
invoked to explain the differences in 
orientation anisotropy. However, many 
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with their optometrists and ophthal- 
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nately, repeated attempts to gain 
similar information for the Cree sam- 
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produce long-lasting effects on visual 
physiology and behavior. We do not 
deny the importance of genetic deter- 
minants of visual feature extractors, 
but suggest that fine tuning may be 
affected by environmental demands. 
We suggest that the most parsimonious 
explanation of the orientation aniso- 
tropy in acuity is that it is the result of 
the preponderance of vertical and hori- 
zontal contours over other orientations 
in the early visual environment. 
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Reading and Sentence Completion by a Chimpanzee (Pan) 

Abstract. Four studies revealed that a 2 V2-year-old chimpanzee (Pan), after 
6 months of computer-controlled language training, proficiently reads projected 
word-characters that constitute the beginnings of sentences and, in accordance 
with their meanings and serial order, either finishes the sentences for reward or 
rejects them. 

Recent reports indicate that language mastered a sizable vocabulary of hand- 
skills might not be limited to man. produced words and that she chained 
Gardner and Gardner (1) demon- them, occasionally, with apparent ap- 
strated that their chimpanzee, Washoe, propriateness to novel situations. Also. 
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Premack (2) reported that his chim- 
panzee, Sarah, learned to use plastic 
objects as words and to attend to their 
serial arrangement in ways that sug- 
gested mastery of rudimentary syntax. 

A computer-controlled training situ- 
ation has been devised (3) to facilitate 
objective inquiry into the language ca- 
pabilities of young apes. Four experi- 
ments conducted with a 21/2-year-old 
female chimpanzee, Lana, in that train- 
ing situation revealed that she can both 
read the beginnings of familiar sen- 
tences and appropriately complete them. 

The language-training equipment 
(Fig. 1) accessible to Lana includes 
the consoles, each of which holds 25 
word keys; a row of seven rearview 
projectors for visual display of com- 
munications; devices for dispensing 
various incentives that she requests 
(food, liquids, music, movies, toys, and 
so forth); and a device that opens a 
window for viewing the outdoors. This 
language-training equipment is inter- 
faced with a PDP-8 computer that 
monitors ILana's performance, controls 
a teletype that records all that tran- 
spires, and dispenses appropriate in- 
centives whenever her serial depression 
of the word keys conforms with the 
rules of the correlational grammar of 
the language, Yerkish. The computer 
is also capable of mediating conversa- 
tion between man and ape, an eventu- 
ality for which we hope. Last, there 
is a second word key console, accessi- 
ble only to us. This console, also moni- 
tored by the computer, was used in the 
experiments to initiate selected word 
chains, that is, sentences. 

Each Yerkish word, or "lexigram," 
is a distinctive geometric white symbol 
on a colored background. The symbol 
is composed from nine stimulus ele- 
ments, singly or in combination; the 
colored background is produced 
through the use of three colors, singly 
or in combination. All lexigrams can 
be produced by the last six projectors, 
each of which contains film for the 
stimulus elements and colors. The first 
projector can produce only a few terms 
that activate appropriate subroutines of 
the computer when certain sentences 
are started-please (for all requests), 
? for questions, no, and yes (4). 

On the surface of each word key is 
a color-coded lexigram. Each key is 
constructed of laminated clear acrylic 
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tive; and (iii) high-intensity backlight- 
ing, which signals Lana that she has 
successfully depressed the key, where- 
upon a facsimile of the lexigram on the 
key surface appears on a projector 
above the console (5). The consoles 
were designed to allow for alterations 
in the positions of keys so that the 
location of a key would not reliably 
indicate its meaning. 

Each sentence must be ended with 

depression of the period key, which 
signals the computer to evaluate the 
communication. If the communication 
is unacceptable (incorrect), the com- 
puter just erases the projected images 
and resets the word keys; but if the 
communication is acceptable, the com- 

puter also activates the dispensing or 
control unit appropriate for the re- 

quested incentive or event (music, 
movie, and so forth) and sounds a 
tone. 

Lana's initial training consisted of 

(i) pressing single keys to request 

various incentives; (ii) then preceding 
each request with please and following 
it with period; (iii) then pressing any 
key of a holophrase (composed of 
symbols on separate keys in the correct 
order)-for instance, imachine give 
M&M (6)-preceded by please and 
followed by period; (iv) then pressing 
any key for each part of a fractionated 
holophrase-such as machine give/ 
M&M-preceded by please and fol- 
lowed by period; (v) then pressing 
each key of a correctly ordered series 
of words once treated as a holophrase, 
with please and period-for instance, 
please / machine/ give / M & M / period; 
(vi) then pressing the keys in the cor- 
rect order with the linear sequence of 
the keys randomized; and (vii) finally 
selecting and depressing the keys in 
the correct sequence, with the keys 
randomly assigned among others on 
the console.'Without any special train- 

ing, Lana came to attend to the pro- 
duction of the lexigrams on the pro- 

jectors, possibly because their illumina- 
tion coincides with the depression of 
keys. Lana has discerned that there is 
no point in continuing a sentence once 
an error has been made; she erases it 
by pushing the period key and tries 
again. This self-acquired adaptation to 
errors suggested that if we were to 
initiate sentence beginnings she might 
attempt to complete only those that 
were valid (acceptable to the com- 
puter) in accordance with her experi- 
ence, and erase other sentence begin- 
nings that were invalid (unacceptable 
to the computer). 

The experiments were conducted to 
determine whether Lana, after 6 
months of language training, was capa- 
ble of reading sentence beginnings 
(produced by us through use of our 
keyboard and projected word by word 
from left to right on Lana's projectors) 
and, thereby, capable of discriminating 
between those that were valid and 
those that were invalid. We believe 

PLEASE 

MACHINE TIM 

GIVE MAKE COME 

INTO PIECE I M&M MOVIE WINDOW INTO 
I or or 

JUICE MUSIC .-- 
I or 
I WATER 

I 
OF I * OPEN ROOM 

APPLE BANANA * e 

0 0 = PERIOD 

Fig. 1 (left). Lana's computer-controlled language training 
situation. The overhead bar must be pulled to activate the 
console. Facsimiles of the lexigrams on the surfaces of the 
word keys are portrayed on the projectors above the keyboard, 
from left to right, as the selected keys are pressed. Shown on 
the projectors is please machine give piece of banana; Lana is 

...-" ...... B liE B B B B about to press the period key. Juice and water dispensers are 
immediately below the console; banana and M & M dispensers 

;:1'::1:;:Xt ~i~~si~... ...... are shown at lower right. (Additional keyboards have been 
- i;i:'li:!:ti.:.';:: :;--Badded to the right of the one shown, the only one operative 

when these studies were done.) Fig. 2 (right). Sentence 
s: j::!:(l;!;;!.. . ............. M mbeginnings and valid endings in experiments 3 and 4. Sentence 

beginnings are given above the dashed line; all of the keys for 
these words, except please, were operative and used by Lana in her attempts to complete the sentences. All of the options below 
the dashed line were available in experiment 4; apple, juice, water, and music were not operative in experiment 3. Tickle and 
Lana are not shown below the dashed line because they could not be used to complete the sentence beginnings tested. 
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that reading as a perceptual process 
was being assessed, because Lana had 
to attend to the serial order of lexi- 
grams as well as to their meanings. 
Lana's reading was inferred from the 
accuracy with which she successfully 
completed sentences that were validly 
initiated and appropriately rejected, by 
prompt erasure, invalid sentence be- 
ginnings. 

In the first experiment, we produced 
one valid sentence beginning along 
with six other invalid beginnings. The 
valid beginning was please machine 
give, to which Lana could add, at her 
option, juice, M&M, or the correctly 
ordered sequence piece, of, and ba- 
nana. In addition to these correct op- 
tions, there were others that were 
incorrect in view of her training and 
the computer's program-machine, 
give, movie, make, Tim, Lana, and 
music. Machine and give were clearly 
irrelevant as choices, for they were in 
the sentence's beginning. Because the 
system is programmed to respond to 
machine make (not give) music and 
movie, they were incorrect options. 
And, lastly, Lana had not been trained 
how Tim, Lana, and make might be 
added to a sentence that starts, please 
machine give; hence, they, too, were 
not viable options. 

Invalid sentence beginnings were 
generated through random substitution 
of juice, M&M, piece, of, banana, 
movie, make Tim, Lana, and music for 
either machine or give or for both 
machine and give, and by incorrectly 
sequencing machine and give. Exam- 
ples of invalid sentence beginnings, to 
which Lana's correct response would 
be to promptly depress the period key 
rather than to attempt sentence com- 
pletion destined to fail, are please piece 
give, please machine Tim, please movie 
Lana, and please give machine. The 
valid sentence beginning occurred 
every fifth trial; the other four trials 
were a random series of invalid be- 
ginnings. There were 41 presentations 
of valid beginnings and 114 of invalid 
beginnings. 

Lana was 100 percent correct in 
sentence completion on the valid trials, 
please machine give. On the invalid 
sentence beginning trials she was cor- 
rect, by promptly depressing the period 
key, on 88 percent of the please 
"X" give trials (where "X" is any of 
the above-listed words), 95 percent of 
the please machine "X" trials, and 93 
percent of the other possible invalid 
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trials-please "X" "X," please "X" 
machine, please give "X," and please 
give machine. Her relatively poor per- 
formance with please "X" give reflects 
many attempts at sentence completion 
in her first test session. 

In the second experiment all condi- 
tions remained constant except that 
make was substituted for give in the 
valid sentence beginning. For success- 
ful completions, Lana had the options 
of window, open, music, and movie. 
To remove the window shade for 30 
seconds of viewing the outdoors, Lana 
had to add window open; to see a 
movie or listen to music (for 30 sec- 
onds) she had to add movie or music 
to please machine make. With this 
sentence beginning, Lana could not 
succeed in asking for M & M's or juice, 
though these keys remained functional. 
(Piece, of, and banana were deleted 
from the keyboard and replaced by 
window, open, and water.) 

That Lana had had much less expe- 
rience with make than with give (2 
weeks compared to 4 months) prob- 
ably accounts for her relatively lower 
success (86 percent) in completing 
please machine make. On the invalid 
sentence-beginning trials, Lana was 88 
percent correct on please "X" make, 
100 percent correct on please machine 
"X," and 99 percent correct on all 
other invalid trials-please "X" "X," 
please "X" machine, please make "X," 
and please make machine (with cor- 
rect performance still defined as 
prompt depression of the period key). 

At best, the probability of Lana be- 
ing correct by chance on any one trial 
of the first two experiments was less 
than 10 percent (12 active keys, ex- 
cluding 13 inactive keys). That overall 
she was 95 percent correct renders 
chance an unlikely determinant of her 
performance. 

In the third experiment, only valid 
beginnings were used: (i) please, (ii) 
please machine, (iii) please machine 
give, (iv) please machine give piece, 
(v) please machine give piece of, (vi) 
please machine make, (vii) please 
machine make window, (viii) please 
Tim, (ix) please Tim come, and (x) 
please Tim come into (Fig. 2). Success- 
ful sentence completion was required 
for correct performance; depression of 
the period key prematurely counted as 
an error. These sentence starts were 
randomly presented for 100 trials, 10 
trials for each. When one word was 
presented, Lana was 80 percent cor- 

rect; two words, 70 percent correct; 
three words, 76 percent correct; four 
words, 74 percent correct; and five 
words, 100 percent correct. 

In the fourth experiment, procedures 
were identical to the third experiment 
except that the additional options of 
apple (to follow piece of), juice, water, 
music, tickle, and Lana were added. 
Her accuracy scores with sentence 
starts from one to five words were 100, 
65, 93, 100, and 95 percent, respec- 
tively. 

The results of these four experi- 
ments are taken as evidence that Lana 
accurately perceives Yerkish words, 
reads their serial order, and discrimi- 
nates whether they can or cannot be 
completed in order to obtain the vari- 
ous incentives. And if successful com- 
pletion of the valid sentence starts is 
viewed as analogous to typewriting, it 
can be said that Lana both reads and 
writes. Alas, we have no evidence of 
her ability for the third "R," arith- 
metic. 

Our ultimate goal is to better under- 
stand the etiology of language develop- 
ment in man; our immediate goal is to 
determine unequivocally the anthro- 
poid's capacity for linguistic produc- 
tion, including conversation. 
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