
ed when no further thoracic temperature in- patches of terrestrial vegetation dominated by References 
crease was recorded for 2 minutes. 
In other experiments, intact buttedies with ba- 
sally blackened wings or black wing stubs 
equivalent to the basal third of the wings (ap- 
proximately 10 mm) attain a AT nearly 75 per- 
cent higher than wingless butterflies. In addi- 
tion, paper wings cut from black construction 
paper and size-matched to Colias wings per- 
formed as  well as real wings. Although some en- 
ergy is transferred from the wing bases to the 
thorax via conduction and radiation, most of the 
wing-mediated increase in body temperature is 
due to the wings' capacity for reducing con- 
vective heat loss by trapping warmed air be- 
neath the wings and by increasing the effective 
diameter of the thorax (16, 17). 
Contemporary apterygotes thought to be cla- 
distically closest to the ancestral pterygotes are 
the lepidotrichid thysanurans (14), the members 
of which are thermal conformers, incapable of 
elevating thoracic temperature by endothermy. 
Efficient muscular thermogenesis in insects oc- 
curs only in those with larger thoracic mass (17) 
or those with high ratios of body weight to wine . - - 
area. 
Cool environments might be due to a combina- 
tion of low ambient temperature, low levels of 
solar radiation, and high winds such as  during 
times of low solar angle or intermittent cloudy 
weather. Cool environments also include those 
resulting from seasonal changes or altitudinal 
and latitudinal effects. 
The thermoregulatory hypothesis is also sup- 
ported when the environment of the ancestral 
pterygotes is reconstructed. Forms ancestral to 
insects evolving during the Upper Silurian likely 
inhabited rainy swamps with discontinuous 

Ape Language 

Scarcely a decade has elapsed since 
we were told by the Gardners (I) and 
Premack (2) about the ape's remarkable 
capacity to learn and use a human lan- 
guage. Now Terrace and his co-workers 
(3),  as well as others (4) ,  tell us to be 
skeptical of those claims. This is sur- 
prising, for the main questions about how 
far the naturally languageless ape can 
learn a human language and use it in a 
human way have not changed in the last 
decade, and they still remain to be an- 
swered. Fundamentally, these questions 
concern what the ape can do and would 
choose to do with a human language in 
comparison to what the human child can 
and does. 

Appropriate ape-child comparisons 
cannot be made by studying the ape 
alone; parallel studies of the human child 
are also needed. It is not sufficient to 
compare the observed characteristics of 
ape language with certain presumed 
characteristics (5) of child language. We 
need firm answers to several questions. 
If the ape's "talk" is cued by the human 
interlocutor (prompting) and is overin- 
terpreted by enthusiastic observers (the 
experimenter bias), resulting in a mas- 
sive "Clever Hans effect," then what is 
the role of these factors in the assess- 
ment of the child's language compe- 
tence? 

If effective verbal communication de- 
pends not only on words but also on con- 

the Psilophyta [B. M. Mamajev, in Proceedings 
of the 13th International Congress of  Entomolo- 
gy (Moscow, 1968) (Nauka, Leningrad, 1971), 
vol. 1, p. 2691 Kukalova-Peck (3) suggests that 
these ancestral insects inhabited moist niches 
and were semiaquatic. By the Middle and Upper 
Devonian, the amphibiotic ancestral pterygota 
had cursorial legs and long anal cerci and a me- 
dial caudal filament. When these amphibiotic in- 
sects began climbing vegetation to feed, mate, 
and disperse, their pro-wings were directed lat- 
ero-horizontally [the most efficient position for 
thermoregulation by baskers (7, 17)], and these 
forms-like modern Apterygota (for example, 
Thysanuraj-had an incomplete development 
without a metamorphic instar (3). 

23. Wind velocity can be greatly reduced within the 
relatively stagnant boundary layer of air that en- 
velops large objects. A dorsally ventrally flat- 
tened ancestral pterygote with lateral thoracic 
extensions would have experienced minimal 
form drag within the boundary layer in addition 
to being protected from forced convective heat 
loss [G. S. Campbell, An Introduction to Envi- 
ronmental Biophysics (Springer-Verlag, New 
York, 1977), pp. 2 and 731. 

24. R. J. Wootton, Paleontology 15 (4), 662 (1972). 
25. I thank G. Byers, C. D. Michener, 0. R. Taylor, 

R. Tamarin, R. Silberglied, and F. M. Carpenter 
for help and encouragement and for reading and 
commenting on various stages of the manu- 
script. Supported in part by a general research 
grant from the University of Kansas. 

* Present address: 1503 Woodland Street, Jeni- 
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text and situational expectations, then 
are not all effective human interchanges 
riddled with the "Clever Hans effect"? If 
the ape mannerlessly interrupts her in- 
terlocutor, what does a child do under 
similar circumstances? What does a 
child who says "Mommy gone to work," 
actually "intend" by this utterance? 
Would a human child brought up in a lan- 
guageless environment easily learn to 
talk when exposed to the normal human 
environment? (The Indian wolf-children 
did not.) Does a deaf girl, trained in sign 
language, "talk" to her dolls while play- 
ing? What is the language competence of 
an autistic child who shuns human con- 
tacts but is forcibly taught a language for 
a couple of hours each day? Without an- 
swers to these questions, any con- 
clusions about the significance of ape 
language would appear to be premature. 

Clearly, an ape's level of verbal com- 
munication will not match that of a child, 
but might the difference between an 
adult's language and that of the child be 
of the same order as the difference be- 
tween the child's and the ape's? To an- 
swer this question, we need to know a lot 
more about the language competence of 
the ape and of the child under com- 
parable conditions. The question is an- 
swerable but not yet answered. 

DALBIR BINDRA 
Department of Psychology, McGill 
University, Montreal, Quebec H3A 1Bl 

-0086$00.5010 Copyright O 1980 AAAS 

1. R. A. Gardner and B. T. Gardner, Science 165, 
664 (1%9). 

2. D. Premack, ibid. 172, 808 (1971). 
3. H. S. Terrace, L.  A. Petitto, R. J .  Sanders, 

T .  G. Bever, ibid. 206, 891 (1979). 
4. T. A. Sebeok and D. J .  Umiker-Sebeok, Eds., 

Speaking of Apes: A Critical Anthology of Two- 
Way Communication with Man (Plenum. New 
York, 1980); M. S. Seidenberg and L. A. Pe- 
titto, Cognition 7, 177 (1979). By way of an 
answer to these critics, see E.  S. Savage-Rum- 
baugh and D. M. Rumbaugh, Am. Sci. 68, 49 
(1 9RO). , - . - - , . 

5. A few detailed studies of the characteristics of 
child language are available, including R. Brown, 
A First Language (Harvard Univ. Press, Cam- 
bridge, Mass., 1973); L. Bloom and M. Lahey, 
Language Development and Language Dis- 
orders (Wiley, New York, 1978). 

4 April 1980; 

The semantic and syntactic analyses 
carried out by Terrace et al. (1) provid- 
ing evidence of structurally constrained 
regularities in the signed utterances of a 
chimpanzee are important because they 
support and extend earlier work (2-4). 
However, their evidence of nonhuman 
discourse patterns in apes is in- 
conclusive and reveals how critical 
well-controlled environments may be to 
the acquisition and expression of lan- 
guage in these animals. Moreover, their 
use of information on the gorilla Koko 
for comparative purposes is selective 
and, in some instances, inaccurate and 
misleading. 

Terrace et al. present data showing 
that Nim's mean length of utterance 
(MLU) failed to increase over a 19- 
month period (from 26 to 45 months of 
age), but do not mention my data (2) in- 
dicating an increase of 33 percent in the 
gorilla Koko's MLU over a similar 12- 
month period (from 29 to 41 months). 
Figures included from my publication 
are reported incorrectly: Terrace et al. 
(I ,  p. 891) report "the acquisition of 
more than 400 signs by . . . Koko." The 
figure I gave was 100 (2). They also cite 
(I, p. 895) the same article as reporting 
that 95 percent of Koko's two-sign com- 
binations were interpretable into cate- 
gories similar to those used to describe 
two-word utterances of children. The ac- 
tual figure was 75 percent (2). 

Terrace et al.  describe ( I ,  p. 899) the 
television program in the NOVA series 
entitled "the First Signs of Washoe" as 
"the best [example] o f .  . . Koko's sign- 
ing." That program showed 50 seconds 
of film of Koko taken in 1974 by 
NOVA'S camera crew during which she 
emitted three signed utterances. They 
state that "all of Koko's signs [in the 
film] were signed by the teacher immedi- 
ately before . . . Koko signed." This is 
not true. Furthermore, no request was 
made to see our videotaped samples of 
Koko's signing. 

Not included in Terrace et al.'s dis- 
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cussion of comprehension of multiword 
sequences by apes are data showing 
Koko's comprehension of novel phrases 
in sign and in spoken English (5), or data 
on her replies to a wide range of wh- 
questions, including anomalous ones 
such as where color? or what good? to 
which she made logical replies (3). 

Terrace et al.'s account of Project Nim 
reveals certain methodological problems. 
They mention that during a 46-month pe- 
riod Nim was exposed to 60 different 
teachers, most of whom were not fluent 
in sign language. During the first 46 
months of training, Koko was exposed 
every day to one primary teacher assisted 
by 14 others, 9 of whom were native 
signers or deaf individuals. Quantitative 
comparisons between Nim's and Koko's 
spontaneity and creativity with language 
at comparable ages show that factors in 
Nim's learning environment may have 
had deleterious effects on his signing. 
Terrace et al. report that 13 percent of 
Nim's utterances were spontaneous (non- 
adjacent); in samples of Koko's signing 
(3), an average of 41 percent of her utter- 
ances were spontaneous. Approximately 
39 percent of Nim's utterances were 
complete or partial imitations of those of 
his teachers; only 11 percent of Koko's 
utterances were imitative. The average 
proportion of Nim's imitative utterances, 
which were expansions of his teachers' 
utterances, was 7.3 percent; the compar- 
ison figure for Koko is 36 percent (3). 

The argument by Terrace et al. that 
Nim was not creating sentences, despite 
evidence that his utterances showed 
structurally constrained regularities, 
was based on analyses of a severely lim- 
ited videotaped sample (3l/z hours) of 
Nim's signing. They claim that patterns 
of extensive interruption and imitation 
found in these samples invalidate the evi- 
dence obtained from all of their other 
samples. Terrace et al, state, however, 
that "None of Nim's teachers, nor the 
many expert observers who were fluent 
in sign language, were aware o f .  . . the 
degree to which Nim imitated or inter- 
rupted his teachers." It is possible that 
no one noticed these communicative pat- 
terns because they were specific to the 
recording situation and not generalized 
characteristics of Nim's signing. 

Under relaxed (low pressure) video re- 
cording conditions, the frequencies of in- 
terruption and imitation by Koko are low 
(less than 10 percent) and the proportion 
of spontaneous to elicited utterances is 
high (more than 40 percent). These pat- 
terns reverse, however, when the teachers 
allow their behavior to be influenced by 
the presence of the camera. 
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Furthermore, when the gorilla's com- 
panions stop signing, Koko continues to 
sign-to herself and to initiate exchanges 
with others. 

Finally, the unique features of sign as 
a visual language must be taken into ac- 
count in order to appropriately evaluate 
the apes' performances. By eliminating 
from consideration such simultaneous 
grammatical devices as modulation (6) ,  
Terrace et al, have eliminated a key way 
that apes creatively use the code they 
have learned (7). 

Had Terrace et al. presented informa- 
tion on the factors I have discussed, their 
conclusion that "there is no evidence 
. . . that apes can combine . . . symbols 
in order to create new meanings" would 
not be justified. 

FRANCINE G. PATTERSON 
Department of Psychology, 
Stanford University, 
Stanford, California 94305 
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We are puzzled by Bindra's (1) view 
that the references that he cites (la) have 
given rise only to "certain presumed 
characteristics o f .  . . language" (italics 
added). The central issue that he raises 
is: Do young children create sentences? 
Psycholinguists may not agree about the 
precise point at which children reliably 
produce and comprehend sentences. 
There is no basis, however, for denying 
that they do so. In view of the sponta- 
neity and variety of children's utter- 
ances, and their demonstrable appropri- 
ateness (I), there is no reason to specu- 
late that children's utterances are simple 
responses to cues transmitted by other 
speakers. It is one thing to pinpoint par- 
ticular types of Clever Hans effects, as 
we did in our article. and another to 
characterize ". . . all effective human in- 
terchanges [as] riddled with the 'Clever 
Hans effect.' " We agree that the role of 
Clever Hans effects in human communi- 
cation warrants further study. 

The lack of published information on a 
child's tendency to interrupt appears to 
result more from the low frequency of in- 

terruptions in conversations between a 
parent and a child than from a lack of 
knowledge about interruptions (2). Re- 
search on the other issues that Bindra 
raises would undoubtedly add to our un- 
derstanding of human linguistic compe- 
tence, but at present would not appear to 
be relevant to evaluating an ape's lin- 
guistic capacity (3). 

The data cited by Patterson in her 
comment here do not require any change 
in our original assessment of an ape's lin- 
guistic ability. That Koko's mean length 
of utterances (MLU) increased 33 per- 
cent in a 12-month period matters little 
since Koko's MLU reached an asymp- 
totic value of approximately 2.0 at an age 
of 56 months (4, figure 4.3, p. 75). Patter- 
son concludes, in a comparison of the 
MLU of Koko and children, that 
". . . MLU development appears to be 
an interesting species difference" (4, p. 
156). Of even greater importance is the 
lack of any evidence that Koko's use of 
sign language increased in complexity as 
her MLU increased. 

The validity of MLU as a measure of a 
child's linguistic development rests al- 
most entirely on the positive relation be- 
tween MLU and the semantic and syn- 
tactic complexity of a child's utterances 
(1). Utterances such as "please milk 
please me like drink apple bottle" 
[signed by Koko when her MLU was 
1.75 (4, p. 3431 and "give orange me 
give eat orange me eat orange give me 
eat orange give me you" [signed by Nim 
when his MLU was 1.6 (31 are unchar- 
acteristic of hearing children's speech 
(and, as far as we know, of deaf chil- 
dren's signing). Such redundant con- 
structions suggest that what these apes 
have learned about sign language was to 
continue to produce contextually appro- 
priate signs until they got what they 
wanted. 

We disagree with Patterson's inter- 
pretation of our description of Nim's so- 
cialization. As described (5, note 16; 6), 
Nim spent most of his time with a small 
group of teachers. The majority of Nim's 
60 "teachers" are more appropriately 
described as occasional playmates who 
spent relatively little time with him (7). 
Patterson's observation that, for the first 
46 months of training, Koko was ex- 
posed every day to 9 (out of 14) native 
signers or deaf individuals should not im- 
ply that Koko's signing environment was 
more advantageous than Nim's. None of 
the projects attempting to teach apes to 
sign used ASL. [(5), note 7, and (8)]. 
Also, the main personnel associated with 
this project did cot profess to be fluent 
in ASL (9). 



Patterson now characterizes Koko's 
use of sign language as spontaneous. 
Nevertheless she states that "The major- 
ity of Koko's utterances were not spon- 
taneous, but elicited by questions from 
her teachers and companions. My inter- 
actions with Koko were often character- 
ized by frequent questions such as 
What's this?" (4, p. 153). In saying that 
41 percent of Koko's utterances were 
spontaneous, Patterson refers to samples 
of Koko's signing (4), but our examina- 
tion of that reference revealed no dis- 
course analysis. Appendix B (4, p. 320), 
however, presents five 1-hour transcripts 
that contain enough information for per- 
forming a discourse analysis. 

Using the same rules that we followed 
in analyzing Nim's transcripts, we calcu- 
late that 28 percent of Koko's utterances 
were spontaneous (range: 16 to 43 per- 
cent). Having examined all the relevant 
data we could find no basis for Patter- 
son's view that Koko's utterances are 
more spontaneous than Nim's (10). 
Should other films or videotapes show a 
different basis for Koko's signing, we 
would, of course, welcome the opportu- 
nity to view them. 

Even if Koko's signing were more 
spontaneous and less imitative than 
Nim's, this would not demonstrate 
grammatical competence. A rich inter- 
pretation of a sequence of signs as a sen- 
tence has to be supported by clear dem- 
onstrations that such sequences cannot 
be produced by nongrammatical pro- 
cesses (5, 6, 11). 

Patterson notes three inaccuracies in 
our description of her results. Two of 
these enhanced Koko's presumed lin- 
guistic ability. Patterson is correct that 
the reference which we cited (12) listed 
Koko's vocabulary as 100 (and not 400). 
However, elsewhere, Patterson states 
that she ". . . would estimate that 
,Koko's current wxking vocabulary- 
signs she uses regularly and appropriate- 
ly-stands at 375" (13, p. 459), and that 
"The cumulative number of different 
signs Koko had used spontaneously and 
appropriately was 645 at the end of 
1977" (4, p. 76). That we stated that 95 
percent, rather than 75 percent, of 
Koko's two-sign combinations were in- 
terpretable into categories similar to 
those used to describe two-word utter- 
ances of children was an unfortunate ty- 
pographical error (14). The third in- 
accuracy Patterson cites has to do with 
our transcript of the NOVA film (15), a 
brief segment of which is devoted to 
Koko's signing. Without specifying our 
error (or errors), Patterson denies our as- 

sertion that "all of Koko's signs [in the 
film] were signed by that teacher imme- 
diately before . . . Koko signed." Hav- 
ing reexamined the film we see no reason 
to change our original transcript (16). 

Because we lack the relevant details of 
Koko's training, we are unable to eval- 
uate "Koko's comprehension of novel 
phrases" (1 7 )  (italics in original) and her 
presumed ability to use "unique features 
of sign language [such as] grammatical 
modulation." Patterson reports greater 
than chance performance by Koko on 
the test "The Assessment of Children's 
Language Comprehension" (18), but 
makes no mention of the kind of training 
used to make her responsive to such a 
test. Without such information it is diffi- 
cult to assess the extent to which Koko's 
performance results from rote drill, a set 
for a particular kind of problem (II), or 
true comprehension of the relationships 
shown on the cards used in this test. 
Moreover, if Koko did understand the 
relationships, that wohld not demon- 
strate comvrehension of sentences. 

Having considered the arguments 
raised by Bindra and Patterson and hav- 
ing had an opportunity to observe exten- 
sive footage of Koko's signing (lo), we 
see no reason to alter our original con- 
clusion. 
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