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Selective attention to the chemosensory modality
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Previous studies have shown that behavioral responses to auditory, visual, and tactile stimuli are mod
ulated by expectancies regarding the likely modality of an upcoming stimulus (see Spence & Driver, 1997).
In the present study, we investigated whether people can also selectively attend to the chemosensory
modality (involving responses to olfactory, chemical, and painful stimuli). Participants made speeded
spatial discrimination responses (left vs. right) to an unpredictable sequence of odor and tactile targets.
Odor stimuli were presented to either the left or the right nostril, embedded in a birhinally applied con
stant airstream. Tactile stimuli were presented to the left or the right hand. On each trial, a symbolic vi
sual cue predicted the likely modality for the upcoming target (the cue was a valid predictor of the target
modality on the majority of trials ). Response latencies were faster when targets were presented in the ex
pected modality than when they were presented in the unexpected modality, showing for the first time
that behavioral responses to chemosensory stimuli can be modulated by selective attention.

Can people selectively direct their attention to a par
ticular sensory modality, and, if so, what are the conse
quences for the perception of stimuli presented in that
modality? This question, which has long been of interest
to psychologists (e.g., Hirsch, 1862; see Nicolas, 1997;
Wundt, 1893), has typically been addressed with refer
ence to the effects of voluntary (or endogenous) shifts of
attention to the auditory, visual, and tactile modalities.
The majority of research now supports the claim that at
tending to one modality can facilitate the perception of
stimuli in that modality relative to when attention is di
rected to another modality (see Spence & Driver, 1997,
and Spence, Nicholls, & Driver, in press, for reviews).
Preferential processing has been demonstrated in terms
of both a lowered threshold for the detection of attended
stimuli and a facilitation of the latency and/or accuracy
of speeded responses to attended versus nonattended
stimuli. Considerable clinical interest has been aroused
recently regarding the mechanisms by which attention is
shifted from one modality to another, following sugges
tions that certain clinical populations may show selective
deficits in their ability to shift attention from one modal
ity to another (e.g., Ciesielski, Knight, Prince, Harris, &
Handmaker, 1995; Godefroy, Lhullier, & Rousseaux,
1996; Hanewinkel & Ferstl, 1996).
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Spence and Driver (1997) reported a study in which
normal participants made speeded discrimination re
sponses to an unpredictable sequence ofauditory and vi
sual stimuli presented to either the left or the right offix
ation. At the beginning of every trial, a symbolic visual
cue indicated the likely modality of the upcoming target
(this cue was valid on 80% of trials and invalid on the re
maining 20% of trials). Participants responded more
rapidly when the target occurred in the expected modal
ity than when it occurred in the unexpected modality,
showing that attention can be selectively directed to au
dition or vision.

This research has recently been extended to show that
people can also selectively attend to the tactile (Spence,
Nicholls, & Driver, in press; see also Whang, Burton, &
Shulman, 1991) and nociceptive (i.e., pain) modalities
(Miron, Duncan, & Bushnell, 1989). Participants in Miron
et al.s study detected changes in the temperature of a
thermal diode placed on the cheek more rapidly when at
tention was directed toward this noxious heat stimulus
than when it was directed toward vision (see also McCaul
& Haugtvedt, 1982; see McCaul & Malott, 1984, for a re
view). Using the same paradigm, behavioral and neuro
physiological studies in monkeys have shown that selec
tive attention to noxious thermal stimuli may modulate
performance by increasing the responsiveness of noci
ceptive neurons in the medullary dorsal horn (Bushnell,
Duncan, Dubner, & He, 1984; Bushnell, Duncan, Dub
ner, Jones, & Maixner, 1985; Hayes, Price, Ruda, & Dub
ner, 1981) and that selective attention to touch modulates
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activity in the primary and secondary somatosensory cor
tex (Hsiao, O'Shaughnessy, & Johnson, 1993).

However, despite this recent interest in the behavioral
consequences of attending to a modality and the mecha
nisms underlying such effects, we are aware of only one
study that has attempted to investigate the question of
whether attention can also be selectivelydirected to chemo
sensation (Krauel, Pause, Sojka, Schott, & Ferstl, 1998).
Participants in Krauel et al.'s study were presented with
slow English rock songs and, simultaneously, with a bi
rhinally presented sequence of odors. Participants had
either to count the number of times the target word you
appeared in the song ("attend audition" condition) or to
press a button whenever an "infrequent" odor occurred
("attend olfaction" condition). Analysis of the olfactory
event-related potential data showed that the latencies of
the chemosensory evoked potential components (N 1, P2,
N2) were decreased when attention was selectively di
rected to olfaction rather than audition. Additionally, the
amplitude of the late positive components (P3-1, P3-2)
also showed attentional modulation. However, although
suggestive, these results provide no direct evidence about
the perceptual consequences of selectively attending to
chemosensation, since no behavioral measures were
recorded.

The unique neuroanatomical layout of the olfactory
system may have important implications for our ability
to selectively attend to olfaction, since it is the only mo
dality in which the sensory receptors do not project to the
cortex via the thalamus. Instead, olfactory information
bypasses the thalamus via a connection between the pyri
form cortex and other cortical structures (see Price, 1990).
The importance of this neuroanatomical difference re
lates to claims that the thalamus may playa crucial role
in mediating selective attention to a modality, via thala
mic gating (e.g., Bushnell et al., 1985; McCormick &
Bal, 1994; see also Frith & Friston, 1996). The lack ofdi
rect thalamocortical connections may mean that, in con
trast to other modalities so far investigated, people are
unable to selectively attend to olfaction.'

Behavioral support for such a claim comes from stud
ies showing that manual response latencies to olfactory
stimuli are particularly slow (e.g., Cain, 1976, 1988; Wells,
1929; though see Kobal, Hummel, & Van Toller, 1992).
For example, Cain (1976) reported average simple detec
tion latencies for odor stimuli of 600-1 ,200 msec (com
pare this with average detection latencies of approxi
mately 200 msec for auditory, visual, and tactile stimuli;
see Spence & Driver, 1997). This difference, which is
too large to be accounted for solely on the basis of dif
ferences in transduction latencies (Cain, 1988; Hummel,
Knecht, & Kobal, 1996), may reflect a relative inability
to selectively facilitate the processing of olfactory stim
uli through the direction ofattention to chemosensation.
The unique neuroanatomical architecture ofthe olfactory
system, together with the slow responses to olfactory
stimuli, means that it is by no means certain that behav-

ioral responses to chemosensory stimuli can be selectively
modulated by attention." We therefore attempted to in
vestigate this question in the present study.

We presented an unpredictable sequence of odor stim
uli to either nostril and tactile stimuli to either hand (see
Figure 1). Every target was preceded by a symbolic visual
cue that correctly predicted the target modality on the
majority of trials. Participants were instructed to attend
covertly (i.e., in the absence of any shift in the peripheral
receptors) to the cued modality and make speeded left
versus right discrimination responses to all targets. We
used the same spatial discrimination task in both modal
ities to minimize the effect of task switching on any
modality-cuing effects observed (i.e., the possibility that
the modality cue might be used by participants as a cue
to prepare for a particular task, rather than to prepare for
stimuli appearing in a particular modality; see Allport,
Styles, & Hsieh, 1994; Rogers & Monsell, 1995; Spence
& Driver, 1997). If people can selectively attend to the
chemosensory modality, we would expect that response
latencies should be faster and/or more accurate when odor
targets were preceded by a valid "expect-odor" cue than by
an invalid "expect-touch" cue, and vice versa for tactile
stimuli. We chose to pair tactile stimuli with chemosen
sory stimuli in the present study to maximize our chances
offinding behavioral effects of the attentional manipula
tion, since it has recently been shown that the costs asso
ciated with shifting attention to/from touch are signifi
cantly greater than those associated with shifts to/from
audition and vision (Spence, Nicholls, & Driver, in press).

Although some researchers have argued that "pure"
olfactory stimuli presented monorhinally to one nostril
or the other can be localized correctly (e.g., Bekesy, 1964;
Bellas, Novelly, Eskenazi, & Wasserstein, 1988), others
have reported that people cannot discriminate the nostril
to which olfactory stimuli are presented unless the stim
ulant also activates the trigeminal receptors ofthe chemo
sensory modality (e.g., Kobal, Van Toller, & Hummel,
1989; Skramlik, 1925; Van Toller, Kirk-Smith, Sleight,
Wood, & Lombard, 1980; see also Schneider & Schmidt,
1967). Therefore, in order for participants to be able to
localize the odor stimuli accurately in the present study,
we used a relatively high-intensity menthol (21 ppm) as
the odor stimulus to activate both the olfactory and the
trigeminal systems (e.g., Kobal et a!., 1992; Kobal et a!.,
1989; Schneider & Schmidt, 1967).

METHOD

Participants
Nine participants (5 naive participants and the 4 authors; 6 men

and 3 women) took part in this experiment. All reported normal ol
faction and touch. The experimental session lasted 40 min.

Apparatus and Materials
The participants were seated comfortably in an armchair for the

duration of the experiment. An extractor fan was located directly
above the participant's head, to ensure that the testing environment
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Figure J. Schematic bird's eye view of the participant sitting in front ofthe olfactometer. Olfactory target
stimuli were presented monorhinally by means of two Teflon tubes, one inserted approximately I cm into each
nostril. The positions ofthe cue and fixation lights, the tactile stimulators, and the response pedals used in this
experiment are also shown.

remained free from transitory odors. Odor stimuli were presented
by means of a specialized constant-flow olfactometer (see Kobal,
1985; Kobal & Hummel, 1991) that could present an odor to either
nostril (see Figure I). Using two identical stimulators within the ol
factometer, the airstream was led into both nasal cavities by way of
Teflon tubing (6 em long, 4 mm outer diameter), with a total flow
rate of 140 ml/sec. In the olfactometer, the odorless interval current
and the carrier current for the odorized air could replace each other
without producing mechanical stimulation (see Kobal & Hummel,
1991, for details). A computer-controlled solenoid valve initiated
which current was removed through a vacuum and, hence, to which
nostril the odor was presented. Using this birhinal stimulation tech
nique, we could present precisely lateralized stimuli to the nasal
mucosa of either the left or the right nostril. Importantly, we were
able to do this without providing any other cues to facilitate in the
lateralization of the odor stimuli-that is, the stimuli were deliv
ered without altering the mechanical, tactile, or thermal conditions
at the stimulated mucosa (see Wells, 1929).

Odor targets consisted of a 500-msec suprathreshold pulse of
menthol (21 ppm) that was introduced into a constant-flow airstream
with controlled temperature (36.5"C) and humidity (80% relative
humidity). The rise time for olfactory stimulation was below 20 msec.
No attempt was made to synchronize stimulus presentation with the
participant's breathing.

Oticon-A bone-conduction vibrators, with vibrating surfaces of
1.6 X 2.4 ern, were attached to the thenar emenance (the fleshy part
at the base of the thumb) of each of the participant's hands using
double-sided tape. The participants rested their arms comfortably

by their sides on the armrests ofthe chair, with their hands upturned.
This arrangement ensured a constant contact between the partici
pants' hand and the vibrators throughout the experimental session.
Tactile stimuli consisted of the presentation ofa white noise signal
to the vibrator on either side for 500 msec at approximately 36 dB(A).
White noise was also presented via headphones throughout the ex
periment, to mask completely the sound of the vibrotactile stimu
lators and the operation of the olfactometer. No attempt was made
to match the intensity ofthe tactile and olfactory stimuli, given that
there is dispute regarding how, and even whether, this can be achieved
(see Spence & Driver, 1997).

A red light-emitting diode (LED) was used as a fixation point,
placed directly in front of the participants' eyes at a distance of ap
proximately 15 em. The participants were instructed to fixate this
light, which was illuminated throughout the experiment. A red LED
placed directly above the fixation light, and stencilled with the let
ters OLF, served as the odor cue. Another red LED placed directly
below the fixation light, stencilled with the letters TAC, served as
the tactile cue. The participants were required to depress two foot
pedals throughout the experiment, one under the toes of each foot.
The participants responded by briefly releasing one or the other
pedal, lifting their left toe for left targets and their right toe to indi
cate right targets, irrespective of the target modality.

Design
The two within-participants factors were target modality (odor

or touch) and cue validity (valid or invalid). The participants com
pleted one block of 96 trials. Sixty-four (67%) of the trials were
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RESULTS

Table t
Mean Reaction Times (RTs, in Milliseconds), With Standard
Errors, and Percentages of Errors for Olfactory and Tactile
Targets in the Spatial Discrimination Task of Experiment t

Tactile Targets Olfactory Targets

RT RT

M SE % Errors M SE % Errors

valid, where the cue correctly predicted the target modality, and 32
(33%) were invalid, where the cue predicted the incorrect target
modality. An equal number of odor and tactile targets were pre
sented from each side in each modality. The cue validity was the
same for both modalities, and olfaction and touch were cued equally
often. The various conditions were presented in a random order. Re
action times (RTs) were measured in milliseconds from target
onset, using a custom PC-based computer program and interface
board that controlled the olfactometer, vibrators, LEOs, and re
sponse pedals.

Trials on which an incorrect response occurred were
discarded from the RT analysis. In addition, trials (5%)
on which the RT was below 100 msec or over 2,000 msec
were also removed. The interparticipant mean RTs (after
these exclusions), together with the mean cuing effect
(i.e., the difference between RTs for invalid and valid tri
als), are shown in Table I. Mean, rather than median, RTs
were computed for each participant because the different
cue conditions had different probabilities of occurrence
(see Miller, 1988), with valid trials being more likely.

The RT data were analyzed using a within-subjects
analysis of variance (ANOYA), with the factors of target
modality (odor or touch) and cue validity (valid or invalid).

There was a significant main effect of target modality
[F(l,8) = 70.8,p < .0001], with the participants respond
ing more rapidly to tactile targets (M = 494 msec) than
to odor targets (M = 775 msec) overall. This difference
may partially reflect the fact that it takes about 100
ISO msec for odors presented to the nasal mucosa to per
meate through the mucous membrane (Hummel et aI.,
1996). There was also a main effect ofcue validity [F( I,8)
= 43.1 ,p < .0005], caused by the participants responding
more rapidly on validly cued trials (M = 587 msec) than
on invalidly cued trials (M = 682 msec). Mean cuing ef
fects were numerically larger for tactile targets (120 msec)
than for odor stimuli (71 msec), although the interaction
between target modality and cue validity was not signif
icant [F(l,8) = 1.8,p = .21].3

It is interesting to note that the cuing effects reported
here are numerically larger than those reported previ
ously (Spence & Driver, 1997) when attention was selec
tively directed to audition, vision (across four experiments,
the mean cuing effects for targets in either modality never
exceeded 50 msec), or touch (Spence, Nicholls, & Driver,
in press). However, since these studies used different meth
odologies, varying in the predictiveness ofthe cues used,
in the amount ofpractice given," and in the intertarget in
tervals used, direct comparison ofthe magnitude ofcuing
effects remains an interesting question for further research.

Analysis of the error data revealed no main effects or
interactions (all Fs < 2). Note, though, that the partici
pants made fewer erroneous responses on valid trials
than on invalid trials overall, thus allowing us to rule out
a speed-accuracy tradeoffaccount for the RT effects ob
served (see Spence & Driver, 1997).

The results clearly show that symbolic visual cues that
predict the likely target modality on a trial-by-trial basis
can influence discrimination latencies for chemosensory
and tactile targets presented in the expected versus un
expected modality, with better performance in the for
mer case. This finding extends the results of numerous
previous modality-cuing studies that have demonstrated
the facilitatory effects of selectively attending to audi
tion, vision, touch, and nociception (see Spence & Driver,
1997, and Spence, Nicholls, & Driver, in press, for re
views). The present results provide one of the first dem
onstrations that the processing ofchemosensory informa
tion can be analyzed using a speeded RT methodology
popularized by Posner (e.g., Posner, 1978) to study the
effects of attention on information processing in other
modalities. All previous studies of the effects of atten
tion on chemosensory information processing have uti
lized either unspeeded behavioral responses (e.g., Laing
& Glenmarec, 1992) or chemosensory event-related po
tentials (e.g., Krauel et aI., 1998; Pause, Sojka, & Ferstl,
1997; Pause, Sojka, Krauel, & Ferstl, 1996).

Our cuing effects cannot reflect a response bias on the
part of the participants, because the response dimension

DISCUSSION

740 48 3.2
811 36 5.4
71* 2.0

**p < .01, r-test pairwise com-

Procedure
To avoid the respiratory flow of air in the nose, the participants

were trained to practice velopharyngeal closure, breathing through
the mouth (Kobal, 1985) prior to the commencement of the exper
imental session. At the start of each trial, the central modality cue
was presented for 5,500 msec. The target was presented as this cue
was extinguished (the participants were informed of this contin
gency). The two cue lights flickered for 780 msec, to provide feed
back if participants made an incorrect response, failed to make a re
sponse when a target occurred, or else responded prior to the onset
of the target.

The participants were told about the cue validities at the begin
ning of the experiment and were instructed to attend to the modal
ity indicated by the cue as most likely on each trial. The participants
were also instructed to make the left/right discrimination response
as rapidly and accurately as possible. The trial was terminated ifno
response was made within 7,500 msec of target onset. The interval
between successive targets was 14,000 msec (14,280 msec following
an incorrect response). This interval was chosen to minimize the
influence of adaptation ofthe olfactory or trigeminal systems on tar
get performance (see Hummel et al., 1996; Hummel & Kobal, 1999).

*p < .05, t-test pairwise comparison.
parison.

Cue Validity
Valid 434 20 2.4
Invalid 554 19 2.8

Cuing Effect 120** 0.4
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(left vs. right) was always orthogonal to the cued dimen
sion (odor vs. touch). Hence, instructing the participants
to attend to one or the other modality preferentially
should not have biased them toward making one response
or another (in contrast to many previous studies; see
Spence & Driver, 1997, for a fuller discussion of this
issue). We were also able to rule out a criterion-shifting
explanation for our results by showing that the partici
pants responded both more rapidly and more accurately
to targets in the expected modality than in the unex
pected modality (see Duncan, 1980; Spence & Driver,
1997). Finally, an overt orienting account for these effects
on responses to odor is also implausible, because the tar
get stimuli were presented monorhinally to the participants
practicing velopharyngeal closure. Hence, any overt
changes in the pattern of breathing on expect-odor trials
should not have had any impact on the cuing effects ob
served. Instead, the present results presumably reflect the
effects ofa purely covert shift ofendogenous attention to
the chemosensory or tactile modality.

When taken together with similar findings reported for
other sensory modalities (e.g., Spence & Driver, 1997;
Spence, Nicholls, & Driver, in press), the present results
support the claim that attention can be selectively di
rected to a particular sensory modality and that this leads
to the preferential processing of stimuli subsequently
presented in that modality. These results complement
those from other studies showing similar modulatory ef
fects of attention when directed to particular classes of
stimuli within a particular sensory modality. For exam
ple, Marks and Wheeler (1998) demonstrated that detec
tion thresholds for a particular tastant (e.g., sucrose) were
selectively lowered when participants were directing their
attention toward that stimulus, relative to when they were
expecting another stimulant (e.g., citric acid). Similar re
sults have also been reported within vision (e.g., Wright
& Ward, 1998), audition (e.g., Scharf, 1998), touch (e.g.,
Spence, Pavani, & Driver, in press; Whang et aI., 1991),
nociception (i.e., pain; Miltner, Johnson, Braun, & Larbig,
1989; Miron et aI., 1989), and olfaction (e.g., Laing &
Glenmarec, 1992; Pause et aI., 1997; Pause et aI., 1996; see
also Rabin & Cain, 1989). Our results are also consistent
with those from studies of neurological patients suffering
from extinction and neglect, showing that these atten
tional deficits can affect chemosensory processing (Bel
las et aI., 1988; Bender & Feldman, 1952; Mesulam, 1981).

It is important to note that, in the present experiment,
as in the majority of previous modality-cuing studies
(e.g., Krauel et aI., 1998; Miron et aI., 1989; see Spence
& Driver, 1997, for a review), stimuli in the different
modalities (here, odor and touch) were presented from
different spatial locations. It is therefore probable that
our cuing effects reflect not only the beneficial effects
of selectively attending to a particular sensory modality
but also some element of attending to a particular set of
spatial locations. That is, the participants may have di
rected their attention spatially toward the nasal cavity
when expecting an odor target and to the regions of space

occupied by the hands when expecting a tactile target.
Spence and Driver directly assessed the relative contri
bution ofspatial and modality-cuing factors in their study
ofaudiovisual attention, by presenting visual targets from
the left or the right in front of the participants and pre
senting auditory targets either from headphones (spatial
confound) or from loudspeakers placed directly behind
the target lights (no spatial confound). They found that
removing the spatial confound (i.e., auditory and visual
stimuli presented from the same set oflocations) led to
only a small (II-msec), albeit significant, decrease in the
size of cuing effects reported. Therefore, given the sim
ilarity in design between the present study and that re
ported by Spence and Driver, it seems likely that spatial
cuing factors should have had only a marginal influence
on the cuing effects reported here.>

Chemosensation involves responses to olfactory, chem
ical, and painful stimuli and is mediated by the olfactory
and trigeminal somatosensory systems (see Cain, 1988).
Like many of the odorous substances encountered in
everyday life (e.g., Beidler & Tucker, 1956; Schneider &
Schmidt, 1967; Silver, Mason, Marshall, & Maruniak,
1986; Stone, Williams, & Carregal, 1968), the localizable
odor target (menthol) used in the present study, activates
both the olfactory and the trigeminal submodalities of
chemosensation. If, as the weight of empirical evidence
now suggests, "pure" odors cannot be lateralized when
presented monorhinally (see Cain, 1988, for a review), it
would seem most likely that the participants in the pres
ent study based their discrimination responses on the
trigeminal component of the olfactory stimulus. It remains
an interesting question for future research to investigate
whether attention can be selectively directed to just the
trigeminal or olfactory submodalities ofchemosensation
or whether attentional effects will spread automatically
to the other submodalities of chemosensation.

The neuroanatomical projections of the olfactory and
trigeminal systems are certainly different from one an
other: "Pure" olfactory stimuli, after transduction at the
olfactory mucosa, project initially to the olfactory bulb
and then on to the secondary and tertiary olfactory cor
tices of both hemispheres via the olfactory nerve (Ket
tenmann, Hummel, Stefan, & Kobal, 1997; Kettenmann
et al., 1996); by contrast, irritant chemical components
of an "olfactory" stimulus activate the chemospecific
small caliber nerve fibers ofthe trigeminal system inner
vating the nasal mucosa and project via the ventral pos
terior medial nucleus of the thalamus to the primary so
matosensory cortex of the contralateral hemisphere via
the trigeminal or fifth cranial nerve (see Dodd & Kelly,
1991; though see Hari, Portin, Kettenrnann, Jousmaki, &
Kobal, 1997). Given the lack of direct thalamic projec
tions for olfactory stimuli, the present results would seem
to suggest that attending to a modality (in particular, ol
faction) cannot be achieved solely by thalamic gating
(see McCormick & Bal, 1994).

It is somewhat surprising that the chemosensory mo
dality has remained relatively neglected by cognitive psy-
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chologists interested in attention (a situation that has not
changed since the 1920s; see Wells, 1929), given that the
central role smell is known to play in modulating behav
ior in many species (e.g., Axel, 1995). It will be fruitful
in future studies to combine the behavioral methods re
ported here with neuroimaging techniques, such as ERP,
PET, or fMRI (see Francis et al., 1999). Furthermore, it
would also be interesting to see whether those clinical
populations that have been shown to have a selective def
icit in shifting their attention between the auditory and vi
sual modalities (see Ciesielski et al., 1995; Godefroy
et al., 1996; Hanewinkel & Ferstl, 1996) also show a sim
ilar deficit when attempting to shift their attention to/
from the chemosensory modality (see Seidman et al., 1997).
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NOTES

I. Note that the poor localizability ofolfactory stimuli, together with
the lack of direct collicular projections, means that mechanisms of spa
tial attention are also likely to be lacking in the olfactory system. This
contrasts with the other modalities (i.e.. audition, vision, and touch),
which all have strong collicular connections and show robust spatial at
tentional effects.

2. We are aware of only one previous study that has attempted to use
a speeded responding methodology to investigate chemosensory infor
mation processing (Zucco & Tressoldi, 1988), and this was not con
cerned with the effects of attention.

3. Weconducted a further analysis of the RT data, with the additional
between-subjects factor of naivety to look for any potential differences
between naive and nonnaive participants. This analysis revealed no
main effect of naivety,and no interaction between naivety and any of the
other terms (all Fs < I). However, the mean cuing effects were margin
ally smaller for nonnaive participants (66 and 115 msec for odor and
tactile targets, respectively) than for the naive group overall (mean cu
ing effects of76 and 125 msec, respectively). However, analysis of the
data from just the 5 naive participants revealed that these mean cuing
effects were still significant when analyzed by themselves (ps < .05 and
.0 I, respectively).

4. In order to investigate any effects of practice on modality-cuing
effects, we conducted an additional analysis, with the extra factor of
practice (Trials 1-48 vs. Trials 49-96). This revealed that RTs for in
validly cued olfactory targets were significantly slower in the first block
than in the second block (no such effect was reported for the other con
ditions), leading to a three-way interaction between practice, target
modality, and cue validity [F( 1,8) = 6.2, p < .05] and to near-significant
effects ofpractice [F( 1,8) = 3.8,p = .09] and ofpractice X target modal
ity [F( 1,8) = 4.7, p = .07]. It is interesting to note that mean cuing ef
fects for targets in both modalities were numerically larger in the sec
ond block (Ms = 79 and 96 msec for visual targets and olfactory targets,
respectively) than in the first block (Ms = 60 and 42 msec, respec
tively), suggesting that the participants became better able to focus their
attention on a particular modality as the experiment progressed.

5. To remove this potential spatial confound, tactile and olfactory
stimuli should be presented from exactly the same spatial locations (i.e.,
olfactory and tactile stimuli both presented to the left or the right nos
tril). In this way, a cue to the likely target modality gives no indication
of the likely target location. However, when we tried to do this in pre
liminary studies, the vibrotactile stimuli were clearly audible when
placed so close to the participant's ears.
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