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ABSTRACT

Background: The quality of the multiple-choice questions (MCQs) used in educational measurement

depends on their difficulty index (DIF I), discrimination index (DI) and distractor efficiency (DE).

Aim: The study is aimed at analyzingthe single response MCQs of anAnatomy course in an undergraduate

nursing program and finding the relationship between the DIF I and DI.

Material and method: The 48 MCQs and 144 distractors used in a summative exam after cornpletion of l5

credit hours of an Anatomy course, attended by 56 students in a College of Nursing in Saudi Arabia, were

analyzed.

Results: Twenty-four out of 48 MCQs had average DIF I (30-70o ),29 items (60.40%) had excellent DI

(>0.35) and 10 (20.83%)were good items (DI:O.25-0.34). When the two indices were combined, there were

23 'ideal'questions. The mean DIF I and DI were 67.50 and 0.44 respectively. There were 107 (7430%)

functional distractors in all. The proportion of items having 0,1,2 and 3 non-functional distractors (NFDs)

were50o/o,27.08o ,18.75%&4.17% respectively,withameanDE of 74.30Yo. Therewasasignificant

negative correlation between the DIF I and DI (r:-0.721; p<0.01), showing that with increasing difficulty

index, the ability to discriminate between the high and low achievers decreased.

Conclusion: Generating high-quality items is an important aspect of the educational assessment. Analyzing

items and banking them for future use will enhance the quality of assessment. The results of the study will

provide an opportunity to change the way MCQs are developed and used in educational assessment.

Kelntords: Item analysis, Dfficulty Index, Discrimination Index, Distractor Eficiency, Nonfunctional

Distractors

INTRODUCTION

Appropriate use of assessment strategies is a

challenge to educators. Assessment, integral to learning

involves an appraisal of student learning and feedback

for improving teaching-learning experiences. It is

commonly known that assessment drives learning(r).
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Carefully constructed tests by educators will enhance

educational functions. Increasingly multiple choice

questions (MCQs) are used for assessing students'

performance. Therefore, there is a growing concern about

the quality of the tests that are used for assessment.

A wide range of content and objectives on a large

number of students are assessed through MCQs (2). Not

all educators agree with the use of this format. Few

concede that it is time-consuming and challenging

to develop MCQs for measuring higher cognitive

skills (r). Others are of the opinion that MCQs focus

on recall rather than comprehension, application and

analysis of course-related information(a). Unfortunately,
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examination items testing factual and conceptual items

are reported to be high in medical and nursing settings.

In a baccalaureate nursing program, over 91 o/o of all
MCQs used for educational assessment were of recall

/comprehension level types (5). For tests to be valid, they

must be well-constructed, reflect the desired cognitive

functions to be assessed and be devoid of flaws.

Flawed items are unsuitable for assessing the

intended domains and consequently affect the quality of
the test. Further, the performance of high - achieving

students are not appropriately reflected in comparison

to the borderline students when the items are flawed (2).

Teachers can reduce item flaws and improve the quality

of items by following the principles of item- writing and

analysis of the item's performance.

Effective MCQs possess appropriate difficulty level

and the ability to discriminate between performers and

non- performers (s). An item analysis enables identiffing
the quality of MCQs based on difficulty index (DIF I),

discriminating index (DI) and distractor efficiency (DE).

Clues and errors influence the ease or difficulty of an

item. Sayyah et al in an assessment of 37 exams (1793

items) of the faculty of Nursing and Midwifery reported

l71Yo of exams had item difficulty less than 0.30

and 25.9%o were over 0.70 (6). Average item difficulty
lies between 30 and 70 %. Those items with a DI of
>0.24 have good to excellent discrimination ability tzr.

According to Haladyna, more than half the test items

that educators develop do not produce the intended

results(8). Items on teacher generated - tests therefore

need to be studied. (e)' poorly and ineffectively answered

items can be removed from further use thereby making

the test more effective (2).

Examining distractor performance in teacher-

generated tests is of interest. High-quality MCQs require

well-written options, with effective distractors. To be

efficient, these options should be based on common

misconceptions (r0). Functional or efficient distractors

are chosen by more than 5%o of examinees(11'r2). Placing

implausible distractors are of little use. Therefore

framing plausible distractors and reducing the number

of non-functional distractors (NFDs) improves the test

quality.

Since teacher-generated tests are widely used for
assessment, it is important to determine the quality of
test items, and bank high-quality items. The objectives

of the descriptive analysis were l) to identifu the quality

of the test items by determining the difficulty index

(DIF I), discriminating index (DI) and the distractor

efficiency (DE); and 2) to find the relationship between

DIF I and DI.

MATERIALS AND METHOD

The descriptive, analyical study was conducted

in a College of Nursing of a Governmental Universiry

in Saudi Arabia. The 48 single answer MCQs of an

Anatomy exam conducted in the year 2015 were

analysed. The 15- credits Anatomy course spanned

over a semester in the second year of the Baccalaureate

Nursing program. The exam answered by 56 students,

included other forms of objective items also. Each MCQ

comprised ofa stem and four options: one key and three

distractors. The correct answer was awarded one score,

and the incorrect response or un-attempted item was

given zero, with no negative marking. The score ranged

from 0-48 which was aggregated when computing the

final score.

Data Collection and AnalYsis

Permission to conduct the study was obtained from

the Mce Dean of the College of Nursing. Because the

study was not done on human subjects, Institutional

Review Board approval was not sought. All 56 answer

scripts were retrieved in February 2017 and coded. A
total of 48 MCQs and 192 options (48 correct answers

and 144 dishactors) were assessed, to identiff the DIF I,

DI and DE.

The high and low group comprised of 27o/o of
students in each group. The DIF I was computed using

the formula H+LAIxl00, where H and L are the correct

responses in the high and the low groups, and N is

the total number of examinees in both groups. Values

belween 30o/o andT}Yo are acceptable, with lower values

reflecting the higher difficulty and vice versa, The DI

computed using the formula DI:H-LX2AI expresses the

power of the item to differentiate between the high and

the low achievers, and ranges between 0 and l. Greater

values indicate higher discrimination power. An item

with a DI>0.35 is considered to be 'excellent', 0.25-0.34,

to be'good',0.15 - 0.24,to be'marginal'and <0.15 to

be 'poor' o. A negative DI (less than zero) indicate

that low achievers answer the item more colrectly than

high achievers. This is possibly due to item flaws or
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ineffi cient distractors.

Distractor efficiency (DE) is calculated on the basis

of the number of NFDs in an item and ranges from 0-

100%. NFDs are those options other than the key when

selected infrequently by the respondents (<5%), and do

not perform their function. An itern with no NFDs has a

DE of 100%. When the item has one, two or three NFDs,

the DE will be 66.66Y.,33.33o/o and 0Y, respectively.

RESULTS

Total 48 MCQs and 192 options (48 correct

answels and 144 distractors) were analyzed. The scores

Table l:Distribution ofltems in rclation to DIF I and DI

To be acceptable, an item should have an average

difficulty of30-70 and a discrimination index ofnot less

than 0.25. When the two indices were combined, there

were 23 (47 .91%) 'ideal' items.

Distractor Analysis: Almost three fourth of the

144 distractors (n:107; 74.30%), were functional with

a choice fiequency of >5o/o. The remaining (n=37;

25.70%) were NFDs.

Distractor efficiency varied among the items

Overall out of 48 items, 24 items had functional

distractors (DE : 100%). The DE for the remaining

24 items varied between 0% and 66.660/o. A little over

one-fourth of 48 items i.e.l3(27 .08%) had one NFD

(DE:66.66%), and nine items (18.75%) had rwo NFDs

(DE=33.33%). A very small proportion of items (4.17%)

obtained in the exam ranged from 847. The mean and

standard deviation (SD) of the DIF I (%), DI and DE

(yo) werc 67.50 114.33,0.44 + 0.19 and 14.30 +30.16

respectively.

Di{nculty and Discrimination Indices: Of the 48

items, 24 items (50%) were good and had average

difficulty (DIF l:30-70o/"). When the DI was assessed,

most items were either excellent (n= 291, 60.40%) or

good (n:10; 20.83%) with DI above 0.24. Items with a

DI below 0.25 were either marginal or poor. (Table l).
Only one item had a negative DI.

had 0% DE. (Table 2). The overall mean and SD ofthe

DE was 74.30 and 30+0.16 respectively.

Tabte 2: Distractor Analysis: Distribution of
Items and Non functional Distractors

Parrmeters Itcms Pcrccntage lnterpretation Mean SD

Diffrculty ind€x (DIF I) 6750 (=1433)

>70 Easy

30‐ 70 Good

く30 0 DilrlcuL

Discriminalion hdex (DI) 0.44 (! 0.19)

>035 6040 Excellent

025-034 Good

015‐ 024 3 6.25 Marginal

く015 1250 Poor

NFDs
Distractor
EIficiency

Number of
items

Percentage

O NFDs DE-1000● 5000

lN「 D DE=6666% l3 2フ 08

2 NFDs DE=3333% 9 1875

3 NFDs DE‐0% 2
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Correlation between Discrimination index and of ideal items in comparison with other studies that

difficulty index reported only l5 ideal items out of 50 items (t3).We found

pearson,s correlation between DIF I and DI 
a larger number of items appropriate for item banking'

showed a significant negative correlation (r: -0.721; p Overall, we found nearly three-fourth of all

< 0.01); two-tailed. This indicates that with increasing distractors (74.30%)had 100%DEandwerefunctioning.

difficulty value (easier the item), the power of the item The remaining over one-fourth (25.70%) were NFDs.

to discriminate between high and low achievers is Similar to our study findings, medical education settings

decreased. have reported 7 5 .8% to 89.6%o of functional distractors.

DISCUSSION

The item analysis of 48 MCQs of an Anatomy

examination was conducted, to detennine the DIF I,
Dl and DE. ltem analysis enables test paper setters

to identifu the quality of the items used for student

assessment. Further, identifring ideal questions and

developing an item bank for future assessment will
enhance the quality of the assessment in education.

The DIF I of an item depicts the ease or difficulty

of an item. Fifty percent of items (24 items) had

average difficulty. Similar findings were reported in

a Community Medicine examination wherein, 24 out

of 50 items had good to excellent DIF I (r3). The mean

DIF I in our sfudy was 67.50 (+14.33), well within

the acceptable range of 30-70. Mitra reported the

mean difficutty of multidisciplinary summative exams

between 64o/o and 89olo('4). As the complexity of exams

increases, the difficulty level of the items also increases.

Our exam measured factual content in Anatomy, which

might explain why 50Yo of the items were easy. The

remaining 50% of items in our study had average

difficulty; a higher percentage of (65%) was reported in

a physiology exam in a medical setting tts)

The mean DI (0.44) was acceptable; collectively,

more than 80% of the items were either excellent or

good; only one item had negative DI. In a Physiology

exam for medical students, 62%o of items were reported

to have excellent DI(r2). Discrimination ability is an

important index that provides information on the ability
of the item to discriminate between the high and the

low performers. Items that discriminate poorly must be

examined for possible deficiencies and may either be

modified or discarded.

A combination of the two indices in our study

revealed 23 'ideal' items that constituted almost 50%

of the test items. Our study found a higher proportion

Distractors are analyzed to determine their

usefulness in tests. When distractors do not perform as

expected, they must be removed from the test. Our study

found a low percentage (25.70%) of NFDs' Haladyna

and Downing reported higher percentage (over 38%)

of NFDs that subsequently required eliminatisn (r0)

Conhary to our findings, only ll.4Yo NFDs were

reported among 50 MCQs and 150 distractors in a

medical setting (r3). In an assessment of seven test papers

of undergraduate nursing students, that had 514 items

and 1542 distractors, Tarrant found only 52.25oh of
distractors were functioning (trr.

Item-wise distribution showed that only 50% of

all items had functioning distractors or a DE of 100%.

A higher percentage of items (70%) with NFDs were

reported in a medical setting (rr) Kolte reported 47.5%

items had 100% DE in a Physiology exam of first years

MBBS students 1t:). Qfl the contrary lower percentage of
items (19.3%) with 100% DE was reported by Sayyah

et al. (6)

Of concern in our study is the high proportion of
items (50%) with NFDs. It was not surprising to have

a large number of items with NFDs in an examination

where training of faculty in item generating is required.

One must expect 50% of the items for teacher- generated

tests (s). Faculty often use implausible distractors when

they find it difficult to develop good distractors.

When we have a large number of implausible items

in a test, it is worth examining the number of distractors

to be used in future assessments. Flaws in MCQs affect

the performance of the students.

Our study found a significant negative correlation

between the DIF I and DI, signiffing that with increasing

ease of an item, the discriminating power of the item

decreases. Items with lower DI should be assessed

for ambiguiry clues and even wrong keys. Our items



had four options: one correct answer (key) and three

distractors. For improving any test, it is not the number

of distractors, but the plausibility of the distractors that

need focus. Evidence supports the use ofthree options. A
meta-analysis of multiple questions with three options,

over 80 years of research, shows that three options are

appropriate(r7). One can examine if there is a need to

increase or decrease the number of distractors. Teachers

must use evidence to improve the quality of tests they

construct.

Strength and Limitations

To the best of our knowledge, this is the first study

conducted in the basic sciences course of the Nursing

program in Saudi Arabia, to analyse items of a faculty-

generated exam. The number of examinees on whom

the test was administered was small in number. Further

studies on larger student population will help to improve

the assessment strategies in the undergraduate Nursing

curriculum. The outcomes observed in this study is

limited to one exam in one course and does not reflect

other academic courses. Since we have not randomly

selected the test, there is an element of sampling bias.

Results from this study highlight the importance of
analysing items after test administration and using the

results to develop test banks.

CONCLUSION

Generating high-quality items and developing

test banks is an important activity in the educational

assessment. Analysing the items, to identiff qualiry

MCQs and banking them will enhance the assessment

techniques. Items that fail to discriminate students need

to be modifled. Distractors that do not serve the purpose

must be discarded. Faculty training in item generation

will enhance the quality of the test items. The results

of this study will help to change the way MCQs are

developed and used in the educational assessment' It
will provide the basis for modifying the assessment

strategy in the curriculum.
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