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Abstract

We report two experiments designed to investigate the nature of any cross-modal interactions between olfactory and tactile
information processing. In Experiment 1, we assessed the influence of olfactory cues on the tactile perception of fabric softness
using computer-controlled stimulus presentation. The results showed that participants rated fabric swatches as feeling signif-
icantly softer when presented with a lemon odor than when presented with an animal-like odor, demonstrating that olfactory
cues can modulate tactile perception. In Experiment 2, we assessed whether this modulatory effect varied as a function of the
particular odors being used and/or of the spatial coincidence between the olfactory and tactile stimuli. The results replicated
those reported in Experiment 1 thus further supporting the claim that people’s rating of tactile stimuli can be modulated by the
presence of an odor. Taken together, the results of the two experiments reported here support the existence of a cross-modal
interaction between olfaction and touch.
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Introduction

The last few years have seen a rapid growth of interest in the

multisensory aspects of texture perception (see Lederman

and Klatzky, 2004, for a recent review). However, this re-

search has typically focused on interactions between touch

and vision (e.g., Werner and Schiller, 1932; Guest and

Spence, 2003a,b) and to a lesser extent on interactions be-

tween touch and audition (e.g., Werner and Schiller, 1932;
Lederman, 1979; Guest et al., 2002; Lederman and Klatzky,

2004). Tactile perception and texture perception, in particu-

lar, have been shown to be strongly influenced by multi-

sensory information (e.g., Heller, 1982). For instance, Guest

et al. (2002) have demonstrated that people’s perception

of the roughness of abrasive sandpapers can be systemati-

cally altered by changing the sounds that they hear when they

touch different sandpapers.
Olfactory information has been shown to interact with

both visual (e.g., Börnstein, 1936; Allen and Schwartz, 1940;

Gilbert et al., 1996; Morrot et al., 2001) and gustatory inputs

(Rolls, 2004; Stevenson and Boakes, 2004), giving rise to our

rich multisensory experience of the stimuli in the surround-

ing environment (e.g., see Dalton et al., 2000). For instance,

Morrot et al. (2001) have shown that visual cues (i.e.,

coloring a glass of white wine red) can bias the olfactory

judgments of even experienced wine tasters. Meanwhile,

Stevenson, Boakes, and many others have highlighted the

influence of odor on the perceived sweetness of beverages.

However, despite the existence of an extensive body of re-

search on cross-modal interactions between olfaction and

many of our other senses, there is a paucity of research re-

garding the nature of any multisensory interactions specifi-
cally between olfaction and touch.

In the present study, we therefore investigated the nature of

cross-modal interactions between olfactory cues and tactile

perception. In particular, we explored the possible effect of

the presence of different odors on the perception of fabric

softness. We assessed the validity of previous claims suggest-

ing that tactile judgments can be influenced by the presence

of olfactory cues (e.g., see Laird, 1932; Cox, 1967; Byrne-
Quinn, 1988; Fiore, 1993). For instance, more than 70 years

ago, Laird (1932) reported that women’s judgments of the

quality of silk stockings depended on the scent with which

the stockings were impregnated. The housewives in Laird’s

study were shown to prefer stockings with a narcissus scent

over those with a ‘‘natural’’ scent, even though the stockings

were otherwise identical. When asked for the reason behind

their preference for one pair of stockings over the others, the
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majority of housewives pointed to differences in durability,

sheen, or weave (i.e., to the tactile and/or visual properties of

the stockings), rather than to differences in their olfactory

properties.

In Experiment 1, we took inspiration from the study of
Laird (1932), to address the question of whether olfactory

cues could influence tactile judgments using a computer-

controlled stimulus presentation procedure and a more ob-

jective measure of participants’ perception, namely, ratings

of fabric softness. To achieve this, we presented tactile stim-

uli (fabric swatches that participants could distinguish solely

on the basis of their tactile attributes; cf. LaMotte, 1977) by

means of a computer-controlled carousel, and we delivered
olfactory stimuli through a custom-built olfactometer. The

participants were asked to rate the perceived softness of each

fabric sample, while an odor or clean air was delivered di-

rectly to their nostrils. Note that our measure of tactile per-

ception did not depend on people’s subjective preference/

liking for one fabric sample over another (contrary to the

study of Laird, 1932). If olfactory cues do indeed influence

tactile judgments of fabric softness, we would expect to find
differences in the mean ratings of fabric softness on the basis

of the presence/absence of odor information.

Experiment 1

Methods

Participants

Seventeen untrained participants (15 female and 2 male),

with a mean age of 22 years (range of 18–35 years), from the

University of Oxford took part in this experiment. All of the

participants reported having a normal sense of smell, no

history of olfactory dysfunction, and normal or corrected-
to-normal vision in a confidential questionnaire. All the par-

ticipants were naive to the purpose of the experiment. Sixteen

of the participants received course credit for their participa-

tion, and one participant received a £5 gift voucher.

Apparatus and materials

Cotton fabric swatches (17 · 17 cm) treated with one of three

different chemicals (Aminosilicone, Comfort, and Starch;

Unilever Research, Port Sunlight, UK) or else untreated
were used as the tactile stimuli. Previous pilot experiments

conducted in this laboratory had shown that the different

types of fabric swatches were highly discriminable on the

basis of their perceived softness. The fabrics were treated

(i.e., washed) using a different quantity of each product (ex-

pressed in percent on the basis of the weight of each fabric):

Aminosilicone at 1%, Comfort at 0.25%, and Starch at 0.5%.

No product was added to the untreated fabric samples. The
different treatments allowed us to obtain four different nat-

uralistic tactile stimuli (and so give participants a sufficiently

demanding task), with the fabric treated with Aminosilicone

being perceived as the softest, followed by the fabric washed

with Comfort, then by the untreated one, and last (i.e., per-

ceived as the roughest) the fabric washed with Starch. One

fabric swatch of each type was attached to a custom-built

automated fabric carousel (see Figure 1). The fabrics were
changed after every three participants in order to avoid any

deterioration in the quality of the swatches’ physical proper-

ties as a function of extended touching by participants.

One of two odors (lemon or animal; respectively, 406803

and AB 0394; Quest International, Ashford, UK) was deliv-

ered before (and during) the presentation of the fabric

swatch on odor-present trials. We chose two odorants that

were highly discriminable from each another. There was also
a no-odor condition in which only clean air was presented.

The onset of the odor occurred 2500 ms before the partici-

pants touched the fabric swatch and was presented contin-

uously until the participants made their rating response

regarding the softness of the fabric swatch. A custom-built

computer-controlled olfactometer was used to deliver the

odorants, each diluted at a concentration of 10% in diethyl

phthalate (529633; Quest International) as recommended by
Quest International. The flow rate of medical air through

the olfactometer was set at 8 l/min using a flow regulator

(CONCOA 03-054, Utrecht, The Netherlands) connected

to the gas cylinder (Medical Air Size G, BOC Gas). The in-

structions and the response scale on which the participants

were tomake their rating responses were presented on a com-

puter monitor situated directly in front of them. The E-Prime

software (Schneider et al., 2002a,b) was used to control stim-
ulus presentation and to collect the participant’s responses.

Design

The experiment consisted of a within-participants repeated-

measures design, with the factors of odor (animal odor,

lemon odor, or clean air) and fabric treatment (Aminosili-

cone, Comfort, Starch, or No-treatment). The experimental

session consisted of four blocks of 36 trials (three trials per

each condition) and lasted for approximately 45 min. The

presentation of the three odor conditions and the four fabric

swatches was randomized on a trial-by-trial basis, with the
constraint that neither the same odor nor the same fabric was

ever presented on consecutive trials.

Procedure

The participants sat in a comfortable chair 50 cm from the

computer screen. The fabric carousel was positioned directly

to the right of the computer monitor. The participants were

instructed to insert their right hand under a curtain that hid

the fabric samples from direct view. Using this setup, the

participants were able to touch the fabric swatches without
seeing them (hence eliminating any visual contributions to

texture perception). Every movement of the wheel corre-

sponded to the presentation of a different fabric swatch.

The participants were instructed to place their right hand
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in a particular position below the occluding curtain and to

touch the fabric directly above their hand only after the

wheel had stopped moving. The fabric carousel made an au-

dible ‘‘click’’ when it stopped, at which time the participants

were instructed to touch the fabric for a few seconds by rub-
bing it between their right thumb and index finger using a

naturalistic movement (see Figure 1c). The participants

then had to press the space bar on the computer keyboard

with their left hand in order to show the response scale on

the monitor that ranged from 1 to 20 (1 = ‘‘soft’’ and 20 =

‘‘rough’’ extremes of the roughness scale). The participants

were instructed to touch the fabric and to indicate their per-

ception of its softness by pressing the key corresponding to
their choice with their left hand. Twenty keys on the com-

puter keyboard, labeled from 1 to 20, were used to collect

the participants’ responses. After making their response, the

participants again pressed the space bar in order to move

the experiment onto the next trial.

Before rating the softness of each fabric swatch, the partic-

ipants were instructed to classify any odor that had been pre-

sented as either pleasant, unpleasant, or else respond that
no-odor had been detected by pressing one of three response

keys on the keyboard with their left hand. In this manner, we

were able to ensure that the participants paid attention to

any odor stimuli that were presented before judging the soft-

ness of the fabric on each trial (i.e., rather than simply ignor-

ing the odorants as participants might otherwise have done

given that they were irrelevant to their tactile discrimination

task). In order to minimize any possible carryover effects
from the presentation of the odors, the intertrial interval

was set at 5000 ms. During the intertrial interval, clean air

was delivered to participants.

Results

The participant’s mean responses to each of the four fabrics
on the roughness scale were submitted to a repeated-

measures analysis of variance (ANOVA), with the factors

of fabric treatment (Aminosilicone, Comfort, Starch, or

No-treatment) and odor (lemon, animal, or no smell). This

analysis revealed that the participants were able to discrim-

inate between the softness of the different fabrics, giving rise

to a main effect of fabric treatment, F(3,48) = 95.89, P <

0.001. Subsequent t-test comparisons (Bonferroni-corrected,
where P < 0.05 prior to correction) showed that the partic-

ipants could discriminate between all four types of fabric (all

comparisons were significant at P < 0.01). Crucially, there

was also a significant main effect of odor, F(2,32) = 5.78,

P < 0.01, and subsequent t-test comparisons (Bonferroni-

corrected) revealed that participants rated the fabric

swatches as feeling significantly softer when evaluated in

the presence of the lemon odor (M = 10.64) than when eval-
uated in the presence of the animal odor (M = 11.08), P <

0.01. The no-smell condition (M = 10.79) did not differ sig-

nificantly (NS) from either the animal or lemon odor

Figure 1 (a) Experimental setup used in Experiment 1. Note that during the
experiment itself, the fabric carousel was always covered with a curtain in
order to hide the fabric samples from the direct view of the participant.
(b) Bird’s-eye view of the position of the participants relative to the fabric
carousel and computer screen. (c) Naturalistic hand movement used by
participants to evaluate fabric softness. Participants used their right hand
to rub the fabric sample and their left hand to respond.
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conditions. The interaction between fabric treatment and

odor was not significant, F(6,96) = 1.23, NS (see Table 1).

The analysis of participants’ responses to the odors

revealed that they generally classified the lemon odor as

pleasant, the animal odor as unpleasant, and the clean air
as odorless in the majority of trials (see Table 2). However,

three of the participants classified the lemon odor as unpleas-

ant in the majority of trials (M = 92%, 96%, and 83%), and

two different participants classified the animal odor as pleas-

ant in a majority of the trials (M = 58% and 100%). Inter-

estingly, even these five participants showed a tendency to

rate the fabrics as softer when presented together with the

lemon odor than with the animal odor (mean rating differ-
ence of 0.13, 0.42, 0.75, 0.17, and 0.06 points, respectively).

Note also that in 13% of the trials, participants classified the

clean air as unpleasant. When analyzing participants’ mean

responses to the fabrics based on their judgments of the

pleasantness of the odors (rather than on the identity of

the odors themselves) using a repeated-measures ANOVA

with the factors of fabric treatment (Aminosilicone, Com-

fort, Starch, or No-treatment) and perceived pleasantness
(pleasant, unpleasant, or no-odor), the results did not differ

significantly from those presented earlier (note that the data

from three participants were not analyzed because the data

corresponding to certain conditions were missing). That is,

there was still a significant main effect of odor (now repre-

senting the perceived factor of pleasantness), F(2,26)= 14.85,

P < 0.001, with participants rating the fabrics as feeling

softer in the presence of an odor that had been subjectively
classified as pleasant than when presented with an odor that

had subjectively been classified as unpleasant (P < 0.01;

Bonferroni-corrected t-test comparison). There was also a

significant main effect of the fabric treatment factor,

F(3,39) = 114.20, P < 0.001, but no interaction between per-

ceived pleasantness and fabric treatment, F(6,78)= 1.05, NS.

However, remember that the main reason for participants

being asked to classify the odors was simply to ensure that
they had processed any odor that had been presented (i.e., to

ensure that they did not simply ignore them), prior tomaking

their rating of the fabric, rather than because we were inter-

ested in the response that they made per se. Taken together,

the results of Experiment 1 therefore support the view that

the presence of an odor can influence tactile judgments and,

what’s more, that this effect appears to be independent of

any subjective awareness of its existence.

Discussion

The results of Experiment 1 demonstrate a significant effect

of the presence of an odor on judgments of the tactile prop-

erties of fabric swatches. In particular, fabric swatches were

judged as feeling slightly but significantly softer in the pres-
ence of a pleasant odor (lemon) than in the presence of an

unpleasant animal-like odor. To our knowledge, Experiment

1 represents the first empirical demonstration that the pres-

ence of an odor can influence the tactile perception of fabric

softness. Our results are consistent with those reported more

than 70 years ago by Laird (1932). However, in Laird’s

study, the participants were given the somewhat counterin-

tuitive task of judging/rating fabric samples that were actu-

ally physically identical. In contrast to Laird’s experiment,
we used fabric swatches that were actually physically dis-

criminable in terms of their tactile qualities (as shown by

the main effect of fabric treatment), allowing us to rule

out the possibility that the effect reported in our study

depended solely upon the participant’s liking of the pleasant

odor as compared to the unpleasant odor, rather than be-

cause of a genuine influence of odor cues on the perception

of the tactile properties of the fabric swatches tested. More-
over, the presence of participants who showed the same ten-

dency as the others to rate the fabrics as feeling softer during

the presentation of the lemon odor despite the fact that they

classified the lemon odor as unpleasant or the animal odor as

pleasant supports the claim that participants were actually

responding to the fabrics’ tactile properties and not to their

hedonic value.

One might argue that the odor-induced effect reported in
Experiment 1 was quite small (a change of approximately 0.5

units on the 1-to-20 response scale). However, this is actually

equivalent to about a 2.5% change in perceived fabric soft-

ness (assuming that the participants were using the scale in

a linear manner). What’s more, the relatively small magni-

tude of this cross-modal effect may reflect the fact that we

used a relatively arbitrary pairing of lemon odor with the

fabric swatches. In fact, it might be possible that the use

Table 1 Mean ratings (+SE) of the perceived roughness (1 = soft and
20 = rough) of the fabric samples as a function of the fabric treatment
and odor factors in Experiment 1

Odor Fabric treatment

Aminosilicone
[6.07]

Comfort
[8.23]

No-treatment
[13.01]

Starch
[16.04]

Lemon [10.64] 5.99 (0.82) 7.87 (0.80) 12.95 (0.67) 15.74 (0.77)

Animal [11.08] 6.23 (0.73) 8.53 (0.69) 13.29 (0.66) 16.27 (0.77)

No-odor [10.79] 5.99 (0.74) 8.29 (0.66) 12.79 (0.66) 16.09 (0.78)

The marginal means are reported in square brackets.

Table 2 Mean pleasantness classifications (in percentages) for each of the
three odor conditions in Experiment 1

Odor Perceived pleasantness

Pleasant Unpleasant Odorless

Lemon 77 20 3

Animal 14 73 13

No-odor 5 13 82
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of a different odor (e.g., a lavender odor) would lead to a

more pronounced effect on tactile perception.

In our study, the environmental sources of the olfactory

and tactile stimulation were distinct: The tubes coming from

the olfactometer (which we used to deliver the olfactory stim-
uli) were visible and were obviously located in a different

spatial location from the tactile stimuli felt by participants.

While this experimental setup gave us very precise control

over the stimulus timings (i.e., allowing us to control the rel-

ative time of onset of the olfactory and tactile stimulation),

one might wonder to what extent the spatial incongruency

between the olfactory and the tactile stimuli may have bro-

ken any ‘‘unity assumption’’ that has been suggested by
researchers as potentially providing one of the cues for mul-

tisensory integration (e.g., Welch and Warren, 1980; Welch,

1999; Meredith, 2002; Bertelson and de Gelder, 2004;

Macaluso et al., 2004; Murray et al., 2004). Therefore, in

order to unequivocally rule out any possible effect of an

hypothetical break of the unity assumption and, second,

in order to use a more ecological setting (i.e., a setup more

similar to that of the pioneering study of Laird, 1932, that
had inspired the present research), we conducted the next ex-

periment, in which the olfactory stimuli originated directly

from the fabric swatches being touched by participants

(i.e., from exactly the same environmental object). A third

issue that we also assessed in our second experiment was

whether the tactile modulation observed in Experiment 1

was directly linked to the particular pairing of odors used

there. Therefore, in Experiment 2, we used lavender and
animal odor.

Experiment 2

Methods

Participants

Forty new untrained participants (21 female and 19 male),

with a mean age of 22 years (range of 18–49 years), took part

in this experiment. All the participants reported having a

normal sense of smell, no history of olfactory dysfunction,

and normal or corrected-to-normal vision in a confidential

questionnaire. All the participants were naive as to the pur-
pose of the experiment. None of them had taken part in the

previous experiment.

Apparatus and materials

Only two of the cotton fabric swatches were chosen as tactile

targets from among the four used in Experiment 1 since there

was no difference in the effect of the presence of an odor

among the different fabrics. The fabric treated with Amino-

silicone constituted the soft stimulus, while the fabric treated
with Starch was used as the rough stimulus. The two fabrics

were chosen on the basis of the results of Experiment 1,

where the participants perceived the Aminosilicone-treated

fabric as being the softest and the Starch-treated fabric as

the roughest of the four fabrics that had been presented.

An olfactant was applied to certain fabric swatches but

not to others. The animal odor (AB 0394, Quest Interna-

tional) was used to provide the unpleasant olfactory stimu-
lus, as suggested by the wide consensus concerning its

unpleasant hedonic valence among the participants in our

previous experiment, while lavender (441142, Quest Interna-

tional) was used as the pleasant olfactory stimulus (e.g., see

Degel and Köster, 1999; Degel et al., 2001). One drop of

odorant (approximately 0.06 ml) was applied using a micro-

pipette to two opposite corners of the square fabric swatches,

and these corners were then marked in order to make sure
that neither the experimenter nor the participants touched

them during the experimental session itself. Pilot testing

confirmed that at the odor concentration used the animal-

and lavender-odorized fabrics were perceived as having

approximately the same intensity. Before the start of their

experimental session, participants saw the 10-point response

scale (1 = soft and 10 = rough) that they were asked to use

afterward, when making their verbal ratings concerning the
roughness of the fabrics. We chose to use a simpler rating

scale than that used in Experiment 1 because the participants

in Experiment 2 were not allowed to see the scale during

the experimental session. In particular, we thought that a

10-point scale would prove simpler for the participants to

use while blindfolded since the smaller range (i.e., from 1

to 10 rather than from 1 to 20) should have allowed them

to remember the associations between the digits and their
meaning more easily (e.g., ‘‘1’’meaning soft and ‘‘10’’mean-

ing rough). The participants were not provided with any

information about the identity of the odors and the total

number of stimuli before the end of the experimental session.

Design

The experiment consisted of a within-participants repeated-

measures design, with the factors of odor (animal odor, lav-

ender odor, or no-odor) and fabric treatment (Aminosilicone

vs. Starch). The experimental session consisted of one block

of 30 trials (five trials per condition) that lasted for approx-
imately 20 min. The conditions were presented to partici-

pants in a randomized order.

Procedure

The participants sat in a chair in front of the experimenter.

After the presentation of a sample response scale, the partic-

ipants were blindfolded and the elbow of their dominant

hand was placed on a table. The experimenter presented

the participants with one fabric swatch on each trial by hold-

ing it on one corner and by placing the opposite corner in the
participant’s hand (neither corner had been scented). The

participants were instructed to rub the thumb and index fin-

gers of their dominant hand on the corner that was presented

by the experimenter and then to classify the odor of the fabric
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as being ‘‘pleasant,’’ ‘‘unpleasant,’’ or else as having ‘‘no-
odor.’’ Immediately after having made their classification

response, the participants were asked to rate the roughness

of the cloth using the scale they had seen at the beginning of

the experimental session. The experimenter took note of each
classification and rating response manually on a response

sheet. After coding the participant’s olfactory classification

response, the experimenter waited approximately 20 s before

presenting the next trial in order to minimize any possible

carryover effects from the odor presented on the swatch

on the preceding trial.

Results

The mean rating responses concerning fabric roughness were

submitted to a repeated-measures ANOVA with the factors

of fabric treatment (Aminosilicone vs. Starch) and odor (an-

imal, lavender, or no-odor). There was a significant main

effect of fabric treatment, F(1,39) = 283.33, P < 0.001, with

participants finding it easy to discriminate between the two
differently treated fabrics in terms of their roughness (Amino-

silicone fabric, M = 3.73, vs. Starch fabric, M = 6.91). The

main effect of odor was once again significant, F(2,78) = 9.63,

P < 0.001, as expected given the results of Experiment 1:

The Bonferroni-corrected t-test comparisons (where P <

0.05 prior to correction) revealed that the fabrics treated with

the animal odor were rated as feeling significantly rougher

that those scented with lavender (M = 5.54 vs. 5.15, respec-
tively; P < 0.01), while the perceived roughness of the non-

odorized fabric (M = 5.26) differed significantly from the

animal-scented fabric, P < 0.01, but not from the lavender-

scented fabric, NS. The interaction between these two factors

was not significant, F < 1 (see Table 3).

Subsequently, the mean fabric roughness ratings were

grouped according to each participant’s classification of

the hedonic valence of the odor that was applied to the fab-
rics. Note that, as in our previous experiment, the partici-

pants consistently judged the animal-odorized fabrics as

having an unpleasant smell (M = 86%). The lavender-

odorized fabrics were judged as having a pleasant smell

(M = 85%) and the odorless fabrics as having no smell

(M = 87%; see Table 4). Among the participants, one judged

the animal-odorized fabrics as having a pleasant odor overall

(M = 90%), one as having no odor (M = 80%), four judged
the lavender odor as being unpleasant on a majority of trials

(M= 60%, 60%, 80%, and 90%, respectively), and two judged

the odorless fabrics as having a pleasant smell on a majority

of trials (M = 70% and 80%, respectively). Interestingly,

none of the participants showing a reversed pattern of results

(i.e., lower ratings in response to the animal-odorized fabrics

than to the lavender-odorized fabrics) showed a perfect

correspondence between the direction of the olfactory effect
and their hedonic judgments (i.e., perceiving both the laven-

der odor as being unpleasant and the animal odor as being

pleasant), suggesting the existence of a certain independence

between the olfactory effects on tactile ratings and the par-

ticipants’ explicit evaluations of the odors’ hedonic values.
The data were analyzed using an ANOVA with the factors

of fabric treatment (Aminosilicone vs. Starch) and olfactory

classification (pleasant, unpleasant, or no-odor). The data

from three participants were not included in the analysis

because the data corresponding to certain of the conditions

were not available. The pattern of results was exactly the

same as that observed in the analysis described earlier. In

fact, the participants could clearly distinguish between the
two tactile targets, F(1,35) = 384.83, P < 0.001, as the

Aminosilicone-treated fabric (M = 3.66) was rated as being

significantly softer than the Starch-treated fabric (M = 6.97).

The main effect of odor was also significant, F(2,70) = 11.52,

P < 0.001, with participants rating the unpleasantly scented

fabrics (M = 5.58) as being significantly rougher than both

the pleasantly scented (M = 5.16) and the unscented fabrics

(M = 5.21; both the Bonferroni-corrected t-test comparisons
were significant at P < 0.001). The difference between the

no-odor and the pleasant category failed to reach statistical

significance, NS. Just as for the previous analysis, there was

no interaction between fabric treatment and olfactory classi-

fication, F < 1.

Discussion

The results of Experiment 2 once again support the existence

of a systematic effect of olfactory stimulation on tactile per-
ception. In particular, the participants in this study judged

the fabrics as feeling softer overall when they were odorized

with the lavender odor rather than with the animal odor.

Table 3 Mean ratings (+SE) of the perceived roughness (1 = soft and
10 = rough) of the fabric samples as a function of the fabric treatment
and odor factors in Experiment 2

Odor Fabric treatment

Aminosilicone [3.73] Starch [6.91]

Lavender [5.15] 3.62 (0.17) 6.68 (0.22)

Animal [5.54] 3.88 (0.16) 7.20 (0.19)

No-odor [5.26] 3.68 (0.17) 6.85 (0.21)

The marginal means are reported in square brackets.

Table 4 Mean pleasantness classifications (in percentages) for each of the
three odor conditions in Experiment 2

Odor Perceived pleasantness

Pleasant Unpleasant Odorless

Lavender 85 10 5

Animal 6 86 8

No-odor 8 5 87
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These results are consistent with both the pattern of results

and with the magnitude of the effect reported in Experiment

1, thus successfully replicating our previous study but now

using a more ecologically valid (though less tightly con-

trolled) experimental setup. The possible existence of a differ-
ent odor effect between the two experiments was assessed by

a between-experiments analysis, which once again high-

lighted the significant effect of the presence of an odor on

the tactile ratings, F(2,110) = 9.09, P < 0.001. However,

the analysis revealed no difference between the two experi-

ments and no interaction between experiment and odor

(both Fs < 1). The results of our two experiments are consis-

tent with those reported by Laird (1932) more than 70 years
ago, with the major difference being that our experimental

setup was more controlled in as much as that the participants

were required to perform a specific task (i.e., to discriminate

between differently treated fabrics) using response scales and

that we used a repeated-measures design (while Laird’s par-

ticipants had to give only a single response).

A second important point addressed by the results of our

second experiment concerns the putative role of the unity as-
sumption in multisensory integration. Crucially, the fact that

the modulatory effect of the olfactory stimuli on tactile per-

ception was found to be significant in both the experiments

reported here would appear to suggest that the spatial co-

location of stimuli in different sensory modalities may not

be that important for multisensory interactions involving

olfactory stimuli. Moreover, given that neither the temporal

onset of an odor (e.g., Stevenson and Boakes, 2003) nor the
spatial location of its source are precisely coded in the olfac-

tory system (e.g., Kobal et al., 1989; Spence et al., 2000), it

would seem probable that the brain may rely upon different

rules (such as perhaps the development of cross-modal asso-

ciations) inorder to facilitatemultisensory integration involv-

ing olfactory stimulation. However, it should also be noted

that performance on a number of other audiovisual tasks,

such as those requiring stimulus identification judgments
rather than stimulus localization are ‘‘not’’ always influenced
by whether the sources of multisensory stimulation actually

come from the same location or not (e.g., see Welch et al.,

1986; Regan and Spekreijse, 1977; Bertelson, 1994; Colin

et al., 2001; Recanzone, 2003; Vroomen and Keetels, 2006).

Finally, given the extensive experimental evidence demon-

strating a greater sensitivity to odors in women than in men

(e.g., Choudhury et al., 2003; see also Brand and Millot,
2001; Spence, 2002, for reviews), we thought it worthwhile

to test whether the olfactory modulation of fabric perception

effects reported in our experiment might be more evident in

females than in males (remember that in the study of Laird,

1932, only females were tested). We addressed this question

by reanalyzing our data but now including gender as a

between-participants factor. Interestingly, we neither found

any significant main effect of gender [F(1,38) = 1.71, NS]
nor any significant interaction between gender and any of

the other factors [gender · fabric, F < 1; gender · odor,

F(2,76) = 1.31, NS; gender · fabric · odor, F < 1]. These

null results are consistent with a number of previous studies,

where no significant difference in performance between

female and male participants was reported (e.g., Koelega

and Köster, 1974; Richardson and Zucco, 1989). One possi-
ble explanation for this lack of any gender effects might be

related to the fact that in our experiment the participants’

performance did not directly involve the olfactory stimuli

(i.e., the participants responded by making tactile rating

responses), as opposed to the studies concerning gender dif-

ferences that used, for instance, olfactory identification or

olfactory threshold tasks (see Brand and Millot, 2001).

General discussion

In the two experiments reported here, we investigated the

influence of olfactory stimuli on tactile perception. Our re-

sults demonstrate the existence of a cross-modal interaction

between olfaction and touch. The results of Experiment 1

revealed that the presence of an odor canmodulate the tactile
perception of fabric softness (see also Laird, 1932; Cox, 1967;

Byrne-Quinn, 1988; Fiore, 1993). In Experiment 2, we fur-

ther investigated the nature of any cross-modal associations

between tactile and olfactory stimuli by using a slightly dif-

ferent (and more ecologically valid) experimental setup. The

results once again revealed a systematic modulation of tactile

perception driven by the presence of an odor.

One possible explanation for the cross-modal interactions
established by the present study is in terms of an association

between tactile and olfactory stimuli that may have been

learned through everyday experience. Indeed, the literature

on olfactory perception contains numerous examples of

bias effects exerted by stimuli presented in one sensory mo-

dality on people’s responses to stimuli presented in another

modality (e.g., Stevenson et al., 1998; Stevenson and Boakes,

2004). It has been suggested that these influences may de-
velop through a process of associative learning (e.g., Engen,

1982; Van den Bergh et al., 1999; Herz, 2002; Stevenson

and Boakes, 2003) and that this can affect an individual’s

subsequent perceptual experience. For instance, Stevenson

et al. (1998) reported that an unfamiliar odor (such as that

of water chestnut for the Australian participants tested in

their study) was systematically judged as being sweeter after

having been paired previously with a sucrose solution than
after having been paired with water. Stevenson and his col-

leagues argued that taste–smell associations of this kind

may be learned through repeated exposure to particular

odor–taste combinations. Cross-modal interactions between

odors and fabrics may therefore rely upon a similar asso-

ciative mechanism, giving rise to expectancies about the

co-occurrence of tactile and olfactory stimuli.

A second possible explanation for the existence of cross-
modal links between olfaction and touch would be to suggest

that they should be attributed to another common feature

linking the two stimuli. Given that there was a general
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agreement among participants in classifying the hedonic

valence of the olfactory stimuli (i.e., as being either pleasant

or unpleasant), it is possible that the cross-modal effects re-

ported here may have been mediated by each target’s partic-

ular hedonic valence. For example, smelling a pleasant odor
could have biased participants’ tactile judgments, thus

resulting in a tendency for them to report the fabrics as being

softer than was actually the case. This bias could have been

driven by an assumption of correspondence between a soft

tactile feeling and a pleasant experience (cf. Bone and

Jantrania, 1992; though see also Schifferstein and Michaut,

1999). These multisensory correspondences may derive from

our everyday experience of intensely odorized household
products that may create an association between ‘‘pleasant
odor’’ = ‘‘better product’’ (i.e., most effective, softest, and

cleanest).

One might also argue that the presentation of the odor or

the affective valence associated with it could have induced

a general change in participants’ mood that would have been

reflected in their responses (i.e., in their softness ratings). For

instance, Kirk-Smith et al. (1983) argued that odors have
a robust hedonic connotation that can be learned through

a process of classical conditioning. The affective connotation

of an odor can then trigger a similar emotional state when

that odor is encountered in a different situation (see also

Baeyens et al., 1996). Although olfactory stimuli appear ca-

pable of rapidly modulating a person’s mood (i.e., after ap-

proximately 2–5 min of olfactory stimulation; see Villemure

et al., 2003), this appears to provide an unlikely explanation
for our results since the odors were changed on a trial-by-

trial basis in the present study and each trial lasted for less

than a minute.

It is important to note that the perceived pleasantness of

the stimuli cannot be used to explain all the results reported

in the present study, given that in both the experiments the

participants’ performance appeared to be unrelated to their

pleasantness judgments concerning the odors in a number of
cases. Indeed, a growing number of studies now show that

the information perceived through one sensory modality

can actually affect people’s perception of stimulus attributes

associated with other sensory modalities (e.g., Driver and

Spence, 2000; Schifferstein and Michaut, 2002; Calvert

et al., 2004). Therefore, it is possible that the effects of the

olfactory cues on participants’ ratings of the softness of

the fabric swatches may also reflect a cross-modal perceptual
interaction, whereby the olfactory stimulation affected the

actual ‘‘feel’’ of the fabric swatches that the participants

touched.

Taken together, therefore, the results of the two experi-

ments reported in the present study support the existence

of cross-modal interactions between olfaction and touch.

Crucially, the present study is the first to demonstrate such

interactions between the particular pairing of olfactory and
tactile stimuli. We suggest that such links may be learned

through everyday experience (cf. Maga, 1974; Zellner and

Kautz, 1990). These cross-modal interactions may rely on

our prior knowledge concerning the likelihood of co-

occurrence of those stimuli or could be facilitated by their

shared hedonic valence. Alternatively these interactions may

also take place at a more perceptual level (e.g., see Allen
and Schwartz, 1940). Nevertheless, whatever the correct

theoretical interpretation of our results turns out to be,

our study represents a first step toward a better understand-

ing of the cross-modal influence of olfaction on touch by

demonstrating the existence of robust cross-modal links in

information processing between these two senses.
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