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Abstract
Flavour results primarily from the combination of three discrete senses: taste, somatosensation and olfaction. In
contrast to this scientific description, most people seem unaware that olfaction is involved in flavour perception.
They also appear poorer at detecting the olfactory components of a flavour relative to the taste and
somatosensory parts. These and other findings suggest that flavour may in part be treated as a unitary experience.
In this article, I examine the mechanisms that may contribute to this unification, in particular the role of attention.
Drawing on recent work, the evidence suggests that concurrent gustatory and somatosensory stimulation capture
attention at the expense of the olfactory channel. Not only does this make it hard to voluntarily attend to the
olfactory channel, but it also can explain why olfaction goes largely unnoticed in our day-to-day experience of
flavour. It also provides a useful framework for conceptualizing how the unitary experience of flavour may arise
from three anatomically discrete sensory systems.
Introduction
‘Flavour’ refers to the perceptual experience we have
when we eat and drink [1-3]. In the mouth, three anatomically discrete sensory systems contribute to flavour:
taste, olfaction and somatosensation [4]. Taste, which is
detected by receptors primarily located on the surface of
the tongue, generates sensations of sweetness, sourness,
bitterness, saltiness, meatiness (umami) and possibly
other sensations, too, relating to fattiness and metallic
tastes [5]. Olfaction detects the volatile chemicals that
are released by food and drink in the mouth, especially
during chewing. These volatiles may be pumped via the
nasopharynx to the olfactory receptors located in the
nasal vault and/or may be carried by exhaled air routed
via the nose when the mouth is full [6,7]. In contrast to
taste, olfaction has a large range of sensations associated
with it and is a major contributor to our experience of
flavour [8]. The final contributory sense is somatosensation. Not only is this instrumental in generating our
sense of food texture via receptors located within the
various tissues of the mouth [9], but it also detects sensations relating to temperature, irritation and pain.
While the range of sensation that the somatosensory
system provides is almost certainly greater than taste, it
is probably less than for olfaction.
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While somatosensation, olfaction and taste comprise the
senses involved when a food is in the mouth, the experience of flavour can also be affected by other properties of
the food that are perceived during or just prior to ingestion. During ingestion, the sound that a food makes when
it is being chewed can influence our experience of texture,
as may sound prior to ingestion, although its influence is
probably fairly minor [10,11]. Far more potent are the
effects of the appearance of the food and the expectations
that these visual cues can generate [12]. Numerous studies
have indicated that appearance can affect both the enjoyment of that food as well as the way in which it is
perceived when subsequently ingested [13,14].
This modality-based description of the senses involved in
flavour perception does not seem to be in accord with
most people’s day-to-day experience of flavour, or with
contemporary functionalist theories of flavour perception
[1,3], which emphasise the need to collate information
about a single act (eating) into a single percept: a unitary
flavour experience (or perhaps a gestalt). Flavour, then,
seems to be something of an emergent property from the
individual senses (taste, olfaction and somatosensation)
that make it up. The aim of this article is to critically examine this ‘unitariness’ claim and to explore its psychological
basis, especially with respect to the role of attention.

Is flavour a ‘unitary’ experience?
A magenta-coloured circle, while similar to its primary
component colours of red and green, has nonetheless a
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unitary character. The combination of red and green are
not directly evident, and something new emerges:
magenta. Flavour does not appear to meet this ‘strong’
form of unitariness, as it is quite evident that people
have some capacity to accurately decompose flavour
into its component elements [15-17]. However, this process of decomposition seems to be more readily achievable for some of the senses that compose flavour than
for others. For taste, combinations of tastants within a
mixture can generally be identified individually and
similarly when tastes are mixed with odourants and presented to the mouth [17]. For somatosensory stimuli,
participants can generally detect most of the characteristic textures of a food, and these do, by and large, correlate with physically derived measures of texture
properties [18]. Although not a lot is known about the
ability to detect individual texture components when
tastes and smells are present, it would seem that texture
perception could occur independently and successfully.
The notable exception would seem to be olfaction. In
simple mixtures of tastes and smells (which also have a
somatosensory component generated by the mixtures’
physical presence in the mouth), all of the components
can usually be identified; however, with increasing mixture complexity (that is, more odourants and more
tastes), this capacity to identify individual odours
diminishes far more rapidly than for taste [16,17]. That
is, odours appear to be both harder to discriminate from
other odours (as just the number of odours increase)
and from tastes (as just the number of tastes increase).
These findings raise two issues relevant to the question of the unitariness of flavour perception. First, in all
of the studies described above, participants were deliberately asked to adopt an ‘analytical stance’; that is, participants were required to attempt to deconstruct the
flavour stimulus. Importantly, this analytical stance may
not be the way in which people normally perceive flavour during ingestion; indeed all these findings tell us is
that people can fairly readily decompose the taste and
somatosensory components, and to some extent the
olfactory ones as well, when they are instructed to do
so. The second issue is that odours seem to be much
harder to identify and detect in a mixture with tastes
(and possibly in mixtures with multiple somatosensory
components, too, but here the evidence is just suggestive; see Bult et al. [19]). This may suggest some special
difficulty in identifying individual odours when they
arise from the mouth.
Several other lines of evidence also converge on the
conclusion that people do not routinely notice odours
as being component parts of flavour. In a series of studies, Rozin [20] examined the words that people use to
describe flavour experiences. First, he examined whether
any major language had a special word that identified a
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role for olfaction during eating and drinking. In all of
the seven major languages examined, none had a term
that explicitly acknowledged the olfactory component of
flavour. However, like English, many used terms such as
‘taste’ and ‘flavour’ to describe the experience of food in
the mouth. Rozin [20] also had people judge a series of
statements to see whether in each case the term ‘taste’
or ‘flavour’ was best suited to describing the experience
referred to in the statement. ‘Taste’ was widely used,
even for items that had a major olfactory component.
Although ‘flavour’ tended to be used more frequently
for foods that had a much greater olfactory component,
it was quite evident that most participants did not readily acknowledge the role of olfaction in flavour perception, and this is true of speakers of most other
languages as well.
A further reason to suspect that participants do not
routinely appreciate the role of olfaction in flavour perception comes from experiments in which its role is
made evident to naïve participants. A simple demonstration of olfaction’s role in flavour perception can be made
by pinching the nose during eating and drinking. Pointing out the role of olfaction in this way seems to come as
a surprise to most people, as several investigators have
noted [21]. In a similar vein, when people visit a doctor
with olfactory-related problems and describe their symptoms, it is common for them to state that they have both
olfactory and taste problems [22-24]. However, upon
investigation in nearly all cases, the problem is specific to
olfaction and the taste system is largely intact, again indicating the absence of awareness of the role of olfaction in
flavour perception [23]. The same conclusion may be
drawn from other quite different findings. In our recent
work on olfactory synaesthesia, where colours are
induced by particular odours, we noted the almost total
absence of synesthetic experiences induced by flavour (RJ
Stevenson, A Russell, A Rich, unpublished data). This
also seems to be the case for individuals who experience
olfactory hallucinations, in that reports of hallucinatory
flavours are either rare or are described as being gustatory hallucinations instead [25].
The findings described above suggest that the contribution of olfaction to flavour goes largely unnoticed,
and even when participants are asked to detect its presence, this may be more difficult than for taste and
somatosensation. Together these data may suggest some
form of unitization of olfaction with taste and somatosensation. A more contentious proposition is that the
default position for experiencing flavour is as a whole,
in contrast to when participants are asked to analyse
their experience as a series of individual parts. While
this idea of dual levels of experience is not unique (see
Kubovy and Van Valkenburg [26], who describe music
perception as an example of a preservative (the sound of
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individual instruments) emergent property (the tune)),
whether the default position really is the ‘flavour’ overall
remains to be demonstrated. Nonetheless, there clearly
is a question to answer regarding the unitization of
olfaction, and the following section examines how this
might occur.

Odour unitisation into flavour
A rather obvious explanation for unawareness of the role
of olfaction in flavour perception is simply that we have
not had the opportunity to learn about it. During development, most children discover that closing their eyes,
blocking their ears or pinching their noses eliminates
sight, hearing or smell accordingly. However, most children do not learn that we need a nose for ‘tasting’ food
and drink. While we may lack general knowledge about
the nose, and thus not appreciate its role in flavour perception, this would seem an incomplete explanation of
olfactory unitisation for two reasons. First, knowing that
the nose is involved in flavour perception may make no
difference in the way we perceive flavour under routine
conditions. The literature pertaining to this issue is
somewhat problematic for the reason alluded to above,
namely, that studies of experts (that is, those who know
the role of the nose) have generally asked them to adopt
an analytical stance. Although at best they may be a little
better than naïve participants [27], they do not seem to
report any systematic differences in routine flavour perception. Indeed, if knowing about the nose did produce
significant changes in flavour perception, presumably this
would alter experts’ capacity to generate successful
wines, cheeses and other foods, and this does not seem
to be the case. A second reason for thinking that not
knowing the role of the nose in flavour may be the cause
of our general lack of awareness of its role in flavour
comes from the studies identified earlier, which show
that even under analytic conditions, the capacity to detect
odour components is limited relative to the other senses
involved in flavour [15-17]. So, while lack of knowledge
might at best assist unitization, knowing does not seem
to make a great deal of difference.
A further contributor to olfactory unitisation may be
nasal airflow direction. During orthonasal perception, or
sniffing, odours ascend via the anterior nares to the
olfactory receptors. In contrast, retronasal perception
always involves the passage of air in the opposite direction, from the interior to the environment. There are at
least two ways in which this difference in airflow direction can be detected by the body. The anterior and posterior areas of the nose differ in their sensitivity to
somatosensory stimuli. The anterior portion is particularly sensitive to irritant stimuli [28]. Most odourants
are to some extent irritants; that is, they are detected by
the free nerve-ending receptors of the trigeminal nerve
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[29]. In contrast, the posterior part of the nose is more
richly innervated with mechanoreceptors, which may be
sensitive to expulsions of air from the interior of the
body (mouth or lungs) that occur when the velopharyngeal flap opens, allowing air into the posterior portion
of the nose [28]. Not only may the nasal cavity itself be
sensitive to airflow direction but so also may the olfactory epithelium. In this case, the same chemical may
induce a different pattern of activation across the
epithelium, depending upon the direction in which it
travels over its surface [30]. In sum, the direction of airflow provides an important cue regarding the likely
source of the odour.
Several studies have indicated that airflow cues can
shift the apparent locus of an odour [31]. Using endoscopically placed catheters, one just inside the nose and
another near the back of the throat, revealed that odourants released via the former route are attributed to the
nose (that is, coming from the external environment),
whereas those from the latter route are experienced as
arising in the mouth [32]. But what does it mean to make
such a judgment that an odour is perceived to be located
in one location or another? This question is very hard to
answer, because, if taken at face value, it would suggest
that participants are as readily able to detect an odour in
the mouth (that is, judging that this is where it comes
from) as they are an odour in the nose. Puzzlingly, this
would seem to contradict the findings reviewed above,
namely, that naïve participants do not know that odour is
involved in flavour, and, ergo, they should not be aware
that odours may arise in their mouths to stimulate their
olfactory receptors. One way out of this apparent paradox
is to assume that the experience of having an odour
delivered to the back of the throat is surrounded by considerable uncertainty about what is being experienced,
but that location of the experience is still evident (that is,
I know where it is, but not what it is). In contrast, odours
delivered to the anterior nares may be understood to be
odours partly because of their perceived location. In
terms of the role of nasal airflow in generating unitary
flavour percepts and in allowing smell to go unrecognized by most people as part of flavour, its importance
may lie in identifying externally arising smells by directing attention to the ‘tip of the nose’ and the external
environment, the location routinely associated with this
sense modality.
If attention to the nose is important in knowing that
an experience is olfactory and arises from the external
world, then this raises the possibility that not attending
to the olfactory channel during retronasal perception
may be instrumental in not knowing that odours are
involved in flavour perception. Indeed, it could be that
our capacity to attend to the olfactory channel when the
source of odour is in the mouth, rather than at the tip
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of the nose, is constrained in some way. For example, it
has been argued that sniffing acts in a somewhat similar
way to shifting one’s gaze to a point in space that one
wishes to see (see Mainland and Sobel [33]). That we
cannot readily ‘sniff’ a retronasal odour (or at least that
we do not normally do this, but we may do it in some
way that is yet to be documented) might suggest one
reason why we are not as readily able to attend to an
odour in the mouth as we can to taste or a somatosensory stimulus. A further possibility, and one that has
been missing in the discussion so far, is the role of
simultaneously present oral stimulation from taste and
somatosensation, which has been recognized before as a
factor likely to be important in flavour unitisation [3].
These senses may be more effective than olfaction at
capturing attention, and somatosensation may itself be
important in causing tastes to be perceived as a property
of the food rather than as a property of the tongue,
although the role of attention in this process is not currently known [34,35]. If taste and somatosensation do
result in attentional capture (at the expense of olfaction), this could make it difficult to shift attention away
from these simultaneously present senses (for example,
the burning of chilli pepper or the sweetness and
smooth creaminess of mousse) to the olfactory channel.
Before turning to discuss the implications of this, it is
important to note the distinction between attending to a
sense modality and attending to a spatial location.
While these are both independently possible, here they
may be especially entwined, the nose with olfaction and
the mouth with taste and/or somatosensation.
Some recent experimental studies have started to shed
light on the possible role of attention in olfactory localisation to the mouth and thus on the role that attention
may have in accounting for (1) our lack of awareness of
the role of odour in flavour, (2) our limited ability to
attend to the olfactory channel when an odour forms
part of an orally presented mixture and thus (3) the
apparent unitisation of olfaction in flavour perception. In
these studies, another technique was adopted to explore
participants’ experiences of ‘where’ an odour was perceived to be located [36-39]. In this case, the odour was
always presented to the nose while a taste or other oral
stimulus (for example, a tasteless viscous solution) was
present in the mouth. Participants were then asked either
to judge the likely source of the smell (that is, the jar they
were sniffing or the fluid they had poured into their
mouths) or to mark on a diagram the location where
they felt the smell sensation was coming from. Regardless
of the measurement method used, the results are remarkably consistent. When a taste is present in the mouth
(and to a lesser extent other types of oral stimulation),
participants are more likely to experience the odour as
localized to the mouth; when the mouth is empty or
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when water is held still in the mouth, however, participants are more likely to experience the odour as arising
from the nose and the external environment.
If we pose a question similar to the one we asked of
the earlier set of studies using catheters to deliver
odours to the nose (namely, What does it mean to say
an odour is localized to the mouth?), we get a somewhat
different answer. Under conditions where participants
localise the odour to the mouth, they appear to judge
the experience arising via their olfactory system as being
part of, or one and the same with, the experience arising
in their mouth from the taste or somatosensory stimulus
held there. Another and perhaps more illuminating way
of restating this is that participants under such conditions simply do not attend to the odour, but attend only
to the oral stimulus. Consequently, when asked to judge
where the ‘odour’ is, their attention, which is captured
by events in the mouth, leads them to conclude that the
mouth is the locus of stimulation.
If this attentional account is correct, then one would
predict that if attention could be drawn to the nose, such
judgments would change. Similarly, if events in the
mouth were made even more attention-demanding, then
participants would be even more prone to report odours
as arising at that location. Both of these predictions have
been confirmed [38]. If an irritant (glacial acetic acid) is
added to an odour sniffed via the nose while a taste is
held in the mouth, this olfactory combination is significantly less likely to be localized to the mouth than the
odour alone (that is, without the irritant added). These
findings are illustrated in Figure 1a. A similar effect (see
Figure 1b) also occurs if the concentration of the odourant is increased [37]. Conversely, if a taste in the mouth
is presented at a higher concentration, the likelihood that
the concurrently sniffed odour will be localized to the
mouth is increased (see Figure 1a). In all of these cases,
the salience of the olfactory and oral events seem to compete to capture attention, and where the oral events are
more salient, as is often the case, attention will be directed toward events in the mouth at the expense of events
at the nose. That oral events are generally more salient
reflects both the hedonic nature of gustatory stimulation
(for example, sucrose is pleasant and bitter is unpleasant)
and that the number of discretely perceivable events generated by taste and somatosensation may exceed those
generated by olfaction. In addition, the rather obvious
fact that we are placing food (or drink) into our mouths
further serves to make the mouth the locus of attention
during eating and drinking, at the expense of the nose.
Two additional sources of evidence have also emerged
to support this type of attentional account. The first
concerns individuals who have an impaired ability to
selectively attend to the olfactory channel. Several studies have demonstrated that healthy participants can
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Figure 1 (a) Top left: Mean localisation rating (and standard error (SE)) for an odour alone and for the odour with the irritant glacial
acetic acid (GAA) added when water as well as weak and strong concentrations of sucrose serve as the mouth stimuli. (b) Top right:
Mean localisation rating (and SE) for a weak and strong odour (same odour with different concentrations) when water and sucrose serve as the
mouth stimuli. (c) Bottom left: Mean localisation, discrimination d’ and recognition d’ scores (and SE), for participants demonstrating lesser or
greater degrees of oral localisation. (d) Bottom right: Mean localisation and naming score (number correct/8 and SE) for participants
demonstrating lesser or greater degrees of oral localisation.
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selectively attend to the olfactory channel on demand, at
least when it involves sniffing odours in the external
environment [40]. However, this type of ability appears
to be impaired in people with damage to their mediodorsal nucleus of the thalamus (MDNT) [41]. While
they are able to complete most olfactory tasks in a manner comparable to healthy participants, tasks that
require that they selectively attend to the olfactory channel appear to be impaired [42,43]. If one recalls the
design of the experiment described above, in which
odour and taste concentrations were manipulated,
increased odour concentrations tended to result in
greater localisation toward the nose and increased taste
concentration tended to result in greater localisation
toward the mouth. These effects were independent, so if
the capacity to attend to the nose is diminished, then
one might expect that such a person would be far more
sensitive to manipulations that favoured oral capture of
attention. This prediction was confirmed in that localisation to the mouth, using the same type of procedure,
was significantly greater in MDNT patients than in controls [43]. Moreover, the extent of this greater tendency
to localise odours to the mouth was significantly associated with participants’ capacity to attend to the olfactory channel on a test of selective attention. This would
suggest that eliminating (or reducing) the capacity to
attend to the olfactory channel results in greater oral
localisation.
A final source of evidence arises from another prediction that can be derived from an attentional account of
olfactory unitisation. If one cannot or does not attend to
odours when they are localized to the mouth, then olfactory tasks that require attention should be more impaired
when an odour is presented in this manner than olfactory
tasks that do not require attention. To test this prediction, my research groupselected three olfactory tasks, two
of which we believed would require attention and one of
which would not. The tasks requiring attention were discrimination and odour naming, with odour learning
(indexed by a later recognition memory test) included as
the non-attention-demanding task. This last mentioned
task was deemed non-attention-demanding, as a considerable body of evidence suggests that people can acquire
various forms of olfactory knowledge (that is, which
odours have been smelled, as well as odour-odour and
odour-taste associations) without explicitly attending to
the olfactory channel [44-46].
In this study [39], participants were asked to sniff an
odour bottle while holding one of three fluids in their
mouth: sucrose, water or a tasteless viscous solution.
For the discrimination task, which also served as the
exposure phase for the later surprise recognition memory test, participants were asked to sniff one odour with
a solution in their mouth and then repeat this process
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for a second odour. Participants were asked not only to
judge the perceived location of the odour (sniffing jar or
fluid placed in the mouth) but also whether the first
trial (sniff with solution in mouth) was the same as or
different from the second trial (sniff with solution in
mouth). As the solution in the mouth remained constant, the ability to detect a difference reflected the ability to discriminate one odour from another. A further
task then followed, in which participants again sniffed
an odour with a solution in their mouths, but this time
they were asked not only to judge its location but also
to select its name from a list provided. In the final
phase of the experiment, participants were provided all
of the odours used in the discrimination test, along with
an equal number of new stimuli not previously encountered in the experiment. Their task was to sniff each
one (with no solution present) and judge whether it was
‘old’ or ‘new’.
As we expected, there was considerable individual variation in localisation, so, even when using sucrose, there
were still participants who did not demonstrate localisation to the mouth. Even when using water there were
participants who did experience oral localisation. For
this reason, we treated localisation as a continuous variable and ‘oral solution used’ (that is, water vs. sucrose
vs. viscous solution) as a dummy variable in a regression
approach to determine whether perceived localisation
was associated with performance on odour discrimination, naming and recognition memory (that is, odour
learning). As expected, we observed significant associations between discrimination and naming performance,
as well as degree of oral localization, and these are illustrated diagrammatically in Figures 1c and 1d. The
more an odour was localized to the mouth, the poorer
participants performed on tasks deemed likely to require
attention, consistent with our expectation that localisation to the mouth involves capture of attention by concurrent oral events. However, recognition memory
performance was unaffected by the degree of localisation
(see Figure 1c) that a participant reported experiencing
during the discrimination phase of the experiment (that
is, where odours were exposed and learned).
These various findings suggest that unitary experience
of olfaction in flavour is to some degree an attentional
phenomenon. It is an attentional phenomenon in two
ways. First, the failure of most people to know that
olfaction is involved in flavour and the difficulty that
they have in detecting the olfactory components of flavour may result from concurrent oral stimulation’s capturing attention at the expense of olfaction. This would
make it hard to notice that ‘smell’ was present, perhaps
even more so if attentional capture by gustation and/or
somatosensation is somehow especially ‘sticky’, making
it hard to switch attention to the olfactory modality (see
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Spence et al. [47], who suggested that somatosensation
is especially ‘sticky’). This is likely to be further compounded by the difficulty in learning about the role of
olfaction in flavour (that is, we do not learn this in
childhood) and the fact that our olfactory attentional
spotlight, sniffing, is (generally) unavailable to retronasal
olfaction. More broadly, and this has not been well
explored, we may not routinely attend to other dimensions of flavour, notably taste and somatosensation, during eating and drinking, although we can if we so
choose, as the various analytical experiments noted earlier would suggest. Rather, we attend in a general manner to events in the mouth, but not in particular to
events within a modality.
It is important to stress that while we now have some
evidence directly supporting the first point, the second
is still largely a matter of conjecture, so it is important
to consider how both these attentional phenomena
(especially the second) may be further explored. One
interesting possibility in regard to the first point is that
individuals with peripheral gustatory impairments (ageusia or hypogeusia) should demonstrate less oral capture
than controls as a result of impaired concurrent oral stimulation. A similar prediction could also be made for
individuals with impaired oral somatosensation. With
respect to the second point (routine focus on flavour,
not on the individual modalities), we might expect that
attempts to explicitly recall details about a food or drink
would be affected by the analytical stance taken during
the earlier bout of eating and drinking. If attention is
normally focused on the overall impression, flavour,
then recollections of that experience should differ from
those of participants asked to adopt a more analytical
stance. While this type of approach has been used to
study the effect of an analytical stance on odour-taste
learning [48,49], it has not, to my knowledge, been
employed to study the general recollective experience of
an eating episode.

Conclusion
In the Introduction, the suggestion was made that olfaction may become unitized into flavour, as implied by
participants’ failure to know the role of olfaction in flavour and by the finding that even when instructed to
adopt an analytical stance and search for odour elements within a flavour mixture, they were poorer at this
than they were at searching for somatosensory or gustatory parts. A more general suggestion was also made
that during routine eating and drinking, attention may
be directed at the whole experience rather than at particular parts of that experience. So far the discussion has
largely avoided any attempt to deal with the specific
type of attentional process that may be involved. Attention can be fractionated into endogenous (self-directed)
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and exogenous (stimulus-directed) forms [50,51]. As
described above, Stevenson et al. [38] found that varying
the stimulus characteristics so that either oral or nasal
cues became more salient had the effect of shifting localisation toward the physical locus of the more salient
cue. This would seem to suggest an effect of exogenous
attention. In our more recent study [39], examining the
impact of oral localisation on olfactory performance
(that is, discrimination, naming and recognition memory), participants are likely to have tried attending to
the olfactory channel. That performance here was poor
for attention-demanding tasks when the odour was localised to the mouth would seem to suggest that under
such conditions participants might not be readily able to
voluntarily switch attention to the olfactory channel.
Again, this would suggest the dominance of exogenous
(that is, stimulus-driven) attentional processes. Therefore, one tentative conclusion is that exogenous attentional processes may be more important in generating
oral localisation, and when engaged, these may be difficult to voluntarily override. This would seem to echo
the findings of Ashkenazi and Marks [15], who reported
that attempting to selectively attend to the olfactory
component of a flavour did not significantly benefit performance (see also Veldhuizen et al. [52] for further
confirmatory findings). More generally, this would suggest that it might be exogenous attentional processes
that favour the unitization of olfaction into flavour.
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