
Baker's stain, and their capacity to re- 
tain auramine-rhodamine stain. As was 
reported earlier (6), M. lepraemurium 
and BCG retained their staining capa- 
bilities after treatment with pyridine. 

2) Competence in clearing bacilli 
(CCB) test: This is a test that was de- 
veloped in our laboratories and in which 
an antigen similar to the Mitsuda anti- 
gen is used (6). It differs from the 
Mitsuda antigen in that it contains a 
much larger number of heat-killed M. 
leprae, so that it produces a macro- 
scopic nodule in lepromatous patients 
30 days after intradermal inoculation. 
Biopsy of the nodule shows typical 
lepra cell granulomas composed of 
macrophages containing large numbers 
of acid-fast bacilli. For this test, anti- 
gens were prepared from each of the 
armadillo tissues along with M. leprae 
obtained from human lepromatous tis- 
sue. Each preparation contained 6.4 X 
108 organisms and was injected intra- 

dermally into 20 lepromatous patients. 
Some of these patients were bacte- 
riologically negative after several years 
of sulfone therapy while others were 
sultone-treated patients with active le- 
sions. 

The two antigens prepared from ar- 
madillo tissues gave the same responses 
in these individuals as the antigen pre- 
pared from human lepromatous tissue; 
that is, a nodule had formed at the in- 
jection site of each patient 30 days after 
inoculation. Biopsy of all three nodules 
in each patient showed large numbers 
of macrophages containing numerous 
acid-fast bacilli. 

3) Mitsuda test: Antigens were pre- 
pared with material from armadillo 5 
and from human material taken from 
lepromatous patients. The inoculums 
were adjusted to a concentration of 
4.0 X 107 organisms per milliliter. This 
material was injected into the same 20 
patients used for the CCB test, as well 
as into 7 patients with diagnosed tuber- 
culoid leprosy. Each patient was inocu- 
lated with 0.1 ml initradermally on the 
surfaces of the forearm. At 30 days, the 
lepromatous patients showed no reac- 
tion to either the antigen from the hu- 
man lepromatous patients or the antigen 
prepared from the injected armadillo 
tissue. The tuberculoid patients, how- 
ever, gave positive reactions to both 
preparations. Thus, the Mitsuda re- 
sponse with armadillo antigen as com- 
pared to human antigen was the same 
in both lepromatous and tuberculoid 
patients. T his Is an important finding 
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since leprologists are in general agree- 
ment that one of the primary proofs 
for the identification of M. leprae 
is that the organism in question pro- 
duces the same response as M. leprae 
from human leprosy when inocu- 
lated into lepromatous and tuberculoid 
patients. 

The results of these tests provide 
definite proof that the acid-fast orga- 
nisms isolated from armadillos after 
experimental inoculation with M. leprae 
are identical to M. leprae isolated di- 
rectly from human lepromatous 
patients. 

In addition, we have recently trans- 
mitted leprosy to another species of 
armadillo. The details of this will be 
reported elsewhere (7). 

J. CONVIT 
M. E. PINARDI 

Instituto Nacional de Dermatologia, 
Apartado Postal 4043 (Carrnelitas), 
Caracas 101, Venezuela 
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Perception of Letters in Words: Seek Not and Ye Shall Find 

Abstract. Subjects perceive a letter in a briefly presented word more accurately 
when they attend to the whole word than when they focus their attention on just 
the letter they want to see. 

Until recently, most accounts of vis- 

ual information processing have dealt 

primarily with isolated stimuli (such as 

single letters) or arrays of unrelated 

stimuli (such as random letter strings) 

(1). Outside of the perception labora- 
tory, however, stimuli are usually re- 

lated to one another; in particular, they 
often fit together to form larger, co- 

herent wholes. 
It has been demonstrated that be- 

longing to a larger whole can have an 
important effect on perceptual pro- 

cessing. The letters in a word are per- 

ceived more accurately than a single 
letter alone, even when perception is 

tested by a forced-choice procedure 
that eliminates any guessing advantage 

for words (2, 3). For instance, sub- 

jects are more accurate in deciding 
whether a brief exposure of the word 

COIN was COIN or JOIN than 

whether a brief exposure of C was C 

or J. 
This finding rules out the possibility 

that what we see when we perceive a 

word is a set of independently identified 
letters. Letters in a word are simply 

perceived too accurately for this to be 

the case (4). The processing of any 

given stimulus letter must depend criti- 
cally on the larger stimulus of which 
it is a part. 

Previous demonstrations of this 
word-letter phenomenon leave open an 
important question. Is it due simply to 
the nature of the stimulus? Or must 
the subject actively attend to the whole 
stimulus word for perception of a letter 
to be enhanced? If attention to the 
whole is necessary, we reasoned that 
the word-letter phenomenon could be 
obtained using the same stimulus under 
two different instructions: to look at 
just one letter position in the word, 
or to look at the whole word. Looking 
at just the first letter in COIN as an 
individual letter should reduce per- 
ceptibility of the C compared to look- 
ing at the whole word COIN. This 
seemingly paradoxical result is exactly 
what we found. 

Sixteen subjects (University of Penn- 
sylvania students) viewed very brief 
exposures of four-letter words. Each 
word was typed in capital letters with 
a half space between letters (5) and 
subtended 1.90? by 0.42? of visual 
angle. Stimuli were presented in a two- 
field tachistoscope with a random con- 
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tour mask as a pre- and postexposure 
field. The position in which each letter 
would appear was clearly indicated in 
the mask. After each exposure, the 
subject looked outside of the tachisto- 
scope, where he saw two alternative 
words that differed by only one letter. 
Each of the four letter positions con- 
tained the critical letter equally often 
in random sequence (6). 

On half of the trials (whole word 
condition), we instructed the subject 
to fixate the middle of the stimulus and 
try to see a whole word. We explained 
that if he saw the whole word, he 
would be able to make a correct forced 
choice regardless of which position was 
critical. On the other half of the trials 
(letter condition) we told the subject 
before each trial which letter position 
contained the critical letter. We in- 
structed him to fixate this position and 
try to see only the letter that appeared 
there, since the other letters in the 
word would be irrelevant to the forced 
choice. 

Each subject viewed 224 different 
words, which. were grouped together 
into alternating blocks under whole 
word and letter instructions (order of 
presentation was counterbalanced over 
subjects). The first two pairs of blocks 
(20 trials per block) were used for 
practice and the determination of ap- 
proximate threshold exposure durations 
by a modified staircase procedure (the 
median subject required a 35-msec ex- 
posure). Each subsequent pair of 
whole word and letter blocks (18 trials 
per block) was presented at a constant 
exposure duration. Adjustments were 
made between pairs of blocks if per- 
formance deviated much above or be- 
low 75 percent correct choices. Data 
retained for analysis consisted of the 
last 16 trials from four whole word 
blocks and four letter blocks. 

The results (Fig. 1) were clear-cut: 
performance was better with whole 
word instructions. The 6.7 percent dif- 
ference was significant at the .001 level 
[by Kincaid's method of pooling con- 
tingency tables (7)], reliable across 
subjects [13 out of 16 did better in the 
whole word condition with one tie 
(P < .005 by sign test)], and reliable 
across stimuli (P<.005 by sign test). 

At least three factors are working 
against the difference we found. In the 
whole word condition the critical letter 
(i) had a less predictable absolute 
location in the field, (ii) had a less pre- 
dictable position relative to the other 
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Fig. 1. Mean percentage of correct critical 
letter choices when subjects looked at the 
whole item compared to just the critical 
letter itself (1024 trials per bar). Stimuli 
were words for one group of 16 subjects 
and unrelated letters for the other. Abso- 
lute performance levels cannot be com- 
pared between word and unrelated-letter 
groups since subjects were tested at thresh- 
old stimulus-exposure settings determined 
on the basis of the kind of material they 
were viewing. 

stimulus letters, and (iii) fell further 
away from the center of the fovea (8). 
As far as we know, this is the only 
case ever reported in which knowing 
what part of an array contains the 
relevant stimulus makes that stimulus 
harder to see. 

We wondered whether superior per- 
formance in the whole word condition 
might be due to some artifact. Perhaps, 
for instance, subjects had to devote so 
much attention to fixating the appro- 
priate position on each letter trial that 
processing capacity available for per- 
ceiving the stimulus was reduced. To 
rule out such artifacts, we repeated the 
experiment on a new group of 16 sub- 
jects exactly as before, except that the 
stimuli used were unrelated letters 
(meaningless and unpronounceable 
quadrigrams). Stimulus and choice let- 
ters for the critical position were re- 
tained from the word stimuli (for in- 
stance, CPRD-JPRD retained the 
critical letters from COIN-JOIN). 

The results with unrelated letters 
(Fig. 1) were almost exactly the re- 
verse of the results with words. Look- 
ing for just the critical letter improved 
performance by 6.5 percent. The dif- 
ference was again significant at the 
.001 level by Kincaid's method, reli- 

able across subjects [12 out of 16 did 
better in the letter condition (P < 

.05)], and reliable across stimuli (P < 

.005). The interaction of material type 
used (words versus unrelated letters) 
with instruction condition was highly 
significant (PK.001 in separate x2 
tests over subjects and over stimuli). 

Our results indicate that for the 

whole to facilitate perception of a part, 
the subject must attend to the whole. 
It remains to be determined what kind 
of attention to the whole is critical. 

The nature of the stimulus clearly 
plays a role in determining what can 
be seen as a whole in a way that facili- 
tates perception of a part; instructions 
to attend to a whole string of unrelated 
letters did not facilitate perception of 
a part. The present data do not tell us 
what stimulus property is critical. It 
might be some property peculiar to 
words, or it might be some more gen- 
eral property shared by other kinds of 
wholistic stimuli (9). It will be impor- 
tant to determine whether the method 
developed here yields analogous whole- 
part facilitation effects when it is ap- 
plied to such stimuli as faces, geometric 
forms, and common objects. 

JAMES C. JOHNSTON 

JAMES L. MCCLELLAND 

Department of Psychology, 
University of Pennsylvania, 
Philadelphia 19174 
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Operant Conditioning of Single-Unit Response Patterns 

in Visual Cortex 

Abstract. Unit responses to photic stimuli were studied in cat visual cortex. 
After the baseline response pattern of a cell was determined, conditioning trials 

were given during which reinforcement was contingent upon increased firing dur- 

ing a selected segment of the poststimulus interval. Density of reinforcement in- 

creased substantially in about half the cells studied; significant increases in firing 
occurred within, but not outside, the criterion segment. 

One promising approach to studying 
neural mechanisms of conditioning and 
learning treats neural, occurrences as 
conditionable responses, rather than 
simply as neural correlates of behav- 
ioral conditioning. Thus, classical con- 
ditioning of both electroencephalo- 
graphic rhythms and evoked patterns 
of unit activity has been demonstrated, 
and a variety of neural events-includ- 
ing theta waves, spontaneous discharge 
rates of single units, and gross visual 
evoked potentials-have been brought 
under operant or reinforcement control 

(1). 
To our knowledge, the present 

report is the first to show that the 
operant paradigm can be applied also 
to modify the temporal pattern of ac- 
tivity evoked in a single unit by a 
sensory stimulus. We recorded the re- 
sponse patterns of cortical neurons to 
a visual stimulus in temporarily im- 
mobilized cats, and then attempted to 
produce specified changes in these pat- 
terns by using electrical stimulation of 
lateral hypothalamus as a reinforcer. 

Adult cats were implanted under sur- 
gical anesthesia with bilateral tripolar 
stimulating electrodes aimed at the lat- 
eral hypothalamus. A U-shaped alu- 
minum frame with slotted sides was 
also cemented to the skull so that the 
cat could be returned later to the 
stereotaxic instrument and held firmly 
in place without pressure and with a 
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clear visual field. After recovery, each 
cat was tested in a standard operant 
chamber for self-stimulation on each of 
the hypothalamic probes, and preferred 
points and the optimal current for re- 
inforcing intracranial stimulation (ICS) 
were determined. To maximize the ef- 
fectiveness of ICS as a reinforcer in the 
subsequent recording sessions, a rela- 
tively stringent behavioral requirement 
was imposed: Of a large number of im- 
planted subjects, 13 that made more 
than 200 bar presses in an 8-minute test 
were used in the remainder of the ex- 
periment. Cats that were used repeat- 
edly in two or more recording sessions 
received additional tests for behavioral 
self-stimulation interspersed with the 
recording sessions. 

For recording, subjects were placed 
in the stereotaxic instrument on a circu- 
lating warm water coil and prepared 
under ether anesthesia. Pupils were di- 
lated with Isopto atropine (1 percent), 
and nictitating membranes were re- 
tracted by using ophthalmic Neo- 
Synephrine hydrochloride (10 percent). 
All wound margins were infiltrated with 
a long-lasting local anesthetic (Zyljec- 
tin), and proparacaine hydrochloride 
(Ophthetic) (0.5 percent) was applied 
topically on the corneal surfaces. Ether 
was then discontinued, and the subject 
was immobilized with intravenous galla- 
mine triethiodide (Flaxedil) (20 mg/ml) 
and artificially respired. Each eye was 

focused on a tangent screen by appro- 
priate corneal contact lenses. The optic 
disk and area centralis were projected 
onto the tangent screen and mapped 
separately for each eye. During the re- 
mainder of the session, Flaxedil was 
administered (about 1 ml/hr), and heart 
rate and rectal temperature were moni- 
tored and kept at about 200 beats per 
minute and 380C. After ether was dis- 
continued, at least 3 hours elapsed be- 
fore recording began. 

Extracellular unit action potentials 
were recorded from the visual cortex 
with tungsten microelectrodes and sent 
to an amplitude discriminator that 
pulsed a computer of average transients 
(Mnemotron CAT 400B); the computer 
generated a 1- or 2-second peristimulus 
time histogram (PSTH) of the cell's re- 
sponse to a stimulus. Visual stimuli 
were back-projected onto the translu- 
cent gray tangent screen 50 cm from 
the subject. The eye ipsilateral to the 
cell being studied was covered, and 
stimuli were presented to the contra- 
lateral eye. For many cells, a 15? spot 
centered on the area centralis was effec- 
tive in producing a clear, patterned re- 
sponse; other cells were activated by 
using smaller spots or slits of various 
widths centered on the cell's receptive 
field. 

During recording from a cell, trials 
were generated every 5 seconds by 
pulses that synchronized the occurrence 
of the computer sweep and a 25-msec 
presentation of the visual stimulus 200 
msec after sweep onset. For each cell, 
trials without reinforcement (baseline 
trials) were first given; PSTH's showing 
the baseline response pattern were 
made and the number of spikes during 
a selected time segment (the criterion 
period) was recorded and printed for 
each trial. A criterion spike count that 
was exceeded on about one-fourth of 
the trials was selected. Then condition- 
ing trials were given during which the 
reinforcement contingency was in ef- 
fect: On each trial, a comparator circuit 
counted the number of spikes during 
the criterion period; if the criterion had 
been exceeded, a 500-msec train of ICS 
was delivered starting 300 msec after 
the end of the criterion period. The 
criterion period began 300 msec after 
presentation of the visual stimulus and 
lasted 500 msec (other values were oc- 
casionally chosen). 

Baseline or conditioning PST H's 
were made for 75 cortical cells. Some 
cells were studied for an insufficientt 
time to complete conditioning trials, 
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