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Abstract

Kano’s model of satisfaction leads to a typology of product attributes to distinguish between those contributing solely to consumer
satisfaction, those contributing only to consumer dissatisfaction and those which contribute to both satisfaction and dissatisfaction. In
line with this model, we propose a new preference mapping (PrefMap) methodology called adaptive preference target (APT). To explore
a given product category APT, using a sequential consumer test, prioritizes products to be tasted by each consumer by taking into
account his/her personal preference and rejection. This new approach for external preference mapping enables the classification of
the key sensory attributes influencing hedonic appreciation into ‘‘attractive”, ‘‘must-be” or ‘‘performance” attributes and thus hierar-
chizes the tasks to reach the ideal product for new product development.

APT and standard PrefMap were compared for a sweet dry biscuits survey with the same consumers. Results highlight the relevance
of Kano’s model of satisfaction applied to preference mapping. Thanks to this adapted product selection, we conclude that, in our exam-
ple, we can better explain consumer appreciation. Finally, APT can be considered to be a methodology which reduces the number of
products to be tasted while remaining precise in the definition of the ideal product.
� 2006 Elsevier Ltd. All rights reserved.
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1. Introduction

Explaining hedonic scores for a set of products on the
basis of the sensory characteristics of these products is of
strategic interest to the sensory manager since it makes it
possible to guide the development of new products or the
reformulation of existing products. External preference
mapping (EPM) (Bertier & Bouroche, 1975; Danzart,
1998; Greenhoff & MacFie, 1994; Schlich, 1995) is a method
using a mathematical model to connect the descriptive
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sensory profile of products as given by a panel of experts
to the hedonic scores for the same products given by con-
sumers. EPM aims at identifying the most important sen-
sory attributes driving acceptance for each consumer
cluster. In order to extract sensory information that best
explains consumer appreciation, partial least square regres-
sion (Martens, Martens, & Wold, 1983) is the procedure
commonly used since it overcomes the problem of multicol-
linearity present in much of the descriptive data while ele-
vating the problem that there are sometimes few products
tasted (i.e. about 10 products).

In EPM, we usually do not distinguish between the key
sensory attributes driving acceptance, that is those which
influence only satisfaction, from those which influence only
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dissatisfaction. However, in some cases, we strongly believe
that sensory attributes driving satisfaction are not necessar-
ily the same as those driving dissatisfaction. We can, for
example, imagine that high scores for a metallic taste in
yoghurt will lead to dissatisfaction whereas low scores for
metallic taste do not necessarily ensure satisfaction. Other
attributes, like honey flavor, may influence only satisfac-
tion leading to competitive advantage when present in a
yoghurt without penalising appreciation when absent.

The literature led us to consider the Kano’s model of
customer satisfaction (Kano, Seraku, Takahashi, & Tsuji,
1984) used in quality management. This model states that
satisfaction and dissatisfaction are two independent con-
cepts in the mind of the consumer and should be consid-
ered separately. Working with social science theories on
satisfaction developed by Herzberg, Mausman, and Snu-
derman (1959), Kano et al. (1984) concluded that the rela-
tionship between fulfilment of a need and the satisfaction
or dissatisfaction experienced is not necessarily linear.
According to the Kano’s model, a product induces various
distinct types of satisfaction or dissatisfaction depending
on whether certain consumer needs are completely fulfilled,
only partially met, or go unserved. Thus, Kano’s model is
used to establish the importance of individual product fea-
tures for customer satisfaction. This model distinguishes
three types of product attributes which may influence con-
sumer satisfaction in different ways.

Considering the example of a mobile phone, the three
types of product attributes are defined as follows (Fig. 1):

– Must-be attributes. The must-be attributes correspond to
the basic requirements of a product. If these requirements
are not fulfilled, the consumer will be extremely dissatis-
fied. On the other hand, as the consumer takes these attri-
butes for granted, their fulfillment will not increase his
satisfaction. Fulfilling the must-be attributes will only
lead to a state of ‘‘not dissatisfied”. Battery life could be
a must-be requirement. Short battery life can lead to
dissatisfaction with a mobile phone but long battery life
does not guaranty satisfaction: it is a prerequisite.
Customer
satisfied

Customer
Neutral

Customer
Dissatisfied

Needs not fullfilled Needs not fullfilled

Must-Be
Attribute

Performance
Attribute

Attractive
Attribute

Fig. 1. Kano’s model for customer satisfaction (Kano et al., 1984).
– Performance attributes. Depending on the level of their
fulfillment by a product, these requirements can satisfy
or dissatisfy consumers. For a mobile phone, a perfor-
mance attribute could be the size: the smaller the size,
the greater the satisfaction.

– Attractive attributes. These attributes are the product
requirements which have the greatest influence on how
satisfied a consumer will be with a given product. Fulfill-
ing these requirements can lead to more than propor-
tional satisfaction. If they are not met, however, there
is no feeling of dissatisfaction. Vocal recognition with
a mobile phone can lead to high consumer satisfaction
but when it is lacking, the consumer does not mind.

Even if each customer has his/her own specific needs and
Kano’s model applies to each individual, Griffin and Hau-
ser (1993), underline that we should consider consumer het-
erogeneity when describing the importance of product
attributes on acceptance. In practice, it is more relevant
to interpret results concerning product attribute influences
by cluster of consumers with the same patterns of prefer-
ence. In this paper we therefore assume that Kano’s model
is fundamentally individual but that the individual can, in
fact, stand for a homogeneous cluster of consumers.

The advantages of classifying product attributes into
attractive, must-be and performance are the following
(Matzler & Hinterhuber, 1998; Matzler, Hinterhuber, Bai-
lom, & Sauerwein, 1996):

– Product attributes are better understood: those which
have the greatest influence on the consumer’s satisfac-
tion can be identified. And classified into must-be, per-
formance and attractive attributes.

– Discovering and fulfilling attractive attributes creates a
wide range of possibilities for differentiation. A product
which merely satisfies the must-be and performance
attributes is perceived as only average and therefore
interchangeable.

– Priorities for product development. It is, for example,
useless to invest in improving must-be attributes which
are already at a satisfactory level. It is better to improve
performance or attractive attributes as they have a
greater influence on the consumer’s level of satisfaction.
More generally, must-be and performance attributes can
potentially generate dissatisfaction and should first be
brought under control when developing a product. Once
such sources of potential dissatisfaction have been elim-
inated, attention can be focused on optimizing perfor-
mance and attractive attributes to potentially generate
greater satisfaction.

Matzler and Hinterhuber (1998) also translate Kano’s
satisfaction model into strategic implications for new prod-
uct development. They hierarchize and prioritize customer
needs and establish process-oriented product development
activities to reach the ‘‘ideal” product. Drawing on EPM
limits, Kano’s satisfaction model and recommendations
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found in Matzler and Hinterhuber (1998), we propose a
new method to choose products to be tasted when running
a preference mapping study. We called this new protocol
adaptive preference target (APT).

For a given product category, we hierarchize and prior-
itize products to be presented to each consumer. As learned
from the Kano’s model some product attributes can
explain only dissatisfaction (i.e. must-be attributes) and
others explain solely satisfaction (i.e attractive attributes),
so in product selection we should avoid focusing on those
rejected product ranges that are not optimized on must-
be attributes. We hypothesize that these products cannot
help us to explain what drives satisfaction. Even if a prod-
uct presents an optimum level for an attractive attribute, its
effect on satisfaction can be hidden if this product is not
optimized for a must-be attribute. More generally, we sup-
pose that product satisfaction is determined by the absence
of dissatisfaction for each of its attributes.

We thus propose a 2-sequence test that takes Kano’s
typology of attributes into account for each individual.
First, APT aims to find the prerequisites for each consumer
by exploring the whole product range in an initial sequence.
Then, in the second sequence, the new methodology focuses
on individual preferred products to better identify attractive
attributes for each consumer. This sequential approach
leads to products, which are adapted to each consumer
according to his/her specific preferences and rejections.

Through this consumer-oriented product testing, APT is
expected to be suitable when exploring a broad product
category. In Standard Preference mapping, consumers
can taste and rate their acceptance for a limited set of prod-
ucts. The experimenter must often make a compromise
between the scope of the product category and the type
of findings to be obtained. For example, research into a
broad strawberry yoghurt category may include different
subcategories of commercial strawberry yoghurts described
by many variables: different flavor type (creamy, floral,
. . .), with or without pieces of fruit, thick or fluid, etc. This
broad category study leads to general knowledge about the
subcategories since only a few samples within each of them
are included in the test. Conversely, a narrow category
study focuses on only one subcategory described with fewer
variables and yields more detailed knowledge about these
variables (Muñoz, chambers, & Hummer, 1996). Still, some
important attributes may have been obscured, resulting in
only partial understanding of consumer acceptance. APT,
through its specific product selection adapted to each con-
sumer, will allow us to explore all the subcategories in the
first sequence and then, in the second, to further investigate
those which are of interest to precisely define the sensory
characteristics driving satisfaction. We expect to under-
stand and precisely explain what drives satisfaction for a
given product category for each consumer.

This paper aims at validating the relevance of this new
methodology of product selection. We show how APT meth-
odology enables the classification of the key sensory attri-
butes influencing hedonic appreciation into ‘‘attractive”,
‘‘must-be” or ‘‘performance” attributes. This new typology
of sensory key drivers is compared to those found with the
standard approach. We apply both APT and standard Pref-
Map methodologies to the same consumers and look at the
ability of APT to model hedonic scores better than a stan-
dard PrefMap for the product category of interest.

2. Materials and methods

2.1. Product samples

The overall product range of this study is composed
with 27 sweet dry biscuits selected from the market place.
These 27 products include different varieties of sweet dry
biscuits (with or without cereal inclusions, butter or milk
flavors).

2.2. Sensory evaluation

The P = 27 products were rated for J = 31 attributes by
16 trained judges on a 60 point scale and were evaluated
twice by the expert panel, using a Latin square of Williams
(MacFie, Bratchell, Greenhoff, & Vallis, 1989) for each tast-
ing session. All the order effects of presentation and the first
order of carry-over effect were thus controlled. For each
attribute, means by product were then adjusted for the
experimental design factors. The design factor effects that
were covered include: replication effect, judge effect; first
position effect; first-order carry-over effect (except for the
first position); judge * product interaction; and judge * rep-
lication interaction. Thus, product effects were added to the
calculated means to get the sensory profiles matrix contain-
ing these adjusted means for the products on each attribute.

2.3. Consumer evaluation

I = 99 consumers (French females between 18 and 65
years old) participated in the tests. They were pre-recruited
by market research interviewers. Consumers were expected
to be regular users of sweet dry biscuits and had no aver-
sion for biscuits with cereals inclusions. The consumer tri-
als were conducted in Paris at local venues.

In order to compare the performance of APT with stan-
dard PrefMap, the same consumers participated to both
methodologies, one after the other. To maintain consumer
consistency in acceptance rating and avoid physiologic sat-
uration, consumers assessed no more than nine biscuits,
including a dummy product to minimise known order
effects, per session and per day. Since 16 products from
the full product range (i.e. 27 products) were selected for
each methodology (i.e. standard PrefMap and APT), con-
sumers participated to 2 � 2 sessions of tasting.

As methodologies differ in product selection strategy, the
two sets of 16 products evaluated by a given consumer were
not the same. So, in order to make the comparison between
both methodologies, we set up a complementary tasting ses-
sion occurring once consumers carried out tasting sessions
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relative to APT and Standard methodologies. Indeed, this
session consisted in presenting products that consumers
had not tasted during either the Standard or the APT tast-
ing sessions. At last, each consumer participated to five tast-
ing sessions spread out over eight consecutive working days.
In order to avoid skews of judgment related to the tasting
conditions the following precautions were taken:

– A consumer always tasted the products at the same hour
during the different tasting sessions.

– Half of the consumers started with the standard test fol-
lowed by the APT test and the other half by the APT
test followed by the standard test.

2.4. Standard preference mapping methodology

For the standard test, we chose a set of 16 products from
the 27 common to all consumers. In order to select repre-
sentative products from the overall product range, we
applied the D-optimal selection strategy developed by
Ben Slama, Heyd, Danzart, and Ducauze (1998). First, this
strategy considers the matrix T that contains the coordi-
nates of the 27 products on C components. These coordi-
nates are obtained with a multivariate analysis (PCA) of
the product sensory profiles. The D-optimal selection of
16 products then consists in choosing among a set of can-
didate points those which make it possible to maximize
jT0Tj, the determinant of the information matrix T0T. This
step leads to the selection of sensory representative prod-
ucts while minimizing the generalized variance of the
parameter estimates for the pre-specified model to fit. In
this study, the underlying model to fit was the second-order
model for the three first principal sensory components. We
therefore selected 16 sensory representative products to be
evaluated by consumers one at a time in two sessions. Con-
sumers rated their overall liking for the products on a 0–10
point scale. Presentation order of the products is balanced
using a Williams Latin Square; biscuits were placed on
their backs to mask any eventual brand inscription.

We identified sensory key drivers for each consumer by
linking his/her hedonic scores of the 16 tasted products
with the corresponding sensory profiles through PLS 1
regressions1 (Martens et al., 1983). These sensory key driv-
ers were found by taking into account the significance test
of the PLS regression coefficients. Significance test of the
PLS regression coefficients was possible since Jack-knifing
leave-one-out cross-validation was used to estimate uncer-
tainty variance of the individual PLS regression coefficients
b (Martens & Martens, 2000). Sensory attributes whose
coefficients in the PLS models were significantly different
from zero with a p-value inferior to 0.2 were considered rel-
1 All PLS regressions in this study are performed on standardised
sensory profiles and centred hedonic scores. Optimal number of compo-
nents is defined by minimising root mean square error of prediction
obtained with Jack-knife cross-validation.
evant for the response modelling. This level was chosen as a
relatively mild, pragmatic requirement.

2.5. APT methodology

APT differs from standard PrefMap mainly in that it sets
up a 2-sequence consumer test. In the first sequence we
explore the whole product range. We then adapt products
to be tasted by each consumer in the second sequence by
focusing on individuals’ non-dissatisfying product ranges.

2.5.1. Product selection for the 1st sequence

The objective of this first sequence is to explore the
whole product range by sampling an initial set of sensory
representative products and to distinguish satisfying from
dissatisfying products for each consumer. We therefore
identify what the prerequisites for the product category
are for each consumer. To find the first set of products,
we adopt the D-optimal selection strategy developed by
Ben Slama et al. (1998) described earlier. The underlying
model to fit was defined by taking into account the three
first components from PCA of the sensory matrix and
the second-order model. Hence, we selected a first set of
eight products from among the whole product range of
the study (i.e. 27 products). Consumers were then asked
to evaluate them in an initial tasting session. They rated
their overall liking for the products on a 0–10 point scale
and reported their willingness to consume with a 4-labels
scale, as follows:

I will certainly not consume this product again
I will probably not consume this product again
I will probably consume this product again
I will certainly consume this product again

By asking each consumer this question, we state a satis-
faction threshold. A product given a positive willingness to
consume is considered to be a satisfying product. Similarly,
a product with a negative willingness to consume is consid-
ered to be a dissatisfying product.

2.5.2. Product selection for the 2nd sequence

This second sequence aims at exploring, for each con-
sumer, an individualized reduced product range assumed
not to be dissatisfying. We thus seek to explore what the
attractive attributes for a given consumer are and more
precisely define the characteristics of his/her ideal product.
Products evaluated during the 2nd session are thus different
between consumers. As previously explained, we consider a
product as dissatisfying if one consumer has no willingness
to consume it again. Similarly, we consider a product as
satisfying if one shows willingness to consume it again. In
this way we create, for each consumer, a new binary
hedonic response from his/her willingness to consume
response by giving a score of 0 to the products if the labels
‘‘I will certainly not consume this product again” or ‘‘I will
probably not consume this product again” are ticked and a
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Fig. 2. Adaptive preference target protocol.
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score of 1 if the labels ‘‘I will probably consume this prod-
uct again” or ‘‘I will certainly consume this product again”

are ticked. To find his/her non-dissatisfying products, we
perform PLS-discriminant analysis regression (PLS-DA)
where sensory profiles of the first set of products are depen-
dent variables and his/her corresponding binary scores of
willingness to consume is the independent variable. We
then predict scores for the products that were not tasted
during the first session (representing a pool of 27 � 8 =
19 products) and choose eight new products with the high-
est predicted willingness to consume scores for the 2nd
session. During the second session of tasting each con-
sumer was asked to rate his/her overall liking for his/her
specific new set of eight products on a 0–10 point scale.

To sum up, for APT, consumers evaluated 16 products
in two sessions. During the 1st session, eight products were
tasted and shared by all consumers. During the 2nd ses-
sion, each consumer evaluated eight specific products.
Practically, the two sequences of APT were temporally
spaced out of one day to compute statistical analysis and
determine the second set of products to be tasted for each
consumer. Fig. 2 illustrates the methodology of adaptive
preference target in our case study.

2.5.3. Key driver analysis for APT

As each consumer tasted a specific set of products, we
perform key driver analysis at the individual level. To
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identify and differentiate between the sensory key drivers
as shown by the Kano’s model, each sequence of APT is
considered independently. For each sequence, hedonic
scores for the tasted products are linked to the corre-
sponding sensory profiles with a PLS 1 regression. We
thus have one model per consumer (cf. Fig. 3). Jack-
knife estimation of parameter uncertainty (Martens &
Martens, 2000) allows sensory attribute selection.
Sensory attributes whose coefficients in the PLS models
are significantly different from zero with a p-value infe-
rior to 0.2 are considered relevant for the response
modelling.

Once the sensory key drivers have been identified, we
propose the following rules in line with the sequence objec-
tives, to classify them into Kano’s typology:

– Key drivers for the 1st session modelling only are must-
be attributes.

– Key drivers for 2nd session modelling only are attractive
attributes.

– Key drivers for both the 1st session and 2nd session
modellings are performance attributes.

To fully interpret the influence of the key drivers on
hedonic ratings we look at their corresponding coefficient
signs in the PLS models and state the following interpreta-
tion rules:
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sis scheme for APT.
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– A positive coefficient for an attractive attribute, respec-
tively a must-be attribute, means that high perception of
this sensory attribute leads to high consumer satisfac-
tion, respectively absence of consumer dissatisfaction.

– A negative coefficient for an attractive attribute, respec-
tively, a must-be attribute, means that high perception
of this sensory attribute leads to absence of consumer
satisfaction, respectively high consumer dissatisfaction.

– A positive coefficient for a performance attribute means
the stronger the perception of this sensory attribute the
higher the satisfaction and vice versa.

Nevertheless, attention should be focus on the fact that
interpretation of a coefficient sign in PLS regression is valid
all other sensory descriptors being equal. This sign is equal
to the correlation coefficient between the given sensory
descriptor and the hedonic scores if only one PLS compo-
nent is used. If more than one PLS component is used, the
PLS regression coefficient sign may change with strong
multicollinearity among sensory descriptors. So, in this
study, for each sensory descriptor, we compared its PLS
regression coefficient sign with the sign of its correlation
with hedonic scores and made interpretation only when
both signs were in accordance.

2.6. Comparison between APT and standard

methodologies

2.6.1. Sensory key drivers comparison

To make sense to the interpretation, it is necessary to
take the heterogeneity of likings into account. Individual
sensory key driver influences must be resumed by cluster
of consumers having the same preferences and rejections.

Moreover, in order to compare key drivers found with
both methodologies, common clusters of consumers should
be found for APT and Standard Prefmap. Such is possible
since we set up a complementary tasting session. Each con-
sumer thus rated each of the 27 products on the hedonic
scale at least once. So, we create the complete hedonic data
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Fig. 4. Scheme for comparing individual mo
set by averaging product scores that are tasted more than
once by the consumer. Finally, the matrix (N � P) contain-
ing hedonic ratings for the 27 biscuits, centered by con-
sumer, is subjected to hierarchical clustering analysis
using Ward’s linkage (McEwan, Earthy, & Ducher, 1998)
in order to find clusters of consumers.

Thus, whatever the methodology, if a sensory attribute
is a key driver for more than half of the consumers of a
given cluster, the attribute is considered as a sensory key
driver for the cluster. Similarly, the sign of the sensory
key driver for a given cluster, indicating its influence on
hedonic ratings, is the one, which is majoritary observed
at individual level.

2.6.2. Statistical performance comparison for model fit

and stability criteria

As the APT methodology is built at the individual level
and leads to a specific set of 16 tasted products, we want to
measure the ability to model each consumer’s appreciation
based on his/her specific set of products. To compare meth-
odologies, we also measure the ability to model each con-
sumer appreciations based on the set of 16 products
defined with the Standard methodology.

Thus, statistical model performance for standard Pref-
Map and APT were compared to see which method best
explores a given product category. The 16 individual hedo-
nic scores for each methodology (i.e. Standard and APT)
are linked to the corresponding sensory profiles using
PLS 1 regression models (Fig. 4).

We calculated four criteria to compare individual model
fit and stability for each methodology. The percentage of
the explained hedonic response variance, R2, and root
mean square error (RMSE) represent the ability of the
model to predict the hedonic scores on the basis of the sen-
sory profiles. Full Jack-knife cross-validation for PLSR
(Martens & Martens, 2000) was applied to estimate root
mean square error of prediction (RMSEP) and uncertainty
of the model coefficients through variance, s2(bj). In order
to compare the impact of the methodologies, for each
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consumer we calculated the statistic V ¼ 1
J

PJ
j¼1sðbjÞ=bj,

solving the problem of summarizing coefficient variability
for all the descriptors j. Minimizing RMSEP and V

improves model stability.
As explained, the hedonic variance, R2, naturally

increases with the number of retained sensory components
and leads to over-fitting of the data. We thus selected, for
each model, the number of components that minimized
RMSEP values.

To determine whether a given criterion was significantly
higher or lower for one methodology than the other, we
used bilateral paired t-test for the 99 consumers.

3. Results

3.1. Key driver interpretation

By analyzing the dendogram from hierarchical cluster-
ing analysis, we identified three distinct clusters of consum-
ers representing respectively 50%, 17% and 33% of the
consumers. The centered hedonic means of the products
were estimated for each group, yielding three hedonic
responses (Fig. 5).

Table 1 shows the key drivers for each cluster of con-
sumers and each methodology. Using the procedure previ-
ously described, we classified the sensory key drivers of
each cluster of consumers, into must-be, performance and
attractive. Their interpretation is as following.

3.1.1. Cluster 1
Must-be attributes for cluster 1 are hard, melting, cereal

taste, granular, shortcrust, friability, grilled and light.
Must-be attributes with a positive influence on hedonic
scores (i.e. friability, grilled and light) means that their per-
ception should be present at an optimum level in a biscuit
to avoid dissatisfaction (but not necessarily to ensure satis-
faction). Must-be attributes with a negative influence on
hedonic scores (i.e. hard, melting, cereal taste, granular
and shortcrust) means that their perceptions should be
minimized in a biscuit to avoid dissatisfaction (but not nec-
essarily to ensure satisfaction). Must-be attributes are thus
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Fig. 5. Hedonic means score
prerequisites for the entire product range and indicate
which sensory descriptors lead to a dissatisfying product
if they are not optimized. We notice that most of the tex-
ture attributes are must-be attributes and then we conclude
that this cluster has strong expectation for this dimension.

Performance attributes for cluster 1 are warming, milk,
malt and egg. They contribute to both satisfaction and dis-
satisfaction. The less the malt perception and the more the
egg perception, the greater the satisfaction.

Attractive attributes for cluster 1 are butter, flour,
vanilla, fat in mouth, acid and sweet. Attractive attributes
with a positive influence on hedonic scores for cluster 1 are
butter, vanilla, fat in mouth, acid and sweet, meaning that,
when these attributes are present at an optimum level in a
biscuit, they can generate satisfaction provided must-be
and performance attributes are under control but the
absence of the attributes does not necessarily generate dis-
satisfaction. We notice that flour is an attractive attribute
with a negative influence on hedonic scores for cluster 1,
meaning that absence of flour taste perception (i.e. mean-
ing short time cooking) in a biscuit can generate satisfac-
tion provided must-be and performance attributes are
under control while presence of flour perception does not
upset the consumer since it is highly expected and usual
in a biscuit.

3.1.2. Cluster 2

Must-be attributes for cluster 2 are cereal taste, malt, fat
in mouth and shortcrust. Cereal taste, fat in mouth and
shortcrust perceptions should be absent from a biscuit to
avoid dissatisfaction (but not necessarily to ensure satisfac-
tion). Malt perception should be present at an optimum
level in a biscuit to avoid dissatisfaction (but not necessar-
ily to ensure satisfaction).

Key driver analysis reveals no performance attributes
for cluster 2.

Attractive attributes are friability, milk, vanilla, light
and sweet. They all have a positive influence on hedonic
scores, meaning that when present at optimum level in a
biscuit they can generate high satisfaction but when absent
they do not necessarily generate dissatisfaction.
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roducts

s centered by consumer.



Table 1
Key Drivers for each cluster and each methodology are in black cells

‘+’ indicates a positive influence on hedonic scores and ‘�’ indicates a negative influence on hedonic scores.
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Consumers in this cluster probably look for the healthy
components (i.e. not fat, light) along with components of
pleasure (i.e. sweet, vanilla, milk) when eating a biscuit.

3.1.3. Cluster 3

Must-be attributes for cluster 3 are flaky, grilled, milk
and honey. Grilled and honey perceptions should be pres-
ent at an optimum level in a biscuit to avoid dissatisfaction
(but not necessarily to ensure satisfaction) whereas flaky
and milk perceptions should be minimized to avoid dissat-
isfaction (but not necessarily to ensure satisfaction).

Performance attributes for cluster 3 are caramel, spicy
and candy. The stronger their perception in a biscuit, the
greater the satisfaction, and vice versa.

Attractive attributes for cluster 3 are warming, melting,
flour, fat, cereal perception, persistence of taste, shortcrust,
salt and sweet. All attractive attributes except flour have a
positive influence on hedonic scores. Hence, these attributes
lead to competitive advantage for a biscuit that has them at
optimum levels. As for cluster 1, the influences of grilled
and flour taste lead us to conclude that cooking time is an
important factor for consumers of cluster 3 and must be
optimized. Cluster 3 is the only cluster which considers cere-
als as potentially highly satisfying in a biscuit and which
seems to be aware of ‘‘exotic” flavors (i.e. spicy, candy).

Once Kano’s key drivers typology is found, we can
make recommendations for new product development
and prioritize tasks to reach the ideal product. These rec-
ommendations will consist in first having must-be attri-
butes and performance attributes under control. Their
perception levels in a biscuit must generate at least absence
of dissatisfaction. Once such levels have been met, one can
optimize the levels of perception for performance and
attractive attributes.

Comparing key drivers found with each methodology,
we noticed that all performance attributes found with
APT were key drivers for standard PrefMap (Table 1).
These sensory key drivers have the same interpretation rules
concerning their influence on hedonic scores: the more, the
better; the less, the better. In both cases, performance attri-
butes and key drivers found with standard PrefMap are
characteristics used in distinguishing rejected products from
preferred products, underlining that satisfaction and dissat-
isfaction are opposites of a single dimension.

For attractive and must-be attributes, however, the
opposite of satisfaction is the absence of satisfaction and
the opposite of dissatisfaction is the absence of dissatisfac-
tion. These attributes do not necessarily, therefore, distin-
guish rejected products from preferred products. Must-be
and attractive attributes found by the APT are not system-
atically also key drivers for standard PrefMap (Table 1).

We conclude that APT makes it possible to distinguish
new sensory key drivers (i.e. must-be and attractive attri-
butes) that standard PrefMap will not bring to light.

3.2. Statistical performance

Results are shown in Table 2. In terms of model fit, APT
models explain hedonic information significantly better. On
an average, R2 values are 75% for APT compared to 63%
for standard PrefMap. This difference is significant with a
p-value < 0.01. Similarly, APT models show significantly



Table 2
Comparison of statistical performance between APT and standard
PrefMap

APT Standard p-Value*

Model fit

R2 0.75 0.63 <0.01
RMSE 1.01 1.21 <0.01

Model stability

V 0.4 0.6 <0.01
RMSEP 2.08 2.17 >0.01

* From bilateral paired t-test.
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lower average errors of modelling. RMSE for APT is 1.01
compared to 1.21 for standard PrefMap.

In terms of model stability, APT does not show signifi-
cant difference for average prediction errors (RMSEp =
2.08 for APT and RMSEp = 2.17 for standard PrefMap)
but does have lower model coefficient uncertainty. On an
average the V index is 0.4 for APT compared to 0.6 for
standard PrefMap. Hence, we conclude that APT leads
to more stable models than standard preference mapping
does.

We expected such results since methodologies differ in
product selection strategy and we know that product selec-
tion is a critical step in preference mapping and orientates
the types of outcome (Muñoz et al., 1996). For APT, by
focusing on satisfying products in the second sequence,
only a limited number of attributes are investigated. For
each of these attributes, we explore a limited range of inten-
sity. We thus create conditions for fitting linear models
more easily and making them more stable through cross-
validation.
4. Conclusions

Through this case study we highlight, the relevance of
the Kano satisfaction model as applied to Preference
Mapping. By taking into account Kano’s attributes (i.e.
must-be, performance and attractive) which explain con-
sumer satisfaction from different angles, APT proposes to
prioritize products to be tasted for each consumer through
a 2-sequence test. A broad category of sweet dry biscuits
composed of 27 products was explored through the presen-
tation of a limited number of products to each consumer
(i.e. 16 products among 27).

Thus, for each consumer, the first sequence of APT dis-
tinguished between two subcategories, the first of which
could potentially generate satisfaction and the second dis-
satisfaction. Then, by further investigating the latter
through the second sequence, we precisely defined what
the characteristics of an ideal product for these subcatego-
ries were and identified attractive attributes.

Results show that this strategy performs better than
standard PrefMap as it gives a better understanding of con-
sumer likes and dislikes (better model fit) while supplying
more trustworthy results (better model stability). These
results give support to the fact that APT allows presenting
products that are optimized for the must-be attributes. If
not optimized on a must-be attribute, the product is
rejected by the consumer and can potentially hide influence
of optimized attractive attributes on satisfaction. Thus,
because of such an interaction between must-be and
attractive attributes, noise is generated when modeling
hedonic scores and deteriorates usual statistical criteria of
modeling.

Furthermore, thanks to APT methodology, new kinds
of sensory key drivers can be highlighted which influence
consumer satisfaction and/or dissatisfaction. Recommen-
dations for new product development will not be the same
if a sensory key driver is a must-be, a performance or an
attractive attribute. We are now able to prioritize actions
to guide ideal product conception. First must-be and per-
formance attributes must be brought under control (i.e.
absence of dissatisfaction) and then performance and
attractive attributes should be optimized (i.e. maximize sat-
isfaction). To confirm the relevance of the key driver typol-
ogy found by APT, it would have been interesting to
perform an external validation. This external validation
could have been carried out, for example, by proposing
each consumer two product prototypes, one defined fol-
lowing APT recommendations and a second one defined
following standard test recommendations.

Nevertheless, attention must be paid to the choice of the
products in the first sequence of APT. As it aims at identi-
fying the prerequisites through eight products only, sensory
attributes that are tested should be those that described dif-
ferences between subcategories. In addition each subcate-
gory should be represented by more than one product.

Further work should be carried out to apply the Kano’s
satisfaction model in sensory and consumer science. The
proposed method should not be considered as the unique
approach to identifying Kano’s typology of key drivers
and it could be further optimized. In a future paper we will
therefore propose a generalized approach to apply the
Kano’s model of satisfaction to either a broad or a narrow
product category study.
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