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Illustrating Scenario

• Dairy product company

• Major reformulation of their top vanilla flavored 
yogurt, switching from guar gum to a mixture of 
carrageenan and agar-agar

• Two-step sensory and consumer research approach

• Sensory: Tetrad method with internal panelists

• Consumer: Preference test
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Internal Tetrad Testing

• 24 highly trained discrimination testing panelists

• One tetrad per panelist

• Number of tests correct:

• Binomial, p0 = 33%

• Number for significance at the 0.05 level: Need at least

11
/24

46%

13
/24

Conclusion: Internal Tetrad Testing
New formulation not significantly 
different from original (p > 0.05)
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Consumer Testing

• 120 regular users of vanilla flavored yogurt

• Non-rejectors of the Auroba brand

• One paired preference per consumer

• Results

• Binomial, p0 = 50%

• Number for significance at the 0.05 level: Need at least
72

/120

Conclusion: Consumer Testing
Consumers prefer the current over the new formulation

(p < 0.001)

Prefer
Current

Prefer
New

No
Preference

72 (60%) 28 (23%) 20 (17%)

Prefer
Current

Prefer
New

82 38

Distribute
equally
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Decision Conundrum

Conclusion: Internal Tetrad Testing
New formulation not significantly 

different from original

Conclusion: Consumer Testing
Consumers prefer the current

over the new formulation

• How can we explain this paradox?

• Are the internal panelists less sensitive than consumers?

• Is discrimination testing not able to predict consumer preferences?

• Does the internal program lack statistical power?

• If so, how can you reach the proper statistical power without being too powerful?

• Internal testing cannot 
predict consumers’ opinions

• Company should always test 
with consumers
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FUNDAMENTAL PRINCIPLES

• Two samples will never be identical

• Binomial test on its own tests against the Null 
Hypothesis of “No difference” – Not realistic

• Instead of checking for ‘matching’ (impossible), 
we need to establish ‘small enough’

• Concept identical to that broadly used in 
quality control
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HOW CAN WE ESTABLISH
THE UPPER SENSORY CONTROL LIMIT?

Preference Test
• How big of a difference 

before consumers have a 
preference?

Same-Different test
• How big of a difference

before consumers call
two products “different”?

No difference

Upper Sensory
Control Limit
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UNIT OF
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Options for
Units of Sensory Differences
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Thurstonian Delta

δ

A B

• Delta (δ) = Distance between the two means
in terms of the distributions’ standard deviations

• d’ = Experimental estimate δ

• Delta values vary between 0 and +∞

• Typical values are between 0 and 2
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Method Instructions
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Estimating δ from Experiments

• Thurstonian modeling provides us with the relationships between proportion correct 
and δ for a multitude of discrimination, rating, and ranking methodologies

3-AFC

Triangle

Tetrad

3-AFC

Tetrad

Triangle

Chance level = 1/3

Which sample is different 
from the other two?

Group the samples into 
two groups of two 
based on similarity

Which sample is strongest 
(sweetest, hardest, etc.)?
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HOW CAN WE ESTABLISH
THE UPPER SENSORY CONTROL LIMIT?
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before consumers have a 
preference?

Same-Different test
• How big of a difference

before consumers call
two products “different”?

No difference

Upper Sensory
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THE SAME-DIFFERENT METHOD

A B

Method Instructions

Same-Different

or

Are the two samples 
the same or different?

Sweetness

Tau (τ)

• Same-Different Thurstonian Model provides estimates of both δ and tau !
• Tau can then be used as the estimate of δR !

Same Different

Same
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Decision Conundrum

Conclusion: Internal Tetrad Testing
New formulation not significantly 

different from original

Conclusion: Consumer Testing
Consumers prefer the current

over the new formulation

Tetrad

11/24 
p > 0.05

Preference

82/120 
p < 0.001
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Company Collects Same-Different Data

Response

“Same” “Different”

Pair
37 63

33 67

Same-Different
Thurstonian Model

• 200 consumers
• One pair per consumer 

(same or different)

d’ value Tau value

0.70 0.68

Power Calculation
for Internal Testing Program

• Method = Tetrad
• Alpha = 0.05
• Power (1 – beta) = 80%
• δR = 0.68

N = 227
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BUILDING
THE
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Company Compares the d’ values
from Both Panels

NEW Power Calculation
for Internal Testing Program

• Method = Tetrad
• Alpha = 0.05
• Power (1 – beta) = 80%
• δRINT = 0.84

N = 111

Panel Method # correct N d’

Internal Tetrad 11 24 0.87

Consumer Same-Different NA 200 0.70

Sensitivity Ratio

0.87
------
0.70

= 1.24

24%

>

• δRCONS = 0.68

• δRINT = 0.84
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CONCLUSIONS
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• Use standardized units of sensory differences to allow cross methods/panels comparisons

• The Thurstonian framework offers unique and valuable tools to help build a more reliable 
and predictive internal testing program
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