cronbach's alpha values are greater than 

the 0.866 reported by Izah et al. (2021) at the Bayelsa Medical University, Nigeria. In addition, analysis 

of variance revealed a statistical difference between the items (p=0.000) (Table 4). 

Table 3: Reliability index of MCQs of computer programming 1 used as an assessment tool in a 

Nigerian University 

Items Scale Mean if Item 

Deleted 

Scale Variance if 

Item Deleted 

Corrected Item-Total 

Correlation 

Cronbach's Alpha if 

Item Deleted 

Q1 37.105 115.099 0.447 0.908 

Q2 37.526 115.152 0.314 0.909 

Q3 37.211 114.175 0.460 0.908 

Q4 37.211 116.842 0.182 0.910 

Q5 37.211 110.731 0.829 0.904 

Q6 37.474 111.708 0.633 0.906 

Q7 37.579 116.480 0.197 0.910 

Q8 37.368 112.135 0.599 0.906 

Q9 37.947 118.830 0.000 0.910 

Q10 37.368 110.579 0.749 0.904 

Q11 37.474 112.819 0.528 0.907 

Q12 37.000 116.222 0.517 0.908 

Q13 37.105 118.988 -0.036 0.911 

Q14 37.579 115.368 0.302 0.909 

Q15 37.316 114.784 0.358 0.908 

Q16 37.053 116.386 0.345 0.909 

Q17 37.158 113.363 0.593 0.906 

Q18 37.316 113.450 0.486 0.907 

Q19 37.316 116.228 0.221 0.910 

Q20 37.053 115.164 0.527 0.908 

Q21 37.263 118.649 -0.004 0.912 

Q22 37.368 111.135 0.696 0.905 

Q23 37.105 114.766 0.489 0.908 

Q24 37.105 117.988 0.086 0.911 

Q25 37.105 120.211 -0.185 0.912 

Q26 37.316 119.895 -0.121 0.913 

Q27 37.474 117.152 0.127 0.911 

Q28 37.211 113.175 0.566 0.907 

Q29 37.368 111.579 0.653 0.905 

Q30 37.211 114.398 0.437 0.908 

Q31 37.053 115.608 0.461 0.908 

Q32 37.316 114.117 0.422 0.908 

Q33 37.105 113.322 0.673 0.906 

Q34 37.211 115.953 0.274 0.909 

Q35 37.368 114.579 0.368 0.908 

Q36 37.368 117.912 0.060 0.911 

Q37 37.526 117.930 0.058 0.911 

Q38 37.211 115.731 0.297 0.909 
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Q39 37.316 115.339 0.305 0.909 

Q40 37.158 116.363 0.254 0.909 

Q41 37.632 114.690 0.382 0.908 

Q42 37.211 111.620 0.733 0.905 

Q43 37.368 114.135 0.410 0.908 

Q44 37.579 116.035 0.239 0.910 

Q45 37.474 116.374 0.198 0.910 

Q46 37.158 117.251 0.155 0.910 

Q47 37.316 113.006 0.529 0.907 

Q48 37.158 115.918 0.303 0.909 

Q49 37.526 113.152 0.502 0.907 

Q50 37.632 113.246 0.527 0.907 

Q51 37.211 116.398 0.228 0.910 

Q52 37.053 116.608 0.312 0.909 

Q53 37.421 120.368 -0.160 0.914 

Q54 37.526 112.930 0.523 0.907 

Q55 37.632 112.357 0.617 0.906 

Q56 37.263 112.205 0.632 0.906 

Q57 37.316 112.450 0.584 0.906 

Q58 37.211 113.175 0.566 0.907 

Q59 37.263 114.538 0.398 0.908 

Q60 37.421 117.924 0.058 0.912 

Overall Cronbach Alpha =0.910 

 

Table 4: Analysis of variance between items of MCQs of computer programming 1 used as an assessment 

tool in a Nigerian University 

 Sum of 

Squares 

Df Mean Square F Sig 

Between People 35.649 18 1.981   

Within People 

Between Items 39.631 59 .672 3.760 .000 

Residual 189.719 1062 .179   

Total 229.350 1121 .205   

Total 264.999 1139 .233   

Grand Mean = .6325 

 

The distribution of the keys is uniform (Figure 4), indicating that a student's maximum possible score if 

he or she guesses or chooses a single option throughout is 20%. Figure 5 depicts the distribution curve (a 

normal binomial distribution indicating whether the examined data has a binomial distribution or not) of 

the total score of the MCQs items among computer programming 1 students. All the students scored 

above the mean, as indicated by the distribution's mean of 37.25. In addition, all the students passed the 

multiple-choice exam with a pass mark of 40%. The kurtosis and skewness of a data distribution are 

important descriptive statistics (Izah et al., 2021). Skewness provides information about the distribution's 

symmetry, whereas kurtosis reveals the weight of the tails. The skewness value of -0.458 indicates the 

distribution curve is roughly symmetrical, whereas the kurtosis value of -0.623 indicates the distribution 

is platykurtic. The distribution curve suggests that some of the students achieved exceptionally high test 

scores. 
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Figure 5: Distribution curve of the total score of MCQ items of computer programming 1 used as an 

assessment tool in a Nigerian University 
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Figure 5: Key distribution of MCQ items of computer programming 1 used as an assessment tool in a 

Nigerian University 

 

CONCLUSION 

Multiple-choice questions (MCQs) are a highly efficient tool for evaluating the learning outcomes of a 

teaching program. The effectiveness of this instrument is enhanced by evaluating the difficulty of the 

questions, their ability to differentiate between strong and weak students, and the course content areas that 

require revision or modification. The study showed that a significant number of the items had good 

discrimination power and an ideal difficulty index. Approximately 70% of the distractors are functional. 

The internal consistency of items was excellent, an indication that the questions are good for an 

assessment of knowledge. On the basis of this study's findings, it is suggested that examiners conduct 

item previews to ensure item quality. Future examinations should also include frequent item analysis in 

order to improve test scores, effectively differentiate between students, and ensure a reliable and 

trustworthy item bank for future use. 
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