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Abstract: Assessment is a crucial step in learning evaluation 

since it reflects the improvement of the quality of education. 

Thus, educators are always challenged while analyzing the 

performance of their students. The study aims to evaluate the 

quality of written exams set for under graduated students 

(2017-2019) in the biology department of the high school of 

health science and technologies.  We used the item analysis 

tools: difficulty index, discrimination index and for the 

reliability the Cronbach alpha assessing available data during 

the study period (2017-2019). The study involved 2960 copies 

related to 104 tests including 1367 questions. We found that 

5.3% of the questions were difficult, 44.18% were easy 49.52% 

with moderate difficulties, 19.38% with excellent 

discrimination, 10.53% with good discrimination. The test 

reliability was good in only 10.5% of the tests.  Our research 

objectively analyzed the quality of questions, yet it revealed the 

presence of some deficiencies suggesting the improvement of 

the quality of assessment.  

Key words: assessment, difficulty index, discrimination index, 

reliability. 

Abbreviations: SAQ: short assay questions, LEQ: long assay 

questions, MCQ: multiple choice questions, IWF: items 

writing flaws, FD: functional distractors, NFD: nonfunctional 

distractor, DE: distractor efficiency, SD: standard deviation 

I. INTRODUCTION 

ssessment is a crucial step in learning evaluation.  In 

fact, the role of student’s appraisal in learning and their 

feed-back is to improve teaching-learning experience [1]. 

Thus, educators are always challenged while analyzing the 

performance of their students. Since they will be safe 

practitioners in future, paramedics and health students as 

well as their medical colleagues need to be efficiently 

assessed for their knowledge, skills and competency [2]. 

Health science students are evaluated by various methods: 

multiple choice questions (MCQ), short answer questions 

(SAQ), long essay questions (LEQ), case studies, etc [3]- 

[6]. Because of their objectivity, elimination of the 

assessor’s favoritism, extensive coverage of the subject in 

short period, MCQ are frequently used compared to the 

other types. Actually, marking the later ones is time 

consuming and may involve assessor’s biases.[7][8] 

Item analysis is the tool used to evaluate the quality of tests. 

It analyzes the performance of the individual and the overall 

test using different parameters such as difficulty index, 

discrimination index and test reliability. [9][10] 

The aim of the study was to evaluate the quality of written 

exams set for under graduated students (2017-2019) in the 

biology department. 

 

II. METHODS 

1. Study Context and Ethical Approval 

Ethical approval for the project was granted by the High 

school of health science and technologies ethics committee 

Ref: ESSTST-EC 19/07. 

Our research is a retrospective descriptive study. It was 

conducted in July 2019 on assessment examination 

comprising MCQ forms, SAQ, LEQ and clinical case 

studies. The project included examinations of the main 

sessions of the academic years 2016-2017, 2017-2018 and 

2018-2019. The assessment involved all levels of biological 

studies 1
st
, 2

nd
 and 3

rd
 year. 

A total of 1360 items were analyzed. The quality of the 

questions was evaluated in terms of Difficulty index (P), 

Discriminating index (DI), non-functioning distractors 

(NFDs), test reliability (Cronbach alpha), and student's 

performance (mean score and overall passing rate). 

2. Difficulty Index (p) 

It describes the percentage of students who answered 

correctly to given questions. It was calculated for each item 

using the formula: p=mean rate/marking scheme[11]. The 

difficulty index varied from 0 to 1 with cut-off values of 

≤0,3 (difficult), from 0,3 to 0,7 (moderate) and ≥0,7 (easy). 

[12] 

The MCQ did have neither the same number of options nor 

the same type or scoring, thus the corrected DI was 

calculated according to the formula     p′ = p − (
1−p

N−1
)  with 

p the uncorrected difficulty index and N the number of 

options. [11] 

3. Discrimination Index (DI) 

Discriminating index (DI) is the ability of a test item to 

discriminate between high and low scoring examinees. It 

ranges between 0 and 1. Higher discriminating indices of a 

test indicate better and greater distinguishing competence of 

the test. It was calculated for each question after selection of 

the upper and lower 27% which has been demonstrated to 

be the most efficient fraction.  It is calculated using the 

formula DI = (ρ+) – (ρ-) with (p+) the difficulty index for 

the high performers group and (p) the difficulty index of the 

low performers group [14]. 

In some circumstances the DI can be negative which means 

that the students with lower ability answer more correctly 

than those with higher ability. Such situation could be 

because of the complexity of item making and the process 

of guessing. The cut-off values of DI were interpreted 

A 
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according to Ebel in1965: [12] thus DI ≥0,4 excellent, 0,2-

0,39 good, 0,1-0,19 fair and <0,1 poor discrimination. 

Discrimination index of 0.2 or higher was acceptable. 

Questions are considered ideal if their difficulty index was 

acceptable and their discrimination index was good.[15] 

The relation between difficulty index and discrimination 

index for each exam was determined by pearson correlation. 

4. Distractor Efficiency 

Functional distractors were considered as the ones selected 

by at least 5% of the students. Nonfunctioning distractors 

(NFD) are options of a question other than correct answer 

and selected by less than 5% of the examinees. Since MCQ 

did not have the same number of options, distractor 

efficiency (DE) was calculated for each question depending 

on the presence of NFD. For MCQ with 5 options, if the 

question contains respectively 0 NFD, 1 NFD, 2 NFD and 3 

NFD thus DE corresponds to 100%, 66%, 33% and 0%. 

[16] 

5. Test Reliability 

Exam’s consistency was evaluated using Cronbach alpha.  It 

was calculated for each test using the formula:  ∝=
k

k−1
[1 −

 𝜎𝑗
2

𝜎𝑇
2 ]  with 𝑘 = the number of questions, 𝜎𝑗

2= rate variance 

for question j and 𝜎𝑇
2= rate variance of the test or the exam. 

Consistency was interpreted according to George and 

Mallery [13]: alpha ≥ 0,90 (Excellent), 0,80 - 0,90 (good), 

0,70 - 0,79 (acceptable) and < 0,7 (non-acceptable) 

6. Statistical Analysis:  

The data were entered in the Microsoft Office Excel file and 

analyzed using SPSS software (version 21.0). Pearson's chi-

square test was used to evaluate the association. The 

statistical significance level was maintained as p-value < 

0.05 in the statistical analysis. 

III. RESULTS 

We analyzed tests with available scheming marks for all the 

students (1
st
, 2

nd
 and 3

rd
 level) in the biology department 

during 3 years (2017-2019). However, while collecting data, 

20% of the evaluations were excluded because of 

ambiguities in scoring. This led to the analysis of 104 tests 

related to various courses such as anatomy, physiology, 

microbiology, biochemistry, hematology, immunology, 

genetics, cell biology … 

The study involved 2960 copies associated to 104 tests 

including 1367 questions. Those exams were addressed to 

155 students.  SAQ were noticed in 664 copies (48,57 %) 

while MCQ and LEQ covered respectively 495 (36,21 %) 

and 181 (13,24%) copies. Twenty-seven clinical-case-

studies covered only 1,97%. The detailed distribution of 

these questions is shown in table I. 

 

 

 

 

Table I: question distribution 

Parameters Academic years  

 2016-2017 2017-2018 2018-2019 p value 

Students   n* 90 94 101 _ 

Total n 402 410 555 _ 

SAQ   n (%) 192 (47,76) 201 (49,0) 271(48,82) NS 

LEQ     n(%) 58(14,42) 78 (19,02) 45 (8,10) <0.001 

Clinical case 

n(%) 
15 (3,8) 4 (0,97) 8(1,44) 0.009 

MCQ  n(%) 137 (34,1) 127(30,97) 231(41,62) 0.001 

NS: no significant: SAQ: short assay questions; LEQ: long assay 
questions; MCQ: multiple choice questions 

*(the total seems to be more than 155 because some students were counted 

at the first level in 2017 and at the 2nd level in 2018 as well as at the 3rd 
level in 2019) 

The most common questions were SAQ (around 48%). 

They were similarly noticed during the academic years. A 

tendency toward decreasing the use of LEQ (till 8.1% in 

2019) was observed with a significant difference through 

time (p<0.001). Likewise, the number of clinical case 

studies significantly diminished (p=0.009). However, a 

significant increase in the frequency of MCQ was noticed 

(p=0.001).  

The assessment of the difficulty of the questions revealed 

that the mean value was within the moderate range during 

the three years. Yet a significant difference was observed in 

2018 (55%) compared to 2017 and 2019.  As for the easy 

ones, although they covered more than the third of 

questions, the lowest frequency was detected in 2018 (37%) 

with significant difference compared to those respectively 

in 2017 (p=0.03) and in 2019 (p=0.007).  

We also noticed that the frequency of the difficult ones 

slightly diminished from 7,46% in 2017 to 5,22% in 2019 

yet with no significant difference (table II). Detailed 

information of items distribution is represented in table III. 

Table II: item distribution 

Parameters Academic years  

 2016-2017 2017-2018 2018-2019 p 

Difficulty index 
(mean (SD)) 

0,64 (0,09) 0,61 (0,13) 0,64 (0,1) NS 

Difficult n (%) 30 (7,46) 27 (6,58) 29 (5,22) NS 

Moderate n(%) 191(47,51) 229 (55,85) 257(46,30) 0.008 

Easy   n   (%) 181(45,03) 154 (37,57) 269(48,46) 0.003 

Discrimination 

Index (mean 

(SD)) 

0,32 (0,08) 0,38 (0,15) 0,34 (0,08) NS 

Ideal questions 

n (%) 
112(27,86) 145(35,36) 173(31,45) NS 

Test reliability 

(mean (SD)) 
0,3 (1,08) 0,43 (0,44) 0,34 (0,99) NS 

Passing rate  % 82,43 78,25 82,45 NS 

SD: standard deviation; NS: no significant  

As for the discrimination index, its mean value was around 

0,3 which means a good discrimination between students. In 

fact, 35.8% of the questions (n=490) had excellent 

discrimination and 16.9% had good discrimination (n=232). 
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The overall rate of ideal questions (with moderate difficulty 

and good discrimination) was 32%; it varied non 

significantly from 27% to 35%. The analysis of the 

correlation of difficulty and discrimination indices revealed 

a highly correlation in 13 tests, a moderate correlation in12 

tests and no correlation in the remaining 102 tests thus in 

80%. 

Studying tests consistency revealed a mean value of 0,37. 

Although they had no acceptable homogeneity, tests (n=11) 

with good reliability reached 10,5%.  

When we focused on MCQ, (table IV) we noticed the 

presence of multiple response answers in the options. Thus, 

we assessed item writing flaw (IWF) in the stem (negative 

clause) and in the choices (the presence of more than one 

correct answer). We remarked that they varied from 80 to 

85% in MCQ. 

Table IV: MCQ item distribution 

Parameters Academic years  

 2016-2017 
2017-
2018 

2018-2019 p 

MCQ                          

n 
137 127 230 _ 

Options                   
n 

663 574 1114  

1 Correct answer 

per MCQ n (%) 

24     

(17,51) 

19          

(14,96) 
50     (21,74) NS 

IWF                        

n     (%) 

113    

(82,49) 

108       

(85,04) 

180    

(78,26) 
 

Total distracters      

n (%) 

323 

(48.71) 

282 

(49.12) 
312 (28) - 

FD                          

n    (%) 

214    

(66,25) 

211      

(74,82) 

150    

(48,07) 
<0.001 

NFD                       

n    (%) 

109     

(33,74) 

71       

(25,18) 

162    

(51,93) 
 

Distracters’ 

Efficiency (mean 

(SD)) 

67       
(35,2) 

68,9     
(39,06) 

62,3     
(35,97) 

NS 

DE 100%               
n     (%) 

61     
(18,88) 

62       
(21,98) 

68     (21,79) 0.001 

DE 0%                  n    

(%) 

17     

(5,26) 

20       

(7,09) 
27     (8,65) 0.006 

Difficulty index    
(mean (SD)) 

0,62     
(0,21) 

0,58     
(0,18) 

0,63     (0,2) NS 

Difficult                 

n   (%) 
12 (8,75) 9 (7,08) 10 (4,34) NS 

Moderate               
n   (%) 

63 (45,98) 
84 

(66,14) 
120 (52,17) 0.003 

Easy                       

n   (%) 
62 (45,25) 

34 

(26,77) 
101(43,91) 0.002 

Discrimination 
Index (mean (SD)) 

0,25     
(0,21) 

0,27     
(0,23) 

0,42    (0,68) 0.001 

Ideal questions          

n (%) 

33    

(24,08) 

35     

(27,55) 
63     (27,39) NS 

NS: no significant; IWF: items writing flaws; FD: functional distractors;  

NFD: nonfunctional distractor; DE: distractor efficiency; SD: standard 

deviation 

As for the distractors they reached 917 (38%) of the 

options, 342 among them (37%) were nonfunctional. Mean 

values of distractors’ efficiency varied non significantly 

from 62,3 to 68,9% per year. The highest rate of FD was 

observed in 2018 with a significant difference (p<0.001) 

compared to those in 2017 and in 2019. MCQ during 2017 

had the lowest rate of DE of respectively 100% and 0% 

compared to the following years (with p value respectively 

of 0.001 and 0.006). Similarly, to the overall questions, no 

significant difference was observed when considering the 

distribution of the mean difficulty index. Moreover, we 

noticed that MCQ with moderate difficulty had the highest 

rate in 2018 with significant difference compared to 2017 

and 2019. As for the discrimination index, the highest level 

was detected in 2019 (p=0.001), however the comparison of 

ideal question distribution revealed no significant difference 

through academic years of the study.  

We analyzed students’ performance by assessing the rate of 

null items or “scoring-zero-item”, and the percentage of 

correct items within a test “fully noted items”. The mean 

frequency of null items (either false or unanswered 

statements) was 18,71 +/- 21,09 (range from 0 to 100% per 

test). Questions with more than 30% null items were 

observed in 32 tests (25,19%) of the cases. The 

investigation of fully noted items revealed that they varied 

from 4% to 50% per test with no significant difference 

among levels and through time (2017-2019).  

The assessment of success rate among tests varied from 

33% per test to 100% with a mean value of 80%. In fact, 16 

tests (15.38%) were fully succeeded.  

IV. DISCUSSION 

Students’ assessment is a necessary step in improving 

education, yet few (n=4) are the published data that 

analyzed the quality of exams in the Tunisian high 

educational system [14],[17]-[19]. Besides, in order to 

develop competent future health professionals (in our case 

laboratory technicians) a good assessment is needed. Thus, 

we elaborated this study analyzing the quality of assessment 

in the biology department of the high school of health 

science and technologies of Tunis. This work involved only 

exams data with available scheming marks (80% of the 

questions). 

We noticed that SAQ are frequently used, they cover almost 

half the questions per year. MCQ are present in more than 

30% each year, while the remaining part included LEQ and 

clinical case studies. 

A high proportion of flawed item was noticed in MCQ, 

ranging from 80 to 85% per year. This frequency is similar 

to those reported by Pais et al while analyzing IWF in 8 

anatomy exams. In fact, they reported a frequency varying 

from 40% to 70% per test [20]. Our result may reflect either 

the lack of preparation and time invested by educators when 

constructing MCQ, or lack of familiarity with MCQ items 

writing guidelines. 

This lack of knowledge was also observed in a cross-

sectional survey among dental faculty members of the gulf 

cooperation council countries which revealed that more than 

48% of the 216 participants were unable to identify the 

flawed MCQ  [21]. Our study reveals the need to introduce 

training sessions in order to improve MCQ writing qualities. 

In fact, a recent study reported that a longitudinal 

development program on MCQ writing skills significantly 

reduces the presence of IWF from 8,5 to 3%  [22] and 

improves the quality of MCQ  [23][24]. Similarly, a short 

training session led to the reduction of IWF, however, the 

high proportions of flawed MCQ revealed the need to 

continuous faculty development programs  [25][26] 
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Assessing students’ performance revealed slight variations 

in test passing rates through the three years yet with no 

significant difference. Similar results were reported in the 

literature [22]. When we focused on fully noted items, we 

noticed that 45% of the tests contained 4 to 50% of items 

with full score per test. A recent study analyzing full score 

items within hematology exams during 6 years, described a 

smaller range from 9 to 33% with a mean value of 18,7% 

[14]. As for null items, the current work showed that the 

quarter of the tests included more than 30% per test. This 

frequency is lower than that reported by Ben Salah et al 

(45%). Such results could be related to the lack of 

preparations or ambiguities related to IWF. 

Evaluating the difficulty index, we noticed that its mean 

value was in the moderate range. This result is similar to 

recent Tunisian studies elaborated within the faculty of 

medicine assessing hematology and microbiology 

exams[14][19]. 

In the MCQ group, the mean difficulty index was within the 

acceptable range 0,49+/- 0,29 leading to the presence of 

49% of the questions with moderate difficulty, 28% easy 

ones and 23% difficult. The analysis of distractors within 

this type of questions showed that 30% needs to be replaced 

and removed from the items bank as they were 

nonfunctioning. It was reported that low distractor 

efficiency provides valuable information about IWF [27]. 

The proportion of questions containing all functional 

distractors (DE=100%) varied from 17 to 21%. This rate is 

higher than that reported by Tarrant et al (13,8%) [28] and 

lower to that described by Patil et al (56.7%) [16]. 

Revaluation the efficiency of these plausible distractors in 

different groups of students may be useful in comparative 

studies. The proportion of FD and 3NFD were during the 

academic year 2016-2017, 18% and 5%, during the 

academic year 2017-2018 were 21% and 7% and during the 

academic year 2018-2019 were 17% and 5%. In the other 

hand, a recent study reported that longitudinal training of 

educators greatly influenced this proportion by increasing 

FD while decreasing NFD [22]. A study by Testa et al, 

reported that DE within MCQ at the application levels was 

greater than those at “knowledge” and “comprehension” 

levels.  [29] 

As for the discrimination index, the mean value was in the 

acceptable range (0,3). Discrimination of items was 

excellent in 37% of the cases and good in 17% of the 

questions. Although similar indices were reported in 

medical exams, item distribution revealed some 

discrepancies [14][18][19]. In fact, items with excellent and 

good discrimination were respectively noticed in 19% and 

29% [19] and in 20% and 17% of the cases [14]. Recently, 

it was reported that question items with high-level 

taxonomy performed better in discrimination indices. [30] 

Ideal questions reached only 32% yet higher levels were 

reported in literature 47% [31]. 

Assessing the reliability revealed that 72% of the tests had 

unacceptable consistency. Since low Cronbach alpha values 

reveal that items are unrelated, thus the high rate noticed in 

our study may be due to the use of multiple formats 

questions within the same test. Moreover, these results show 

that further analysis after developing training sessions on 

items writing guidelines are needed in order to assess 

assessment evolution. 

Limitation: Our study lacks the analysis of cognitive levels 

of the items and their relation with questions difficulty and 

student’s performance. 

V. CONCLUSION 

Our study objectively assessed the quality of questions in 

the biology department of the high school of health science 

and technologies of Tunis, yet it revealed the presence of 

some deficiencies. Introducing training course about items 

writing guidelines and analyzing their influence on the 

quality of assessments will be helpful in evaluating the 

educational system. Thus, the present results with future 

inter collaborative work between professors and students’ 

perceptions will be helpful in enhancing the quality of 

assessment.  

Funding: This research did not receive any specific grant 

from funding agencies in the public, commercial, or not-for-

profit sectors. 
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Table III: item distribution according to levels 

Parameters Academic years 

 2016-2017 2017-2018 2018-2019 

Levels  1st 2nd 3rd  1st 2nd 3rd  1st 2nd 3rd 

Students * 90 41 21 28 94 34 39 21 101 31 30 40 

Total 

questions 
402 144 87 143 410 140 121 149 555 237 135 183 

SAQ     n (%) 192 (47,76) 55 39 98 
201 

(49,0) 
67 46 88 

267 

(48.1) 
74 70 123 

LEQ     n  

(%) 
58 (14,42) 17 25 16 

78 

(19,02) 
31 27 20 45 (8.1) 25 15 5 

Clinical case 

studies   n    
(%) 

15 (3,8) 8 0 7 4 (0,97) 0 1 3 8 (1.44) 2 3 3 

MCQ    n (%) 137 (34,1) 64 23 50 
127 

(30,97) 
42 47 38 

231 

(41.62) 
136 47 48 

Difficulty 

index    

(mean (SD)) 

0,64 (0,09) 0,58(0,22) 
0,67(0,

21) 

0,66 

(0,06) 

0,61 

(0,13) 
0,56(0,16) 0,63(0,1) 0,65(0,13) 

0,64 

(0,1) 
0,64(0,11) 0,61(0,10) 0,67(0,08) 

Difficult   n 
(%) 

30 (7,46) 18 5 7 
27 

(6,58) 
13 4 10 

29 
(5.22) 

14 9 6 

Moderate  n 

(%) 
191 (47,51) 70 35 86 

229 

(55,85) 
90 72 67 

257 

(46.3) 
118 66 73 

Easy          n 
(%) 

181 (45,03) 58 47 76 
154 

(37,57) 
37 45 72 

269 
(48.46) 

105 60 104 

Discriminatio

n Index 

(mean (SD)) 

0,32 (0,08) 0,34(0,21) 
0,33(0,

10) 
0,27(0,

06) 
0,38 

(0,15) 
0,34(0,09) 0,36(0,2) 0,44(0,12) 

0,36 
(0,24) 

0,34(0,09) 0,34(0,09) 0,35(0,06) 

Test 

reliability            

(mean (SD)) 

0,47 (0,34) 0,66(0,17) 
0,37(0,

51) 
0,39 
(0,2) 

0,43 
(0,44) 

0,27 (0,6) 045 (0,31) 
0,56 

(0,34) 
0.34 
(0,9) 

0,53(0,26) 0,61(0,21) 0,4(0,7) 

Passing rate  

% 
82,43 67,43 91,13 88,39 78,25 72,16 85,27 76,74 81,55 81,68 78,77 86,90 

 

*(the total seems to be more than 155 because some students were counted at the first level in 2017 and at the 2nd level in 2018 as well as at the 3rd level in 
2019) 

 


