Food Science Text Series

Harry T. Lawless
Hildegarde Heymann

Sensory Evaluation
of Food

Principles and Practices

Second Edition

@ Springer




Contents

1 Introduction

1.1 Introduction and Overview . . . . . .. ... ... ......
1.1.1 DERNINON,. -0 o s oo 105 s e pbiehs & 508 s
1.1.2 Measurement . . . . ... ...
1°2 Historical Landmarks and the Three Classes
of Test Methods . . . . . .. ... ... ... .. .......
15251 Difference Testing . . . . . . .. ... ... .....
12:2 Descriptive Analyses: . ST Dade d 3 et o™
123 Affective’Testing . - . o . .« o A nbgbhagm L
1.2.4 The Central Dogma—Analytic Versus
Hedonic. Tests o ¢, M2 Wt IS = ESE. o o h
1.3 Applications: Why Collect Sensory Data? . . . ... ... ..
131 Differences from Marketing Research Methods
1i:3:2 Differences from Traditional Product
Grading Systems . . - SEI SRR IS ST S T
1.4 Summary and Conelusionsi= L uanis e Sy RS R
Referencesmstuntiin « . » o & o AERIEN 0 GEFNG. L ahE At

2 Physiological and Psychological Foundations

of Sensory Function . . . . . . . .. ... ... ... ... ...,
INOAUCHON. - o v < ot oior 55 o e s Sk o Epe gl & s
Classical Sensory Testing and Psychophysical Methods

2.1
2.2

23

2.4

2.2:1
2.2.2
2523
224
2:2:5
2:2.6

BEarly PSYChophySICS « v oown o 5 6w s @ 52
The Classical Psychophysical Methods . . . . . . . .
Scaling and Magnitude Estimation . . . . . . .. ..
Critiques 0T Stevens . . ... .. i 4 e el s
Empirical Versus Theory-Driven Functions . . . . .
Parallels of Psychophysics and Sensory

Bvalugtion . . . .. . v cic vioie cie ¢ ot o ow e s

Anatomy and Physiology and Functions of Taste . . . . . . . .

23.1
232
2313

234

Anatomy and Physiology . . . . . .. ... ... ..
Taste Perception: Qualities . . . . . . «.cococ o o - -
Taste Perception: Adaptation and Mixture

INEIACTONS IS st o 5 e e s o ol enn: o
Individual Differences and Taste Genetics . . . . . .

Anatomy and Physiology and Functions of Smell . . . . . . . .

24.1

Anatomy and Cellular Function . . . . . . ... ...

L =

~N O Lo B

10
13

15
16
17

19
19
20
20
21
28
25
25

26
27
27
30

30
33
34
34



Contents

2.4.2 RetronasaliStnell e« o ntsnn 36
243 Olfactory Sensitivity and Specific Anosmia . . . . . 37
244 Odor Qualities: Practical Systems . . . .. ... .. 38
245 Functional Properties: Adaptation, Mixture
Suppression, and Release . . . . . .. ... ..... 39
2.5 Chemesthesis': . NS UGS SE IR . 41
2:5.1 Qualities of Chemesthetic Experience . . . .. ... 41
2.5:2 Physiological Mechanisms of Chemesthesis . . . . . 42
2.5 Chemical“Heat: SEtie NSRS . s o o s 43
254 Other Irritative Sensations and Chemical
Cooling i | o'l o i S e R
2535 A ST O ETICY. i e e e 5. . o s 45
2.5:6 N e tallic T aste S P . = 46
2.6 Multi-modal Sensory Interactions . . . . . . ... ... .... 47
2.6.1 Taste and Odor Interactions . . . . . . ... ... .. 47
2.62 Irritationand Flavor . . . . . . ... ......... 49
2.6.3 Color-Flavor Interactions . . . . . ... ... .... 49
2.7 ConCIISIONS T 5 o s o e R R e 50
IREICTENEES] e vl ol 5t s s s e e e et L e o 50
Principles of Good Practice . . . . . . . .. ... .. ......... 57
3.1 ItroduCtion S o « » - - - = - BIEss suais o« 5 h ] .o .. 57
32 The:Sensoryi{lesting Environment] sises s 08w« oblife « « o 58
32.1 EvaluationArea . . . . ... ... .......... 59
322 Climatel€ontrols se=linth o 19 suvdleniiund: « b2 62
33 "TestProtocol:Considerations st ppessitiifd . ool o ol 63
351 Sample Serving Procedutes iz atini . « Sl & ¢ o 63
332 Sample-Size | ., . ResEt w5 63
33.3 Sample Serving Temperatores . . .« cooon - . 0L 64
334 Serving Containers . . . . . .. ... ... ..... 64
3.3.5 B e e e e A e 65
3.3.6 Palate Cleansing . . . . . .. .. ... ........ 65
3.3.7 Swallowing and Expectoration . . . . . ... .. .. 66
3.3.8 Instructions to Panelists . . . . . ... ... ..... 66
3:3.9 Randomization and Blind Labeling . . . . . . .. .. 66
34 Experimental Design . . . . . . ... ... ... ........ 66
34.1 Desisning a Sy « . . o« o2 si e semees v s b 66
34.2 Design and Treatment Structures . . . . . . . . ... 69
3.5 Panelist ConSIderations’ ... 2 i« ciges 5 : o s s o e o s 72
351 ST A e e e B MR e o e et iy 72
3.52 Use of Human Subjects . . . . . .. ... ... ... 73
3575 Panelist Recruitment - .. ¢ ooz & oz v v v oo 2 74
354 Panelist Selection and Screening . . . . ... .. .. 74
3:5.5 TramingiofPaneliSts e R e e s o e 75
3.5.6 Panelist Performance Assessment. . . . . . . .. .. 75
3.6 Tabulation and AmalySIgE e e el o e a s s - 75
3.6.1 Data Entry Systems . . . . ... ... ........ 75
347 (€107 1Tad T ToT il e L s e s A e e R 76

RETEIENCES. . . i oo S R X ot o ume s 76



xi

4 - DiscriminationTesting &/ 114 s saBING Bne el a o L8
Discrimination¥Testingy wisf Nosussuavmssisss (L5 . . . .
Types of DiseriminationsTestsSs it as . . - L5 . . . .

4.1
4.2

43

44

45

4.2.1 Raired:ComparisontlestSEERusiRsenstrt™, . 110
422 Triangle Testst st ounysstml g TFan il sleagu d
423 Duo=Trio Tests. . o ion oo v o o oo i
424 n-Alternative Forced Choice (n-AFC) Methods . . .
4.2.5 AN oA te SISt T o e O . . o L e e
4.2.6 Sorting Methodstt e S et & toie. o w e o 564
427 The ABX Discrimination Task . . . . . .. ... ..
428 Dual:=Standard Testie-f: Foorsai e BALI L L L -
Reputed Strengths and Weaknesses of Discrimination
TESIS: - o L3P Saptetlecrn 1y A Lo PRib R Ton T e L
Data Analyses) SIS SuRT o e s
44.1 Binomial Distributions and Tables . . . . . . .. ..
442  The Adjusted Chi-Square (x2?) Test . . . . . ... ..
443 The Normal Distribution and the Z-Test
onProportion . . . ... ... ...
ISSUES™ pantian s LoEse i ipimio mo@b . L e ee
45.1 The Power of the Statistical Test . . . . . . ... ..
452 Replications,ate TR S Lo vl e S o & o) o onating
453 Warm=UpBIfects: o o« & o o i o Gt o 5 o i
454 Common Mistakes Made in the Interpretation

OEDISCrImMINation, TeSIS, .. : aie oty o oiie oo ihmas x s s

Appendix: A Simple Approach to Handling the A, Not-A,

and Same/Different Tests

References .

5 Similarity, Equivalence Testing, and Discrimination Theory . . . .
Introductionsuserl .t st S Etralaand ' of naiidad] = R
Common Sense Approaches to Equivalence . . . . ... ...
Estimation of Sample Size and Test Power . . . . . . ... ..
How Big of a Difference Is Important?

5.1
52
53
54

5.5
5.6

5.7
5.8

5:9

Discriminator Theory

Tests foriSignificantiSimilazityset.t Hlatem S L G LS ooy,
The Two One-Sided Test Approach (TOST)

and Interval Testing

ElaimiSubstantiationt: S Lasasmini: Deserilagi. oo
Models for Discrimination: Signal Detection Theory . . . . . .

5.8.1
5:8.2
5.83
5.84
5.8:5

(bl Problemues: . a0 . oo S i s
ExpetimentaliSetupfissins, Tesingt o o s
Assumptionsand Theory . . ... ..........
ANERamplesOmisbiiieg. . b o it o et 5 8 5o
A Connection to Paired Comparisons Results

Through the ROC Curve . . . . ... ........

FhurstoniantSealine Mg T i et . o0 v don e« oo

5931
5959

iihelliheonyiand Formulae .” ., . .o - &gy ons o o o
Extending Thurstone’s Model to Other
(TS TR N N R o o LG T

79
79
80
80
83
84
85
85
87
88
88

88
89
89
90

90
92
92
94
97

97



Xii

Contents

5.10  Extensions of the Thurstonian Methods, R-Index . . . . . . . .
5.10.1  Short Cut Signal Detection Methods . . . . . .. ..
5:10:2. ‘AnExample=: ST Srae e R ko it . o nk
S:11; .« ‘Ceonclusionss =<3 oyt aut e SIEREN T 0 L L e
Appendix: Non-Central #-Test for Equivalence of Scaled Data . . . . .
REfCrencesiis st (s < o i o ol i ienb a8 L U 0L E & e

Measurement of Sensory Thresholds . . . . .. ... ........

6.1 Introduction: The Threshold Concept . . . . . . . . ... ...
6.2 Types of Thresholds: Definittonsis S szt s s o o o .
6.3 Practical Methods: Ascending Forced Choice . . . . . . . . ..
6.4 Suggested Method for Taste/Odor/Flavor
Deteetion Thresholds: S e e, e < s = s
6.4.1 Ascending Forced-Choice Method of Limits . . . . .
6.4.2 Purpose of the lesie sigs e =i ts B s o s &
6.4.3 Preliminary Steps = s - oe el w s L s
6.4.4 Proccdire s sems tan e e L i o
6.4.5 DataAnalySise st e s St
6.4.6 Alternative Graphical Solution . . . . ... .. ...
6.4.7 Procedural Choeices! 7 7 - 1700 S o 20000 L L w
6.5 Case Study/Worked Example . . . . ... ... .. ......
6.6 OtheriForced Choice Methods - . %" & @ 2 v v o 5.5 5 o v 5 o
6:7 PrabitnalySisstel s St oo 0 ) e S e
6.8 Sensory Adaptation, Sequential Effects, and Variability
6.9 Alternative Methods: Rated Difference, Adaptive
BroceduresiScalingleste e 5. o i 8 L S S s
6.9.1 Rated Difference from Control . . . . . . ... ...
6.9.2 Adaptive Procedures: = = « v ¢ s @ mis w5 5w @
6.9.3 Scaling as an Alternative Measure of Sensitivity . . .
6.10' . Dilutionto:Threshold/Measiures . > . « . ahuzsdenal | . %
6.10.1  Odor Units and Gas-Chromatography
Olfactomettyi(GCO) 7 Wimvan Wulsrhitiliiad. « « bt
6:10.2 . ScovilleSihmitsurtt SIesSnmisEn £ dan S woll. | . b2
6.11 - .Conclusions:teiat st It temait L ani eime il . o« & . o
Appendix: MTBE Threshold Data for Worked Example . . . . . . ..
Referencegisi o ol iipsmnient, unlbslbeaal ol ol . . 2l
e | A s e
7.1 IRTOdUCHON Lot o B ns o e e o e ias s sk
72 Some Theony:; o ialoe o8 ot S s s e
73 Common Methods of Scaling . . ... ... ..........
3.1 CategonyiSeales s . /il S e s Sl - s s
7:3.2 Line:S calin o R s L L
33 Magnitude Estimation ... . . . o v« o oo ie i v s
74 Recommended Practice and Practical Guidelines . . . . . . . .
74.1 Rule 1: Provide Sufficient Alternatives . . . . . . . .
742 Rule 2: The Attribute Must Be Understood . . . . . .
7.4.3 Rule 3: The Anchor Words Should Make Sense . . .
7.4.4 To Calibrate or Not to Calibrate . . . . . . .. .. ..
7.4.5 A Warning: Grading and Scoring are Not Scaling

119
119
120
120
122
122

125
127
128

129
129
129

1:3]]
131
131
133
133
134
136
136

137
137
138
140
140

140
142
142
143
145

149
151
152
152
155
156
158
159
159
159
159
160



Contents

xiii
1.5 Variations—Other Scaling Techniques . . . . ... ... ... 160
1591 Cross-Modal Matches and Variations on
Magnitude EstimationPSsissessssires boalienie. o . L6 160
152 Category—Ratio (Labeled Magnitude) Scales . . . . . 162
7:5:3 Adjustable Rating Techniques: Relative Scaling . . . 164
7.54 Ranling S SosiSapsiiissppe sy, . LS8 . . 165
7915 Indirect/Sealcsinn: NI w1 bt - - e o 166
7.6 Comparing Methods: What is a Good Scale? . . . . . ... .. 167
77 Issues s .o Time-Ralsiipdnieadtion: fhar oo, . . £ 4 168
7.7.1 “Do People Make Relative Judgments”
Should They See Their Previous Ratings? . . . . . . 168
772 Should Category Rating Scales Be Assigned
Integer Numbers in Data Tabulation? Are
TheyInterval Scales? . .« .« ¢« darml. . . &8 169
7.3 Is Magnitude Estimation a Ratio Scale or
Simply a Scale with Ratio Instructions? . . . . ... 169
7.7.4 What is a ;"Valid*Seale sepaequadl. o S BE L ... 169
7.8 Conelusions, « - 5. < - = tzibgamaict oS . - el . Lok 170
Appendix 1: Derivation of Thurstonian-Scale Values
forthe 9-Point Seale " sirldeelammmand - . 42800, . o« 171
Appendix 2: Construction of Labeled Magnitude Scales . . . . . . . . 172
References:, « - « zailrs gl golasafdseqn sl e, o0 0 0 oL 174
Time-Intensity Methods . . . . . . .. ... ... .......... 179
8.1 Introductioni oAt By Ll TR = S R e o e e 179
8.2 A BriefHistory . . . .. .. ... .. . ... ... 180
83 Variations:on the Methad. & . o 5 o o 6 v 5 o b s i o i Hel 182
8.3.1 Discrete or Discontinuous Sampling . . . . . . . .. 182
8.3.2 “Continuous” Tracking . . . . . .. ... ... ... 183
833 Temporal Dominance Techniques . . . . . . ... .. 184
8.4 Recommended Procedures . . . . . . ... ... ... ... .. 185
8.4.1 Steps in Conducting a Time—intensity Study . . . . . 185
8.4.2 PrOCEAUEES: . et s n o o o s = oot wemigs s e e s 186
843 Recommended Analysis. . . . . ... ... ..... 186
8.5 Data Analysis Options . . . . . . . .. ... ... ....... 187
8.5 General Approaches .. - «.x i s s o s wm Gw s 5 s ko 187
8.5.2 Methods to Construct or Describe Average Curves . . 188
8.5.3 Case Study: Simple Geometric Description . . . . . 189
8.5.4 Analysis by Principal Components . . . . . ... .. 192
8.6 Examples and"Applieationss. seltqizaatt kg ecgesnanad. . &0 193
8.6.1 Taste and Flavor Sensation Tracking . . . . . . . .. 193
8.6.2 Trigeminal and Chemical/Tactile Sensations . . . . . 194
8.6.3 Taste and Odor Adaptation . . . ... ........ 194
8.6.4 ilexturefandiPhase!Ghanget-Hidaal . A5G « - 195
8.6.5 FlavorRelease® ™ mrdonadniast c = B aOE o« o 195
8.6.6 Temperal Aspectsiof Hedonies: i .ol srvvass « £ 0 196
8.7 ISSTTCSINIRINSNERINIE & . icdeyi ol o oSkl o S8 0L < ¢ 5 197
8.8 CONCIISIONTIBE I 0E . o o o sl aaille o B ons e 5o 198
ReferenecSMPMISI RN |10 L0l Lo v s s e s s s es b 198



Xiv

Contents

9 Context Effects and Biases in Sensory Judgment . . . . . . . . . ..

10

92l Introduction: The Relative Nature of Human Judgment . . . . .
92 Simple Contrast Effectsi s mmEnssa . . . . .. . . .
9:2:1 A Little Theory: Adaptation Level . . . . ... ...
9.2.2 Intensity:ShiftsSSmsuasnisaimies - hd .. . . . .
923 Quality: Shifts s R S Dol v
9.24 Hedonic Shifts) S sSIESepsiat.  Fa.  . . .
9:2.5 Explanationsfor:Centraseiiisttssiaee. .. .. . o .
9.3 Range and Frequency Effectssie SSsaiaie s mitial, . . L.
9.3:1 A Little More Theory: Parducci’s Range
and Frequency Prnciplesitf Siisat = o . . . . ..
91312 Range Effects 5 waimsiCbaetts b ol v o -
g.313 Frequency Effccts ruslametie s s L o . . ..
9.4 BIASES s o 3 5 oiee s IO DN R By B Ll
94.1 Idiosyncratic Scale Usage and Number Bias . . . . .
942 Poulton’siClasSifications= g 2t . . .. . o .
9423 Response Range/Effects . £ se ltlive . . 0, . o . .
944 The Centering Bias: & v i o igieiang: J. . . &5
9.5 Response Correlation and Response Restriction . . . . . . . .
9.5.1 Response.Correlation . Fiets WMaRp-P adises . . . - .
9.5.2 “Dumping” Effects: Inflation Due
to Response Restriction in Profiling . . . . . .. ..
95.3 Over-Partitioning . . . . . ... ... ........
9.6 Classical Psychological Errors and Other Biases . . . . . . . .
9.6.1 Errors in Structured Sequences: Anticipation
AN0 HabItation: < - cia s ke ine 5 o Shst o sipsl & 5
9.6.2 The SHmulus Brfor ..o . .o ooepmn o n opomese o o o
9.6.3 Positional orOrder Bias - = . .-oooos spopene o oo
97 ANUAOLES oot cte aml e b S U e el
9.7.1 Avoidor Minimize. oo. - oo e oo ms s s s
9.7.2 Randomization and Counterbalancing . . . . . . . .
9.7.3 Stabilization and Calibration . . . . ... ... ...
9.7.4 Interpretation . . . . . . ... ... ...
9.8 (T T L) 1 ey Pl e
L ST R A e e e e e e S

Descriptive:Amalysisitr il o tinlana ' m st . . 2t . . ..

10.1
10.2
10.3
10.4

10.5

Inttoductionsd S ot SEmne b ot A . - il o o
Uses of Descriptive /Analysessiil, (il saghiad, . o Jeif. o . . .
Language and Descriptive Analysis: 5. s siiaiot o L Lk
Descriptive Analysis Techniques . . . . . ... .. ... ...
1041 Flavor Plafile® . | o biwspaiy, . Laf, L L.
10.4.2  Quantitative Descriptive Analysis® .........
10:4.3 . Texiure Profile® 1 .o tal i 00, . ...
10.4.4  Sensory Spectrum® ..................
Gengric DeseriptivetAnalySiS@uars SEsssnst | . s, . . . .
10.5.1  How to Do Descriptive Analysis in Three

Easy Steps S s s e N N L . AR



Contents

XV
10.5.2  Studies Comparing Different Conventional
Descriptive Analysis Techniques . . . . .. ... .. 246
10.6 . NariatiohsionitheiThemen! LESmmeatiagiente. . L 0Ll . . . . 247
10.6.1  Using Attribute Citation Frequencies Instead
of Attribute Intensities . . . . ... ... ... ... 247
10.6.2  Deviation from Reference Method . . . . . . . . .. 248
10.6.3  Intensity Variation Descriptive Method . . . . . . . . 249
10.6.4  Combination of Descriptive Analysis
and Time-Related Intensity Methods . . . . . . . .. 249
10.6.5 . .[EreciGhoice Profilingifvaiymitenst. . LL ol o =, . 249
10:6:6 . .Flash:Profiling] fmeferdd e sloplms . . S0 8L o .. 252
Referencesurniimin Wil e berspgiPehs g sl o . L5 8. « o s s 2353
11 Texture Evaluation™ . T . o - 5 - 2 e e ms s s e e s 259
11.1  Texture Defined . . ... .. ... .. ............. 259
11.2  Visual, Auditory, and Tactile Texture . . . . ... ... .... 262
1205 VistuallTextre = = e s i e 262
[E2:2 4 S AU tory= e e L s e o % 262
|5 Ot b (8] (001 iR e i Sl S o o 264
11:2.4" TactileHandFeel . .. - = 55 . c"c « & &« = v v - 268
11.3  Sensory Texture Measurements . . . . . . .. .. ....... 270
11:3.1 . Texture Profile Method. . . ... .5iliss! Abgidaens S 270
11.3.2  Other Sensory Texture Evaluation Techniques . . . . 272
11.3.3  Instrumental Texture Measurements
and.Sensory Correlations: il Lebusnthenasd. . £ 50 274
1124, . (ConCluSIONS. = . 1 vt e vnne oo o chtmge o o BEM] S0 00 S 276
RETEIENCES: o = v a » ot o oo i o o wh = epp b By C R S S 276
12 Color and Appearance . . . . . . . . . .. .. ...t 283
12.1 * ‘ColonandIAPPEATANGCE: thd Br et rel tik o v ot o 6.5 & s on ke 283
12:2.° "Wiharls'Colorll A avaiity . ise LB Lieestaads o 0 o 284
12.3 * “Vision " - Baiis el ponlbnirs Do ot ekl spt. 285
12.3.1  Normal Human Color Vision Variations . . . . . . . 286
123221 "Human Color Blindness . =0 "= . « 0 - L L 286
124  Measurement of Appearance and Color Attributes . . . . . . . 286
2.4 i RADPEATATIOC RIiiis & 5y 5. & 5 & B gk & o e e 3 286
12.4.2  Visual Color Measurement . . . . . ... ...... 289
12.5  Instrumental!Colot Measurement , .2 . c o+« < & « - 55 s 293
12.5.1 MunsellColorSolid . . . .. ............. 293
12.5.2  Mathematical Color Systems . . . . . ... ... .. 294
12465 84§ CONTITSI0NS s T e e T e o 4 e & 5 e 299
Referencestt Bpat ok S et S e s (o . o0 G v ey b s 299
13:  Preference Testing s e airt] by il o o oS B L s 303
13.1  Introduction—Consumer Sensory Evaluation . . . . . . .. .. 303
13:21%;nPreferenceslestSHOVervVie W cimeid o iimimgds = o b & bie o s oo 305
132 lisiliheiBasic COMPAriSOnd.y:. ¥ oyl e o 5 55 « « 5 & 305
1822 SNV aEations it szl aimd s bieoibsimiime Y 4 bt 305
132 SRS OHEI@aNtionS gt S eitiitire = o 5o epaEnse s 6 306
13.3  Simple Paired Preference Testing . . . . ... ... ...... 306



XVi

Contents

14

13.3.1 Recommended Procedure
13.3.2  Statistical Basis
13:3:3:. “Worked:Examplc i aueetn: svsiiann /. . o .40
13.3.4  Useful Statistical Approximations . . . . . ... ..
13.3.5  The Special Case of Equivalence Testing
13:4. . Non-forcediPreference sl S OISl LAk, . . . .
13.5: < ‘Replicated PreferciiceSlests i smeaRSmmiiniatnt . & B 0L . . -
13.6  ‘Replicated Non=forced PreferencedSssieiess s . EAill . . . .
137, . QtherRelatediMethodsFSs R iR sSNuRm . o < o
13.7.1 - Ranking ;v S SmSirass sy S L, ... .
13.7.2 - . Analysisiof Ranked IDatalesfsstastsy . Sl oo . .
13.7.3  Best—Worst Scaling

13.7.4  Rated Degree of Preference and Other Options . . . .
13.8 - ICONCIUSIONS) %5 v “ooiiwsis = pobde v wimelins mogkilieaeisiee fom om0 s = s

Appendix 1: Worked Example of the Ferris k-Visit Repeated
Preference Test Including the No-Preference Option
Appendix:2: The “Placebo’ Preferenceflest. oo o = % o wgein o
Appendix 3: Worked Example of Multinomial Approach
to Analyzing Data with the No-Preference Option
References 1. .7 Ran i o ommlii o e e st o it s it o

Acceptanice Testing. . - 7. BONSEE SINGEE SIS o L LA« o
14.1  Introduction: Scaled Liking Versus Choice . . . ... ... ..
142  Hedonic Scaling: Quantification of Acceptability . . . . . . ..
[4:3 : iRecommended Proceduret it d B SC ol . .= . o .~ .
11c: 06 0 RSy 1 S e (Lo R B
1432 ANALYSIS 1o A it o 57 e il e e % e BRSNS
[4:3.3  Replicalion 7. % oo s o ¢ st 4 T el 3
144 ° 'Other Acceptance - Scales . .o . oot oh i g ok G
T4:4205 Sline-Seales ol 'l L s e par s e dmks 4 b o
1442 Magnitude Estimation . . . . . . . . ... 0 ...
14:4:3 _ LabeledMagnitude Scaless 1. . o wre « pipbye o oo o
14.4.4  Pictorial Scales and Testing with Children . . . . . .
14.4.5 _Adipstable-Seales” o o o w2 e
14.5: ~Just-About-Right Scales . & . . . o . oo o v tpitop o oo
{1 STl (RN T 1) 0 i o - B i
1455 D BRAMETINITATIONS! o sl p b T e dh s o et o = “iheee &
14.5.3  Variations on Relative-to-Ideal Scaling . . . . . . ..
14541 VeAnalysis oRTARSDAAL. = cm i . e v s s
14.5.5  Penalty Analysis or “Mean Drop” . . ... ... ..
14.5.6  Other Problems and Issues with JAR Scales . . . . .
14.6  Behavioral and Context-Related Approaches . . . . .. .. ..
14.6.1  Food Action Rating Scale (FACT) . . .. ... ...
14:6.2 - AppropriatenessiSceales it ZR BMIRERINE, L oL
14:6:3 - ‘AcceplomSeiiSize FatsiE e A LT,
4:6:4 FBarteiScalesiEsir ety s SN WESL oar i L o v
147 Conclusionsis sk HRa et S stk
References . ; Vil o il PESEREL pISREe | T fah. . L



Contents

Xvii
15 Consumer Field Tests and Questionnaire Design . . . . . . . . . .. 349
15.1  Sensory Testing Versus Concept Testing . . . . . .. ... .. 349
15.2  Testing Scenarios: Central Location, Home Use . . . . .. .. 351
15:2 o0 Purpose of theiTestsiBENsNases. . L L 0L . . . . 351
15:2.2: 1 ConsumerModelSUasiasiaiy b asoaniags. . Lo 352
15.2.3 . . CentralLocationilestsRaewmt Santh salinars. . Sl 333
15.2.40+5 Home Userfestsi(HUIMained) . . L& ol .« .. 354
15.3  Practical Matters in Conducting Consumer Field Tests . . . . . 355
15851k Mlasksand FestPesigmiiEhiniiiemts b el . . - . 355
15.3.2  Sample Size and Stratification . . . ... ... ... 355
15:3.3: . -, TeseDesionsteisitsty Salale Arsaitl Sals. .« . . 356
154 Interacting with Field Services . . . . ... ... ....... 358
15.4.1  Choosing Agencies, Communication,

and Test Specificationsse s e . o o v v v .. 358
15.4.2 Incidence, Cost, and Recruitment . . . . . . . . . .. 359
15.4.3 . .Some Tips:Do’s and Don’tsis i b0 ad eotiel, « 481 360
15.4.4  Steps in Testing with Research Suppliers . . . . . . . 360
15.5  QuestionnaiteDesigntismed o mni®? el . - Edal . . . - 362
155050 v dypes ofInterviews s srdinin sildid. o s o va oe 362
15.5.2  Questionnaire Flow: Order of Questions . . . . . . . 362
155 Filswintciviewings. Srrmaln ettt . . Lol o - 363
15.6  Rules of Thumb for Constructing Questions . . . . . . . ... 364
15.6.1. .7 General Principles . L reovsian S bon viuvland, < ol 364
15:6.2, . Brevity ~. ... . sxirest® brepety . LRS- 364
15.6.3:nt:UselPlaintlanpuagetatd Botmacnd . o S Lol o . .. 364
15.6.4  Accessibility of the Information . . . . . ... ... 365
15.6.5  Avoid Vague Questions. . . owipidic v vow v 0w ou 365
15.6.6  Check for Overlap and Completeness . . . . . . . .. 365
15.6:71 5iDoiNot LeadithesRespondente s =) oot b 0N S 365
15.6.8  Avoid Ambiguity and Double Questions . . . . . . . 366
15.6.9  Be Careful in Wording: Present Both Alternatives . . 366
15.6.10 . Beware of Halosiand[Homas grasreial - - . < o & 5 50 366
5.6 1 inkPre=test) Inpnvifiam Pt aerileamttii s . . £ Bt - 58 366

15.7  Other Useful Questions: Satisfaction, Agreement,
and Open-Ended Questions: & gusy tF- oo algmss (vhasans. 367
1571 .  Satistactiongers s eogwelioet Skt e gt el ol 367
15.7.2  Likert (Agree—Disagree) Scales . . . . . .. ... .. 367
1573, Open-Ended OUCSHONS, «. v cpel o < ons 6 oivaie ciee iine 367
[T SR 657171 b T0 s S s e R e 368
Appendix 1: Sample Test Specification Sheet . . . . . ... ... ... 370
Appendix 2: Sample Screening Questionnaire . . . . . . . ... .. .. 371
Appendix 3: Sample Product Questionnaire . . . . . .. ... ..... 374
Referencesiemin: SR ERIRIEEY | . o h e Sie e gyl b e & 378
16 Qualitative Consumer Research Methods . . . . . . . ... ... .. 379
6.1 D NlntroduclionBSsENE e s sl i 2 bbb, o BE UL L . . 380
16.1.1  Resources, Definitions, and Objectives . . . . . . . . 380
16.1.2  Styles of Qualitative Research . . . . ... ... .. 380
16.1.3  Other Qualitative Techniques . . . . . . .. ... .. 382



xviii Contents
1612 . Characteristics of{FocusiGroupspset iyl st bis! L 7oy 383
16241 . AdvantageSSeSEanliRumme Sadast cssans, | bl 383
16.2.2° SiKey'Requircinents S St ol o . 384
16.2.3  Reliability and Validity . . . . ... ... ...... 384
16.3  Using Focus Groups in Sensory Evaluation . . . . . ... ... 385
164~ Examples; Case Studies 5 WESESaiaitaR 8. el o .. 386
16.4.1  Case Study 1: Qualitative Research Before
Conjoint Measurement in New Product Development 387
16.4.2  Case Study 2: Nutritional and Health Beliefs About Salt 387
16.5 Conducting Focus Group Studies . . . . . . ... ... .... 388
16:5:1°1 “Ai@uick @verviews Lt Sagl Lt Ll - 388
16.5.2 A Key Requirement: Developing Good Questions . . 389
16.5.3  The Discussion Guide and Phases
of the Group Interview . . . . . ... ... .. ... 390
16.5.4  Participant Requirements, Timing, Recording . . . . 391
166 . JssuesiindVoderatingedisi-pai s Snimmeetoniie . - .. 392
1616. e iModeratingSkillswra e sl agals.. . SRl .« o« - 392
16.6.2  Basic Principles: Nondirection, Full
Participation, and Coverage of Issues . . . . . . . .. 393
16.6.3  Assistant Moderators and Co-moderators . . . . . . . 394
16.6.4  Debriefing: Avoiding Selective Listening
and Premature: Conclusions: . /il . G diil o S 395
167 « :Analysisand Reporting .. #=GLimy i 2, . Lkl o . . 395
16.7.1"". “General Punciples.. oo 5 - @ . SREt. o . . 395
16.7.2  Suggested Method (“Sorting/Clustering
Approach”), also Called Classical Transcript
AnNalysis . ARUSIELs Mg I L St L s 396
16.7.3. . ~FReportIHOrmati, e ety vl Husir . - aRedl, . - L. 397
16.8  Alternative Procedures and Variations of the Group
Interviewiasnslweind s bon WilusdiB A taeds = B8EL . o s 398
16.8.1 Groups of Children, Telephone Interviews,
Internet-Based Groupsii:. o Suphos . DLkl oL s 398
16.8.2  Alternatives to Traditional Questioning . . . . . . . . 399
6.9 - ConclUsionseae snilasinind: = einges b witfsid W, o 08 400
Appendix: Sample Report. Group'Report =i, colfso gt v, . . .. 402
Boil-in-bag Pasta Project Followup Groups . . . . . .. ... ... .. 402
RefEreNCess & & sys o Adiets b AnBEE B IS TEA R P R, o or st o o o s 404
17 Quality Control and Shelf-Life (Stability) Testing . . . . ... ... 407
17.1  Introduction: Objectives and Challenges . . . . . .. ... .. 408
17.2 A Quick Look at Traditional Quality Control . . . . . .. ... 409
178, -MethodsiforiSensorylQCI il N SN sieus 0 o . 409
1781 Cuttings#ABadiExamplerStart 0 o - s aie s 409
17.3.2  In-Out (Pass/Fail) System . . ... ... ...... 410
17.3.3 = Difference fromControl/Ratingsmu g & 5 Saiiiin. L. 411
17.3.4  Quality Ratings with Diagnostics . . . . . . ... .. 412
17:3:5 0 "DescriptiverAnalysiStsl SSmarss. L8 Gl .. . . 413

17.3.6 A Hybrid Approach: Quality Ratings
with/ Diagiosticst PR BunEE ity - St e . o o . 414



Contents

Xix
17.3.7  The Multiple Standards Difference Test . . . . . . 414
17.4  Recommended Procedure: Difference Scoring with
Key Attribute Scales: s it sy . LRl . 415
17.5  The Importance:of Good Practice s & ciilaincic il « . . 417
17.6  Historical Footnote: Expert Judges and Quality Scoring 419
17.6.1  Standardized Commodities . . . . . .. ... ... 419
17.6:2. {Example 1: Dairy ProductJudgingi. . & £ 70 . . . 419
17.6.3 | 'Example 2: Wine Seoring . » « . . o il ... 420
17.7  Program Requirements and Program Development . . . . . . 422
17.7.1  Desired Features of a Sensory QC System . . . . . 422
17.7.2  Program Development and Management Issues 423
17:7.3 . The Problem of Low Incidence ... < .oi t . o . 424
17.8 .. Shelt-Life Testing . . .Betisl o8 solisirnandy s il o A 424
17.8.1° . Basic Considerations: - - : . . - &lemiini s « o 424
17.8 2umalCutotisPointial, yrali xislinot memifl. . LEOL o o . 426
17.8.3 . Test Designs. . .o . -opsaiendlaftc o ¢ o oo 426
17.8.4  Survival Analysis and Hazard Functions . . . . . . 427
17.8.5 , _Accelerated/Storage . . . : s - « = < - s = Fsrsilerts 428
17.9  Summary and Conclusions . . . . .. ... ... ...... 428
Appendix 1: Sample Screening Tests for Sensory Quality Judges . . . . 429
Appendix 2: Survival/Failure Estimates from a Series
of Batches with Known Failure Times . . . . . . ... ... 429
Appendix 3: Arrhenius Equation and Qj9 Modeling . . . . . . . . .. 430
Referencest == o it o o m e S e 431
18 Data Relationships and Multivariate Applications . . . . . . . . . 433
184 - Introduetiom v . S rmbusin ¥ artedindad mpak] o DA A RS a8 433
18.2  Overview of Multivariate Statistical Techniques . . . . . . . 434
18.2.1  Principal Component Analysis . . . .. ... ... 434
18.2.2  Multivariate Analysis of Variance . . . . . . . . .. 437
18.2.3  Discriminant Analysis (Also Known
as Canonical Variate Analysis) . . . ... ..... 438
18.2.4  Generalized Procrustes Analysis . . . . ... ... 439
18.3  Relating Consumer and Descriptive Data Through
Preference Mappingiu:Rasie it Ll vt henat. o . 440
18(3.1 = Internal Preference Mappingiis o olbualelonis « <t 442
18.3.2  External Preference Mapping . . . . . . ... ... 442
184 - ConclusionShes EBMINaE & 0 oo o0 000 D e L 445
REICTEHCES T T o o sl S T e o o o iy et 446
195 Strategic Research . .o ums Db s S i onis Sasltiing 5 L 451
194 - Inttoduction .. . 3ppifeuma? soeied baaall dpipeatt . 5 451
19:1:15 | :Avenues for Strategic Research . = ipie et .« .k 451
| 9NIE @ onsimien@ontactik: zosiiiely Bl AL .« . . 453
19.2,- " Competitive Sutveillance  usimp Sl isnbnads o Sl .« « o 453
19251 WsTthe:@atepony Reviewin « & kotladie « o ulufl o . . 453
1922 08 S RercepmaliMappinge i sruias St o o doar bl oo 455
19.2.3  Multivariate Methods: PCA . . . . . ... ... .. 456
19.24  Multi-dimensional Scaling . . . . ... ... ... 458



Contents

19:3

19.4

19:5
19.6
19.7

19.2.5  Cost-Efficient Methods for Data Collection:

Sorting SoarnilEtse SHERRIE B e an il L 2 s

19:2.6-- VectorProjection S SR iERase iR sl e v . .
19.2.7  Cost-Efficient Methods for Data Collection:

Projective Mapping, aka Napping . . . . . . ... ..

Attribute Identification and Classification . . . . . . . ... ..
1931  Driversofliking st s S iRaresitt: dokil . . . .
19:3.2 . ‘The'KanoiMode it Seseignmitiny, Ll i,
Preference:Mapping RevisitedeinEiasa s St o nl
19:4.1++ “Types'of Preference Maps™. "5t o o .. o 0 . .
19.4.2  Preference Models: Vectors Versus Ideal Points
Consumer'SegmentationiEe = AN rmaen sttt St o, . .
Glaim: SubstantiationsRevisitedh 0l SRSEE S Ve, | S5l
Conclusionssst Seoyr DEmrEs Sk ) DRSSl 5l o o
19.7.1  Blind Testing, New Coke, and the Vienna

PhilRATMIONIC w ot MR IR, s, B L o v s

1972 Tlie'Sensory/Conttibutionh A S, . S0 ti o . ..
References

Appendix A Basic Statistical Concepts for Sensory Evaluation . . . . .

A.l INOAUCHION, <asio o Gunsis Soer = pletie, Sooyee i 10 e i thace s, 5 s
A2 Basic Statistical Concepts . . . . . . . . .. ... ...
A2.1 Data DESCHPHON. "« & e opd ser s jo s o 5 o o i
A.2.2  Population Statistics . . . . . ... ... ... ...
A3 Hypothesis Testing and Statistical Inference . . . . . ... ..
A3 ThelCenfidence Tafervalt: " s Sutamuichota = Lans!
A32 Hypothesis Testing.". . . .. 5 SS00GRE, -5 50
A33 AdWorkediExample S (I 165 Wil
A3.4 A Few More Important Concepts . . . . . ... ...
A35 DeCSIONIErors =% e SOUERR g TR b Bk - o ;-
A4 VariationStofithe rlest el M WaaNREDiitl | | Sousic o o
A4l The Sensitivity of the Dependent 7-Test for
SensorysDatase AN JGSHEERIBL: | Nt L L .
AS Summary: Statistical Hypothesis Testing . . . . . . ... ...
A.6 Postscript: What p-Values Signify and What They Do Not . . .
AT Statistical Glossany soirs # SBeoy’y sl . . LS L .
REICIENCES © i & & & -4 » ATt CREGSSNT eSS, | gl o . .

Appendix B Nonparametric and Binomial-Based Statistical

Methods . e e e e e -~
B.1 Introduction to Nonparametric Tests . . . . 200000
B.2 Binomial-Based Tests on Proportions . . . . . . ... ....
B.3 Chi-Squafe: ; 9SSR SREREE B ST e L

B.3.1 A Measure of Relatedness of Two Variables . . . .
B3.2 Calculations Vs o= S VSN SRR 3. .
B.3.3 Related Samples: The McNemar Test. . . . . . . .
B.3.4 The Stuart—NVaxwellilestwioaams . % ol . .« .

B.3.5 Beta-Binomial, Chance-Corrected
Beta-Binomial, and Dirichlet

Multinomial Analyses . . . . . ... ... .....

459
460

461
462
462
463
464
464
464
465
467
468

468
469
469

473
473
474
475
476
478
478
478
479
480
482
482




Contents

XXi
B.4 Useful Rank: OrderiTests i giepirastigasmel slpiie il | .10 499
B.4.1 The:SignTest saaisspi SRt vl . 2.0 499
B.4.2 The Mann—Whitney U-Test . . . . . ... ...... 500
B.4.3 Ranked Data with More Than Two Samples,
Priecdman and Kramerflestse s s o 0 oL . . . . 501
B4.4 RankOrdecCorrelaionseisiessh. . S8 . . . . 502
B.5 Conclusionsike mieTl. =" VEEVINEINe vt s . . ascomatald 503
B.6 Postseniptig: sted. g we d PR 503
B.6.1 Proof showing equivalence of binomial
approximation Z-test and x? test for
difference of proportions . . . . .. ... ... ... 503
RefErenCeS & o % kil s o o o 5 5 ianss o oy swesi o1 56, oo o p eiapsin i on 53 504
Appendix C Analysisof Variance . . . . . . ... .. ... ........ 507
€1 INOAUCHON ¢ o o o v o+ v o s oA Bt il s & o 507
C.1.1 OVELVIEW. . v« s oo cdiben e o AT o 507
C.12 Basic:Analysis:of Variance i £ ¢ 2 v ole o o o s 508
C.1.3 Ratighalefe kit S gl s mlnmps . - S5 40 0 T 508
C.14 Caleulations bre sefes it Siae it met. o b 509
G5 A Worked Examplegir.otas Sl vimeimet. « -l 509
C2 Analysis of Variance from Complete Block Designs . . . . . . 510
C.2.1 Concepts and Partitioning Panelist Variance
1707111 21 5 (o) G 510
C22 The Value of Using Panelists
As TheirOwn Controls . . . . . ... ... ..... 512
€35 Planned Comparisons Between Means Following ANOVA . . . 513
C4 Multiple Factor Analysis of Variance . . . ... ... ... .. 514
C4.1 AN EXample . o e e e Y 514
C42 Concept: A Linear Model . . . . . . ... ... ... 515
C43 A Note About Interactions . . . . . ... ...... 516
G5 Panelist by Product by Replicate Designs . . . . . . . . .. .. 516
C.6 Issuesiand COnCerns: s <« o nises @ o5 s & 5w & ohe 5 s 519
C.6.1 Sensory Panelists: Fixed or Random Effects? L)
C.62 A Note onBlocking . . . i a'b - s . cmwa s oes 520
Ci6.3 Split-Plot or Between-Groups (Nested) Designs . . . 520
C.64 Statistical Assumptions and the Repeated
Measures ANOVA . . . .. ... ... . ...... 521
€65 QOB OPLONST 2 o s ao s o oerme > 6 = 5 o e 522
R B S e o T 522
Appendix D Correlation, Regression, and Measures of Association . . . 525
D.1 Introductionts =t A2 parut seaede Tnastdewig .« - oo o o s 525
D.2 Corelalion . o e e« 5 ARREENETEE o o w 527
D.2.1 Pearson’s Correlation Coefficient Example . . . . . . 528
D.2:2 Coefficient of Determination . . . . . ... ... .. 529
D3 L inCamR e ofeSSIONMEt it 1 0TS s S0 o o v e e 529
D131 Analysisjof-Variance i1z Lnte dsloiiis o o v 0 0 s 530
D32 Analysis of Variance for Linear Regression . . . . . 530
D.3.3 Prediction of the Regression Line . . . . . . ... .. 530
D.3.4 Linear Regression Example . . . . . . .. ... ... 531



XXii

Contents

D4 SMultiple Linear Regressiont eSSt seie s fao v . . Ll
D.5 Other Measuresiof Association S8t MRl iy - . . o o
D.5.1 Spearman Rank Correlation . . . . . . ... ... ..
D5.2 Spearman Correlation Coefficient Example . . . . .
D53 CramersivaMeasurc BRIt 0 L L L
.5 400 i Cramcr Coefficient Examplestia . o 3 . o o«

References

Appendix E Statistical Power and Test Sensitivity . . . ... ... ...
E.1 | BT e o e R A R e e R
E2 Factors Affecting the Power of Statistical Tests . . . . . . . ..

E.2.1 Sample Size and AlphaLevel . . . . . .. ... ...
E.2.2 Bifeet Sizez . ool o T8 ot e e e s
E23 How Alpha, Beta, Effect Size, and N Interact . . . .
E.3 Worked Examples: ' v oo = soe s 5 s sn B antmiing, L
E.3.1 The r=lest S i g i L e Reth - =g 3 -
E3.2 An Equivalence Issue with Scaled Data . . . . . . .
E3.3 Sample Size for a Difference Test. . . . . ... ...
E.4 Power in Simple Difference and Preference Tests . . . . . . . .
E.5 Summary:and‘Conclusions’™ Sl @ aiEEmos L b s e e

References

Appendix F Statistical Tables . . . . . . . . . .. ... ... ........

Table EA

Table F.B

Table E.C

Table ED1

Table ED2

Table F.E

Table FF1

Table FF2

Table F.G

Table EH1

Table F.H2

Table F.I

Cumulative probabilities of the standard normal
distribution. Entry area 1—o under the standard

normal curve from —ocotoz(l-a) . .. .. ... ... ..
Table of critical values for the ¢-distribution . . . . . . . .
Table of critical values of the chi-square (x?2)

(a1 i | D)L D) 1 e e e s o e
Critical values of the F-distribution ate =0.05. . . . . .
Critical values of the F-distributionatoe =0.01 . . . . . .
Critical values of U for a one-tailed alpha at 0.025

or a two-tailed alphaat0.05 . . ... ... ... ... ..
Table of critical values of p (Spearman Rank

correlation Coetiicient) . . & v s v 1 v 5 5 B E s
Table of critical values of r (Pearson’s correlation
COCTHCIENTY T5 & s & i sohians o i o S 5 o n (o (o e 5t o e s
Critical values for Duncan’s multiple range test
(pdiret=0508) Hinimzasl Saalil Subdling . o . o o
Critical values of the triangle test for similarity
(maximum number correct as a function of the

number of observations (N), beta, and proportion
diSCHiMINANG) < e 5uie s vo rolone onn SEPREAREE A | 0 oniik
Critical values of the duo-trio and paired

comparison tests for similarity (maximum number

correct as a function of the number of observations

(N), beta, and proportion discriminating) . . . . . . . . ..
Table of probabilities for values as small as

observed values of x associated with the binomial

test (p=0:50) FANEEIENNENSIENSSL Wes. .t L



Contents

xxiii
Table F.J Critical values for the differences between rank
SUMS(6— 0105 T R I ) o o o a s 563
Table FK  Critical values of the beta binomial distribution . . . . . . 564
Table FL.  Minimum numbers of correct judgments
to establish significance at probability levels of 5
and 1% for paired difference and duo—trio
tests (one tailed, p = 1/2) and the triangle
test(oneitailed; pi=Ely B0 o ot v s s e e s e 565
Table EM  Minimum numbers of correct judgments
to establish significance at probability levels of 5
and 1% for paired preference test (two tailed,
Dl v P o - frarated e Givtieattim 1o St o el 566
Table EN1 Minimum number of responses (z) and correct
responses (x) to obtain a level of Type I
and Type II risks in the triangle test. Py is
the chance-adjusted percent correct or proportion
of diSCMINALOLS, pr flamml sunt v s b Blareh it/ 6 Sl s Mimes 567
Table EN2 Minimum number of responses (7) and correct
responses (x) to obtain a level of Type I
and Type II risks in the duo—trio test. P is the
chance-adjusted percent correct or proportion
o diSe NI ATOTS iy Ao wre o Vot liim Ao A Dy sy = r ek 567
Table FO1 d’ and B (variance factor) values for the duo—trio
and 2-AFC (paired comparison) difference tests . . . . . . 568
Table FO2 d’ and B (variance factor) values for the triangle
and 3-AFC difference tests . . . . . . .. ... ... ... 569
Table FP  Random permutations of nine . . . . ... ... ..... 571
Table FQ Randomnumbers. . . . .. .. ... ........... 572
AUthORINAeX . . . . oo o il i o e e e s e b e e e 573
SubjeéctIndex . .7, . s wow SRS BRI L L i e s s 587



