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Objectives

• Define test reliability 

• Interpret KR-20 statistic

• Evaluate item difficulty (p value)

• Define and interpret the point biserial correlation

• Evaluate distractor quality

• Differentiate among poor, fair, and good test items



Workshop Format 

1.What is Multiple Choice Test Item 

Analysis?

2.Background information

3.Fundamentals 

4.Guided Practice

5.Individual Practice



What is Multiple Choice 

Test Item Analysis?

Statistically analyzing your multiple 

choice test items so that you can 

ensure that your items are effectively 

evaluating student learning. 



Norm-referenced or 

Criterion-referenced
Norm-referenced – defines the performance of 

test-takers in relation to one another. Use the 

frequency distribution and can rank students. 

Often used to predict success like GRE or GMAT.

Criterion-referenced – defines the performance of 

each test taker without regard to the 

performance of others. The success is being able 

to perform a specific task or set of competencies. 

Uses a mastery curve. 



Why we do it?

Valuable in improving items which will be used 

again in later tests. 

Useful to eliminate ambiguous or misleading items 

in a single test administration. 

Valuable for increasing instructors’ skills in test 

construction. 

Helps identifying specific areas of course content 

which need greater emphasis or clarity. 



Is item analysis data 

synonymous with item 

validity or item quality?

There are a variety of reasons an item may 

have low discriminating power

Caution is needed in interpreting item 

analysis results.

Therefore, let’s come together to talk 

about unpacking the post-exam data!



What does a Test Score Mean?

A score is a reflection of what you 

really knew (true score) and its error 

(things like atmosphere, nerves, etc. 

that modify your true score).

The purpose of a systematic approach 

to test design is to reduce error in test 

taking. 



Reliability 

and 

Validity



Reliability and Validity

Reliability – the test scores are consistent

Test-retest reliability (measure of an individual score is 

consistent over time)

Inter-rater reliability (consistency of individual judges’ 

ratings of a performance)

Validity – the test measured what it was supposed 

to measure. 

You want your test to be both 

reliable and valid



Validity: Does the test measure what it 

claims to measure? 

According to the Standards for Educational and 

Psychological Testing (1999): 

“Validity … refers to the appropriateness, 

meaningfulness, and usefulness of the inferences made 

from test scores.” Therefore, it is not a test, but rather 

the inferences drawn from a test that are ultimately 

evaluated for validity. 



Reliability: Does the test provides a 

consistent measurement? 

A test (or test item) is reliable, when high-

scoring test-takers consistently answer the 

question(s) correctly and low scoring test 

takers consistently answer the questions 

incorrectly. 



Actual Situation 

Reliability is determined by the same students taking 

the same exam today that they took yesterday. If 

they make the same score on the second day that 

they made on the first day, the test is reliable Right? 

•WRONG—they would have previous experience with 

the exam and such experience would influence their 

scores on the second examination experience. 

•Statistical measures that describe the internal 

consistency (reliability) of exam scores using the result 

of only one test 



How do we measure 

Reliability?
Test reliability is a measure of the accuracy, consistency, or 

precision of the test scores.      

Statistics:

Coefficient (Cronbach) Alpha – generally used for surveys or tests 

that have more than one correct answer

Kuder-Richardson Formula (KR-20) – Measures inter-item 

consistency or how well your exam measures a single construct.  

Used for knowledge tests where items are scored correct/incorrect 

(dichotomous)

KR-21 – Similar to KR-20 but underestimates the reliability of an 

exam if questions are of varying difficulty



Interpreting KR-20

KR-20 statistic is influenced by:

Number of test items on the exam

Student performance on each item

Variance for the set of student test scores

Range:  0.00 – 1.00

Values near 0.00 – weak relationship among items on test

Values near 1.00 – strong relationship among items on test

Medical School exams should have a KR-20 of ≥ .70 



Improving Reliability

Reliability can be improved by:

Writing clear and simple directions

Ensuring test items are clearly written and 

follow guidelines for construction

Assuring that test items match course 

objectives and content

Adding test items; longer tests produce 

more reliable scores



Item Analysis

How you interpret the results of a test and use 

individual item statistics to improve the quality of 

Terms used

Standard deviation – range above and below the average 

score, the more the scores are spread out the high the SD

Mean – average score

N – number of items on the test

Raw scores – actual scores

Variance = standard deviation squared



Item Analysis 

The presence of even a few poor items on an 

exam reduces reliability, sometimes to a great 

extent 

The more items you have, the greater the 

chance of poor test items. 

Length of exam 

50 items 

70-100 for comprehensive exam 



Fundamentals of 

Item Analysis
1.Were any of the items too difficult or 

easy?

2.Do the items discriminate between those 

students who really knew the material 

from those that did not?

3.What is the reliability of the exam?



Were any of the items too 

difficult or too easy?

Use the Difficulty Factor of a question

Proportion of respondents selecting the right 

answer to that item

D = c / n

D = difficulty factor

c = number of correct answers

n = number of respondents



Item Difficulty

 Item Difficulty (p value) – measure of the proportion 

of students who answered a test item correctly

Range – 0.00 – 1.00

Ex.  p value of .56 means that 56% of students answered 

the question correctly.

p value of 1.00  means that 100% of students answered 

the question correctly.

For medical school tests where there is an emphasis 

on mastery, MOST items should have a p-value of 

.70 or higher.



Do the items discriminate between 

those students who really knew the 

material from those that did not?

The Discrimination Index

DI = (a-b) / n 

a=response frequency of the High group

b=response frequency of the Low group

n-number of respondents

Point- Biserial Correlation Coefficient (PBCC)



What is a point biserial correlation?

The point biserial correlation coefficient PBCC:

Measures test item discrimination

Ranges from -1.00 to 1.00

A positive point biserial indicates that those scoring high on the total 

exam answered a test item correctly more frequently than low-scoring 

students.

A negative point biserial indicates low scoring students on the total test 

did better on a test item than high-scoring students.

Items which discriminate well are those which have difficulties 

between .3 and .7

As a general rule, a point biserial of ≥.20 is desirable.  



Point Biserial Analysis

 Items that are very easy or very difficult will have low ability to discriminate.

 Such items are often needed to adequately sample course content and 

objectives.

 Positive coefficient means that test-taker who got the item right generally 

did well on the test as a whole, while those who did poorly on the item did 

poorly on the test.

 Negative coefficient means that the test-taker who did well on the test 

missed the item, while those who did poorly got the item right.

 A negative point biserial suggests one of the following:

 The item was keyed incorrectly.

 The test item was poorly constructed or was misleading.

 The content of the item was inadequately taught.

 Zero coefficient means that all test-takers got the item correct or incorrect. 



Powerful Measure of Discrimination 

Point Biserial Correlation Coefficient (PBCC) 

Range from -1 to +1 

0.30 & above-Excellent item 

0.20-0.29-Good 

0.15-0.19-Acceptable 

0.10-.14- Poor and revise 



Item Discrimination Ratio (IDR) 

 IDR is the difference between the lower-scoring 27% and 

the upper-scoring 27% of test takers who answered the 

test correctly 

An acceptable IDR is 25% or above. Items with scores 

below this are poor discriminators. 

 Items with an IDR of 40% or above are excellent 

discriminators. 

 Items with zero discrimination or a negative discrimination 

should probably not be used again. 



Distractor Analysis

Addresses the performance of incorrect 

response options.

Incorrect options should be plausible but 

incorrect.

If no one chooses a particular option, the option 

is not contributing to the performance of the test 

item 

The presence of one or more implausible distractors 

can make the item artificially easier than it should be.



Parameters for Test Item Difficulty 

Difficulty level=% of correct responses to a test Item 

Depends on number of distracters, there is a 

different % of correct responses 

3 options -66% 

4 options- 63% (Standard for most medical 

professions) 

5 options-60% 

75%-85% is the usual standard 



We seek for 

High Discrimination! 

Questions should 

provide viable 

alternatives so that they 

require a high degree of 

discrimination to answer. 



Item Analysis – 3 Steps 

1.Review Difficulty Level – percent 

correct 

2.Review Discrimination Data 

Item Discrimination Ratio (IDR) 

Point Biserial Correlation Coefficient (PBCC) 

3.Review Effectiveness of Alternatives 

Response Frequencies 

Non-distracters 



Example 1

Test Item Analysis Practice

Interpretation:

 Correct answer is A

 p value = 83.51

 question answered correctly 
by 83.51% of class

 point biserial of 0.40

 ≥ 0.20 – high scoring 

students were more likely to 

choose the correct answer

 all distractors chosen

 GOOD QUESTION



Example 2

Test Item Analysis Practice

Interpretation:

Correct answer is C

p value = 25.57
 question answered correctly by  

only 25.57% of class

point biserial = -0.14
 <0.20 – low scoring students 

were more likely to choose the 

correct answer

 POOR QUESTION



Example 3

Test Item Analysis Practice

Interpretation:

Correct answer is D

p value = 97.73

 question answered 

correctly by 97.73% of class

Point biserial = 0.08

 <.20 – BUT almost all 

students answered correctly 

so item is unable to 

discriminate.  This is okay if 

item tests a concept all 

students are expected to 

know.

 FAIR QUESTION



Review the following test 

item statistics:
What can you conclude 

about this test item?  

Self-Assessment Practice

The distractors were implausible and 

should be replaced.

Low scoring students got this item 

correct more often than high-

scoring students.

More than 10% of the class 

answered this question incorrectly.

This test item showed high 

discriminative ability and should be 

retained.



Feedback:

• 90.29% of the class answered this item correctly.

• The point biserial was 0.57 which indicates high 

discriminative ability (>.20 cutoff criterion). 

• High-scoring students were more likely to 

answer this item correctly.



Why Review the Exam?

Purpose - statistically analyze multiple choice 

test items to ensure items are effectively 

evaluating student learning.
1. Were any of the items too difficult or easy? (Difficulty index)

2. Do the items discriminate between those students who really 

knew the material from those that did not? (Discrimination index 

or Point Biserial)

3. What is the reliability of the exam? (Kuder 20)



Why Review the Exam?



Interpretation of Test Items 
Discrimination Data 

Is information outdated? 

Is content being taught differently? 

Is the test item being shared by students? 

Is the size of the group small? 

Is student absence influencing the item 

discrimination data? (Might want to use 

cumulative data if you have it.) 



Actions for poor test items 

1.Give credit for more than one answer. 

Total # of items remains the same; many students’ exam scores 

are likely to increase. 

2.Nullify test item by giving credit for all choices. 

Total # of items remain the same; scores of students who 

answered it incorrectly will increase and students who answered 

it correctly will stay the same. 

3.Delete the item from the exam. 

Total number of items decreases, scores of student that 

answered it incorrectly will increase; scores of students who 

answered it correctly will decrease. 



Determination of Acceptable 
Statistical Parameters 

What is the acceptable number of mastery 

items to include? 

What is the minimum acceptable difficulty 

level for a test item? 

What is an acceptable discrimination level 

(PBCC)for a test item? 

What is an acceptable reliability coefficient 

for the exam? 



Standards of Acceptance 

Item difficulty 30% - 90% 

Item Discrimination Ratio 25% 

and Above 

PBCC 0.20 and Above 

KR20 0.70 and Above 



Item Writing Rules 

Get rid of names 

Get rid of ‘multiple’ multiples 

Use non-sexist writing style 

Develop parsimonious writing style 

Cross out “of the following” 

Delete scenarios 

Write items independent of each other 



…and More Rules 

Use a question format when possible 

Make distracters plausible and 

homogeneous 

Equal in length 

No opposites 



…and More Rules 

Eliminate “all of the above” and 

“none of the above” 

Rewrite any “all except” questions 

Ensure that alternatives do not 

overlap 

Vary correct answer 



REVIEW 
STEPS

Evaluate 

KR-20

Evaluate

p value of 

each test item

Evaluate 
point biserial 

of correct 
answers

Evaluate the 
value of  

distractors

Revise, rewrite, 
or discard test 

items as 
needed
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Teaching-Learning Activity 

Divide into groups 

As a group, revise assigned test item(s) 

Select Group Reporter

Present answers to questions on test 

item(s) 



Activity: Item Analysis

 Review the item statistics for the exams and answer the following questions when possible:

 Which item(s) would you remove altogether from the test? Why?

 Which distractor(s) would you revise? Why?

 Which items are working well?

 What does the pattern of responses for the correct and incorrect alternatives across the 

various splits tell you about the item?

 Which distractor(s) would you revise? Why?

 How can you use the frequency counts (and related percentages) to determine how the 

class did as a whole?

 How would you use the standard scores to compare 1) the same students across different 

tests or 2) the overall scores between tests?


