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Normalized Gain

·The normalized gain was popularized by 

Hake1 in his extensive study of 

introductory physics instruction.

·The normalized gain, g,  is defined as

·The normalized gain measures the 

fraction of the available improvement that 

is obtained.
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Motivation for Examining 

Corrections to the Normalized 

Gain
· The normalized gain is used to characterize conceptual gains 

in introductory physics classes at the University of Arkansas. 

· Students taking the second-semester electricity and 
magnetism course have a historical pretest average of 30%. 

· Interviews with students suggest that the low pretest scores 
results from an unfamiliarity with the material, not from 
strongly held misconceptions.

· An average score of 20% would be expected if the students 
simply guessed on the five multiple-choice responses of the 
concept inventory. 

· This suggests that the multiple-choice nature of the concept 
inventories may substantially inflate the pretest score.



Study Purpose

To develop a correction to the pretest, 

posttest, absolute gain (G=posttest-

pretest), and normalized gain, g, that 

corrects for random guessing on multiple-

choice instruments. 



Method

·Conceptual pretests and posttests were administered 
to all students in the introductory calculus-based 
mechanics and electricity and magnetism classes at 
the University of Arkansas.

·The mechanics class was given the Force Concept 
Inventory2 (FCI) and the electricity and magnetism 
class the Conceptual Survey in Electricity and 
Magnetism3 (CSEM).

· In addition to the answer to each question, the 
students were asked to indicate whether they were 
Sureof their answers or whether their answers were 
a Guess.

·The students were told that they would be graded 
based on the criteria on the next slide.



Problem Grading

Student Selected 

òIõm Sureó

Student Selected 

òIõm Guessingó

Problem Correct 1 1/2

Problem Incorrect -1/4 0

Points scored for problem out of one point.

Students who indicated they were guessing were guaranteed 

to lose half the points on the problem, but were not penalized 

additionally with a subtraction.



Correcting Test Scores

·A student who selects òIõm guessingó for a 

problem is sufficiently unsure of the 

answer to sacrifice half the points on the 

problem to avoid a penalty; the answer 

really is a guess and should not be 

counted toward the total. 

·The correct test score, therefore, should 

be the number of correct questions 

where the student answered òIõm sureó.



Results

Raw Corrected Change Percent 

Change

FCI Pretest 45.2 29.7 -15.5 -30

FCI Posttest 73.5 69.4 -4.1 -6

FCI Gain 31.0 39.7 8.7 30

FCI g 0.57 0.58 0.01 3

CSEMPretest 29.7 9.0 -20.7 -69

CSEM Posttest 65.9 56.7 -9.2 -14

CSEM Gain 36.2 47.7 11.2 32

CSEM g 0.52 0.52 0.00 1

Note the large corrections for the pretest score and the absolute 

gain, G.



Pooled Test Results

Pretest and posttest data for both FCI and CSEM are pooled 

to produce a single test correction.


