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Objectives
The objectives of this unit can be summarized as below :
• To discuss about the meaning of item analysis

• To describe about the need of item analysis

• To explain about the process of item analysis

• To describe about the Difficulty index and Calculation of difficulty value of items

• To explain about correcting difficulty indices for chance errors.

• To describe about the discrimination index and calculating discrimination value by formula

• To explain about the relationship between difficulty index and discrimination Index

• To discuss about the effectiveness of distractors

Introduction
After having administered a test and marked it, most teachers would discuss the answers with
students. Discussion would usually focus on the right answers and the common errors made by
students. Some teachers may focus on the questions most students performed poorly and the
questions students did very well. However, there is much more information available about a
test that is often ignored by teachers. This information will only be available if the Item Analysis
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is done. What is item analysis ? Item analysis is a process which examines the responses to
individual test items or question in order to assess the quality of those items and the test as a
whole. Item analysis is especially valuable in improving items or questions that will be used
again in later tests, but it can also be used to eliminate ambigous or misleading items in a single
test administration. Specifically, item analysis is the process of finding out the difficulty index,
discrimination index and the effectiveness of distractors. [We will discuss each of these components of item
analysis in detail later].

The quality of a test is determined by the quality of each item or question in the test. The teacher
who constructs a test can only roughly estimate the quality of a test. This estimate is based on the
fact that the teacher has followed all the rules and conditions of test construction. However, it is
possible that this estimation may not be accurate and certain important aspects have been ignored.
Hence, it is suggested that to obtain a more comprehensive understanding of the test, item
analysis should be conducted on the responses of students. Item analysis is conducted to obtain
information about individual items or questions in a test and how the test can be improved. It
also facilitates the development of an item or question bank which can be used in the construction
of a test (Anastasi, 2001).

10.1 Meaning of Item Analysis
The success of a test depends on two factors. First, how successfully a test measures our prescribed
objectives, and second, can each item in the test discriminate between bright and dull students or
not. If a test is not capable of measuring the given objectives meaningfully and discriminating
students, then it cannot be called a successful test.

When a test is constructed, it is begun by noting down the desirable behavioural or personality
trait, and the statements or problems relating to them. As a common rule, the number of these
statements or test items is far larger than the desirable number in the test. It is done so that the
tests found not fit for final inclusion can be deleted. Therefore, an important task of a test-maker
is to verify the test items and select only those which are good enough, reliable, valid and which
fulfil the objectives. This whole process is called item-analysis.

As far as item-analysis is concerned, Freeman has opined that two aspects should be chiefly
considered while undertaking item-analysis : first, the difficulty level of items and second,
discriminating value of test items. According to Guilford, before the final form of the test is
constructed, the method of item-analysis must be applied. The different attributes of the whole
test are dependent on the items included in a test, such as mean variance, form of score distribution,
reliability and validity.

According to Lamark, “The procedure used to judge the quality of an item is called item-analysis.”

10.2 Need of Item-Analysis
The chief objective of item-analysis of a test is to select those items which are suitable, reliable
and valid for that class of students or individuals for whom the test has been constructed. A good
test requires good test items. If the test items of a test are objective-oriented, and are also reliable
and valid, then the test becomes useful. Selecting such items is the purpose of item-analysis.

In brief, item-analysis is needed for the following purposes :

1. Rejecting the items which are weak and have double meaning.

2. Each selected item should represent the whole test.

3. Determining the number of items to be included in the test.

4. Expressing the defects in the responses of the students.
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of statistical and analytical techniques which may be applied for the purpose of improving tests,
examinations, quizzes and other mental measurement devices.”

—  Harper, Proceedings of the 62nd Indian Science Congress, Part 2nd Presidential Address (1974)

Criteria for Item-analysis : The purpose of item-analysis is to select suitable and good test items
from the many items the test-maker has made. For this, each item is evaluated. Besides, it is
determined on the basis of a certain criterion which item is good and should be selected, and
which item is not good and should not be selected. This decision is taken on two bases :

1. Difficulty index, and

2. Discrimination index or validity index.

If the difficulty index and discrimination index of an item are of the desired level, then that item
is selected. There is no definite formula or principle to determine what should be the difficulty
and discrimination indices of an item. This depends on the objective of the test and the insight
and vision of the test-maker. If a test is survey-type, then the questions with difficulty index
between 20-80 and with discrimination index. 3 or more, are considered suitable. If a test has
been made with a view of selection, then its difficulty index should be between 10-50 and
discrimination index should be about .4 or .5. To calculate difficulty index of a question, it is
found how many people in the sample have solved the item correctly, and then this is simplified,
and if it is lower, then it is made more difficult, Besides, each item’s discrimination index is
correlated with the entire test. It is assumed that the whole test measures that trait for which it
has been constructed. Therefore, if the correlation of an item is more than the whole test, then it
is understood that item measures that trait, that is, the item is valid.

Item-analysis is also called ‘evaluation of the test’ or ‘try-out stage of test construction’.
This is an extremely important step of the test, and no test can be completed without this
process.

10.3 Process of Item-Analysis
To undertake item-analysis, at first the test is administered to a sample of those individuals or
students for whom it has been constructed. After that, all test papers are marked and the following
processes are sequentially followed :

1. Test-papers or answer-sheets are arranged in the ascending order of scores.

2. To prepare item-analysis chart. In this chart, at first, the serial number of items is written in
the columns. On the left, the names or serial number of students are written in rows. Thus,
the chart is divided into many rows and columns, and when lined, they make several cells.

3. After this, the answer-sheet of each student is taken and it is seen whether he has solved it
correctly or not, and a right tick mark is given for the right response and a cross mark is
given for the wrong response. Thus, all test items are marked on the chart. At the end of the
chart, two rows are made where the difficulty index and discrimination index are written.

4. In each column of the chart from top to bottom, the right tick marks are counted and are
changed into percentage in order to write them in the form of difficulty index. Thus, difficulty
index is calculated in respect of all test items.

5. To calculate discrimination index, we divide the analysis chat into almost three equal parts
from top to bottom.
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For example, if one hundred students were administered the test, then the first and third
part will have 33 students and the second part will have 34 students. The second part will be
covered with a white sheet and stapled. Now, the total of the right responses in the first part
and third part will be written in the white sheet. Now, the number of students in the third
part who have attempted a particular item correctly will be deducted from the number of
students in the first part who have attempted that particular item correctly. The difference
thus obtained will be divided by N/3. The coefficient thus obtained will be called its
discrimination index. Thus, discrimination index will be calculated for each item, and it will
be written in the last row of the chart.

Following is the formula for calculating discrimination index :

V. I. = 
T B
N/3
−

Where,      T = Top group

     B = Bottom group

    N = sample size

6. Now, each item of the test in the chart is studied to see whether its difficulty index is
between 20-80 or 10-50 as per the objective of the test and whether its discrimination index
is above .3 or not. The items which pass these two criteria are selected. As many items are
selected and written separately as are needed for the test. Thus, the final form of the test is
readied, which is further verified for its reliability, validity and norms in order to make it
standardized.

Some scholars do not take one-third of the samples as above, but they take only top 27%
and bottom 27% of the sample. It is tabulated which tells the above requirements easily.
According to the opinion of Kelly, the formula of top-bottom 27% is considered valid and
suitable because on its basis it can be decisively said whether the top group is superior and
the bottom group is inferior. If a smaller top-bottom group is taken, then these groups are
too small to decide something. Still, there is no definite rule in this regard. The higher is the
number of candidates in the top-bottom group, higher will be the discrimination index.

External Criterion for Item-analysis : In the above discussion, the basis for validity of each
item was internal, that is, it was accepted as the criterion measure of the whole test, and its
correlation was calculated in respect of the whole test. This type of assumption and logic is
rational. On this basis, we can say that each item evaluates that trait which is evaluated by
the test as a whole, but we cannot say how far it evaluates that trait which it ought to.
Generally we take an external criterion in order to ascertain that each item in the test is
evaluating the trait for which it has been included in the test, and thus each item is validated
on the basis of that external criterion. In the view of Ryens, no specific assistance is offered
by the external criterion.

Steps In Item Analysis

Let us take an example of teacher who has administered a 30 item multiple-choice objective
test in geography to 45 students in a secondary school classroom.

Step 1 : Obviously, upon receiving the answer sheet, the first step would to mark each of
the answer sheets.

Step 2 : Arrange the 45 answer sheets from the highest score obtained until the lowest
score obtained. The paper with the highest score is on top and the paper with the
lowest score is at the bottom.
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rounded up to 12. The use of the value 0.27 or 27% is not inflexible. It is possible
to use any percentage between 27% to 35% as the value.

Step 4 : Arrange the pile of 45 answer sheets according to scores obtained (highest score
to the lowest score). Take out 12 answer sheets from the top of the pile and 12
answer sheets from the bottom of the pile. Call these two piles as “high marks”
students and “low marks” students. Set aside the middle group of papers (21
papers). Although these could be included in the analysis, using only the high
and low groups simplifies the procedure.

Step 5 : Refer to Item # 1 or Question # 1,

• Count the number of students from the “high marks” group who selected each of the
options (A, B, C and D),

• Count the number of students from the “low marks” group who selected the options
A, B, C or D.

Question 1 : Geography Test

What is the fertile area in the desert in which the water reaches the ground surface called ?

A. mirage

B. oasis

C. water hole

D. polder

Item Analysis

Options A B © D Blank

High Marks Group (n = 12) 0 11 1 0 0

Low Marks Group (n = 12) 3 2 3 4 0

Table 10.1 Item Analysis for One Item or Question

From the analysis, 11 students from the “High Marks” group and 2 students from the “Low
Marks” group selected ‘B’ which is the correct answer. This means that 13 out of the 24 students
selected the correct answer. Also, note that all the distractors; A, C, & D) were selected by at least
one student. However, the information provided in Figure 8.1 is insufficient and further analysis
has to be conducted.

10.4 The Difficulty Index
Using the information provided in you can compute the ‘Difficulty Index’ which is a quantitative
indicator with regards to the difficulty level of an individual item or question. It can be calculated
using the following formula :

Difficulty Index = 
( )

( )
Number of Students with the Correct Answer R

Total number of Students who Attempted the Question T

= 
R
T  = 

13
24  = 0.54

What does a Difficulty Index (p) of 0.54 mean ? The difficulty index is a coefficient that shows the
percentage of students who got the correct answer compared to the total number of students in
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the two groups who answered incorrectly. In other words, 54% of students selected the correct
answer. Although our computation is based on the high and low scoring groups only, it provides
a close approximation to the estimate that would be obtained with the total group. Thus, it is
proper to say that the index of difficulty for this item is 54% (for this particular group). Note that,
since difficulty refers to the percentage getting the item right, the smaller the percentage figure
the more difficult the item. Lein (1980) provides these guidelines on the meaning of the difficulty
index as follows :

>  0.70 = Easy

    0.30 – 0.69 = Moderate

<  0.29 = Difficult

Table. 8.4 Interpretation of the Difficulty Index (p)

If a teacher believes that the achievement 0.54 on the item is too low, he or she can change the
way he or she teaches to better meet the objective represented by the item. Another interpretation
might be that the item was too difficult or confusing or invalid, in which case the teacher can
replace or modify the item, perhaps using information from the item’s discrimination index or
distractor analysis.

Activity

A teacher gave a 20 item science test to a group of 35 students. The correct answer for
Question # 25 is ‘C’ and the results are as follows :

Options A B C D Blank

High Marks Group (n = 10) 0 2 8 2 0

Low Marks Group (n – 10) 2 4 3 2 1

(a) Compute the difficulty index (p) for Questions # 25.

(b) Is Question # 25 an easy or difficult question ?

(c) Do you think you need to improve Question # 25 ?

10.5 Calculation of Difficulty Value of Items
The ratio of students’ group that solves a question correctly or knows it actually is called its
difficulty index. Difficulty index assists to arrange items in sequence, and indicates what item
will be placed first and what item will follow it or will come in the end. There is no definite
suitable method to ascertain difficulty index, still following are the chief methods used to calculate
difficulty index :

1. By right response of the 27% top group and 27% bottom group.

2. 35% Harper’s facility index method.

3. By right response of the 50% top group and 50% bottom group.

4. By right response of the 33% top group and 33% bottom group.

5. By formula method.

Generally, 27% top and 27% bottom group method is used, but 50% top and 50% bottom group
is taken in case of a smaller group (N < 100) Here we shall discuss only the first four methods
only :
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For example, a subject teacher wants to prepare a weekly objective test containing 10 items. He
has included 16 items in the initial draft and administered it on 10 students. In this case, the
difficulty index and discrimination index of this test will be calculated as follows :

Item Analysis Table

Item Student 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 Score

No.

1. Usha Pande × × × 13*

2. Mukta Gulati × × 14*

3. Jnana Prakash × × × × 12*

4. Imran × × × 13*

5. Karuna × × × × × × × × × × 6

6. Jitendra × × × × × × × × × × × ×  4

7. Sunil Tomar × × × × × 11*

8. Rajendra × × × × × × × × × × ×  5

9. Amandeep × × × × × × × × 8

10. Puja Chandela × × × × × × × 9

The total number of students is 10. Therefore, the top group and the bottom group will comprise
of 50% each, thus containing 5 students each. On arranging scores in descending order :

Scores Students

14 Mukta Gulati

13 Usha Pande

13 Imran

12 Jnana Prakash 50% superior group

11 Sunil Tomar

9 Puja Chandela

8 Amandeep

6 Karuna 50% inferior group

5 Rajendra

4 Jitendra

After this, right responses in each of superior group and inferior group will be counted for each
item. The number of right responses of each item will be divided by the total number of students
of each class, and the value obtained thus will be the difficulty index. It is clear from the above
table that Usha Pande, Mukta Gulati, Jnana Prakash, Imran and Sunil Tomar have answered
almost all questions correctly, so they have been placed in the superior group. On the other hand,
the remaining students : Karuna, Jitendra, Rajendra, Amandeep and Puja Chandela have answered
almost all questions wrongly, so they have been placed in the inferior group.
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Difficulty Level Index

                          Higher Group             Inferior Group  Joint Difficulty Index

Item Number of Difficulty Number of Difficulty  (RH = RL)

No. right responses index (RH) right responses index (RL)

1. 5 5/5 1.00 3 3/5 .60 1.60 .80

2. 5 5/5 1.00 3 3/5 .60 1.60 .80

3. 5 5/5 1.00 3 3/5 .60 1.60 .80

4. 3 3/5 .60 2 2/5 .40 1.00 .50

5. 5 5/5 1.00 1 1/5 .20 1.20 .60

6. 5 5/5 1.00 0 0/5 .00 1.00 .50

7. 2 2/5 .40 1 1/5 .20 0.60 .30

8. 3 3/5 .60 1 1/5 .20 0.80 .40

9. 4 4/5 .80 1 1/5 .20 1.00 .50

10. 4 4/5 .80 1 1/5 .20 1.00 .50

11. 4 4/5 .80 1 1/5 .20 1.00 .50

12. 5 5/5 1.00 3 3/5 .60 1.60 .80

13. 5 5/5 1.00 3 3/5 .60 1.60 .80

14. 3 3/5 .60 3 3/5 .60 1.20 .60

15. 1 1/5 .20 3 3/5 .60 0.80 .40

16. 4 4/5 .80 3 3/5 .60 1.40 .70

Difficulty Index (D.I.) = H LR R
2
+

Where, D. I. = Difficulty Index

RH = Right responses in Higher Group

RL = Right responses in Lower Group

In the above table, the items with .80 difficulty index is the easiest and with .30 is the most
difficult.

In order to calculate discriminating value, the difference between the number of right responses
in the two groups is found out. This is called the discrimination index or validity index (V.I.).
This is,

V.I. = RH – RL (N being the same for both groups)

The following table displays the discriminating value or validity index :
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Item No. Number of right Number of right Degree of

responses in responses in inferior (V.I. = RH –RL) Value Validity

superior group (RH) group(RL)

1. 5 3 +2 Ordinary

2. 5 3 +2 Ordinary

3. 5 3 +2 Ordinary

4. 3 2 +1 Bad

5. 5 1 +4 Very good

6. 5 0 +5 Best

7. 2 1 +1 Bad

8. 3 1 +2 Ordinary

9. 4 1 +3 Good

10. 4 1 +3 Good

11. 4 1 +3 Good

12. 5 3 +2 Ordinary

13. 5 3 +2 Ordinary

14. 3 3 0 Very bad

15. 1 3 – 2 Negative

16. 4 3 +1 Bad

It is clear from the above table that the V.I. of the 15th item is negative. It means that the number
of right responses in the inferior group is more than the number of right responses in the
superior group. Therefore, this item is not suitable and it should not be included in the final draft
of the test. In the same way, the discriminating value of 14th item is zero, which means that this
question cannot discriminate between good and bad students, because both types of students can
attempt it correctly, and from this viewpoint, this is not suitable for inclusion in the final test.
Besides, the discriminating value of 4th, 7th and 16th questions is not satisfactory, so they will
have to be excluded from the final draft. The remaining questions can be selected in the final
draft with regard to their difficulty index and discriminating value.

Selection of Items for Final Form of the Test

Item No. Difficulty Index Discriminating Value Result

1. .80 + 2 Selected

2. .80 + 2 Selected

3. .80 + 2 Selected

4. .50 + 1 Excluded

5. .60 + 4 Selected

6. .50 + 5 Selected

7. .30 + 1 Excluded

8. .40 + 2 Selected

9. .50 + 3 Selected
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10. .50 + 3 Selected

11. .50 + 3 Selected

12. .80 + 2 Selected

13. .80 + 2 Selected

14. .60 0 Excluded

15. .40 – 2 Excluded

16. .70 + 1 Excluded

Thus, items 1, 2, 3, 5, 6, 8, 9, 10, 11, 13 and 13 have been selected for the final form of the test.

10.5.2 Calculating Difficulty Index By Formula
According to the formula method, the following formula is used to calculate difficulty level of
items :

D.I. = 
i

t

N 100
N

×

Where, D.I. = Item difficulty Index

Ni = Number of students attempting it correctly

Nt = Total number of students.

For example, in a test, 120 out 150 students have correctly attempted an item, and 30 students
have attempted it incorrectly, then the difficulty index of that item will be :

D.I. = 
120 100
150

×

= 80% or .80

10.6 Correcting Difficulty Indices for Chance Errors

10.6.1 Guilford’s Formula
There is every possibility while administering a multiple items that students will guess answers
without actually knowing the right responses. In order to curb this tendency, the correction
formula is applied, which is are as follows :

Pc = 
W 1R

K 1 N
⎛ ⎞−⎜ ⎟−⎝ ⎠

Where, Pc =  The percentage of those who know the right responses.

R = The percentage of those who give right response.

W = The percentage of those who give wrong response.

N = The number of candidates in the sample.

K = The number of alternatives.

Example : Supposing out of a total of 300 students, only 240 students have given the right
response for an item, and this item had four alternatives. Now, the difficulty level of this item
will be :
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Pc = 

60240
4 1 300

1⎛ ⎞−⎜ ⎟−⎝ ⎠  [W = N – R]

= 
60240
3 300

1⎛ ⎞−⎜ ⎟
⎝ ⎠

= ( )240 20
300
1

−

= 
220
300  = .733

= .733 × 100 = 73.3% (Difficulty Index in Percent)

Sometimes it is seen in multiple choice items that a student is not able to attempt some items of
the test. It could be due to lack of time or the items being very difficult, or some other cause. Such
items are called unattempted or unreached items. For explanation, supposing in a 50-item test, a
candidate has attempted all questions from 1 to 25, he has not attempted items 26 and 27, and
then he has solved all items from 28 to 40, and has not solved any item after that. In such a
situation, items 41 to 50 will be called unattempted or unreached items, but not items 26 and 27.
besides, there will be three groups of candidates : who have given right responses, who have
given wrong responses and who have not responded.

In solving this type of questions, the formula is amended to the following form :

Pc = 
W 1R

K 1 N NR
⎛ ⎞−⎜ ⎟− −⎝ ⎠

Here, NR is the number of candidates who have not been able to solve an item or have not
attempted it. The remaining all symbols have been used as in the previous formula.

Example : Supposing, a 100-item test was administered to 300 candidates. Each item contained 4
alternatives. This is also assumed that 150 were right responses, 120 were wrong responses and
30 were unattempted. In such a situation, the difficulty index of that particular item will be as
follows:

Pc = 
120 1150
4 1 300 30

⎛ ⎞−⎜ ⎟− −⎝ ⎠

= 
120 1150

3 270
⎛ ⎞−⎜ ⎟
⎝ ⎠

= ( ) 1150 40
270

−

= 
1110

270
×

= 
11
27

= 0.4 ×100

= 40%
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10.6.2 Kelley’s Formula
When the number of students is very large, in such a situation, Kelley’s top 27% and bottom 27%
formula proves convenient, which is as follows :

Pc = 
H L

H L
H H L L

1 W 1 W 1R R
2 K 1 N NR K 1 N NR
⎧ ⎫⎛ ⎞ ⎛ ⎞− + −⎨ ⎬⎜ ⎟ ⎜ ⎟− − − −⎝ ⎠ ⎝ ⎠⎩ ⎭

Where, RH = Number of candidates in top group giving right response

WH = Number of candidates in top group giving wrong response.

NH = Number of total candidates in top group.

NRH = Number of candidates in top group who have not attempted the item.

RL = Number of candidates in bottom group giving right response.

WL = Number of candidates in bottom group giving wrong response.

NL = Number of total candidates in bottom group.

NRL = Number of candidates in bottom group who have not attempted the item.

Example : An achievement test was administered upon a group of 380 students approximately.
The Test-administrator is interested in calculating Difficulty-Index of Item No. 75 by Kelleys, T-
B 27% method for which the different values are as under :

NH = 100, RH = 70, WH = 20 and NRH = 10

NL = 100, RL = 20, WL = 60 and NRL = 20
Solution :

∴ cP = 

20 6070 201 5 1 5 1
2 100 10 100 20

⎧ ⎫− −⎪ ⎪− −+⎨ ⎬
− −⎪ ⎪

⎩ ⎭

= 

20 6070 201 4 4
2 90 80

⎧ ⎫− −⎪ ⎪
+⎨ ⎬

⎪ ⎪
⎩ ⎭

= { }1 70 5 20 15
2 90 80

− −
+

= { }1 65 5
2 90 80

+

= { }1 5200 450
2 7200

+

= 
1 5650
2 7200
×

= 
1 113
2 114
×

= 
113
228

= .39

= .39 × 100

= .39% (Difficulty-Index)
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When the values calculated by the above formulae are different, it presents difficulty in their
comparative study; therefore, another formula is applied which is called Chi-square test formula.
this formula has two forms. The first form is applied in the situation when the value of RH is
more than RL, and the second form is applied when the value of RL is more than RH.

D.P. = 

− −

−
−

H L

L
T

T L

R R 1
RR 1

N NR
(First form, when RH > RL);

and

D.P. = 

H L

T
T

T T

R R 1

RR 1
N NR

− +

⎛ ⎞
−⎜ ⎟−⎝ ⎠

(Second form when RL > RH)

Example : 340 class-10 students were administered a test. All related values of the test are given
below. Find out discriminating value using any square formula.

NH = 100, RH = 65, and NRH = 15

NL =100, RL =25 and NRL = 35

Solution : ∴  Discriminating Value :

= 

H L

T
T

T T

R R 1

RR 1
N NR

− −

⎛ ⎞
−⎜ ⎟−⎝ ⎠

= 

65 26
9090 1

200 50

−

⎛ ⎞− −⎜ ⎟−⎝ ⎠

T H L

T H L

T H L

N =N N
R =R R
NR =NR NR

+⎧ ⎫
⎪ ⎪+⎨ ⎬
⎪ ⎪+⎩ ⎭

= 

65 26
9090 1

200 50

−

⎛ ⎞− −⎜ ⎟−⎝ ⎠

= 

39
390 1
5

⎛ ⎞−⎜ ⎟
⎝ ⎠

= 

39
290
5

⎛ ⎞
⎜ ⎟
⎝ ⎠

= 
39
36

= 
39
6

= 6.5
Therefore,  D.P. = 6.5
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10.6.4 Horst’s Formula
Supposing the students’ responses in a multiple choice item has been noted down as below :

Item Analysis :

(a) Determining the number of actual items 12

(b) Excluding weak and ambiguous items 8

(c) Ensuring that selected items represent the entire test 20

(d) All of the above 10

Here, the alternative (c) is the greatest obstacle because it has attracted most of the students. This
is stronger than even alternative (d). So, Horst has determined some basic assumptions for his
formula S = Dp, which are as follows :

(a) All obstacles do not attract all students equally, though there is an arrangement in their
attraction.

(b) Here importance is given to the most potent obstacle, which is very important from the
viewpoint of multiple choice items.

(c) The most potent obstacle should not be more attractive than the right alternative. If it is so,
then another obstacle should replace it.

In the above formula, placing values in the formula :

S = R –  Dp

   = 10 – 20

   = – 10

Where, S = The number of students knowing the right response in fact.

  R = The number of students giving right response to the item.

Dp = The most potent obstacle.

The negative (minus) mark indicates that nobody known the right alternative. Therefore,
the alternatives should be reformed, which can be as follows :

Self Assessment
1. Multiple Choice Questions :

Choose the correct option :
(i) According to _____ “The procedure used to judge the quality of an item is called item

analysis.

(a) Lamarck (b) Freeman (iii) Guilford (iv) Ryen
(ii) If a test is survey type, then questions with difficulty index between ______ and with

discrimination index .3 or more are considered suitable.

(a) 40–80, .5 (b) 30–80, .2 (c) 20–80, .3 (d) 10–80, .1

(iii) The CP  = 
W 1R

K 1 N
⎛ ⎞−⎜ ⎟−⎝ ⎠  formula is known as ________.

(a) Kelly’s formula (b) Guilford’s formula
(c) Chi-square formula (d) Host’s formula
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(iv) In CP  = 
1
2

H
H

H H

W 1R
K 1 N  – NR

⎧⎛ ⎞− +⎨⎜ ⎟−⎝ ⎠⎩

⎫⎛ ⎞− ⎬⎜ ⎟−⎝ ⎠ ⎭
L

L
L L

W 1R
K 1 N  – NR  the HR  denotes ______

(a) Number of candidates in top group giving right response
(b) Number of candidates in top group giving wrong response
(c) Number of total candidates in top group
(d) Number of total candidates in bottom group

(v) Difficulty percentage = 
H L

L
T

T T

R  – R  – 1
RR 1

N NR
−

−
 is called

(a) Guilford formula
(b) Chi-square test formula
(c) Kelly’s formula
(d) 27% Top and 27% bottom right response method

10.7 The Discrimination Index
The ‘Discrimination Index’ is a basic measure which shows the extent to which a question
discriminates or differentiates between students in the ‘High Marks’ group and ‘Low Marks’
group. This index can be interpreted as an indication of the extent to which overall knowledge of
the content area or mastery of the skills is related to the response on an item. Most crucial for a
test item is that whether a student got a question correct or not is due to their level of knowledge
or ability and not due to something else such as chance or test bias.

Note in our example earlier, 11 students in the high group and 2 students in the low group
selected the correct answer. This indicates positive discrimination, since he item differentiates
between students in the same way that the total test score does. That is, students with high scores
on the test (high group) got the item right more frequently than students with low scores on the
test (low group). Although analysis by inspection may be all that is necessary for most purposes,
an index of discrimination can be easily computed using the following formula :

Discrimination Index =

Number of Students in ‘High Marks’ group (RH) with the Correct Answer u) Minus (—)

Number of Students in ‘Low Marks’ group (RL) with the Correct Answer divided by (÷)

Half the Total Number of Students who Attempted the Question (½T)

Example : A test was given to a group of 43 students and 10 out of the 13 ‘High Marks’ group got
the correct answer compared to 5 out of 13 ‘Low Marks’ group who got the correct answer. The
discrimination index is computer as follows :

= H LR R
½T
−

 = ( )
10 5
½ 26

−
 = 

10 5
13
−

 = 0.38

What does a Discrimination Index of 0.38 mean ? The discrimination index is a coefficient that
shows the extent to which the question discriminates or differentiates between ‘High Marks”
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students and ‘Low Marks’ students. Blood and Budd (1972) provides the following guidelines on
the meaning of the discrimination index as follows :

Value Description Suggestion

> 0.40 high discrimination Question is retained

0.20 – 0.39 moderate discrimination Question is checked & revised

0.10 – 0.19 low discrimination Question is removed or rewritten

0.00 & negative no discrimination Question is removed

Table 10.2 Interpretation of the Discrimination Index

A question that has a high discrimination index is able to differentiate between students who
know and do not know the answer. When we say that a question has a low discrimination index,
it is not able to differentiate between students who know and students who do not know. A low
discrimination index means that more “Low Marks’ students got the correct answer because the
question was too simple. It could also mean that students from both the ‘High Marks’ group and
‘Low Marks’ group got the answer wrong because the question was too difficult.

The formula for the discrimination index is such that if more students in the ‘High Marks’ group
chose the correct answer than did students in the low scoring group, the number will be positive.
At a minimum, then, one would hope for a positive value, as that would indicate that it is
knowledge of the question that resulted in the correct answer.

• The greater the positive value (the closer it is to 1.0), the stronger the relationship is between
overall test performance and performance on that item.

• It the discrimination index is negative, that means that for some reason students who scored
low on the test were more likely to get the answer correct. This is a strange situation which
suggests poor validity for an item.

What is Horst’s formula?

10.8 Calculating Discriminating Value by Formula
To calculate discriminating value of an item by the formula method, we arrange answer books in
a definite descending order after marking them. In this, the answer books with higher scores will
be at the top and those with lower scores will be at the bottom. Now, the top 1/3 of the answer
books are separated into one group and the bottom 1/3 of the answer books are segregated into
another group. The remaining answer books will not be needed. It is clear that the top 1/3
answer books belong to good students and the bottom 1/3 answer books to weak students. Now,
we have to calculate discrimination between these two groups. At first, it is found out what
percent of students in the top group have solved an item correctly, and how many have not.
These will be called P1, Q 1 respectively. Thus, P1 and Q1 are calculated for each item in the top
group. In the same way, the percentage of students in the bottom group solving each item
correctly is found out and how many of them have not solved them correctly. These two will be
called P1  and Q2 respectively. Here too, P2 and Q2 will be calculated for each group. Supposing,
the number of students in the top group is N1 and the number in the bottom group is N1. Though
N1 and P2 are equal, because we take 1/3 of the total number of students.

Supposing, we know P1, Q1, P2, Q2, N1 and N2 for each item. Now, these values are applied in the
following formula in order to know their discriminating value for each item :
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D = 

−

+

1 2

1 1 2 2

1 2

P P
P Q P Q
N N

In this formula, D means discriminating value. If this value is more than 1.96, then we can say
that our items are discriminating, that is, they are good enough to discriminate between good
and weak students. Thus, we calculate the discriminating value for each item. The items having
D higher than 1.96 or 2.00 will be considered as good.

The following formula is used to estimate the discriminating value of the test :

D.P. = PQ

Where, D.P. = Discriminating value

P = Number of students solving items correctly (in percent)

Q = The number of students solving items incorrectly (in percent)

Example : In a test, 50 students have solved an item correctly and the remaining incorrectly.
Estimate discriminating value of the item when the test was administered on 80 students.

Formula, D.P. = PQ

Here, P = 
R 100
N
×

= 
50 100
80

×

= 62.5%

And, Q = 100 – P [or Q = 
W 100
N

× ]

= 100 – 62.5

= 37.5 percent

Thus, D.P. = 37.5 × 62.5

= 2343.5 (about)

[Note : An item with 2500 discriminating value is considered suitable.]

4.27% Top and 27% Bottom Right Response Method : This is a very popular method and it was
mentioned by Garrett in this way.

Under this method, the answer books are arranged in the descending order, that is, the answer
book obtaining the highest marks is placed at the top and the one obtaining the lowest marks is
placed at the bottom. Then the top 27% and bottom 27% are allowed to be the while the remaining
answer books are taken out. Supposing, we had a total of 300 answer books, then the top 81 and
bottom 81 answer books are taken while other 138 answer books are not considered. Now the
top and bottom groups are analyzed for the right responses for each item and their percentage is
found out. Then the difficulty index and bi-serial correlation, that is, discriminating value is
calculated using the table given on the previous page.

The use of table can be explained by the following example :

Example : In an examination, the number of candidates in the top 27% and bottom 27% solving
the first three of the eighty questions is as follows :
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Item No. 27% Top Right Responses 27% Bottom Right Responses

1. 74 50

2. 62 38

3. 42 10

Now, validity index and difficulty index of each item has to be calculated.

We shall use the table for validity index. For item 1, when we move our finger along 27%
column below 74 and 27% row along 50, we come to the point where both these cross each other.
The number written there is 26, that is the validity index of the item. Therefore, the reliability of
this item is .26. All numbers is the intervening numbers in the table have point (fraction). In the
same way, the validity index for item 2 and 3 is .25 and .41.

In order to calculate difficulty index, these two percentages are added and average is calculated.

Therefore, the difficulty index of items 1 = 
74 50

2
+

 = 
124
2  = .62

In the same way, the difficulty index for items 2 and 3 is .50 and .26.

Thus, we make a table, like the one given below, for all 300 items of the test :

Item No. 27% Top Right 27% Bottom Validity Index. Difficulty Index

Responses Right Responses

1. 74 50 .26 .62

2. 62 38 .25 .50

3. 42 10 .41 .16

. . . . .

. . . . .

300 . . . .

The items with .20 or more validity index are considered satisfactory. The items with validity
index less than this are deleted. If a very good test is needed, then only those items are selected
which have a validity index over .50.

10.9 Relationship Between Difficulty Index and Discrimination Index
Theoretically, the more difficult a question (or item) or easier the question (or item), the lower
will be the discrimination index. Stanley and Hopkins (1972) provide a theoretical model to
explain the relationship between the difficulty index and discrimination index of a particular
question or item. According to the model, a difficulty index of 0.2 can result in a discrimination
index of about 0.3 for a particular item  (which may be described as an item of ‘moderate
discrimination’). Note that, as the difficulty index increase from 0.1 to 0.5, the discrimination
index increases even more. When the difficulty index reaches 0.5 (described as an item of ‘moderate
difficulty’), the discrimination index is positive 1.00 (very high discrimination). Interestingly, a
difficulty index of > 0.5 leads to the discrimination index decreasing.
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   Question
too difficult

Question
too easy

0.1 0.50.2 0.60.3 0.7 0.90.4 0.8 1.0
0.00

0.50

0.10

0.60

0.20

0.70

0.30

0.80

0.40

0.90

1.00

Discrimi
-nation
Index

Difficulty Index
Difficulty Index

Theoretical Relationship between Index of Difficulty and Discrimination Index

[source : G. Stanley and D. Hopkins, 1972. Introduction to Educational Measurement and Testing.
Boston : Macmillan.p.270]

• For example, a difficulty index of 0.9 results in a discrimination index of about 0.2 which is
described as an item of low to moderate discrimination. What does this mean ? The more
difficult a question, the harder is for that question or item to discriminate between those
students who know and do not know the answer to the question.

• Similarly, when the difficulty index is about 0.1, the discrimination index drops to about 0.2.
What does this mean ? The easier a question, the harder is for that question or item to
discriminate between those students who know and do not know the answer to the question.

10.10 Effectiveness of Distractors
In addition to examining the performance of an entire test item, teachers are also interested in
examining the performance of individual distractors (incorrect answer options) on multiple-
choice items. By calculating the proportion of students who chose each answer option, teachers
can identify which distractors are “working” and appear attractive to students who do not know
the correct answer, and which distractors are simply taking up space and not being chosen by
many students. To eliminate blind guessing which results in a correct answer purely by chance
(which hurts the validity of a test item), teachers want as many plausible distractors as is feasible.
Analyses of response options allow teachers to fine tune and improve items they may wish to
use again with future classes. Let us examine performance on an item or question.
Which European power invaded Melaka in 1511 ?

Portuguese Dutch Spanish English

               Options A B C D No Response

High Marks Group (n = 12) 5 5 0 2 0

Low Marks Group (n = 12) 3 4 0 5 0

Table : Effectiveness of Distractors


