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Overview

• Sensometrics needs impact

• Discrimination testing for behaviour

• Diversity and the non-fitting

• Decision Making

• The way forward



Most Downloaded Food Quality and Preference Articles
The most downloaded articles from ScienceDirect in the last 90 
days.

http://www.sciencedirect.com/


In fact we have to get to number 11 before we get to 
anything remotely methodological and there are no 
Sensometrics papers in the top 30.

And yet :



I believe we are often

• Measuring the wrong variables

• Using the wrong tests

• Using the wrong models

•Big opportunity for Sensometricians to show 
leadership and go to the top of the impact scoreboard.



Sensory Science –traditional view

Traditional 
Sensory

Discrimination

Triangle testing Duo-trio testing

Descriptive/ 
Expert panel

Descriptive 
profiling

Time Intensity

Affective testing/ 
Consumer testing

Home  use Central location
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Are these methods suitable for 21st century testing?

CONSUMER BEHAVIOUR



Proposition- To be impactful

•Sensometrics must use Statistical Theory and 
Tools to explain and model Consumer behaviour 
rather than maximising power



Acknowledge John Ennis and colleagues for 
their excellent research



We are all familiar with the Triangle Test

1                       2                         3

? ???

Which One is Different?

Used throughout the Food, Beverage and 
Personal Products industry to see if people 

can notice a difference



The Tetrad test proposed by Ennis

1           2                3                       4

Pick the two pairs of samples that are

most similar to each other



Comparing the power of different tests at a delta of 1.5

Power as a function of sample size for the 2AFC, Duo Trio, Triangle and 
Tetrad for a delta of 1.5 ( fairly easily discriminable )

Po
w

er

Sample Size

So for a power of 0.8 you 
can replace a Triangle test 
with 60 people by a 
Tetrad test using 15 
people

Big saving!

General Mills have 
adopted Tetrad instead of 
Triangle

Delta is an index of 
signal to noise so at a 
Delta of 1 the signal is 
about the same as the 
noise



Comparing the power of different tests at a delta of 1.0

Power as a function of sample size for the 2AFC, Duo Trio, Triangle and 
Tetrad for a delta of 1.0 ( sensory difference equals noise)

Po
w

er

Sample Size

The Tetrad performs much 
better than the Triangle test  
for very noisy studies



And yet what are we trying to measure here?

I just ate three 
snickers bars and 
the middle one 
was different to 
the other two



And yet what are we trying to measure here?

I just ate 4 
snickers bars 
and I can 
clearly put 
them into two 
pairs



And yet what are we trying to measure here?

That Snickers 
bar didn’t 
taste like it 
usually does

A not A
Is this product 

Snickers or not?



A not A testing

• Please taste this product and tell if you think it is your usual Snickers 
bar or not

Reminder A not A testing

Here is a normal Snickers bar please taste it
Now please taste this product and tell if you think it is your 

usual Snickers bar or not



Testing for formulation change

• Testing Protocol
• A not A without tasting the 

reference

• Reminder A not A where the 
reference is given first

• Behaviours being measured
• Consume product and notice 

difference

• Consume product repeatedly and 
then notice difference

• Consume product repeatedly and 
then change buying behaviour, 
sometimes without conscious 
recognition that difference has 
been perceived

We have successfully applied this approach to a commercial shelf-life study



Compared on the basis of number of samples 
used –A not A reminder can beat Tetrad

• Show pictures

• Show powrr curves

• Show implementation

• And yet?



Reminder methods work better than Triangle and 
Tetrad on this basis



Behaviour versus Power

• Since A not A task closely 
models the thought patterns 
we are trying to measure we 
can easily extend the testing 
to measure responses in 
different environments

• For example in a bar during 
a session where a 
reformulated drink might be 
presented straight after an 
original prototype



Snickers Story

• Chocolate removed to save money

• More removed as triangles showed no perceived difference

• After 6 months sales started to dip

• If the reformulation changes are small how does the perception change 
with time

• What is the updating process between expectation and actual?

• Needed: repeated assessment trials

Question



The effect of a conscious change

• Respondents were asked to switch to a low fat diet for health reasons

• For the group that did not use modified fat products, Hedonic liking 
for full fat foods dropped across a 12 week period and this was 
maintained for a further 12 week follow up

• What is the updating process between liking and expectation

• Need – repeated assessment trials

Question

Rick Mattes Am J Clin Nutr. 1993 Mar; 57(3):373-81. Fat preference and adherence to a reduced-fat 

diet  



Boredom Test Example
Boredom Test

4
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 A   B  C 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15   A   B   C

L
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in
g

Group A Group B Group C

Pre-test Exposure series Post-test

The stimulus assessed first by subgroup C was not well discriminated at 

first



Points  so far

•Select the test that Measures behaviour above 
power

•Repeated assessments needed to understand 
decision making after reformulation



Complete the sentence….

I have freely 
sorted 8 products 
into 3 groups and 
now I will….



Complete the sentence….

I have laid out 
these 8 products 
on the table cloth 
and now I will….



Complete the sentence….

Looking at this list
Most Attributes Least

Comforting

Trustworthy

Easygoing

Warm

Aggressive

I can select the best and 
the worst and now I will…



Complete the sentence….

I score this product as 7 
out of 9 on a liking scale 
and now I will…



Diversity

• Koster notes that we must acknowledge diversity of response

•Vigneau and others 
propose a “noise”  
(Idiosyncratic) 
cluster of all those 
who don’t fit in any 
of the main cluster



Diversity

• Typically this noise cluster can have 20% to 30% of respondents in it
• Not a very satisfactory model of consumer behaviour
• Who are these people?
• Are they poor sensory discriminators?
• How much do they vary on repeated sampling
• How do they make choices in practice?
• Needed: Repeated assessment studies on the non-fitting!
• Needed: Sensory sensitivity testing on the non-fitting



Decision making models from 
Psychology and Economics



Dual processing

• From Plato to Freud, many have remarked that humans seem to have more 
than one mind. 

• Today, detailed 'dual-process' models are being tested by psychologists and 
neuroscientists:

• Since the 1970s dual-process theories have been developed to explain 
various aspects of human psychology... 

• One of the processes is characterized as fast, effortless, automatic, non-
conscious, inflexible, heavily contextualized, and undemanding of working 
memory

• The other as slow, effortful, controlled, conscious, flexible, 
decontextualized, and demanding of working memory.



Decision making – Two minds - Dual Processing

Chocolate is 
not a very 
healthy 
snack

One of the processes is characterized as fast, effortless, 
automatic, non-conscious, inflexible, heavily contextualized, 
and undemanding of working memory

One process is slow, effortful, controlled, conscious, flexible, 
decontextualized, and demanding of working memory.



Most popular Dual processing theory
Kahneman and Tversky
• Daniel Kahneman provided further interpretation by differentiating 

the two styles of processing more, calling them intuition and 
reasoning in 2003. 

• Intuition (or system 1), similar to associative reasoning, was 
determined to be fast and automatic, usually with strong emotional 
bonds included in the reasoning process. 

• Kahneman said that this kind of reasoning was based on formed 
habits and very difficult to change or manipulate.

• Reasoning (or system 2) was slower and much more changeable, 
being subject to conscious judgments and attitudes



The key point is 
that system 1 is 
low effort and 
rapid and is used 
very often in 
decision making.

System 2 gets 
called in when 
system 1 cannot 
cope
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Earthy, P. J., MacFie, H. J. H. and Hedderley, D. 

(1997) Effect of question order on sensory 

perception and preference in central location trials. 

J. Sens. Stud., 12(3), 215-237.
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milk%            100   75     75    50      25   25   0

dark%             0    25      25    50       75    75  100

sugar gms    9    18        0      9       0     18   9

Hedonic rating

without attributes

with attributes

Does the addition of attribute questions 

alter the hedonic ratings?

Why has this 

effect 

occurred?



Implications

• Elaborate and long questionnaires may cause us to measure system 2 
(conscious) when the true behaviour is system 1 (automatic)

• A respondent may use both system 1 and system 2 decision making in 
different contexts or from one tasting to another

• In the long term system 2 conscious decision making may dominate 
(reduced fat example)

• The effect of repeated consumption is not understood

• Needed: repeated assessment trials



• Eating, Drinking and Food choices are among the most frequent human behaviours

• Intuitive thinking and decision making are the rule rather than the exception in these behaviours

• Many of our measurement methods do not acknowledge this

• Even when asked a simple question such as “Do you like this? They detect nuances of taste that 
they never noticed and system 2 goes on to alert

• Situational analysis, observational methods and memory and expectation research will give more 
insightful results

Currently many groups and researchers are starting to explore how to measure unconscious processing
: Facial coding, Weighed intake, Speed of intake
Important to remember that conscious processing is also important



Decision Making – Heuristics



Heuristics are strategies we use to deal with 
problems

• When confronted with a difficult question, people may answer an easier 
one instead and are often unaware of the substitution. 

• A person who is asked "What proportion of long-distance relationships 
break up within a year?" may answer as if she had been asked "Do 
instances of failed long-distance relationships come readily to mind?" 
This would be an application of the availability heuristic.

• A professor who has heard a candidate’s job talk and now considers the 
question "How likely is it that this candidate could be tenured in our 
department?" may answer the much easier question: "How impressive 
was the talk?" This would be an example of one form of the 
representativeness heuristic.



Consumer Science Heuristics

The question: “How does repeated consumer experience of 
consuming or using a new or modified product influence 
repurchase”

has been substituted by

“How does the sensory experience of 10 people influence 
declared liking after one tasting/use by consumers”



Does liking predict behaviour?

• 109 consumers assessed 3 strawberry flavoured yogurts using the 9 
point hedonic scale

• They were then monitored for a year to determine whether their 
ratings had any predictive value for their purchase behaviour

• Highest rated yoghurts tended to be purchased

• Negligible correspondence between rank order of rating and 
purchase frequency



Rating, Ranking, Take-Away, Meal context

• Test 1 – 32 consumers ranked 6 packages of cured ham for meal context 1 and 
then meal context 2

• They then rated prob buying each package

• Take away – each consumer was given 25 euros and asked to buy two packages 
of ham with priority 1 and priority 2 and to indicate which kind of meal

• Test 2  - 120 consumers

For ranking and rating, if you took it away then it was very likely to have been rated as either the best or the next best
Similar results for test 2



Implications

• We do not need a complex quadratic model linking liking to sensory

• Just use Pick a winner task eg Hedonext



Methodology

• 250 women assessed the products monadically at home giving a 
global hedonic score on a 0 to 10 scale

• 60 women were asked, after each product test, if they were satisfied 
enough with the current product. If so they were rewarded with a 
month’s supply and their trial was terminated.



Comparing Average Liking with Hedonext

Average 
liking 
scores
No clear 
winner

Hedonext
Clear 
winner on 
a genuine 
behaviour



Marketing Proposition

•1. Top 2/3 box is a better indicator of likely purchase 
behaviour than Mean Liking

•
2. Products will only be bought by those that score top 
2/3 box



Anova of Liking shows more discrimination than
k proportions test on top 3 box

Yoghurts

Sample
Top 3 Box 

Proportion
Groups

A 0.44 A

B 0.44 A

F 0.41 A

G 0.40 A

J 0.33 A

E 0.31 A

D 0.29 A

H 0.29 A

Sample
Average 

liking

G 6.9 A

A 6.8 A

B 6.7 A

J 6.5 A B

F 6.5 A B

E 6.1 B C

D 6.0 C D

H 5.6 D

Groups



Plotting Top 3 Box proportion versus Mean Liking indicates that A and B will be 
selected by marketing because of the higher Top 3 box ratings. 
Sample G will be recommended by the product developer working on select the 
best from Average liking

Yoghurts







Preference mapping versus Heuristic

S
E
N
S
O
R
Y

L
I
K
I
N
G

TAKE 
THE 
BEST



Points  so far

•Select the test that Measures behaviour above 
power

•Repeated assessments needed to understand 
decision making after reformulation

•Dual processing may explain variation in response

•Heuristic choices may not be modelled by regression

•Need to model behaviour









We know Brand to be a crucial determinant of selection behaviour 
but 90% of our trials are done on blind products



Sensory researchers are starting to use more complex models 
with choice as the response



The modelling of rank1 explains 40% of choices

Better model needed



Charles Spence (Psychology, Univ Oxford)

• What is the absolute basis of Sensory Perception?

•ATTENTION



TWO COFFEES are presented that do differ 
perceptually (A not A) if pay attention



NORMAL 
EXPECTATION SPACE

GOOD MOOD OR BUSY ELSEWHERE 

System 1 unconscious is not on 
alert, System 2 is not called in 

and is on other business



NORMAL 
EXPECTAT

ION 
SPACE

BAD MOOD OR PAYING ATTENTION

System 2 is more critical and 
brings attention to bear on the 

sensory properties of the 
product

The Normal range is much 
smaller



I wonder why I selected 
that brand of coffee 
again?

BRAND 
CUES

LABEL 
CUES

SUB 
CONSCIOUS 
PERCEPTION

HEDONIC 
AND 

EMOTION 
RESPONSE

CONSCIOUS 
PERCEPTION

HEDONIC 
AND 

EMOTION 
RESPONSE

CONTEXT 
CUES

SENSORY 
SENSITIVITY

HEURISTIC 
STRATEGY

Experimental 
Conditions
Repeated measurement
Natural behaviour
Psychographic Variables



Answer the question:

“How does repeated consumer experience of consuming or 
using a new or modified product influence repurchase”

Not

“How does the sensory experience of 10 people influence 
declared liking after one tasting/use by consumers”
With a 30% bundle of irrelevant consumers!


