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Tvo important processes in the acquisition of

visually presented information are the ability to maintain discrete
perceptual events as separate in time and the ability to abstract
information from brief exposures. Five phenomena were measured which
appear to reflect these abilities. Critical Flicker Frequency {CFF)
is the intermittency rate at which flashes of light fuse to yield the
visual sensation of continuous light. Temporal Numerosity is a
measure obtained vhen a specific number of flashes are exposed at a
given rate and the number reported is compared with the number
presented. Spatial Numerosity involves estimates of the number of
dots in a briefly exposed pattern. Word Recognition involves
recognizing five letter words that are briefly exposed. Temporal
Integration involves presenting two halves of words or pictures in
succession, The task is to combine them into a unitary whole. Eleven
subjects were tested. Some subjects were consistently superior,
otheis inferior, on these tasks. Some showed inconsistent results.
Two correlations were gsignificant at the .05 level: CFF versus
Temporal Integration (rho .70} and Temporal Integration versus
Temporal Numerosity (rho .63). A1l others were insignificant. It was
-suggested that CFF, Temporal Numerosity and Temporal Integration be
investigated in relation to reading skills, (Author)
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INTROTUCTION, The extent to which visuvally presented
information can be successfully acquired by a subject depends
upon the precision of basic time-dependent functlonu of the
central nervous system. One such function is the ability to
maintain perceptual events as separate in time. Measuring
this temporal acuity function for visuval input has been
approachad by several investigators using a variety of
stinmulugs materials and experimental procaduros. Often the
investigator has been lnterchea, not in evaluating temporal
acuity as such, but in us 1ng some procedure :hat implles a
temporal acuity function in the study of relatod processes,

The presont study concentrates on measuring several
difforent phenomena some of which involve this ahility to
maintain perceptual separation of visual stimuli presented
at separate times. Other phenomena measured involve the
subject's capacity to extract information from brief visual
prescntations.

A survey of related literature was conducted prior ‘to
the present investigation in order to identify appropriate
phenomena that reflect these basic abilities. The general
approach taken was to measure several such phenomena for
the same subjects in the same experimantal situation. The
&mQhﬂ:Ja in this initial study was to be on developlng
appropriate apparaLus and procedures for use in later, more
extensive investigations, It was also hoped that preliminary
indications would be obtained of general interrelationships
among the phenomena and that this would suggest which of the
phenomena neasured a single underlying perceptual process
and which measured different processes.

The following phenomena were chosen as approprlate~

A. Critical Flicker Frequency. Critical Flicker Fre-
quency (CFF), (aiso known .as critical fusion frequency and
flicker fusion froqu@ncy), refers to the intermittency rate
at which a long train of temporally separate photic flashes
fuse perceptually to yleld the same visual sensation as
continuous photic stimulation. CFP can thus be viewed as
a neasure of visual-temporal acuity in that when the inter-
stimulus interval is sufficimntly short the discrimination
of individual flashes breaks:-down., This ability to main-
tain the perception of individual flashes is often consid-
ered to be an indication of the precision of this aspect of
nervous systen functioning.

The hlsiory of research on CFF is extensive. An anno-
tated biblioyraphy covering, the period from 1740 to 1952
cites about 1200 references’. Since that date CFF has
maintained its ponularity as a research topic so that
several hundred additional studies have been conducted.
Although many inconsistencies and unresolved problems re-
main, a number of general factors have been shown to reduce
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CFF. 'These include fatigue, anoxia, old age, various de-
‘ pressant drugs, and other conaitions that lower central
. nervous system effectiveness, CFPF, then, reflects to sonme
extont the temporal efficiency of the central nervous systanm,
There is an intermediate transition stage before clear
. fusion is reached during which some flicker still remains.
' During thisz stage some.flashes are perceived and others are
not perceived,

B. Temporal Numerosity. A technique used to investi-
gatw this transition stage is to employ, not a long con-
tinuous series of flashes, but to utilize a short train of
pulses for which the number of individual stimuli ~mn be
carefully control’ecd, In this manner it is possible to
evaluate how man flashes out of a specific train are re-
ported and how r ny are porceptually lost. Such studies
are said to investigate the temporal numerosity function
since the subject's report is concerned with the number of
flashes perceived. Such studies have been taken as evi-
dence for a quan:um unjit of psychological duration or a
'psychological moment'<, Some investigators have identi-
fied the alpha rhythm of the electroencephalogram as indi-
cating a 'scanning mechanism' having such a quantizing
function. Others reject this hypothesis and prefer to
refer to a cortical excitability cycle which serves as a
gating mechanism3,

C. Spatial Numerosity. The term 'nunerosity' is also
applied in investigations where an array of stimuli, use-
vally dots, are oxposcd for a short, controlled duration.
The task of the subject is to estimate the number of dots
presented.  Such studies are termed investigations of
'spatial numerosity' and have usually been interpreted in
relation tﬁ information processing models of cognitive
mechanisms ™, ,

. D. Word Recognition., In addition to tempoxral and
spatial numerosity, other types of experiments have em-
ployed brief esposures of visual stimuli, The general
assumption that underlies many such studies is that the
stimulus situvation is 'impovericshed' by the short expos-
ure duration. Perception is assumed to be a time-based
process sucn that restricted exposure reduces the amount:
of information that can be extracted from the stimulus
presentation, Quantification of how much information
can be obtained from a single brief exposure is a problem
that dates back to the earliest days of experimental
psychology. In more recent years, two general approaches

have heen taken to this proble@. One, termed 'microgenetic
. theory' by Flavell and Draguns”, attempts to describe
' stages of increasing clarity and differentiation that a
visual percept underygoes with successively longer presen-
tation times. "The second approach, the information theory
approach, attempts to identify qualitatively different

]
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procegsing operationsg at different stagesﬁ.

some studies have cmployed nonsense or 'random!' forms’,
In other instances, meaningful symbols or pictures have
been used, The oxpoaulo of symbols, such as words, would
scem to tap assoclation processes at a different level from
those involved in such a task as estimating the number of
sides of a complex figure For the purpose of the present

fudy it was decided to employ a tachistoscopic word rec-
ognltxon task because of the possible relevance of this
investigation to the reading process,

B, Spatial-Temporal Integration., The consolidation .
of temporally discrete visual stimuli may be constructive
or destructive in relation to a given perceptual end result.
In CFF or temporal numcrosity, the fusion of stimuli results
in a loss of visual information, If, howaver, the stimuli
arc spatially and temporally separate but ecach con contrib-
ute to a reaningful combination, this adds to the information
available to the subject., Yor this rcason it was decided
to include a task to test the subjects' ability to integrate
information from. temporally separate stimulus presentations
into a single meaningful whole,

To summarize, the present study was designed to obtain
measures of fivc time~dependent phenomena on the same sub-
jectsg, These werce: A, CFF; B, Tempoxdl Numerosity; C.
Spatial Numoro‘1tv' D. Word Recogn:tmon, and, E, Spatial-
Temporal lntcgrat;on. The gencral aims of the study were:
1. to dovelop and test electronic¢ and optical equipment
appropriate for measuring cach type of perceptual phenomenon.
2. to develop stimulus materials and testing procedures
appropriate for cach measurement situation, and, 3. to con-
duclt a preliminary cxperiment to test out the apparatus and
procedure and to obtain preliminary data.

METIIODS., A, Apparatus., The basic apparatus consisted
of a 2-channcl projcction Lachmstoqcope with associated time
interval generators. This same apparatus was employed in
all measurcments w1th the exception of CFF., Because of re-
sponse time limitations of the electronic shutters, it was
found necessary to use an auxilliary electronic stroboscope
to produce appropriate stimuli for CIFF measurements. The
lamp housing of the stroboscove was covered with opaque
black paper except for a .6 cmecircular opcnlng at the center
vhich constituted the sttmulus area. Since this display was
located 50 c¢m Lrom the subject, it constituted a foveal
stimulus.

‘'he tachistoscope employed two Kodak Carrousel 800
projectors, two electronic shutters with assgociated shutter
drivers, and a 4-channel electronic timer, Figure 1 at the
top of the following page is$ a diagram of the apparatus
arrangenent.
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Figure 1. Arrvangement of Equlpment,

A and B vepresent the projectors with attached electronic
shutters, Images from both projectors are presented onto the |
same screen by the beam splitter. The timer generates four indee
pendently adjustable intevvals, Start/end switches for Channels |
LI, IIT and IV allow these channels to stavt at the onset or offe
sat of the preceding channel, A eycla/normal switch provides
further ilenxibilicy, In the syele mode the Limer will vepeat
the timing sequence until the operation is terminated by the
stant/stop control., In the normal moda, the tlmar executes a
single saguence, . _

1o fuvxther improve flexibility, an auxiliifary suitching
arrangement has beon desigued for the timer. When this switch
L activated, Channel IV eccntrols the tetal duratiion over which
the othex channels are pexmitted to cycle, Thus L€ one complete
cyele for Channels X,IX and 11X tozals 100 milliseconds and
Channal IV is sat at 500 milliseconds; the timer will operate
through five cyclas then stop, Any proedetexained nunber of
stimulus exposures, such as rvequirved in moasuxing temporal
numeresity, can thus be programmed,

sublacks, Pracedupss and Test Miterials, Bleven subjects
(six male and ©iva temale) wore wesied,  ALL were students or
faculty mambers at Magsachusetts College of Optomatry and ranged
in age from 21 to 33 years, ALl had vieual aculty, with or .
without corrvection, of 20/25 or batter., All teses ware condugts
ed in a roon lighted ag a pliotople level (18 £t.¢.) to minimize

one metar divectly in frent of the transluceat backeprojaciion
screen, :

A, CI'f, Four measures were taken in ABBA order. Thus
the firet measurs! bogan with the £1licksy distincetly below
fusion, The subject inereased the internlttency rate until
fusion was reachad, The second and third measupas ware doe
scending trials and the fourth measuva vapeated the procedure
of the £ixst messura, These foux measuves were avernged Lo
yleld the index used in latex ¢omputacions, Becauss high cre

« 85 -
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indicates supevior discriwminabllity, the highest CFF was
assignad a venk of 1 in later computations,

Tha scecond measure taken was word
recosnitlon uader tachistoscopie expoasure, Ten five-lottex
words were cxposced for 025 sccond cach, The words weve:
churl, plan%, hinge, token, knife, means, paper, Bcale,
hable and winhte.,  The score was the total mmber of letters
weong or embtted. For the purpose of compating subject
r?nks, tha smallest number of errvors was assigued a vank

of 1

B, Word Recognition,

8ix stimulus slides were ex-
posed foxr ,0) scconds each, After each exposure the sube
jeet estimated thoe nuwber of dots im the arvray. An error
gcore was obtalhedywith fewest erxvore assigned a rvank of 1,
D, Tempogal Huncrosity., A vectangular red stimulus, -
2 om by 3 e, wos ropeated a¢ the sawe visual logcation in
the conter of the dieplay sercan, | Ywelve trials were run,
congieting of gixn stimalus trains, wepcated in reverse

c, Spatlal Manarosiiy,

arder, Tha notsuve ballen was total ervors, with fewast
errvecs assiened a4 rank of 1,

B, SpatielePenporal Integration, Two types of stlwulus
materials wers veed, The firat involved 'fractured words')
thet 4s, wouds so ddvided that neichor half appeared meaninge
full dn itoclf but when presented togethsw the word became
Tha sceond type Lnvolved cutline dvawings of
airals such that Loth halves were roquired fov appropriate
pareophion,.  Examples ave shown n Figures. 4'ara-3,
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The 'fractured Vord' FAILL,

Figure 2,
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Flgure 3, The 'Fractured Animal' ELEPHANT,

A and B of Pigure 2 show the two halves of the £racture
ed sword FALL and ¢ shows the result when the halves aye
propecly integrated to. form the complete word, In thz same
way, Loz Figure 3 A end B arve halves of the ecutline of an
elaphunt and C illuvstwaves the complete figure, ,

The interstimulus interval for the halves was varied
during the course of cach trial, The duration of each
half wvas 200 williseconds with the duration or extent of
overlap rvogulated by exposing the second half at come cone
trolled dluterval after the ataxrt of tha fivet half, The
initial presentation was with 50 millisecends of sepavration
batween Che termination of the first exposure and the beginning
of the second exposure, The second presentation was such that
termivation of the first exposure (half 'AY) coincided with
thae beginning of the second exposure (half 'B'), With addie
tional presentations, the overlap of the two exposures was
increased in 10 mi.11isecond gteps,

Two wasponses were required on each trial, The first
wag t0 idontify the word or animal correctly. Second was to
vaport when the two halves appeared in such a manner that the
complete word or picture was parceived as present slmultaneouse
ly., Since the two veports were closely related, only the
gsecond ag used in computationsg, A rank of 1 was assigned
to the least anount of temporal overlap that was repovied as
appearing sinvltancous, :
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RESULTS . The principal results are summarized below,

Intespretation of vesults is presented in the 'Conclusions"

gection,
Subiect e Ave,
it CFF S.N, T. N, T. %, W.R, Rank

1 53 (8) 10 (11) 21 (9) 28 (11) 22 (8.5) 9,5

2 64 (1) 6 (&) 5Q) 8 (2) 9 (2.5 2.3

3 52 (%) 7 (8) 22 (10) 66 (5) 36 (11) 8.6

4 58 (4) 7(8) 33 (11) s8 (6) 17 (7)) .. 1.2

5 62 (2) 7 (8) 9 (2.5) 96 (1) 16 (6) 3.7

6. 61 (3) 7 (3) 9 (2.5) 67 (4) 9 (2.5) 4.0

7 47 (11) 5 (1.5) 10 (4.5) 50 (8.5) 22 (8.5) 6.8

8 54.(7) 6 (&) 10 (4,5) 83 (3) 26 (10) 5.7

9 57 (5) 5 (1.5)12 (7)) 57 (7) 10 (4) 4.9

10 5 (6) 6 (4) 17 (8) 38 (10) 4 (1) 5.8
11 31 C10) 7 (8) 11 (6) 50 (8.5) 14 (5) 7,7

Table 1, Summarized data for the 11 subjects on 6he five

measures, The fivst number in each column is the subjectts

score, The namber in parentheses 48 the zank order. CFF

is Crltical FPlicker Frequency, 8,N, is Spatial Numerosity,

T,N, 1g Teaporal Numeresity, T.I1. is TemporaleSpatial
Integration, W,R, L8 Word Recognition,

W.Re 7.5 T.N, S,N,
CF¢t 57 .70 Wb .02
S.N, .27 .10 K
T.N, .41 .63
I, .03

Table 2, Intezcosrelations (based on Spearman rank order)
of the five wmeasures, Abbreviations as listed for Table 1,
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GONGILUSYENS . Although the data are preliminary and
limited by wha swall number of subjects teated, they ave
sugaestive ln several ways, The average vank column of
Table 1 shows ranke varying from 2,3 to 9.5, where 5.5 is
the overall mean rank, This would appear to indicate that
gome subjects tend to score consistently better ovexall on
teats such as euployed have than otherx subiecta. Thig way
indicate a genexal superiovrity of temporally-based infore
mation acquisitlon for such subjects, It would seem to be
worthwhile to devote further vesearch attention to the
analysis of such individual differences, .

The small number of subjects makes interpratation of
the data tentutive but the rankeorder intercorrelations are
nlghly suggestive, With only eleven subjects, a rank order
corvelation of ,60 is xequived for significance at the ,05
level, .74 is goquired at the .01 level, It can be seen
that pro correlation reached the ,01 level and only two
(CFF«Tomporal Integration and Tempoxal Numeresity-Temporal

. Intepration) reachad the .05 level, It is interesting to

.« note that these pheuomena (CFF, Tempoval Integraticn and
Temporal Numerosity) can all be considexed as temporal
aculiy functions, In each case they involve coirectly
diseriminacing the temporal separation, or lack of it, of
ouccessive stioull, Spatlal Rumerosity and Word Recognition,
on the other hoeud, which showed smaller corrxelaticas with
each othor and with the othax measures, involve abstracting
infornation Srom single stimulus Kraaentaticns.

Fusther dnvestlgation involving factor analytic evalue
atlon mathods and increased sample size should resolve any
guestions of the zeliobllity of thaee prclﬁminar{ data,

As apn inltial exploration, this experineat has cone
ceatrated largely on developing flexible multlepurpose
apparatug and testing out measurement procedures rather
than the acquisition of data, It hzs been successful in
these alms in that the apparatus parformed with a high degree
of reliabllity amd Che stimulus materials and procedures
appaared vellesuited to the tasks, The 'fractured words!
and ‘fracturad plctures' techmnique shows special promise
as a procedure which may prove valuable in further experie
mentation relating to tomporal integration, It 4s important
that such invastigations be undertaken since the integration
or consolidation of information presented over time is crucial
to information processing and hence to such tasks as reading,

Although the present study does not deal diveotly with
vreasding disabdlities, it does have relevance to those problems,
The achlevemant of raading skills requires the acquisition,
processing, ctorape and rotrieval of visuvallye-presented lnfore
mation, Ualess fundamental processes in information acquisie
tion are effective, the subscquent stages cannot be performed
properly, Phenomena measured in thils study e« particularly

Y
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CFF, Temporal Numerosity, and Temporal Integration ee

offer promige as Indicice of the effectiveness of initial
information acquisition, Further, more exiensive, investcle
gat&enn are needed to evaluate the utility of such measures
or possible use as dlagnostic procedures related to reading
and other visualepercepiual tasks,
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