
bound form. However, contrary to our 

original assumption, an increase in 
fluorescence is not necessarily related 
to an accumulation of 5-HT. Although 
the elevation in brain 5-Hl concentra- 
tion induced by L-tryptophan is blocked 
by p-chlorophenylalanine, the intensity 
of fluorescence in raphe neurons is not 
reduced. These results are particularly 
surprising in view of the fact that after 
treatment with p-chlorophenylalanine 
the concentration of tryptophan in 
brain is reduced (18). It appears that 

changes in raphe fluorescence are, un- 
der some conditions, dissociated from 
changes in 5-HT content in brain. To 
account for this discrepancy one could 

postulate that 5-HT concentration in 

raphe neuronal perikarya does not de- 
crease after injection of p-chloro- 
phenylalanine despite a general lower- 
ing in the remainder of the brain. An- 
other explanation for these paradoxical 
findings could be that p-chlorophenyl- 
alanine itself gives rise to a fluorescent 

product, but an initial report (16) to 
this effect has apparently not been 
confirmed (19). 

Alternatively, it is possible that in- 
dole substances in addition to or in- 
stead of 5-HT can be concentrated or 

synthesized within raphe neurons. Con- 

ceivably, after injection of p-chloro- 
phenylalanine abnormal metabolites of 

tryptophan could accumulate and give 
rise to fluorophores in raphe neurons. 
At least some tryptophan itself is likely 
to be present in raphe neurons and 

loading with tryptophan does increase 
its concentration in whole brain (20). 
However, regional assays show that the 
distribution of tryptophan in brain is 

homogeneous (21), and this pattern 
would not correspond to the anatomy 
of the raphe system (22). Tryptamine, 
the direct product of tryptophan de- 

carboxylation, might also be present in 

raphe cells. However, in whole brain, 
even after tryptophan loading, amounts 
of tryptamine are too small to be ac- 

curately detected by present methods 
(23). No assays for tryptamine have 
been made specifically in raphe neu- 
rons. It remains to be determined ex- 

perimentally whether 5-HT is normally 
the predominant amine metabolite of 

tryptophan present in raphe neurons. 
In addition, it will be necessary to see 
if drugs such as p-chlorophenylalanine 
can give rise to fluorophores not nor- 
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than 5-HT may be present in neurons 
within the central nervous system. 

In conclusion, the increased fluo- 
rescence seen in raphe neurons after 
L-tryptophan loading is consistent with 
the fact that serotonin is also increased 
under these conditions. However, p- 
chlorophenylalanine does not block the 
increase in fluorescence, as would be 
predicted if serotonin is solely respon- 
sible for raphe fluorescence. Because of 
these uncertainties, the terms serotonin- 
containing or serotonergic can be ap- 
plied only tentatively to raphe neurons, 
pending the acquisition of further data 
concerning the exact chemical identity 
of the fluorescent substance or sub- 
stances in raphe cells. On the other 
hand, our results reveal a remarkable 
selectivity by which tryptophan, as the 
probable initial precursor of brain in- 
doles, enhances the fluorescence of 
raphe neurons but not other neurons. 
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percept, there is no question that audi- 

tory-visual discrepancies of sufficient 

magnitude can be objectively perceived 
by the adult observer (1). 

The origin of this perceptual capac- 
ity has been a major point of debate 
among perceptual nativists and empiri- 
cists. Yet we have little evidence with 
which to resolve the issue. The gradual 
appearance of head and eye orienta- 
tions to a sound source in the peripher- 
al visual field has been interpreted to 
mean that auditory and visual space 
become coordinated during the first 
few months of development (2). Some 

psychomotor coordination does seem to 

1161 

percept, there is no question that audi- 

tory-visual discrepancies of sufficient 

magnitude can be objectively perceived 
by the adult observer (1). 

The origin of this perceptual capac- 
ity has been a major point of debate 
among perceptual nativists and empiri- 
cists. Yet we have little evidence with 
which to resolve the issue. The gradual 
appearance of head and eye orienta- 
tions to a sound source in the peripher- 
al visual field has been interpreted to 
mean that auditory and visual space 
become coordinated during the first 
few months of development (2). Some 

psychomotor coordination does seem to 

1161 

Space Perception in Early Infancy: 

Perception within a Common Auditory-Visual Space 

Abstract. Infants as young as 30 days become visibly distressed upon observing 
their mothers speak to them while the mother's voice is displaced in space. Their 

ability to perceive this discrepancy indicates that infant perception occurs within 
a space that is common to the visual and auditory modes. 
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be present at birth, however. Direction- 

ally appropriate eye movements to a 
sound source have been observed in 
the infant within minutes after delivery 
(3). Yet, direct perceptual evidence 

concerning this question is totally lack- 

ing, for the obvious reason that there 
is an apparent lack of a meaningful be- 
havioral indicator of perception in in- 
fants. 

Our purpose in this investigation was 
to determine whether human infants 
do perceive within a common auditory- 
visual space. If the capacity is function- 
al in infants, they ought to notice a dis- 

crepancy in spatial information. On the 

assumption that infants have no ex- 

planation for the rearrangement of 
their perceptual world, we would ex- 

pect them to show signs of confusion 
or upset on being confronted with a 

spatial discrepancy. In our experiment, 
the discrepancy was created by displac- 
ing the voice of the infant's mother as 
she spoke to him. 

We observed eight infants whose age 
range was 30 to 55 days, with a median 
of 41 days. All infants were full term 
and delivered without the aid of medi- 
cation. We did not begin the experi- 
mental procedure unless the infant ap- 
peared to be alert and relaxed. 

The infant was seated in a chair de- 

signed to provide maximum support 
for the head and torso, while allowing 
free movement of the arms and legs. 
He was seated directly facing a 30 

by 40 inch (76 by 101 cm) window, 
through which he viewed the mother in 
an adjoining room. The mother's voice 
was transmitted to the infant's room by 
means of a stereo amplifier system. 
The two loudspeakers were set 40 
inches (101 cm) apart, 90? to each 
side of the infant and equidistant from 
him. One experimenter stood directly 
behind the infant. The second experi- 
menter was in the mother's room, 
where he controlled the loudness bal- 
ance between the stereo loudspeakers. 
The mother stood directly in front of 
the infant, separated from him by the 
window, at a distance of approximately 
2 feet (60 cm), measured from face 
to face. The mother remained at this 
position throughout the experiment. 
The sound intensity level of the ampli- 
fication system was set to approximate 
normal loudness of speech at that dis- 
tance. Speech in the normal speech in- 
tensity range was inaudible between 
rooms when the amplification system 
was disconnected. A white curtain 
served as a background to the mother, 
who was illuminated by means of a 
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Fig. 1. Mean tonguing scores from film 
frames for each 9-second period. Films 
were shot at 12 frames per second. 

flood lamp placed directly overhead. 
The experiment was conducted in 

two immediately successive stages. In 
stage 1, the mother spoke to her infant 
with the loudspeakers in balance, so 
that her voice would appear to the in- 
fant to emanate from her position at 
the center of the window. During stage 
2, the balance of the stereo system was 
set so that one of the loudspeakers was 
completely dominant. The mother's 
voice would thus appear to emanate 
from 90? right (N 4) or 90? left 
(N =4) of the infant's midplane. It 
was confirmed with four adult observ- 
ers that the stage 1 setting did result 
in a straight-ahead localization of the 
amplified voice and that the stage 2 
settings resulted in 900 left or right lo- 
calizations. These pointing judgments 
were obtained with the observers' eyes 
closed and with their heads in the posi- 
tion that the infant's head would 
occupy. 

There was no break in the procedure 
between stages 1 and 2. The shift in 
loudspeaker dominance was executed 
during a speech pause, in order to 
avoid sound-motion effects. The dura- 
tion of stage 1 was either 2 or 5 min- 
utes. Four infants were randomly as- 

signed to each duration condition. If 
during the first minute of stage 1 the 
infant appeared to be particularly in- 
attentive, uncomfortable, or distressed, 
we terminated the procedure. After the 
first minute, the entire session was 
filmed for subsequent analysis. Filming 
was done at 12 frames per second. The 
mother's speech throughout the experi- 
ment was casual and unrehearsed. She 
was instructed to talk to her infant in 
her normal fashion. The mothers were 
not aware of the nature of the experi- 
ment. 

Throughout stage 1, the infants 
typically appeared calm and relaxed, 

with little apparent reaction to the com- 
munication of the mother other than 

visually orienting to her. Our elimina- 
tion procedure of course reduced the 

potential range of behavior that we 

might have observed during stage 1. 
After 15 to 25 seconds of the onset of 

stage 2, however, behavioral changes 
emerged, often dramatically. The in- 
fants began to exhibit signs of agitation 
and discomfort, including struggling 
movements of the arms, legs, and torso, 
vigorous mouthing of the tongue, and 
facial grimacing. Often infants would 
kick forward at the window; in three 
cases, they pushed themselves forward 
in the chair, so that it was necessary for 
the experimenter momentarily to re- 
strain them and return them to their 

upright position. Three of the infants 
eventually cried, and whining vocali- 
zations were noted in three others. 
Without exception, the infants be- 
came calm immediately upon being 
turned away from the window and 
distracted with a rattle. Attempts to re- 
turn the infants to their position facing 
the mother were unsuccessful, despite 
a resumption of the stage 1 condition. 
The distress reaction quickly became 
evident again. 

Although the distress reactions tend 
to be idiosyncratic, particularly with 
regard to activity changes, one behav- 
ioral distress indicator has been in evi- 
dence in all but one of the infants ob- 
served in this experiment, and in al- 
most all pilot observations. This is the 
sudden appearance of mouthing of the 

tongue. This activity might occur with 
the tongue in the mouth, but there were 

usually intermittent periods in which the 

tongue would protrude between the lips, 
occasionally making lateral movements 
and curling upward, usually with the 

lips pursed. Typically, infants would 
continue to visually orient to the 
mother while engaging in this activity. 
We scored this tongue activity frame 

by frame from the film records, scor- 

ing one for each frame in which the 

tongue protruded between the lips. The 
45-second periods before and after the 
switch from stage 1 to stage 2 were 
scored in this manner. One infant, whose 

agitation resulted in extreme lateral head 
movements that caused his mouth to 
be occasionally occluded from view, 
had to be omitted from this analysis. 
The results for the remaining seven in- 
fants are shown in Fig. 1. Note that the 
reaction is most evident within the 20- 
to 30-second period after the onset of 
stage 2. The mean tonguing scores for 
the 45-second periods before and after 
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the switch in stages were 12.3 and 60.1, 
respectively. This is a statistically sig- 
nificant difference (P <.025). 

To be certain that the reaction was 
in fact due to the auditory-visual dis- 
crepancy and not to the shift in voice 
locus per se, we observed four addi- 
tional infants. These infants, whose 
age range was from 28 to 56 days, re- 
ceived the experimental procedure as 
described above, except that the mother 
was not visible to the infant. She stood 
behind the curtain backdrop, complete- 
ly hidden from the infant as she spoke 
to him. Voice locus and intensity were 
the same as in our original procedure. 
Two infants served at each of the 2- 
minute and 5-minute periods of stage 
1. The sessions were filmed and scored 
for tonguing. 

These infants remained calm through- 
out the procedure. There was almost 
no visible reaction to the lateral dis- 
placement of the mother's voice. The 
mean tonguing scores for the 45-second 
periods before and after the switch 
in stages were 15.5 and 20.8, respec- 
tively. 

We observed three additional infants 
in order to determine whether the ef- 
fect is dependent upon a speaker who 
is familiar to the infant. We thus re- 
peated the experimental procedure but 
substituted a female laboratory assistant 
for the mother. Two infants served in 
the 2-minute condition of stage 1, and 
one infant in the 5-minute condition. 

All three infants reacted with dis- 
tress after the shift in voice locus. The 
mean tonguing scores for the 45-second 
periods before and after the switch in 
stages were 8.1 and 50.6, respectively. 

We interpret our results as indicat- 
ing that infants as young as 30 days 
are perceiving auditory and visual in- 
formation within a common space. Per- 
ceived discrepancies within this space 
produce agitation and upset. The 
spatial dislocation thus is apparently 
a violation of the young infant's per- 
ceptual world, in which speaker and 
voice share the same spatial position. 
Further experiments will be required 
to determine which stimulus factors 
control the perception of spatial dis- 
crepancies. Communicative movements 
of the speaker, notably movements of 
the mouth and lips, are one obvious 
potential source of stimulus control. 
Michotte's (4) psychophysical investi- 
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voice share the same spatial position. 
Further experiments will be required 
to determine which stimulus factors 
control the perception of spatial dis- 
crepancies. Communicative movements 
of the speaker, notably movements of 
the mouth and lips, are one obvious 
potential source of stimulus control. 
Michotte's (4) psychophysical investi- 
gations of causality perception in adults 
suggest that the perceptual unit is 
temporally defined; that is, the infants 
register the synchrony between lip 
movements and vocalizations, at least 
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to the extent of differentiating the gaps 
between speech segments. 

The lower age limit of our sample 
leaves open the possibility that the 
infants could have developed this 
capacity for spatial coordination dur- 
ing the first few weeks of postnatal 
life. The consistency with which our 
procedure produced visible distress in 
the infants does not, however, lend 
support to this interpretation. The 
expectation that voice and speaker are 
a spatial unit is presumably learned, 
but the learning would require the 
prior existence of a perceptual system 
that has access to and reliably coordi- 
nates information from separate 
modes. If the infant does not initially 
perceive the spatial integrity of such 
information, he must at least register 
the temporal correspondence between 
modes and, somehow, must begin to 
spatially coordinate the intermodal 
temporal unit. He must do so at a 
time in his life when his processing 
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these possibilities is correct. The two 
modulations of cortical activity. 

When a sensory stimulus is made 
sufficiently interesting or relevant to the 
performance of a task, the cortical re- 
sponse (but not the peripheral nerve 
response) evoked by that stimulus is 
larger thian it is when the stimulus has 
no significance for the subject (1). This 
increase in amplitude is particularly 
large and reliable in the so-called P300 
wave, a late positive evoked response 
component best recorded slightly an- 
terior to the vertex in man and having 
a maximum between 230 and 360 msec 
after the stimulus (1-3). We shall refer 
to attention-related increases in the am- 
plitude of this component as the P300 
effect. Recently several ,authors (4-6) 
have pointed out the similarity between 
conditions used to demonstrate the 
P300 effect and those conditions which 
produce a surface-negative baseline 
shift in the human electroencephalo- 
graph (EEG), commonly called the 
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capacities are decidedly underdevel- 
oped (5). If learning is to account for 
the auditory-visual spatial coordina- 
tion, the learning process must neces- 
sarily be an extremely rapid and 
efficient one. 
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phenomena are independently variable 

contingent negative variation (CNV) 
(7-8). The P300 effect appears to oc- 
cur when there is either a preparatory 
increase in concentration immediately 
before the task stimulus, a condition 
which also elicits CNV, or a reactive 
decrease in concentration after a re- 
sponse to the stimulus, which occasions 
a positive-going shift in the CNV back 
to the EEG baseline before the trial. 

The probable covariance of CNV 
with the P300 effect 'has suggested two 
hypotheses about the possible relation- 
ship of these phenomena. One hypoth- 
esis stated by Karlin (4) proposes that 
the P300 effect is an artifact of averag- 
ing the evoked potential at the same 
time that the CNV is returning to pre- 
trial baseline, which thereby causes 
summation of the resulting positive- 
going baseline shift into the sensory 
response. This type of artifact was 
demonstrated by Donchin and Smith 
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Attention-Related Increases in Cortical Responsivity 
Dissociated from the Contingent Negative Variation 

Abstract. Certain tasks which increase attention to stimuli also elicit the con- 
tingent negative variation and increase the amplitude of the P300 component of 
the sensory evoked response. Therefore it appeared possible that the contingent 
negative variation and attention-related increases in P300 are either confounded 
by artifact or generated by common neural mechanisms. The fact that we have 
recorded attention-related increases in P300 amplitude independent of correspond- 
ing systematic changes in contingent negative variation indicates that neither of 

Attention-Related Increases in Cortical Responsivity 
Dissociated from the Contingent Negative Variation 

Abstract. Certain tasks which increase attention to stimuli also elicit the con- 
tingent negative variation and increase the amplitude of the P300 component of 
the sensory evoked response. Therefore it appeared possible that the contingent 
negative variation and attention-related increases in P300 are either confounded 
by artifact or generated by common neural mechanisms. The fact that we have 
recorded attention-related increases in P300 amplitude independent of correspond- 
ing systematic changes in contingent negative variation indicates that neither of 


