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INTRODUCTION

Progress in heretofore separate fields of
inquiry has now produced an awareness by increasing
numbers of sclentists of a unity or at least a
conslderable overlapping from one field of endeavor
to another., This unity has been most profound in
psychology, neurology, mathematica% biology, physics
and electrical enginesring. During the last decads
speclallists in these filelds came to feel that thers
was an essential similarity between neural and
electrical processes in thelr respective nets and
to certain systems of symbolic logic. The common
elpmept which has been emphasized has to do with
the utilization of "information", "signal”, "control
and communication", etc., and the word cybernstics
has been coined to refer to these studies. One of
the cornerstones in this development 1s the part
playeq by synchronous processes, scanning and "feed-
back", and some scientists, often concerned with
brain functions, feel that t hoy have discovered how
these processes explain perception; at least so far

as the neurophysiologlcal events play a part.
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This study 1s an attempt to subject to experi-
mental check the implications of soms hypotheses which
cyberneticlsts and nerve-net theorlsts have advanced.
It 1s concerned with the relation between the cersebral
alpha rhythm (basic resting occipital rhythm) and two
related perceptual phenomena--maximum rates of form
perception and apparent motion. These problems have
been of great importance to psychology as well as to
philosophy. Gestalt psychology:?ec;ivedj.ts Impatus
from studies of apparent motion, and the survival of
this flold as an adequate theorstic system may yet
depond on how thls question, which Wertheimer raised,
1s settled.

The philosophic position assumed in this study
i1s similar to that expressed by Betrand Russell (29)
l.e., that there exists a real world; that it can, in
part, be percelved; that a perceptual experience does
depend to some extené on the objective stimulus. It
1s further assumsd that nearly independent lines of
causality posssssing quasi-permanence operate in psr-~
ception. Thls i s moant ag a modification of ths old
ldea of representative perception, and is a rejection
of Hume's interpretation of causallty as merely

habitual occurrencese.
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Ordinarily, perception of form or shapse is the
result of some pattern of stimulation on the retina of
the eye. Iikewlse, the perception of motion, visually,
1s.usually the result of a changing spatial or form
pattern through time. The change in this instance is
a continuous or gradual one. The progresslon of the
image across the retina of the perceiver seems usually
to be the primary physiologic basis for the perception.
Apparent motion, however, may be perceived when two
discrete spatially separate stimull are presented in
appropriate temporal order. It is not clear in this
cass whether the added continuity in the percept is
pura;y retlnal or due to other processes further back

in the neurologic system.

When successive presentations of differing

forms are increased in rate one is able to retain their
usual spatial and tqmporal clarity only up to a few
exposures per second. Beyond that rate the fusion or
mixing of the shapes ls such that a unitary perception
of a changing shape In continuous motion 1s exporienced,
At hlgher rates the motlon ceases and the different
forms are seen as one composite or mosalc, all parts of

which are simultaneously present. It is this loss of
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temporal information which results in the experiencs of
simultaneity that 1s basic to thig study. The intention
ls to demonstrate that factors other than retinal play a

major role,
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HISTORICAL DEVELOPMENT

This research is related to the work of
Sherrington and Lorente de No' (18) though it is
specific to the work of McCulloch and Pitts (20,21),
Wiener (33), Culbertson (5,6), Rashevsky (26) and
others who have introduced new concepts and mechan-
{sms in regard to transmission and preservation cf
information and in mathematical blophysics in
general. This point will be developed in greater
detall lator. The concern now is with those students
of neurology and electrosncephalography who paved the
way through the gradual accumulation of detalled
knowiedge.

Lorente de No' (18) demonstrated reverberating
cyclic nervous processses experimentally and morpholo-
glcally. His long years of study make him the father
of modern neurology; He opened immense possibilities
by contributing the finding that neuron impulses do
mors than "travel ons way" from receptor to effector
in so many isolated channels. One of the laws he
postulated 1s that any neuronal aggregate always

racelves fibers from those nuclel to which 1t sends
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fibers of its own. This allows & basis for the
physiologic faith underlying the work of later
theoreticians who constructed hypothetical nerve nets

which would carry out nearly any prescribed functlon.

Polyak (25) and Bartley (1,2) have reached
similar conclusions on many issues after years of
rather independent research. Both these prominent
regearchers view the area of visual perception as ths
battle ground on which opposed theorles of braln
funetion stand or fall. Polyak became, after a tims,
firmly opposed to gestaltists, "transcendental®™ field
theorists and othsrs similarly minded as he grew more
convfnced that e lemental neurons by their intercon-
nections furnished all the facts necessary for a theory
of visual perception. He deplored doctrines built on
data gathered phenomenologlcally, psychologlcally or
through mathematical speculation. In hls work,
morphologic and histologic evidence 1s presented of
neurons whose function 1t 1s to lntegrate and act
1nterdepeﬁaently to transmit information through a
neuronal constriction. He clearly established a"point.
for-point™ correspondence between thse retina and the

striate area of the occlpital cortex evon though there
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1s approximately a 100; 1 reduction in the number of
channels connsecting the two. He estimates that the
retina possesses more than 100 million receptors but
that the optic tract has 1little mors than one million
neurons. A large number of the optic tract nsurons
serve the function of centering the eys or lining 1t
up accurately toward the object to be seen. They are
thus not in the service of primary perceptual paths.,
It 1s only in the fovea proper that sach nsuron-
receptor has a "private line" back to the lateral
genlculate body and thence to the brain. The usual
case 1s for more than one retinal elemant to be
served by only one ganglion fiber in the optic tract.
Culbertson (5,6) points out that this situation is
most likely the case with the other senses and inter-
sensory lntegratlons as well as throughout the whole
cortex. Indeed, he calculates that the only way in
which our brains can remaln as small as they are 1is
Just because of thls neuroeconomy. This situation
1s likened to a televlslon system in which there is
correspondence between two manifolds (camera and
viewing screen) though the connecting medium does

not allow separate private lines from each camera
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element to each screen element. An all lmportant

gynchrenized scanning makes this arrangement possible.

The Electrosnceohalogram

Gibbs and Gibvbs (13), noted American
electroencephalographers, dedicate @heirtaasic work
to Hans Berger, a German psychlatrist, who attempted
successfully to record the electrical activity of the
human brain in 1924. Berger noted that the most
prominent rhythm from the brain had, in normal adults,
a frequency of approximately ten per second, and desig-
nated 1t the alpha frequency. Along with that discovery
1t became known that all living tissues display elec~
trical activity; and that it apparently originates 1n
the individual cell. But the problem of the consti-
tuency of the cyclic emissions of neuronal aggregates
has remained largely unsolved. Gibbs belleves the
cyclic form consists of the spike potentials of aggre-
gates of discharging neurons. The phenomena night be
diagremmed in the manner shownbelow. The pattern of
fmpulses emltted by a particular flbre (A) may be

represented by vertical lines along a horizontal time

line.
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Another fibre (B) might fire with a different pattern.

The overall or summated pattern of these two fibres
in combination with the activity from a third fibre
(C) maybe representqd by an envelope drawn to

expresgs the total potential that would be recorded

by an appropriate instrument.
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Pigure 1l. Proposed Constituency of
The Cyclic Envelope (Gibbs, 13, p 24)

Walters (55); English electrosncephalographser and
theorist, ssress with the interpretation above and views
the cyclic rhythm as a neurologlc scanning which makes 1t
possible for the brain to deal with complex visual
material with a minimum number of nsuron elements.

He 1s thus aligned with Culbertson on the idea of

neural economy. Walters constructed toy-like deyices
which "scanned their environments" and displayed,

according to him, (1) exploration, (2) memory,
3), avoidance of dilemmas, (4) free will (in the

gsense of indeterminacy), and (5) social behavior,

Walters' rationale in defining the above
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terms appears sufficiently close to ordinary usage
and one 1s impressed by his discussion. Hs considers
the ratio of the complexity of the toys to that of

the human brain to be on the order of 6 : 1,000,000,
000, and challenges anyone to see that much difference

between human behavior and that of his machines.

. Electroencephalographic recording has bsnefited
immensely by progress in elsctronic engineering. In
dealing with exceedingly smdll quantities electronic
methods are by far the best. It i1s now commonplace
to record potentlals simultaneously from eight
different areas of the brain continuously for hours
at a time, Potentials of a few millionths of a volt

are readily measuresd. (For sample records, six

simultaneous channels, see appendix A)

It 1s characteristic of neurologis%s and
electroencephalographers that they belleve they are
able to draw definite conclusions about the consclous
state of the subject through the sole medium of his
brain wave tracings. Certainly, a drastic advance in
electroencephalography would have momentus import for
psychology. Man has had to "stay on the outside" to

study the organism. Sometlimes he was able to see dim
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correlates posthumously in sporadic clinic cases. The
Xx-ray was severely limited and 1ts use confined to
rather gross changes in the brain. Psychologlsts and
philosophers had to infer the nature of the activity
in the human brain. It was, 1n a way, like being
presented with a watch and having to hypotheslze the
works in the unopesned case from the activity on ths
face (Einstein). Thus, to the degree that the elec-
troencephalogram 1s developed we have a "royal road"
of neural and psychic significancs, and can then s tudy,
without harming, the intact organism and be closer to

ths central processes than ever befors.

One note of pessimism may be soundsed. Wiener
likens the electroencephalogram to a record which
might be obtainsd by measuring the heat off the tubes
of an slectronic device such as a radio. He stresses
the fact that informatlon and signal are entirely
different from energy. (In this he says he opposes
Rashevsky and other communicatlon theorits.) We are,
he says, primarily interested in the complexity of the
signals going on inside of the radio--not the minimum
necoessary amount of heat needed to operate it. Whlle

1t may never be possible to record with exactness the
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action of any particular cortical neurcn, it seems safe
to say in compromise that at prosent levels of recording
we are getting more than metabolic heat. Conslderable
changes accompany the mere opening of the subjects' eyes

when an electroencephalogram 1s being recorded.

Halstead was able to "drive", that 1s modify
the alpha freguencles of monkeys by means of intermit-
tent photic stimulation. Toman and’Bartley (1) showed
that the alpha frequency of most human subjects can bs
made to change by means of a flickering light. Faclli-
tatlon is greatest when the fllcker of a strong light
i1s near alpha frequency. Bartley assumed that the same
neurons were involved with both alpha and peripheral
visual stimulation. Before the procedures in this study
were begun an attempt was made to Influence or drive
the alpha frequenciles of subjects' utilizing the same
1llumination intensitlies as those in the procedures
which followed. No changes in the subjects! alpha
rhythms wers noted; thus the illumination value which
the apparatus emitted was sufficlsntly reduced.

The Cybernsticlists! Approach

The cyberneticists! and nerve net theorists!

approach to neural phenomena 1s a continuation of ideas
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maintaining a purely mechanistic basis for behavior.
Thls approach 1s nearest, however, that border between
mechanism and teleology than any other present-develop-
ment. The philosopher F.S.C. Northrop (22) sees this
approach as having bridged the gap between the two
heretofore antithetical doctrines of teleology and
mechanism. In evaluating the?epoch.making work of
McCulloch and Pitts (20) i.e., "How We Know Universals",
he says that mechanism is not opposite to purpose, only
"pandomness" 1s. In this approach he sses mechanism for

a purpose or goal, Insofar as the cybernetic¢ists!

machines can glve invariant responses to classes of

stimuli, in a way, to universals rather than to parti-

culars only, he has a point. For full agreement with

Northrop, however, one might insist on an adsquate
definition of "randomness" which would eventually lead
to the demand for an agreemeht on "probability" and 1%
1s doubtful if present day theorists are able to do
this, (Carnap, "The Two Concepts of Probability" 10,
p. 330-348), It may depend on the level of viewpoint.,

Legic Applied to Neural Functloning

The question has been raised as to how nerve-

net theorists treat the concepts of synaptic variation
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and transmission. Rashevsky (26), Wiener (33), Culbert-
son (5) and othors see a direct analogy between two-
valued loglical systems and neuron transmlssion charac-
teristics of an"all or none" nature (seen also in
"binary" computing machines). It 1s usual, in thelir
work, to postulate discrete values (quantized rather
than immensely complex continuous functions) for the
time taken for.neurcn activity ;nd for synaptic
thresholds. These synaptic thresholds are usually
considersd to vary from only one value to one other
valueonly one unit different, or not ever to change

at all. In some systems of postulates the synapse
changes only once In the life time of the organism.

A symbolic proposition, in which the synapse is
invariant, 1.0., has onc threshold, 1s of the

following simple form. Consider two neurons as

shown bslow,

Bct) .= A(t=0)
read B fires at time t i1f and only if A fires at ¢

8

Here,

minus 1. Similarly, 1f 4 neurons are considered as

shown in the following manner,
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M

the proposition now reads,

JdCt) = act-2)7c(t-)),

This reads 4 fires at time t 1f and only if a fireg at
t minus 2 and ¢ fires at ¢ minus l. Considgr@also; a
generalized step such as is representedlaelqw. Ist n
neurons (2 85 « « + 8y ) spapse with one end bulb

each on B, ILet the threshold of the ipapse equal 1,

The proposition now becomes,

(=N

B(t)=. 2 a, (¢-1),

U=/
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This 1s read B filres at time t°1f and only 1f there
fires at time t minus 1, the sum of ajy from i equals 1
to 1 equals n. From these beginnings extremely complex

systems have been considered, (Culbertson).

Shimbel (31) points out that such systems as the
one described above require a "locked-in-phase" relation
existing throughout the entire net-as well as high
reliablility on each individual neuron. He prefers sta-
tistical considerations of large aggregates of nsuronal
elements., Culbertson, however, shows how the system
with its modified postulates is adequate. Granted that
blological phenomena may not coincide with the integral
and discrete values, it is possible to valldly use them
and make usc (as he thinks the nervous system does) of
phase correcting devices, filters, etc. G. Walters
would seem to agree with him., He belleves the brain
uses frequency modulated information to an extremely

complex degree.

The central problem facing the visual neuro-
anatomists 1s to explain a neurologically invariant
response to shape or form regardless of its size or

orientation., One can say that when this 1s done the
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system has abstracted form. It was the theoretic (and

this 1s the most important, 32) solution of this problem
which led Northrop to emphasize the value of McCulloch
and Pitts' work, The nervous system thus reacts, at
times, to universals rather than to particulars. Accor-
ding to McCulloch and Pitts (20}, the retinal response
pattern must be transmitted back to the optic cortex,
taken through transformations whicﬁ—are related as a
groﬁp'(W1ener, p 156-167), coded and reduced to some
gsort of an average which is matched or compared with a
standard. Wiener, Walters, and McCulloch agree that the
alpha rhythm forms a necessary part of a scanning process
by allowing regulated excitation of neuron manifolds such
that all dimensions of the lncoming pattern can be
scanned, compared, recordsd as to degree of conformity,
etc. The number of dimensions is seemingly rather

large and ons would need an understanding of Riemann-
lan or other non-Euclidian regions for full uaderstan-
ding of the phenomena. For us, though, thse pertinent
fact 1s that the alpha rhythm has been postulated as
performing the regulatory function in form perception.
With Culbertson it also regulates the rate of retinal
image input to the optlc system. WIith the others it

plays a more purely occlpital role,
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The Question of Quantized Perceptlon

This thesis is a study of the maximum rapldity
with which temporally separate spatlal stimuli may be
perceived. It 1s thus a determlnation of the length
of the tlme quantum which must separate successive
spatial stimull impinging on the retina. Perception,
then, may be considered a blend of gmall "bundles" or
dlscrete quanta which have time values of short
duration that may not be reduced without distorting the
spatial and temporal clarity of the experience. It 1s
assumed that this is analogous to the duration of the
cyc}ic.process necessary in any synchronlzed scanning
process%commonly utilized by engineers in computing

machiney television and ccrmunication problems.

Previous psychologic research, though not cast
in the same theoretic frame of reference as this study,
has ylelded significant data. Woodworth (34) has
shown that tachlstoscoplc exposures which allow for
only one percept can be as long as 150 to 200 milli-
seconds. This 1s approximately the length of time
taken by one alpha cycle. Studles on the following
and reading movements of the eyes have shown that
these movements regularly occur at rates near 4 to 6

per second. It 1s assumed that perceptions are made
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between moverients at that rate, and require a time

Interval on the order of that taken by one alpha cycle,

Renshaw (28), using the lightning calculator
Finkelsteln as subject, obtained world's records for
ninimum time exposures for perception of the maximum
number of diglts. Renshaw's goal was a maximum per-
ceptual span and he trained Finkelstein until littls
further increase in psrformance could be expected.

The data show that as the uumber of diglts is gradually
increased up to and including nine digits, a correspon-
ding though extremely small, increase in time 1s
raquired for accurate perception. Ths mean time for
this numbsr of digits was ,003 seccnds. However, when
ons more digit is added to this row, the time requirs-
ment increases from the above value to .264 seconds.,

It is further noted that the perception of sleven
digits required .531 seconds; twdve digits .,750. The
psrceptual time quantum 1s near .2 seconds in each
casa, One might say that Finkelsteln had to wait un-
til another quantum of temporal opportunity had

materializod in order to extend hls perceptual span,

Stein (34, p ¢89) demonstrated that thers is

a logs in temporal appreclation by progenting all the
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letters making up a word in one tenth of a second.
The reading subject could not detect whether the

letters were presented from the beginning-forward
or in the reverse order. This suggests that form
presentations on the order of the alpha frequency
lose their temporal clarity. Though these inves-
tigators saw little or. no relati;n between their

results and the cerebral alpha rhythm, one possible

theorsetic position attributes all the above findings

to manifestations of one synchronously controlled

nerve net.
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THE PROBLEM

Various nerve nets may be postulated which would
transmit spatial information through Jts many stages
and transformations. These hypothetical constructs

must all meet a certaln requirement: 1f spatial infor-

mation is to ba preserved thsre must be a corresponding

reduction in the clarlty or exactness with which a

particular net preserves temporal information. This

1s the oft-referred-~to exchangeability of space and
time in neural patterns (McCulloch 20,21 and Culbert-
son 5). In order that corresponding neurons in two
different manifolds may function in a highly correlated
fashion, it 1s necessary for both manifolds to have a

periodic or cycll: -sntrol. This control prescribes

vhen respective neurons may fire and discharge impulses,
and the time requirea by this control cycle results in
the loss in temporal aculty referred to above. The
cyclic function might be accomplished in more than one
way: (1) the nerve nets might have their own cells
with particular rhythms of discharge--in which case,

as Walters pointed out, the cycle 1s inside the cell,
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(2) they may be synchronized by the action of an
external nst. The alpha rhythm may therefore be
evidence of the presence of such a synchronizing de-
vice. If so, certain implications follow in regard
to the relation between the frequency of the alpha
rhythm and the maximum temporal discriminatory
powers of processes in which the alpha rhythm plays
a part. Thess implicatlions are most relevant in
the perception of shape or form. The problem then,
is to determine the relationship between the alpha
rhythm and the rate of form perception with refer-
ence to the preservation of spatial and temporal
relations of visually received stimuli. It follows
also that since apparent motion begins at that rate

where separate form images become distorted; it

also then will stand in a simllar relation to the

alpha rhythm.
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HYPOTHESES

A. The alpha rhythm (basic resting occipital
rhythm) 1s an index of certain neurological
processes necessary for the transmission of
neural patterns which mediate the perception
of form. Thesa processes are periodic in
nature and when measured in terms of electri-
cel potential, constitute the alpha rhythm.
These processes are the basis for the loss
in temporal aculty in rapid successive form

perceptions.

Be. Apparent motion is a manifestation of a
partial failure or loss in efficiency in
the perceptual process by the retino-
cortical nerve nst in the transmission of
spatial and temporal infor@ation. There 1s
an 1nteractiohal equivalence of ths space
and time information (in neural terms) such
that neither of these are presented accurately
for perception and there results the neural
pattern for the perception of motion. Apparent
motion, resulting from the nerve net which

transmits form images, will have certain
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relatlons to the alpha rhythm.

If ths above 1s true the following corollariss

should be trus:

Corollary I. No form images may be perceived at a

rates faster than the alpha frequency
for a particular individual,

Cd

Corollary ITI. Differing forms presentsd successively

and at rates faster than alpha frequen-
cy will not be perceived in temporal
gseparationa s presented but will be
perceived as in motion or in simul-
taneous existence, depending on the
ratio of thelr rate of presentation

to the alpha rhythm of a particular
individual.

That rate of form presentation at
which apparent motion ceasss
(threshold of simultaniety) will be
proportionate to the alpha rhythm,

The maximum rate at which separate

Images can be perceived will be
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proportionate to the alpha rhythm,

Corollary III, Segments of a composite form which

may cormbine to make up a unit form, when
presented tachistoscoplcally at or above
alpha frequency will be seen as fused into
a composite form whose elements are simul-

taneously present.,

If we represent a ten psr second alpha

frequency as events on a time dimension of one

second duration,

7

and represent the exposures of two different forms
separated by 1/10 second intervals in a similar

manner, it 1s seen that when superimposed they havse

the following relations,

lg 16 la b e b la 18 1l

14
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Now, 1f the rate of form presentatlon exceeds the
present rate, say by an amount F,, it 1s seen that

the following phase relation holds.

Lag 16 ol b la 4l @ 16 ol b Ig_ila 6 @

s

4

Fo=

We may thus let F; stand for the amount by which the
alpha frequency 1s exceeded by the form presentation
rate F and also for the frequency of coincidsnt ex-

posures of the forms within an alpha cycle. Thus,

F, = P —oC

where F equals the rate of form presentation, &

equals the alpha frequency and F. equals the fre-
quency of coincident exposures per second. If we
allow N separate forms ths squation may be gensr-

alized to read

I = F = o (N=1).
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It 1s preferable to seek that point at which fusion
begins and if we postulate that thls polnt 1is reachsd
where F, 1is Just equal to zero, ths threshold may be

expected when the equatlon reads

!
i}

w (N — 1).

F. =0 \
This prescribes a relationship to alpha and form
perception rates which 1s linear and positive and
disregards any logarhythmic function which 1s often
present in psychophysical phenomena. It also
agsumes no volley effect or multiple net functioning
in form perception as /such and therefore is unlike
auditory neural phenomsna. Many factors, however,
which are known to have an effect of changing thresh-
olds, were, in the experiment, kept constant. These
were the area of the stimulus, intensity of 1llumin-
ation, distance to stimulus, etc. For an individual
with 10/second alpha frequency the number of forms
or form elements N, and their threshold rates pr;du-
cing fusion F , 1into a composlte form should be

related in the manner shown in the graph below,
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Figure 2. Relation of number of
elements in a composite form and
the rats at which they should fuse,

Our experiment will be concerned with composite forms

of 2, 3, and 4 identical elements.

THE EXPERIMENTAL DESIGN

The experiment was designed to test each of
the above corollarles, In addition, since the oppor-
tunity was easlly available, the design included the

entry of a figure-ground-reversal procedurse. It was
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hoped to determine whether the frequency of reversal
of a figure and ground sufficlently rapid for a
simultaneous perception of a blended or fused area
would also be related to the alpha frequency.
Critical flicker fusilon of "on-off" light on a
similar area was also obtained in order to rule out
"retinal lag" or other in?erferenc; relative to non-
spatial factors. That 13; the fuslion of the forms
should take place well bslow critical flicksr fusion

(cfr).

The Salectlon of Subjects

Fifty subjJects were selected from the files
of the slectrosncephalographer at the Veterans
Administration Hospital, Chillicothe, Ohio, on the
baslis of their alpha frequency as determined by the
neurologlc consultant. It 1s an extremely difficult
matter to obtain subjects possessing frequencies
below nine per gsecond or above twelve per second.

The distribution obtalned exhausted the extreme ranges
from the more than two thousand tracings on record at

the hospltal. For each alpha frequency the following
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number of sublects were studied.

TABLE I. Number of Subjects in
Relation to Alpha Frequency

Frequency No. Subjects
12-13 4
11-12 12
10-11 9
9-10 13
8-9 2
Total 50

M 10.16 per sec.
S.E. 1.29

Using the principlexof matched groups it is
agssumed that the significant differences in the
separate groups are either limlted to their

alpha differences or that what variations were
pregent 1nfluenced our study in no systematic way.
The alpha frequencles were not determined to

values below one unit per second because available
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measurements were not determined to a closer degree of
accuracy. There is some variabllity within the indi-

vidual which often approaches one cycle per second and
therefore limits the accuracy of any overall determin-

ation for that individual.

The experimenter deliberately remained in
ignorance of the frequency of any subject until after
the data were collected, since he worked rather closely
with the subjects in the operatlion of the apparatus and
could have therefors been Instrumental in modifying
their responses. This problem 1s a common one in psy-
chologlc researgh. The groups were completed 'in a
random fashion such that consecutive procedures on
subjects from any one group were minimized. (For

further data concerning subjects see Appendix C.)

The Apparatus

The apparatus was essentially a device
which could be made to expose and illuminate varilous
stimull at controlled and variable rates, (see

Figure‘S).
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The heart of the apparatus consists of a
spinning disc onto which the flash of a strobotac 1s
directed through a screen with a shutter opsrated
window. The strobotac emits a five millisecond flash
elther at a determined and controlled frequency or
whinever en external contact 1s opesrated. An
.lectric commutator on the same axi; with the cpin-
ning disc was the external contactor in thils design.
An array of switches enabled the experimenter to
salect the particular stimull to be exposed. In
operation, when the desired stlimulus appeared in
the window of the screen, it was automatically 1l-
lurinated quite analogous to the firing of appro-
priate cylinders in an internal combustion engine.
It should be pointed out that the strobotac also

operates ag a tachometer and by this means the

speed of rotation of the disc 1s qulickly determlned.
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The Procedures

Specific procedures for each subject were as

follows, and in the order discussed. One exception is

that the last tventy-five subjects were glven an addi-

tional tesk of identifying one form which was e xposed

in a different position and orientation successively

ad

at glower and slower rates until ldentificatlion was

complete.

Procedure 1. Purpose:

Events:

Proceduars 2. Purpose:

Events:

Instructions:

Msec:

Introduction of subject to
sltuation and adapt his eyses.

Subject was engaged in
conversation for approximately
two minutes with room light
extingul shed. Shown apparatus.

Further adaptation of eyes and
determination of CFF.

Subject was asked to place his
eyes at the viewer and fixate
a small white srea illuminated
by the strobotac light. CFF
obtalned.

"You see that by turning a knob

56

on this inatrument I can control

the flickering light on the whi

te

spot. Your task is to say 'now!

vhen the flicker gets so fast
that you can no longer see it

« « +» Now let me know by again
saying 'now' when the light be-
gins to flicker again",

Thresholds were recorded progres-

sing up and down the scale.
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Procedure 3. Purpose:

Events:

Instructions:

Misc:

WHITE CIRCLE

WM@OW

37

Determination of threshold of
simultaniety, 1.e., whsn
apparent motion ceases.

The rate of presentation of two
separate white circles in ad-
Jjacent positions alternately,
was Ilncreased and decreased
until the subject reported
cossation and beginning of
motion respectively.

"You say 'now'! when the little
white circles quit Jumping
back and forth . . . say 'now!
when they begin jumping again.
They may always blink or
flicker but we're interestsd
in when they are in motion for
you."

Appropriate speeds wers recor-
ded.

WHITE CIRCLE

WM@OW’

Stimuli for Procedurs 3.

MA" galternates with "B"
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Procsdure 4. Purpose: Determination of fusion rate of
figure and ground reversal.

Events: Rates of alternate prasentations
of stlmull were increased and
decreased in the usual manner
as the subject reported fuslon
and separatlion respectively.

Instructions: "You say 'now' when you can no
longer see the separate flashes
of the ring and the circle,
that 1s, when they blend and
look something like this."
(Subject was shown a solid
uniform grey area by means of a
control switch.) "Now, again
when they are no longer blended
but are flashing separately.”

Misc: Speeds were recorded.

Stimuli for procedure 4.

A" glternates with "BY
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Procedure S. Purposs: Determination of threshold rate
of form perception.

Events: The successive presentation of
four separate forms was reduced
in rate gradually until the
subject ldentified all forms,

Instructions: "You see that thing changing
shape and wiggling don't you?
liow, as I slow this machine
rore and nore the motion will
stop and -€inally you will be
able to see the different things
that 1s made of. Name or des-
cribe them when you can,"

Misc: The rates of presentation at

which the separate forms wers
perceived were recorded.,

OS¢

Stimuli for Procedure §5.
a b c d were presented successively

and continuously at gradually reduced
rates.
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Procedure 5a. Purpose: Determination of the threshoid
at which a single form 1is

(Last 25 N) identified as it 1s presented
in separate positicns and orien-
tations.

Events: The machine was slowed gradually
until the subject could identify
the single form presented.

Instructions: "What you see now that looks
like a circle made up of ple-
shaped segments will changs.
You tell me what the circle
breaks up to look like."

Misc: As the machine is slowed the
apparent motion begins, sub-
sildes and the figure of a half-
circle becomes distinguishable.
That rate is recorded.

N

AN

Stimull for Procedure 5a.

a b c d are presented successively
and at gradually reduced rates. -
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Procedure 6. Purpose: Determination of the rate
(threshold) at which a compo-
site form of 2,3 and 4 slements
fuses, 1.0., 1s seen as a .
simultaneously existing mosaic.

Instructions: "You see those dots going round
and round? You say 'now' when
they stop and form a ring « «
and again when the ring brsaks
up and the motion starts again.
You might-count the dots aloud
-~ the ring will have six dots."

Misc: Instructions were similar for a
procedure obtaining fusion thresh-
0lds for composite forms of 2
elements and 4 elements. The
rates were recorded.

O OO 0
O OO0 O O

Stimull for Procedurs 6,

a b c arse the composite forms as
they appear when fused
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The element which, through successive
presentations in appropriate positions, comprises the

composite forms 1ls shown below.

O O

Element of composite forms
When presented successively in appropriate

angular positions the forms on the preceding
page emergo.
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RESULTS

The results wers not as predicted. The
overall picture is best seen in Figure 4. The means
of the psrformances of the separate groups on thresholds
of form ldentification, apparent mgtion, figure-ground
reversals and fusion (of the two element form) are
connected. Each color represents the performance of
all subjects on a particular procedure. (Fusion of
three and four element forms occurred at frequencies
which are off scale on this graph.) It is pointsd out
that the group displaying twelve to thirteen alpha
frequencles composed only four members and 1s there-
fore statistically less reliable than the others when
any particular result 1s consldered though it still
displays the trend of the data. Subjects possessing
this frequency are extremely difficult to find.

The relationg beatween the types of perfor-
mances are similar and, for all subjects show a
curvilinear relationship tolglpha. The correlation
ratlos, their probable errors and (a better test of
significance) epsilon-squars confidence levels, are

given in Table II, If we asgsign to cach of the
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fifty subjects a score, his mean; to represont his
performance on the combined procedures of apparont
motion, figure-ground reversal, form recognition

and fuslon, the overall statistical results may be

seen (Tables II and III).

TABLE IT. Statistical SignifiZance of Relation
Between Alpha Freduency and Performances on the
Various Procedures

Statistical Measures
Types of Performance

- . w W o =

Cor. Confidsence
Ratlos P.E. Level
Form recognition ' .48 079 1%
Apparent Motion ! «57 .065 1%
Figure-ground Reversal! 4d 077 (5% )1%
Fusion of 2 Elements !
into Composite Form ¢35 .086 >5%
1
Fusion of 3 Elements ‘
into Composite Form ! «30 .087 )5%
Fusion of 4 Elements !
into Composite Form «29 .088 >5%

# The correlatlon of performance with alpha--not
alpha with psrformancs.
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TABLE III. Statistical Significance of Relation between
Alpha and Mean Overall Performance on Form Recognition,
Apparent Motion, Figure-Ground Reversal and Fusion on

2, 3 and || elements into Composite Forms.,

Statistical Measures — Mean Performance
Cor. Ratios .56
P, E. .066
Level of Confidence 1%

% The correlation of performance with alpha
--not alpha with performance.

While all the procedures did not pass rigorous
tests of significance they dlsplay the same general
relation to a lesser degree. This 1s true of all the
procedures save critical flicker fusion. It is seen
that this phenomenon took place at such high frequen-
cies that theré is no possibility of assigning the fusion
and recognition thresholds to this source., It 1s seen
that these thresholds stand in a specific relation to
the alpha frequency. A theoretic discussion concerning
the possible meaning of the relation will be presented

in the next section.
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Results Spscific to Corollarles

Corollary I. No form images may be perceived
at a rate faster than the alpha
frequency for a particular indi-
vidual.

The means of form recognition rates for the
differsnt groups never exceeded thé alpha frequancy.
(Table IV shows the means and standard errors of the

~ separate procedures)

TABLE IV. QMeans and Standard Deviations (score un..3
~-gXposures per second) of Performances on the Vario.s

Procedures
!
' Statistical Measures
Types of Performance!
' Msan S.E.
Form Recognition 6.34 1.45
Apparent llotion 13,36 1.73
Flgure-Ground Reversal 135,82 2.24
fusion of 2 Elements
into a Composite Form 11.48 1.72
Fusion of 3 Elements
into Composite Form 19,00 2,17
Fusion of 4 Elements
into Composite Form 26,08 Se51
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The form recognition score (the average of the rates
at which the subject identified his second and third
form) exceeds the alpha rhythm possessed by an indi-
vidual in one case. If we take as the form recognition
score that rate at which the subject recognized his
second form rather than thezaverag? (which i s slightly
more reliable) between the second and third, it is
seen that the alpha frequency is excesded in two
individual cases. Considering the question as to how
the perception of the first recognized form rate com~
pares to alpha--one of the forms used was unreliable
and reasonably easily seen because of 1ts regular
pointed outline. It is therefore best to take as the
subject's score elther the second form perception

rate or the average between the s econd and third. 1In
any case that rate at which the forms could bo seen

as a percept rather than "finally figured out" was

well below alpha frequency. It seems safe to say

that Corollary I is verified.

Corollary II. Differing forms presented
successively and at rates
faster than alpha frequency
wlll not be perceived in

temporal separation as presented but will

be percelived as in motion or in simultan-
eously existence, depending on the ratio
of thelr rate of presentation tc the alpha
rhythm of a particular individual.
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That rate of form presentation at which
apparent motion ceases (threshold of
simultanelty) will be proportionate to
the alpha rhythm.

The maximum rate at which separate Imagss
can be perceived wlll be proportionats to
the alpha rhythm.

It 1is apparent from the data that form
recognition and apparent motion were significantly
related to the alpha rhythm but not in the manner
implled by this corollary. Though this corollary
implies & linear relationship the results are
clearly that of a curvilinear one such as to negate
the corollary as stated. It 1s seen that the
corollary is not irrelevent but that the relationship
must be one of a different character. than that postu-

lated.,

Corollary III., Segments of a composite
. form which may combine to
make up a unit form, when
presented tachistoscopicallyat or above
alpha frequency willl be seen as fused into
a composite form whose elements are simul-
taneously present,

This corollary and the equations which
followed must be interpreted as standing in a
similar manner to the obtained results in corollary

II above., A comparlison between the predicted values
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as means for the entire fifty subjects and the
obtained values 1s gilven in Table V below.

TABLE V, Obtained and Predicted Means for

all 50 Subjects (score units--exposures per

second) for Fusion of 2,3 and 4 Elements
into Composite Form.

No. of "

Elements Predicted Obtained
2 10 11.48
3 20 19.00
4 30 26.08

While_the agreement 1s certainly more than negli-
glble, when one compares the values deduced from

the equation with the values experimentally obtalned
from the specific groups of alpha, the results are
completely negative: The fusion of the composite
forms does not stand in a direct, 1inear; positive

relation with alpha,
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DISCUSSION

An accidental relation such as that obtained
seems hardiy possible. One 1s now faced with the
question as to the meaning of the curvilinear relatlon;
what changes must be made in the original viewpoint.
Under these circumstances one 1s coppelled tp "reason
backwards"., The conclusions should, however, s
reasonable and psrhaps deductlons from any new theory
can be related to the data obt;ined. Two possibili-
tles wlll be presented; the second more fully than
the first.

The results might concelvably be depresssed
by some factor possessed by the central (and most
frequent) ranges of alpha. It might be possible to
relate the depression in the center of the curve to
the fact that thils frequency of alpha is the most
common in the population and somehow different in
quality from the other frequencies. A statement by
Gibbs (13, page 22) 1is relevant here. It 1s in
effect an assertion that in a system of oscillators
with equal amplitudes that oscillator whose fre-

quoency is most stable willl predominate. Ons further
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agsumption would be that the central region of alpha,
because 1t 1s most common, is dlso the most stabls,
and therefore withstands flickering disturbance most.
The above 13 presented as one possibility.

One other way of viewing the results would
be to say that ths ends of the curve may have been
ralsed bynthe action of a factor in addition to the
one above, or by a factor operating alone. One might
approach this suggestively through analytic geometry.
In analytic geometry one may find curves foughly
similar to the one obtained by equations of eithser
the flrst or socond order.' The obtalned curve is
somevhat llke an hyperbola, wherein, it is interesting
to note, the curve results from a constant difference
between two points. Our obtained curve appears most
llke an equation of the first degree of the general
forn,

y=nmixi|.

Thls 1s read, y oquals absolute value of x multiplisd
by some constant m. Such a curve, as it stands now,
lies at the origin of a coordinate system and has the

following appearance when m equals 1,
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Yy=E=m x| . mw=1

But our obtained curve lies in the upper right
quadrant. We can translate the curve shown above
to the reglon of our obtained curve for the best
possible approximation of super-position. The

thoopptic equation now reads
Yy —k=mnmjx —hl|,

y minus k equals th? constant m times the absolute
difference between x and h. The constants k and h
are the necessary modifications of the pravious y
and x in order for the curve to be translated to
the new position. By this means the curve may b s
expressed anywhere in the coordinate systom. We
ray now substitute appropriate values in the

theoretic equation with assurance that they hold

52
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for this region (as an approximat ion). It 1s seen
that y corresponds to performance and x corresponds
to alpha frequency. The congtants are taken from

the graph. In Figure V, a comparison 1s made between
the curve determined in thils theoretic fashion and
the values obtained by comblning the means of form
recognition and apparent motion, our two main proce-
dures. The constant m has the value of 1 and the

other constants become

k = 8.‘7
h = 10,3

The equation approximating our data may now be written
p —— 8.7 .lw—" 1005! ?

where p 1s the performance and « is the alpha frequency.
Or,

p s 8.7 + I Ol e 10.3' .

The fact that the above curve can be obtained by

utilizing the difference between alpha frequency and

another value in the region of the alpha frequency 1is

of extreme Importance. Suppose we postulate that
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. this other value represents, in the nerve net, another
frequency displaying that rate. We actually nesd only
observe that our subjJects possess this frequency as a
central tendency and have small dispersion from it in
a manner not correlated with the alpha frequency.

Support 1s strongly lent to the idsa that the portion

of the nerve net displaving this other frequency is

the retina. It may therefore well be that as regards

thresholds, the time span of simultaneity (separation
of two events as far apart in times as is still
percelved as simultansous) is lengthasd for those
subjects whose alpha and retinal rhythms approach the
same value or frequency. Bartley states, "It has be-
come evident that the retina possesses an intrinsic
rhythm . . . (and these) have a sensory significance

e « ", (1, p 328)., It may well be that the operation
of the alpha and retinal frequencies, when similar in
value, cause an interference such as to produce fusion

earlier than when a larger difference exists.

Granit and Thermen (1, p 278) report that
cloctrorotinograms display full regular waves with a
frequency of 10.3 per second when photic stimulil

impinges on the retina at that frequency. Above
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that frequency the electroretinogram does not follow
the stimulation completely and either has every
other wave diminished or not present at all. This
coincidence with our finding of 10,3 as a constant,
probably attributable to the retine, lends strong
support to the idea that the intrinsic rhythn of

the retina has thls valuse as a mseane.

In order to-utilize the equation above for
other procedurses the constants m and k assume a
different value but the constant h always remains
10,3, Performance is now curvilinearly related
to alpha and linsarly related to the difference

between alpha and another value, 10.3.

It might be of interest to compute the
mean time interval ﬁhich separates the beginning
and ending of a serias of events which are never-~
theless seen as simultaneous. If we use the data
from the apparent motion and fusion procsduraes
and compute the mean time span for all fifty sub-
Jects, we obtain the value .095 sec. The mean
value of the alpha cycle of our subjects is .098
sece Thers 1s thus little doubt that the nerve
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net which medlates form perception has, in thls case,

a quantum factor near that predictsd by theory.

In order to submit the hypotheses to
accepted statistical tosts and in order to simplify
the data, chief interest has been shown in the
central t endoncies and dispersions-of the scores
assignod to reﬁresent the performances of the subjects.
Unless great semantic care 1s exercised these central
tendencies and dispersions become artifacts and er-
roneously considered. There is a tendency to have
the mean represent the scores made by all subjects and
to let the standard error represent‘"the dispsrsion
of the group". These abstractions are so far removed
from the actual series of svents which took place
that a great deal of information is lost. Statisti-
cally considersd, no differentiation 1s made between
the subjJect who makes a slow response because hs 1is
111 at ease in an unfamiliar environment and the
subject wants to be exceptionally sure and careful,
or between elther of these and a third subject who
has the delusion that he invented the apparatus and
has beon unfairly committed to prevent his roaping
the reward. One usually assumas that those variations
do not bias the controlled experiment in a systematic

way but one can never be sure,
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Gensralizations from experimental data
have valus through the principals of 1lnduction and
analogye. Other individuals in othsr popul atlons
possessing similar alpha frequencles are expected
to possess similar perceptual characteristlics
expressed by tha means and dlspsrsions of our
experimental groups. Individually, however, thsy
can hardly be expected to vary around their means
because of the same particular reasons. There
might not be encountersd a second subjsct who felt
he Invented the apparatus or one who. tended to
argue so much that his percepts were reported un-
roliably. It 1s assumed that though these same
situations might not be expected again other factors
having a simllar effect would operate, This
problem of iInduction and analogy is present in all
sclence. The problém isrinimized in an experimsnt
of this sort out 1t achlieves extreme importmce in
some clinical settings where hypoheses are applied
to the individual patlent. In this latier case
the specific variations and differences may be the
most significant facts in the situation.

Nerve-net theorlsts have also been

concerned with the rich variety of responses to
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supposedly simple stimuli. This variety might be
accounted for in the following manner: two dif-
ferent types of nerve nets probably opsrate in
perception. The first type 1sbelieved tobe
speciflic in its operation and mayb e expected to
function repstitively in much the -same way. It
1s inherited and similar from one individual to
another, Ths second, however, l1sbelleved to bse
non-spgcific, to functlon in a rather generallzed
manner, to be very plastic (especially in young %
persons).and exceldlingly modifiable by experlence,
and to on~going processes at the time new inform-
ation 1s introduced. Ths effect of this second
non-specific assembly was intended tobe minimized
by designing the stimuli for this experiment so
that they diplayed ;he least possible complexity.

CONCLUSIONS

The following maybs concluded from this
study:

l. There 1s a significant relation between the
alpha rhythm and the t emporal aspect of rapid suc-

cessive spatial perceptions. This relation maybde
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considered as curvilinear, or, possibly linear to the
difference between alpha and some other value, which in

central tendency, coincides with that of alpha.

2. Strong support 1s indicated for the view that
maximum rates of form psrception, apparent motion,
flgure-ground reversals (at appropriate rates), and
fuslion of separate spatlal elements Into a simultan-
eously percelved composite form or shape are mediated
by a nerve net of which the alpha rhythm 1s an inte-
gral part.

Culbertson's view of an alpha controlled retina
1s not supported except indirectly; Both frequencies
have a similar central tendency. It seems more
probable that alpha controls only the central nervous

processes.

To the degres that a s tudy is succesgsful,
support 1s lent that fileld of endeavor from which it
comese In this case the genuins effective relation
betwsen psycholozy and cybernetics, including parti-
cularly mathematical blophysics, i1s enhanced. It
might be thought that the success of either of tho
fields of cybornotics or mathematical blophysics

would roeduce rather than enhance psychologic

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



61

conslderations. For, to the extent that : response from
an organlsm is mechanical its "meaning" and perhaps its
"mental aspects" might be lost. Northrop disagrees.

He sees mechanisms as supplementary to ideas. Inasmuch
as pasychology has long tried to be mochanistic it
appears that harmony rather than discord with the'

mathematical and nerve-net theorists will prevail,
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SUGGESTIONS FOR FURTHER RESEARCH

It will be remembered that the data of

Renshaw, though directed toward a different purpose

In mind, demonstrated to a remarkable degree the
quantizing factor around which this study'is oriented.
It 13 likely that ths same approach would have bsen a
better one in its particular way than the one used.

It would be necessary to obtaln a group of subjects
dlsplaying the appropriate alpha frequencles and
train them sufficiently well so that there would be
1ittle doubt as to the length of the quantum factor

when 1t appeared,

It seems possible also to shed light on the
part pléyed by rotinal factors and to study the re-
latlon to the alphaefactor through a binocular
approach. When ons of two stimull is always presen-
ted to one eyo and the other to the remaining, central

factors should be more clearly manifested.

If possible, experimentation of this sort
should be done at the same time an electroencephalogram:

is recorded. In thatway one could be sure he was not
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"driving" the alpha with his own apparatus.

The use of drugs might overcome one of the
most severs handicaps in this type of study--the
extremely narrow range of alpha frequencies. It
should be determined 1f the apparent shift in
frequency due to drug influence (a-Barbiturate for
example) 1s equivalent to a naturally faster or
slower rhythm in another individual, If that were

true the research could then proceed with ease.
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SUBJECTS

The range of the subjects' ages 1s from 19
years to 65. The mean age for the entire group 1s

34,53 years,

The dlagnostic category distribution of
subjects 1s talled below. The performances of the
subjects 1s given individually in the following
three pages. The procedures are listed: form
recognition A, apparent motion B, flgure-ground
reversal C, fusion of 2,3 and 4 elements D, ? and
F. All flgures are the rates at which the respec-
tlve thresholds were reported.

Distribution of Disease Catepories

Dlsorder No., Subjects Included

Schizophrenia, paranoid
Schizophrenia, simple
Schilzophrenia, unclassified; mixed
Manic-deprossive

Depressive

Psychosls, unclagsified

Neurosis, anxiety

Neurosls, Pagsive~dependent
Hourosls, aggressive reaction
Neurosls, compulsive

Neurosls, inadequate personality
Neurosis, unclassified

H OGN OT GO~

Mental defective
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INDIVIDUAL DATA

f U
Subject Procedures
A B c D E F
RLH 8. 12,7 9.5 T11.7 16, 18,
., SEH 5.7 14.4 9.9  16.5 25,5 32,8
. REG 6.6 12.1 14.  12.6 20.4 28.
* ws 8.7 17.4 14, 13,3 20.6 28.

Mean 7.25 14,15 11.85 13.52 20,63 26,70

RKG 6.6 13.2 16.5 12,  18.5 22,8
EVK 7.4 13,1 15,5 11.6 22,1 27.4
CFM 47 13.1  13.6  14.3 17.8 27.5
MK 6.3 14.7 14.3 9.7 17.6 26.
PJT 6.2 14, 12,9 11,9 18.9 22.6
GIM 7.4 11.6 17.3  11.7 19.1 25.9
3 Rs 5.9 14.4 14.6  11.3 18.2 25.6
X CAD 6.9 12.4 15.5 9.2 17.2 24,
JDS 13,  16.3 11.4 18. 27.8
SB 7.5 16.5 1l.4  12.2 20,9 33.2
RDC 6.5 12.  12.7  11.1  19.9 26.7
WB 6.6 16.2 12,9 13,1 19.9 29.5
Moan 6.53 13,68 14,46  11.63 19,01 26.42
GSIt 7.1 13.3 14,7 9.5 18.3 16.4
. WEP 4.7 10,3 11.6  11.2 18,3 20.2
Z NC 3,2 11,9 12.4  10.7 18.2 24.8
" ErB 3.7 12.5 15,5  11.3  15.2 26.6
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Individual Data (Continued)

Subject Procedures
A B c D E P
AM 6.3 12.9 10.2 9.8  19.2 31.7
SBM 5.2 11,5 13.3  12.8 19,5 25,
_ Je 6.3 11.2 13.8 11,1 19,4 24.4
' RIC 6.6 13.1 14.7  12.4 23,  27.4
> Hop 7.6 10.5 8.4 11,  18.7 30.

Mean 5,63 11,9 12,5 1l. 18,9 25.2

o 8.7 13.5 16.3  13.2 20.4 26.8
DOG 6.6 12.1 12,7 11, 21.6 22.6
SIL 5.4  12.3  11.9 9.9 17.9 24,
AAA 3.5 13,1 13.6 11,2 16.6 31.-
FD 6.3 -13.7 13.4  14.9 17.1 26.1
WFB 3.8 11,2 14. 9.6 15.8 22,

o RCG 7.1 13,1  12.8  12.4 20.8 33,7

T om 4.7 14.3 14.4 10,9 15.4 28.8

“ DRa 8.7 11.1 14.2  10.1 17.9 26.9
HLA 6.9 13.  14.5 11,3 22,6 29.6
SWL 3.6 11.7 12.3  11.5 19.2  26.7
MEA 7.4 12, 12,3 10.  16.9  26.
VAT 5.6 12.6 15. 10.  16.7 25.8

Mean 6.02 12,59 13.65 11.23 18,38 26.94

COR 9.7 17.5 16.4 11.4 21.4 28.4
BC 5.6 13.9 13.5 14. 2.2 26.8
MGF 7.5 13.2 13.8 13.2 20, 26,
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Individual Data (Continued)

Subject Procedures
A B C D E P
CDL 6.8 11l.9 12.1 12.9 20,5 26.
AWS 6.2 15.6 18,3 9.4 18.3 20,
FP 4.5 13. 10.1 6.1 19.2 25.
Js 6.4 14, 14.83 9.8 16,7 28,3
Z AH 7.4 15.3 14,7 10.2 18.8 22.5
HHF 17.8 12, 11.3 15.8 23.1
FRF 6.8 15,5 17.5 10.9 18.6 24.8
AW 7 14,3 19. 12.2 23, 26.4

Moan 6.78 14,69 15,02 11.27 19.18 25.28

ﬂ
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Critical Flicker Fuslon
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FLICAKERS PERSECOND

8.5 9.5° 10.5 11,5 12.5
Alpha frequency

The relation of Critical Flicker Fusion
to alpha rhythm. There 1s little difference
between groups.
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The Identification of the Single Form

For the last 25 subjects a single form was exposed
in different positions and orientations successively. This
form was identified differentially by the separate groups
of subjects (separate on the basis of their alpha rhythn)
in rmch the same manner as other procedures. Though the
correlation ratio was mildly present (’}&&rﬁ-‘-’-'ﬂ‘-) it was
not statistically significant. The graphic relation 1s

shown below.

H
o

EXPOSYREIPER SECOND
|
(]

8.5 9.5 10.5 11.5 12.5
Alpha Frequency

The graphic relation of identification
rates to the alpha frequency in the case
of a single form for 25 subjects.
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