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cal preparations of epileptic monkey cor- 
tex could be explained by an alumina gel- 
produced loss of antigenicity of GAD 
molecules. However, this is unlikely 
since most of the alumina is located in 
macrophages with slight amounts in as- 
trocytes (16). Furthermore, not all of the 
GAD-positive terminals are lost at seiz- 
ure foci, and the staining of the remain- 
ing terminals indicates that the antigenic- 
ity of GAD is not affected by the alumina 
gel. In addition, a differential loss of anti- 
genicity caused by differences in the dif- 
fusion of alumina from the application 
site is unlikely since, in monkeys with 
subarachnoid injections, the deep cortic- 
al layers display similar decreases of 
GAD-positive terminals to those ob- 
served in the superficial layers directly 
subjacent to the alumina gel. Therefore, 
the loss of immunocytochemically de- 
tectable GAD from cortical axon termi- 
nals indicates an actual loss of GAD 
molecules and this could be due either to 
a severe impairment of GAD synthesis, 
or to the degeneration of GABAergic so- 
mata or their axon terminals, or both. 

Although previous biochemical data 
have indicated decreased GAD activities 
at seizure foci (5), our results extend this 
finding and show a numerical decrease of 
GAD-containing axon terminals. Wheth- 
er these terminals actually degenerate or 
merely lose immunocytochemically de- 
tectable GAD is not known. However, a 
degeneration of GAD-containing termi- 
nals is suggested by the results of ultra- 
structural studies that show a decreased 
number of presumed inhibitory, symmet- 
ric synaptic junctions with somata and 
dendritic shafts of cortical neurons at 
seizure foci (17). In either event, a func- 
tional loss of GABAergic cortical neu- 
rons would occur. Our experimental 
preparations indicate that the magnitude 
of this loss is significant and could be ex- 
pected to reduce the inhibitory synaptic 
control of pyramidal neurons, thus lead- 
ing to a hypersensitivity of these cells to 
normal excitatory synaptic inputs (4, 5). 
The reason for this loss of GABAergic 
terminals at seizure foci is unknown, but 
it is possible that aspinous stellate neu- 
rons may be highly susceptible to altera- 
tions induced by alumina treatments. 
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central nervous system (18). Thus, our 
results in combination with those of the 
other studies cited in this report sup- 
port a hypothesis that a loss of func- 
tional GABAergic neurons leads to focal 
epilepsy. 
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Interpreting "Imitative" Responses in Early Infancy Interpreting "Imitative" Responses in Early Infancy 

Meltzoff and Moore (1) have reported 
that 12- to 21-day-old infants can imitate 
specific gestures, including sequential 
finger movement, tongue protrusion, lip 
protrusion, and mouth opening. Their re- 
port invites close scrutiny because it at- 
tributes to the neonate cognitive capaci- 
ties far beyond those which appear rea- 
sonable on the basis of current knowl- 
edge. There are serious defects in this 
research beyond the possibility of exper- 
imenter bias acknowledged by the au- 
thors with respect to experiment 1 and 
controlled for in experiment 2. Question- 
able scoring procedures were used. In 
experiment 1, infants were credited with 
imitation even when the scorers were not 
fully confident about it. In experiment 2, 
the scorer could have drawn on dif- 
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ferences in the length of time the ges- 
tures were demonstrated in scoring for 
imitation. 

The most compelling argument against 
the conclusions of Meltzoff and Moore 
comes from an examination of their sta- 
tistical analysis. The results of experi- 
ment 1 were analyzed by comparing the 
number of scores in each of the four cat- 
egories across the four modeling condi- 
tions. But the distribution of the different 
infant gestures within each modeling 
condition can and should also be ana- 
lyzed. This analysis is essential because 
the infants were scored not only in terms 
of the four modeling gestures but also in 
terms of three additional gestures. The 
distribution of the seven scoring cate- 
gories for the four modeling gestures is 
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Table 1. Distribution of responses across the 
four gestures shown to the infants. The fig- 
ures in the first four rows are from figure 2 of 
(1). The remaining figures were obtained from 
A. N. Meltzoff. The italicized entries indicate 
matching responses. Abbreviations: LP, lip 
protrusion; MO, mouth opening; TP, tongue 
protrusion; and SFM, sequential finger move- 
ment. 

Gestures shown 
Scored to infants 

responses 
LP MO TP SFM 

Lip protrusion 27 17 15 19 
Mouth opening 11 24 17 19 
Tongue protrusion 21 20 30 26 
Sequential finger 14 13 16 27 

movements 
Hand opening 22 24 28 24 
Finger protrusion 18 19 10 8 
Passive hand 18 16 18 13 

shown in Table 1. It can be seen in the 
table that responses by the infants 
matching the model were more likely 
than some responses but not more likely 
than other responses. For instance, 
when sequential finger movement was 
modeled, the incidence of sequential fin- 
ger movement responses (27) was clearly 
higher than the incidence of finger pro- 
trusion responses (8), but it was virtually 
the same as the incidence of tongue pro- 
trusions (26) and hand opening (24) re- 
sponses. Whether one concludes that the 
infants did or did not imitate would then 
depend on an arbitrary selection of a 
comparison base. It can thus be con- 
cluded that when the data are properly 
analyzed, little evidence remains that 
neonates can imitate specific move- 
ments. 
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In their report on the imitation of facial 
and manual gestures by human neonates, 
Meltzoff and Moore (1) hypothesized an 
active cognitive process involving cogni- 
tive representation and motor matching. 
Methodological problems, including the 
selection of target neonatal behaviors, 
the scoring and definition of "imitative" 
behavior plus a current absence of con- 
vergent evidence for the cognitive so- 
phistication of newborns, allow the ques- 
tioning of this conclusion. 

In experiment 1, four discrete but not 
13 JULY 1979 

unrelated behaviors were modeled: lip 
protrusion, mouth opening, tongue pro- 
tusion, and sequential finger movement. 
These behaviors all participate in early 
feeding and clinging reflex systems. Six 
judges (for whom no rater reliability was 
presented) scored videotapes of neo- 
natal reactions to each modeled behavior, 
ranking the four possible behaviors 
according to the likelihood that they 
had occurred. For analysis, the top 
two ranked behaviors were each scored 
"yes" and the bottom two "no." This 
is problematic for a number of reasons. 
First, a "yes" judgment for imitation 
could occur when the actual imitative 
act was not the one a judge thought 
had occurred but rather the one thought 
to be second most likely. No infor- 
mation was given regarding the de- 
gree of "error" in judgments of imitation 
(judgments that the behavior matching 
the model was second most likely to 
have occurred). Moreover, collapsing 
these ranks set the chance or guessing 
probability that a given behavior would 
be scored as imitative equal to .50. Even 
through statistical analyses revealed sig- 
nificant differences between the frequen- 
cy of "yes" judgments for the behavior 
matching the modeled one and that for 
the other behaviors, there is no in- 
dication that the frequency of "yes" 
judgments for the matching behavior sig- 
nificantly exceeded the guessing proba- 
bility. A final problem of this scoring sys- 
tem is that it blurred the distinction be- 
tween the behavior categories: If dif- 
ferent oral behaviors (for example, lip 
pursing and tongue protrusion) were 
often confused so that raters ranked 
them 1 or 2 with equal frequency (both 
of which would produce a "yes' cat- 
egorization), arguments that a broad 
spectrum of distinct behaviors had been 
imitated would not be tenable. Such 
reasoning is important to support any 
conclusion that neonatal matching be- 
havior was guided by a general cogni- 
tive process. 

Further problems relate to the single 
nonoral behavior included in experiment 
1, sequential finger movements. This 
specific label implies that manual actions 
commonly labeled differently, such as 
grasping, were not appropriately de- 
scriptive of the act. It is important for 
this to be the case, since one ground for 
rejection of a releasing-mechanism inter- 
pretation would be that the behavior in 
question is not one that has already been 
shown to occur in reflex fashion or 
to participate in fixed-action patterns. 
Lacking is a discriminant analysis of the 
degree to which typical infant grasping 
behavior was identified by the raters as 

an example of "imitation" or whether 
the unique serial ordering of finger move- 
ments was present. This sort of discrimi- 
nant validity seems unlikely to be 
achieved when rater variability was such 
that the two top and bottom probability 
rankings for possible responses had to be 
combined. 

Experiment 2 is less methodologically 
flawed than experiment 1, but it adds 
little to the conclusion that complex rep- 
resentation processes are involved in 
early matching behavior. Only two be- 
haviors were studied (tongue protrusion 
and mouth opening), both were oral, and 
thus were drawn from a repertoire 
of socially elicited neonatal feeding 
responses. 

Although the several theoretical ex- 
planations proposed by Meltzoff and 
Moore for the apparent matching behav- 
ior of infants are still viable, their con- 
clusion that complex cognitive processes 
guided imitative responding was pre- 
mature in the face of methodological lim- 
itations and a general absence, at the mo- 
ment, of evidence indicating that neo- 
nates are capable of the requisite repre- 
sentational processes. At least as sen- 
sible is a conclusion that the neonatal 
behaviors studied were relatively fixed- 
action patterns that are isomorphic in 
form to the visual stimuli eliciting or re- 
leasing them. 

JOHN C. MASTERS 
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Meltzoff and Moore (1) have recent- 
ly reported that infants between 12 and 
21 days of age imitate tongue protrusion, 
lip protrusion, mouth opening, and se- 
quential finger movements in response to 
an adult's performance of similar acts. 
Our research was stimulated by the prior 
work of Maratos (2, 3), who found that 1- 
month-old infants produced matching 
behavior in response to seeing an adult 
exhibit tongue protrusion. However, 
both Maratos and Meltzoff and Moore 
failed to include controls that would test 
an alternative interpretation-namely, that 
these responses could also be released by 
inanimate stimuli and did not represent 
selective imitation of the model. Our 
study explored this alternative hypothe- 
sis. 

Twenty-four white full-term infants 
(14 boys and 10 girls) were seen at 6 
weeks of age. A series of five stimulus 
events were presented in a counterbal- 
anced order. The first, tongue protru- 
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Table 1. Mean (+ standard error of the mean) number of tongue protrusions pei 
response to the five stimuli. 

Stimuli Boys Girls 
(N =14) (N = 10) 

Tongue 3.22 + 0.54 6.24 + 0.94 4 
Ball 2.55 + 0.28 4.50 + 0.42 3 
Pen 2.77 + 0.80 5.23 + 1.25 3 
Hand 1.80 + 0.45 3.35 + 0.90 2 
Ring 1.09 + 0.44 2.54 + 0.71 ] 

Means 2.28 4.37 

sion, was an adult sticking out her 
tongue in front of the infant, holding that 
position for 3 seconds, and then with- 
drawing the tongue. The hand movement 
consisted of the experimenter's opening 
and closing her raised right hand above 
the infant's hand. The inanimate stimu- 
lus events were a white ball with indenta- 
tions resembling a golf ball (diameter, 
4.5 cm) and a closed black felt-tip pen 
(length, 14.7 cm), which were moved to- 
ward the infant's mouth, held in position 
for 3 seconds, and withdrawn. These two 
events served as control stimuli for 
tongue protrusion. The fifth stimulus, an 
orange plastic ring (diameter, 8.8 cm) at- 
tached to a string, was dangled near one 
of the infant's hands and raised and low- 
ered. This event served as the control 
stimulus for the hand movement. Each 
stimulus event was performed four times 
for a total of approximately 20 seconds 
and followed by a 10-second interval. 
Each sequence of four presentations was 
repeated three times with a longer inter- 
val of 15 seconds between the different 
stimuli. The stimuli were arranged to al- 
ternate between the mouth and hand re- 
gions so that carry-over effects would be 
minimized. 

The infants were tested when they 
were in a state of alert inactivity (4). In- 
fants were fed before the testing session 
in order to avoid excessive tongue pro- 
trusion that could be attributed to hun- 
ger. The infant was then seated in an in- 
fant seat with a small pillow at the top for 
extra support for the head. The session 
was videotaped with the camera directed 
at the infant. The experimenter stood 30 
cm away and at a 45? angle to the right of 
the infant. The camera was situated at a 
45? angle to the left of the infant at a dis- 
tance of 1.6 m; it attracted very little at- 
tention from any of the infants. A very 
small light over the infant seat was oper- 
ated by a foot pedal. The light was too 
dim to catch the infant's attention and 
served to signal change of stimulus on 
the videotape without indicating which 
stimulus was being shown. Although the 
experimenter was not visible on the 
videotape, the ball, pen, and ring were 
observed in a few instances (5). 

Testing began with a 2-minute adapta- 

tion period in which the exp 
stood in front of the infant and 
ly to the extent necessary to pi 
infant from becoming alarmed 
perimenter did not smile. Inf, 
then shown the preset serie 
items. 

The responses were coded 
videotapes on an event record 
line Angus). Tongue protru 
coded whenever the infant's t( 
visible on the screen. The prin 
able reported here is any tong 
sion lasting 0.5 second or lonI 
record (6). Hand opening ar 
was coded whenever the infa- 
and closed at least three finge 
er hand. There were no disce 
ferences in the form of tongi 
sions or hand movements coc 
sponses to the five stimulus eN 
mean correlations for interobs 
ability were .87 for frequency 
protrusions and .89 for frec 
hand opening and closing. A tv 
peated-measures analysis of 
was performed on each measur 
as a between-subjects factor 
lus as a within-subject factor. 
ses were performed on the r 
sponse per minute for each c 
measures. 

The results support the 1 
that the infants' tongue protr 
released response and not a se 
itation of the adult's act. The 1 
lus events elicited differentia 
tongue protrusion [F (4, 8 
P < .001] (Table 1). Althougl 
hibited more tongue protrus 
boys to all stimuli [F (1, 2 

Table 2. Mean (+ standard error) 
hand movement responses per m 
sponse to the five stimuli at 6 and 

Age 
Stimuli 

6 weeks 

Tongue 10.44 + 1.59 1' 
Ball 10.19 + 1.93 1- 
Pen 9.17 ? 1.75 1l 
Hand 12.40 ? 2.19 11 
Ring 9.61 + 1.65 14 

Means 10.36 

r minute in P < .01], the pattern of the responses 
was the same for both sexes [stimulus- 
by-sex interaction, F (4, 88) < 1]. The 

Means effects of each of the five stimuli were 

48 + 0 58 compared according to the Newman- 

. 36 + 0 48 Keuls procedure (7). The pen was as ef- 
3.80 + 0.72 fective a releaser of tongue protrusions 
L.45 + 0.47 as the tongue model, and there was no 
1.70? 0.41 significant difference between tongue 

3.16 and ball. Tongue protrusion was not a re- 
sult of general arousal, however, for the 
tongue model was significantly more ef- 

)erimenter fective at eliciting tongue protrusions 
spoke on- than the hand (P < .01) and ring 
revent the (P < .01). The pen also elicited signifi- 
[. The ex- cantly more tongue protrusions than the 
ants were hand (P = .05) and ring (P < .01). How- 
s of test ever, the ball was not significantly more 

effective than the hand (P > .10). 
from the In a second analysis we examined 

ter (Ester- which stimulus elicited the greatest rate 
ision was of tongue protrusions for each subject. 
ongue was Given that the tongue was one of three 
icipal vari- stimuli directed to the mouth, the null 
ue protru- hypothesis would predict that 33 percent 
ger on the of the infants would respond maximally 
id closing to the tongue. While the tongue was the 
nt opened best elicitor for 12 of 24 subjects, the pen 
:rs of eith- and ball elicited the greatest number of 
rnible dif- tongue protrusions for 11 subjects [test 
ue protru- of the goodness of fit, x2 (1) = 3.00, not 
ded as re- significant (N.S.)]. Thus, the tongue was 
vents. The not a significantly more effective incen- 
;erver reli- tive than the pen and ball. 
of tongue Hand opening and closing showed no 

}uency of selective response to any of the stimuli 
vo-way re- [F (4, 88) = 1.08, N.S.] and no sex dif- 

variance ference [F (1, 22)= 1.90, N.S.], which 
re with sex suggests that hand movement may re- 
tnd stimu- flect general arousal at 6 weeks. Several 
All analy- infants rarely moved their hands at this 
-ate of re- early age. In a later session with the 
)f the two same infants at 14 weeks (8), the rate of 

hand opening and closing was greater 
hypothesis than at 6 weeks [t (23) = 2.92, P < .01], 
-usion is a and the infants responded differentially 
lective im- to the five stimuli [F (4, 88) = 3.36, 
five stimu- P < .05]. However, hand and ring were 
d rates of equally effective in eliciting hand open- 
18) = 7.63, ing and closing (Table 2). This response 
h girls ex- was not the result of general arousal at 14 
,ions than weeks since the pooled means for hand 
!2) = 9.02, and ring were significantly greater than 

the pooled means for the tongue, ball, 
and pen [F (1, 22) = 8.24, P < .01]. 

number of There was no sex difference [F (1, 
minute in re- 22) < 1]. 
1 14 weeks. The results of this study suggest the 

need to qualify the interpretation of prior 
research. Although matching behavior 

14 weeks occurs at 6 weeks in response to seeing 
5.39 ? 1.90 an adult display tongue protrusion, other 
3.37 + 1.59 inanimate stimuli are equally capable of 
824 ?+ 1.64 eliciting the same response. A moving 8.95 

_ 

1.73 
6.69 

+ 
2.06 pen was as effective an incentive as a 

15.73 tongue model in releasing tongue protru- 
sions. A ball was somewhat less effec- 



tive; the shape of the stimulus may be 
important. Similarly, although matching 
behavior occurred to hand movement at 
14 weeks, an inanimate stimulus elicited 
this response as effectively. Since these 
two behaviors can be released by events 
other than the ones modeled by an adult, 
there was no evidence to support the hy- 
pothesis that 1- to 2-month-old infants 
can selectively imitate a model. 

SANDRA W. JACOBSON* 

JEROME KAGAN 

Department of Psychology and Social 
Relations, Harvard University, 
Cambridge, Massachusetts 02138 
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We will show that the criticisms of 
Anisfeld (1) and Masters (2) cannot be 
sustained and the results reported by Ja- 
cobson and Kagan (3) provide no sup- 
port for the hypothesis that neonatal imi- 
tative reactions are mediated by releas- 
ing mechanisms. 

Anisfeld had expressed concern that, 
in experiment 2 (4), "the scorer could 
have drawn on differences in the length 
of time the gestures were demonstrated 

Table 1. Outcome of Newman-Keuls proce- 
dure as applied to the overall means in table 1 
of (3). The tongue, ball, and pen stimuli were 
presented near the infant's mouth. The hand 
and ring were presented near the infant's 
hand. Abbreviations: S, significant at or be- 
yond the .05 level; N.S., nonsignificant, P > 
.05. 

Stimuli Tongue Ball Pen Hand Ring 

Tongue N.S. N.S. S S 
Ball N.S.* N.S. S 
Pen S S 
Hand N.S.* 
Ring 

*The significance of these three comparisons were 
not reported in (3). However, they can be deter- 
mined (14) by comparing the magnitude of these 
mean differences with those for which Jacobson and 
Kagan provide significance levels. 

in scoring for imitation." In fact, how- 
ever, the scorer observed videotaped 
segments of the baseline and response 
periods, and these electronically timed 
periods were all precisely the same 
length (150 seconds). There were thus no 
time differences for the scorer to draw 
on. 

Both Anisfeld and Masters suggested 
an alternative approach to analyzing 
the data from experiment 1. Although 
phrased differently, both arguments are 
mistaken for essentially the same reason. 
Anisfeld suggested that we should assess 
imitation of tongue protrusion, for ex- 
ample, by testing whether the number of 
tongue protrusion judgments exceeds 
those for the other categories of infant 
behavior. Similarly, Masters suggested 
that we test the number of tongue protru- 
sion judgments against a .50 chance 
probability, since four infant behaviors 
were judged simultaneously and the top 
two judgments were collapsed to a 
"yes" and the bottom two to a "no." 
We cannot agree with either suggestion 
because each ignores both baseline and 
arousal differences among the various in- 
fant behaviors. For example, it is likely 
that the baseline level of tonguing ex- 
ceeds other oral behaviors and that 
tonguing differentially increases relative 
to other behaviors when the infant is 
aroused by watching a human face. 
Thus, one cannot assume, as Anisfeld 
and Masters do, that the different cate- 
gories of infant behavior are equiprob- 
able during baseline and arousal condi- 
tions. Without this assumption, it be- 
comes arbitrary to compare the frequen- 
cies of different infant behaviors directly 
to one another or to a .50 probability of 
occurrence. 

The problem posed by different base- 
line and arousal frequencies is solved by 
analyzing the distribution of each mea- 
sure separately across the different ges- 
tures demonstrated to the infant. For ex- 

ample, one should test the distribution of 
tongue protrusion scores across the 
mouth opening, lip protrusion, and se- 
quential finger movement demonstra- 
tions. With this method, whatever the 
initial likelihood of a particular infant 
behavior, there is evidence for imitation 
if the frequency of this behavior varies 
as a function of the gestures demon- 
strated to the infant and it is greatest 
when this behavior is the one demon- 
strated. Such analyses were performed 
for our original report, and the results 
support the conclusion that the infants 
were imitating. 

Masters questioned our finding of 
manual imitation in experiment 1 and 
suggested that judges sometimes may 
have mistaken a reflexive grasping re- 
sponse for sequential finger movements, 
thus leading to a false conclusion that se- 
quential finger movement was imitated. 
This suggestion relies on two assump- 
tions. The first is that the sight of a mov- 
ing adult human hand elicits reflexive 
grasping in the human neonate. To our 
knowledge, this idea has not been pre- 
viously advanced by any observer of in- 
fant behavior; tactile and proprioceptive 
stimulation are considered the elicitors 
of reflexive grasping in the neonate (5). 
The second assumption is that the judges 
could not discriminate a grasping re- 
sponse from sequential finger move- 
ment. But if the sequential finger move- 
ment demonstration had elicited grasp- 
ing, then infant hand opening and closing 
(a major component of grasping) should 
also have been judged to peak for this 
demonstration. The frequency of hand 
opening and closing, however, was 
stable across the various gestures shown 
to the infants and did not peak for the 
sequential finger movement demonstra- 
tion [table 1 in (1)]. 

Masters was concerned that, in experi- 
ment 2, the tongue protrusion and mouth 
opening gestures were components of 
"feeding responses" and therefore might 
be elicited by the sight of a social stimu- 
lus. Neonatal sucking, however, does 
not entail the full tongue extensions or 
wide-open mouths specified in our oper- 
ational definitions of these scoring cate- 
gories. In addition, the same experiment- 
er sat in front of the infant for both the 
tongue protrusion and mouth opening 
demonstrations. Consequently, if global 
feeding responses were elicited by a so- 
cial stimulus, there would be the same 
"feeding responses" in both instances. 
In fact, there were significantly more 
tongue protrusion responses to the 
tongue gesture than to the mouth open- 
ing gesture; conversely, there were more 
mouth opening responses to the mouth 
opening gesture than to the tongue pro- 



trusion gesture. Thus, the imitation ef- 
fects we reported cannot be reduced to a 
(hypothesized) release of global feeding 
responses by the presence of a human 
face. 

Jacobson and Kagan presented three 
stimuli in front of the infant's face 
(tongue protrusion, pen movement, and 
ball movement) and two near the infant's 
hand (hand opening and ring dangling). 
There were no differences in the rate of 
tongue protrusion among the three stim- 
uli presented to the face. There were also 
no differences in the rate of hand opening 
between the two stimuli presented near 
the hand. Thus the essential findings of 
the study are ones of "no difference." 
Jacobson and Kagan interpret these data 
as showing that (i) a releasing mecha- 
nism mediates infant tongue protrusion, 
(ii) the three stimuli presented near the 
face are all sign stimuli that activate this 
mechanism, (iii) another releasing mech- 
anism mediates infant hapd opening (at 
14 weeks old), and (iv) the stimuli pre- 
sented near the hand are both sign stimu- 
li that activate this mechanism. These 
conclusions are unwarrarted. 

The concept of sign stimuli can be 
meaningfully invoked only if one can 
identify a specific feature or set of fea- 
tures that define the class of objects that 
are to be labeled sign stimqli (6). It would 
be a misuse of the concept to argue that 
every object presented near the infant's 
face is a sign stimulus for infant tonguing 
and that every object presented near the 
hand is a sign stimulus for infant hand 
movements. In Jacobson and Kagan's 
study, the infants responded with equal 
rates of tonguing to the three stimuli pre- 
sented to the face and with equal rates of 
hand opening to the two stimuli present- 
ed to the hands. There is no discrimina- 
tion according to the features of the stim- 
ulus, and therefore no support for a 
releaser hypothesis (7). 

Consider specifically the data for the 
rate of tonguing. Jacobson and Kagan 
suggest that the critical feature defining 
the releaser for tongue protrusion is the 
shape of the stimulus. They want to ar- 
gue that narrow shapes moving toward 
the mouth (like a tongue or pen) elicit in- 
fant tongue protrusions, but that dif- 
ferently shaped objects like the ball do 
not. However, their data (table 1) show 
there is no significant difference in the 
rate of tonguing to the tongue, pen, and 
ball-the three differently shaped objects 
moved toward the infant's mouth. Thus 
although their last paragraph states that 
the ball is less effective than the tongue 
or pen, the data reveal that all three stim- 
uli are equipotent in eliciting tonguing. 
These results do not show that shape is 
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important and fail to identify anything 
that might be called a sign stimulus (8). 

Jacobson and Kagan's interpretation 
of the rate of infant hand opening is simi- 
larly flawed by an overinterpretation of 
findings of no difference. The two stimuli 
presented near the infant's hand do not 
elicit differential rates of hand opening. 
Jacobson and Kagan interpret this as 
supporting the proposition that hand 
opening is a released response. What 
they need to show, but have not, is that 
certain objects presented near the in- 
fant's hand elicit a significantly higher 
rate of hand opening than others. There 
is thus no evidence that a sign stimulus 
has been isolated. 

Jacobson and Kagan's only statistical- 
ly significant effects come from com- 
paring the stimuli presented near the face 
with those presented near the hand 
(table 1). Their effects are (i) a higher 
rate of tonguing to the stimuli near the 
face than to those near the hand, and (ii) 
a higher rate of hand opening to the stim- 
uli near the hand than to those near the 
face for the 14-week-olds only. Releasing 
mechanisms do not provide the only 
plausible explanation for these results. 
For example, infants might have learned 
to produce more anticipatory sucking 
and tonguing movements to objects pre- 
sented near their mouths than near their 
hands. Conversely, they might produce 
more preliminary reaching efforts (in- 
cluding hand opening) to stimuli present- 
ed near their hands than near their 
mouths (9). In any case, the locus of 
stimulus presentation accounts for all the 
significant effects. There is little reason 
to infer that the responses were gov- 
erned by specific releasing mechanisms, 
and no evidence that the shape of the 
stimulus makes a difference. 

Jacobson and Kagan's study contains 
four major methodological problems that 
are likely causes of the findings of no dif- 
ference they obtained. (i) The camera 
and stimuli were situated at 45? angles to 
the left and right, respectively, of the in- 
fant. The infant's mouth may not have 
been visible on the videotape records at 
all times (the camera would be at a 90? 
angle from the infant's mouth when the 
infant faced the stimulus). It seems un- 
likely that one could obtain a valid scor- 
ing of infant tongue movements from 
such videotape records. (ii) The criterion 
for scoring a tongue protrusion was not 
sufficiently rigorous. Tongue protrusions 
were scored "whenever the infant's 
tongue was visible on the screen" for 
more than 0.5 second. Presumably, 
tongue protrusions could have been 
counted whenever the infant turned to- 
ward the camera and opened its mouth. 

(iii) The manner in which the stimuli 
were presented was not sufficiently con- 
trolled. The pen and ball were moved 
closer to the infant's mouth than was the 
adult tongue (10). Infants might make 
mouthing and tonguing movements to an 
object moved close to the mouth. For in- 
terpretable results, it is vital to control 
the distance of the stimuli from the in- 
fant, and the extent and type of move- 
ment. (iv) The hand and ring stimuli 
should be presented in front of the in- 
fant's eyes, not near the hands. Infants 
must see a gesture in order to imitate it. 

These methodological flaws would 
greatly affect the data obtained. For ex- 
ample, the nonrigorous scoring criterion 
would tend to mask the signal (true 
tongue protrusions) with noise (visible 
tongues), and the poor camera angle 
would mean that only a subset of the in- 
fant's response would be photographed. 
In analyzing such data, it would seem 
prudent to make as few statistical as- 
sumptions as possible and therefore to 
rely on nonparametric rather than para- 
metric statistics. Jacobson and Kagan in- 
troduced such nonparametric analyses to 
examine which stimulus elicited the 
maximum tongue protrusion response 
for each infant. The complete break- 
down of the 24 infants according to the 
stimulus to which they responded maxi- 
mally was as follows: to tongue protru- 
sion, 12 infants; to the pen, 6 infants; to 
the ball, 5 infants; to the ring, I infant; 
and to the hand, 0 infants (11). If the in- 
fant's tongue protrusions were not dif- 
ferentially affected by the five stimuli, 
then one-fifth of the sample (4.8 infants) 
should have responded maximally to 
each of the five stimuli. In fact, one-half 
of the sample responded maximally to 
the tongue protrusion gesture (binomial 
test, P < .001). Jacobson and Kagan 
used a x2 test to compare the number of 
infants who responded maximally to the 
tongue with the number who responded 
maximally to the pen and ball combined 
[X2 (1) = 3.00]. A one-tailed rejection re- 
gion could legitimately be used in this 
case to test the prediction that the tongue 
protrusion gesture will elicit more infant 
tongue protrusion than the control stimu- 
li of pen and ball. This one-tailed test is 
significant (P < .05). Given the method- 
ological flaws in Jacobson and Kagan's 
study, any interpretation of these find- 
ings would be highly tentative. We only 
wish to note that Jacobson and Kagan's 
own data undermine their argument and 
offer modest support for early imitation. 

In our original report we introduced 
three different mechanisms that could 
potentially underlie early imitation (4). 
The debate here has focused on only one 
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of these three possibilities-the sign-re- 
leasing mechanism-with no conclusive 
result. As both Masters and Anisfeld 
correctly noted, our hypothesis that neo- 
nates can detect intermodal matches im- 
plies a higher level of perceptual-cogni- 
tive organization than current theories 
suggest. Recently, Meltzoff and Borton 
(12) obtained evidence corroborating this 
hypothesis in an experiment using a non- 
imitative, intermodal matching task. 
Four-week-old infants looked longer at a 
shape matching one they had orally ex- 
plored than at a nonmatching shape, thus 
confirming that neonates can indeed de- 
tect certain intermodal (tactual-visual) 
matches. Such converging experiments, 
using both imitative and nonimitative 
tasks, will afford strong tests of our posi- 
tion. We emphasize, however, that fu- 
ture research on neonatal imitation must 
fulfill the three methodological require- 
ments we detailed (13) if it is to address 
the phenomenon we reported and eluci- 
date the underlying mechanisms. 

ANDREW N. MELTZOFF 
M. KEITH MOORE 

Child Development and Mental 
Retardation Center, University of 
Washington, Seattle 98195 
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Political Subdivision and Population Density Political Subdivision and Population Density 

Stephan (1) observes that in most 
countries there is a negative relation be- 
tween the area of a territorial subdivison 
and the density of its population, which is 
well approximated by the formula 
logA = a - 2/3 (logD). He derives this 
relation from the general premise that 
nations subdivide themselves into terri- 
torial units so as to minimize the total 
time expended by their populations in 
visiting and operating the administrative 
subcenters. A regression of logA on logD 
does not provide a proper test of his the- 
ory, however. LogA and logD would 
have a negative relation even if adminis- 
trative boundaries were drawn complete- 
ly independently of and without regard 
to the distribution of population. For ex- 
ample, if logA and logP are independent 
random variables, then a regression of 
logA on logD will have an expected slope 
of - Var(logA)/[Var(logA) + Var(logP)], 
since D = P/A. The observed clustering 
of slopes around - 2/3, therefore, could 
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simply mean that the variance of logA is 
generally twice that of logP and nothing 
more. 

The proper test is to regress logA on 
logP, 

logA = a' + b'logP (1) 

Stephan's theory predicts that this rela- 
tion will also be negative, since if the 
slope relating logA to logD, b, is between 
0 and -1, as in theory it is, then b' will 
also be negative. In particular, if b = 
- 2/3, then b' = - 2. This test, unlike 

Stephan's, is not open to the objection 
that it merely confirms an artifactual re- 
lation between two variables (in his case, 
logA and logP - logA). 

To confirm this negative relation be- 
tween subdivision area and population, 
we collected data from the source (2) 
used in Stephan's original empirical 
work (3). Sixty-five nations, those hav- 
ing at least ten primary political sub- 
divisions, were chosen for study. Regres- 
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sions were fitted to each country's data 
to determine the coefficient b' in Eq. 1. 
The hypothesis that b' is negative was 
tested by means of the standard two- 
tailed t-test with N - 2 degrees of freedom 
(4). In accordance with Stephan's find- 
ings, 62 out of 65 nations showed nega- 
tive relations between logA and logD. 
But a negative relation between logA and 
logP was found in only 20 of the 61 na- 
tions where it would be predicted (that 
is, where b is between 0 and -1), and in 
just 12 of these 20 is this negative rela- 
tion significant at the 10 percent level. In 
fact, of the 41 nations with positive rela- 
tions between logA and logP, in 23 that 
relation is significant at the 10 percent 
level. 

These results indicate that the parti- 
tioning of a nation's space is probably 
more random than purposive. Given a 
random partitioning of a space over 
which a population is randomly distrib- 
uted (5), we should expect a positive re- 
lation between area and population, 
since the larger partitions will, on the av- 
erage, contain the larger populations. 
Our data (4) give some support to this ex- 
pectation. 

The fallacy of Stephan's statistical 
work cannot, however, detract from the 
strong visual impression given by den- 
sity maps that closely settled areas tend 
to be subdivided more than sparsely set- 
tled areas (3, 6). To confirm this relation 
statistically will require the measure- 
ment of density independently of area. 
The mean distance between inhabitants 
in an area is one such variable but unfor- 
tunately is difficult to measure. 
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Regional Science Department, 
University of Pennsylvania, 
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tion between two variables." In discus- 
sing correlations between two variables 
of the form y andx/y, Snedecor (1) states: 

Having observed some unwarranted inter- 
pretations of such correlations, Karl Pearson 
dubbed them "spurious," and this rather de- 
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