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Abstract
One-day-old, awake infants underwent an olfactory classical conditioning procedure to assess
associative learning within the olfactory system of newborns. Experimental infants received ten 30-
second pairings of a novel olfactory conditioned stimulus (a citrus odor of neutral value) and tactile
stimulation provided by stroking as the reinforcing unconditioned stimulus (a stimulus with positive
properties). Control babies received only the odor, only the stroking, or the stroking followed by the
odor presentation. The next day, all infants, in either the awake or sleep state, were given five 30-
second presentations of the odor. Results were analyzed from video tapes scored by an observer
unaware of the infants’ training condition. The results indicate that only those infants who received
the forward pairings of the odor and stroking exhibited conditioned responding (head turning toward
the odor) to the citrus odor. The performance of the conditioned response was not affected by the
state of the baby during testing, because both awake and sleeping infants exhibited conditioned
responses. Furthermore, the expression of the conditioned response was odor specific; a novel floral
odor presented during testing did not elicit conditioned responses in the experimental babies. These
results suggest that complex associative olfactory learning is seen in newborns within the first 48
hours of life. These baseline findings may serve as normative data against which observation from
neonates at risk for neurological sequelae may be compared.
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Olfactory modulation of mother-infant interactions has been studied in a variety of mammalian
species, including rats,1-6 mice,7 sheep,8 cats,9,10 and nonhuman primates.11-15 Indeed,
according to recent evidence, olfactory information is important in human parent-infant
interactions (for extensive reviews see.7,16,17 For instance, there is a mutual olfactory
recognition between parents and their offspring. A breast-fed infant is attracted to its mother’s
odor,18-20 and both mothers20-22 and fathers21 are capable of identifying their infant’s odor.
It is unclear whether these olfactory attractions are genetically determined19,21 or learned
through experience.20

Human infants are capable of detecting a myriad of different odors soon after birth,23,24 with
certain odors associated with a particular hedonic value.25-30 Infants also appear capable of
retaining some memory of these odors, as indicated by olfactory discrimination and
nonassociative learning paradigms such as habituation.30-36

In the present experiment, we evaluated associative learning in the olfactory system of
newborns using a classical conditioning experimental paradigm. Specifically, we sought to
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determine whether a newborn infant could learn to associate two stimuli, an odor and a
reinforcer. According to extensive recent evidence in nonprimates, olfactory associative
conditioning appears to rely on normal temporal lobe and limbic system function.37,38 For
example, severing olfactory inputs to the hippocampus retards olfactory associative
conditioning, at least with complex odors. Thus, development of an olfactory associative
conditioning task applied to human newborns could potentially provide a screening test for
temporal lobe dysfunction soon after birth. We provide the first evidence that infants are
capable of olfactory associative learning during the first day after birth.

MATERIALS AND METHODS
Subjects

The subjects were 66 male and female infants born at the University of California, Irvine
Medical Center. All infants had Apgar scores of at least 8 and 9 at 1 and 5 minutes, respectively,
following birth40 and were assessed as normal during routine postnatal examinations (In the
Table, we show additional subject variables (n = 48) and their distribution across training
conditions for the conditioning experiment. An additional 18 infants participated in the odor
specificity experiment).

Conditioning
Infants were conditioned on the first day of life during quiet, alert behavioral states III and IV.
41 Infants in sleep-wake transition42 during training were not included in the study. All infants
remained in their bassinets during conditioning. Immediately prior to conditioning, infants
were taken into the odor exposure room, which was a small, well-ventilated, dimly lit, quiet
room. Infants were randomly assigned to the experimental Forward Odor and Stroke Group or
one of the three control groups. The infants received 10 training trials with an intertrial interval
of at least 1 minute. The four conditioning groups were as follows: (1) Forward Odor and Stroke
—the infant received a 30-second odor presentation with stroking given concurrently during
the last 25 seconds (2) Backwards Odor and Stroke—the infant received 25 seconds of stroking
followed by a 30-second odor presentation; (3) Odor Only—only the 30-second odor
presentation was given; and (4) Stroke Only—only the 25-second stroking was given. The 30-
second odor presentation was delivered on a cotton swab held laterally 10 cm from the infant’s
nose. The cotton swab was held by hand so that it could continuously be repositioned to
maintain the lateral 10-cm distance when the infant moved. The swab held 0.05 mL of a citrus
odor (conditioned stimulus odor) provided by International Flavors and Fragrances (Calabasas,
CA). This odor and concentration were chosen because of the seemingly neutral response of
infants to the odor presentation during pilot work (ie, respiration increased, but little head
turning occurred). Stroking action consisted of gentle but firm rubbing of all accessible areas
of the infant’s body. The stroking resembled massage. The experimenter attempted to equally
stroke all areas of the infant’s body without changing the overall position of the infant; thus,
only the frontside of the babies was stroked. Furthermore, the direction and site of the stroking
were varied throughout each 30-second trial. Such stimulation invariably produced an increase
in general activity in babies. The infant was unable to see the person stroking or holding the
cotton swab, because the experimenter stood at the head of the bassinet. On the two occasions
when an infant turned his or her head to see the experimenter, the experimenter moved out of
the infant’s view. The cotton swab containing the odor was visible to the infants.

The tactile stimulation provided by stroking was chosen as the reinforcing unconditioned
stimulus to mimic normal mother-infant interactions.43 Although all infants received an
amount of stroking sufficient to produce an increase in activity, the level of stimulation each
infant received varied among infants. This was necessary because some infants responded with
distress to what may be called “overstimulation.”44 This “overstimulation” does not appear to
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be limited to tactile stimulation; it also occurs in other sensory modalities.43 In these cases,
the level was decreased. Thus, the level of stroking was not standardized; rather, the infant’s
response that was elicited by the stroking was standardized. The infants were randomly
assigned to the different treatment groups, and infants in the different treatment groups did not
respond differently to stroking. Following training, infants were placed in clean bassinets with
clean clothes to minimize lingering odors.

Testing
On day 2, 48 infants (12 per group) were tested for the acquisition of conditional responding.
The test consisted of five 30-second conditioned stimulus citrus odor presentations with an
intertrial interval of two min. A total of 18 infants (9 per group) were used to assess whether
the olfactory learning was specific to the learned odor or was generalized to other odors. Of
these infants, 9 were tested with the conditioned stimulus citrus odor and the remainder were
tested with a novel floral odor (0.01 mL from International Flavors and Fragrances). Testing
was conducted in the same room in which conditioning took place with the infant remaining
in his or her bassinet. The odor presentation procedure was identical with that used during
training. All testing sessions were conducted by persons unfamiliar with the infant’s training
experiences. The test was videotaped for later analysis.

Scoring Video Tapes
The video tapes were scored by someone who was not familiar with the training condition of
the baby. Babies were identified only by subject number. Thus, those scoring the tape could
view the entire tape without knowing the previous training condition of the infant. The infant
behaviors assessed were divided into three broad categories: general behavioral activity,
turning of head toward and away from the odor, and infant behavioral state. General activity
was assessed by noting the number of appendages (ie, arms, legs, and head) that the infants
moved. The scoring scale was as follows: 0, the baby was not active; 1, the baby was slightly
active (ie, mouth movements); 2, the baby was moving one appendage; 3, the baby was moving
two appendages; 4, the baby was moving three appendages; and 5, the baby was moving four
appendages.

Head turns were scored by first assigning a stable baseline head position to each infant. A
deviation from this baseline either toward or away from the odor source was considered a head
turn. During both training and testing, the positioning of the cotton swab containing the odor
was repositioned with infant head movement so that the cotton swab was always the same
distance from the infant’s nose. This was done to ensure consistent odor exposure between all
treatment and test conditions. The state of the baby was assessed based on Prechtl’s41 state
categories, as well as by those described by Thoman et al.42

Data Analysis
The data were analyzed using a ratio of the 30-second behavior during the odor divided by the
30-second behavior during the odor presentation plus the 30-second behavior prior to odor
onset. Thus a score of .5 indicates no change in behavior in response to odor onset. A score
greater than .5 indicates excitation and a score less than .5 indicates inhibition. The data were
subsequently analyzed using a two-way analysis of variance (state X training condition)
followed by a post hoc test. The odor specificity study was analyzed with a t test.

RESULTS AND DISCUSSION
Infants are capable of complex olfactory learning as assessed by a classical conditioning
paradigm (Fig. 1). Only infants who were trained in the Forward Odor and Stroke group
exhibited conditioned responses and head turns toward the conditioned stimulus odor during
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the test presentations of odor only. These experimental (Forward Odor and Stroke) infants
exhibited both a conditioned behavioral activation, which is the unconditioned response to
stroking, and conditioned head turning toward the odor. The head turning response does not
seem to be a function of the conditioned activity because no conditioning of head turning away
from the odor was seen (2 × 4 analysis of variance for conditioned activity, F = 6.64, P < .01
and head turning toward the odor F = 4.24, P < .05; post hoc test results showed that the Forward
Odor and Stroke group was significantly different from each of the other treatment groups in
terms of both activity and head turning toward the odor). Control infants (Backward Odor and
Stroke Group, Stroke Only Group, and Odor Only group) did not exhibit these behaviors in
response to test conditioned stimulus odor presentations. Furthermore, only the experimental
Forward Odor and Stroke group babies exhibited more activity and head turns toward the odor
source during the odor presentation as compared with the time preceding the odor presentation
(t = 7.47, P < .01). The baseline activity and head turning levels did not differ between groups
(Table 1).

Although all infants were awake during training, infants were tested in both awake and sleep
states. The state of the infant during testing did not appear to influence test results; both sleeping
and awake babies in the Forward Odor and Stroke group exhibited conditioned responses (Figs
2 and 3; 2 × 4 analysis of the variance, no significant effect for state at testing).

This learning appears to be odor specific—ie, presentation of a novel floral odor during testing
did not result in the expression of conditioned responses. (Fig. 4; t = 5.877, P <.05).
Furthermore, it is suggested by these results that the visual stimulus of the cotton swab, which
occurred concurrently with both the conditioned citrus odor and the novel floral odor, was not
salient to the infant.

The ability to classically condition an odor preference in human infants appears quite robust;
since, infants differing in a number of unique characteristics were equally as likely to learn
(Table 1). Within the Forward Odor and Stroke group, the following variables had no detectable
effect on infant learning (nonsignificant t tests): sex of infant, method of delivery (cesarean vs
vaginal), and method of feeding (bottle vs breast). The inability of these variables to influence
olfactory functioning to novel odors is consistent with previous research.23-36

COMPLEX PROCESSING OF OLFACTORY INFORMATION
Although this is the first demonstration of complex olfactory learning in human neonates,
remarkably complex learning abilities in neonatal infants during the first few days of life have
been shown in previous studies within other sensory modalities (ie, proprioceptive, gustatory,
auditory).45-48

Furthermore, there has been some indication that infants are capable of complex processing of
odors. Infants fed bottle milk with a taste/smell of a mint nipple on their bottle later show
heightened responsiveness to mint odor in a learning experiment (Irzhanskaia and Felberbaum,
1954; cited in Ref 47). Thus, infants may have been associating feeding with the mint taste or
odor. However, there was no odor-only control used in the experiment; it is possible that
experience with the odor without the feeding would also have resulted in the behavioral change.
In the later case, simple nonassociative learning, such as habituation, could account for the
results. Furthermore, these infants were much older (1.5 to 2.5 months of age) than those in
the present study.

In a recent study, Balogh and Porter49 assessed the neonate’s ability to learn a preference for
a novel odor as indicated by head turns toward the odor. In that study, neonates were exposed
to a novel odor placed in their bassinet for 23 hours. These infants subsequently exhibited a
relative preference for this odor as compared with those experiencing the odor for the first time.
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It was hypothesized that this neonatal odor preference was due to odor familiarization as a
result of simple exposure to the odor. The present results suggest, however, that associative
learning may be involved in the infant’s response to the odor. During periods of simple odor
exposure in the Balogh and Porter49 study, infants received customary care. Thus, infants
received a number of types of stimulation during the odor exposure, many of which have
reinforcing properties; such as milk,50 tactile stimulation provided by stroking (present study),
and mother’s voice.45 Furthermore, a sex difference in learning was found in the Balogh and
Porter49 study. Females but not males exhibited a change in responsiveness to the odor after
a 23-hour exposure.

There is also some suggestion of infant complex olfactory processing in more naturalistic
experiments. Breast-fed infants exhibit a relative preference for the odor of a breast-feeding
mother.16-19 This odor preference is not limited to breast odors,17-20 preference responses
in newborns are also elicited by axillary,21 and neck17 odor. It is unclear whether the infant’s
response to the maternal odor is due to the mother excreting a pheromone19 with infants
genetically predisposed to like maternal odor7 or whether the infant is learning about the
mother’s odor through nonassociative or associative learning.16,17,48

TACTILE STIMULATION AS REINFORCEMENT
Tactile stimulation of an infant increases his or her attention to a stimulus.50-52 Therefore,
one may argue that infants who received the Forward Odor and Stroke training were simply
attending to the odor more than control infants did during training. Thus, experimental infants
may exhibit subsequent enhanced responding to the odor because of habituation rather than
classical conditioning. In this rationale, it is assumed that infants initially exhibit an aversive
response to an odor that inhibits responsiveness to the odor. Following habituation to the odor,
the inhibition of response is removed and infants exhibit what appears to be enhancement of
response. However, there is evidence indicating that infants are exhibiting classical
conditioning rather than habituation. First, infants in control groups who did and did not
experience the odor during training perform similarly during testing. Second, infants in the
Backward Odor and Stroke group, who presumably experienced the attentional effects of
stroking stimulation, exhibited behavioral responsiveness to the odor similar to that of the Odor
Only and Stroke Only training groups. Third, in previous studies30-36 of olfactory habituation
it was shown that infants decrease their responsiveness to an odor with experience, even to
what would appear to be an aversive odor. Thus, it appears as though stroking has reinforcing
value to human infants.

The ability of stroking to function as a reward in an olfactory classical conditioning paradigm
does not appear to be limited to human infants. During the neonatal period, stroking similar to
that used in the present study was shown to have reinforcing value to infant rats.54 Indeed, this
type of early learning produces neural, metabolic, and structural changes within the rat
olfactory bulb.55-58 These neurobehavioral changes are dependent on classical conditioning.
59

SUMMARY AND IMPLICATIONS
In summary, infants appear capable of complex processing of olfactory information as early
as the first hours of life, as indicated by classical conditioning. Additionally, it appears as
though the tactile stimulation provided by stroking has reinforcing value to human newborns.
It is possible that this type of olfactory learning plays a role in the neonate’s recognition of its
mother’s odor.

These baseline data may serve as normative data against which observations from neonates at
risk for neurological sequelae may be compared. Accordingly, this relatively simple
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conditioning paradigm may be used as one of a battery of tests to assess cognitive functioning
in newborn infants and thus expedite the diagnosis of neurological pathologies associated with
impaired cognitive functioning. Thus, treatment for these neurological pathologies may begin
during the neonatal period when the brain is still highly plastic.

An additional clinical application of these results may be to assist premature infants in
developing an attraction to their mothers’ odors. Premature infants must be separated from
their mothers to provide optimal medical care. However, this separation may not be ideal for
the mother-infant relationship. It is possible that the olfactory conditioning procedure described
here may be used to assist infants in developing an attraction to an odor. If this odor is then
applied to the mother (in some cases, to the father or significant caretaker), it is possible that
the infant’s responsiveness to the mother or caretaker will be enhanced and perhaps strengthen
the mother-infant relationship.
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Fig 1.
Mean change (± standard error) in (top panel) general activity, (middle panel) head turning
toward odor, and (bottom panel) head turning away from odor during odor only test as function
of training condition. Infants were tested in either the awake or the asleep state.
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Fig 2.
Mean change (± standard error) in (top panel) general activity, (middle panel) head turning
toward odor, and (bottom panel) head turning away from odor during odor only test as function
of training condition. All infants were in the awake state during testing.

Sullivan et al. Page 10

Pediatrics. Author manuscript; available in PMC 2007 August 27.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Fig 3.
Mean change (± standard error) in (top panel) general activity, (middle panel) head turning
toward odor, and (bottom panel) head turning away from odor during odor only test as function
of training condition. All infants were in the sleep state during testing.
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Fig 4.
Mean change (± standard error) in general activity during odor only test for forward odor and
stroke group infants tested with learned conditioned stimulus citrus odor and novel floral odor.
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