
of experimental treatments and age. 
Analyses of these data revealed that the 

magnitude of recovery for the 20D con- 
dition was reliably greater than that for 
the 20S condition (P <.01). In addi- 

tion, the 20D condition showed a great- 
er rate of responding than did the con- 
trol condition (P < .01), while the dif- 
ference between the 20S and control 
conditions failed to attain the .05 level 
of significance. 

In summary, the results strongly indi- 
cate that infants as young as 1 month 
of age are not only responsive to speech 
sounds and able to make fine discrim- 
inations but are also perceiving speech 
sounds along the voicing continuum in 
a manner approximating categorical 
perception, the manner in which adults 

perceive these same sounds. Another 

way of stating this effect is that infants 
are able to sort acoustic variations of 
adult phonemes into categories with 

relatively limited exposure to speech, 
as well as with virtually no experience 
in producing these same sounds and 

certainly with little, if any, differential 
reinforcement for this form of behav- 
ior. The implication of these findings is 
that the means by which the catego- 
rical perception of speech, that is, per- 
ception in a linguistic mode, is ac- 

complished may well be part of the 

biological makeup of the organism and, 
moreover, that these means must be 
operative at an unexpectedly early age. 
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Randomization and the Draft Lottery 

Abstract. Fifty "random permutations" were prepared for use by the Selective 
Service System as a basis for a two-stage randomization that preceded the lottery 
drawing on 1 July 1970. This report identifies the permutations used. It also 
gives the orders in which calendar dates and numbers were put into and drawn 
from two drums and the correlations between them. 
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The Selective Service System asked 
the National Bureau of Standards 
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Table 1. Coefficients of correlation (r) and 
their significance levels (P) for pairs of 
permutations used in and produced by the 
draft lottery procedures. I, Calendar dates 
and ranks in the order loaded into capsules; 
permutations 53 and 43, respectively. II, 
Calendar dates (ranks) in the order of entry 
into drum, computed from permutation 53 
(43) and permutation 46. III, Calendar dates 
(ranks) in the order drawn from the drum; 
permutation shown in Fig. 2 (Fig. 3). 

Calendar dates Ranks 
Pair 

r P* r P* 

I-II .0469 .37 .0706 .18 
I-III -.0493 .35 -.0133 .80 

lI-III .0387 .46 -.0573 .27 
* Probability that correlation between two ran- 
dom permutations exceeds (in magnitude) the 
observed value. 
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dars" and 25 "random permutations" 
of the numbers 1 to 365 for use in 
connection with preparations for the 
draft lottery conducted on 1 July 1970, 
which determined the order in which 
men born in 1951 would be called for 
induction into military service (1). 

In order that all details of the prep- 
arations be reproducible, the permuta- 
tions were drawn from published tables 
[tables 8 and 9 in (2), pp. 152-229]. 
Table 8 contains 38 permutations of 
the numbers 1 to 500; by omitting 
numbers greater than 365, 38 permu- 
tations of the numbers 1 to 365 were 
formed. Table 9 contains 20 permuta- 
tions of the numbers 1 to 1000; by 
considering numbers from 1 to 365 and 
those from 501 to 865, 40 permutations 
of the numbers 1 to 365 were formed. 
An assortment of tests for randomness 
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Fig. 1. Part of a random calendar ("calendar number 53") prepared by NBS, that 
was used for loading dates into capsules, showing the redundant format used for 
printing. [Derived from pages 204-205 of Moses and Oakford (2)] 
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was performed and the set of permuta- 
tions was found to be satisfactory (3). 

Each of the 78 (= 38 + 40) permu- 
tations of 1 to 365 was printed in two 
formats: in numeric form and in cal- 
endar form (see Fig. 1 for an example 
of the latter). The matching permuta- 
tions and calendars were then numbered 
1 through 78 (3). 

To reduce the 78 permutations and 
78 calendars to 25 permutations and 
25 (different) calendars, a random 
permutation of 1 to 78 was used as 
follows. If the ith number of the 1 to 
78 permutation was between 1 and 25, 
the ith permutation was selected and 
the ith calendar was excluded; if the 
ith number was between 26 and 50, 
the ith permutation was excluded and 
the ith calendar was selected; and if 
the ith number was between 51 and 78, 
both the ith permutation and the ith 
calendar were excluded. 

Once all the numbering conventions 
(3) were established, the final selection 
was strictly determined by the selection 
of a permutation of 1 to 78. Three 
dice were thrown by a panel of advisers 
to the NBS (4) and the outcotne was 
recorded and signed. This led to selec- 
tion [from the 6 X 6 6 = 216 permu- 
tations of 1 to 100 in Moses and Oak- 
ford, table 6 in (2)] of the fourth per- 
mutation on page 110 (2), which was 
used with numbers 79 to 100 deleted. 
The chosen 25 calendars and 25 per- 
mutations were sealed in unmarked 
envelopes; each set was shuffled and 
labeled (calendar or permutation). 

At this point, the official task of the 
NBS statisticians had been completed. 
In the remainder of this report, we 
furnish data obtained by us as ob- 
servers of proceedings conducted by 
the Selective Service System on 29 
June and 1 July. 

On 29 June, an official lottery wit- 
ness picked one of the 25 sealed enve- 
lopes containing calendars; the calen- 
dar chosen was number 53 (of the 
original 78) and was the first permu- 
tation derived from Moses and Oak- 
ford pages 204-205 (see Fig. 1). The 
dates of the year were then placed 
in capsules according to this calendar 
sequence. 

Similarly, one of the 25 permuta- 
tions-permutation number 43-was 
chosen; this was the first permutation 
derived from Moses and Oakford pages 
194-195. The numbers or "ranks" 1 to 
365 were placed in capsules according 
to this permutation sequence. 

A second permutation was chosen 
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Fig. 2. Calendar days as they were drawn from the drum. Permutation of 1 to 365 
corresponding to the order in which dates were drawn during the 1 July lottery. 
Ordinal numbers of the days of the year were used for computations and are given 
here for brevity instead of dates. Read by rows. 

from the remaining 24; it was number 
46 and was the second permutation 
(based on numbers 501 to 865) de- 
rived from Moses and Oakford pages 
196-197. The calendar capsules and 
the rank capsules were physically 
placed in two drums according to this 
second permutation sequence. 

On 1 July the drum containing cal- 
endar dates was rotated for an hour 
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Fig. 3. Permutation of 1 to 365 
from the drum during the 1 July 
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and the drum containing ranks, whose 
rotating mechanism malfunctioned, was 
rotated for a half hour. Figures 2 and 
3 show the order in which dates and 
ranks, respectively, were drawn from 
the two drums (5). The final lottery 
sequence, which was published in most 
U.S. daily newspapers, was established 
by associating the dates with the cor- 
responding ranks (date 259 = 16 Sep- 
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formed by the order in which ranks were drawn 
lottery. Read by rows. 
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tember with rank 139, 117 = 27 April 
with 235, and so on). 

One measure of the effectiveness of 
the mixing achieved by rotation of 
the drums is given by the (rank) cor- 
relations between the permutations used 
for loading the drums and the permu- 
tations (Figs. 2 and 3) drawn out. 
These are shown in Table 1. By this 
criterion, mixing appears to have been 
successful. 

JOAN R. ROSENBLATT 
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Statistical Engineering Laboratory, 
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these results. 

There is increasing theoretical indi- 
cation, and supporting experimental 
evidence, that pattern recognition is a 
serial operation in which the brain 
processes the pattern feature by feature 
(1-4), at least with patterns that are 
not overly simple and well known (5). 
In this may be seen the influence on 
work in visual perception of the cur- 
rent activity in computer pattern recog- 
nition and, in broader terms, the in- 
creasingly fruitful interaction between 
brain research and computer and in- 
formation sciences. If pattern recogni- 
tion by humans is a serial operation, 
it is of interest to investigate the order 
in which features are processed. Nor- 
mally this processing is largely internal 
and beyond investigation, but if pat- 
terns are presented to a subject under 
conditions of poor visibility, so that he 
is forced to look directly (foveally) 
at each feature to which he wishes to 
,attend, then the position of his eyes 
will reveal the features processed and 
his saccadic eye movements from fea- 
ture to feature will reveal the order of 
processing. Of course, these experi- 
mental conditions force the subject to 
view the pattern serially, thus pre- 
judging the question of whether recog- 
nition is normally serial or parallel, but 
we preferred to assume that processing 
is serial (though normally executed in- 
ternally perhaps, not externalized as 
eye movements) and to investigate in- 
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it is of interest to investigate the order 
in which features are processed. Nor- 
mally this processing is largely internal 
and beyond investigation, but if pat- 
terns are presented to a subject under 
conditions of poor visibility, so that he 
is forced to look directly (foveally) 
at each feature to which he wishes to 
,attend, then the position of his eyes 
will reveal the features processed and 
his saccadic eye movements from fea- 
ture to feature will reveal the order of 
processing. Of course, these experi- 
mental conditions force the subject to 
view the pattern serially, thus pre- 
judging the question of whether recog- 
nition is normally serial or parallel, but 
we preferred to assume that processing 
is serial (though normally executed in- 
ternally perhaps, not externalized as 
eye movements) and to investigate in- 

308 

References and Notes 

1. Explanations of the draft lottery may be 
found, for example, in the New York Times, 
26 June, 30 June, and 2 July 1970. 

2. L. E. Moses and R. V. Oakford, Tables of 
Random Permutations (Stanford Univ. Press, 
Stanford, Calif., 1963). 

3. A detailed report on these randomness tests, 
and the precise details of numbering conven- 
tions, are included in a report in preparation. 

4. Dr. A. H. Bowker, chancellor, City University 
of New York; Dr. Morris H. Hansen, Westat 
Research Inc., Bethesda, Md.; and Professor 
Frederick F. Stephan, Department of Statistics, 
Princeton University. 

5. From lists recorded by the authors. See also 
the Evening Star, Washington, D.C., 1 July 
1970. 

6. We thank Joseph M. Cameron and Churchill 
Eisenhart for advice and counsel, and our col- 
leagues in the Statistical Engineering Labora- 
tory for assistance in checking computations. 

2 September 1970 a 

References and Notes 

1. Explanations of the draft lottery may be 
found, for example, in the New York Times, 
26 June, 30 June, and 2 July 1970. 

2. L. E. Moses and R. V. Oakford, Tables of 
Random Permutations (Stanford Univ. Press, 
Stanford, Calif., 1963). 

3. A detailed report on these randomness tests, 
and the precise details of numbering conven- 
tions, are included in a report in preparation. 

4. Dr. A. H. Bowker, chancellor, City University 
of New York; Dr. Morris H. Hansen, Westat 
Research Inc., Bethesda, Md.; and Professor 
Frederick F. Stephan, Department of Statistics, 
Princeton University. 

5. From lists recorded by the authors. See also 
the Evening Star, Washington, D.C., 1 July 
1970. 

6. We thank Joseph M. Cameron and Churchill 
Eisenhart for advice and counsel, and our col- 
leagues in the Statistical Engineering Labora- 
tory for assistance in checking computations. 

2 September 1970 a 

stead the order of processing, as indi- 
cated by the path followed by the 
subject's eye from feature to feature. 
We have studied these eye-move- 
ment paths and have found in them 
certain regularities that have interest- 
ing implications for pattern preception 
theory. 

Our subjects were college students, 
one male and three female. They were 
told that their "visual processes" would 
be studied while they viewed some 
pictures, which they were to "simply 
observe." The experiment had two 
phases, designated as "learning" and 
"recognition," although these terms 
were not used in briefing the subjects. 
In the learning phase the subject 
viewed five patterns, which he had not 
previously seen, for 20 seconds each. 
In the recognition phase, which fol- 
lowed immediately, these patterns were 
intermixed with five other patterns, to 
make the recognition process less easy, 
and the set of ten patterns was pre- 
sented to the subject three times, in 
random order which changed each time, 
each view of each pattern lasting 5 sec- 
onds. (The designation "recognition 
phase" is justified by the fact that, when 
questioned after the experiment, sub- 
jects indicated that they easily recog- 
nized each of the five patterns with 
which they had become familiar during 
the learning phase.) The patterns were 
presented by rear-projection in a room 
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illuminated normally with the projector 
lamp voltage reduced to 20 percent of 
its normal value (6), were drawn with 
thin lines, less than 0.5 mm wide on 
the screen 60 cm from the subject's eye, 
and were relatively large, a typical pat- 
tern subtending about 20? at the sub- 
ject's eye. Under these combined con- 
ditions of poor visibility the subject, 
while fixating one extremity of a pat- 
tern, could not see any significant de- 
tails of the opposite extremity. His eye 
movements during learning and recog- 
nition were measured monocularly by 
means of the diffuse scleral reflection 
technique (7), modified and extended to 
operate in the vertical as well as the 
horizontal direction. The equipment 
calibration was checked at regular in- 
tervals during the course of each experi- 
ment to ensure consistency. The mea- 
sured eye movements were recorded on 
magnetic tape and later played back 
and plotted on reproductions of the 
patterns viewed. Playback and plotting 
were a two-stage process: the eye- 
movement signals were sampled, digi- 
tized, and stored by a digital computer 
and then reproduced by the computer 
at about 1/20 of the original rate, thus 
allowing each fixation to be numbered 
by hand as it was plotted, to create a 
permanent record of the order of the 
fixations. 

Analysis of the records obtained 
showed, first, that when a subject was 
freely viewing a pattern during the 
learning phase, his eye usually scanned 
over it following, intermittently but re- 
peatedly, a fixed path characteristic of 
that subject viewing that pattern (quite 
different fixed paths being followed by 
the subject with different patterns and 
by different subjects with the same pat- 
tern); and second, that when the same 
pattern was presented to the subject 
during the recognition phase, his first 
few eye movements usually followed 
the same path he had established for 
that pattern during the learning phase. 
For example, Fig. 1A shows a typical 
pattern (8) viewed by a subject in these 
experiments; Fig. 1B is an idealized 
drawing of the fixed path observed re- 
peatedly in his eye movements; Fig. 
1C shows the equipment calibration im- 
mediately preceding his learning-phase 
viewing of this pattern; Fig. 1, D-F, 
are three extracts from his eye move- 
ments during the 20-second learning- 
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1C shows the equipment calibration im- 
mediately preceding his learning-phase 
viewing of this pattern; Fig. 1, D-F, 
are three extracts from his eye move- 
ments during the 20-second learning- 
phase viewing, showing occurrences of 
the fixed path (in Fig. 1E very detailed, 
in Fig. 1F somewhat truncated); and Fig. 
1, G-I, show his initial eye movements 
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Scanpaths in Eye Movements during Pattern Perception 

Abstract. Subjects learned and recognized patterns which were marginally 
visible, requiring them to fixate directly each feature to which they wished to 
attend. Fixed "scanpaths," specific to subject and pattern, appeared in their 
saccadic eye movements, both intermittently during learning and in initial eye 
movements during recognition. A proposed theory of pattern perception explains 
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