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Problem Definition

e Sensory evaluation methods:

— Allow organized collection of information on
sensory attributes.

— Appliedin:
 Product development;
e On-line, off-line quality control;

Fogliatto & Albin

* Product reformulation:;
 Reliability (degradation) analysis.

Indirect Pairwise Comparison Method

2002 Sensometrics 2
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Problem Definition (Cont.)

o Samplesin panels are different outcomes of
experiments, such as.

— Product formulations

— Manufacturing setups

e From panel results we want to build
mathematical models.

Fogliatto & Albin

 Modelsrelate factors varied when preparing
samples to corresponding sensory impact.

Indirect Pairwise Comparison Method

2002 Sensometrics
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o Key ldea: use Analytic Hierarchy Process

(AHP) principlesto guide collection &
analysis of sensory data

— AHP mainly used in manageria decision
making.

— Uses in product development restricted to
project selection.

Indirect Pairwise Comparison Method
Fogliatto & Albin

2002 Sensometrics 4
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Main Features
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e Sensory panel data elicited from panelists
not exposed to Intensive training:

— Result based on empirical evidence.

o Consistency Index objectively measures
how well panelists perform evaluations.

— Index alows weighing panelists to favor
consistent evaluations.

Indirect Pairwise Comparison Method
Fogliatto & Albin

2002 Sensometrics
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Related Work

* Fogliatto, Albin & Tepper (J.Sensory
Sudies, 1999) and Fogliatto & Albin (IIE
Transactions, 2001):

— First to propose AHP in product devel opment
Involving sensory variables.

— Focus was on multivariate optimization
problem.

Indirect Pairwise Comparison Method
Fogliatto & Albin

2002 Sensometrics
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Related Work (Cont.)

e Datacollectionin IPC: smilar to
Gabrielsen (FQP, 2000 & 2001).

o Dataanalysisin IPC: smilar to Qannari et
al. (FQP, 2000).

Indirect Pairwise Comparison Method
Fogliatto & Albin

2002 Sensometrics
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 Key idea: quantitatively evaluate intensity
of attributes in samples by comparing them
to control sample:
— Panélist presented to entire group of N samples.
— Oneisidentified as control sample.
— Evaluation results recorded on printed scale.
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W 71 HE H MI LE QN

by by W/

bhach kss Less htense Tderdical to More Muchmor
Irtetse cortiol Lrtense Irtense

2002 Sensometrics 8




|PC Method
Overview (Cont.)
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* Then, change control sample and perform
evaluations again; each sample will be
control at its turn.

o After completing data collection N printed
scales will be at hand.

Fogliatto & Albin

» Possible to use procedure using only a
subset of samples as controls.

Indirect Pairwise Comparison Method

2002 Sensometrics 9
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| PC Method - Oyerview
Convert scale marksinto numbers

o Arrangeresultsin (N~ N) square
judgement matrix:

— Rowslabeled 1 to N, each corresponding to a
control sample.

— Entries a; give result of comparing sample|
to control sample.

Fogliatto & Albin

— There will be one matrix per panelist.

Indirect Pairwise Comparison Method

2002 Sensometrics 10



|PC Method - Overview
Infor mation extracted from
judgement matrix
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 Weight vector - vector of scores
corresponding to intensity of each sample:

— Scores on acontinuous scalefrom0to 1
describe attribute intensity or preference.

e Consistency ratio - performance measure
for each panelist:

— Describes to what extent transitivity is

respected when several samples are evaluated
simultaneoudly by panelist.

2002 Sensometrics 11
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Advantages
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e Yields continuous data usable for model
building purposes.

* Allows measuring of panelists efficiency
through consistency ratios.

— Panel |eader able to assess effectiveness of
training practices & combine evaluations from
panelists using consistency ratios as weights.

e Lessinconsistency, since all samples
available at once for comparison.

2002 Sensometrics 12

Indirect Pairwise Comparison Method
Fogliatto & Albin
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Major Drawback
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* Panelists fatigue from ssmultaneous
presentation of samples:

— that |eads to more eval uation sessions and
higher data collection costs.

— Limitation present in any sensory data
collection method; gain in consistency
provided by |PC may outdo this limitation

Indirect Pairwise Comparison Method
Fogliatto & Albin

2002 Sensometrics 13
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Stepsfor Data Collection

e Organize samplesin ajudgement matrix:

/~ \ 1 2 N
1 1 1 AL
Samples« | 5 = 1 -
\ & | : : :
\ N / 2 e ] S 1
_

— Each matrix row constitutes a separate test: all

samples compared to the sample corresponding to
row label 1,1 =1,..., N.

— Panelist performs N — 1 comparisons to complete
single test.

— Inacomplete run of IPC N tests will be performed.

2002 Sensometrics 14
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Fogliatto & Albin
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A ssmple way to Instruct
panelists

o “Youwill be presented with a group of samples, one of
them identified as the control sample. Y our task isto tell
how Intense they appear to you in comparison with the
control. The intensity of the control sample corresponds
to the center of the scale in front of you. Samplesthat are
more intense than the control must have their codes
marked on the right-hand side of the scale accordingly,
and those less intense than the control on the left-hand
side. When two samples appear to be egually intense,
write their codes at the same spot on the scale.”

Indirect Pairwise Comparison Method
Fogliatto & Albin

2002 Sensometrics 15
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Evaluations marked on printed scale

 Wesuggest usingal5cmline w/ 3

marks; In case of many samples, use larger
scale.

Use printed marks as anchors rather than
numbers.

Evaluations later converted into numbers
ranging from Y/, to 9, which are written in
rows of judgement matrix.

2002 Sensometrics 16
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Printed Scale

* Proposed scale:

[ [ |
Dluch kess Idertical tor hluch mowe

rtetse cortiol rtetse

2« Example (w/ 5 anchors and 8 samples):
o

g WT I HE FI MI LE )0

%c_:;’ [ 4 [ 4 |‘l y 4 |

Indirect Pairwise Comparison Method

2002 Sensometrics 17
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|n a complete run of procedure
each panelist performsN tests

e One printed scale w/ results from each test.
 Converting scale marksinto [Y/,, 9] values.

c ; 1+(82@F43 o—> Half-length of the scale.
E 7
z %[1- (8z/9)] "(2<0
IS L ocation of mark on scale, incm; sign of zis
© S; Y. Sy Y, negagive to the left of scale center and
g o | u.; 4  poditiveto theright.
T |
1/, against control samplei.1 9

Indirect Pairwise Comparison Method

Suppose sample#1 is CCWA Samples| 1 2 3 7

1 1 3 1/3 1/5
2002 Sensometrics 18




Matrix will contain two
comparisons for samplesi and |
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 Comparisons are a; and 1/a;; they are likely
to be non-identical.

o Data and¥5ste-folawreguiresiutgement
matrices tb befeciprocafo-overeome that,

calculate midpoint values of g; and 1/a;,
and let a; be the resulting value.

Fogliatto & Albin

e Fnal corrected judgement matrix will be
obtained s.t. element a; Isreciprocal of a;.

2002 Sensometrics 19
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How to calculate midpoints

* Convert a;"sback to Z's.

* Find average of resulting Z' s and convert it
back to [/,, 9]-scale to find midpoint.

» Calculation works for any number of a;’s.

Indirect Pairwise Comparison Method
Fogliatto & Albin

2002 Sensometrics 20
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Example
Deter mining midpoint of 3 outcomes

» Valuesare 3, Y/, and Y/, (under perfect
consistency, evaluation outcomes should be
Identical).

e Converting back to zyields 2.5, —2.5, and
—3.75; the average 1Is—1.25.

 Theresulting midpoint is?/,.

1, Y, Y, 3
I N

1/, 1 9

Fogliatto & Albin

Indirect Pairwise Comparison Method

2002 Sensometrics 21
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Data collection yields
midpoint matrices

e A = midpoint matrix:
— Diagonals are 1.
— Elements above diagonals are the midpoints.

=

2 — Elements below diagonals are reciprocal of
£ 3 elements above diagonal.

£3 « Example (N=3): é1 a, a,U

s= ~ _€ = U

S A= é}/élz 1 a23|:|

E e S 1 H

2002 Sensometrics 22
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How many samples should we
presented In atest?

* Inaverage less than 10, but that depends
on sense being stimulated.

o Guide table was gathered from magnitude

o
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3 2 estimation literature (mostly):

£ o

o

O g senss stunukded Absolute Bvalkadions ERelative Bvakiations
g O Nusmbear of senples Number of Senples
= 8’ Taste 4 -4 f—R

S

‘g L Sight 7 -9 & — 10

< Smell 513

§ Hearmng 4 -8 6 —10
=

=

2002 Sensometrics 23
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Adapting procedureto reduce
number of tests

 From agiven judgement matrix row all
others may be derived, using expressions:

% :]/"f‘ji
A =y
* Ex.: only row #1 isgiven. Element a5, In
row #3isgivenby a, =a,” a, :%13' a,.
e Resulting matrix is perfectly consistent.

Indirect Pairwise Comparison Method
Fogliatto & Albin

2002 Sensometrics

24
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Pick some samples and use as
control samples

e Choose M out of N possible tests.

o Write results from tests in M separate
matrices.

— Each will have asingle row w/ numbers.
— Complete entries in matrices using expressions.

Fogliatto & Albin

o If panelist is perfectly consistent, matrices
will be identical; otherwise, determine
matrix of midpoints.

2002 Sensometrics 25
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Data Analysis

o Welght vector: vector of intensity weights,
each corresponding to a sample.

* Consistency ratio: measures transitivity.

—If A>B and B > C, then transitivity is
respected if A > C.

Indirect Pairwise Comparison Method
Fogliatto & Albin

2002 Sensometrics 26
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Weght vector, w

e Glven by matrix’s principal eigenvector
(Saaty, 1977):

> Matrix’slargest eigenvalue

2002 Sensometrics
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3.8 PanelistA 1 2 3 Panelist A
=8  Samplel 4 1 Samole 1
E LL Sample 2 1/4 1 1/9 |:> P

- Sample 3 9 1 Sample 2
0 Sample 3
=

£

0.29

0.23

0.48
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Why does vector of wel g)hts:
Eigenvector of |

aX

» For eachentry (i, j) of A:
g =w/w, ® 3 (w/w)=1

g

g2« Summing over any given row i of A
o3

cg 4 1 .

%% aa.jij: , 1 =1IKN

T J=1 i

o or

8 Ny .

5 aaw =Nw,i1=1KN

g %

2002 Sensometrics 28
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Why does vector of wel g)hts:
Eigenvector of |

aX

e Forall rowsof A:
a,wW +a,w, +K+a,w, = Nw
W +a,w, + K+a,w, = Nw,
M M
gnlwl T g’nZWZ T K T annwn - NWn

AW QW

When matrix is perfectly consistent,
| . = N as seen next.

Indirect Pairwise Comparison Method
Fogliatto & Albin

2002 Sensometrics 29
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Relationships between elements
IN a consistent matrix

e |If A isconsistent, then:
— Elementsi, |, and k relate such that:
q; = ay N
— From any row of matrix, all other rows can be
derived.

— All but one of A’seigenvalues (I ) are zero:

.\® o
=1

2002 Sensometrics ! 30
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Consistency measurefor Ay,

e If A consistent, | .. =N and all others
eigenvalues are 0.

 Ingeneral, | .3 N.

e Consistency Index, CI.

Fogliatto & Albin

Cl =(l e - N)/(N-D

Indirect Pairwise Comparison Method

2002 Sensometrics 31
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Consistency Ratio and Random
| ndex

CI
e Consistency ratio: CR =
y R| — Random index

e How to obtain RI?

For N = 3,4,5,6,... generate 500 random
(reciprocal) matrices.

® Determinetheir Cl's.
Calculate average Cl = Random Index.

Indirect Pairwise Comparison Method
Fogliatto & Albin

Matrix consistent if CR £ 0.1.
2002 Sensometrics 32
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Case Example 1. Quality application
Finding the best formula for a pet food

e Objective: find alternative lower cost
formulafor dog biscuit.

e Samples obtained from mixture design w/
10 runs.

— % of 3 ingredients and biscuit thickness
(process variable) are the control variables.

— Mixture variables are dependent: analysis
performed after transformation.

Indirect Pairwise Comparison Method
Fogliatto & Albin

2002 Sensometrics 33
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Indirect Pairwise Comparison Method
Fogliatto & Albin

Design matrix and responses

Run 1 4 £ 4 i f 7 & 5 10
Wl -1 -1 1 1 o] -1.41] 1.41 0 I 0
W2 -1 1 -1 1 I I o] -1.411 1.41 I

Thick -1 -1 -1 -1 -1 1 1 1 1 1
Il dad) FdE| 164| 397 234 741 305 145 0.7 234
I2 laal 328 d6d4)| T4 254| 397 0.7 143 305 234
I3 TA 4T Ta| 23E 232 Z3Z| 39| 41T 391 233

— Texture (baked dough consistency and

crackiness).

* Two panel responses considered here:

— General appearance (biscuit color, integrity, etc.)

2002 Sensometrics
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Five panelists evaluated
samples

o Pandlistsfamiliar w/ product and desired
Sensory characteristics.

— samples compared w/ control sample
regarding compliance to target characteristics.

e Three samples used as control samples:

— 3 judgement matrices obtained for each
panelist.

— 3replications available on each pair of samples.

Indirect Pairwise Comparison Method
Fogliatto & Albin

2002 Sensometrics 35



Data collected: some examples

1 [ 2 T 37 475 Te6]7]8T[ef 1| Upperdagonasaremidpoints of
100 | 503 | 108 | 097 | 1.05 | 003 006|421 ] 0.00] 6721 . .
012 | 100 [ 014 | 0.12 | 013 |012f012|053|0.11] 837 / 3 matrices from pane“Stl

1
2
3| 094 | 740 1.00 | 0.90 | 0.97 | 0&6 ) 085 3.89 | 0,83 61.97
4
5

103 | 823 | 111 | 100 | 1.08 | 0.95| 008|432 0.02] 6306 _ _
005 | 760 | 103 | 092 | 1.00 | 083 001|400]085] 6371 18 matrix obtained from

(1
1

6 | 108 [ 865 | 1.17 | 1.05 | 1.14 [ 1.00]1.03[4.54 ] 0.07 | 7245 panelist 1
T 104 | 837 [ 113 | 1.02 | 1.10 [ 067 | 1.00[ 440 0.04 ?n.1z>

8§ [ 024 | 190 | 0.36 | 0.23 [ 0.25 [0.22]0.23] 1.00] 0.21] 1565

O [ 111 803 | 131 | 1.08 | 1.17 [ 1.03]1.07|4.69] 1.00] 74.78 : . :
10 001 [ 012 [ 002|001 [ 002 [oor]o0i{006]0.00] 1.00 Midpoint judgement matrix

5] o [ 10se 0| 7| Lo Teeles [ o for panelist 1
-
g
0

7156120001 ) 404 a00 | 119] o0 356 1.20] 2858

0.8l | 2684 5,25 455 338 | 037 028 1IIIIII n3n)] 9.52
7.27 | TRy BthHse n ﬂﬁ‘M\?ﬂl
Cyye. bihee .D_.gt Tar S Nfzrmg;from tests were

0.04 [ 0.12 0.04 Dl Tos] 1o

-and #ﬂ\were controls. _
Lower diagonals are the reciprocals

of upper diagonals

Indirect Pairwise Comparison Method
Fogliatto & Albin
N\

Same type of data obtained from other 4 panelists.

2002 Sensometrics 36



‘Summary of results
Weight vectorsand CRs

o Texture: best samplesare#7 & 9; best panelist
IS #5.

| wy | 074 | 020 | .014 | 059 §.035(.22 [ .267 ) 078 | .230] .004 |[.133
wo | 036 .045 [ 044 [ 058 § 018 [ .0&4(.136 | 155 | 396) .025 | .020
cway | 061|079 ) Da5 | 110 f 0451 1491 139 ) 102 | 1467]) 08d | 005
way | 052048 | 041 | 113 | .069 ) 022 182 | 145 | 270 .048 | .00&

Wy [ 100) 077 [ 088 [ 065 §.059f 117 [.133 | .140 | .186] .036 | .001

o Appearance: best sasmplesare #3 & 7; best
panelist is#5.

1 2 3 4 3 ] 7 3 0 10 | CR
wip [ 070 010 | 342 | 036 | .322 | .049 )| 081 | .0a84 | .023).003 | 082
Wiy [ 145 043 | 166 | 087 § 076 | .106) 094 | 158 | .112).012 | 013

Cwap | 046 039 | 040 | 11a 120 077 | 205 | 094 | 1200 013 | 021
Way [ 030 041 | 049 | 146 054 | 147 179 | 151 | 178 017 | 002

owsp |03 083 | 1YVE | 083 | 103 | 079 145 ] 117 | 101 015 |.001
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- Summary of results
Regression weights and final vectors

e Wealghts:

— Excellence was a subjective e [ | Lk

004 | 001 | 0.01

evaluation on panelists given by 012 [ 005 | 0.0

0.20 | 0.17 | 0.02

panel leader (30%).

0.28 | 0:11 | 0:25

LBl k] — ]

0.36 | 0.67 | 0.6%

— Reciprocals of CRs also used

(70%).

* Final weight vectors (combining over all
panelists):
w, =[0.080; 0.069; 0.072; 0.080; 0.055; 0.101 0.145; 0.134; 0.045]

w, =[0.084; 0.066; 0.133, 0.102; 0.093 0.098; 0.126; 0.123; 0.015]
2002 Sensometrics 38
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~ Summary of results |
Regression models and new formulation

e Regression Models:

Texture = 0.072+0.0287Thick +0.035(W, "~ W,) (R? =0.64)
Appearance = 0.054+0.0217W, +0.0299(W, W,) + 0.0274(W, " W,)  (R? =0.62)

* Best overall product:
—1,=3.96%: |,=9.43%; |, =56.61%
— Thickness = +1

Fogliatto & Albin

* New product formulation yielded a 18%
cost reduction.

2002 Sensometrics

Indirect Pairwise Comparison Method
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Case Example 2: Reliability application
Overview

o Warranty modeling of plastic tiles used Iin
swine maternity flooring. Warranty clams
led to anew recipe for tiles.

e Our task: determine proper warranty length
for the new product.

Fogliatto & Albin

o 5 panelists performed degradation
evaluations on samples from accel erated tests
comparing against threshold control sample.

Indirect Pairwise Comparison Method

2002 Sensometrics 40



Conclusion
Future work
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e Midpoint matrices do not use variance
Information in the sample. Use rank

reversal probabilitiesto take that into
account.

* RIsobtained from ssmulations using all
samples as controls. Run ssmulations to
find RIsfor caseswhere M < N.

Indirect Pairwise Comparison Method
Fogliatto & Albin

2002 Sensometrics
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