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The Geneva Emotion and Odor Scale (GEOS) was developed to measure the subjective affective experi-
ence (i.e., feeling) elicited by everyday odors. This study aimed to adapt the GEOS to commercial and
development needs and had a threefold objective: (i) to verify whether the number of measurement
terms in the GEOS questionnaire could be reduced; (ii) to investigate the suitability of this new question-
naire to differentiate the feelings evoked by the odors of different fragranced and flavored products; and
(iii) to verify whether the measurement of feelings with this tool could add information to more tradi-
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Affective response for different shampoos. Results of characterizing various product categories with the new questionnaire
Feeling indicated that it is relevant to differentiate the feelings evoked by odors from fragranced and flavored
Fragrances products, which can be perceptually distinct or similar. In addition, the verbal measurement of feelings
Flavors provides insight into consumer liking, improving the discrimination of products that have similar liking
Odor scores.
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1. Introduction

Odors can generate pleasant or unpleasant experiences, as dem-
onstrated in the literature (Schaal et al., 1998; Schleidt, Neumann,
& Morishita, 1988), and the hedonic determination of an odor has
recently been proposed to be the key function of olfaction (Yeshu-
run & Sobel, 2010). Odors have the powerful ability to spark off vi-
vid emotional autobiographical memories (Chu & Downes, 2000),
and after an odor has been associated with an emotional experi-
ence, it is able to evoke the associated emotions when later
encountered, which in turn can lead to an alteration of thoughts
and behavior (Epple & Herz, 1999; Millot & Brand, 2001). Odors
can also influence moods such that pleasant odors can induce po-
sitive moods, whereas unpleasant odors can induce negative
moods (Rétiveau, Chambers, & Milliken, 2004; Schiffman, Miller,
Suggs, & Graham, 1995). Interestingly, odors seem to trigger
physiological effects and induce activation or relaxation states by
provoking changes in physiological parameters such as heart rate
or skin conductance (Alaoui-Ismaili, Robin, Rada, Dittmar, &
Vernet-Maury, 1997; Alaoui-Ismaili, Vernet-Maury, Dittmar,
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Delhomme, & Chanel, 1997; Bensafi et al., 2002a, 2002b; Delplan-
que et al., 2009; Ilmberger et al., 2001).

Although the powerful effect of odor as an elicitor of emotions
and emotional memory is well established, there was, until re-
cently, no systematic, empirically derived taxonomy of olfactory-
induced emotions. As a consequence, researchers applied models
and measures from nonolfactory areas of emotion research to mea-
sure olfactory-induced emotion. In most studies, participants are
asked to verbally report their emotions, meaning that they are to
report their feelings by choosing, from a predetermined list, the af-
fect terms that describe what they feel in response to the odor. In
most cases, the supposed emotionally relevant terms reflect either
basic emotion theories or dimensional models.

Basic (or discrete) emotion theories postulate the existence of a
small number of so-called basic emotions characterized by emo-
tion-specific response patterns (Ekman, 1984; Izard, 1993; Tom-
kins, 1984). In this case, depending on the version of the theory
that is adopted by the author, the number of proposed terms
may vary from 6 ( anger, disgust, fear, sadness, surprise, happiness;
e.g., Alaoui-Ismaili, Robin, et al., 1997; Vernet-Maury, Alaoui-Isma-
ili, Dittmar, Delhomme, & Chanel, 1999) up to 22 (shame, jealousy,
fear, anger, sadness, pride, hope, relief, boredom, contempt, admira-
tion, disgust, desire, disappointment, love, dissatisfaction, amusement,
stimulation, satisfaction, unpleasant surprise, enjoyment, pleasant
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surprise; e.g., Desmet, 2005; Desmet & Schifferstein, 2008). Dimen-
sional theories, on the other hand, reduce emotions to positions in
a two-dimensional valence by arousal space or a three-dimen-
sional space that includes potency (e.g., Lang, Greenwald, Bradley,
& Hamm, 1993; Russell, 1980; Wundt, 1909). In this case, the affec-
tive terms are chosen to characterize the underlying two or three
dimensions (e.g., arousing, pleasant, powerful: Bensafi et al,
2002a, 2002b; Chebat & Michon, 2003; Herz, Schankler, & Beland,
2004; Heuberger, Hongratanaworakit, Béhm, Weber, & Buchbauer,
2001; Jonsson, Olsson, & Olsson, 2005; Pdssel, Ahrens, & Hautzin-
ger, 2005; Schifferstein & Tanudjaja, 2004; Warrenburg, 2005).
However, as explained hereafter, we claim that neither model is
able to provide detailed explanations or predictions for some of
the central features of olfaction-induced emotional feeling.

Indeed, discrete emotion theories focus on a small number of
universal, evolutionarily continuous basic emotions, in particular,
anger, disgust, fear, enjoyment, sadness and surprise (Matsumoto
& Ekman, 2009). These emotions have major functions in the adap-
tation and adjustment of the individual to events that have poten-
tially important consequences for his or her physical and
psychological integrity (Matsumoto & Ekman, 2009). Olfactory re-
search adopting those theories focus mainly on physiological sig-
natures induced by odors (e.g., Alaoui-Ismaili, Robin, et al., 1997,
Alaoui-Ismaili, Vernet-Maury, et al., 1997; Collet, Vernet-Maury,
Delhomme, & Dittmar, 1997; Robin, Alaoui-Ismaili, Dittmar, & Ver-
net-Maury, 1998, 1999; Vernet-Maury et al., 1999), but rarely ex-
plore the causal mechanisms underlying differences in emotion
elicitation (often implying schema-driven response selection by
emotion-specific neuromotor programs; see Matsumoto & Ekman,
2009). Empirical evidence suggests that it is unlikely that human
emotional experiences elicited by odors are based on a limited
number of neuromotor programs resulting in specific emotional fa-
cial expressions or physiological response patterns, as postulated
by the discrete emotion theory (see Chrea, Grandjean, et al.
(2009) for further discussion). Furthermore, odor stimuli that
evoke emotions produce a rich set of highly differentiated physio-
logical and motor response signatures, as well as various feeling
states and verbal descriptions. In many cases, these responses,
states and descriptions do not match basic emotion categories such
as anger, fear, or sadness (Alaoui-Ismaili, Robin, et al., 1997; Chrea,
Grandjean, et al., 2009; Desmet, 2005; Robin et al., 1999). For in-
stance, Desmet and colleagues (2008) showed that reports of expe-
rienced pride, sadness, anger, fear and jealousy were the least
important during food consumption (sweet snack, savory snack
and pasta meal) or that shame, pride, hope, relief, fear, anger, sad-
ness and jealousy were the least experienced emotions in response
to fine fragrances (Desmet, 2005). Their interpretation was that
those emotions are least experienced because the motivational, so-
cial or contextual conditions needed for their elicitation were not
fulfilled. This point, as already highlighted elsewhere, suggests that
many proposed emotional terms derived from basic emotion theo-
ries are not very relevant, underlying the importance of a term'’s
selection procedure (see also King & Meiselman, 2009) to specifi-
cally target the odor-elicited emotional state.

Similarly, research that uses dimensional models has allowed the
recording of physiological differences associated with verbally re-
ported pleasantness and arousal produced by an odor (e.g., Bensafi
etal.,2002a, 2002b) and the investigation of underlying brain struc-
tures associated with each dimension (Anderson et al., 2003). But
dimensional theorists make little attempt to present an explanatory
framework to predict the occurrence of such responses in a consis-
tent manner, and they disagree about the number and the nature
of the dimensions that provide an optimal framework for studying
emotions (see Fontaine, Scherer, Roesch, & Ellsworth, 2007). More-
over, projecting the odor-elicited emotions onto a bidimensional
grid of pleasantness and arousal loses most of the important qualita-

tive differences between the effects of different types of fragrances, a
point also raised by Desmet (2005). Thus, the use of a simple valence
by arousal representation may not be sufficient to answer relevant
questions related to odor-elicited emotions.

We have suggested so far that asking respondents to choose be-
tween basic emotion labels or rating feeling states on valence and
activation dimensions is not optimally suited to study the affective
phenomena associated with odors (for a more complete discussion
on this topic, see also Chrea, Grandjean, et al. (2009) or Zentner,
Grandjean, and Scherer (2008) concerning the musically evoked
emotions). Recently, Chrea, Grandjean, et al. (2009) questioned
the suitability of those two types of models to account for the spec-
ificity of rich, differentiated emotional feelings experienced in re-
sponse to odorous substances, and they developed a new set of
scales, the Geneva Emotion and Odor Scale (GEOS, Chrea, Grandjean,
et al., 2009). Two studies were conducted to investigate the nature
and the organization of the semantic space associated with the
affective subjective experience or feeling in response to odors. The
authors narrowed the number of terms from 480 (extracted from
the literature on emotions and on olfaction, including the terms de-
rived from the dimensional and the basic emotion models) to 73 by
asking participants to rate the terms for their relevance to describe
an affective state induced by an odor (“in your opinion, is this term
relevant for describing an emotional state you have already experi-
enced when smelling an odor in the past?”) on a continuous scale.
The authors then narrowed the number of terms from 73 to 36 by
presenting 56 odors and asking respondents if “the terms were rel-
evant to describe their emotional state while smelling the presented
odor”. Importantly, the reduction and the organization of the terms
were based on an empirical, data-driven approach (using explor-
atory and confirmatory factorial analyses) according to the respon-
dent behavior when facing the odor alone, without imposing any
particular theoretical organization on the data (i.e., basic emotion
or two-/three-dimensions), nor any specific context. The 56 every-
day odors were a balanced mix of familiar-nonfamiliar, pleasant-
unpleasant, and edible-nonedible, with a large variety of odor qual-
ities (food, perfumery, body, or nature related).

These studies suggest that the structure underlying feelings of
odors is highly differentiated and differs from the taxonomy used
to refer to habitually experienced emotions in everyday life. For
example, guilt, shame, anger and sadness, which are found to be
frequent emotions in everyday life (Scherer, 2004), did not appear
to be very relevant to describe affective states elicited by everyday
odors (see also Desmet (2005) for fine fragrances). More precisely,
the resulting emotional model, GEOS, contains 36 representative
terms grouped into six dimensions with factorial analyses. The
dimensions are illustrated by seven terms related to “Sensuality”
(Desire, Romantic, Sensual, In love, Excited, Admiration and Sexy);
five terms related to “Relaxation” (Relaxed, Soothed, Reassured,
Light and Serene); six terms related to “Pleasant feeling” (Pleasant,
Well-being, Pleasantly surprised, Feeling awe, Attracted and Hap-
piness); seven terms related to “Refreshment” (Revitalized, Ener-
getic, Refreshed, Stimulated, Invigorated, Shivering and Clean);
three terms related to “Sensory pleasure” (Nostalgic, Mouthwater-
ing and Amusement); and eight terms related to “Unpleasant feel-
ing” (Dirty, Unpleasant, Disgusted, Unpleasantly surprised,
Dissatisfaction, Sickening, Irritated and Angry). Those findings sug-
gest that subjective affective experiences or feelings induced by
odors are structured around a small group of dimensions that rep-
resent the respondents’ feelings in relation to the different func-
tions of olfaction, i.e., ingestion, avoiding environmental hazards,
and social communication (see Stevenson (2010), for a review).

The global objective of the studies presented in this paper was
to investigate how the GEOS scale could be adapted to commercial
and development needs. Nowadays, consumers are looking for
emotional sensorial experiences and they tend to buy brands they
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feel emotionally connected with (Thomson, 2008). In a competitive
market environment, pleasantness and performance might not be
enough. The challenge is therefore to create fragrances and flavors
that are not only pleasant and perform well, but that also reinforce
the emotional benefits in harmony with the marketing mix (claim,
advertising message, positioning and brand). To best adapt GEOS to
commercial and development needs, we first needed to reduce the
number of terms to conduct quicker screening tests in sensory
booths without losing the psychometric properties of the full set
of scales. We also needed to verify whether the modified question-
naire would be relevant to depict the feelings induced by fragr-
anced and flavored products because GEOS was established with
everyday odors. Therefore, our objective was threefold: (i) to check
whether the GEOS questionnaire could be slightly modified by
reducing the number of measurement terms to the most relevant
of the six dimensions; (ii) since the original GEOS questionnaire
was established with everyday odors, to investigate the capability
of this new questionnaire to differentiate feelings evoked by fragr-
anced and flavored products from our industry; and (iii) to verify
whether the measurement of feelings with such a tool could add
information to the more traditional consumer liking measure.
The GEOS model was elaborated with a French and Swiss popula-
tion and is relevant for these cultures, but might be less relevant
for other cultures and will need to be validated for them. Therefore,
all the sensory tests presented in this study were conducted with
French and Swiss participants.

2. Construction of a new questionnaire
2.1. Methods

2.1.1. Participants

In total, 99 participants (from 25 to 45 years old, 65% female,
French and Swiss nationalities) were recruited in different depart-
ments of the Firmenich, SA Company, at different locations around
Geneva. They were not paid for their participation and completed a
consent form.

2.1.2. Questionnaire

On the basis of the complete version of the GEOS questionnaire
(Chrea, Grandjean, et al. (2009)), we developed a new question-
naire by selecting the three most representative terms of each
dimension (i.e., highest loadings derived from the factor analyses)
that were the most consensual (as measured with Cronbach’s al-
pha). Therefore, instead of rating 36 terms, respondents rated only
six series consisting of three terms, as follows:

e “Happiness - Well-being - Pleasantly surprised” for the “Pleas-
ant feeling” dimension.

e “Romantic - Desire - In love” for the “Sensuality” dimension.

e “Disgusted - Irritated - Unpleasantly surprised” for the

“Unpleasant feeling” dimension.

“Relaxed - Serene - Reassured” for the “Relaxation” dimension.

e “Nostalgic - Amusement - Mouthwatering” for the “Sensory
pleasure” dimension.

e “Energetic - Invigorated - Clean” for the “Refreshment”
dimension.

For readability, all terms are presented here in English; how-
ever, they were presented in French to the participants.

2.1.3. Procedure

We conducted two different tests to evaluate a set of 12 sham-
poos with 78 participants using the original GEOS questionnaire
(OR) with the initial 36 emotional terms and 76 participants using

the modified questionnaire (MOD) with six series of three terms (as
presented before). Two different panel sessions were conducted for
each test/questionnaire in sensory booths. One of the 12 shampoo
samples was presented during the two sessions to verify the repro-
ducibility of the measure. All shampoos were randomly presented
in blind coded, neutral packaging. For each sample, respondents
were asked to indicate the pertinence of each listed emotional term
(OR) or series of three emotional terms (MOD; providing six ratings)
to describe their feelings while they smelled the fragrance of the
shampoos on 10 cm linear scales (from 0 = “not relevant at all” to
10 = “extremely relevant”). Data were collected on paper sheets
and recorded with FIZZ software (Biosystémes, Couternon, France).

2.1.4. Statistical analyses

First, to examine to what extent respondents agreed about their
reported feelings induced by the olfactory stimuli when using the
original or the modified questionnaires, we evaluated the interrater
agreement for each questionnaire by computing the Cronbach’s al-
pha based on the ratings of each stimulus for each dimension. Par-
ticipants that did not complete all the sessions were excluded form
interrater agreement analyses, those later being performed with
respondents who rated all the products (n =32 for OR; n =44 for
MOD). Moreover, we estimated the equivalence of the two ques-
tionnaires by computing the Guttman split-half coefficient for par-
ticipants who rated all the products with the two questionnaires
(n=16). If the questionnaires are perfectly similar, we would ex-
pect them to be perfectly correlated (i.e., r=1). Less than perfect
equivalence leads to less than perfect correlations.

Second, in order to make the two questionnaires comparable,
we reduced the number of terms of the original questionnaire to
six by averaging the ratings of the terms belonging to the same
dimension for all participants (n=99). We also computed the
mean product ratings and obtained two matrices containing the
mean ratings for 12 products and six variables corresponding to
the six emotional dimensions.

Third, in order to check whether the two questionnaires share a
common structure, we computed a multiple factor analysis (MFA,
Escofier & Pages, 1984). The relationship between the two struc-
tures derived from the MFA was then estimated by computing
the RV coefficient (Robert & Escoufier, 1976). The closer to 1 the
coefficient is, the closer the structures of the two matrices.

2.2. Results

2.2.1. Interrater agreement

Participants who rated all the products showed high agreement
for both questionnaires (Cronbach’s o = .94 for OR, n = 32 and Cron-
bach’s o =.93 for MOD, n = 44), indicating good reliability of each
version. Moreover, results showed that the two versions of the
questionnaire were highly correlated (Guttman split-half coeffi-
cient, r=.904) for participants who rated all the products with
the two questionnaires (n =16).

2.2.2. Multiple factor analysis

As illustrated in Fig. 1, the dimensional representation of the
projected emotional dimensions (86% of the information) showed
good superimposition of information from the two questionnaires
and showed close positioning of the two questionnaire variables
for the six dimensions. As illustrated in Fig. 2, the dimensional rep-
resentation of the projected shampoos again showed close posi-
tioning of the products evaluated by wusing the two
questionnaires, especially for products 9 and 10. This figure also
shows good reproducibility for product 2, which was presented
in two different sessions. The calculated RV coefficient (RV =.731,
n=99) confirmed the similarity of the two matrices and indicated
similar positioning and conclusions for the products.
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Fig. 1. Two-dimensional mapping resulting from the MFA performed on the original and the modified questionnaires; representation of the six emotional variables for both
questionnaires (OR in blue and MOD in red). (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)
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Fig. 2. Two-dimensional mapping resulting from the MFA performed on the original and the modified questionnaires; representation of the 11 products (product 2 being

repeated).

The two questionnaires yielded comparable results, as illus-
trated by the interrater agreement and the MFA. We therefore
decided to use the modified questionnaire, which allows easier
and quicker tests for the respondent, providing an adapted tool
for product development and screening tests.

3. Validation of the new questionnaire for different product
categories
3.1. Methods

Several experiments were conducted with various product cat-
egories such as flavored product sets (strawberry flavors), fine fra-

grances and perfumery oils. These product sets were selected to
cover a broad range of olfactive notes. The strawberry flavors were
the most similar of the products (varying only in flavor profile
from, e.g., green to jammy), whereas fine fragrances and perfumery
oils had more differences (mix of oriental, floral, citrus and chypre
fine fragrances and mix of floral, fruity, woody and aromatic per-
fumery oils, as categorized by perfumers). For readability and sim-
plicity, we do not present all the results derived from these
experiments, but focus on several examples that significantly illus-
trate our research questions.

3.1.1. Participants
Thirty-one respondents (25-45 years old, 55% female, French
and Swiss nationalities) participated in the evaluation of six straw-
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berry flavors in one session. The strawberry flavors were applied in
acidified syrup (.01% of citric acid and 8% of sugar syrup in water).
Sixty-one respondents (25-45 years old, 64% female, French and
Swiss nationalities) participated in the evaluation of six fine fra-
grances that were presented during one session with olfactive pens
filled with the required fine fragrances. Thirty-three respondents
(25-45 years old, 70% female, French and Swiss nationalities) par-
ticipated in the evaluation of six perfumery oils presented in one
session with olfactive pens filled with the required perfumery oils.
All the participants were recruited in different departments of the
Firmenich, SA Company at different locations around Geneva. They
were not paid for their participation and completed a consent
form.

3.1.2. Procedure

Panel sessions were conducted in sensory booths and the prod-
ucts were presented in blind conditions. While they smelled the
fragrance or tasted the flavor of each sample, participants were
asked to indicate the pertinence of the six series of three emotional
terms to describe their feeling (providing six ratings) on 10 cm lin-
ear scales (from 0 = “not relevant at all” to 10 = “extremely rele-
vant”) by using the modified questionnaire. The scales and their
respective representative terms were displayed on a computer
screen with FIZZ software (Biosystémes, Couternon, France). The
participants were also asked to rate the perceived familiarity,
intensity and liking of the different products on 10 cm linear scales.

3.1.3. Statistical analyses

First, we examined to what extent the respondents agreed
about their reported feelings induced by the different products
by computing Cronbach’s alpha based on the ratings of each stim-
ulus for each dimension.

Second, to answer our question about whether the modified
questionnaire is relevant to discriminate the feeling induced by fla-
vored and fragranced products, we estimated the discrimination
level by conducting two analyses of variance (ANOVAs). First, a
Greenhouse Geisser (G-G) corrected repeated measures ANOVA
was conducted to verify whether the products were differentially
rated as a function of the dimension. Then, when appropriate, a
two-way ANOVA, with “Subject” and “Product” as factors, was con-
ducted by emotional dimension to identify the emotional dimen-
sion on which the products were differentiated. This analysis was
followed by a Duncan mean comparison to identify products that
were significantly differentiated at the 95% confidence level.

3.2. Results

3.2.1. Strawberry flavors
The calculated Cronbach’s alpha (o = .68) indicated a reasonable
panel agreement when evaluating the six strawberry flavors.

The G-G corrected repeated measures ANOVA with Dimension
(six levels) and Product (six levels) as within-subject factors on the
individual ratings (n=31) revealed a significant Dimen-
sion x Product interaction [F(25,750)=2.28; p<.001; #*=.07],
showing that the products were differentially rated as a function
of the dimension.

The G-G corrected repeated measures ANOVA with Product (six
levels) as within-subject factor, conducted for each emotional
dimension, indicated a significant product discrimination for the
“Disgusted - Irritated — Unpleasantly surprised” dimension (see
Table 1). The participants gave significantly higher scores to the
“Disgusted - Irritated - Unpleasantly surprised” feelings when
they tasted the “green” and “floral” strawberry flavors than when
they tasted the “fruity” and “cooked” strawberry flavors. The par-
ticipants were able to perceive differences despite strawberry fla-
vor similarity.

3.2.2. Fine fragrances

The calculated Cronbach’s alpha (« =.92) indicated a very good
panel agreement when evaluating the subsequently analyzed
subset of six fine fragrances categorized as “oriental-vanillic”,
“oriental-floral”, “citrus—aromatic”, “floral-muguet” and “floral-
fruity-green” for two of them.

The G-G corrected repeated measures ANOVA with Dimension
(six levels) and Product (six levels) as within-subject factors on the
individual ratings (n=61) revealed a significant Dimen-
sion x Product interaction [F(25,1500)=6.81; p<.001; #*=.1],
showing that the products were differentially rated as a function
of the dimension.

The G-G corrected repeated measures ANOVA with Product (six
levels) as within-subject factor, conducted by emotional dimen-
sion, indicated a significant product discrimination for three of
the emotional dimensions (see Table 2). For example, the
participants gave significantly higher scores to the “Happiness -
Well-being - Pleasantly surprised” feelings when they smelled
the “citrus, aromatic” fine fragrance than when they smelled the
two “oriental-floral” and “oriental-vanillic” fine fragrances. These
two oriental fine fragrances were rated differently on the
“Disgusted - Irritated - Unpleasantly surprised” dimensions; the
“oriental-vanillic” fine fragrance obtaining the highest scores in
relation to the “Disgusted - Irritated — Unpleasantly surprised”
feelings. Participants also gave significantly higher scores to the
“Energetic - Invigorated - Clean” feelings when they smelled the
“citrus-aromatic” fine fragrance.

3.2.3. Perfumery oils

The calculated Cronbach’s alpha (« =.94) indicated a very good
panel agreement when evaluating the subsequently analyzed sub-
set of six perfumery oils: basil, cumin, jasmine, mandarin, pepper
and vanilla.

Table 1
Duncan mean comparison related to the “Product” factor from a two-way ANOVA related to the six strawberry-flavored solutions.
Fruity Floral Cooked Creamy Green Wild F p-Value
strawberry strawberry strawberry strawberry strawberry strawberry ratio  (17%)
Happiness - Well-being — Pleasantly 4.87 3.95 4.99 4.62 3.15 4.67 1.9 .09
surprised
Romantic - Desire - In love 3.58 3.17 4.14 3.61 2.68 3.74 116 .32
Disgusted - Irritated - Unpleasantly 1.55¢ 3.15%8 1.46¢ 1.865¢ 3.494 2.514B¢ 3.57  <.01(.10)
surprised
Relaxed - Serene - Reassured 3.29 2.69 4.04 3.39 2.16 3.07 225 .05
Nostalgic - Amusement — 3.51 3.31 3.88 4.33 3.19 3.80 0.68 .64
Mouthwatering
Energetic - Invigorated - Clean 3.11 3.14 3.93 2.84 3.08 431 1.66 .14

Means with all different letters are significantly different at the 95% of confidence level from a Duncan mean comparison.
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Table 2
Duncan mean comparison related to the “Product” factor from a two-way ANOVA related to the six fine fragrances.
Oriental- Citrus— Floral- Floral-fruity- Floral-fruity- Oriental- F- p-Value
vanillic aromatic muguet green green floral ratio (n?)
Happiness - Well-being - Pleasantly 3.95¢ 6.56" 6.16"8 5.55%8 6.30"8 5.158¢ 486 <.001(.14)
surprised
Romantic - Desire - In love 4.00 5.08 5.05 4.56 5.59 5.47 1.74 .12
Disgusted - Irritated - Unpleasantly 4.49" 1.268 1.268 1.778 1.918 2.298 6.90 <.001(.18)
surprised
Relaxed - Serene - Reassured 3.28 4.57 5.24 4.08 4.06 4.92 213 .06
Nostalgic - Amusement — 3.92 4.41 3.28 335 4.53 4.77 195 .08
Mouthwatering
Energetic - Invigorated - Clean 3.28P 7.18" 5.9248 6.06"8 5.138¢ 411 13.75 <.001(.18)
Means with different letters are significantly different at the 95% of confidence level from a Duncan mean comparison.
Table 3
Duncan mean comparison related to the “Product” factor from a two-way ANOVA related to the six perfumery oils.
Basil Cumin Jasmine Mandarin Pepper Vanilla F-ratio p-Value (5?)
Happiness - Well-being — Pleasantly surprised 3.358 2.748 5.737 6.717 3.538 6.62% 22.02 <.001 (42)
Romantic - Desire - In love 1.68¢ 1.61¢ 4.837 3.74® 1.87¢ 4917 20.92 <.001 (.41)
Disgusted - Irritated - Unpleasantly surprised 4.28"8 5.25% 1.80¢ 1.14¢ 3.678 1.27¢ 19.60 <.001 (.39)
Relaxed - Serene - Reassured 2.138 1.238 4.558 4.75% 215 21 19.63 <.001 (.39)
Nostalgic - Amusement - Mouthwatering 3.680 2.83PE 4.308¢ 5.35A8 2.41F 6.224 12.05 <.001 (.28)
Energetic - Invigorated - Clean 2.65¢ 1.48° 3.828 6.31° 3.085¢ 2.898¢ 21.27 <.001 (41)

Means with different letters are significantly different at the 95% of confidence level from a Duncan mean comparison.

The G-G corrected repeated measures ANOVA with Dimension
(six levels) and Product (six levels) as within-subject factors on the
individual ratings (n=33) revealed a significant Dimension x
Product interaction [F(25,800) = 18.56; p <.001; #* = .36], showing
that the products were differentially rated as a function of the
dimension.

The G-G corrected repeated measures ANOVA with Product (six
levels) as within-subject factor, conducted by emotional dimen-
sion, indicated a significant product discrimination for all six emo-
tional dimensions (see Table 3). For example, the participants gave
significantly higher scores to the “Disgusted - Irritated — Unpleas-
antly surprised” feelings when they smelled cumin and basil oils,
whereas they gave significantly higher scores to the “Happiness
- Well-being - Pleasantly surprised” feelings when they smelled
jasmine, mandarin and vanilla oils. In addition, mandarin oil ob-
tained the highest scores in relation to the “Energetic — Invigorated
- Clean” feelings and vanilla oil obtained the highest scores in rela-
tion to the “Nostalgic - Amusement - Mouthwatering” and the
“Relaxed - Serene - Reassured” feelings.

In sum, the questionnaire revealed clear differences in the feel-
ings induced by products that were different in olfactive character-
istics, such as the fine fragrances and the perfumery oils, as well as,
to a lesser extent, products closer in sensory profile, such as the
strawberry flavors.

4. Comparison of the emotional feeling with the liking
responses

4.1. Methods

We used the same data as previously described in the validation
of the new questionnaire.

4.1.1. Statistical analyses

Among all the odors that were evaluated by the respondents,
many of them were already differentially evaluated on the basis
of a simple liking judgment. This latter case does not constitute a
challenge to differentiate the feeling that they induced. Since the

objective of the following analyses was to exemplify the capability
of the model in providing additional insight into respondents’ lik-
ing, we only focused on the emotional profile of odors pairs that
did not significantly differ on the basis of the liking ratings. We
computed repeated measures ANOVAs with the product (two lev-
els) as a factor on the ratings obtained for each dimension and for
the liking.

4.2. Results

4.2.1. Strawberry flavors

Among the six different strawberry flavors, some (e.g., the
“wild” type and the “green” type) that did not differ on the basis
of their liking ratings [F(1,30) = 1.08; ns] globally differed in the
feelings they evoked [F(5,150) = 2.28; p < .05; n? =.07]. In this par-
ticular case, the wild type obtained slightly higher ratings on the
“Happiness - Well-being - Pleasantly surprised” dimension
[F(1,30)=3.82; p=.059; #*=_11].

4.2.2. Fine fragrances

We selected two perceptually different perfumes (a floral-fru-
ity-green and an oriental-floral) that were evaluated by the same
panel of participants (n =61). Although those fragrances did not
differ significantly in liking [F(1,60) =.73; ns], they differed in the
feelings they induced |[see Fig. 3, F(5,300)=8.94; p<.001;
#? = .13]. Indeed, the “floral-fruity-green” perfume evoked signifi-
cantly higher feeling ratings in the “Energetic - Invigorated -
Clean” dimension [F(1,60)=17.04; p<.001; n?=.22] and lower
feeling ratings in the “Nostalgic - Amusement — Mouthwatering”
dimension [F(1,60) = 6.4; p <.05; 5?=.09] than did the “oriental-
floral” perfume.

We also checked whether the use of the model could provide
additional insight into consumer liking even when the perfumes
were classified in the same perceptual category. We thus selected
two different perfumes that perfumers classified as belonging to
the floral-fruity-green family and that were rated by the same
participants (n=61). The analysis revealed that these perfumes
differed in the feelings they induced [see Fig. 4, F(5,300) = 3.89;
p<.01; #*=.06], with one perfume evoking significantly higher
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Fig. 3. Mean subjective liking ratings (+SEM; upper left histogram) and mean (thick lines) GEOS ratings (+SEM) for the oriental-floral (in red) and the floral-fruity-green (in
blue) fine fragrances. ns = not significantly different at the 95% of confidence level. (For interpretation of the references to colour in this figure legend, the reader is referred to

the web version of this article.)

feeling ratings in both the “Nostalgic - Amusement - Mouthwater-
ing” [F(1,60) = 4.89; p <.05; * =.07 | and the “Romantic - Desire —
In love” [F(1,60) = 4.91; p < .05; #* = .07] dimensions than the other
perfume did, though the two fragrances did not differ in their liking
ratings [F(1,60) = .86; ns].

4.2.3. Perfumery oils

In order to check whether the additional insight given by the
model was not specific to the perfumes, we also selected two per-
ceptually different perfumery oils (mandarin and jasmine) that
were evaluated by the same panel of participants (n=33).
Although those oils did not differ significantly on their liking rat-
ings [F(1,32) =.53; ns], they differed in the feelings they induced
[see Fig. 5, F(5,160) = 7.42; p < .001; #* = .18]. Indeed, the mandarin
evoked significantly higher feeling ratings in both the “Energetic -
Invigorated -Clean” [F(1,32)=27.28; p<.001; #?=.46] and the
“Romantic - Desire - In love” [F(1,32)=4.39; p<.05; #*=.04]
dimensions than the jasmine did.

5. Discussion

We observed that the feelings can be measured by using the
most relevant terms of each GEOS dimension as applied in our
new questionnaire and that these feelings provide comparable
information on the products when using the complete GEOS ques-
tionnaire. Our analyses also revealed a consensual use of the two
questionnaires. Thus, considering the need for fast and accurate
tools in our market environment, the new questionnaire based
on only six series of three terms appeared to be better adapted
to product development and screening tests. In addition, we dem-
onstrated that this new questionnaire is adapted to the measure-
ment of feelings for different perfumery and flavor products and

provides reproducible, discriminating and consensual results. This
point was, at first glance, challenging because the GEOS model was
not specifically developed for fine fragrances, for instance, and it
would not have been surprising to observe no significant and reli-
able difference in the feelings they induced. However, on the basis
of a good panel agreement and the capacity of the modified ques-
tionnaire to isolate differential feelings, we can argue that the
modified questionnaire based on GEOS constitutes a good tool to
differentiate feelings induced by fine fragrances. Yet, the empirical
demonstration that this questionnaire could be or not be optimally
suited for the study of verbally reported emotional reactions for
fine fragrances or other specific category of fragranced products re-
mains to be done.

However, it must be noted here that according to our objective
to gain knowledge in the feeling in response to odors, all the fla-
vors, fragrances or perfumery oils were presented without men-
tioning either any brand or any specific packaging. This point of
particular importance, already highlighted by other scientists for
fine fragrances (Desmet, 2005), as well as the fact that we do not
investigate whether the respondent was a consumer of the product
or not (King & Meiselman, 2009), strongly limits the knowledge
emerging from these studies to the feelings in response to the odor
itself. In particular, it could be interesting to investigate whether
the less relevant emotional terms, which would require specific
motivational, social or contextual conditions to be evoked, could
emerge as more relevant in response to odors when such condi-
tions are fulfilled. Thus, further studies are needed to test the suit-
ability of such a model in response to products associated with
contextual information.

Interestingly, some of the emotional profiles seemed to be re-
lated to the olfactive characteristics of the products even for blind
testing; e.g., citrus fine fragrances or perfumery oils, that could
contain a noticeable trigeminal note, obtained higher scores in
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relation to the “Energetic — Invigorated —-Clean” dimension. Thus, grance seem to be related to the intrinsic quality or chemical prop-
to a certain degree, some affective changes produced by the fra- erties of the perfume (see also Chrea, Grandjean, et al., 2009). In



946 C. Porcherot et al./Food Quality and Preference 21 (2010) 938-947

this framework, a few studies have argued that olfactory prefer-
ences are indeed partly engraved in the physicochemical structure
of the odorant (Khan et al., 2007; Mandairon, Poncelet, Bensafi, &
Didier, 2009). Desmet and Schifferstein (2008) also emphasized
the role of the sensory attributes in the elicitation of food-related
emotions. By contrast, other studies have underlined the extent
to which the affective response to smells can be modulated by
associative learning (Herz et al., 2004) and even by cognitive pro-
cesses such as decision making (Coppin, Delplanque, Cayeux,
Porcherot, & Sander, 2010). In this framework, citrus’ higher scores
in relation to the “Energetic - Invigorated —Clean” dimension could
be explained by an over-learned association between “lemon-like”
odors and concepts of energy or cleanliness through, for instance
the massive exposition to advertising. Further studies are needed
to assess the relative contribution of each factor in subjective affec-
tive experience to odors, and GEOS, or its modified version, could
constitute a good measurement tool in this respect.

More than being efficient to measure the feelings induced by
different perfumery and flavor products, the modified version of
GEOS is able to discriminate between different affective responses
for products that did not differ in liking. Many different groups of
scientists have now underlined the need for more reliable and dis-
criminative measures of feeling than the liking or the acceptability
ratings (e.g., Desmet & Schifferstein, 2008; King & Meiselman,
2009; Rétiveau et al., 2004; Warrenburg, 2005). Moreover, this
capability is not restricted to very different products (two floral-
fruity-green fine fragrances eliciting two different emotional pro-
files) or to a specific product category, because it was observed
for fine fragrances as well as for perfumery oils. Among the differ-
ent products that were tested, some of them did not differ on the
basis of both the likings’ judgment and the feelings report. These
latter cases mean either that the feelings evoked by those products
were indeed not different from each other, or that the scale was not
precise enough to reveal such differences. The exact quantification
of the sensitivity of the tool to precisely detect different feelings
associated with odors is a great challenge for the future. Systematic
studies that should certainly couple the verbal measurements with
other physiological or behavioral indicators remain to be done to
gain information about differential odor-elicited emotions.

However, our results are in line with those from Warrenburg
(2005), who demonstrated that vanilla and clementine that were
evaluated as equally pleasant differed in the sense that clementine
was more stimulating, whereas vanilla was more relaxing. Our
findings also complement the conclusions drawn by Rétiveau
et al. (2004) in a study on fine fragrances. Indeed, the latter authors
found that three fragrances with similar hedonic values but differ-
ent qualitative notes produced three differentiated affective re-
sponses among the respondents. From these findings, we can
thus expect that GEOS and its modified version account for more
fine-grained differentiated affective states than the traditional lik-
ing ratings do.

6. Conclusion

Reliability of the GEOS has been well established, with robust
evidence that a domain-specific set of scales is relevant for the
measurement of feelings elicited by odors. However, in the context
of product development and screening, we need quick and efficient
measurements. In this study, we validated the relevance of a new
questionnaire developed by using six series of three of the most
relevant terms of GEOS dimensions. We have been able to show
that this new questionnaire yielded comparable results to the ori-
ginal questionnaire and provided reproducible, discriminating and
consensual data for different fragranced and flavored product cat-
egories. We demonstrated that this measure is relevant for prod-

ucts tested out of context, in blind conditions and in sensory
booths. In addition, we showed that this measure of feelings can
help us to better discriminate our products than can traditional
consumer liking measures and can also better position our prod-
ucts in harmony with the emotional benefit elicited by the fra-
grance smelled in blind conditions.

As this model has been elaborated in a French-speaking popula-
tion, further studies are needed to validate the GEOS model for dif-
ferent cultures following the same procedure and to investigate
whether the affective terms and the semantic affective space are
similar across cultures. In addition, we could speculate about the
ecological validity of these kinds of measurements because they
were obtained in a laboratory context. Indeed, we might have ob-
tained uniform and smooth emotional responses in the sensory
booth context compared with more expressive and contrasted
emotional responses that could be obtained in a more specific con-
text. It is therefore important to better understand how a fragrance
reinforces an emotion caused by a situation or expectation and to
further investigate how this measurement of feelings can affect lik-
ing and emotional reinforcement from a marketing mix
perspective.

Acknowledgments

The authors thank everyone from the Swiss Center for Affective
Sciences of Geneva University and from the Human Perception and
Bioresponses Department of the Research and Development Divi-
sion of Firmenich, SA, for their precious advice and their theoretical
and technical competence. The authors also thank the anonymous
reviewers and the editor for their precious comments and advice.

References

Alaoui-Ismaili, O., Robin, O., Rada, H., Dittmar, A., & Vernet-Maury, E. (1997). Basic
emotions evoked by odorants: Comparison between autonomic responses and
self-evaluation. Physiology and Behavior, 62, 713-720.

Alaoui-Ismaili, O., Vernet-Maury, E., Dittmar, A., Delhomme, G., & Chanel, J. (1997).
Odor hedonics: Connection with emotional response estimated by autonomic
parameters. Chemical Senses, 223, 237-248.

Anderson, A. K., Christoff, K., Stappen, I, Panitz, D., Ghahremani, D. G., Glover, G.,
et al. (2003). Dissociated neural representations of intensity and valence in
human olfaction. Nature Neuroscience, 6, 196-202.

Bensafi, M., Rouby, C., Farget, V., Bertrand, B., Vigouroux, M., & Holley, A. (2002a).
Autonomic nervous system responses to odours: The role of pleasantness and
arousal. Chemical Senses, 27, 703-709.

Bensafi, M., Rouby, C., Farget, V., Bertrand, B., Vigouroux, M., & Holley, A. (2002b).
Influence of affective and cognitive judgments on autonomic parameters during
inhalation of pleasant and unpleasant odors in humans. Neuroscience Letters,
319, 162-166.

Chebat, J. C., & Michon, R. (2003). Impact of ambient odors on mall shoppers’
emotions, cognition, and spending: A test of competitive causal theories. Journal
of Business Research, 56, 529-539.

Chrea, C., Grandjean, D., Delplanque, S., Cayeux, I, Le Calvé, B., Aymard, L., et al.
(2009). Mapping the semantic space for the subjective experience of emotional
responses to odours. Chemical Senses, 34, 49-62.

Chu, S., & Downes, ]. ]J. (2000). Odour-evoked autobiographical memories:
Psychological investigations of proustian phenomena. Chemical Senses, 25,
111-116.

Collet, C., Vernet-Maury, E., Delhomme, G., & Dittmar, A. (1997). Autonomic nervous
system response patterns specificity to basic emotions. Journal of the Autonomic
Nervous System, 62, 45-57.

Coppin, G., Delplanque, S., Cayeux, I., Porcherot, C., & Sander, D. (2010). I'm no
longer torn after choice: How explicit choices implicitly shape preferences of
odors. Psychological Science, 21(4), 489-493.

Delplanque, S., Grandjean, D., Chrea, C., Coppin, G., Aymard, L., Cayeux, I, et al.
(2009). Sequential unfolding of novelty and pleasantness appraisals of odors:
Evidence from facial electromyography and autonomic reactions. Emotion, 9,
316-328.

Desmet, P. M. A. (2005). Typology of fragrance emotions. In Proceedings of the
fragrance research conference (pp. 133-146). Amsterdam: ESOMAR.

Desmet, P. M. A., & Schifferstein, H. N. J. (2008). Sources of positive and negative
emotions in food experience. Appetite, 50, 290-301.

Ekman, P. (1984). Expression and the nature of emotion. In K. R. Scherer & P. Ekman
(Eds.), Approaches to emotion (pp. 319-344). Hillsdale, NJ: Erlbaum.

Epple, G., & Herz, R. S. (1999). Ambient odors associated to failure influence
cognitive performance in children. Developmental Psychobiology, 35, 103-107.



C. Porcherot et al./Food Quality and Preference 21 (2010) 938-947 947

Escofier, B., & Pagés, ]. (1984). L'analyse factorielle multiple: une méthode de
comparaison de groupes de variables. In R. R. Sokal, E. Diday, Y. Escoufier, L.
Lebart, & J. Pagés. (Eds.), Data analysis and informatics Il (pp. 41-55). North-
Holland, Amsterdam.

Fontaine, J. R, Scherer, K. R., Roesch, E. B., & Ellsworth, P. (2007). The world of
emotion is not two-dimensional. Psychological Science, 18, 1050-1057.

Herz, R. S., Schankler, C, & Beland, S. (2004). Olfaction, emotion, and
associative learning: Effects on motivated behavior. Motivation and
Emotion, 28, 363-383.

Heuberger, E., Hongratanaworakit, T., Béhm, C., Weber, R., & Buchbauer, G. (2001).
Effects of chiral fragrances on human autonomic nervous system parameters
and self-evaluation. Chemical Senses, 26, 281-292.

[lmberger, J., Heuberger, E., Mahrhofer, C., Dessovic, H., Kowarik, D., & Buchbauer, G.
(2001). The influence of essential oils on human attention. I: Alertness. Chemical
Senses, 26, 239-245.

Izard, C. E. (1993). Four systems for emotion activation: Cognitive and noncognitive
processes. Psychological Review, 100, 68-90.

Jonsson, F. U., Olsson, H., & Olsson, M. ]. (2005). Odor emotionality affects the
confidence in odor naming. Chemical Senses, 301, 29-35.

Khan, R. M., Luk, C. H., Flinker, A., Aggarwal, A., Lapid, H., Haddad, R., et al.
(2007). Predicting odour pleasantness from odorant structure: Pleasantness
as a reflection of the physical world. The Journal of Neuroscience, 27,
10015-10023.

King, S. C., & Meiselman, H. L. (2009). Development of a method to measure
consumer emotions associated with foods. Food Quality and Preference, 21,
168-177.

Lang, P. ., Greenwald, M. K., Bradley, M. M., & Hamm, A. O. (1993). Looking at
pictures: Affective, facial, visceral, and behavioral reactions. Psychophysiology,
30, 261-273.

Mandairon, N., Poncelet, ]., Bensafi, M., & Didier, A. (2009). Humans and mice
express similar olfactory preferences. PLoS ONE, 4, e4209.

Matsumoto, D., & Ekman, P. (2009). Basic emotions. In D. Sander & K. R. Scherer
(Eds.), Oxford companion to the affective sciences (pp. 69-72). Oxford: Oxford
University Press.

Millot, ]., & Brand, G. (2001). Effects of pleasant and unpleasant ambient odors on
human voice pitch. Neuroscience Letter, 297, 61-63.

Possel, P., Ahrens, S., & Hautzinger, M. (2005). Influence of cosmetics on emotional,
autonomous, endocrinological, and immune reactions. International Journal of
Cosmetic Sciences, 27, 343-349.

Rétiveau, A. N., Chambers, I. V. E., & Milliken, G. A. (2004). Common and specific
effects of fine fragrances on the mood of women. Journal of Sensory Studies, 19,
373-394.

Robert, P., & Escoufier, Y. (1976). A unifying tool for linear multivariate methods.
The RV coefficient. Applied Statistics, 25(3), 257-265.

Robin, 0., Alaoui-Ismaili, O., Dittmar, A., & Vernet-Maury, E. (1998). Emotional
responses evoked by dental odors: An evaluation from autonomic parameters.
Journal of Dental Research, 77, 1638-1646.

Robin, O., Alaoui-Ismaili, O., Dittmar, A., & Vernet-Maury, E. (1999). Basic emotions
evoked by eugenol odor differ according to the dental experience. A
neurovegetative analysis. Chemical Senses, 24, 327-335.

Russell, J. A. (1980). A circumplex model of affect. Journal of Personality and Social
Psychology, 39, 1161-1178.

Schaal, B., Rouby, C., Marlier, L., Soussignan, R., Kontar, F., & Tremblay, R. E. (1998).
Variabilité et universaux au sein de I'espace percu des odeurs: Approches inter-
culturelles de I'hédonisme olfactif. In R. Dulau & J. R. Pitte (Eds.), Géographie des
odeurs. Sery “Fondements de la géographie culturelle.” Coll “Géographie et Cultures”
(pp. 25-47). Paris: L'Harmattan.

Scherer, K. R. (2004). Feelings integrate the central representation of appraisal-drive
response organization in emotion. In A. S. R. Manstead, N. H. Frijda, & A. H.
Fischer (Eds.), Feelings and emotions: The Amsterdam symposium (pp. 136-157).
Cambridge: Cambridge University Press.

Schifferstein, H. N., & Tanudjaja, I. (2004). Visualising fragrances through colours:
The mediating role of emotions. Perception, 33, 1249-1266.

Schiffman, S. S., Miller, E. A., Suggs, M. S., & Graham, B. G. (1995). The effect of
environmental odors emanating from commercial swine operations on the
mood of nearby residents. Brain Research Bulletin, 37, 369-375.

Schleidt, M., Neumann, P., & Morishita, H. (1988). Pleasure and disgust: Memories
and associations of pleasant and unpleasant odours in Germany and Japan.
Chemical Senses, 13, 279-293.

Stevenson, R. J. (2010). An initial evaluation of the functions of human olfaction.
Chemical senses, 35, 3-20.

Thomson, D. (2008). Sensoemotional optimization of food products and brands. In
H. MacFie (Ed.), Consumer-led product development (pp. 281-306). Cambridge,
England: Woodhead Publishing Ltd..

Tomkins, S. S. (1984). Affect theory. In K. R. Scherer & P. Ekman (Eds.), Approaches to
emotion (pp. 163-196). Hillsdale, NJ: Erlbaum.

Vernet-Maury, E., Alaoui-Ismaili, O., Dittmar, A., Delhomme, G., & Chanel, ]. (1999).
Basic emotions induced by odorants: A new approach based on autonomic
pattern results. Journal of the Autonomic Nervous System, 75, 176-183.

Warrenburg, S. (2005). Effects of fragrance on emotions: Moods and physiology.
Chemical Senses, 30, i248-i1249.

Wundt, W. (1909). Grundriss der psychologie. Achte auflage [outlines of psychology].
Leipzig, Germany: Engelmann.

Yeshurun, Y., & Sobel, N. (2010). An odor is not worth a thousand words: From
multidimensional odors to unidimensional odor objects. Annual Review of
Psychology, 61, 219-241.

Zentner, M., Grandjean, D., & Scherer, K. R. (2008). Emotions evoked by the sound of
music: Characterization, classification, and measurement. Emotion, 8, 494-521.



	How do you feel when you smell this? Optimization of a verbal measurement of odor-elicited emotions
	Introduction
	Construction of a new questionnaire
	Methods
	Participants
	Questionnaire
	Procedure
	Statistical analyses

	Results
	Interrater agreement
	Multiple factor analysis


	Validation of the new questionnaire for different product categories
	Methods
	Participants
	Procedure
	Statistical analyses

	Results
	Strawberry flavors
	Fine fragrances
	Perfumery oils


	Comparison of the emotional feeling with the liking responses
	Methods
	Statistical analyses

	Results
	Strawberry flavors
	Fine fragrances
	Perfumery oils


	Discussion
	Conclusion
	Acknowledgments
	References


