
Ridge, are characterized by a large- 
amplitude positive anomaly over the 
center. 

The argument (1) that "the residual 
negative free-air anomaly indicates an 
isostatic imbalance that should tend in 
the long run to raise the crust rather 
than bend it down" is invalid. The sec- 
tion shown in Fig. 1 is in isostatic equi- 
librium. The principle of isostasy states 
that there is a surface within the earth 
on which the pressure due to overlying 
structure is equal. Part of the pressure 
may be due to the mass of the section, 
but part may also be due to bending 
stresses in the lithosphere (8). Thus, 
large gravity anomalies may exist even 
though a region is in isostatic equilib- 
rium. 

We have made no attempt in Fig. 1 
to match the computed gravity effect of 
the deformation model to the contours 
of the free-air anomaly map of Case 
et al. We consider their contours largely 
invalid. Short-wavelength free-air gravity 
anomalies in oceanic regions generally 
correlate most closely with changes in 
topography (9). In spite of this, the 
map in Case et al. shows a steady gentle 
decrease in free-air anomalies between 
Marchena and San Salvador, ignoring 
the gravity effect which would arise 
from a channel 1800 m deep between 
these islands (Fig. 1). 

We are not attempting to prove that 
a hot spot or mantle plume does not 
underlie the Galapagos Islands, or that 
Fig. 1 necessarily represents the actual 
crustal structure beneath the islands. 
We have used a simple deformation 
model, which has been applied to other 
volcanic islands, to explain the ob- 
served data in a quantitative manner. 
Thus, it is not valid to interpret gravity 
data in terms of a hot spot or mantle 
plume beneath volcanic islands until 
the gravity effect of the topography and 
the manner in which it is supported is 
quantitatively accounted for. 
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Watts and Cochran have reiterated 
the main point of our report on the 
Galapagos gravity anomaly-namely, 
that a low-density mass underlies the 
Galapagos platform. 

As outlined in our report, at least 
three causes of the anomaly may be 
geologically plausible: (i) A block of 
low-density continental crust may 
underlie the platform. (ii) Thermal 
expansion related to a plume or hot 
spot may lower the density of the crust 
and upper mantle. (iii) Weight of the 
volcanic pile may have caused crustal 
downwarping. None of these possibili- 
ties can be excluded on the basis of the 
gravity anomaly field, and the possible 
causes may overlap. Each of these 
three possibilities has been modeled 
(1), and the observed gravity anoma- 
lies can be fitted by any of the three. 
Because of the scanty data, we did not 
publish the models in our report. 

Model (iii) is the one discussed by 
Watts and Cochran, and they maintain 
that the site of the crustal downwarp 
is in isostatic equilibrium. We agree 
that this model may well be correct, 
but, because gravity potential fields 
have nonunique solutions, independent 
data are required for confirmation. The 
critical test is in the lithologic (veloc- 
ity) structure of the crust and upper 
mantle. If seismic refraction data indi- 
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cate that the M-discontinuity dips be- 
neath the archipelago to form a "root" 
of approximately 6 km, as suggested 
by their model, then crustal loading or 
a block of continental crust may be 
suspected. It then remains to explain 
the origin of the volcanic material that 
is loading the crust to form the down- 
warp or to explain the origin of the 
block of continental crust. 

Watts and Cochran stated that they 
believe our data in no way support the 
conclusion that "the gravity data can 
be most readily interpreted in terms of 
a low-density region related to a hot 
spot or plume" beneath the islands. 
They failed to note our geologic reason 
for the interpretation, namely: "This 
preference is based on the direct evi- 
dence of the widespread active Holo- 
cene volcanism of the islands them- 
selves and the topographic expression 
of past volcanism leading away from 
the islands along the Cocos and Car- 
negie ridges." 

We are pleased that Watts and Coch- 
ran pointed out errors in our report 
and that they have focused attention 
on the Galapagos problem. We hope 
this discussion will stimulate the re- 
fraction studies that are crucial to solu- 
tion of the problem. 
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Conceptual Deficits in Women Conceptual Deficits in Women 

Thomas et al. (1) report that many 
college women, unlike men, do not 
know the principle that the surface of 
still water is invariably horizontal and 
that, as a result, they perform poorly 
when required to estimate the surface 
angle by adjusting an artificial water 
level. Second, they claim to demon- 
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college women, unlike men, do not 
know the principle that the surface of 
still water is invariably horizontal and 
that, as a result, they perform poorly 
when required to estimate the surface 
angle by adjusting an artificial water 
level. Second, they claim to demon- 

strate that ". .. college women who 
do not know the principle do not 
readily learn it in tasks designed to 
optimize self-discovery of the concept." 
Both conclusions seem unwarranted by 
their data. 

The study has two potentially serious 
experimental flaws. First, their proce- 
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dure indicates that experimental and 
control groups were handled differently. 
Experimental subjects were obtained 
by giving a group of college women 
a pretest in which they had to match 
the angle of a pretend water line (seen 
through an empty bottle) with the actu- 
al surface angle of red water contained 
in a second bottle. Only those women 
who did not meet predetermined skill 
levels were retained. They were then 
asked two questions pertaining to the 
principle and tested further with the 
apparatus. In contrast, control subjects 
were obtained by asking the two ques- 
tions first, retaining the women who 
knew the principle, and then testing 
them with the apparatus. (The male 
control group was "unselected" but 
like the female control group was first 
questioned and then tested with the 
apparatus.) The results from experi- 
mental and control groups are not 
comparable. The difference in selection 
procedure amounts to informing the 
control group that the test concerned 
the determination of water level angle 
and not informing the experimental 
group of the fact. The control group 
received cues, in the form of leading 
questions, about the purpose of the 
test before they could generate their 
own hypotheses and make any errors 
with the apparatus. In contrast, the 

experimental subjects were not asked 
leading questions and so received no 
cues about the purpose of the test. For 
all they knew, it could have related to 

conforming behavior, manual dexter- 
ity, or the properties of liquids. We 
feel that this difference is not insignifi- 
cant when one is testing the effect of 
preknowledge on test performance. 

Our second criticism relates to the 
teaching procedure and to the appa- 
ratus as a teaching device. First, it 

appears from figure 1 in their report 
that an adult must look down and to 
the left to view the water. The water 
surface will then be seen as an ellipse, 
seemingly tilted to the horizontal at an 
angle that depends on and changes with 
one's position. Neither the long nor the 
short axis of the ellipse will appear to 
be parallel to the horizon. Moreover, 
the side walls of the bottle make differ- 
ent angles with the surface and axes 
of the ellipse. A trial with a beaker of 
water will make it evident that this 
array of three-dimensional surfaces 
and angles does not resemble the pre- 
tend water line that the subjects must 

adjust (2). (The latter is the one- 
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dimensional boundary line between red 
and white halves of a cardboard disk 
seen through the empty test bottle.) A 
rounded fish bowl might have been a 
more appropriate vessel. Second, main- 
taining a fixed angle to the horizontal 
in the face of conflicting visual cues 
is notably difficult for some individuals 
whom Witkin et al. (3) have termed 
"field dependent" subjects. They (3) 
found that a higher proportion of 
women are field dependent than men. 
Moreover, performing the test cor- 
rectly requires no understanding of 
physical principles, since the answer is 

always the same (that is, horizontal). 
The failure of the subjects to learn this 
in 48 trials suggests that the apparatus 
presents optical or perceptual prob- 
lems. Unfortunately, the authors do 
not present the direction of the errors 
of the angular settings of the red-white 
disk for individual subjects, so that it 
is impossible to determine what effects, 
if any, these problems may have had 
on the subjects' performance. 

In addition, the testing procedure 
may well discourage learning rather 
than optimize it. The women were 
tested for the ability to learn physics 
using an unfamiliar device without 

previous instructions, and only those 
women who failed seven times in a 
row were retained for studies 1 and 2. 
In all probability, at least some of the 

subjects themselves believed that they 
were mechanically inept or that they 
lacked the intellectual ability to under- 
stand physics, both being widely held 
views about women in our culture. For 
both reasons, these subjects were prob- 
ably in less than an optimal state for 
learning. 

Furthermore, there are several reasons 
for believing that experimental bias en- 
tered the study (4). First, had no naive 
males been found, the report could 

justifiably have focused on women 
alone. However, the statement in the 
opening paragraph that ". . . by 12 

years of age, boys understand the 
principle . . ." is misleading, since it 
suggests that naive male subjects were 
not available. In fact, 13 percent (8 
out of 62) of the college males were 
classified as naive [reference 4 in (1)]. 
Since naive male subjects form one 
of the appropriate control groups for 
naive female subjects, we question why 
the authors did not test them in a way 
comparable to the naive women. Fur- 
thermore, data from the naive males 
are pooled with data from sophisti- 

cated males in table 1 in (1). The results 
should be presented separately. Second, 
as Orne (5) has pointed out, experi- 
mental subjects often have an uncanny 
sensitivity to the "demand character- 
istics" (the experimenter's expectations) 
of an experiment. It is therefore dis- 
turbing to read terms like "subjects . . . 
who were expected to do poorly" and 
"nonlearning subjects," even though the 
authors attempt to define them in a 
nonpejorative sense. 

Consideration of the effects of ap- 
paratus complexity, field dependence, 
subject morale, and experimental de- 
mand characteristics calls into question 
the report's primary conclusion that 
women who do not know the principle 
"do not readily learn it." The proce- 
dure may simply be a poor way to 
teach it (2). Comparison of the per- 
formance of naive and sophisticated 
subjects has little meaning since they 
were treated differently. The topic is 
interesting and merits further study, 
but we urge the authors to pay stricter 
attention to details of experimental de- 
sign and to consider alternative expla- 
nations for their results. Like other 
studies touching on "innate" intelli- 
gence, these results have social impli- 
cations and can be easily abused. After 
a hasty reading, someone convinced 
that women lack conceptual under- 
standing or are incapable of learning 
physics might believe that his or her 
prejudices had been scientifically 
proved (6). 
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Although Perper and Chase (1) chide 
us about our experimental design (2), 
each of their major criticisms misrep- 
resents our method. They state that 
"subjects were obtained by giving a 
group of college women a pretest in 
which they had to match the angle of 
a pretend water line . . . with the 
actual surface angle of red water con- 
tained in a second bottle." Our subjects 
were required to predict, not match, 
the position of the real water level. We 
clearly stated that "a cover was placed 
on the bottle and the subject was asked 
to adjust the pretend waterline... 
Later in that same paragraph we define 
the pretest as consisting of eight predic- 
tion trials. We retained for training 
those subjects who made fewer than 
seven out of eight correct responses on 
the pretest. Our criterion was not "sev- 
en times in a row," as Perper and 
Chase report. 

Perper and Chase state that our 
criterion women "were obtained by 
asking the two questions first, retaining 
the women who knew the principle, 
and then testing them with the appa- 
ratus." This was not our procedure. We 
tested 72 college women and 62 college 
men; each subject made a series of 
prediction adjustments and afterward 
responded to the two interview ques- 
tions. Thus neither the criterion women 
nor unselected men received any "lead- 
ing questions." 

Perper and Chase are concerned that 
our subjects viewed the real water sur- 
face from some oblique position and 
thus have been misled. Subjects typi- 
cally adjusted their position so that 
they had a direct view of the water 
surface, and they viewed the water 
surface as almost a line. In addition, 
our data show that Perper and Chase's 
claim is implausible. We stated that 
"when the real water was visible the 
pretend waterline adjustments in both 
studies 1 and 2 were always accurate 
(median error 0?)." Now we ask how 
naive subjects who somehow do not see 
or judge the real water as horizontal 
can persistently adjust the pretend 
waterline to horizontal when the real 
water is visible? We believe that the 
naive subjects do see the water as 
horizontal; but they apparently have 
not abstracted the principle and cannot 
apply it in the prediction situation. 

Perper and Chase suggest that our 

findings are another manifestation of 
Witkin's field-dependent response style. 
We note three factors that distinguish 
our research from that of Witkin et al. 
(3). (i) On the rod and frame task all 
ordinary visual cues are absent; subjects 
are tested in the dark. Our testing was 
done in an ordinary room with prom- 
inent visual cues. (ii) Our naive sub- 
jects errorlessly adjust the pretend 
waterline to the horizontal position 
(when real water is not in view) if 
specifically instructed to do so. But the 
essence of the rod and frame task is 
the subject's inability to adjust the rod 
to a vertical position. (iii) Witkin as- 
sumes the subjects correctly understand 
the principle of verticality; the predic- 
tive task performance and verbal re- 
sponses of the subjects we define as 
naive convince us that they lack knowl- 
edge of the physical principle. 

Perper and Chase's description of 
our testing situation leaves the impres- 
sion that we are engaged in the teach- 
ing of physics. They suggest that we 
have capitalized on women's stereo- 
typic feelings of inferiority with regard 
to things mechanical and scientific. 
However, the context of our task was 
hardly that of a physics lesson, and 
the apparatus was designed for and 
first used successfully with nursery 
school children. Perper and Chase wor- 
ry that the experimenter's expectations 
may have affected our subjects' per- 
formance and as evidence cite state- 
ments that we used to describe sub- 
jects' performance long after they left 
the laboratory. The statements "ex- 
pected to do well" and "expected to do 
poorly" were part of the instructions 
we gave judges who sorted subjects 
based on their verbal responses. 

Perper and Chase wonder why we 
did not attempt to train naive men. By 
our estimate of the proportion of naive 
men on this campus, it would have 
been necessary to sample about 500 
men to recruit 63 naive men to repli- 
cate studies I and 2. However, we 
know of no useful purpose this effort 
would achieve. And Perper and Chase 
offer none. We have no reason to be- 
lieve that naive men would behave dif- 
ferently than naive women. Inciden- 
tally, we wonder whether Perper and 
Chase would want us to test women if 
all our experimental subjects had been 
men. 

One remaining issue that we did not 
raise in our report, but which Perper 
and Chase mentioned, concerns some 
implications of our findings. We offered 
no explanation for our findings, but 

Perper and Chase saw them as "touch- 
ing on 'innate' intelligence." We are 
not alarmed by this possibility. In fact, 
we believe that our findings may be 
related to sex-linked factors and have 
tested a sex-linked model by using the 
proportion of sophisticated subjects of 
each sex in a college sample (4). The 
model was ultimately rejected. At the 
moment we tend to think that sex- 
linked genetic factors create predisposi- 
tions within individuals which affect 
the ease with which the principle is 
acquired through experience. There is 
good evidence from other sources that 
sex-linked factors are involved in be- 
havior processes (5). We maintain that 
the genetic hypothesis is reasonable to 
consider, especially given the differ- 
ences in the proportion of sophisticated 
subjects within each sex. It is this dif- 
ference in proportion that any alterna- 
tive explanation of the phenomenon 
will need to explain. We have heard 
of no psychological explanations which 
will account for both the within and 
between sex differences that we have 
reported. 

We have refuted the methodological 
criticisms of Perper and Chase. None 
of their remaining comments justifies 
altering our conclusion that a great 
many college students do not know still 
water is horizontal and may have diffi- 
culty learning it. 
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