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Right-nostril advantage for
discrimination of odors

ROBERT J. ZATORRE and MARILYN JONES-GOTMAN
Montreal Neurological Institute and Hospital, McGill University, Montreal, Quebec, Canada

Olfactory discrimination was tested with eight pairs of odors presented to each nostril of each
subject. Ninety-nine subjects were tested; there were equal numbers of left- and right-handers,
as well as both sexes. Detection thresholds for phenylethyl alcohol were measured separately
in each nostril using a forced-choice staircase procedure. In addition, a verbal dichotic listening
test known to be sensitive to language lateralization was administered. Results indicated that
discrimination performance was significantly better when the stimuli were presented to the right
nostril than when they were presented to the left, but no differences between the nostrils in de
tection thresholds were found. The right-nostril advantage did not vary as a function of sex or
handedness, and did not bear any relation to language lateralization as measured via dichotic
listening. The asymmetry for olfactory discrimination replicates an earlier study and is inter
preted in terms of a possible specialization of function within the right cerebral hemisphere.

Lateral asymmetries in perception of complex stimuli
have long been known to exist in the auditory, visual, and
somesthetic modalities (see Bryden, 1982, for a compre
hensive review). In most cases, these asymmetries have
been interpreted as a reflection of a specialization of func
tion in the central nervous system. Thus, for example,
in the case of verbal stimuli, a right-ear advantage and
a right-visual-field advantage are commonly observed
(e.g., Kimura, 1961; McKeever & Hilling, 1971). These
effects have been related to left-hemispheric dominance
for language function, because the pathways involved are
crossed. Conversely, for stimuli that require processing
mechanisms presumed to involve right-hemisphere
specialization, such as musical sounds, faces, or visuospa
tial material, the asymmetries tend to favor the left ear
or the left visual field (e.g., Kimura, 1964; Rizzolatti,
Umilta, & Berlucchi, 1971; Zatorre, 1979). Although
such asymmetries are, at best, an indirect index of the
differences between left- and right-hemispheric function,
subject to alteration by numerous extraneous variables,
they have nevertheless attained importance in neuropsy
chological studies of normal persons because they are
noninvasive, and because they afford insight into one
aspect of cerebral function.

In contrast to the extensive work carried out with visual
and auditory inputs, very few investigations have exam
ined lateral asymmetries in the olfactory modality, leav
ing open the question of whether or not hemispheric
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specialization for olfaction exists. An early study by
Toulouse and Vaschide (1900) reported lower detection
thresholds for camphor in the left nostril than in the right
nostril, but they found lower thresholds in the right nos
tril for ammonia. More recent data have been contradic
tory: Koelega (1979) did not find any significantdetection
threshold asymmetries for amyl acetate in a group of 40
right-handed subjects; however, Youngentob, Kurtz,
Leopold, Mozell, and Hornung (1981) did find a relation
between n-butanol thresholds and handedness in a group
of 19 subjects, such that the right nostril was more sensi
tive in right-banders and the left nostril was more sensi
tive in left-handers. Pendse (1987) also reported a right
nostril advantage for an intensity scaling task, but only
among right-handed women.

In a recent study designed to investigate odor
discrimination ability following focal brain lesions
(Zatorre & Jones-Gotman, in press), we made the unex
pected observation that an advantage favoring the right
nostril existed in a group of normal right-handed control
subjects, despite no significant asymmetries in detection
thresholds for n-butanol. We also found that this right
nostril advantage was affected by unilateral cortical ex
cisions: left-temporal-lobe lesions resulted in an exag
gerated right-nostril effect, whereas right-temporal-Iobe
lesions led to a diminished effect. Moreover, bilateral
deficits were observed when the cortical damage included
the right frontal lobe. Given that the olfactory pathways
project ipsilaterally, and given that the two nostrils were
equally sensitive on detection thresholds, we interpreted
these findings as reflecting a predominance of right
hemisphere function specific to discrimination of odors.
This conclusion would be consistent with both the lesion
effects and the asymmetry observed in normal subjects.

In the present study, it was our aim to address some
of the many questions that remain about olfactory asym-
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Table I
Characteristics of Subject Groups

Mean Handedness Number of Familial
Group N Age Score Smokers Sinistrality

Female L 25 25.5 71.0 3 8
Female R 25 23.4 18.8 3 3
Male L 24 23.3 73.0 5 7
Male R 25 23.0 21.6 6 13

metries. First, we wanted to see if the nostril difference
observed in the previous study with normal subjects would
be replicable in a larger sample. Second, we wished to
examine the hypothesis that such asymmetries might be
related to sex or handedness, two variables that are known
to be closely related to hemispheric asymmetries of func
tion. Third, we wanted to assess any possible relation
ship between olfactory asymmetry and hemispheric
specialization for language; therefore, subjects were tested
with a verbal dichotic listening test (Wexler & Halwes,
1983) that is known to be a reliable index of language
lateralization (Zatorre, 1989). Finally, to dissociate asym
metries in odor discrimination from any effects related
to detection, we measured detection thresholds for
phenylethyl alcohol using a forced-choice staircase
procedure.

METHOD

Subjects
Ninety-nine subjects participated in the study. They were recruited

mainly from undergraduate classes at McGill University or from
among employees of the Montreal Neurological Hospital, and some
were obtained through advertising posters. All were paid for their
participation. The subjects were excluded if they had a history of
disease or accident that would affect either the central nervous sys
tem or the nose. All subjects were free of nasal congestion due to
head colds or allergies at the time of testing. No subject was tested
within less than I h of eating or drinking. Although smokers were
not excluded, few subjects smoked, and they were represented about
equally among the experimental groups.

The subjects were divided into four groups, according to sex and
handedness. Handedness was assessed using a questionnaire adapted
from Crovitz and Zener (1962), which yields a score that can range
from 18 (strongly right-handed) to 90 (strongly left-handed); each
subject's family history of sinistrality was also recorded. Table I
shows the mean age and handedness score, together with the inci
dence of smokers and of subjects with at least one left-handed fam
ily member, for each group.

Stimuli and Procedure
Detection thresholds. Immediately prior to discrimination test

ing, all subjects were tested for odor-detection thresholds in each
nostril using solutions of phenylethyl alcohol diluted in distilled
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water. This odorant was chosen because of evidence that it is a nearly
pure olfactory stimulant, as opposed to a trigeminal stimulant (Doty
et aI., 1978). The series started at a concentration of 10-" M and
increased by successive factors of 0.5 log units to a maximum of
10-2 M. The order of nostril tested first was counterbalanced across
subjects. The method followed was similar to that described by Doty,
Shaman, and Dann (1984), and involved a staircase procedure to
arrive at an estimate of the subject's threshold. Odorants were
presented in bottles (5.8 cm high, 1.7 ern in diameter at the open
ing), filled with approximately 7 ml of liquid. On each trial, the
subject sniffed two bottles in turn, one containing a concentration
of the odorant and the other containing distilled water, and then
indicated which one smelled stronger. The test started with the lowest
concentration, which was increased by a factor of 10 (a full log
unit) after each incorrect response until the subject succeeded on
four consecutive trials. This value was termed the initial threshold,
because it corresponds to the threshold value obtained on a simple
ascending series, as used by several authors (e.g., Cain, Gent,
Catalanotto, & Goodspeed, 1983; Eskenazi, Cain, Novelly, & Matt
son, 1986), as well as in one of our own previous studies (Jones
Gotman & Zatorre, 1988b).

After four consecutive correct responses, the staircase was
reversed, and, from then on, each subsequent concentration differed
by a factor of half a log unit instead of one. Thus, upon reaching
the initial threshold, the next lower concentration was presented
for two trials; if the subject answered correctly on both of these
trials, the next lower concentration was again given, but, if an er
ror was made on either trial, the next higher concentration was
presented. This procedure continued until seven such reversals were
obtained; the final threshold measure was taken to be the geomet
ric mean of the last four staircase reversal points.

Olfactory discrimination testing. Eight pairs of odorants were
used, selected from among stimulus pairs that had been rated previ
ously for similarity by normal subjects (Mair, Capra, McEntee,
& Engen, 1980). The extremes were selected for this experiment
so that the four pairs that had been rated most highly similar and
the four most dissimilar were used. These are listed in Table 2.

These odorants were presented via a modified' 'sniff strip" (En
gen, 1965), a small glass rod with a wad of odor-saturated cotton
wrapped around the end. For presentation, the odors were placed
under the subject's nostril, providing a more constant vapor than
open bottles. The subjects were allowed to sniff according to their
preferred strategy, but only one sniff per item presentation was per
mitted. During the test, the odorants were kept inside a fume ad
sorber, which filters air through activated charcoal, thereby prevent
ing diffusion of odors into the testing room except during
presentation.

The procedure was identical to that used by Zatorre and Jones
Gotman (in press). The subjects received 32 monorhinal discrimi
nation trials in a same-different paradigm. The 32 trials comprised
presentation of each of the eight odor pairs once to each nostril (16
different trials) and presentation of each odor of the pair with itself
(16 same trials). The order of presentation of items within each
pair was counterbalanced across nostrils; for example, if pair A-B
was presented to the left nostril, pair B-A would be presented to
the right nostril on a later trial. We tested one nostril on each trial
by requiring the subject to hold the other nostril closed with his/her

Table 2
Odorant Pairs Used in Discrimination Task

Similar Pairs Dissimilar Pairs

Gamma-dodecalactone-Aldehyde C-14
Citronellyl acetate-Citronellyl butyrate
Cinnamyl propionate-Cinnamyl butyrate
Lemon extract-Citral rectified

Anethol-Benzyl butyrate
Phenylethyl alcohol-Heptanol
Oil of cloves-Allyl sulfide
Butyric acid-Eugenol
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finger and to inhale only through the open nostril. The order of
nostrils tested was randomly assigned across trials. All subjects
received the same random order of trials. The two odorants in each
trial were presented in succession with a few seconds intervening
between the items in a pair; a minimum of 20 sec was allowed be
tween trials.

Dichotic listening. The fused rhymed words test has been
described in detail elsewhere (Wexler & Halwes, 1983). It con
sists of 15 pairs of words that differ only on the first consonant
(e.g., coat/goat, pig/dig). Under normal circumstances, listeners
experience a fusion of the two words and typically report hearing
only one word at the midline. Stimuli were recorded on cassette
tape and played back on a Sony Walkman tape player through
matched earphones that had been calibrated to a continuous vowel
sound at 75 dB(A) using a GenRad 1565-8 sound-pressure meter
and a type 9A 3-cc acoustic coupler.

The subjects were instructed to choose the one word they had
heard out of four possibilities by circling it on a printed page in
front of them. Each pair was presented twice per set of trials (once
in each of the two possible channel assignments); four randomiza
tions of these 30 trials were presented, for a total of 120 trials (eight
repetitions of each pair). The effect of any channel asymmetries
was minimized by switching the earphones between ears, once af
ter the first 30 trials and again after 90 trials. Scoring was carried
out by eliminating responses that were "stimulus dominated" (i.e.,
when the subject responds with the same word, regardless of ear
of presentation; for details, see Zatorre, 1989). The total number
of non-stimulus-dominated responses was then calculated for each
ear across all 15 stimulus pairs. These items, which can be consi
dered true asymmetric responses, were used in all subsequent
analyses.

RESULTS

Detection Thresholds
The average initial and final detection thresholds for

each group of subjects are shown in Table 3. These values
were entered into separate ANOVAs, with nostril as a
within-subject factor and handedness and sex as between
subject factors. None of these factors resulted in a sig
nificant F ratio, nor were there any significant interac
tions (p > .20, in all cases). A separate ANOVA was
run, with nostril (left or right) and order of testing (left
first or right first) as factors. Neither factor resulted in
a significant effect. These results indicate, therefore, that
the detection thresholds for phenylethyl alcohol did not
change as a function of the subject's sex, handedness, nos
tril tested, or order of testing.

Olfactory Discrimination
A discrimination score was calculated by subtracting

errors (different responses when the items were the same)

Table 3
Mean Olfactory Detection Thresholds: Initial and Final Values

of Log Molar Concentration of Phenylethyl Alcohol

from correct answers (different responses when the items
were different), yielding a value with a maximum of 8.
This score;' calculated separately for each nostril, was
entered into an ANOV A, with nostril as a within-subject
factor and sex, handedness, and familial handedness as
between-subject factors. No group differences in overall
discriminativeability were observed (F < 1, in all cases).
As predicted, there was a significant main effect for the
nostril factor [F(1,9l) = 6.88, p = .01], reflecting the
better performance obtained on the right nostril (average
score of 4.48) as compared with that obtained on the left
(average score of 3.89). This result is depicted in
Figure 1, which plots the distribution of the difference
between the score in the right and left nostrils for each
group of subjects.

Although the nostril difference did not interact with
either handedness or sex (p > .10, in all cases), there
was a significant three-way interaction between nostril of
presentation, sex, and familial handedness [F(1, 91) =
4.58,P < .05]. Inspection of the means suggests that the
male subjects with no history of familial left-handedness
yielded, as a group, only a very small difference favor
ing the right nostril, as compared with the other sub
groups. The significance of this effect is difficult to es
tablish, however, as the numbers of observations in each
cell were too disparate for post hoc comparisons to be
meaningful.

A supplementary analysis was also carried out to de
termine if there was any difference in the strength of the
asymmetry between the similar pairs of odorants and the
dissimilar pairs of odorants. For this purpose, the data
were rescored separately for similar and dissimilar items,
and the discrimination score (with a maximum value of
4) was entered into an ANOVA, with sex and handed
ness as between-subject factors and nostril and similarity
as within-subject factors. The results showed a very large
main effect of similarity [F(l,95) = 423.59, p < .0001],
confirming that the dissimilar items were easier to dis
criminate.There was also a main effect of nostril [F( 1,95)
= 5.61, p < .02]. In addition, there was a significant
interaction of nostril X similarity [F(1,95) = 5.48, p =
.02]. Inspection of the means indicated that the right
nostril advantage was primarily present for the similar
items (scores of 0.82 and 1.31 for the left and right,
respectively), as compared with the dissimilar items
(scores of 3.10 and 3.13 for left and right, respectively).

Finally, to determine if any relationshipexisted between
asymmetries in detection thresholds and asymmetries in
discrimination, Pearson product-moment correlations
were calculated between the respective difference scores.
However, none of these correlations resulted in a statisti
cally significant effect.

Group

Female L
Female R
Male L
Male R

Left Nostril Right Nostril

Initial Final Initial Final

-3.78 -4.65 -3.50 -4.54
-3.42 -4.88 -3.80 -4.91
-3.38 -4.58 -3.73 -4.77
-3.80 -4.71 -3.74 -4.75

Dichotic Listening
The average scores obtained on each ear in the fused

words test, calculated by eliminating all stimulus
dominated items (as described in Zatorre, 1989), are
shown in Table 4. These scores were entered into an
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Figure 1. Distribution of asymmetry in olfactory discrimination. The number of subjects obtain
ing a given difference between the discrimination score in the right and left nostrils is plotted. Posi
tive values along the abscissa indicate right-nostril advantage; negative values indicate left-nostril
advantage.

ANOVA,with two between-subject factors, sex and hand
edness, and one within-subject factor, ear. There was an
overall right-ear advantage, as expected [F(l,95) = 37.92,
p < .0001]. In addition, this factor interacted with hand
edness [F(1,95) = 6.76, p = .01], such that the left
handers as a group did not show a significant advantage
for the right ear, whereas the right-handers did. There
was no interaction with sex (p > .10).

Relation Between Olfactory and
Auditory Asymmetries

To uncover any relation between the right-nostril ad
vantage seen on the olfactory discrimination test and the
right-ear advantage seen on the dichotic listening test, a
Pearson product-moment correlation coefficient was cal
culated for the difference scores in each test. The obtained
value (r = - .02) was near zero and not significant, sug
gesting that there is no relation between the two measures.

Table 4
Dichotic Fused Words Test:

Number of Words Perceived from Each Ear

Another way to examine this question is to select only
those subjects whose dichotic listening scores are suffi
ciently extreme that one may infer, with relative certainty,
their language lateralization, irrespective of handedness.
On the basis of previous validation data (Zatorre, 1989),
a criterion was set according to the difference in number
of words reported between the right and left ears. Only
the subjects obtaining a difference of 20 words or greater
favoring the right ear or 5 words or greater favoring the
left ear were retained. This yielded 21 subjects in the first
group (those whose language is likely to be lateralized
to the left), and 10 in the second (those presumed to have
right-sided, or possibly bilateral, language representation).
The difference between nostrils in the discrimination test
was compared in these subgroups of patients, and was
found to be not significantly different [t(29) = 0.36]. The
difference favored the right nostril in both subgroups: for
the group with large right-ear advantages, the mean nos
tril difference was 0.47; for the group with left-ear ad
vantages, the mean nostril difference was 0.80.

DISCUSSION

Left Ear Right Ear

Group M SD M SD

Female L 11.4 8.4 12.0 7.1
Female R 5.4 5.3 18.5 10.9
Male L 9.9 10.9 19.6 12.8
Male R 6.1 5.3 18.6 11.3

Note-Values were calculatedby eliminating all items that were stimulus
dominated (see Zatorre, 1989).

The results of this study clearly demonstrate a percep
tual asymmetry in olfactory discrimination that was reli
ably present in the population, although it was not ob
served for every individual. Moreover, the advantage of
the right nostril was observed in the absence of any
threshold differences, and it did not seem to be related
to sex, handedness, or side of presumed language repre-
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sentation. These data replicate and extend our earlier find
ing of a right-nostril advantage for the same task (Zatorre
& Jones-Gotman, in press). Having established the exis
tence of such an asymmetry, its nature and origin remain
to be explained.

One might argue that some difference at the periphery
of the olfactory system could account for our results.
However, there is little evidence in favor of such a
hypothesis. First, there are no studies of peripheral ana
tomical structures, to our knowledge, that have revealed
any striking structural asymmetries favoring one side over
the other. Furthermore, the fact that we did not find any
significant difference in detection thresholds between the
two nostrils, for either the initial or the final threshold
estimate, would also argue that the discrimination results
are not due to a peripheral component, but rather are
related to central processes. It should be pointed out that
we undertook a staircase procedure to measure threshold
detection because of evidence that a simple ascending
method of limits results in marked subject-to-subject and
study-to-study variability (Doty, Gregor, & Settle, 1986).
We also wished to compare the results with our previous
finding (Jones-Gorman & Zatorre, 1988b) that the sec
ond nostril tested tended to have a lower threshold than
did the first, presumably due to some sort of practice ef
fect. Our present results confirm that the final threshold
estimate is much lower than is the initial value (Table 3),
but we did not observe any order effects, reflecting the
greater stability of the measure obtained via this technique.

Youngentob et al. (1981) did report a difference in de
tection thresholds favoring the right nostril in right
handers and the left in left-handers. However, they also
found that subjects whose nasal patency was slightly less
on one side had lower thresholds on that side, but it was
not clear if this accounted for their reported interaction
with handedness. Nasal patency would also be affected
by cyclical changes in nasal airflow (Principato & Ozen
berger, 1970), but recent evidence indicates that such
changes are not very regular and do not favor one nostril
over the other in any systematic fashion (Gilbert & Rosen
wasser, 1987). Whether the results ofYoungentob et al.
bear any relation to the phenomenon uncovered in the
present study remains a question for future research.

Classical anatomical studies have established that the
olfactory nerve projects ipsilaterally to the olfactory bulb,
which in tum projects to ipsilateral olfactory cortical areas
(for a review, see Eslinger, Damasio, & Van Hoesen,
1982). If the present results reflect an asymmetry in cen
tral olfactory processing, it is reasonable to assume that
certain regions in the right cerebral hemisphere may show
at least a partial functional superiority to homologous areas
in the left hemisphere. It should be pointed out, however,
that the discrimination task may also have involved some
degree of stimulation of the trigeminal nerve, whose
projection is crossed. Although the task required a qualita
tive discrimination, and therefore presumably depended
primarily on input from the first cranial nerve, a trigemi
nal contribution cannot be ruled out, especially for cer-

tain pairs of stimuli, such as those that differed signifi
cantly in perceived strength. Any information conveyed
to the contralateral hemisphere via the trigeminal nerve
would serve to obscure or dilute the asymmetry due to
olfactory nerve input. In this respect, it is notable that
the similar (and therefore more difficult to discriminate)
items were the ones that elicited the clearer right-nostril
advantage. We may speculate that, among the dissimilar
items, there were some pairs that could be distinguished
on the basis of strength alone, and that this may have led
to a diminished asymmetry since both ipsilateral and con
tralateral inputs could be used to respond correctly. On
the other hand, the asymmetry may have been reduced
because performance was near ceiling with the dissimi
lar items. Future studies will have to clarify the contri
bution of olfactory versus trigeminal input to asymmetries
in odor discrimination.

The dichotic listening results were entirely in keeping
with previous studies: a clear right-ear advantage was
found among the right-handers, whereas the left-handers
as a group did not evidence a clear ear difference. It is
notable that we found no evidence of a relationship be
tween asymmetries in language function, as measured via
dichotic listening, and the olfactory asymmetry. It might
be argued that the lack of correlation is not surprising since
laterality measures across modalities rarely correlate very
well, even when both involve language function (Hines
& Satz, 1974; Zurif & Bryden, 1969). However, the
dichotic fused words test has been shown to be highly reli
able (Wexler & Halwes, 1983) and has furthermore been
shown to be closely related to hemispheric language
dominance as measured independently via intracarotid so
dium Amytal testing (Zatorre, 1989). Moreover, even if
we ignore degree of asymmetry and choose only those
subjects whose dichotic listening scores are sufficiently
extreme to infer, with relative certainty, their language
laterality, we still find no relation to olfactory asymmetry.
In fact, both right- and left-ear-dominant subjects showed
equal right-nostril advantages. These facts, together with
the lack of effect of handedness on the olfactory asym
metry, lead us to conclude that the olfactory discrimina
tion results reflect specialization of hemispheric function
that is independent of language.

The suggestion that there may be some degree of
specialization within the right hemisphere for certain types
of olfactory processing receives support from a number
of independent sources, notably from neuropsychologi
cal studies of olfactory function following brain lesions.
Several authors have reported findings suggesting that
right temporal-lobe or orbitofrontallesions lead to more
marked deficits than do similar lesions in the left
hemisphere in odor matching or recognition tasks (Abra
ham & Mathai, 1983; Jones-Gotman & Zatorre, 1988a;
Rausch, Serafetinides, & Crandall, 1977). On the other
hand, neither Eskenazi and colleagues (Eskenazi, Cain,
Novelly, & Friend, 1983; Eskenazi et al., 1986) nor
Jones-Gotman and Zatorre (l988b) reported significant
differences related to side of excision in several other 01-



factory tasks. If a functional hemispheric asymmetry ex
ists, it would appear to bea relative one: both hemispheres
are likely involved, but perhaps to different degrees. This
conclusion would beconsistent with most of the evidence
showing that lesions to olfactory regions in either
hemisphere usually lead to deficits. It would also be in
agreement with reports of olfactory matching in patients
with section of the corpus callosum (Gordon & Sperry,
1969), who are indeed able to carry out such a task with
input to either nostril, so long as the matches presented
to the right nostril can be done in a nonverbal manner.

There is also a recent report with normal subjects
(Richardson & Zucco, 1989) of faster responses to
odor-visual matches when the visual stimuli were
presented to the left visual field than when they were
presented to the right visual field, implying a right
hemisphere superiority for this type of cross-modal judg
ment. It remains to beestablished whether the right-nostril
advantage uncovered in the present study is limited to tasks
that involve qualitative discrimination of odors, or whether
it might also be found with other types of tasks, reflect
ing some more general aspect of olfactory function.
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NOTE

I. This score was used because of its simplicity and for comparison
with other data, even though it is not an unbiased estimate of discrimi
nation ability. Accordingly, the results were also evaluated with A', a
distribution-free index of discriminability. However, the results using
A' were identical in all respects to the results using the simpler discrimi
nation score, and so will not be reported here.
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