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pc = fpsy(dʹ)

Psychometric function

fpsy encodes psychological decision-making 
rules into a mathematical model, and is used 

to create a mapping between pc and dʹ
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𝒑𝒄 = 𝑃 𝐴1 < 𝐵, 𝐴2 < 𝐵

Psychometric function for 3AFC

Adapted from Christensen, R. H. B. (2012). Sensometrics: Thurstonian and Statistical 
Models. Technical University of Denmark, Kongens Lyngby, Denmark. PhD Thesis, p. 15.
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It is possible to set 𝛅, then solve for 𝒑𝒄
if 𝜹 = 𝟎. 𝟓 then 𝒑𝒄 = 𝟎. 𝟒𝟖

if 𝜹 = 𝟏. 𝟎 then 𝒑𝒄 = 𝟎. 𝟔𝟑

if 𝜹 = 𝟏. 𝟓 then 𝒑𝒄 = 𝟎. 𝟕𝟕

Psychometric function: 3AFC

Adapted from Christensen, R. H. B. (2012). Sensometrics: Thurstonian and Statistical 
Models. Technical University of Denmark, Kongens Lyngby, Denmark. PhD Thesis, p. 15.



pc = fpsy(dʹ)

Psychometric function

The R package sensR can be used to 
obtain dʹ estimates

Christensen, R. H. B. & P. B. Brockhoff (2015). sensR - An R-package for sensory discrimination. 
R package version 1.4-5. http://www.cran.r-project.org/package=sensR/.



Generalized linear models 
with a psychometric link 
function



GLM with Thurstonian Link Function

Tetrad
𝑿β = 𝒇𝒑𝒔𝒚

−1 𝛅 = 𝒈 𝒇𝒑𝒔𝒚

E.g.
𝒈tetrad 𝑝𝑖𝑗 = 𝛽0 + 𝛽𝑗𝑿𝑖 + 𝜀𝑖𝑗



GLM with Thurstonian Link Function

Original formulation vs. four prototypes

vs.P1 vs.P2 vs.P3 vs.P4

A 6/19 8/19 11/19 13/19

B 12/19 13/19 16/19 17/19

where A and B are consumer segments

Adapted from: Brockhoff, P. B. & Christensen, R. H. B. (2010). Thurstonian models for 
sensory discrimination tests as generalized linear models. Food Quality and 
Preference  21, 330-338.



GLM with Thurstonian Link Function

require(sensR)

# tetrad data

data <- expand.grid( conc = 1:4,

segment = c("A", "B") )

data$correct <- c(6, 8, 11, 13, 12, 13, 16, 17)

data$total <- rep(19, 8)

# glm with appropriate thurstonian link function specified 

model <- glm( cbind(correct, total - correct) ~ segment + conc, 
data, family = tetrad )family = tetrad 

Adapted from: Brockhoff, P. B. & Christensen, R. H. B. (2010). Thurstonian models for 
sensory discrimination tests as generalized linear models. Food Quality and 
Preference  21, 330-338.



Analysis of Deviance (ANODE) table

round(summary(model)$coefficients, 3)

Estimate Std. Error z value Pr(>|z|)
(Intercept)   -0.105      0.509  -0.206    0.837
segmentB 1.015      0.323   3.139    0.002
conc 0.437      0.151   2.899    0.004

Adapted from: Brockhoff, P. B. & Christensen, R. H. B. (2010). Thurstonian models for 
sensory discrimination tests as generalized linear models. Food Quality and 
Preference  21, 330-338.
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Confidence Intervals

Brockhoff & Christensen (2010) also 
propose using likelihood intervals instead of 
Wald intervals (based on a normal 
approximation).

This recommendation stands for all results, 
but seems especially important if 𝒑𝒄 ≅ 1.



d-prime calculation
# compare with d-prime calculation from discrim method
discrim(34, 55, method="threeAFC", statistic="likelihood")

Estimates for the threeAFC discrimination protocol with 34 correct
answers in 55 trials. One-sided p-value and 95 % two-sided confidence
intervals are based on the likelihood root statistic. 

Estimate Std. Error  Lower  Upper
pc        0.6182    0.06551 0.4865 0.7390
pd 0.4273    0.09826 0.2298 0.6086
d-prime   0.9467    0.22335 0.5128 1.3893

Result of difference test:
Likelihood Root statistic = 4.311726, p-value: 8.099e-06
Alternative hypothesis: d-prime is greater than 0 
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Same-different test – Thurstonian analysis

Coefficients

Estimate Std. Error  Lower  Upper P-value    

tau     1.7919     0.1279 1.5502 2.0516  <2e-16 ***

delta   2.7760     0.2115 2.3643 3.1953  <2e-16 ***

---

Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 
0.1 ‘ ’ 1

Log Likelihood: -154.5183       AIC: 313.0366
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Rousseau and Ennis 
(2013) and 
Rousseau (2015) 
propose a strategy 
for determining 
consumer-relevant 
differences



1. Collect same-different data and obtain a good 
estimate of τ.

2. The reference for future decision-making is τ.

3. Consider the difference to be consumer-relevant 
if dʹ > τ. Otherwise, consider the difference to be 
non-consumer-relevant.

Rousseau’s strategy



dʹ = 2.7760

τ = 1.7919“consumer 
relevant”



dʹ = 2.7760

τ = 3.8412“not 
consumer 
relevant”



So far the published evidence 
used to justify this strategy has 
been based on simulated data.



Equivalence study



Materials and Methods



psi=27 psi=35 psi=45 psi=65



Procedure

Station for tetrad evaluation



Same-Different test

Pair Possible 
Presentations

AB AB   AA   BA   BB

AC AC AA CA CC

AD AD AA DA DD

BC BC BB CB CC

BD BD BB DB   DD

CD CD CC   DC   DD



Tetrad test

Pair Possible Presentations

AB ABAB   AABB   BABA   BBAA   ABBA   BAAB

AC ACAC AACC CACA CCAA   ACCA CAAC

AD ADAD AADD DADA DDAA   ADDA   DAAD

BC BCBC BBCC CBCB CCBB    BCCB    CBBC

BD BDBD BBDD DBDB   DDBB   BDDB   DBBD

CD CDCD CCDD   DCDC   DDCC    CDDC   DCCD



2AC Preference test
Pair Possible 

Presentations

AB AB   BA

AC AC CA

AD AD DA

BC BC CB

BD BD DB

CD CD DC

AA AA

BB BB

CC CC

DD DD



Tetrad 2AC Preference

Same-Different



dʹ = 2.7760

τ = 3.8412“not 
consumer 
relevant”

RECALL



AB AC AD BC BD CD

τ

τ from Same−Different data
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Pair
Same-

different dʹ
Consumer
relevant?

AB 1.67 No

AC 3.32 Yes

AD 5.18 Yes

BC 2.77 Yes

BD 5.29 Yes

CD 2.95 Yes



Pair
Same-

different dʹ
Consumer
relevant?

Tetrad dʹ
Consumer
relevant?

AB 1.67 No 0.90 No

AC 3.32 Yes 2.74 Yes

AD 5.18 Yes 3.42 Yes

BC 2.77 Yes 1.42 No

BD 5.29 Yes 3.10 Yes

CD 2.95 Yes 3.06 Yes
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Tetrad dʹ – Same−Different dʹ ≠ 0
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Tetrad dʹ – Same−Different dʹ ≠ 0

AB AC AD BC BD CD

dʹ



Conclusions

consumer data ≠ simulated data

Same−Different dʹ ≠ Tetrad dʹ



Conclusions

Tetrad dʹ = discriminal distance

Reference: Castura & Franczak, 2017



Conclusions

Tetrad dʹ = discriminal distance
Same−Different dʹ = conceptual distance

Reference: Castura & Franczak, 2017



Conclusions

τ from Same−Different might not
be method−independent!



Conclusions

For now, findings suggest that
Rousseau′s strategy for
determining consumer relevance
cannot be used across sensory
method types



Conclusions

Follow up studies are needed to
confirm or disconfirm these
findings.
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