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Results should be generalizable to new 
readers and new cases. 

The study analysis needs to account for:
 reader variability 
 case variability

Results should be conclusive and 
reproducible.

Sample sizes of readers and cases controls precision.
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Is there an effect of color?

Zabala‐Travers et al, Med Physics, Jun 2015

Performance
with gray scale

Performance with
rainbow scale

=
Null Hypothesis:
There is no effect of color. 

≠
Alternative Hypothesis:
There is an effect of color. 

Performance
with gray scale

Performance with
rainbow scale

HYPOTHESIS TEST
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17 READERS

600 CASES

 2 alternative forced choice

 Which image has the higher intensity?

 We scored number of correct answers

 2 sessions using same set of cases with a
different color scale

 We compared percentage of correct answers
between both modalities.

Reading session, user interface

Zabala‐Travers et al, Med Physics, Jun 2015
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Results

Zabala‐Travers et al, Med Physics, Jun 2015

Average percent correct (PC) of 
answers for all readers and cases: 
EFFECT SIZE:

Difference in performance (ΔPC)  18%
95% 77%
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Results are an average!

There is variability coming from:
 Readers with different skills
 Cases of different difficulty
 The interaction of readers and cases
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Results

Average percent correct (PC) of 
answers for all readers and cases: 
EFFECT SIZE:

Difference in performance (ΔPC)  18%
PRECISION or VARIABILITY:     

Standard error (SE)
95% confidence interval (CI = ΔPC ± 2SE)  

6%
CI (6,30)

HYPOTHESIS TEST:                                   p – value p <0.05
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Zabala‐Travers et al, Med Physics, Jun 2015

95% 77%
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Effect of color on the interpretation of functional 
medical images. Do we need standardization? 

Ongoing multi – institutional reader study. 

Conclusion of the pilot study: 
• Color effect on reader performance is worth 

investigating in the clinical setting. 

• How many readers and cases are necessary to study 
this effect in a clinical setting? 
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Precision

The sample size is a balance between 
resources and precision.

“Costs”

Larger sample size implies:
 Longer reading times
 Larger number of readers 

and casesAs a general rule:
If we want:
 Higher precision
 Less variability 
We need
 A larger sample size
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Variability: readers’ component.

Best 
performance

Poor 
performance

Average
performance
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Result 1: 
Average 
performance

Result 2:
Average to 
good 
performance

Result 3: 
average 
performance

Result 1:
Excellent 
performance

Result 2: 
Average 
performance

Result 3: 
Average to bad 
performance

Study 1:
Sample size: 3 readers

Study 2:
Sample size: 7 readers

Best 
performance

Poor 
performance

Average
performance 11

Variability: readers’ component.
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Result 
1

Result 
2

Result 
3

Result 
1

Result 
2

Sample 
1

Sample 
2

Result 
3

Sample 
3

Readers variability in study 1.

Readers variability in study 2.

Best 
performance

Poor 
performance

Average
performance

A larger number of readers and cases decreases variability.
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Variability: readers’ component.
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iMRMC software tool: 3 steps  
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Step 2: STATISTICAL 
ANALYSIS

Step 3: 
SAMPLE SIZING

Step 1: 
LOAD DATA FILE

rainbow gray

It’s free and open source! Download software and guidelines here:
http://github.com/DISDR/iMRMC/releases/tag/iMRMC‐v2p7

Importance

Pilot study

Precision

iMRMC

1‐ Load data

2 ‐ Analyze

3 ‐ Size 

Summary

S Zabala Travers, MD.                          s.zabala.travers@gmail.com



iMRMC software tool: 3 steps  
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Step 1: 
LOAD DATA FILE

rainbow gray

Input file for the iMRMC: 
 .imrmc or .csv files
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iMRMC software tool: 3 steps  
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rainbow grayrainbow gray

Modality 
performance 
comparison

Hypothesis 
test & decision

Step 2: STATISTICAL 
ANALYSIS
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It’s free and open source! Download software and guidelines here:
http://github.com/DISDR/iMRMC/releases/tag/iMRMC‐v2p7
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iMRMC software tool: 3 steps  
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Step 3: 
SAMPLE SIZING

rainbow gray

SE

The POWER of a reader study is the probability of rejecting the null hypothesis 
when it is false

It is the likelihood that we will detect a difference in performance when it exists

Power improves when precision improves
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It’s free and open source! Download software and guidelines here:
http://github.com/DISDR/iMRMC/releases/tag/iMRMC‐v2p7
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SE
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iMRMC software tool
STEP 3: Sample sizing

SE

SE
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Pilot study results
Reported results from studies using the same modality
A relevant difference in performance 

Where do we get this number from?
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SE

iMRMC software tool
STEP 3: Sample sizing
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Summary
Sizing a reader study is essential to 
obtain precise results.

The iMRMC software is an open‐
source statistical tool for the 
analysis and sample sizing of 
reader studies.

It is free and easy to use!
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Thank you!
s.zabala.travers@gmail.com

Effect of color on the interpretation of functional 
medical images. Do we need standardization? 

Participate as a reader in an on‐going  color study!!!!!
South – Hall A  ‐ BARCO Booth 2559 


