Difference Tests

Can the judge discriminate
between two confusable products?

Fang Zhong, Yixun Xia
Food Sensory Science



Definitions

O Sensory discrimination tests, also known
as difference tests, are comparative
procedures for use In the study of sensory
discriminability of similar types of stimuli.

o Can you tell a difference?
o If the difference is obvious?
o Only for confusable difference



Why Is this important?

o Strategic ingredient sourcing

oP
oS

ant to plant variability

nelf life determination

o Formulation matching

o Pilot plant versus production plant

o Ad claims (“bottled beer taste in a can”)



Discrimination Tests

o Two general tests:
- Unspecified (overall difference)
- Specified (attribute specific difference)

o Alternatives:
- Signal detection, R-index
- Ranking



Unspecified (overall difference)

o Is there a difference between products?
- the nature of the difference is unknown

o Are the two samples perceptibly different?
- will only know “yes” or “no”
- will not know “why”



Unspecified (overall difference)

o Duo-trio

- balanced reference
- constant reference

o Triangle
o A-not-A

o Tetrad

o Two out of Five




Duo-Trio Test

o A reference sample (R) was followed by two
unknowns(A&B), one of which is identical to R

I‘ » I“ v . Vo
Reference 451 087

- Which one is the same as the standard?

- One-tailed
- The probability of correct guessing is p=1/2



Duo-Trio Test
(Counterbalancing Orders)

Balanced Reference
A&B as Reference

Constant Reference
A or B as Reference

Ra—AB Ra—AB
Ra—BA Ra— BA
Re — AB

RB - BA NAME Bernard Shaw SET 092
vogtl DATE 3 May 2042

Taste the reference and the two coded samples
of juice and click on the number of the coded
sample which is the same as the reference

729 124




Triangle Test

o Two products are the same, one is
different (odd sample).

1353 567 721
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- One sample is different from the other two.
Indicate the odd sample.

- One-tailed

- The probability of correct guessing is p=1/3



Triangle Test
(Counterbalancing Orders)

Six orders:
AAB BBA
ABA BAB
ABB BAA

/

DATE 3 May 2042

Taste the three samples. Two will be the same,
one will be different. Click on the number of
the different sample.

102 753 961

EEHEEES E

NAME Noel Coward SET 094




A/ Not A Test

o Familiarize subjects with samples ‘A’
and 'Not a’.

o Present series of products and ask
subjects whether they are ‘A" or ‘Not A’.

o Compare correct and incorrect
identifications using the chi-square test.



(Unspecified) Tetrad Test

o Four samples, each two are the same.

276 452 398 /53

- sort into two groups of two

- six orders
AABB BBAA ABAB BABA ABBA BAAB

- probability of correct guessing: p=1/3




Multi Sample Tests

o Sort several samples into two
groups

o Two-out-of-Five
- A,B,A,B,B (10 serving orders)
- Probability of correct guessing: p>1/10



Specified (attribute specific difference)

o Nature of difference specified

- 2-AFC (2-Alternative forced
choice) or Paired comparison

- 3-AFC

- N-AFC



Paired Comparison / 2-AFC

DIRECTIONAL.:
- Indicate which sample is sweeter,
fruitier more sour, more viscous etc

- Judges must understand what you
mean by the attribute you specify



What attributes would ordinary
Consumers understand?

MORE:

sweet? bitter?

sour? salty?

fruity? viscous, thick?
crunchy, noisy? darker looking?
spicy? umami?

well blended? chocolate?

You may need to give standards




3-Alternative Forced Choice

o A 3-AFC test is a triangle test where the odd
sample is the sample with the higher
intensity of the two samples being compared

256 895 463

- one sample is sweeter than the other two.
Indicate the sweeter

- have a prior knowledge of the difference



Applications

o Thresholds
o Difference testing

- when you want to show that people perceive
the difference
o Similarity testing
- when you want to show that people do not

perceive the difference



Thresholds

o Use for comparative purpose only (there
are no absolute measures)

o Four types:

- Detection threshold

- Recognition threshold

- Difference threshold = just noticeable difference
- Terminal threshold



Detection Threshold

o Minimum
concentration
of a stimulus
that can be
detected

NUMBER OF SUBIJECTS

DILUTION STEP



Recognition Threshold

o Minimum concentration of a

stimulus that can be recognized
o Prone to response bias

-In what level could be called “sweet”?



Difference Threshold

o Minimum increase in the
concentration of a stimulus that can
be detected = just noticeable
difference

o A function of the original stimulus
concentration

WEBER’S LAW
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Terminal Threshold

o The concentration of a stimulus

above which there is no increase in

Derceived intensity

o Prone to response bias



Thresholds

Measures based on difference tests
o Methods of limits

- Ascending method of limits

- Descending method of limits

- Staircase method
- Up-and-down method

o Method of average error
o Frequency method



Thresholds — Up & Down Method
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Type | and Type |l Errors

o A Type I Error is one we commit if we
reject the Null Hypothesis when it is
actually true.

o Concluding that two samples are
perceptibly different when they are not!

o The risk of committing a Type I error is
called alpha (a)



Difference Testing

o Purpose is to show that there is a

difference between products.

o Minimize alpha, the risk of a Type 1
error, i.e., incorrectly stating that
products are different when they are

Nnot.



Difference Testing

o Use any of the difference tests described
above (specified or unspecified)

o Compare the number of correct answers
to tabulated values based on binomial
statistics -
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Analysis of Difference testing

o Binomial distribution

Use the correct table!
o Chi-squared distribution

o Z-test calculation
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/-test
_ (X—np)—05

\ Ipq

X = number of correct responses
n = total number of responses
p = probability of chance
Triangle test: p = 1/3
Duo-trio & pairtests: p=%qg=1-p

Z

mSee Z-table (area under normal prob. curve) to
determine probability of choice being made by chance.



Z-test example

— N = 40 subjects

— 21 correct answer

— Z=[(21 — 40*(1/3)) — 0.5])/[SQRT(40*1/3*2/3)]
7.66667 — 0.5])/ [SQRT (8.888889)]
7.16667]/[2.9814]

2.4037 ~ 2.40

Probability of this occurring by chance =
1 -0.9918 = 0.0082



Normal (z) distribution Entry area is 1-a
under normal curve from -« to z(1-a)
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Type | and Type Il Errors

o A Type II Error is one we commit if we DO NOT
reject the Null Hypothesis (i.e. HO: two samples
are same) when it is false.

o Concluding that two samples are NOT different
when they are perceptibly different!

o The risk of committing a Type II Error is called
beta (B). which is the risk of NOT finding a
difference when one actually exists



Similarity Testing Situation

o Use when the test objective is to determine that
no perceivable difference exists between
two products (ingredient or processing change)

o Based on the same tests as in overall difference
testing (triangle, duo-trio)

o Minimize beta, the risk of a Type II error,
i.e., incorrectly stating that samples are similar
(i.e. NOT different) when they are actually
different.



Similarity Testing Situation

o Power (=1-beta) is critical in similarity testing
o Pd value: the proportion of discriminators

o Compare the number of correct answers to

tabulated values based on binomial statistics

(*NOT the same tables as for difference testing)



Sensory Evaluation of Foed: Principles and Proctices

Proportion Discriminating

Critical Values of the Triongle Test for Similarity N Beta 20% J30%
(Maximum Number Correct) as a Function of N,
Beta, and the Proportion Discriminating 30 05 = n
A0 10 11
Accept the null with 100 {1-beta) confidence if the 13 05 = 12
number of correct choices does not exceed the tabled 10 11 13
value for the allowable proportion of discriminators.
Redesigned frem M. Meligoard, G.V. Civille, and B.T. 3& 05 = 13
Carr, Sensory Evaluation 10 12 14
Techniques, Copyright 1991, CRC, Boca Raton, FL.
42 N5 = 16
A0 14 17

48 05 16 19

A0 17 20
4 05 18 22
A0 20 23
60 1 L 25
a0 22 26
72 05 26 30
A0 27 32

a4 05 AN 36
0 32 38

96 05 36 42
10 38 a4




Power

o Power is the probability of finding a
difference between the two products IF
ONE ACTUALLY EXISTS!

o Power
depends on

- Chosen Type I error or alpha (usually 5%)
- Size of difference between samples
- Number of panelists |

\w

\




Discriminator

o Discriminators are proportions of people
(consumers) who can actually
distinguish the differences..

Py =2Pc-1 (2-AFC)
P4 =1.5Pc-0.5 (triangle)

- ‘small’ effect (only 25% can distinguish)
- ‘medium’ effect (37.5% can distinguish)
- ‘large’ effect (50% can distinguish)



Sample Size Calculations

%o Discriminators Triangle Duo-Trio
(p=1/3) (p=1/2)

50 18 31

40 28 50

30 51 92

20 113 211

10 444 853

Alpha=5%; Power=1-beta=90%

More powerful tests, smaller samples sizes



The Gist Of Difference Test

o Difference test is used to find out if two
samples are perceptibly different or not

o There are many problems difference tests
can and can not solve

o The two main categories of difference tests
are overall/unspecified and attribute-
specific/specified tests

o The tests are not equal in power and some
tests are better suited in some situations



Response Bias

o Response Bias
- B-criteria

- T-criteria



REGION OF UNCERTAINTY

< >
SLIGHTLY OBVIOUSLY
UNSWEET SWEETER SWEETER
INCREASING SWEETNESS >

STRICTER CRITERION =



2-Alternative Forced Choice 2-AFC

i




3-Alternative Forced Choice 3-AFC




REGION OF UNCERTAINTY

< >
SLIGHTLY OBVIOUSLY
DIFFERENT DIFFERENT
-
| : |
L T ]
>

INCREASING DIFFERENCE

STRICTER CRITERION >



Triangle




Duo-Trio

STANDARD




How to avoid these response
blases?

0 Forced Choice

Manipulate beta criterion into appropriate

position or tau criterion to appropriate length

o Signal Detection

Do not manipulate criterion. It is allowed to
vary freely. Use signal detection theory to

compute d’.



Effects on power of different
methods

v Cognitive strategies
v Memory
v Cross-over

v Sequence
e




Thurstonian Model

WHY DO PEOPLE PERFORM BETTER
ON SOME DIFFERENCE TESTS
THAN OTHERS?

R ) Og
@ 11— Test Performance

Vari
Same Judge Same Pair g
of Foods




Triangle vs 3-AFC

o Triangle:

- N=33, guessing chance=11

- 15/33 correct; p=0.1 not significant
o 3-AFC:

- N=33, guessing chance=11

- 23/33 correct; p<0.001 significant



Table G4.c

Probability of X or More Correct Judgments in n Trials (one-tailed, p = 1/3)?
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Duo-Trio vs 2-AFC

o Duo-trio:
- N=33, guessing chance=16.5 16 or 17

- 20/33 correct; p=0.148 not significant

o 2-AFC:
- N=33, quessing chance=16.5 16 or 17
- 26/33 correct; p<0.002 significant




Table G4.2 Probability of X or More Correct Judgments in n Trials (one-tailed, p = %)?
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Why?

WHY DO PEOPLE PERFORM BETTER ON
SOME TESTS THAN OTHERS ?

Wi .,
o

WAL ) J4. CENTRAL
Y ~y ' PROCESSING

CLARITY OF
SIGNAL
REACHING
THE CENTRAL
PROCESSOR



Thurstonian

Modeling

Louis Leon Thurstone 1887-1955




THURSTONIAN MODELS

erception of stimulus varies in intensity;
tis probabilistic

T

WEAKER STRONGER

MEAN

«d>

distinguishable confusable

= -

2-AFC scored as correct 2-AFC scored as incorrect



d-prime

The distance between the means of the
two sensory distributions, measured in
standard deviations, is called d’




The paradox of discriminatory
non-discriminators

o Non-discriminators had different

judgement when they participated

- Triangle vs 3-AFC

- Duo-trio vs 2-AFC




(a)

(b)

(c)

(d)

Triangle vs 3-AFC

Triangle v
3-AFC V*
" 37%
Triangle X
3-AFC X
32%
Triangle X
3-AFC v
, 26%
Triangle
3-AFC X

5%

»

d’=1 N =100,000



(a)

(b)

(c)

(d)

DUO-TRIO vs 2-AFC (PAIRED COMPARISON)
< d, >

standard ‘ T

standard t T T

T standard; T

A 4

standard

Duo-trio v
2-AFC

Duo-trio X
2-AFC X

Duo-trio X
2-AFC v

Duo-trio
2-AFC X



PROPORTION CORRECT

d’ TRIANGLE 3-AFC
0.00 33.3% 33.3%
0.43 35% 46%0
0.88 40%0 60%
1.0 429% 64%
1.52 519% 77%0
2.03 619% 879%
2.5 70% 939%




dl

PROPORTION

CORRECT TRIANGLE 3-AFC
33.3% 0.00 0.00

40% 0.88 0.23

50% 1.47 0.56

60% 1.98 0.89

70% 2.50 1.24

80% 3.13 1.65

90% 4.03 2.23

The triangle test is not as efficient as the 3AFC.
The difference has to be bigger (bigger d’) to get the same
proportion of tests correct.



Different cognitive strategies

o Comparison of distance of difference

- compare distances along the flavor intensity

axis; choose the most distant one
o Comparison of magnitudes or intensities
(Skimming)
- compare input intensities; choose (skim off)

appropriate one

Thus, different methods have different efficiency



Other effects

o Memory

o Sequence

o Cross-over

Counterbalance the experiments!



