Aroma-Chology: A Status Review

By J. Stephan Jellinek, Dragoco, Holzminden, Germany

1. DerFINITION

The term Aroma-Chology (a Service Mark of the Olfactory
Research Fund) was coined in 1982 to denote the science
that is “dedicated to the study of the interrelationship
between psychology and ... fragrance technology to elicit a
variety of specific feelings and emotions—relaxation, ex-
hilaration, sensuality, happiness and wellbeing—through
odors via stimulation of olfactory pathways in the brain,
especially the limbic system.”!

Prior to the introduction of the term Aroma-Chology,
the effects of fragrances on feelings and emotions were
usually subsumed under the heading Aroma Therapy, a
practice which gave rise to considerable confusion since the
focus and the approach of the new science of Aroma-
Chology differ in several crucial respects from those of the
traditional art of aroma therapy. Because the confusion
persists even today, a detailed look at the implications of the
above definition of Aroma-Chology is in order.

1. Aroma-Chology is a science in the rigorous sense. It
seeks to establish relationships that are verifiable through
reproducible experiments that can be expressed in
quantitative terms and whose statistical significance
can be determined. It is not content with individual
case histories.

2. Aroma-Chology is concerned only with the temporary
effects of fragrance on feelings and emotions. It does
not deal with therapeutic effects on conditions such as
chronic depression, sleeping disorders or somatic dys-
functions.

3. Aroma-Chology deals onlywith effects achieved through
stimulation of olfactory pathways in the brain. It does
not deal with effects attained through the introduction
of active agents into the bloodstream by means of
ingestion or of transdermal absorption resulting from
application by massage.

4. Aroma-Chology measures effects of blends of odorants
(perfume compounds) as well as those of single odors
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materials, both natural and synthetic. It neither con-
fines itself nor ascribes any particular virtue to purely
natural odor materials.

5. The aroma therapy literature is marked by a tendency
implicitly to ascribe whatever effects are observed to a
direct action of odorant molecules upon the central
nervous system, bypassing the cognitive centers of the
brain. Sedative or stimulant, anxiety-relieving or anti-
depression effects are ascribed to specific essential oils
without reference to any cognitive mechanism (such as
recognition or associations) that may mediate such
effects.? Aroma-Chology literature, on the other hand,
explicitly acknowledges the possibility of cognitive
mediation of effects and includes fragrance applica-
tions in which such mediation is almost certain to occur.

The term Aroma Science has been used by some recent
authors in the same sense in which Aroma-Chology is used
here. We prefer Aroma-Chology for two reasons:

* The term Aroma Science, being rather general, may
lead to misunderstandings. It may, for example, be
believed to refer to chemical aspects of aroma.

* Important recent work in the area has been conducted
under the aegis of the Fragrance Research Fund which
in 1993 changed its name to Olfactory Research Fund.
In the reports on this work, the term Aroma-Chology
has consistently been used.

2. SCOPE AND STRUCTURE OF THIS REVIEW

During the past ten years, a considerable amount of
research has been conducted in the United States, in Eu-
rope and in Japan to measure not only the effects of
fragrances upon feelings, moods and emotions, but also
upon several related areas of response: electrical activity in
the brain, physiological parameters such as heart rate and
skin conductance, cognitive functions such as memory, and
voluntary and involuntary behavior.

In the present paper, findings in all of these areas will be
reviewed, but only studies on human subjects will be con-
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sidered. Notincluded in this review is the extensive body of
work related specifically to responses to human body odor
and its components. Reference will be made not only to
reports published in books and professional journals, but
also to abstracts of papers presented at meetings of the
Association for Chemo-Reception Sciences (AChemS), the
European Chemo Research Organisation (ECRO), the
Japanese Association for Smell and Taste Sciences, as well
as reports to the Fragrance Research Fund/Olfactory Re-
search Fund. The paper represents an updating and exten-
sion of earlier reviews by Carsh,? Indo* and Lawless.”

3. Review ofF FiNDINGS

3.1—Odors and Electrical Brain Activity

Major investigations in this area have been conducted in
the U.S.A. by Lorig and his co-workers®7 at Washington and
Lee University, in the U.K. by the Warwick Human Chemo-
Reception Research Group led by van Toller,*¥ in Germany
at the University of Erlangen by a group led by Kobal'%-1!
and by several research groups in Japan. Such measure-
ments are relevant to Aroma-Chology to the extent that
consistent relationships can be found between specific
features of the recordings of electrical activity and measur-
able effects of the odorous stimuli upon mood or feelings.

3.1.1—Evoked potentials: Kobal et al'"!'! found differ-
ences between the evoked potentials in relation to the
nostril to which the stimulus was offered, along with evi-
dence that the differences were related to the pleasantness
of the stimuli. With vanillin, phenylethyl alcohol and with
acetaldehyde in low concentrations (these are stimuli that
were rated pleasant by test persons), response latencies
(time lapsed between presentation of the stimulus and the
onset of response) and the magnitude of the response peak
were greater when the odor was presented to the left nostril
only. With hydrogen sulphide, carbon dioxide, acetalde-
hyde at high concentrations and menthol (the first three of
these were universally rated unpleasant, menthol received
mixed ratings) this pattern was reversed. The tests were
conducted with right-handed naive subjects only. The au-
thors believe that the “topographical differences of the
potentials, caused by stimulation of the different sides,
were related to the manner in which the two hemispheres
process emotional information of different qualities.” They
point to previous publications in which it has been reported
that pleasant emotions are predominantly processed by the
lefthemisphere and unpleasant emotions more often by the
right one. They found, moreover, that the side/hedonic
interaction occurred in the very early phases of the olfac-
tory-evoked response, where cognitive processing has not
yet taken place.'’® They conclude that the difference in
hedonic quallt) (pleasantne-;‘;) between hydrogen sulfide
and vanillin is “generated subcortically,” which implies that
this difference is not learned or conditioned but innate and
“hard-wired.”
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Confirmation of the thesis of side/hedonic interaction
comes from earlier work of Ehrlichman!2who reported that
unpleasant odors were rated as more unpleasant when
presented to the right nostril (which projects to the right
hemisphere) than when presented to the left. Similarly,
Saito et al,' exploring brain responses to lemon oil and to
isovaleric acid, found that the left hemisphere responded
more strongly to lemon oil while the right hemisphere was
more responsive to isovaleric acid.

3.1.2—Contingent negative variation: The “contingent
negative variation” (CNV) is a slow negative brain potential
occurring between the presentation of a warning stimulus
(81) and an imperative stimulus (S2) which calls for imme-
diate action on the part of the test subject. Torii et al'*32
studied the effect of odor stimuli on the early portion of the
CNV and found that the presentation of jasmin odor causes
a significant increase in the CNV measured at frontal and
left central sides of the cortex, while lavender odor causes
a significant decrease. Since jasmin is said to have a stimu-
lating effect and lavender is said to have a sedative effect
and since taking a nap and drinking a cup of coffee changed
the CNV in the same direction as smelling jasmin, an
increase in the CNV was interpreted by Torii et al as
signaling stimulation and a decrease as signaling relaxation.
They then measured the effect on CNV magnitude of 17
additional essential oils, with results that were partially but
not fully in accord with the traditional teachings of aroma
therapy. In another study,'Torii et al applied the same
technique to 15 perfume compounds and reported in-
creased CNV for citrus notes and some floral bouquets that
were described as happy and excited and lowered CNV for
three oriental perfumes, for some lavender-fougeres and
for sweet and heavy florals.

The interpretation given by Torii et al to their findings
was challenged by Lorig and Roberts.!® While confir ming
the changes in the CNV reported by Torii et al, they found
that similar effects could also be produ(,ed by the mere
expectation of odor qualities. This clearly suggested that
cognitive mediation (such as associations and memories)
can be involved in CNV changes. Moreover, noting that in
their study lavender had given rise to a high arousal level,
they pointed to a report by Tecce et al'™ in which it was
argued that CNV is related both to attention and to arousal,
and that decreased CNV amplitude, far from indicating
relaxation, should be interpreted as distraction from high
arousal.

The study on the effects of odors on CNV has been
pursued by other researchers in Japan.!$191949 Of special
interest is the work of Saito et al'® who decomposed the
CNV into nine “basis waves” by means of multivaried
analysis of single-trial CNVs. Of these, six occurred during
the S1-S2 interval and three after S2. The short-latency
waves were affected in the same way both by lemon oil and
isovalericacid, whereas middle-and late-latency basis waves
were affected inadifferent mode according to the character
of the odorous stimuli. The authors concluded: “The com-
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mon mode of effects seems to be attributable to the presen-
tation of odor stimuli, and the different mode of effects to
the brain responses induced by odor stimuli.”

3.1.3—Brain waves: Evoked potentials and contingent
negative variation are aspects of the immediate response of
the brain to a new, incoming stimulus. Some researchers
have concentrated their attention on the effect of odors on
the steady state brain waves, those not directly induced by
anew stimulus. These steady state waves are known to vary
with high sensitivity according to the level of consciousness
of the subject. They are distinguished by their frequency.
The waves with lowest frequency are called delta waves;
those with frequencies of 4-7 Hz are theta waves; alpha
waves are in the 8-13 Hz range; and waves with highest
frequencies are called beta waves. When engaged in con-
centrated thought orin highly emotional mental states, beta
waves are dominant and alpha waves are inhibited. Alpha
waves are dominant in meditation and in other mentally
relaxed states. A number of researchers in Japan have
explored the effect of different materials on brain wave
activity. Sugano'®!9 reported increases in alpha wave activ-
ity in the EEG upon presentation of lavender, cineol,
sandalwood oil and la-pinene, and increased beta wave
activity upon presentation of jasmin.

Other workers (Yoshida et al*>** and Ishitoya®) used
measurements of frequency fluctuation of alpha wave,
measured by power spectral densities at the frontal area of
the cortex, and claimed that pleasant odors produced differ-
ent patterns than offensive odors.

Nakagawa et al* found that cineol and methyl jasmonate
inhibited the enhancement of alpha and theta waves which
appears at the decline of vigilance (presumably a stimulat-
ing effect of the odorants); jasmin lactone, on the other
hand, enhanced the amount of alpha and theta waves.

Along the same lines, Lorig and Schwartz?° found more
slow wave EEG activity during the administration of a
spiced-apple odorant as compared with the administration
of lavender and eucalyptus odors. They also found?! that a
number of other odorants tested, most of which were food-
related, reduced higher frequency EEG activity. Subse-
quent experiments by the same group indicated, however,
thatimagery of food reduced the EEG in asimilar way as the
food-related stimuli, a finding which strongly points to
cognitive mediation of the brain wave changes.

3.2—Physiological Effects

Olfactory-evoked potential, an increase in CNV and a
decrease in alpha wave activity are signals of arousing
effects of odors. Such effects have also been observed by the
use of a number of physiological parameters.

3.2.1—Systolic blood pressure: A person given a mild
psychological stress typically shows a rising systolic blood
pressure. A number of odorant materials, when used in a
perfume compound at appropriate levels, have been found
to significantly reduce this rise in blood pressure, indicati ng
a stress-counteracting effect.?6 The odorants included nut-
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meg oil, mace extract, neroli oil, valerian oil, myristicin,
elemicin and isoelemicin.

3.2.2—Microvibration: Microvibration is described!® as
“a fine tremor seen in warm-blooded animals, ... influenced
by muscle tension.” According to Sugano and Sato'®* the
smell of orange and of lavender decreases microvibration
frequency and amplitude, indicating relaxation, while jasmin,
camomile and musk odor increase these parameters.

3.2.3—Peripheral vasal constriction: Physiological stress
induces enhanced activity in the sympathetic component of
the autonomic nervous system, thereby causing constric-
tion of peripheral vasculature. Thus, the recording of digital
plethysmograms can be used as a measure of stress. Konishi
et al, %" using the loud noise of an ultrasonic washing device
as a source of stress and a reflection type photoelectric
sphygmograph as a measuring instrument, found both pep-
permint and jasmin to possess stress-relaxation effects.

3.2.4—Heart rate: Between the sounding of an alerting
buzzer (warning stimulus) and the subsequent sounding of
atest buzzer (imperative stimulus), the heart rate islowered
signalling increased alertness. Kikuchi et al*® explored the
effect of odors on this response pattern. Lemon odor en-
hanced the deceleration, indicating activation of anticipa-
tion. This effect tended to be stronger at higher odor
concentrations. Rose odor, on the other hand, suppressed
deceleration across all concentration levels. Both effects
tended to be stronger with those subjects who expressed
high preference for the odors. Nagai et al*® found decelera-
tion suppression by sweet fennel oil.

Oguri et al*® explored the effects of five unspecified
odorants upon both heart rate and the contingent negative
variation (CNV). They found that “pleasant odors activating
the central nervous system increase the heart rate varia-
tions; the sedative odors for the central nervous system
decrease them.” Moreover, heart rate and CNV tended to
vary coincidentally under the same odor conditions. Ac-
cording to the authors, these findings could be explained as
effects upon the sympathetic nervous system. Hanisch®
used heart rate as a measure of fear and found that pleasant
commercial fragrances reduced fear.

3.2.5—Electro-dermal activity (EDA): The steady cur-
rent between two points at the skin surface is increased as
a result of arousal. Measuring changes in current flow,
Steiner™ ranked 12 test odors (7 essential oils and 5 blends)
in order of their arousal effects. The findings did not
correspond closely to the CNV results obtained by Torii for
the same materials. The correlations between the EDA
results and estimates of the activating or calming nature of
the 12 odors obtained from the same subjects were 0.50 and
-0.64, respectively—significant at the 5% level.
Interesting specific findings in this study included the
finding that the EDAs of synthetic rose and jasmin com-
pounds indicated much lower arousal than those of the
corresponding natural products. This is important since in
many of the reported studies on the effects of rose and
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jasmin it is not made clear whether the sample employed
was natural or synthetic. Since the natural materials are
more expensive than the synthetic ones by a factor of 10 to
100, the synthetic may well have been used in some cases.

Steiner’s test series included bergamot oil and lavender
oil as well as a 2:1 mixture of the two. Interestingly, both in
the EDA measurements and in the subjective estimates of
activation, the mixture ranked lower than either of the
single oils. This points up the danger in assuming additivity
of the physiological effects in the case of mixtures.

Hanisch,%using skin conductance as a measure of fear
arousal, found that pleasant commercial fragrances de-
creased fear in a stress situation. Parasuraman et al®! found
that periodic 30-second bursts of peppermint during a 40-
minute vigilance task increased skin conductance. How-
ever, the increase declined over time.

3.2.6—Skin potential level: The skin potential is ordi-
narily about -40 nV upon awakening, rises to -60 nV at times
of excitement and drops to almost 0 nV during sleep.
Kanamura et al*> measured the skin potential level at the
same time as they determined CNV. They found a slight
drop of skin potential during CNV measurements in the
absence of odors. This drop was eliminated during exposure
to the scent of jasmin and of lavender; it was enhanced
during exposure to camomile. The authors interpreted this
to show the stimulating effect of jasmin and the sedative
effect of camomile. The finding on lavender, being in
opposition to the CNV finding, was abnormal.

Niimi* found, using SPL tests, that both pleasant and
unpleasant odors raise arousal levels, the effect of unpleas-
ant odors being stronger than that of pleasant odors.

3.2.7—Pupil dilatation/constriction: Using an infrared
television camera, Steiner et al* measured the pupil dila-
tion elicited in twelve test subjects by four odor stimuli:
rosemary oil (described as “fresh”), bromstyrol (“chemical,
unpleasant”), tuberose (“heavy, sweet”) and banana. Each
stimulus was measured twice, both neat and in 10% solu-
tion. The findings included:

e All stimuli elicited pupil enlargement indicating
arousal.

* The response magnitude exhibited good intra-indi-
vidual reproducibility.

* Pupil enlargement was generally less at the second
than at the first presentation, suggesting diminishing
attention.

* The inter-individual variability was large, resulting in
non-significant differences between the group means
of the responses to the 2 x 4 stimuli.

The test subjects subsequently verbally described their
impressions of the odors, using both a comparison and a
polarity profile protocol. Numerical measures of cognitive
valuation of “activation,” derived from these responses,
showed no significant correlation with the pupil dilatation
measurements.
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Miyazaki et al® explored the effects of inhalation of
several odorants on the light reflex of the pupil and on
performance in a cognitive task (letter cancellation test).
They found that orange oil increased the activity of the
parasympathetic nervous system (as indicated by accelerat-
ing the constriction rate of the pupil) by 12% (p <0.05) and
decreased the activity of the ‘;ymp'lthetl(, nervous system (as
indicated by the 63% dilatation time of the pupil) by 16% (p
<0.05). They noted, moreover, that orange oil, as well as oil
of Taiwan Hinoki (Chamaecyparis obtusa) and menthol,
tended to decrease the error rate in the letter cancellation
task.

Nagai et al*® found that sweet fennel oil reduced the
mental stress and fatigue caused by a computerized arith-
metic assignment. The effect was significant (p < 0.05) in
the measurement of heart rate and also (p < 0.01) in the
pupillary constriction ratio. The effect on a subjective
profile of mood state was of marginal significance (p < 0.1).
The authors interpreted the observed changes as a decrease
in the excitation of the parasympathetic nerves.

3.2.8—Startle-probe reflex: Ehrlichman and his group®
measured the startle response to acoustic probes while
subjects actively smelled pleasant odors, unpleasant odors
or no odor. Generally, the startle reflex is enhanced when
the organism is in a negative affective state and reduced
when the organism s in a positive affective state. Ehrlichman
found the reflexin the presence of the unpleasant stimuli to
be significantly enhanced (p = 0.02) compared to the mean
value for the no-odor condition, and marginally enhanced
(p = 0.09) compared to the pleasant odor condition. The
difference between the pleasant odor and the no-odor
condition was not significant. Ehrlichman explained these
findings by the hypothesis that unpleasant odors by them-
selves are enough to generate a negative affective state, but
that the generation of a positive affective state by pleasant
odors depends on having an appropriate context. An alter-
native explanation might be that all odors tend to enhance
the reflex through enhancing arousal. In the case of un-
pleasant odors, the effects of arousal and of the negative
emotional state are additive; in the case of the pleasant
odors, the arousal and the affective component counteract
each other.

3.3—Behavior Modification in
Laboratory Settings

3.3.1—Performance in a sustained attention task: In a
test on 36 subjects, Warm, Dember and Parasuraman®®
measured the effects of olfactory stimulation on perfor-
mance and stress in a demanding and stressful visual atten-
tion task. The odors used were muguet and peppermint,
administered through modified oxygen masks in the form of
periodic 30-second whiffs at 0.13 and 0.05 ppm, respec-
tively. In a prior independent test, both fragrances had been
judged to be hedonically pleasing, with muguet rated as
relaxing and peppermint as alerting. Both fragrances were
found significantly (p = 0.05) toimprove performance in the
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test, with no difference in effectiveness between the two.
Neither of the fragrances had a significant effect on subjec-
tive experience of stress or of work load.

Subsequent studies by the same group vielded addi-
tional insights. In replication experiments with pepper-
mint, it was found that performance was improved only
among those subjects who reported that they had become
inattentive as the vigil progressed; it had no effect upon
those who reported high levels of attentiveness even at the
end of the task.®* In an experiment in which subjects
delivered scented (peppermint or muguet) or unscented
(control group) air to themselves ad lib by pressing a button
which released an 8-second burst of air, both peppermint
and muguet improved performance accuracy, but only for
the female subjects.® In another experiment, using only
peppermint and unscented air, the vigilance performance
of young (college-age) subjects was improved by fragrance,
but that of elderly subjects was not.® In another, pepper-
mint again enhanced performance; recordings of galvanic
skin response and of visual evoked potentials taken from the
skull were made concurrently with measures of perfor-
mance.?! Peppermint increased overall skin conductance
levels, suggesting an increase in autonomic arousal. How-
ever, both the peppermint and the air control groups showed
parallel declines in skin conductance over time. In contrast,
while the amplitude of the N 160 component of the event-
related brain potential (ERP) decreased significantly over
time for the control group (no odor), it remained relatively
stable for the peppermint group. The N 160 component has
been linked to efficiency in allocating attention to relevant
visual signals. Taken together, the skin conductance and
ERP findings suggest, therefore, that the performance
improvement was due to positive effects of peppermint on
attention allocation over time rather than to the arousal-
increasing effect of the odor.

3.3.2—Reaction time in a sustained attention task:
Using ten subjects, Karamat et al*” found that lavender oil,
administered on a surgical mask, significantly increased
decision time in a computer-based reaction time task, both
without and with a warning tone; it did, however, not
influence motor time. This was interpreted as indicating
that lavender oil has a central but not a peripheral sedative
effect. A second experiment’’ by the same group involved
choice reaction time in a vigilance task with 24 subjects.
Here again, lavender oil caused significant increases in
reaction time, while jasmin absolute caused a significant
decrease.

3.3.3—Sleep latency: Dember and his group conducted a
study on the effects of peppermint and muguet on sleep
latency and performance of some very brief tasks.?* Sub-
jects in asleep disorders clinic were awakened at two points
during the night and early morning, given whiffs of fra-
grance or air while doing some simple performance and
cognitive tasks, and then permitted to go back to sleep. The
time it takes to fall asleep (sleep latencv) is a standard
measure used to assess the soporific properties of drugs. If
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the fragrances served as CNS arousers, or anti- soporifics,
sleep latency should have been increased in their presence.
The results failed to support that hypothesis, and the fra-
grances also did not improve task performance.

Miyake et al*! explored the effect of six essential oils
(spike lavender, sweet fennel, bitter orange, linden, valerian
and marjoram) on sleep latency under stress conditions.
Stress was created by requiring the subjects to conduct 300
calculations over a 10-minute period. Sleep latency was
evaluated from brain waves using a standardized scoring
system and computer analysis of components of the 4-14 Hz
waves. Bitter oran ge reduced slt'ep Iatelw}-‘. This was inter-
preted as an inhibition of the excitement of the central
nervous system.

3.3.4—Learning and recall: Frank and Ludvigh** pre-
sented 15 subjects with a learning task (nonsense syllables)
and subsequently with a group of six odors which the
subjects compared and rated in terms of pleasantness. The
subjects were then tested for recall of the learned syllables.
This type of test was repeated three more times, all within
a two-hour time span. In the first and last part of the
experiment, the sixodors had been selected to be hedonically
indifferent; in the second and third part, six pleasant or six
unpleasant odors were presented. The results showed a
retroactive facilitating effect on learning for the pleasant

odors and a retroactive inhibiting effect for the unpleasant
odors.

An experiment with 76 subjects explored the effect of
ambient odors, presented at subliminal levels without the
subjects’ knowledge, on a number of evaluative and behav-
ioral measures. In this experiment Steiner*? included a test
of the recall of print advertising. He found that in the
presence of a room fragrance which the same test subjects
had rated significantly positive both on arousal and on mood
effects, recall was significantlyimproved. Another fragrance,
which had also rated positive on arousal but negative on
mood effects, caused no change in recall.

Afurtherstudy on the effect of ambient odors on memory
was conducted bv Ludvigson and Rottman, using 72 test
subjects and oil of lavender and clove oil as the stimuli.** No
improvement of recall was detected in this case, even
though according to earlier literature data, the two fra-
grances selected were generally deemed pleasant. The
major difference with Frank and Ludvigh and Steiner’s tests
appears to have been that the ambient odors were here
presented at “subjectively quite strong” levels. Questions
posed regarding the general attitude towards the test indi-
cated a favorable shift caused by lavender r (compared to the
no-odor control) in the first but not in the second of two test
sessions; the feeling about the clove odor tended toward the
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negative in both sessions.

In atest on 77 primary school children aged 7 to 10 years,
Berg® investigated the effect of odors on the recall of a
word list, immediately as well as after one and two weeks.
The odors, eucalyptus oil, lemon oil or an orris base, were
presented on absorbent paper and sniffed directly by the
test subjects. Each child was given the odor that he or she
had liked best among the three. The findings indicated that
recall was facilitated when odor was presented at either
stage (during learning or during recall), but the best results
were obtained when the odor was presented at both stages.

3.3.5—Memoryretrieval: Ehrlichman and Halpem* found
that people smelling a pleasant odor recalled more happy
memories from their pasts as compared to people smelling
an unpleasant odor.

3.3.6—Creative task solving: Ehrlichman and Bastone”
measured the performance of 86 subjects in a remote
associates test (RAT) while the subjects were smelling one

of two pleasant odors (almond extract or muguet), or one of

two unpleasant odors (butyric acid or thiophene) or were
not exposed to any odor (control group). The RAT requires

that subjects see relatedness in words that normally appear
to be unrelated. Previous research had demonstrated that
positive moods resulted in better performance on these
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kinds of items; prior evidence linking negative mood effect
to creativity was inconclusive. The test showed that for the
moder: dtt‘]ydlﬂ’lf_lilt RAT items, correct response rates were
considerably higher for the pleasant odor group than for the
unpleasant odor group (p < 0.05); neither group, however,
differed significantly from the no-odor group. There was no
odor effect upon the response to the easy RAT issues.

Knasko® explored the effect of three environmental
odors (lemon and lavender at subliminal levels, dimethyl
sulfide at a noticeable level) on performance in the figural
Torrance test of creative thinking. She found no significant
effect of odor.

Sugano and Sato® explored the effects of lavender, rose,
orange, jasmin, eucalyptus, camomile and musk on effi-
ciency in a computer-aided calculation task and also on
micro-vibration and on the contingent negative variation
(CNV). They found that orange, rose and lavender in-
creased the alpha band of micro-vibration and inhibited the
CNYV, suggesting mental relaxation. Jasmin, camomile and
musk, on the other hand, augmented the beta band of
micro-vibration and increased the CNV, suggesting mental
stimulation. Interestingly, work efficiency as measured by
mean reaction time was increased by orange, rose and
lavender. The authors remarked, however, that “the effetts
of fragrances were quite different from person to person.”

3.3.7—Evaluation of ambiguous stimuli: In an experi-
ment with 25 male subjects, Steiner™ investigated the
effect of an unspecified ambient fragrance upon the per-
ception of ambiguous visual stimuli. The stimuli were cre-
ated by superimposing upon each other, at varying intensities,
a picture of a city skyline and a picture of a woman. After
being exposed to 1/200 second flashes of each slide, the test
subjects had to indicate whether they had just seen a city or
a woman. Nearly all test subjects gave higher rates of
“woman” responses in the presence of the fragrance than
under the control condition. The difference was most pro-
nounced with those slides in which the image of the skyline
and the woman were about equally strong.

Steiner*? found two room fragrances to have no signifi-
cant effect upon the evaluation of cigarette and liquor ads
or of photographs of landscapes and of people in social and
solitary situations. The ratings of a list of items such as
“videophone,” “meditation,” “bowling,” “art gallery” were
also not significantly affected by the fragrances.

Ehrlichman and Bastone®” analyzed the ratmgs given by
35 subjects to two sets of 12 men’s and women’s faces and to
a set of 12 words (all chosen because they had received
relatively neutral ratings in prior tests). When the test
subjects were exposed to a pleasant odor (almond extract)
or an unpleasant odor (thiophene), the ratings of the photos
on “personality” were significantly more positive in the
presence of the pleasant odors than in the presence of the
unpleasant odors; this finding, however, held only for those
subjects who were highly “field dependent.” Field depen-
dence, as measured by the Rod and Frame Test (RFT),?! is
a personality variable: field dependent people tend to rely
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on information as given and to be guided in their responses
by contextual cues; field independent people actively re-
structure information and rely on internal frames of refer-
ence. On the rating of the neutral words, the highly
field-dependent respondents gave marginally higher posi-
tive ratings in the presence of the pleasant odor than in the
presence of the unpleasant odor (p = 0.07).

In a similar experiment, Cann and Ross®® compared
men’s rating of attractiveness of slides of women in the
presence of a pleasant odor (spray cologne), unpleasant
odor (ammonium sulfide) or no odor. The odor condition
did not affect attractiveness ratings. This may have been
due to the fact that the stimuli were chosen to represent
relatively attractive and unattractive womeny it is reason-
able to believe that odors can influence responses to am-
biguous or neutral stimuli, but not to clearly positive or
negative ones.

3.3.8—Miscellaneous cognitive tasks: Ehrlichman and
Bastone® tested the effect of exposure to pleasant odors,
unpleasant odors or to no odor upon subjects’ performance
in a questionnaire measuring optimism about risk and
likelihood of positive/negative events, and also in a test of
associations to situations in which helping might occur.
Odor was not found to have a significant effect upon either
of these test measures.

Thompson and Lorig” examined the effect of two odors,
peppermint and vanilla, on the estimation of the passage of
60 seconds. Generally, increased arousal speeds subjective
estimates of time passed. The results of the study demon-
strated that peppermint decreased estimates compared to
the no-odor control, suggesting increased arousal. Vanilla
also decreased the estimates, but only in females; in males,
it increased time estimates. The reason for this sex-specific
differential effect for vanilla is unknown.

Baron™ examined test subjects’ performance in a nego-
tiation task between same-sex confederates in the presence
of a pleasant ambient odor, and compared that with the
same situation in an unscented room. He found that the
subjects in the scented room set higher monetary goals,
were less confrontational and more likely to make conces-
sions than were subjects in the unscented room.

Rotton® found that a malodor impaired college stu-
dents’ performance on a complex (proofreading) task, but
not a simple (arithmetic) task. He also found that the
negative effects of the malodor persisted even after leaving
the unpleasant smelling room, especially when the expo-
sure was prolonged and unavoidable.

Knasko® measured the effects of intermittent bursts of
pleasant (lemon and ylang ylang), unpleasant (isovaleric
acid and skatol) and no experimental odor on performance
in simple and moderately complex mathematical and ver-
bal tasks. The odor levels were such that their pleasantness
or unpleasantness was consciously perceived by the sub-
jects. Although the odors did not objectively influence
performance, subjects who had been exposed to the mal-
odors retrospectively believed that the room odor had
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negatively affected their performance. They also believed
that the room odor had had a negative effect on their mood
and health, although mood and health related ratings
obtained during the actual sessions showed no difference
due to odor.

3.4—0dors and Sleep

An extended study on the effects of fragrances on the
quality of sleep was conducted by Badia and his group with
the support of the Fragrance Research Fund/Olfactory
Research Fund. Using changes in heart rate, brain waves
and muscle tension as objective measures, Badia showed
that people are responsive to odors in sleep. In addition, if
instructed, prior to sleep, to press a hand-held switch and to
awaken if they detected an odor, individuals on many
occasions were able to do so. As expected, the probability of
these changes occuring increases with stronger odor con-
centration. When odors are presented during REM (dream)
sleep, individuals often incorporate these stimuli into their
dream.

Badia et al*® found that jasmin, peppermint and cou-
marin all were disruptive to sleep. Heliotropine, which in
early research appeared to facilitate sleep, was later found
to have neither disruptive nor facilitating effects.>” A very
interesting finding in a subsequent study was that
androstenone, a key component of human body odor, had a
far stronger disruptive effect than any of the other odor-
ants.”® This effect was found even among subjects who were
unable to detect the odor in the waking state (some 33% of
the participants in Badia’s study were anosmic to
androstenone). Androstenone is often described as a musky
odor. A test was, therefore, conducted to establish whether
a synthetic musk odor, Galaxolide, would have similar ef-
fects. Galaxolide had been shown to be disruptive to perfor-
mance during waking.? It was, however, found not to be
disruptive to sleep.5

Two studies assessed the effects of androstenone, pep-
permint and lavandin grosso on dream content, dream
affect and EEG activity. The studies showed differential
effects on EEG, rare incorporation of odors into dreams
and minimal effect on the emotionality of dream.5%%" The
effects of androstenone on sleep were the same irrespective
of whether the subjects judged the odor as pleasant or
unpleasant.

A rather different response pattern was reported by
Willer et al®! from a pilot study in which seven young males
served as test subjects. Orange oil caused a significant
increase in heart frequency and respiration rate, and a
positive effect on dream content. Skatol, a material with a
highly unpleasant, fecal odor, generated a slight increase in
heart rate and extremely negative dream contents. Female
axillary and vaginal secretion generated individually differ-
ent physlologma] responses, but highly positive effects on
dream content.

3.5—Behavior Modification in Real-Life Settings
3.5.1—Shopping behavior: Teerling et al* injected two
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ilIl'Ihit‘I'It’ fr'ugl‘zmces into t]l(“ air cmldil‘inuing system ()f‘

textile department stores at pulse frequencies that resulted
in odor levels around threshold, and found that “ambient
odor can be highly effective in increasing the time custom-
ers spend in shops.” The fact that the three conditions {h\n
odors, one control) were assigned to one store each,
different cities, precluded rigorous statistical analysis. Slllt 'S
figures were down 2.89% compared to the same period in
the preceding year in the store under the no-fragrance
condition; they were down only 1.22% under the fragrance
conditions. Threshold fragrance levels had been chosen
because earlier experiments had indicated that only at this
level do odors have an effect on people’s behavior.

Knasko® introduced a fruity/floral scent and a spicy
scent into a jewelry store and found that people lingered
longer, thongh they did not buy more. The fruity/floral scent
increased the img ring time of both women and men, the
spicy scent affected men only.

Applying both pleasant and unpleasant, congruent and
incongruent odors at a museum exhibit, Knasko reported
that the odors affected lingering time, mood and feeling
about the exhibition, in rather complex patterns.®

3.5.2—Gambling: Hirsch® reported that an aroma used
to odorize a site in a gamhling casino increased the amount

of money gambled in the slot machines surrounding that
site by 45.11% (p <0.0001) compared to non-odorized
control areas. The test was run on two successive days. On
day 1, aroma concentration was higher and the increase was
53.42%; on day 2, with lower aroma concentration, it was
33.66%. Another aroma tested in the same manner had no
effect on gambling rate. Neither the nature of the aromas
used nor their concentration was disclosed.

3.6—Direct Measurements of
Mood/Emotion Changes

3.6.1—Reduction of stress and anxiety: Redd and
Manne® administered l)(ll()(]l( low-intensity whiffs of
heliotropin (on a 30-second “on,” 60-second * ‘off” cycle) to
85 patients duringmugm.‘tic resonance imaging for diagnos-
tic work-up for cancer. Heliotropin had been selected from
among five fragrances because it had been rated most
relaxing and most pleasant in a pretest. The respondents
indicated their anxiety level pre-, during and post-treat-
ment on a line scale and by completion of the State-Trait
Anxiety Inventory. Statistical analysis of 55 subjects’ re-
sponses (20 fragrance, 35 control) indicated a reduction of
anxiety during the scan which was marginally significant (p
=0. (}6} for the entire fragrance g group, but significant (p=
0.02) for those respondents (n = 12) who found the fra-
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grance very pleasant and also (p = 0.02) for those (n = 12)
who found it very relaxing. The 16 subjects from the fra-
grance group who did not detect the scent, and 12 subjects
who did not report any anxiety prior to the scan, were
excluded from analysis.

In a subsequent study,%” Manne and Redd explored the
effect of wintergreen fragrance under the same conditions.
Although wintergreen was rated as pleasant by the majority
of patients, it did not cause a 51gn1hcdntleductlon in patient
anxiety, probably because it was assessed as invigorating
rather than relaxing.

Warren et al*® induced moderate stress by demanding
quick responses to such statements as “The thing I like least
about myself is ....” The stress was measured by systolic
blood pressure and by a self-administered questionnaire in
which respondents indicated their degree of relaxation,
anger, anxiety, happiness, tenseness, embarassment, calm-
ness, fear and sleepiness on a 7-point scale. A number of
active odorants (including nutmeg oil, mace extract, neroli
oil, valerian oil, myristicin, elemicin and isoelemicin) was
found to significantly increase happiness and calmness and
to decrease embarassment and anger when administered
either alone or incorporated into a complex fragrance.
These findings paralleled the measurements on systolic
blood pressure taken in the same experiment.

Hanisch® measured the effect of fragrance on the fear
evoked in 24 young spider-aversive females by a prepared
spider suspended at a short distance from the subject s face.
Four measurements were taken in parallel: self-reports of
anxiety level on a 0-100 scale, electrical skin resistance,
heart rate and a behavioral measure indicating the closest
subjectively tolerable spider-to-face distance. The fragrances
(1 per subject) were self-selected by the subjects from
among 24 commercial perfumes according to the criteria of
pleasantness and non-familiarity. The fragrances were found
to significantly reduce fear on all measures under both of
two test conditions. In one, the subjects had been instructed
to smell the selected fragrance over a several-week period
whenever they felt particularly good (self-conditioning); in
the other, there was no prior self-conditioning.

3.6.2—Various mood changes: Steiner® asked 76 volun-
teers, in the course of a multi-task experiment, to record
their mood using a 123-item adjective list. The test was
conducted under two experimental conditions. In one,
unspecified space fragrances A or B were presented in the
test room at subliminal levels. The other was a no-odor
control condition. In the presence of test fragrance A,
Sub_lects recorded their mood as being significantly higher

1 “high spirits,” “extroverted feelings” and “arousal” and
Inwer in “despondency” and “introverted feelings” com-
pared to the subjects in the control condition. Fragrance B
also increased “arousal,” but also “despondency,” “introver-
sion,” “lethargy” and “dreaminess” while it decreased “high
spirits” and “self-confidence. ”

Knasko®® also conducted a multiple-task experiment
involving 90 subjects in a testing room scented with lemon,
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lavender or dimethyl sulfide at weak-to-moderate levels;
control sessions were conducted in the same room with no
odor applied. The test included completion of a Semantic
Differential Measures of Emotional State questionnaire
consisting of 18 scales which measured pleasure, arousal
and control. Lavender oil (38/40) and lemon oil Californian
FCF caused no significant change in pleasure; with dim-
ethyl sulfide, this measure was significantly depressul
None of the odors significantly affected “arousal” or “con-
trol.”

Knasko’s experiment also strikingly revealed the effect of
expectation upon odor perception. For each of the odor-
ants, the odor and the no-odor conditions were presented to
the same subjects one week apart, both in this order (order
1) and in the reverse order (order 2). The subjects who had
been exposed to dimethyl sulfide in the first smelling
session, and who, like all other test subjects, had been made
generally aware of the issue of room odor by a question at
the end of the test session, gave extremely low rati ngs on the
pleasure scale in the second test session, even though there
was objectively no odorin the room dunng_,thdt session. The
average pleasure rating in session 2 for this group was, in
fact, significantly lower than the rating in session 1 when
dimethyl sulfide was actually present, but, presumably,
many sublects had not been u)mumls]v aware of it when
completing the mood (1tlest1{)nna1re

Warren and Warrenburg® measured mood changes in-
duced by overt presentation of five pleasant “living flower”
fragrances to 35-50 women, and found that the fragrances
elicited, to varying degrees, increases in happiness, sensu-
ality, relaxation and stimulation and decreases in irritation,
stress, depression and apathy. An interesting aspect of their
report was that relaxation and stimulation are not necessar-
ily opposed in a subjective sense: the muguet and the
hyacinth fragrance both caused increases on both mea-
sures.

In an experiment conducted by Kirk-Smith and Booth,™
young male and female adults (16 subjects per odorant)
smelled a low concentration of a short-chain fatty acid
mixture, androstenone, 1-pyrroline, “Shalimar” perfume or
a control odorant (banana essence) and rated their mood
states and attitudes and those of men and women in photo-
graphs. These ratings were compared with those in counter-
balanced sessions without odorant. The subjects did not
report awareness of the presence of the odorant during the
experiment. Shalimar made assessors rate themselves more
sexy and outward-going, 1-pyrroline made them feel more
sociable, androstenone stronger. fatty acids more excited
and banana essence made them less friendly. All of the
odorants selected, with the exception of banana essence,
are presumed to be relevant in a sexual context.

Baron™! found sex-specific effectiveness of pleasant per-
fumes in reducing aggressiveness.

Ehrlichman and Bastone,*” presenting a pleasant odor
(mint, orange, almond or (,]lULU[dte) an unpleasant odor
(pyrridine) or no odor (water) to 45 women via a surgical
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mask, asked the respondents to rate their current mood.
The pleasant and the unpleasant odor groups differed
significantly from each other in their ratings of both “good”
and “bad” mood, but neither group differed significantly
from the no odor group on these measures.

Bastone and Ehrlichman*” assessed self-reported mood
during a series of experiments in which subjects smelled
almond or muguet, thiophene or butyric acid, or no odor.
Subjects described their “current state” on five mood-
related scales (sleepy-alert, annoyed-pleased, depressed-
excited, tense-relaxed and disgusted-delighted) at 1 minute,
14 minutes and 28 minutes after the presentation of the
odor. They found significant odor-related changes on the
annoyed-pleased, disgusted-delighted and tense-relaxed
scales. An interesting aspect of their findings was that the
positive effects of the pleasant odors had decreased after 14
minutes and completely subsided after 28 minutes, while
the negative effects of the unpleasant odors remained in full
force throughout the test. The researchers suggest that one
reason for the observed pattern may be the tendency of
pleasant odors to habituate more strongly over the course of
the study than the unpleasant odors.

An experiment conducted by Knasko™ involved viewing
and judging of photographic slides in a room scented with
a chocolate scent, a baby powder scent or no scent; viewing
times were measured as well as mood and health-related
attitudes. More subjects were in a positive mood in the odor
conditions than in the no-odor condition. Subjects in the
odor conditions also rated the room as smelling more
pleasant and reported being less fatigued. Subjects in the
chocolate condition were more aroused than those in the
other two conditions.

In all of these studies, the subjects were passively ex-
posed to fragrances or malodors in a controlled setting. A
very different type of experiment was conducted by
Schiffman,™™ who studied the mood effects upon women
and men at mid-life of actually wearing a cologne, selected
by the respondent, under real-life conditions.

The women’s test panel™ consisted of 56 women aged
45-60, both pre- and post-menopausal. They selected from
among five perfumes the one or ones which they preferred
and used these for five days, completing a Profile of Mood
States (POMS) questionnaire twice daily; in a five-day
control condition, they used an odorless spray in place of
any fragrance. The fragrances were presented in glass
containers labelled “A” through “E”; the placebo resembled
the colognes in appearance and was labelled “F”. The
fragrances were found to effect significant (p < 0.05) im-
provements on the total mood disturbance score and also on
all of its individual factors: tension, depression, anger, vigor,
fatigue and confusion. The effect of fragrance was compa-
rable for the African-American and the European-Ameri-
can respondent groups with the exception of the factor
“vigor” where the effect was more clear-cut with the Euro-
pean-Americans. The odorless placebo sample as well
brought about significant positive changes on total mood
disturbance and several individual factors, but the effect of
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the fragrance samples was significantly (p < 0.05) stronger
than that of the placebo. Those women who liked the
fragrance(s) they selected (82%) showed significant im-
provement of the total mood disturbance score as well as on
the tension-anxiety and fatigue-inertia factors. Even with
non-liked fragrances and with the odorless placebo, there
was a (statistically non-significant) trend toward improved
mood. The physiological menopausal symptoms were, in
the perception of the test subjects, not improved by the use
of fragrance.

The parallel study on men™ (60 subjects, aged 40-55)
also showed significant improvement by colognes of all
POMS including tension, depression, anger, vigor, fatigue,
and confusion, as well as for the total mood disturbance
score. The placebo condition (odorless cologne) again showed
significant improvement compared to the no-cologne con-
dition, but again, the scores for the fragrance condition
were significantly better than those for the placebo condi-
tion, for all factors and for the total mood disturbance score.

The positive effects achieved in Schiffman’s experiment
even by odorless colognes (alcohol only) demonstrate the
possible role of auto-suggestion in the fragrance experi-
ence. This effect was also impressively shown in an experi-
ment conducted by Knasko et al.™® Subjects completed
questionnaires and cognitive tasks in a constant, odor-
controlled environment. The experimentor suggested the
presence of positive, negative or neutral odors in the room,
indicating that some people may not smell the odor. The
suggestion of a hedonically positive odor increased self-
reports of pleasantness and positive mood.

3.6.3—Effects on perceived health: Knasko et al™ found
that subjects were likely to report more negative health
symptoms when told that there was a malodor presentin the
environment than when they were told that there was a
pleasant or neutral odor, even when in reality there was no
difference in the ambient odor. In a subsequent experi-
ment,* Knasko assessed health reports when odors were
actually present at low to moderate levels. She found that
the presence of alemon odor significantly reduced reported
health-impairment symptoms while dimethyl sulfide non-
significantly increased them.

3.6.4—Conditioned mood changes: It has been sug-
gested that the emotional qualities of odors are individually
learned as a result of the context in which they were first
encountered.™ Curiously, we have found only one study
that directly explored this question. Kirk-Smith et al™
exposed six male and six female subjects to a faint unfamiliar
hedonically neutral odor while performing a stressful task.
The test subjects were unaware of the odor’s presence. A
matched control group performed the same task with no
odor present. Subjective mood states were evaluated sev-
eral days later in the presence of low concentrations of the
same odor. Female subjects in the experimental groups
gave significantly higher anxiety ratings than the other
groups; they also projected this anxiety onto their judge-
ment of photographs of others. None of the subjects re-
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ported perceiving the odor in either session. The fact that
no significant mood effects occurred in the male subjects
may have been due to the fact that the males, who per-
formed significantly better in the task than did the females,
did not find it stressful.

4. Discussion

Aroma-Chology is a young discipline. The picture that
emerges from the tour d’horizon offered in the preceding
pages is complex, confusing and in part contradictory. In the
discussion that follows, we shall examine what appear to us
to be key issues emerging from the current literature, and
attempt to summarize the available evidence.

4.1—Primacy of Hedonics

Ehrlichman and Bastone®” state that the “core experi-
ence [of affective states] is what psychologists have called
hedonic valence, feelings of pleasure or displeasure which
form a sort of primitive experimental matrix from which all
...affective or emotional states emerge.” Kobal and Hummel]"!
have found evidence that the categorization of odor stimuli
into pleasant or unpleasant occurs in the very early phases
of the evoked response and affects the patterns of every-
thing that comes later, such as the cognitive processing of
the stimulus.

A number of research studies, starting with the pioneer-
ing study of Frank and Ludvig,*’ showed that the pleasant-
ness or the unpleasantness of the odor stimulus has significant
effects upon the startle reflex,*” upon mood,*>*5 relaxation
and stimulation,2® evoked memories,*® Iearning and re-
call,**# sustained attention® and reported health symp-
toms.™ In many studies, the import;mce of pieelsantness
was taken for granted and the stimuli used were preselected
for pleasantness.

There is evidence that the effects of pleasant and un-
pleasant stimuli differ not only in quality, but also in dura-
tion. Ehrlichman and Bastone*” observed this difference
looking at a 28-minute time span. Their finding may be
explained by postulating that habituation to unpleasant
odors is less than to pleasant ones. Indeed, Ehrlichman and
Bastone found that intensity and pleasantness ratings of the
pleasant stimulus decreased over the time period studied
while they stayed constant for the unpleasant stimulus.

Rotton® found evidence for lingering after-effects of
malodor exposure upon attitudes. Knasko® reported a
significmlt after-effect (after one week) ) upon mood ratings
of the exposure to a malodor, but no long-term effects with
two more pleasant odors. A generalized conclusion that
unpleasant odor experiences are stored more effectively in
long-term memory than pleasant ones is probably not war-

ranted. Such a conclusion would be in conflict with estab-
lished opinion regarding the “Proust” effect (the lifelong
persistence of certain odor memories, both pleasant and
unpleasant) and also with the report® of long-term effects
on pleasing odors on learning and recall. An alternative
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explanation would be that the conditioned coupling of the
test room with the odor expectation is stronger in the case
of malodors than with more pleasant ones.

Three practical conclusions can be drawn from the link
between hedonics and Aroma-Chology effects:

1. Where positive effects upon mood or performance
are desired, it is a good idea to select odor stimuli and odor
concentrations that are considered pleasant by the target
group.

2. In spite of Kobal’s indication that the categoriza-
tion of hydrogen sulfide and vanilla into unpleasant/pleas-
ant occurred at a subcortical level, experience shows that
many hedonic judgements are culturally based or the result
ofindividual learning experiences.We must expect, there-
fore, that many Aroma-Chology effects are not universal,
but subject to individual variation, and that they may be
specific to certain cultures.

3. The perception of odor blends is pattern or “Ge-
stalt” perception, and the hedonic quality of such blends is
not the weighted sum of the pleasantness or unpleasantness
of its components. Vanillin, to give but one example, gener-
ally achieves high hedonic ratings, yet the addition of
vanillin to an essential oil or to a blend does not necessarily
improve the hedonic quality and may, in fact, well lower it.

To the extent that fragrance effects on moods, emotions
and performance are related to hedonic quality we must
therefore expect the effects of blends to be subject to the
laws of pattern or “Gestalt” psychology rather than being a
simple weighted sum of the effects of their components. It
may appear reasonable to argue: “Fragrance X contains
material Y which has been proven to produce effect Z.
Therefore, fragrance X produces effect Z.” However, to the
extent that likes and dislikes are involved in the production
of the effect, such arguments are questionable. Statements
about blends can be made only on the basis of tests involving
the complete blends.

The only published experimental evidence regarding
this question is in Steiner’s study.** Here, a blend of 66%
bergamot oil and 34% lavender oil was found to be less
activating than either of its components. Synthetic jasmin
and rose compositions were less activating than their natu-
ral counterparts even though presumably the chemical
compositions of the synthetic and natural blends were
similarin both cases. The statistical significance of Steiner’s
findings is hard to assess. It would certainly be desirable to
test this fundamental question more thoroughly.

4.2—Cognitive and Non-Cognitive Mechanisms
Lorig” has proposed to distinguish between direct and
indirect odor effects: “Indirect odor effects refer to those
central nervous system changes resulting from cognitive
activity related to the information conveyed by the odor.
Direct effects are non-cognitive in nature and are due to
direct stimulation of the olfactory tract and other related
brain structures, but do not include the subsequent neuro-
physiological activity associated with the cognitive process-
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ing of odors.” This distinction is fundamental, not only from
a conceptual point of view but also in its practical conse-
quences.

Several of the studies cited in this review strongly suggest
the involvement of cognitive activity in the form of expec-
tations'®21.% or the learned pairing of odors and situa-
tions.*77 In other cases, observations could be explained by
learned pairings. The anxiety-relieving effect and the ab-
sence of sleep disturbance effects of heliotropin were both
observed in experiments conducted in the U.S.A. The odor
of heliotropin is reminiscent of that of the Johnson &
Johnson baby products which have been widely used in the
U.S.A. for several generations, and of many other baby
products in the U.S. market. Are the effects of heliotropin
related to unconscious associations with care and protec-
tion experienced as a baby?

On the other hand, Kobal’s work on the left and right half
of the brain and their responses to pleasant and unpleasant
odors'! points to pre-cognitive categorization, that is, a
direct mechanism. It demonstrates, at the same time, the
extreme sophistication of experimental method required
for a valid distinction between cognitive and pre-cognitive
effects.

On the basis of the available evidence and in view of the
ubiquitous social learning of odor meanings, I believe that
careful interpretation of experimental findings requires
one to take the possibility of cognitive mediation (indirect
mechanisms) into account in all cases where it is not demon-
strably excluded. As the study by Kirk-Smith et al™™ has
shown, cognitive processing is possible even in cases where
there is no conscious awareness of an odor. We must be
careful with statements of the form “jasmin is stimulating”
or “lavender is sedative” which imply universality and hence
independence from individual learning experiences, par-
ticularly if we base them on experiments involving a small
number of subjects or subjects who all belong to one
culture.

The point regarding “Gestalt” perception of blends which
was raised above is equally pertinent to cognitive aspects of
odor processing such as the assignment of learned mean-
ings to odors. The possibility of cognitive mediation is
another reason for refraining from drawing conclusions
about the effect of mixtures based upon the effects of
components.

4.3—The Need for Precise
Definition of Stimuli and Effects

Torii et al'* using the contingent negative variation
(CNV), Sugano'® measuring alpha wave activity in the EEG
and microvibration, and Karamat et al® using decision
time, found lavender to be relaxing or sedating and jasmin
to be stimulating. Torii could not confirm the relaxing effect
of lavender in his measurements of skin potential®® and
Karamat et al*’ found lavender to have no effect on reaction
time. Konishi et al,>” using peripheral vasal constriction as
an indicator, found jasmin to be stress-relaxing rather than
stimulating. Steiner,® using electrodermal activity mea-
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surements, found natural jasmin absolute and lavender oil
40/42 to be equal on the activation scale; when he measured
activation by overt respondent estimation, lavender was
judged to be far more activating than jasmin.

The most likely explanation for this confusing picture
and for other contradictions in the literature is that the
presentation of an odor stimulus triggers a cascade of events
in the brain and the nervous system, and this cascade is too
complex to be covered by simple terms such as arousal or
activation, relaxation or sedation. Depending on where the
measurement technique taps into the process, different
effects are found. The technique of Saito etal, ' who resolve
the CNV into basis waves and find undifferentiated effects
of odors in the short latency and differentiated response in
the middle and late waves, exemplifies the precise analytical
approach needed here.

In addition, the method of presentation of the stimulus
(Is the subject aware of its presence? Does he or she know
its nature?) is likely to affect the results, as is its concentra-
tion. The latter point, well-known to perfumers, has rarely
been systematically addressed in Aroma-Chology litera-
ture.

Finally, the precise nature of the odor stimulus may well
play a larger role than many experimenters realize. There
are many different grades of lavender oil, and they may well
differ with respect to their activation/relaxation potential.
In the case of jasmin, Steiner® found pronounced differ-
ences between jasmin absolute and a synthetic jasmin
composition in terms of electrodermal activity (natural
jasmin being more activating) although not in the subjective
estimation of the test subjects. The presumption is that all
researchers used natural jasmin absolute. But since the
natural, at about $5000 per kilogram, is 10-100 times as
expensive as synthetic jasmins, this is not necessarily the
case—especially since not all jasmin absolutes that are sold
as natural are as pure as they should be. Atany rate, Steiner’s
findings (which were, incidentally, paralleled by his findings
on natural rose oil and a rose composition) should caution
us against using phrases such as “the stimulating effect of
jasmin” in a loose, uncritical manner.

4.4—Essential Oils, Aroma Chemicals,
Fragrance Blends

Classical aroma therapy ascribes special virtues to natu-
ral essential oils and works predominantly with these oils.
Much of the recent research conducted in Japan, seeking to
establish a scientific basis for the traditional art, also focuses
on the effects of essential oils and of their components. In
the U.S.A. and in Europe, the selection of stimuli has been
far more eclectic, and essential oils, single aroma chemicals
(largely synthetic in origin) and fragrance blends (usually
containing a multitude of natural and synthetic materials,
the latter dominating in quantity) have been tested side by
side, in mixed arrays.

There is no evidence of any general or fundamental
difference between the different categories of stimuli with
respect to their Aroma-Chology effects.
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4.5—Aroma-Chology and Aroma Therapy

In spite of all of the differences between Aroma-Chology
and aroma therapy enumerated at the beginning of this
article, there is an area of overlap. The essential oils used by
aromatherapists have been among the materials investi-
gated in recent Aroma-Chology research. The Japanese
workers in the field have, in fact, concentrated upon these
essential oils. The aims of Aroma-Chology, short-term
changes in psychological state or cognitive performance,
have been among the aims of traditional aroma therapy. At
least since the Renaissance, plant distillates have been used
for such purposes as brightening the mood, sharpening the
mind or aiding memory. Has the recent Aroma-Chology
research confirmed or disproved the old claims of aroma
therapy in this area?

A dispassionate look at the evidence leads to the conclu-
sion that aroma therapy’s attributions of facts have been
verified in several instances, but to a rather restricted
degree. Statements such as “peppermint strengthens the
brain”™ must, in the light of experiments of Dember et

al 3335439 he restated to read “under certain conditions,
peppermint strengthens the brain of some people.” Careful
experimental methods that remove or neutralize distracting
variables, especially such as may lead to specific expecta-
tions, are necessary lest these variables overshadow the
effects of the agents that are being studied. The traditional
claims of aroma therapy appear to rest on a slender basis.

There is, however, an alternative way to look at the
situation. The removal of interfering variables, a necessity
in the contemporary scientific tradition in which Aroma-
Chology is embedded, is foreign to the tradition of aroma
therapy. In fact, aroma therapy actively seeks to introduce
such variables. Its approach is wholistic. The “active agent”
is only part of a treatment which includes the total atmo-
sphere of the therapist's practice, physical stimuli such as
massage and, above all, the therapist’s authority and his or
her personal attention to the person that is seeking help.
Tisserand™ acknowledges that “low doses seem to require
the potentiating or synergistic aid of additional factors” such
as “counselling with visualization, massage and the domes-
tic bath” and that “no matter which essential oils are used in
treatment, there is invariably an improvement in mood and
temperament.” Investigations in the field of placebo effects
have shown the power of expectation, all by itself, to gener-
ate measurable psychological and physiological effects. The
findings of Lorig and Roberts'® and of Knasko et al,
indicating that mere suggestion can lead to distinct changes
in brain electrical activity patterns or in perceived state of
health, become positive if seen in the perspective of a
wholistic rather than an analytical approach. Schiffman’s
finding™™ that regular use of plain alcohol as though it
were a perfume produced a similar morale-boosting effect,
albeit weaker, than the use of real perfume, points in the
same direction. If significant placebo effects can be achieved
in the absence of any active agent, it is reasonable to believe
that even more robust effects can be obtained by the
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combination of agents that are active, however weakly, with
auxiliary supporting factors such as the authority of the
healer or information about the age-old use of the active
agent.

Where does this leave the products with mood-modify-
ing or performance-improving claims that are currently
sold at retail or dispersed in the air of hotel lobbies and
hospitals, offices and retail stores? Claims that such prod-
ucts generate a feeling of well-being among people who like
the fragrance are well founded; so much so, in fact, that they
may create the marketing problem of being perhaps too
obvious. Claims for more specific effects such as activation,
performance improvement or stress relief, are not proven
by whatever reports exist in the aroma therapy literature
about such effects. Where proof in the modern scientific
sense is needed, it can be supplied only by the analytical and
objective methods demanded by Aroma-Chology. Never-
theless, reference to such aroma therapy use may be helpful
as a confidence building measure, that is, to boost the
product’s effectiveness through creating a favorable set of
expectations.

In current practice of developing and marketing mood-
effective personal or environmental products, we find a
side-by-side use of aspects of the wholistic approach of
aroma therapy and the analytical approach of Aroma-Chology.

National Mint
. Company

NATIONAL MINT COMPANY
Finest Quality Natural
Peppermint & Spearmint Oils

QUALITY  State-of-the-art processing
and testing equipment to

ensure the highest quality oil.

Planting to harvesting to
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there to assist you. Full
service in every sense of the
word.

SERVICE

PRICE

In one word - competitive.

Over 50 years of combined experience.
Give us a call today for more information!

411 Plymouth Street ® P. O. Box 48 ¢ Hamlet, Indiana 46532
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The analytical approach is used by the development depart-
ments to establish the justification of claims; the wholistic
approach is used by marketing to communicate the product’s
purpose to the consumer and to enlist the supportive
cognitive mechanisms which boost the product’s effective-
ness. One may take exception to this intertwining of funda-
mentally different perspectives, but it is standard practice
in many fieldsincluding, for example, medicine. Itis, in fact,
the best way we have today of developing and marketing
products that are both effective and successful.

4.6—Characteristics of the Subjects

In many studies, large differences were noted between
the responses of the different test subjects. In some in-
stances, the question of the source of this variance was
directly addressed. In surprisingly few cases did respondent
sex or age emerge as a correlate of variance. The paucity of
age-related findings may be due to the fact that many
studies used university students, an age-homogeneous popu-
lation, as the test group. Most of the tests did, however,
include roughly equal cells of men and women.

A few studies probed more deeply into sources of vari-
ance. Nelson et al** found that peppermint improved
performance in a sustained reaction task only among those
subjects who reported that they had become inattentive as
the vigil progressed; it had no effect upon those who
reported high levels of attentiveness even at the end of the
task. Redd and Manne® found that the effectiveness of
heliotropin in reducing anxiety during a magnetic reso-
nance imaging (MRI) scan was related to patients’ degree of
anxiousness as they awaited the scan, as well as to their
ability to detect the fragrance and to their rating of the
fragrance as pleasant or relaxing. Ehrlichman and Bastone'”
found that the evaluation of ambiguous portraits and words
was affected by pleasant and unpleasant odors only among
those respondents who were highly “field-dependent,” that
is, those who tended to rely upon information as given
rather than actively restructuring it and who tended to be
guided in their responses by contextual cues rather than
internal frames of reference.

These findings regarding the importance of psycho-
logical pre-disposition for the effectiveness of Aroma-
Chology. isolated though they still are, appear plausible
and important.

4.7—Opportunities and Limitations

[ close with a few summarizing remarks regarding the
opportunities and limitations of Aroma-Chology, as they
appear to me on the basis of current evidence.

Based upon the experimental findings reviewed in this
paper, manyfold novel uses of fragrance have been sug-
gested in recent years. Examples include reducing patient
stress in operating and medical treatment rooms, improving
performance at the place of work, promoting well-being in
meeting rooms and hotel lobbies and creating a pleasing
atmosphere in retail establishments.

The idea to employ environmental fragrances to en-
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hance specific emotional states and predispositions is by no
means new. The use of scent in temples and at |0||g|m|a
ceremonies, at feasts and celebrations, and for the promo-
tion of love goes back as far as recorded history. What is new
are the specific applications being ‘ull”g_'l_'\f{‘(l today: they
reflect the needs and priorities of our times.

New, and again typical of our age, is also the scientific
spirit of controlled experimentation and statistical analysis
which Aroma-Chology brings to bear upon this field.

New to our contemporary society is also the awareness of
the importance of the sense of smell which underlies all
research into and applications of Aroma-Chology. Reflect-
ing our strong visual-auditory bias, we have for many years
umhtwt] our efforts to optimize mood and E]l\p()\!ll(m‘a
through environmental engineering to operations upon the
visual and auditory elements of our surroundings. We have
used soothing rather than exciting colors in doctors” and
dentists’ waiting and operating rooms and also, for some-
what different reasons, in hotel lobbies and rooms. We have
carefully engineered the lighting conditions in offices and
other working places to optimize performance and to mini-
mize fatigne. We have excluded noise in places where
concentration is r'f-qnir(.-(l and have pip('d rl_'laxin__s_r_ music
into hotel lobbies, stores and airplanes. The idea to supple-
ment such efforts by olfactory measures, although standard

practice in ancient and in other contemporary cultures,
opens new perspectives to our own society.

These perspectives include not (ml\ institutional uses of
fragrance but also the individual, p(—‘l‘;()ll.lll/((l use to en-
hance one’s mood or alertness or to promote concentration.

As thv_\' suggest opportunities, the data reviewed here
also point to limitations. In view of the great interindividual
variance of response, the assumption that a given fragrance
works equally for everybody is unwarranted. U ntil and
unless indirect, cognition- mediated responses have been
excluded we should, moreover, be w ary of applying findings
obtained in one country to other countries with different
odor cultures.

We must also beware of generalization with respect to
the stimulus. If, for example, a certain rose fragrance has
been found to have a stress-relieving effect, we must not
conclude that all other rose fragrances will have a similar
effect.

We should also be aware of possible counterproductive
effects of conditioning. If a fragrance that was found to be
stress-relieving is repeatedly applied in a stressful situation,
the possibility arises that this fragrance, by becoming asso-
ciated with the situation, becomes itself stress-promoting,
The experiment of Kirk-Smith et al™ which suggests this
possibility should be tested by replication by others.
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Since nearly all of the reported studies involve one-time
applications of odor stimuli, we know little about the extent
to which the observed effects will prevail under conditions
of long-time repeated exposure.

The manyfold findings regarding the effect of odors on
moods and dispositions have generated not only optimistic
and sometimes visionary thoughts about new uses of fra-
grance; they have also raised concerns. These can be sub-
sumed under two headings: health concerns and concerns
regarding manipulation.

Concerns about the health effects of exposing people to
fragrances that are released into the atmosphere must, of
course, be taken very seriously. Two considerations should,
however, mitigate the gravity of such concerns. For one
thing, the fragrances used in Aroma-Chology exploration
and, presumably, the fragrances considered for actual use
are made up exclusively of materials for which a very
considerable record of safety has been established as a
result of their use, over many years, in perfumes and in
personal and household products of all kinds. For another,
the accumulated evidence shows that the fragrances are
most effective at very low concentrations.

While all claims of negative health effects must be looked
into, they must not uncritically be held to be legitimate. The
experiment of Knasko et al™ on the presumed health effects
of feigned odors shows that auto-suggestion is possible. This
is another key experiment that should be tested by others.

Concerns about manipulation are based on the consider-
ation that the individual concerned, since he or she has to
breathe, cannot at will avoid exposure, coupled with the
finding that odors can affect mood and behavior even at
below-awareness levels. The concerns are raised primarily
in two contexts: the use of fragrance to enhance worker
efficiency in offices and other settings, and its use for
stimulating purchasing behavior.

With respect to the efficiency-raising concern, one finds
that ergonometric, visual (lighting) and auditory measures
have long been accepted without question. Olfactory mea-
sures differ from these only in that they are novel.

With respect to purchasing behavior, there is little evi-
dence to support concerns that shoppers can be seduced,
through environmental odors, into buying things they do
notwantorneed. The bulkof the work reviewed here makes
it very unlikely that this could actually be achieved. In
particular, the studies conducted by Knasko® and by Teerling
et al®? do not point to significant increases in purchasing as
aresultof environmental fragrances. The report by Hirsch®
on the effects on an environmental odor on gambling
sharply contrasts with this picture by claiming highly signifi-
cant effects. Until and unlessitis replicated, we must regard
this report with scepticism.

Aroma-Chology is still in its infancy. It is marked by a
multitude of experimental approaches. There are few meth-
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ods available for distinguishing between direct and indirect
(cognition-mediated) effects, a distinction essential for an
understanding of the findings. Definition of the odor stimuli
used is often so imprecise that replication of experiments is
impossible. Many of the investigations are no more than
pilot studies, using small test populations that are not
necessarily typical of larger population groups. Some of the
most intriguing findings come from a single study only, with
as yet no attempt at confirmation or replication.

Nevertheless, we feel that the following tentative con-
clusions appear warranted today:

1. Odor stimuli can affect mood, anxiety and stress,
arousal, performance in cognitive tasks such as memo-
rizing and memory retrieval, sustained attention and
problem solving, and perception of ambiguous stimuli.
They can also affect simple behavior such as lingering
time.

2. These effects can be elicited both by consciously and
by subliminally perceived odors.

3. The degree to which an odor is liked or disliked by the
subject (hedonics) materially affects its effects upon
mood and cognitive performance.

4. Odor effects on mood are mediated by prior experi-
ence and expectations.

5. Because of 3 and 4 above, odor effects are probably
influenced by social learning and are likely to be
culture specific.

6. Odor effects on mood and performance are subject to
large inter-individual variance. Individual predisposi-
tions such as field dependence play an important role.
There is little evidence for sex- or age-related variance.

7. There is no fundamental difference between the ef-
fects of single essential oils, single aroma chemicals
(natural or synthetic) and blends of natural and syn-
thetic materials (fragrance compositions).

8. The effects of blends cannot be predicted from the
effects of their components.

9. There is little evidence for significant positive effects of
odor on complex human behavior such as purchasing.
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Annette Green and Theresa Molnar of the Olfactory Research Fund.
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