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Objective: This study aims to examine humans’ abilities to localize odorants within the open field.

Methodology: Young participants were tested on a localization task using a relatively selective olfactory stimulus (2-phenylethyl-

alcohol, PEA) and cineol, an odorant with a strong trigeminal component. Participants were blindfolded and had to localize an

odorant source at 2 m distance (far-field condition) and a 0.4 m distance (near-field condition) with either two nostrils open or

only one open nostril.

Results: For the odorant with trigeminal properties, the number of correct trials did not differ when one or both nostrils were

used, while more PEA localization trials were correctly completed with both rather than one nostril. In the near-field condition,

correct localization was possible in 72-80% of the trials, irrespective of the odorant and the number of nostrils used. Localization

accuracy, measured as spatial deviation from the olfactory source, was significantly higher in the near-field compared to the far-

field condition, but independent of the odorant being localized.

Conclusion: Odorant localization within the open field is difficult, but possible. In contrast to the general view, humans seem to

be able to exploit the two-nostril advantage with increasing task difficulty.
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Introduction

In contrast to visual or auditory stimuli, olfactory sources are
difficult to be spatially localized "2, and it is still controversial
whether humans are able to localize odorants at all ¢®. This con-
troversy is not surprising considering the different experimental
setups used to examine this question. In general, egocentric and
allocentric localization are differentiated. Egocentric localization
is assignment of the olfactory source in relation to the main
body axis whereas allocentric localization is the localization of
the olfactory source within a given space. Hence in egocentric
experimental setups, participants are usually fixed and moti-
onless ® while in allocentric setups, participants are allowed to
move at least the head, or to move within the given olfactory

space 9,

#First and second authors made equal contribution.

Considering egocentric localization of olfactory stimuli, dif-
ferent experimental setups yield different results. For egocentric
localization, participants rate the side of stimulation for direct,
intranasally applied olfactory stimuli. Previous studies showed
that in this experimental setup, relatively pure olfactory stimu-
lants cannot be localized ©7%, whereas odorants with trigeminal
properties can be correctly localized with an accuracy of 82-
100% ©719. However, when presenting the stimuli with a small
time delay to each nostril or manipulating the concentration of
the stimuli between both nostrils, participants were also able to
correctly localize relatively selective olfactory stimulants @12,
Additionally, in these cases, odorants were presented at a small
distance to the nostrils and participants were allowed to sniff,
which is in contrast to the abovementioned experimental setups
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using intranasal stimulation. Moreover, in another experimental
set-up, stimulating intranasally and examining implicit odour
localization, it was hypothesized that odour localization “seems
to exert an influence on human behavior”©. All these results
suggest that, as in spatial assessment of visual and auditory
stimuli where time differences as short as 1 ms can be converted
into spatial coordinates '*'¥, localization of olfactory sources

is possible by exploiting a time delay or intensity differences
between olfactory receptors of both nostrils. The same mecha-
nism may support the behaviour of scent tracking in which the
air sampled by the two nostrils is at least partially non-overlap-
ping (i.e., independent samples differing in timing or intensity
provide information about the location in space) “>'9. Using two
nostrils for odour sampling in scent tracking instead of only one
not only increases tracking speed but also the accuracy of trac-
king 9. It seems that correct olfactory localization is possible by
either exploiting trigeminal properties of an odorant when ap-
plied intranasally 371°12 or exploiting differences in intensity or
timing, using sniffing when applied at a short distance in front
of the nostrils 11219,

In humans, however, localization of olfactory sources in every-
day life is normally neither egocentric nor directly comparable
to the “scent-tracking” experiments performed by Szymanski
and Porter et al. 59, In our study, we therefore deliberately
designed an experimental setup comparable to olfactory
source localization in everyday life, requiring that odorants were
localized within a given space. We created a modified allocentric
setup to examine the effect of distance between nostrils and
the olfactory source on localization accuracy (far field vs. near
field). Since no suitable experimental setup exists, we performed
a preliminary experiment (described below) to determine the
distance between olfactory source and nostrils at which correct
localization was likely to be above chance level. Using this expe-
rimental setup, we wanted to examine:

1. the accuracy of olfactory source localization in the open
field in relation to the distance, far field (2 m) and near field
(0.4 m), between participant and olfactory source,

2. whether the localization accuracy of pure olfactory
stimulants and odorants with mixed olfactory/trigeminal
properties differs,

3. whether there is a difference in the accuracy of olfactory
source localization in the open space using one or two
nostrils.

Materials and methods

The study was conducted in accordance with the Declaration
of Helsinki; the protocol was approved by the Ethics Commit-
tee of the University of Basel. All participants provided written

informed consent.

Preliminary experiment

In preliminary experiments performed with five participants, ol-
factory sources were arranged in a circle (in which the diameter
of the circle was modified from 10, 8, 6 and finally to 4 m with a
distance of the participant to the olfactory source at 4 m =2 m)
while participants were seated in the center of the circle on a
rotatable chair. Participants were asked to localize the odorant
placed in an odorless odorant box along the circle by sniffing
while being allowed both, to move their head and to rotate their
chair. Ata distance of 2 m, the number of correct localization tri-
als was above chance when localizing a relatively pure olfactory
stimulant.

Participants

Fifty-one participants [27 female, 24 male, mean age: 22 years,
+ 2.9 years (SD)] were included in the study. All had a negative
history regarding head trauma and nasal operation, and all were
non-smokers. Normosmia was ascertained in all participants
using the “Sniffin"Sticks” screening test 7). Since all subjects had
negative history regarding olfactory disturbances and nor-
mosmia was a prerequisite for participation in the study nasal,
endoscopy was not performed. This test battery consists of 12
odorants that have to be identified from a list of four items each
using a forced-choice paradigm.

After explaining the experiments, subjects participated in two
randomized localization sessions using either 2-phenylethyl-
alcohol (PEA) or cineol as odorant. In each session, olfactory
source localization in the far field was followed by the near-field
experiments.

Olfactory stimuli

Two stimuli were used: PEA, a rose-like olfactory stimulus (order
#77861; Sigma Aldrich, Buchs, Switzerland); and cineol (order#
46090, Sigma Aldrich), a mixed olfactory/trigeminal odorant
with a relatively strong trigeminal component, from here on
referred to as “trigeminal odorant”” In each experiment, 100 ml of
the odorant was put in a plastic dispenser called “odorant box”
(size 20 X 10 X 4 cm).

Far-field localization experiment

Experiments took place in a well-ventilated room (130 m?) with
a 3-m-high ceiling under constant conditions. A circle with a
diameter of 4 m was arranged with small tables (height: 80 cm).
The tables marked 12 positions (1-12) along the circle, with
each position separated by 30°, and served as a possible place
for the odorant box (Figure 1). This setup was chosen following
the preliminary experiments (as mentioned above) and is refer-
red to from here on as “far field.” Participants were blindfolded
and seated on a 360° swiveling chair in the center of the circle, 2
m from the odorant sources. For each localization trial, partici-



pants first heard white noise via headphones. The experimenter
placed the odorant box at one of the 12 positions of the circle,
then opened the box and stopped the white noise to indicate
the beginning of the localization trial. During subsequent
searching, participants were allowed to sniff, to move their
heads and to rotate their chair within 90 s. Participants then

had to indicate the direction, using a 1.8-m long pointer, where
they suspected the odorant box had been placed. Participants
usually started with a complete, slow, turn-around of their chair,
then the chair was turned towards the suspected direction of
the odorant box, and increased sniffing and head movements
before making their final decision and pointing to the suspected
direction. The distance from pointer to odorant box was measu-
red and converted into degrees. The white noise was switched
on again, and participants had time to relax while the odorant
box was closed and carefully placed in its new position. After 3
minutes, a new localization task was started. In a random order,
the odorant box was placed by the experimenter once at each of
the 12 positions of the circle surrounding the participant. In half
of all 12 trials, one nostril was closed using Microfoam tape (3M,
St. Paul, MN, USA), which was used in an irregular order across all
participants (three times right nostril closed and three times left
nostril closed, respectively).

Near-field localization experiment

The 12 far-field localization trials were followed by two “near-
field”localizations (one with both nostrils, one with one nostril
only). Participants went around the table circle with a distance
of 40 cm between nose and odorant box. Otherwise, localizati-
on/indicating suspected odorant box, measurement, and angle
calculation were identical (instead of using the 1.8-m pointer,
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Figure 1. The experimental setup (far-field experiment). The participant
sits on a rotable chair surrounded by tables on which the odorant box
is placed at 12 different positions, each separated by 30°. The suspected

localization of the box is indicated with a pointer.

Olfactory localization in the open field

participants put forth their arms to indicate the odorant box).
These additional near-field trials were chosen as a condition
in which correct localization was assumed to be easy and very
likely.

Correct localization

Correct identification was defined as localization of the odorant
box within + 60°. We chose + 60° to be correct due to the results
of the preliminary experiments and because + 90° would have
been the answer at chance level.

Intensity rating

Intensity of the odorant was rated by the participants after each
localization trial. A rating of 0 indicated “no odorant perceived’,
and 10 indicated “odorant perceived as very strong”. Intensity
ratings were performed to ensure that the intensity did not
change or drop significantly during the experiment.

This design resulted in the following four conditions: a far-field
condition (distance from odour source approximately 2 m) with
either two nostrils open or only one nostril open, and a near-
field condition (distance from odour source approximately 0.4
m) with either two nostrils open or only one nostril open. Identi-
fication was considered correct if the odorant box was localized
within an angle of + 60°.

Statistical methods

The data were analyzed using SPSS 15.0 software (SPSS Inc.,
Chicago, IL, USA). Analyses of variance were used (repeated-
measures design), and t tests were performed for pair-wise
comparisons of conditions. Differences between conditions
were considered as statistically significant at an alpha level of
0.05. Descriptive statistics are reported as means and standard
error of the means (SEM).

Results

Cineol

When investigating results for cineol, this odour could be locali-
zed with one and both nostrils (one vs. both nostrils: 85° + 9° vs.
75° £ 7° n.s.). During near-field localization, cineol was localized
within 36° £ 6° for both nostrils vs. 36° + 5° for one nostril only
(n.s.). The comparison between far-field and near-field locali-
zation indicated significantly better performance during the
near-field experiment (p < 0.001; Figure 2a).

Looking at the number of correct (+ 60°) localization trials,
during far-field localization cineol was correctly localized with
both nostrils open in four or more out of six trials by 11 parti-
cipants (22%), vs. 12 participants (23.5%) with only one nostril
open (n.s.; Figure 3). In the near-field trial, cineol with one nostril
closed was correctly identified by 41 participants (80%) vs. 42
participants (82%) with both nostrils open (n.s.).



Welge-Liissen et al.

2a 2b
T — T —
- T — " [ —

s 1
8 = 80
g
o
"6 80 60
(]
g
e w 4
o
c
8 20
E 20

0 0

near field far field near field far field

two nostrils ] [
one nostril ZZZ [

Figure 2. Cineol (a, gray bars) and PEA (b, white bars) localization with
one/two nostrils in the near field vs. far field. The mean degree used to
indicate the odorant box in the far field in both conditions, both nostrils
(plain box) and one nostril only (coarse box), as well as the mean degree
used to localize the odorant box in the near-field condition for both nos-

trils vs. one nostril only.

PEA

When investigating results for PEA, the far-field trial with both
nostrils open resulted in a mean localization accuracy of 88° +
9°vs. 74° £ 7° (n.s.) in the condition with one nostril only. During
the near-field trial, PEA was localized with two nostrils open with
a mean accuracy of 47° + 7° vs. 40° + 6° with one nostril only
(n.s.) (Figure 2b). As with cineol, only the far-field vs. near-field
localization comparison revealed a significant difference (p <
0.001), with better results obtained in the near-field condition.
Looking at the number of correct (+ 60°) localization trials, PEA
was correctly localized with both nostrils open during far-field
localization in four or more out of six trials by 18 participants
(35.4%) compared to 7 participants (13.8%) with only one nostril
open (p < 0.001; Figure 3). In the near-field trial, PEA was cor-
rectly identified by 40 participants (78%) with one nostril closed
vs. 37 participants (72%) with both nostrils open (n.s.).

Comparison of both odorants

During the near-field localization trial, there was no significant
difference between the two odorants in both the “one nostril”
(cineol: 36° + 5° vs. PEA: 40° + 6°, n.s.) and “both nostrils” (cineol
36° + 6° vs. PEA 47° £ 7°, n.s) conditions. During far-field localiza-
tion with both nostrils, cineol was identified with 85° + 9° vs. PEA
identification of 88° + 9° (n.s.). In the far-field localization with
one nostril only, cineol was identified with 75° + 7° vs. PEA 74° +
7°(n.s.).

When comparing cineol and PEA with regard to the number

of correct localization trials, PEA was significantly more often
correctly localized than cineol (p = 0.002) only during far-field
localization with both nostrils open. With one nostril open, this
difference was no longer significant (Figure 3). Among the 14
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Figure 3. Percentage of participants correctly localizing the odorant box
in four or more far field trials. The number of participants (presented in
percentage) being able to correctly localize (within £+ 60°) cineol (gray
bars) and PEA (white bars) in four or more out of six localization trials in

each condition (both nostrils vs. one nostril only).

participants performing best (most correct localization trials),
sex was equally distributed (7 male, 7 female).

Intensity ratings

The sum of the mean intensity ratings of all six sessions for both
odorants with both nostrils open were compared to the sum

of the six sessions with one nostril only (cineol, both nostrils
vs.one: 22,5+ 1.4vs. 147 £ 1.1, p < 0.001; PEA, both nostrils vs.
one: 18.7 £ 1.3 vs. 14.6 + 1.0, p < 0.001). Comparing the intensity
of the odorants with one nostril closed, there was no significant
difference between cineol vs. PEA (14.7 £ 1.1 vs. 14.6 £ 1.0, n.s.),
while in the condition both nostrils open there was a significant
difference between the intensities of the two odorants (cineol
vs.PEA: 22,5+ 1.4 vs. 18.7 £ 1.3, p < 0.001). The intensity within
the session (sum of intensity during the first six trials vs. the last
six trials) did not differ significantly.

Discussion

The results of the present study show that humans at a 2-m-
distance are only able to localize an odorant within a given
space with an accuracy of approximately 85° and, as one might
expect, increase this ability to an accuracy of approximately 40°
in the near environment (0.4-m distance). Interestingly, these
results held true regardless of whether a selective olfactory
stimulant (PEA) or an odorant with a predominantly trigeminal
component (cineol) was used. Moreover, localization accuracy
did not differ regardless whether one or two nostrils were used.
Considering only the number of trials identified as correct (loca-
lization within £ 60°), it becomes evident again that localization
in the far field is more difficult than in the near-field condition.
Here, only 20-35% of the participants succeeded in correctly lo-



calizing the odorant in the far field, compared to approximately
85% in the near-field condition.

Our findings give rise to the assumption that the localization of
olfactory sources in the open space compared to the localiza-
tion of direct, intranasally applied stimuli must be regarded
differently. The experimental setup for these two conditions

is completely different. During localization in the open space,
participants are allowed to sniff, or even have to sniff, to localize
the odorant. Thus, it seems that repetitive sniffing facilitates the
localization process (see also '''2). In addition, participants were
allowed to turn their heads. This altered behavioral pattern has
direct consequences on the localization task, as participants

are able to exploit intensity differences between both nostrils,
which may in turn help to facilitate the localization of olfactory
sources "9, With respect to our results, both odorants were loca-
lized with comparable localization accuracy in both conditions
[near-field: approximately 40°; far-field: approximately 85°], with
either one or both nostrils. Although cineol was generally rated
as more intense than PEA, this did not result in a significant in-
crease in localization accuracy. It seems that both intensity and
distance to the olfactory source may have contributed to the
fact that neither intensity differences nor trigeminal properties
could be exploited to facilitate the localization process. It is usu-
ally assumed that odours dilute and gradually diffuse away from
the odorant source. However, the consideration of a decreasing
gradient does not take into account that the odour dispersal
process is rather chaotic, in most cases making it also very dif-
ficult to develop mathematical models to calculate the disper-
sion of odours 819, It seems that at the distance of 2 m within
the open space, the localization of suprathreshold odorants is
possible with a similar accuracy, irrespective of their perceived
intensity and property, such as being a pure olfactory or trigemi-
nal odorant. The measured accuracy of approximately 85° in the
distance of 2 m can be considered sufficient to make a simple
decision, such as to move forward or backwards, or right or left,
in case of emergency. This accuracy, however, is only slightly
better than the expected accuracy at chance level (+ 90°). The
distance of 2 m, even though several individual subjects were
successful in correctly localizing the odorant seems to be just at
the borderline of possible correct localization.

Particularly during the far-field condition, we observed a high in-
terindividual variance in localization accuracy. By analyzing only
those trials of the far-field condition in which the participants
correctly localized the olfactory source (+ 60°, correct in four or
more out of six trials), a different picture emerged. The analysis
of correct trials in the far-field condition revealed that signifi-
cantly more participants were able to localize the source of PEA
when using two nostrils compared to trials in which one nostril
was used. Since intensity of PEA was rated lower than intensity
of cineol, this localization task might be considered as more

Olfactory localization in the open field

difficult. It seems that in this situation, the analysis of odour sam-
ples at the two nostrils facilitated odorant source localization
@022 1t may be speculated that the comparison of bilateral odour
samples is advantageous compared to the sequential sampling
of odorants and comparison with memorized previous concen-
trations . For bilateral comparison of two simultaneous sam-
ples, two separate neuronal pathways are necessary that may
eventually converge. In rats, these separate pathways are only
maintained through the olfactory bulb 2%, while the piriform
cortex has approximately 20% cells with contralateral receptive
fields in contrast to only 15% with ipsilateral receptive fields @,
In humans, pathways remain ipsilateral from the periphery to
the primary olfactory cortex, which is in contrast to the visual or
auditory system @9, There is, however, also bilateral convergence
in humans in higher olfactory regions ©”. Primary olfactory
regions, such as the frontal and temporal piriform cortex and the
olfactory tubercle, have also been considered as a possible brain
region for convergence @. Animal studies show that closing one
nostril impairs the performance to spatially localize odorants.
This supports the idea of bilateral comparison of simultaneously
acquired samples as a localization strategy @®. In this respect,
our results are in line with these data and the results of Porter

et al. "® demonstrating that scent tracking of a relatively pure
olfactory stimulant is faster and more accurate when two nost-
rils are used compared to one nostril. In contrast to the study of
Porter et al., we not only used an olfactory stimulant, PEA, but
additionally tested source localization of a bimodal trigeminal/
olfactory stimulant, cineol. Interestingly, looking at the num-

ber of correct localizing trials of cineol sources, no differences
between the use of one or two nostrils were found. Cineol was
perceived as more intense than PEA. One might speculate that
the advantage of two nostrils over one appears with increasing
difficulty of the localization task. Although PEA was perceived as
less intense, this would explain why PEA was correctly localized
more often with two nostrils than with one. Another explanation
could be that some of the participants are especially sensitive to
odours, comparable to “super-tasters” .

Study limitations

The experimental setup in our study is new and was selected be-
cause it appeared to resemble daily life situations. Especially for
this setup odorant dispersion and diffusion has to be taken into
account. Regarding the chaotic odorant distribution and the fact
that odorant concentration within odorant plumes is not equally
distributed @39, spatial concentration gradients are very difficult
to obtain. Whether intensity ratings mirror these concentration
gradients within odorants plumes remains speculative. The
exact dispersion patterns of PEA and cineol in our setup have
not been determined and were assumed to be similar. Even
though experimental conditions were kept constant, possible
gradient differences and differences in dispersion patterns could
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also explain why the number of correct trials for PEA was higher
than for cineol using both nostrils, irrespective of the perceived
intensity. Even though this was not the focus of our study, this
topic may need further investigation.

Although our data seem rather robust, some confounds possibly
influenced our results. We did not include any trials using an
odorless fluid like water since we did not expect answers to be
different from chance level; Intensity measurements revealed

ter at shorter distances. However, considering an accuracy of +
60° as correct, the number of participants able to do so drops to
20% for the distance of 2 m. With increasing difficulty, i.e., lower
concentration of the olfactory stimulus, two nostrils appear to
provide an advantage over one nostril. There is a small number
of participants, however, that are well capable of localizing odo-
rants, and it remains speculative at this moment whether these
participants (possibly “super smellers”) would outperform other
participants in terms of general olfactory sensitivity or in general

that cineol was perceived as slightly more intense than PEA,

spatial abilities.

although this did not facilitate localization accuracy. Due to

our preliminary experiments, we chose a localization angle of
+ 60° as correct, thus reducing the number of participants who
were able to correctly localize odorants to 20%. Although no

other comparable experimental setups exists, these data reveal

that the majority of subjects need to be closer than 2 m to an
odorant source to identify the localization correctly within + 60°

or better.

Conclusion
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