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Introduction

The aim of this presentation is to show
• applied statistical methods, 
• charts that can be used for reports and presentations,
• possible ways of interpretation.

• The methods shown in this presentation are used by SAM ASAP and 
cover nearly 80% of all projects. 

• The main focus will be on the practical use of the methods and on 
the interpretation of the output and graphics of the statistical
analyses.
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Overview: Statistical Methods

• Summary statistics
• Analysis of variance
• Multiple comparison tests
• Principal component analysis
• Penalty analysis
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Background – Study and Data
Coffee study

• Panel: Descriptive coffee panel in Munich, 10 panelists 
• Products: 6 soluble coffees
• Training: 12 sessions, including pilot test 
• Measurement: all products 3 times by every panelist
• Attribute: 48 attributes for aroma, flavour, mouthfeel, aftertaste
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575217382517733Coffee E6157

1188135091813692Coffee E6157

981749705918801Coffee E6157

711251641291513343Coffee D6157

92610125718159362Coffee D6157

131014176735218641Coffee D6157

108831254142518583Coffee C6157

11828548110911702Coffee C6157

1413213177612028721Coffee C6157

57571961111726633Coffee B6157

671687892517832Coffee B6157

95101055211117611Coffee B6157

95111061172512323Coffee A6157

7613683419928242Coffee A6157

11238187563732411Coffee A6157

877153757719713Coffee F6157

87101479112618812Coffee F6157

823141676193225691Coffee F6157

sourrottenartificialflowerywaterymouldymaltyfreshly
ground

strongRepet.ProductAssessor

Raw data
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24,4432,7430,3741,2640,7443,89bitter

22,322,119,621,825,418,0chemical

17,214,315,319,717,515,6sweet

45,950,549,038,046,746,0sour

7,55,99,018,59,57,4rotten

44,635,542,936,446,129,7artificial

31,033,832,434,730,943,0flowery

26,527,532,439,732,330,3watery

38,129,524,639,935,331,5mouldy

18,816,318,834,723,118,5malty

21,927,328,912,119,329,3freshly ground

66,960,060,154,461,556,2strong

coffee Fcoffee Ecoffee Dcoffee Ccoffee Bcoffee Aattribute

Summary table – means
flavour attributes
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7,017,412,43,711,412,5bitter

22,920,122,922,620,617,9chemical

16,611,615,212,011,215,0sweet

24,924,321,126,726,023,4sour

4,56,911,56,38,67,0rotten

17,420,625,417,716,317,0artificial

24,223,726,314,321,219,6flowery

16,217,819,817,315,419,7watery

15,612,525,515,212,613,2mouldy

22,420,222,922,718,822,3malty

20,023,329,922,824,123,9freshly ground

25,226,321,126,625,930,5strong

coffee Fcoffee Ecoffee Dcoffee Ccoffee Bcoffee Aattribute

Summary table – standard deviation 
flavour attributes
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Statistical Analysis

• Question: 

Do exist real / significant differences between products?

• To answer this question a hierarchical 2-step procedure is being 
conducted to check the following two questions:

1) Do exist product differences? If the answer is yes

2) Which of the products are significantly different?
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Statistical Analysis

• Step 1: Univariate analysis of variance (ANOVA) with factors

– product

– assessor (block effect to account for different scale use)

• Step 2: Multiple test

– Duncan

– Least significant difference

– …
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Statistical Analysis

For hypothesis testing with ANOVA we need some assumptions:

• The samples (products) represent independent samples drawn 
from  specific populations with unknown means 

.
=> random order or random balanced order

• Each of the populations (products) is normally distributed.
=> check for normality

• Each of the 5 populations has the same variance.
=> check variance for each product
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 Tests of Between-Subjects Effects 
 
Dependent Variable: bitter  

Source 
Type III Sum 
of Squares df Mean Square F Sig. 

Corrected Model 43291,981(a) 13 3330,152 12,659 ,000 
Intercept 205013,389 1 205013,389 779,326 ,000 
assessor 35539,556 9 4442,444 16,887 ,000 
product 7752,426 5 1550,485 5,894 ,000 
Error 38933,630 148 263,065     
Total 287239,000 162       
Corrected Total 82225,611 161       

a  R Squared = ,527 (Adjusted R Squared = ,485) 
 

Output table – Univariate ANOVA

Statistic program: SPSS 13.0
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 bitter 
 
Duncan  

Subset 
product N 1 2 3 
coffee F 27 24,4444     
coffee D 27 30,3704     
coffee E 27 32,7407 32,7407   
coffee B 27   40,7407 40,7407 
coffee C 27   41,2593 41,2593 
coffee A 27     43,8889 
Sig.   ,077 ,069 ,506 

Means for groups in homogeneous subsets are displayed. 
 Based on Type III Sum of Squares 
 The error term is Mean Square(Error) = 263,065. 
a  Uses Harmonic Mean Sample Size = 27,000. 
b  Alpha = ,05. 
 

Output table – Duncan test

Statistic program: SPSS 13.0
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PRODUCT Mean 1 2
4 4 43,181818 ****
5 5 57,424242 ****
2 2 59,363636 ****
1 1 62,424242 ****
3 3 62,515152 ****

Output table – Duncan test
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PRODUCT Mean 1 2
1 1 62,424242 B
2 2 59,363636 B
3 3 62,515152 B
4 4 43,181818 A
5 5 57,424242 B

Output table – Duncan test
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Results

• For a better overview, the coffee products are displayed with their 
characteristic attributes and intensities.

• The attributes are indicated with + or -:

++ indicates the strongest intensity compared to all other products
+ indicates a stronger intensity compared to most of the other 

products

- indicates a weaker intensity compared to most of the other 
products 

-- indicates the weakest intensity compared to all other products
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Results coffee panel / Flavour

- flowery+ strong; + mouldy; ++ arftificial; + 
bitter

Coffee B

-- artificial++ freshly ground; ++ flovery;           
++ bitter

Coffee A
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• Europe’s 60 most prominent red wines,
• covering European main markets including France, Germany, Italy,

Spain, Switzerland
• From 12 supplier countries (Argentina, Australia, Chile, France, Germany, 

Hungary, Italy, Kosovo, South Africa, Spain, Switzerland, USA)

• Different varieties and blends (merlot, cabernet sauvignon, shiraz, ...)

• Different market positions (vins de pays, AOC, …)

Background – Study and Data
EPP Red wine 2005 study
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Background – Study and Data
EPP Red wine 2005 study

• Panel: Descriptive wine panel in Paris, 12 panelists
• Training: 10 sessions
• Measurement: all products twice by every panelist
• Attributes: 61 attributes for appearance, aroma, mouthfeel, flavour, 

aftertaste
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Albali tp 39.3 40.6 40.8 42.1 35.2 21.4 41.8 27.3 23.7 23.6 21.8 13.7 33.3 28.9 16.3 23.7 17.4 18.6 16.0 20.6

Amselfelder 24.2 36.9 32.6 38.7 36.1 24.9 34.7 31.4 24.3 27.3 17.6 20.3 34.5 20.3 22.7 31.7 21.8 20.5 18.4 23.6

Balaton H&S 36.9 39.0 36.5 41.9 38.3 25.5 37.4 31.3 26.7 27.6 18.5 17.1 37.7 24.9 22.5 27.2 19.2 21.6 14.9 21.2

Blestac Bdx 46.2 41.9 42.0 42.2 35.0 19.9 38.1 28.5 22.3 19.0 16.3 10.5 35.9 32.9 18.0 22.3 17.6 16.7 14.4 14.8

BlossomH 41.5 37.4 35.3 41.2 39.4 23.2 35.0 27.6 26.9 24.1 16.4 14.7 38.9 29.8 15.0 28.6 21.6 20.2 19.6 18.8

Bouchard Bgne 20.8 34.5 36.4 40.6 35.0 22.8 36.5 27.4 25.8 22.1 17.3 9.9 35.4 25.4 23.0 33.5 19.2 22.4 20.0 24.9

Caceres rio 40.5 38.1 37.2 43.1 36.8 20.8 38.8 33.3 23.9 31.5 22.3 17.2 33.4 27.8 16.4 26.2 18.2 18.5 14.0 19.4

Campo ma 44.0 39.8 39.8 38.9 36.0 19.9 41.0 27.5 20.0 21.1 20.7 15.6 33.6 35.2 14.9 23.9 20.3 16.9 13.3 17.7

Campo Viejo 42.5 41.6 37.3 43.1 32.8 16.1 38.0 33.9 26.7 30.0 20.8 17.1 40.4 34.2 15.0 24.4 20.9 19.8 18.0 15.3

Castel cs 41.3 41.3 38.4 41.1 38.6 28.1 40.1 34.2 24.1 25.9 21.6 16.4 35.0 28.6 15.7 23.2 19.9 16.3 18.8 17.3

Castellino 35.3 37.1 34.8 42.9 33.9 20.9 38.3 35.5 29.4 32.0 18.8 21.9 39.5 31.2 17.7 32.7 25.0 26.0 21.6 23.9

Cecchi chianti 40.1 36.9 40.4 43.0 36.2 24.2 39.9 29.4 23.8 28.5 18.9 16.6 38.4 25.7 15.5 28.1 19.3 18.9 16.9 19.3

Chantre Bdx 41.7 37.8 40.3 42.3 37.2 25.9 37.9 33.1 24.1 25.3 14.7 12.5 40.6 35.1 16.3 29.5 22.7 25.9 17.1 23.3

Chenet  c/sh 40.1 39.0 34.3 41.2 38.4 23.6 38.0 28.2 26.6 24.0 16.7 12.0 36.3 32.0 18.2 23.4 17.0 17.3 14.0 19.5

Chenet m 41.6 40.1 36.0 41.3 36.0 20.9 39.5 28.1 24.6 27.0 18.5 12.3 33.8 25.1 22.0 27.4 16.7 19.7 15.3 20.0

Cordier Bdx 40.0 36.4 37.8 41.7 37.0 22.3 37.7 30.7 21.7 28.1 16.7 18.6 34.7 27.1 17.8 29.0 20.3 20.2 19.0 21.3

CoulSud m 43.4 39.1 39.1 42.7 37.6 25.1 37.8 24.0 24.2 17.6 16.5 10.2 40.2 29.6 18.2 27.2 21.3 20.6 18.8 22.7

Cramoisay 29.9 37.5 40.7 42.8 36.2 24.6 34.5 26.8 29.6 23.1 16.0 15.0 37.6 26.3 19.1 32.7 24.0 19.2 15.9 26.1

Dauphins CdR 27.7 39.6 37.3 40.7 34.0 24.3 35.9 32.4 23.6 30.6 18.8 20.1 33.1 27.4 20.9 30.8 17.9 19.2 14.7 24.8

Domkeller 10.4 32.6 29.3 36.3 30.2 18.4 24.9 23.6 27.0 20.8 11.6 15.2 30.3 20.6 16.7 33.1 24.2 21.2 22.7 23.0

DonMendo 34.0 35.9 33.4 41.0 33.8 16.0 38.5 30.2 21.6 23.4 16.7 16.0 34.4 26.2 16.0 29.3 17.6 19.9 14.6 21.6

Duboeuf Bj 26.8 31.7 28.2 39.3 32.6 25.7 31.2 20.6 30.4 26.8 14.8 16.8 41.6 29.3 20.6 33.5 33.2 25.1 23.4 29.5

DWeintor dn 39.9 37.1 37.0 42.9 34.1 17.9 33.7 27.5 28.6 21.8 20.2 11.1 37.8 29.7 17.7 32.1 22.2 21.4 17.1 24.6

ElCoto 38.6 39.7 38.6 43.6 36.7 21.5 39.7 33.7 23.0 27.3 20.6 18.1 35.3 30.6 16.9 25.2 20.4 18.3 15.7 20.5

Emperador c/cam 48.3 42.2 38.6 45.3 35.0 18.9 38.8 32.1 23.3 33.7 15.3 17.3 35.4 33.4 13.9 22.4 16.5 16.7 13.7 17.4

Faustino V 46.0 40.0 39.4 43.8 37.1 20.7 43.3 28.4 26.0 30.1 21.8 17.6 37.2 33.4 15.7 21.1 15.6 17.1 13.4 18.3

Filou 26.9 30.4 30.5 39.8 36.3 21.5 33.8 29.5 28.3 25.6 18.2 15.6 39.3 28.0 22.6 33.6 22.0 24.7 23.4 23.1

Fuerto tp 42.6 39.5 34.4 41.9 36.4 17.6 35.9 30.8 24.8 22.8 17.4 13.5 41.9 29.8 17.3 26.4 22.6 20.3 17.1 19.4

Gallo cs 48.1 40.3 39.2 46.6 37.7 19.6 37.9 33.1 23.9 31.5 19.5 14.7 41.7 32.6 15.8 22.5 17.9 16.0 15.5 17.0

Gallo zi 48.9 41.2 42.2 45.9 38.4 21.7 41.1 32.1 25.9 23.0 20.1 10.4 41.8 33.8 15.5 23.2 16.3 16.8 13.4 17.0

Summary table - means
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Principal Component Analysis (PCA) 

• PCA is a multivariate statistical method.

• Given many attributes from a descriptive panel, some will be 
correlated. The PCA finds these patterns of correlation and 
substitutes a new variable, called a factor, for the group of original 
attributes that were correlated. The analysis then seeks a second 
and third group and derives a factor for each, based on the 
variance left over at each step once the variance now accounted 
for by the previous factor is removed.
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attribute 1

attribute 2 factor 1factor 2

Principal Component Analysis (PCA) 
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Principal Component Analysis (PCA)
Data considerations and calculation

• Take mean values for all products and interesting attributes
• Attributes:

– Take all attributes
– Consider only significant attributes
– Consider a subset of attributes like all taste attributes

• Calculate the principal component analysis
• From the output/results take the ‘loadings’ for the attributes and 

the ‘scores’ for the products.
• Consider the first 2 PCAs first and draw a scatter plot.
• If following PCAs show a relatively big amount of variability, 

consider them in following charts.
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Principal Component Analysis (PCA) -
Interpretation

• ‘% of total variance’ for each PC shows the importance of each PC.
• Arrows with a small angle between them indicate high correlation

between the corresponding attributes.
• The longer the arrow, the better the explanation of the respective 

attribute in the shown dimensions.
• Products that lie close together are judged similar for the attributes.
• Arrows of attributes describe the area in the plot concerning the 

products.
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TA_black tarry

TA_black fruits

TA_black currant

FL, TA_spicy

FL, TA _smoky
FL, TA _woody

fa
ct

or
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18

.9
%

)

German

German

German

German

German

German

COUNTRY OF ORIGIN: FRANCE/AUSTRALIA/USA/SOUTH AFRICA

Australia
South 
Africa

USA

FranceAP=Appearance
FL=Flavour
MF=Mouthfeel
TA=Taste
AT=Aftertaste
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factor 1 (50.0%)
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Swiss

SpainSpain

Spain

Spain

Spain

France

France

Italy

Italy

Italy

Italy

Italy
Italy

UK

UK

UKUK

German

German

German

German

Spain

France

France

France
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UK

UK

UK

UK
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German
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German

German

German

Germany
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France

France

France

France

France

France 

Spain

Germany

Swiss

AP_dark red

AP_tears on glass

TA_banana

TA_sweet

TA _rasp-/strawberry

TA _candies

TA _cherry

TA_red fruits

TA_citric
TA_vinegar

TA_sour

TA_bitter
MF_chippy

MF_astringent

TA_alcohol

AT_long lasting

MF_burning

MF_coating

TA_wine-cellar

TA_dried fruits

TA_black tarry

TA_black fruits

TA_black currant

FL, TA_spicy

FL, TA _smoky
FL, TA _woody

fa
ct

or
 2

 (
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.9
%

)

German

German

German

German

German

German

Italy

Spain
Germany

COUNTRY OF ORIGIN: GERMANY/ITALY/SPAIN

AP=Appearance
FL=Flavour
MF=Mouthfeel
TA=Taste
AT=Aftertaste
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IntroductionIntroductionII

Univariate analysis of descriptive coffee dataUnivariate analysis of descriptive coffee dataIIII

Multivariate analysis of descriptive wine dataMultivariate analysis of descriptive wine dataIIIIII

Analysis of consumer coffee dataAnalysis of consumer coffee dataIVIV

Outline
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Background – Study and Data
Coffee consumer study

• Consumers: 144 consumers
• Phone based screening from the SAM ASAP- consumer database

after the following criteria:
• Location: Central location test Munich, Germany
• Gender: 60% male (N=88) / 40% female (N=56)
• Age: 18-29 years (N=73) / 30-49 years (N=71)
• 100% affinity to soluble coffees

• Products: 6 soluble coffees
• Questionnaire:
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How do you like the mouthfeel  of the product ? 
 

dislike                    
 like 

 
 

 

How do you judge the mouthfeel ? 
 

 much too thin  too thin  just about right   too thick  much to thick 

Mouthfeel           

 
 

Testing Procedure – Questionnaire - Scales

• Two kinds of scales were used to evaluate the products. A nine 
point category scale with two anchor points was used for the 
hedonic questions, a five point category scale was used for the 
just about right questions. 

+2

9

-2 0

1
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1

2

3

4

5

6

7

8

9

overall appearance smell overall taste mouthfeel aftert aste overall liking

Coffe A

Coffe B

Coffe C

Coffe D

Coffe E

Coffe F

Acceptance scale:
1 = worst judgment 
9 = best judgment

A
cc

e p
ta

n
ce

 le
v e

l
Results – coffee (N=144) 
Hedonic questions – Means and ANOVA with Duncan 
test

Sig. difference at 5%
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5

4,5

4,6

4,9

5,3

5,6

1 2 3 4 5 6 7 8 9

Coffee F

Coffee E

Coffee D

Coffee C

Coffee B

Coffee A

Results – coffee (N=144)
Overall taste

Acceptance scale:
1 = worst judgment 
9 = best judgment

Significant differences are described by different lette rs
(level of significance = 5% ).

A

A   

B  

C  

C

B
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• „ok“ indicates that the product is perceived as just right by at least 65% of 
the consumers for that specific dimension.

• A sensory dimension is „not relevant“ if the means of the answers that differ 
from just right have no significant influence on the overall liking of the 
product.

• A sensory dimension has an „optimization potential“ if the means of the 
answers that differ from just right have a significant influence on the overall 
liking in both directions.

• Indications for improvement are described - for example - as „too thin“
(numbers in brackets display the percentage of consumers having this 
perception). In this case it could be proved that the answers that differ from 
just right have a significant influence on the overall liking of the product. 
Consumers who judged the product not just right in the specific category 
considered the product in overall liking significantly worse than the 
consumers who said the product is just right.

Results „just about right“ questions
Penalty Analysis
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Penalty Analysis – coffee (N=144)
Mouthfeel

2
5

3 4

17

42

29

35

70

48

55 55

10
6

13

7

1 0 0 0
0

20

40

60

80

100

coffee A coffee C coffee D coffee E

much too thin too thin just about right too thick much too thick

4,4

-

5,7

6,0

6,0

4,8

ok

3,7

5,5

-

Numbers in grey display the mean of overall liking for this group and product.

F
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 %

Minimum
for just right

too thintoo thin
too thin



Page 47 ESN Conference, Porto, May 2007

SAM ASAP Sensory and Marketing Germany GmbH

Sven Henneberg
Senior Vice President
sven.henneberg@samresearch.com

Oetztaler Strasse 1
81373 München
Tel.: +89 743 767 0
www.samresearch.com

Contact

Thank you for your attention!


