icle of modern man while indicating
a range of movement at the shoulder
joint similar to that indicated by the
Sterkfontein scapula (Z0). Thus, though
the question may still be open, the
present evidence favors placement of
the bed I “Homo habilis” material in
genus Australopithecus and possibly in
species A. africanus as well.

The bed II “Homo habilis” material
differs from the bed I material in size
and, to some extent, in morphological
detail. In a number of these differing
features the bed II material resembles
Homo erectus (I1), and its referral
to the hypodigm of “Homo habilis” has
been questioned on morphological
grounds (I2). In addition, the bed I
and bed II materials come from differ-
ent faunal zones and appear to be
separated by a time gap which may be
as great as 0.7 to 1.0 million years.
The questions raised earlier by others
cited here have never received satisfac-
tory answers and continue to be valid
objections to the concept of “Homo
habilis.”

ELwyN L. SIMONS
Davip- PiLBEAM, PETER C. ETTEL
Peabody Museum of Natural History,
Yale University,
New Haven, Connecticut
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von Koenigs-

Open-Heart Surgery and IQ

The case made by Honzik et al. for
inferior IQ’s in girls undergoing open-
heart surgery (I) rests on the follow-
ing results. They found a significant
difference favoring the boys in WISC
Verbal 1Q, postoperatively, in a design

10 OCTOBER 1969

which used the Stanford-Binet Test
before and after surgery. Within-group
sex differences showed that for the girls
the WISC Verbal IQ of 95.8 was sig-
nificantly less than the WISC Perform-
ance IQ of 99.5. These findings were
coupled with the fact that on preopera-
tive testing of another group of children
undergoing open-heart surgery, the
WISC Vocabulary test scores were sig-
nificantly higher for the boys than for

the girls.
The case of lesser 1Q’s in girls would
be greatly strengthened if control

groups were employed, if the research
method employed only the WISC be-
fore and after surgery, and if repli-
cation of the study with appropriate
control groups yielded the same re-
sults.

Use of control groups of children
who are hospitalized for medical (non-
surgical) illnesses would equate for
the factor of hospitalization, however
short it may be, before 1Q testing. Sim-
ilarly, such patients would control for
the effects of surgery and anesthesia
which may well account for the first
data obtained that favored the boys’
IQ determined with the WISC after
surgery.

Using the postoperative WISC find-
ing to explain, even partially, later
initial differences found with another
group is not the best strategy, since
neither research design seems to have
been addressed to the problem of sex
differences prior to surgery in children
with cardiac and operable cardiac con-
ditions.

Invoking the single significant finding
that the Vocabulary test was higher
with the second group of boys than
the second group of girls is fraught
with statistical risks. Assuming that at
least nine other subtest and IQ scores
were compared, the most that can be

- said for the finding is that it is worthy

of further but well-controlled investi-
gation. If the single difference were
one of several measures of IQ testing,
then the one result may be a chance
artifact due to the numerous other
comparisons that were made. In a
pilot study of effects on intellectual
functioning of surgery on aged patients,
using a “young” group to control for
the effects of surgery and an “old”
medically ill group to control for hos-
pitalization, we found but one mea-
sure impaired, the Digit-repetition test
of the Wechsler-Bellevue, Forms I and
II. However, this result was one of

many comparisons computed, which in-
cluded psychiatric ratings, Memory for
Designs, Bender Gestalt test, Critical
Flicker Fusion, Archimedes spiral, and
others, which led us to replicate the
study. In this replication, Paolino, Wo-
lin, Salus, and Simeone (2) found that
the promising difference in recall of
digits did not hold up, although minor .
changes were found in motor func-
tions, as Gruvstadt et al. (3) had
found in their excellent study of in-
duced hypotensive surgery.

Finally, the call for investigation of
the effects of early environment, sex
differences in family interaction, and
the “sex-associated genetic factor”
might well be deferred until the more
parsimonious leads are pursued by
replication with control groups.

ALBERT F. PAoLINO
Laboratory of Psychosocial Research,
Cleveland Psychiatric Institute,
Cleveland, Ohio 44109
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Paolino’s point is well taken that
replication of the study with different
control groups would be desirable. Our
purpose in writing the report was to
stimulate just such investigations, How-
ever, we believe Paolino underestimated

‘the consistency and probable validity

of our findings for the congenital heart
disease sample in his critique. We used
carefully normed intelligence tests and
considered the standardization samples,
which resembled our sample, as the
control. As can be seen in figure 1 of
our report (1), the distribution of the
Verbal IQ’s of the girls undergoing
open-heart surgery, with a modal IQ of
90, differs quite markedly from the
standardization distribution. Not only
were the girls’ Verbal IQ’s lower than
those of the standardization sample but
they were significantly lower than those
of the boys. There is always the possi-
bility that a significant finding is a
chance finding, but there was great
consistency in our results.

In the first analysis for 60 boys and
58 girls, we found that the girls did
poorly on the Verbal subtests of the
WISC: Information, Comprehension,
and Vocabulary (all of which require
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the retrieval of learned material) but
did relatively well on Similarities where
the child is asked to respond to words
that are provided (table 1 of the re-
port).

Continued postoperative testing on
the WISC added an additional sample
of 33 boys and 20 girls. The trend

held up in this later sample and figure

1 of the report shows the comparison
of the Verbal IQ’s of the boys and
girls for the total of these two groups
(93 boys and 78 girls). In order to
see if the low Verbal IQ’s of the girls
was the effect of the surgery, we tested
a third sample of 22 boys and 18 girls
preoperatively on the WISC, and a
similar trend was obtained. We reported
for this group that the sex difference on
Vocabulary was statistically significant
but we should have added that in this
sample, as in the two previous ones,
the girls’ lowest scores were on the
Verbal subtests involving memory stor-
age: Vocabulary, Comprehension, and
Information. On the Similarities sub-
test, which is less dependent on mem-
ory, the girls’ score was average ac-
cording to the standardization sample
and actually higher than the boys’. Ad-
ditionally, the examiners were im-

pressed that these girls appeared to
grope for words and information that
they could not bring to mind. Further
indications that the deficit was specific
were the findings that these girls per-
formed normally on the Performance
Scale of the WISC and did well on the
Draw-A-Man test, earning higher scores
on the average than the boys, which
is the usual finding for this test. These
results for children with heart disease
requiring open-heart surgery may not
prove definitive but they were highly
consistent for (i) three subsamples,
(ii) for all the examiners, (iii) for
children of differing socio-economic
status, and (iv) for the different cardiac
diagnoses.
MaRrJoRIE P. Honzik
Institute of Human Development,
University of California, Berkeley
DonNNA S. COLLART
SauL J. RoBinsoN, KNox H. FINLEY
Institute of Medical Sciences,
Pacific Medical Center,
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Occupancy Principle: Nonidentity with Mean Transit Time

Zierler (I) has asserted that tracer
sojourn time (2), denoted occupancy
(3), is identical to mean transit time
(4). This assertion is true for an entire
system (5). It is not generally true for
a local region contained within a sys-
tem, the situation considered by Berg-
ner (2) and by Orr and Gillespie (3).
An example where this distinction is
of paramount importance is the radia-
tion exposure of organs. The dose of
radiation to an organ after a single
injection of radioactive substance into
the body is directly related to the so-
journ time of the substance in the
organ. The use of mean transit time in
this connection can be very misleading.
That the sojourn time can be many
times greater than the mean transit
time of a substance through an organ
is shown as follows.

Consider a system in the steady state
with a total input rate I(g/sec) of
traced (mother) substance. Within the
system is a region P containing the mass
Mp(g) of traced substance and into
which traced substance flows at total
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rate I,(g/sec). Starting at time ¢ = 0,
a finite amount m, (disintegrations per
minute, dpm) of tracer is injected into
the input channels of the system such
that all portions of the traced substance
are labeled in proportion to local input
rate [equivalent tracer supply (2)]. At
time ¢, the amount of tracer in the
region P is mp(¢) (dpm), the total rate
of input of tracer into P is ip() (dpm/
sec) and the total rate of output of
tracer from P is ep(f) (dpm/sec). The
tracer sojourn time for region P is
defined as (2)

0p = mo‘lf ” mp (2) dt 1)
0

The mean transit time for region P is
defined as the mean time of exit of
tracer from P minus the mean time of
entrance of tracer into P, or

ir = tep ::» -
1 <f dt /f dt
0 0
(ft:‘opdt /j(;:»dt) 2)

0

It can be shown [appendix of (6) and
reference (7)] that the relation between

m, and
f iPdt:fePdt
0 0

yields

Mr=16p =Ipte A3)

In general 0 can be greater than, equal
to, or less than 7,. For example, let the
region P be the human kidney and the
system be the body. The total input
rate I of water into the body is ap-
proximately 2.5 liter/day. The total
input rate of water into one kidney, Ip,
is approximately 0.7 liter/min or 1000
liter/day. For the human kidney, there-
fore, since 7p is approximately 20 sec-
onds (8), 0p is approximately 400 #p or
2.2 hours. The reason 0, is so much larg-
er than 7, is that 0, includes recircula-
tion effects, but 7, does not. If the region
P coincides with the entire system, then
I'=1,, and Eq. 3 reduces to Zierler’s
relation (5). Equation 3 should prove
generally useful, for example, to cal-
culate sojourn times of substances in
organs.
W. PERL
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