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CHAPTER I
INTRODUCTION

Flicker fusion frequency is defined for the purposes of this gtudy
as the mmber of light-dark cycles per second at which a physically intermit.
tent light is just perceived as a steady light. The retinal response to every
separate light stimalus is slightly longer than the duration of the light
phase. This phenomenon is lmown as "retinel lag.®” At a certain speed of the
light-daxk oycles the dark phase is not registercd as such, and the rapid
sories of light fleshes produces the subjective lmpression of an mﬁ.ntenupwdi
contimons stimulus,

The bulk of previous work with flicker z:hmmm has boen concerned
largely with the periphersl or retinsl factors influencing flicker fusion
frequency and the theoretioal impliecations of the findings for visuel physi-
ology. Since 1945 there hos been an over-growing interest in the spplication
of flicker measures to such clinieal problems as fatigue, anoxis, anxiety, and
cardiovascular pathology.

Recently, however, there hag developed an interest in the contral
processes of the brain and their effect on fusion frequency. There has been
some evidence to indicete that eercbrel traums influences this phenomenon;
however, this area of imvestigation has scarcely heen touched. Actually,
there have beem only two studies dealing with the remowal of frontal lobe
tissue in hnmans and its effect on flicker fusion. One by Halstead with

1




2
fromtal lobectomies (removal of both eortical and subcortical strucfures) has
pointod to & permanent depression of the fusion point together with less
veriability within the individual (thet is, greaster accursey) in locating this
point, vhen comparison is made with mormals and nonfrontal lobectomies. Hale
gtead has interpreted his findings to show & less efficlent funetioning of the
brain as a result of frontel lobe injury. Ho hes combined the flicker fusion
tost in a battery to yleld an Wimpaimment index® vhieh eupposedly roflects
demage to the fronmtal lobes which is not apparent from elinieal neurological
oxaminetions, fomal psychonotrie studies, pnewmoencephalography, electro-
encephalogrephy or cliniecsl blochemieal tesgts., If it is poasible to use
flicker fusion determinetions to detect frontal lobe lesions vhich mey remain
behaviorally “silent® for many years of the Individualt's life, the practical
value as well as the theoretical velue would be enoymoms, Halstesd belioves
that such is the case, However, another investigetion, by the Columbisn-
Greystone Assoclates, dealing with topectomy, a procedure involving the
surgical removal of presumably healthy cortieal arcas for the relief of
psychosis, has found no evidence for a lasting depression of fusion point nor
for decrcased intra-individuel varisbility. They did find, however, that mw
patients showed a transient loss in this function which returned to nommal
three months postoperatively.

These two studies served as the impetus for the present investiga-
tion., Since lobectamy, vhere both cortical end subcortical tismue is romoved,
vielded a lasting depression of fusion level together with decreased variabil-
ity, and topectomy, where only cortieal arcas are removed, did pot yield this
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dopression in fusion point nor the docrsased varisbility, the question quite
rcasonably arose as to whether or not profrontal lobotomy, where damage to the
cytoarchitectural ereas of the cortex is negligible but damage to subcortical
structures is extensive, would revesal a deopression in fusion frequeney and
roduesd variebility in loeating thim point., Thus, it would appear that since
the ablation of large cortical areas is not reflected in subsequent flicker
fusion determinations, then if the extensive damage to subeortical structures
incurred in lobotomy is not reflected either, one mny well question the valid
ity of Halstead's conelusion of a linkage botween flicker fusion frequency and
frontal lobe function, and slong with it, the value of an impaimment index
which is so grossly insensitive to lesions of this magnitude, If, on the
other hand, there is evidonce to show that dimxuption of the Lfrontal vhite
fivers is reflected in flicker fusion deteorminations there will have boen gaindgd
new insight Into the problem of frontal lobe damage, and one can examine with
reneved interost the possibilities of an impaimment index and the concept of
"biological intelligence® wirlch Halstead hes advanced.

To the interested obsexrver familiar with psychosurgical patients it
has been a frustreting expericnce to note that despite the exiensive damage to
brain tissue, which g pripri could be expected to be reflected in objective
physiological or psychological meassures, such damage is not found with con-
sigtenay by the use of the usual tests, despite the fact that there may be
alterations in the patient's behavior and interpersonal yelationships. Anothed
point in this comnection is the posteoncussion syndronme which is en extremely
challenging problem for diagnostic differentiation., One finds sovere subjece
tive ccmplaﬂnt_a contrasted with the absence of definite neurologieal findings
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hich can bo obtained by eonvontional elinieal methods. The problem of
detecting the malingerer has made this a crucinl isswe, lalstead's findings
have held forth some hope that porhaps such en indicator has beon found in the
determination of the flicker fusion frequency. The {irst question posed for
the pregent study them is this: Do the {rontel lobe lesions sustained in
prefrontal lobotomy result in a lowered fusion point and in a reduced vari-
sbility in detecting this point when the lobotomizmed subject is compared with
nomal and peychotie control subjects of comparable backeground?

It is hoped also to discover whel effect age has on the flicker
fusion frequency, While there have been a mmber of investigations dealing
with this relationship most of them have fallen far short of the controlled
study. That is %o say, most of the studies hove dealt with reletively small
mmbers of subjects, or only with narrov agc ranges, or thore has been en
uncontrolled suditory component in the spparatus, or a failure to maintain a
congtant light-dark ratio thnghmrb the experiment., It iz belloved that
thege factors have gll been controlled or eliminated in the present study.
One espeelially srresting omission in previous studies dealing with ape has
been the failure to determine the offect of age on the degree of accuracy
vhich the subject shows in locabting his fusion point on successive trials.
A1 in all, it was strongly felt by the present investigetor that a study of
the effect of age on fusion frequency would be well worth the effort, especiall
since lobotomized and nonlobotemized psychotie subjects were available in
addition to the normel subjects with vhich the age factor study wes primerily
concerned.

Y
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The present investigetion was designed to answer the following
specific questionas
1. Do fyontal lobe lesions inecurred in lobotomy result in a lasting
depression of flicker fusion frequency whon lobotomized petients are compared
with payechotie control and noimal subjocta?
2. Do lobotomized subjects display e reduced variability within the
individual (i.e., greater consistency) in loosting the fusion poimt when com-
pared with psychotic control and normal subjocts?
3. Whet effect does age have on the fusion level of nomal and
psychotic subjects?
4. What effect does age have on the degree of warisbility within
the individual (the securacy) in loocating the fusion point?
To smsver those questions and to assess the relevant findings 4n the light of
previcus rescarch isg the purpose of the present investigation.




-

CHAPTER II
REVIEW OF THE LITERATURE

When an observer looks at any source of intermittent illumination,
the light may appear to flicker or it mmy appear to be steady, depending on
a mmber of factors, The point where some change in physical stimilation
cauges the flickering sensation to disappear, or the flickering light to
become steady, has been referred to variously es eritical flicker frequency,
fusion frequency limem, and flicker fusion frequency., The last of these terms
is the one which will be employed throughout the present paper. At s very
slow rote each flash of light can be perceived separately., With an increasing
rate a coarse flicker is experienced at first, then a fine flicker, and when
the rate is further inereased the flashes become superimposed and the inter-
mittent light is perceived as a steady 1llumination, a stage that is referred
to as fusion. The rate at which this phenomenon takes place is ecalled the
fusion point.

The experimental study of flicker fusion may be properly considered
to begin with the work of Telbot®, Talbot formlated the relationship between
the period of light and the period of darkness as they are combined to provide

1 H. F, Talbot, ®Experiments on Light," Iondon and Edinburgh
Fhilosophical Magezine end Journal of Science, 3rd Series, V, 1834, 321-33..

6
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the level of luminous intensity., This fomulai}ion is now generally referred
to as Talbot!s law, IHe wrote: "The intensity of light and the time of the
bvody's remaining at any given point of the eircle are each inversely propor-
tional to the circumference of the circle it [a turning coal] describes; it
follows that they must be directly proportional to each other. This suggests
e very importent ideas, namely, that time msy be employed to measure the inten-
sity of light."® Talbot's law, concerned as it is with the magnitude of the
sensory impression, has been experimentally verified by different investigatorg.
When the sensory effect is one of fusion, the level of illumination is equiva-
lent to the original illumination multiplied by the fraction which the actual
duration of illumination is of the total duration of a complete cycle of illu-
mination and darkness. From this stated relationship, it is evident that a
reduction in the duration of illwnmination results in s reduction of perceived
intensity.

The next important step in this area was that which related the
frequency of intemittence and intensity of the light, the so-called Ferry-
Porter law, Ferry, in 1892 stated that "Retinsl persistence varies inversely
es the logaritim of the luminosity.® Porter, ten years lator, phrased it as
"The speed with which the disc must be driven in order that flicker may just
vanish varies direetly with the logaritim of the illwmination of the diac."l’

2 Jbid., 328,

3 Ervin S. Ferx';r, "Persistence of Vieion," Amexigan Journal of
___—M, m; 18921 »

4 T, C. Por'be:r, #Contributions to the Study of Flicker,® Proceed-
he Roval Soclety, IXX, July 29, 1902, 318. ’
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Thus there is a second measurable relationship: the critical frequency is
proportional to the logaritlm of the illumination intensity. In plotting this
relationship, the criticel frequency tends to rise with an increase in inten-
sity, forming & plateau in the middle of the curve, then rises agein with the
intensity wp to a certain point, from which it declines with further increases
in intengity. The lower portion of the curve apparently represents the funo.
tion of the rods, and the upper portion the function of the cones.’ Hocht and
Smit.hé found that the relation of eritieal frequency to intensity is a single
function for foveal areas belween two degrees of visual angle, where the reting
contains only cones, and a dual funchtion for the larger regions, which contain
rods in addition to cones, Besides Talbot's law and the Ferry-Forter law therg
are several other reguler findings or laws, so that it msy be sgid that from
the standpoint of physical optiecs flicker phenomens have been intensively
studied and the results well formlated in temms of physiecal laws,

The relative duration of light and dark periods also affects flicker
fusion frequency. For a given intensity, the frequency is meximal when the
light-dark ratio is equal, l.e., one to one, When the light phase is longer
than the dark phase, the flicker fusion frequency is lowered. In terms of

intengity, the longer the light phase, the higher the intensity required for

- 5 S, H, Bartley, Yision, A Study of Its Basis, New York, 1941, 117-

6 Hecht and E, L. Smith, "Intemittent Stimilation by Light. VI,
Area and the Relation Between Critical Frequency and Intensity,* J. Gen. Physi-
ology, XIX, 1936, 979-989.
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a given flicker fusion i‘requency.7 Granit and'}iazperg, 1930, have pointed to
the size of the test patch as another factor influeneing fusion frequency.
The larger the area, the higher the maximum fusion frequency. The explanation
of this relationship has been in tems of the neural structure of the retina,
‘ The sbove results have been interpreted by Heecht, for one, in tems
of a photochemical theory of visual processes, He stetes: "The general fom
of most of the existing relationships in the effects of intermittent illwming.
tions are already apparent in the characteristics of the behavior of the ini-
t1al photochenieal ovent."’ Others have utilized the material to demonstrate
features of retinal processes.

The physicsl conditlons giving rise to the sensation of flicker or
to the sensation of steady illumination (fusion) can be stated with some de
of precision. What is essentially involved is a light source which can deli
en intermittent intensity of luminosity to the eye. This source may be a
constent bean of light cut periodically by a revolving sector disc (episcot
Just as en electric fan revolving in front of a light bulb gives the impressio

7 P. 4. Cobb, "The Dependence of Flicker on the Light-Dark Ratio of
the Stimalus Cycle,” J, of ithe Optical Society of Amer., XXIV, 1934, 107-113,

8 R. Granit and P, Harper, "Camparative Studies on the Peripheral
ind Gentralz.zgetinaz II. Synoptic Reactions in the Eye," An, J. Physiel., XCV{
930, 211.228.

9 S. Heeht, A Handbook of Gemersl Experimentsl Psychology, Worcestes,
Masgs,, 1934, 704. :
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of flicker and the impression of dimming the brightness of the light. It is
elso poasible to use a gpecial form of lamp, such as that suggested by Hen:-f‘a
which goes on or off completely at a rapid rate when properly energized,
Whichever type of light source is used, so long as the light is in the range
of moderate brightness end the flashing is maintained at a rate of twenty timep
on and off each second, it will sppear to flicker to any observer with nommal
vision. If the rate is raised to sevenly times a second practically everyone
will see a steady light., The transition point from a flickering light to a
fused or steady light may be found for axxy observer scmewhere between two
light-dark cycles and eighty cycles, depending on certein detemining condi-
tions. What this %ransition point signifies depends on the theoretical frame
of reforence of the investigetor. Until late in the nineteenth century the
point was considered to be the place where persigtence of vision formed or
failed. Sherringtor'> in 1897 developed the idea that flicker was & paycho-
logical contrast phenomenom, the presence or absence of contrasting experience
of 1ight and of dark. McDougall'® studied flicker in tems of the physiologi-
cal durebion of the retinal impression. lore recent workerz have regarded

10 F. Henry, "An Electronic Apparatus for Testing Fatigue by the
Visual Flicker Method," J. of Exp. Baychol., XXXI, 1942, 538-543.

11 ¢. S, Sherrington, "On Reciprocal Action in the Retina as Studﬂs&
by Means of Some Rotating Disecs,® Jourmal of Physiology, XXI, 1897, 33-54.

12 W. McDougall, "The Sensations Excited by & Single Momentary
Stimlation of the Eye," British Journal of Psychology, I, 1904, 78-113,
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flicker as the vanishing point of illumination differcneces, as experiential
temporal homogeneity versus heterogeneity, as time differentiation threshold,
and as discontimous illumination with temporal induction of contimuity. As
Londis has sptly comented:s "Scemingly this experience [flicker-fusion] which
scems essentially so simple is open to a variety of interpretations, no one of
viich is eampletely satisfactory.”

Aside from the strietly physical characteristica of flicker fusion
investigations there are a host of physiological and psycholﬁgical considera~
tions which mist be evaluated. One of the questions which must be mﬁ.ﬁ@d is
that of a possible practice effect. One of the most extensive invesligations
reporting evidence of a practice effect was that of Miller™ who in 1942
worked with forty.four boys and thirty-four girls between the ages of six and
eighteen years, These chiidren were reportedly free of ophthalmvlogical patho]
ogy. Over a period of five test sessions he found an increase in flicker
fusion frequency for both sexes together with & reduction of the veriability
in the determinations. Although no tests to detemine the statistical sig-
nificence of the increase in frequency or the deerease in variability were
performed, the suthor declares the difforences to be significant and indica~
tive of the pregence of a definite practice effect, Aside from the obviocus

13 ’G. Landis, "Something About Flicker f‘usion " Seientific Monthly
LIXIII, Nov,, 1951, 310. ' ’

14 V. L, Miller, "The Critical Frequeney Limen for Visual Flicker

in Children Between the Ages of Six and Bighteen “WWM
}.3 > m, ME., 19&’ 3"‘530 ’

-
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gtatistical shortcomings of this study there was also en extrenely crude
instrument calibration for determining frequency of lightwdark eycles and an
inadequate handling of the acoustical problem for his apparatus,

There is overwhelming evidence by a large mmber of investigators
pointing to the opposite conclusion of that of Miller, Lythgoe and Tansley™
in 1929, 0'Brien™® in 1939, two studies by Simonson and Enzer'’ 18 in 1941,

Brozek end Keyst? in 1944, Tyler<C in 1947, Misiak® in 1948, Miles”® in 1950,

15 AR J. Iythgoe and K, Tansley, "The Adaptation of the Eyes Its

Relation to the Uritical Fusion Frequency,® W M W Mediegl
M No. 134, london, 1929.

16 B, 0'Brien, "Criticel Fusion Frequency and Visual Fatigue,™
ference on Visual Fstigue, National Research Couneil, Wash., D. C., 1939, 1.1/

17 E. Simonson and N, Enzer, "Measurement of Fusion Frequency of
Flicker as a Test for Fatigue of the Central Nervous Systen—Observations on

Leboratory Technieisns and Office Workers,® J. Industrial m,ggg m Zoxicol-
ogy, XIII, 1941, 83-89,

18 E, Simonson and N, Enger, "The Eﬁec‘t of Amphetanine (Benzedrine)
Sulfate on the State of Motor Centers,® J. Experimental W XXTX, 194
517-523.

19 Josef Brozek and Ancel Keys, "Flicker Fusion Frequency as a Test
of Fatigue," J. Indust. Hyz. and Toxicology, XXVI, Msy, 1944, 169-174.

20 D, B. Tyler, *The Fatlgue of Prolonged Wakefulness," w
Exocesdingg Amor. Soc. Ixp. Bigl., VI, March, 1947, 218-224.

21 H, Yisiak, "Practice Effect on Critical Flicker Froquency Mea~
sures, * J. Q*mo Pgyghol., XXXVIII, 1948, 251-256.

& szl W. Miles, WFlicker Fusion Fields: II, Technique and Inten.
pretation," Amerigan Journal Ophthalmology, XXXIII, 1950, 1069-1077.
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and Fabricant and Murrovs® in 1951, all failed to £ind any evidence of a
practice effect, but found instead that flicker fusion frequency was a rela-
tively stable charncteristic of the individuel. To be more specific, Brozek
and Keys, referred to above, found readings in fifty-six nomel adult subjects
ranging in age from 18 to 60 years to vary less than one per cent from day to
day whereas the improvement with practice on a patterm-tracing task given at
the ssme time was striking, Tyler, in the study cited, used 600 subjects to
determine the presence of a practice effect but failed to find any evidence to
support such a view, Misisk tested six subjects on ten different days spread
over an eight-week period with eight readings teken each day. He too found
that fliecker fusion frequency does not reflect a practice effect but is an
winherent and stable eharacteristic of the individual,w Thig is, of course,
assuning that there is no change in the subject's physiological condition over
the period of testing.

With regerd to the question of fatigue and its effect on flicker the
findings of the various investigators show a greater disparity. Brozek and
Keys>> found & slight decrease in flicker fusion frequency when their subjects
vere doing hard physical work on a treadmill near the limit of capacity in a

23 U, D, Febricant and T, R. Murroughs, "Flicker Fusion Threshold
in Hormal Persons,™ Eye, Ear, liose and Throst Monmthly, XXX, 1951, 146-148,

24 Misiak, "Practice Effect on Critieal Flicker Frequeney Measures, ¥
d. Gen. Psyehol., XXXVIII, 255,

25 ‘Bmzek and Keys, "Flicker Fusion Frequency as a Test of Fatigue,Y
4. Indust. Ivg. and Iox., XXVI, 169-174.
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tomperature of 120 degrees Farenheit. There was also a slight decrease fyom
day to day when their subjects performed two and a half days of very hard work
vith inadequate food intake. The decrease was mich more noticesble fram day
to day on a regimen of hard work and total celoric starvation, The authors
conclude that flicker fusion frequency level decreases when the lmman organism
is exposed to en intensive enough strain but that changes are smell and fre-
quently not statistically significant, They point cut that flicker fusion
frequency camnot be considered to be a very sensitive indiecator of "general
fatigue.® They were concerned with the possibilitics of flicker in this area
because Simonson and Enzer?®, working with laborstory techniciens and office
workers, had earller suggested such & relationship with "peneral fatigue.® A
later, more rigorously controlled study (1950) by Brusmek, Simonson, and Keys'??
at the University of Minnesota Physiological Hypiene Laboratory involving
stremous visual work (the identification of very smell moving letters) for
varying lengths of time at different illumination levels revealed = marked
drop in fusion point., After four hours of such stremous work under five foold
candle illumination the decrement in fusion level was significant well beyond
the one per cent level. This decrement went along with an inoreased mmber of

' 26 Simonson and Enzer, "Measurement of Fusion Frequency of Flicker
as a Teg;;" for Fatigue of the Central Nervous System,® J, Indust. Hyr. and Tox.
IXIII, 89. '

in ool 27 4. Bmgnzi,ﬂ E. Simonsoga and A, %eys, "Changes in Performance and
Ocular Functions ting from Stremious Visusl Inspection,” An. J. Psychol
LVIII, 1950, 51-66.

LR
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corplaints by the subjects as to over-all tiredness, museular aches, and bore-
donn, Of all the visuval-type tests employed by the examiners flicker fusion
froquency was the best indicator of the fatiguo state produced. Tyler?® re-
ported results on the effect of experimental insomnia on flicker fusion level.
His 600 smubjects were kept mwelte from thirty to sixty hours without a resulting
change in flicker level, A later study by Milaazg slso failed to disclose en
alteration in flicker fusion frequency relatsble to fatigue effects. The
evidence is by no means complete to answer the question either wey. The fact
that neither Tyler nor Miles found a fatigue effect may be simply because they
had not imposed a sufficiently great stress, that is, that their subjects had
not reached the stage of fatigue where the effects would sppear in a depressed
flicker rate. Brozek and Keyes had slready comented that flicker was mot a
very sengitive indieator of fatipue and when one considers the rather severe
stress conditions that they hed placed upon thelr subjects before there was an
effect on flicker rate their comment seams justified. There is the added poinf
that Brozek and Keys had severely mstribted the calorie intake of their expew
imental subjects along with the pressures of hard physiecel work and extreme
temperatures, To equate the "fatigue" states resulting from this severe regi-
men with the states resulting from prolonged wakefulness would hardly seem

g 28 .'.l‘yler, "The Fatigue of Prolonged Wakefulness,® Fed. Proe., VI,
2L,

29 Miles, "Flicker Fuslon Filelds: II. Technigue and Interpretationg®
&. iq M.’ mnl, 1%9“10'77. T
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legitimate, Clearly, the crucial experiment to answer the question of fatigue
effects on flicker fusion remains for the future.

There have been a mmber of interesting spplications of flicker
fusion deteminations to physiological and pathological eonditions, Enzer,
gdmonson, and Blankenstein®® in 1941 studied flicker fusion frequency in hypo-
thyroidism, Whereas a group of forty-five normal subjects had an avorage
gcore of 45.0 flashes per second {or cycles per second) with a reported low of
40.0 flashes per second, thirteen hypothyroid patients had a mean value of
36.3 with a low value of 32.8 and a high of 40.3 flashes per second for the
group. It should be noted that the high point of the patient group was barely
as high ag the minimm reading of the nomal group, giving tuwo very nearly
discrete distribution ocurves.

Simonson, Kearns and mﬁl used flicker fusion frequency as a
check on the therapeutic progress of four male subjects with diminished pro-
duction of sexusal hormone., In teats before and after four weeks of treatment
consisting of the oral adninistration of methyltesterone the fusion level
increased in all four patients from an average of 43.0 to 46.6. This increase
was found to parallel an improvement in muscular performence on graded tasks,

30 N, Engzer, E. Simonson, and S. S. Blankenstein, "The State of

Sensory Centers in Patients with Hypothyroidism," Annals of Intermal Medicine,
XV, 1941, 659665,

31 E, Simonson, W, M, Kearns, and N, Enzer, "Effect of Oral Admin.
istration of Methyltesteronc on Fatigue in BEurmchoids and Castrates," Endo-
_cmm, mIII, 1941! 506-512.
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Gellhoyn and Hailman ® measured flicker fusion frequency end brain
potentials simmlteneously during anoxia and found parallel changes. The
fusion level dropped from 51 to 49 during ten mimutes of inhalation of 8.4
oxygen and to 43 after an additional eight mirmmies of inhaling 7.8 per cent
oxygen. Recovery in normal air proceeded rapidly and was completed In the
seventh minute after removal of the experimentel condition. The authors
‘ghowed that conditions of anoxia leading to a decline in fusion frequency are
accompanied by typical anoxic changes in the brain as demonstrated by the
electroencephalogram, and that degrees of anoxis which do nmot alter this
measure have no effect on the electroencephalogram, They view the change in
this visual function as due to an actual impaimment of the neurons of the
retino-genionlate-striate system,’>

Along the same lines McFarland, Helperin, and Niven ” found flicker
fuslon threshold to reflect the effects of anoxia and also to reflect the
modification of the enoxia effects as glucose was adninistered to the mubjechs,
Krasno and Ivy>> found that patients with hypertension or anenia heve a lower

"~ 32 E, Gellhorn and H, Hailman, "The Effect of Anoxia on Semse Organg,
Fed. Erog. Auer. Sc¢. Exp. Blol., II, 1943, 122-126.

33 B, Gellhorn and K. Hailman, *The Parallelism in Changes of
Sensory Pumetion and Elwbmencephalogrw in Anoxia end the Effect of Hypere
eapnia Under These Conditdons,™ Pgychosamat. Med., VI, 1944, 23-30

34 R. A, McPFarlemd, M, H. Ealperﬁn, ami J. I, Nven, "Wigual Thres-
holds as en Index of the Modification of the Effects of Anoxia by Glucose,®
4. J. mm., CXLIV, 1945, 378-388.

35 L. R, Erasno and A, C, Ivy, "The Response of the Flicker Fusion
Threshold to Nitroglycerin and Its Potential Value in the Diagnosis, ngmais.
and Therapy of Subelinical end Clinical Cardiovascular Disease," Cireulatio
I, 1950, 1267-1276.
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than normal or Impaired flicker fusion threshold which improves after therapy.

After the administration of 0.Z mg. nitroglycerin 99% of 216 patients with
hypertension or coronary arterial disease showed a rise in flicker fusion threg-
nold whereas in 206 nomal subjects, without evidence of cardiovaoscular disecase,
flicker fusion was inveriably lowered. They found in addition that for several
patients where other cardiovascular indicators of impaiment were not partic-
wlarly indicative, but where flicker fusion was increased by nitroglycerin,
the patients suffered from a coronary thrombosis during the following six
nonths,

An extrenely interesting finding ceme firom the extengive cow
operative gtudy of semi-starvation at the University of Minmmesote Physiological
Hygiene Iabomtow.% The spparatus used to determine flicker fusion frequency
wvas the same one which the present anthor later used in his own investigation,
with a few important changes and modifications added. They used a 2,5 volt
flashlight bulb as a light source vhich wes diffused by an opal glass test
patech 2.5 om, in dlameter. A roteting dlse, 15 om, in diameter, with two open
sectors of 22,5 degrees located opposite each other, served to interrupt the
light, The test patch was viewed with both eyes through an enclosed tube 40
em, in length, The authors fall to give any informstion as to the brightness
of the test pateh, a serious omission in an otherwise valuable piece of work,
They also fail to state the visusl angle which the test patch subtended on the

36 Ancel Keys, ot al. Minnespold
1950, 11, 3094 ye .mwxmmm ospolisy
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retina of the subject's eye, but from the data given (size of patch and visual
gistance to the patch from the eye of the subject) it can be caleulated that
the visual angle must have been epproximately 3,6 degrees, an angle too large
to ingure solely foveal vision. At any rate, the suthors detemmined the fusiof
level of 36 adult nale volunteers in three successive testing trials, The
subjects weré tegted prior to their semi-starvetion periocd and again later at
the end of the twenty-four wecks of semi-.starvation., The flicker fusion fre-
quency dropped from a mean of 36,3 flashes per second to a mean of 35.3. This
was a small but consistent and thus statistieally significant ehange (one per
cent level of probability) reflecting the deterioration found in other funo-
tions, Indeed, flickeyr fusion determination was found to be one of the most
sensitive indicators of psychophysiological change in the whole study. '

From the wide range of pathological econditions and phamscological
agents which have an effect on flicker fusion frequency it is readily spparent
that this measure is extremely sensitive to physiological change within the
orgeniam, The essential characteristie seems to be that any condition or
agent which serves to decrease the available blood sugar or oxygen to the
retina or to the brain decreases the flicker fusion frequency. And conditions
or agents which serve to increase the efficiency of the vascular supply in-
crease the flicker fuslon frequemcy. It would seem then, that this test is a
measure of the functional efficiency of either or both the retina and the
cortex. More recent thinking, partieularly with regard to EEZ findings and

37 Ibid., I, 684-685.
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photic driving, has served to minimize the role of peripheral structures (ret-
jna) and placed the emphasis on the central nervous system, This will be takeg
up in detail later, but for the present thére are other findings which must be
evaluated here,

There has been practically nothing done in the way of correlating
more or less strictly psychological factors with flicker fusion. Only two
attempts are available as yet in the literature and these are largely inade-
quate preliminary reports suggesting the possibility of wider spplications of
flicker rescarch, Krugman® in 1947 found a lowered flicker fusion in combat
air crew persomnel who were suffering from operational neuroses (anxiety
reaction)., Interestingly enough, this threshold inereased as the neurotic
gymptoms disappeared, The author mekes no attempt to theorize as to the
relationsiip involved here or to explain his findings on a physiological basis,
Ho doos suggest, however, the possibility of using flicker fusion deteminatiods
in conjunction with psyechotheraspy as a measure of the effectiveness of therampy.
llo one has attempted this as yet, but the suggestion is rather an engaging one.
In the same wvein, Tanner? in 1950 reported that the light-dark ratio as a
determinant of flicker fusion frequency correlated in the+,50's with intel-
ligenece as measured by the American Council on Education Psychologieal

38 H. E. Krugman, "Flicker Fusion Frequency as a Function of Anxiety
Reactiﬂn, An Momtow Study‘, £ SYChoBo, M" IX, 1947; 269"2720

39 W, P, Tenner, Jr,, "A Preliminary Investigation of the Relation-
ship Between Visual Fusion of Intermittent Light and Intelligence," Science,
CXII, 1950, 201~203.
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Exanination, College Edition, in two different groups of Wentysnﬁw‘ and
twenty-one subjects each, Tanner observes that the shortest noticeable dark
period for a light flash of some critical length promises to be a significant
correlate of intelligence. Again, since there is no attempt to explain or
relate this finding to a theoretical framework, the reviewer is left with a
frustrated desire for closure.

Reasonably enough the question of possible sex differences in flicke)
fusion observations arose. In 1934 Hartnanm®® used thirty young children and
thirty adults with normal visusl acuity and normal color discrimination., The
ages of the children ranged from six to eleven years, that of the adults from
eighteen to twenty.five, A dlsc of two 130 degree cardboards was rotated by a
D. €. motor with regulated speed which could be read at any given time from a
tachometer coupled to the shaft of the motor, At first the anthor found a
higher frequency for children; but in another series of experiments no dif-
forences were observed. This led him o the conclusion that the basic mecha-
nisms imvolved in flicker fusion dstemination mature relatively early. He
found, however, higher flicker fusion frequeney in males for both the children
end adult gxoup, From the average deviations computed there was less varisblls
ity in adults than in children, and less in females than in males.

i G. W, Kértmam, #Comparison of the Flicker Threshold in Children
and Adults,® Child Development, V, 1934, 122-126.
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In 1942 I'ﬁller&l used a bean of light interrupted by a disec comnected
to a reducing friction-dise drive which in tumm was driven by a synchronous
motor. There were two groups of subjects, 44 boys ranging in age from eight
to nineteen years and 34 girls from six to ninetean years. The subjects were
set for the disappearance of flicker (determination of fusion point) which they
gignaled by means of a telegraph key, this point being taken as the reading,
Miller found that the range of flicker fusion frequencies extended from 31,6
to 73.0 eycles per second, but with no significant change of flicker fusion
frequency with age. In line with Haytmann's findings the boys scored higher
than the girls over this narrow age range. !Miller found that the variability
of the readings deereased with successive sitiings, bub the average flicker
fusion frequency inereased mayiedly from the first to the second session., Thig
the author interpreted as practice effect. But as has already been pointed
out subssquent research has pointed overwhelmingly to the unlikelihood of a
practice effect in this funetion. The explanation probably lies in Ianﬁié"‘!"z
studied observation: ®I think it possible thot much that has been ealled
tpractice,! as well as ruch of the variebility in results, is due to the fact
that untrained observers do not know what to look for in observing flicker
fusion.® Thus the experimenter who neglects to give adequate instructions to

4LV, L, Miller, "The Critical Frequency Limen for Visual Flicker
in Children Between the Ages of Six and Eighteen," Genet. Psyshol. Monogr.,
XXVI, Aug., 1942, 3-53.

42 Landis, "Something About Flicker Fusion," Sclentific Monthly,
IXXI1I, 312.
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his subjects, espocially when young children are employed, will freq;zent]y
£ind shifts in fusion level in successive trial:s which he impulsively, and
erroneously, aseribes to fpractice.® Another reason for regarding Miller's
conclusions with justifiasble scepticimm lies in the extremely crude inter-
polations and extrapolations of his calibration procedure. Some shortcomings
of Hartmann's experiment also make the critical reader question his results,
For example, the apparatus and the control of speed of the rotation were inade
quate. There was also a lack of control of light and dark adeptation, fixationg
of the eyes, and size of the pupil.

A better designed and more carefully controlled investigation of the
sex factor was carried out by Misial®® in 1947. By profiting from the short-
conings of design in his predecessors Misiak was sble to present convineing
evidence against the existence of a sex factor in flicker fusion éetemina‘bion%.
He used two groups of fifty subjects each; one group ranged in age from 19 to
30 years of age and the other from 63 to 87 years. Thus the young group had
25 males and 25 females and the old group had the same mmber for comparison.
The young group was composed of college students and the old group of immates
of two 0ld age homes, Foveal flicker fusion frequencies were detormined on
the basis of eight readings from flicker to fusion and eight from fusion to
flicker., Flicker was produced by a three-watt neon glow 1@. The circular
teat patch was five millimeters in diameter, subtending a visual angle of

43 H, Misiek, "Age and Sex Diffcrences in Critical Flicker mquenejf,
J. Exp. Pgychol., XXXVII, 1947, 318-332,
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forty-eight mimites, The brightness of the patch was six foot-candles. The
apparatus was equipped with a small cathode ray oecilloscope and by means of
the Lissajous figures eppearing on the ocilloscope the dlals of the resistor
yere calibrated and the rate of flicker controlled. The test patch was viewed
from a distance of 12.8 inches. All the subjects were reportedly free of
pathological eye conditions and were supposedly lighteadapted to the three-
watt neon glow lamp prior to testing, Misisk applied the i test for the sig.
nificance of the difference in means between the males and femeles oi‘ both the
young and the old groups separately and found no % walues which even approached
the five per cent level of probsbility. He had detomined flicker fusion
means for binocular vision and for dominant and nondominant eye tested sep-
arately, l«!iaiakM‘ loter confimmed this finding of no sex differonces with
132 males and 137 females using the same apparatus and under the seme test
conditions as in his earlier work, The absence of a sex factor operating in
flicker fusion determinatlons has been accepted on the basis of the evidence
to date and there have been no further ettempts in the literature to reopen
this question for investigation. I seems quite certain that of the many
factors which do have an effect on flicker fusion sex is not one, and experi-~
ments are now designed without regard for the sex of the subject.

44, H. Misisk, "The Decrease of Critical Flicker Frequency with Age, 1
Sclence, GXIII, 1951, 551-552. ’
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An especially interesting point is the suggestion by some ‘earliar
investigators""s 46 that age might have an inﬂxieme on flicker fusion fre-
quency. Since the age factor is an important consideration of the present
investigation it might be well to consider some of the previous experimentel
findings with regard to this question.

Hertuexds 1934 study’’, vhich has already been referred to in some
doteil above under the investigation of sex differences, is interesting for he
found that there were no gignificant differences in flicker fusion frequency
between children and young adults. Miller, also referred to previously in the
survey of possible sex differences, failed also to find any significant change
in flicker fusion frequency with age over the narrow age range of young sub-
jects which he investigated. He presents a scatter aiamw with fusion
frequency plotted against age, and, although he has not computed a coefficient
of correlation, it is readily apparent by inspection of his diagram that any
correlation between age and fusion frequency is practically negligible and as

L5 K. Koffka, Growth of the Mind, New Yoxk, 1924, 62-63.

46 L, A, Riddell, ":'ﬁae of Fﬂ.id&er Phenomenon in Investigation of
Fields of Vision," m&o 14 Mc’ X, 1936: 385"410a

47 Hartmam, “Comparison of the Flicker Thresholds in Children and
Adults, ® Child Develpm., V, 123-126. ,

8 miié:-, #The Critical Frequency Limem for Visual Flicker in
gxildren Between the Ages of Six and Elghteen," Genet. Psychol. Monogr., XXVI,
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1ikely to be positive as negative, Jamsl"g, a:l:ﬁmgh his primary concern was
fatigue measurenemt, did not find e marked difference in fusion level with age
for 275 truck drivers ranging from twenty-five to fifty years of age.

In 1941 Simonson, Enzer, and Blankénkteinm used forty-seven nommal
subjects varying in age from ten to eighty yem They divided the subjects
into four groups: group one (10 to 19 years) contained four subjects, group
two (20 to 29 years) contained eighteen, group three (30 to 39 years) had ten,
and group four (over 40 years), fifteen subjects. According to the suthors
this last group had subjects as old as eighty years of age, but no measures of
central tendency or variability of age are given. They used a rotator arrange-
| nent where the beam of light from a twenty-five watt bulb wes interrupted by a
rotating disk with four identiecal openings, The area of the test pateh was
one square centimeter which at one meter subtended s visual angle of one-half
degree., The visual angle was purposely made this amell to insure foveal visiof,
tut as Landis?* has recently pointed out, to study only foveal, cone, or
photopic vigion the visusl angle should be between one and two degrees since
at less than one and beyond two degrees of are, camplications enter into the
determinations. The speed of rotation was measured by a mechanical revolution
counter, In the analysis of their resulis they considered separately minimm,

49 R, R, Jones and R, R. Sayers, "Fatigue and Hours of Service of

Interstate Truck Bl'i‘?era," E. §. m Wm- m‘; No. 265; W&Sho’
D. C., 1941, 195-208,

v 50 B, Simonson, N. Enzer, and 5. 3. Blankenstein, *"The Influence of
Age on the Fusion Frequency of Flicker," J. Exp. Fgychol., XXIX, 1941, 252-255.

g1 lendis, "Something Abcut Flicker Fusion," Sci. Mon., LXXIII, 311,
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average, end maximum velues of cach group and found a decrease in maximm and
average values but not in ninimm values, The difference between the mean
values of the verious age groups wes not statistieelly significant, however,
beecause of the great variebility of the ten 1o twenty-nine year group as evie
denced by a larpe standard deviation., They also found a goneral trend toward
a decrease in veriability with ages that is, ‘tlw range of values and the
standard deviation decreased with each successive age group, The authors
interpret their results as showing %a decrease of a fundamental sensory funod
tion of the central nervous system with age.®

Brozek and Keys®® in 1945 tested fifty-six subjects ranging in age
from 18 to 60 years, A flashlight bulb of 2.5 volis provided the light so

The light was interrupted by a motor-driven rotating disc with two open se
The opal glass test patch was 2.5 centimeters in diameter and was viewed £
e distance of 40 centimeters, Unfortunately the authors do not give the intep
gity of illumination at the test pateh nor the visual angle subtended on the
retina, They divided the fifty-six subjects into four age groups: 13.25,

2635, 36=45, and 45~60 years .with nineteen, seventeen, eight, and twelve

subjects, respectively, in each age group. The mean values of flicker fusion
frequency for these groups were 46,70, 45.74, 45.39, and 0.92 flickers per
sccond with standard deviations of 4.1%, 3.59, 2.89, and 3.27. A statisti-
cally significant difference at the five per cent level was found betwesn thel

52 Josef Brozek and Ancel Keys, ®Changes in Flicker Fusion Frequenpy
with Age," J. Consult. Pgychol., IX, 1945, 87-90.
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means of the 18-25 yoar group and the 45-60 year group, No other statiati@
significant differences were found,

Misisk?s?> 1947 imvestigation has elready been described in some
detail with regard to the effects of sex differences on flicker, Bub his
findings with regard to the effect of age on flicker were puwrposely left until
now for presentation in the proper context. When Miasisk compared his fifty
young subjects renging in ege fram 19 to 30 years (mean sge of 23.0 years) wity
his £ifty old subjects ranging in age from 63 to 87 years (mean age of 73.8
years) he found & highly significant difference, While he found a considerabld
decrease in average flicker fusion values in old age he did not find significaift
differences in verisbility among individuals or in wvariability within the
individual perfomance; however, ho does not Indicate that any statistical
tests wore used to support the last two contenbions, He found that the range
of the old group was almogt twice that of the young group and thet vhile the
minimm values differed considerably, the maximum velues differed comparstivel;
little. That is to say, two of the older subjects had fusion scores as high n]
the maximm scores of the young subjects, vhile the lowest scores recorded for
the aged group were congiderably below those of the young group. It should be
noted that these findings ere not in agreement with those of Simonson % nor

53 Misiak, "Age and Sex Diffcrences in Critical Flicker Frequency,"
J. Emp. Psychol., XXVII, 318-332.

54 Simonsgon, Enzer and Blankenstein, "The Influence of Age on the
Pusion Frequency of Flicker," J, Bwm. Psvchol., XXIX, 252-255.
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with those of Brozek and Keys”, These two studies had revealed that maximm
scores show the greatost Srop with sge while low scores (minimm values) were
present in the young as well as the old,

In & later study by Misisk’C, in 1951, reported aftor the present
author had completed his mm‘stu&y, the following findings came to lighti:

1. There is & pignificant difference in flicker fusinn leovels
between subjects under thirty years and those sbove fifty.five years. Flicker
fusion frequency drops with age and is significant in later life, i.e., after
fifty-five,

2. Inter-individnal varisbility es indicated by the standard devie-
tion of age groups tends to increase with age. (On the basis of the data
vhich he presents, this conclusion may be justifiasbly questioned.)

3. Intramindividual variability as indicsted by the mean of the
individnals' everage deviations tends to decrease with age. (Again no statis-
tical test wms employed.)

Wherens in his earlier study (1947) Misisk had theorized that the
decrease in flicker fusion frequency in old age wms probably due to the degen~
eration of the optic nerve and cerebrmm, now (1951) he suggests a dominance in
old age by the parasympathetioc system which resulte in the dininished diameter

55 Brozek and Keys, "Changes in Flicker Fusion Frequeney With Age,"
d. Conmult. Egvehol., IX, 87-90.

56 Misisk, "The Decrease of Critical Flicker Froquenoy With Age,®
Seienge, GXIII, 551-552.
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of the pupil, in turn lowering the retinal illumination and consequently the
flicker fusion frequency. Such a hypothesis is interesting, most certainly,
Wt so far there is no direct evidenoce to support it.

There have bean few gtudies desling with the effect of removel of
cortical arcas on the flicker fusion frequency of light., In animal experi-
nentation, a study of flicker discriminaticn before and after removel of the
visual cortex in the eat has been reported by Smith®’, Here flicker diserim-
ination waa found to be greatly impaired by the operation, especially at high
illuminations, But with prolonged training the animals subjected to surgery
regained their nommal sensitivity et all lewels of illumination, This led to
the conclusion that the cortex is not absolutely necessary for cone functions
in flicker vision, The suggestion vas then put forth by Horgan®® that vhat
occurs with striste removal is an interférence with the subject?s ability to
give his "attention® to visugl stimuli, rather than with ocone functions as
such.

Poppelrenter’’ had previously reported that patients with injuries
to the striate area of the oceipital lobe show defectc in wisual efficiency on

57 K. U, Snith, "The Postoperative Effects of Removal of the &riatJ
Cortex Upon Certein Visually Controlled Beactions in the Cat," J, m
Psychol. , L, 1937, 137-156,

58 CLifford T, }‘iorgm, 108 'y Yew Xbﬂi' 191‘3’ 23.@:
59 W. Poppelreuter, Die in

Kriege Jﬁlé I, 1917, cited by B. muver, Wimal mmmea After Core-
bral Iﬂm; W m.; ﬂIV, 1927:0 BZZZW
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many tests of visual funchbions; that is to say, such a patient is v;lsually
inefficient and hendieapped in performence. E;}ﬁla he can perform the required
tasks, he cannot do so with the gpeed or effectivensss shown by a person with
an intact cortexx. It was his finding which suggested that the impaived flicke
fusion frequency shown later in the animal sgtudy might be dependent, at least
partially, on factors other than the optic mechanism iteelf.

Unfortunately, there has been very little reported to date dealing
gpecifically with the effect on flicker fusion frequency of the removal of
cortical tissue in Imen beings. However, several related atudies are of pﬁm?
importance heve. Phﬂlipﬂéa {1933) had early reported a significant decrease
in flicker fusion frequency in eight esses of chissmal tumors and in two cases
of parietal brain tumors. He noted that the two parietal cases had normal
visusl acuity and fields. later (1942), Werner and TmmePl yorisd with mentelfy
deficient children., One group of these children presented evidence of brain
lesions vhereas the other group, while also deficient on the basis of stande
arized intelligence tests, presented no evidence of lesions., These subjects
were tested for fovesl flicker levels (two degrees of visual angle) with a
notor-driven episcotister, For the three different brightness levelas of 30.0,
14.5, and 7.5 millilsmberts the children without brain injury showed fuaion
neans of 40,63, 335.04, and 34.46 flashes per second. The corresponding neans

60 G. Phillips, "Perception of Flicker in lLesions of the Visual
Pathways," Brain, VI, 1933, 464-478,

61 H, Werner and B, Tinme, "Critical Flicker Frequency in Children
‘gith an mmja &u g. ﬁm" Lv’ 1915'2$ 39‘?'399-
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for the experimental grovp were 34.83, 32.01, and 28.37 flashes per second.
The authors conclude that the algnificantly lower fusion levels of the broine
injured children point to the view that the processes imvolved in flicker fusiqn
determinations are more dependent upon centrel neursl mecheniamms than upon
peripheral mechenismg. Since the egod subjects showed a lower fusion
level without any evidence of retinal deficlency, the suthors feel that this
rosult gives weight to the findings of Bartley® snd of Cronier and Wolf®3 that
the emphasig lies in central processes rather than in retinal structures.

Teuber and Bendaré"* found the flicker fusion freguency of a group of
twenty-eight naval casuaities with injuries to the occipital lobes to be sip-
nificantly lower than that of twenby nommael subjects. The anthors conclude
that *aeural rather than photochemical factors limit perception in brain.
injured patients, snd that the limiting factor is an abnomrmal slowness of the
cerebral function subserving vision, o3

62 Bartley, Vision, A Study of Its Basis, 125,

63 W, J. Crogier and E, Wolf, "Theory and Measurement of Visual
Mechaniamg: V, Flash Duration and Critical Intensity for Response to Flicker,®
l‘ m‘ YUVEIOL. s mv, 1941’ 635“6540

6, H, L, Teuber and M, B, Bender, "Critiecel Flicker Frequency in

Dlgiwtim Pields ef‘Vision,"m Em An. 5@.9 m m., VII, 198, 123-
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On the basis of two later studies™ %7 yith ocoipital and oceipito-
perietal lesions it would appear that the reported effects on fusion frequency
nay be due to lesions outside rether then inside Brodmann ares 17. There seang
to be evidence that various other parts of the cerebrum in addition to the
oceipital lobes are implicated, and there is the suggestion that involvement
of the visual pathweys proper is not a neoessary condition for the observed
digturbances in flicker phenomens, Thus the emphesis for the physiological
basis of fuslion in recent experimentation is dleerly placed on the activity of
structures central to the retina rather than on retinal factors in thamselves,

It wes Halstead's study®® published in 1947 which move than eny
other single factor has given the Impelus to the present investigation, Beomﬁe
Helstead found that frontal lobe injury hes a definite depressive effect on
flicker fugion frequency the present Iinvestigator set out to determine if the
demage gustained in frontal lobotomy would produce s depression such as that
found in lobectomy,

To understand the significance of Halstead's findings it is firgt
necessary to understand something of the task which he had undertsken, First
of all, Halstead was convinced that previous atbempts to relate hman inte]]igveTc

66 S. B, Wortis, M, B, Bender, and H, L, Teuber, "The Significance
of the Phencmenon of Extinction,™ J. Nexy. m Hept. Dis., OVII, 1943, 382.387.
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to brain functions had largely fa1ed.%9 So, in order to avold the Eifficul-
ties which had beset earller theorisis, he aa:h out to esteblish a rational
hypothesis as to the kind and mmber of factors involved in "biological intel-
ligence," as this concept is related to brain function., His objective wos a
definition of biclogical intelligence in terns of operational fumnctions, Thus
his task became one of a selection of a battery of behavioral indicators, a
selection of a group of subjects for examination by this battery, the examins.
tion of the quantitetive relations between perfommance on the various tests,
and finally, the isolation ly quantitative methods of the principal factors in
the tests., The total battery of tests employed In these studies consisied of
twentyp-geven behavioral indieators. In setiing wp the test baliery an effort
wes made to include a wide range and variety of items, ineludinz (a) tests
vhich in preliminsry studies had shoun promise of differentiating between
brain-injured and normal individuals, (b) tests of pmyehametric intelligence,
(c) tests of various personality functions, and (d) tests of varicus sensory
capacities., The hattery of twenty-seven tests was given to fifty healthy aﬁnlw

9 "The biological significance of the intelligence quotient, or I
ramaing largely undemonstrated, although the current soeiological renificat
of it are mmerous, An index for scaling lnman mentality, the IQ hes baam
widely used In the classroom and in the peychiatric cliniec, In both, and
egpeelally in the latter, it is commonplace to observe marked digparities
betweon the measured intelligence of an individual patient and his apparent
useble inlelligence, The former mey bo very high and the latter low or vice
verss, This disorepency becomes & patent absurdity in the ecase of brain-injurdd
individuels, Evidence is now on record to the effect that murgical removal of |
one or both prefrontal lobese~that is, a mass of brain substance mnsti‘buting
about one-fourth of the iwt.al eembnmay not significantly elter the IQ, e
Halstead, m& and Intellioen
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males regarded as medically recovered fron a ?ecent concuasive-type of head
injury. All had experienced an interval of unconsciousness of varying durstion
up to one hour at the tim2 of injury. There were detailed neurologiecal and
peychiatric examinations, including detailed sensory examinations, and eampletq
nedicel higtories available for each subject, From the total battery thirteen
tests were finally selected which yielded objective scores suitable for treat-
nent by mesns of the Pearson coefficient of correlation and which seemed likely
to reflect some component of biologleal intelligence, By means of a "blind®
factor analysis of the thirteen tests perfomed by both Holzinger and Thurstong
at the University of Chicago, it was possible to educe four basic factors: a
fcentral integrative field" factor or C factor, an "abstraction® or 4 factor,
e "power® or P factor, and a "directional® or D factor, On the basis of these
limited data, an elaborate and rather dogmatie pichure oi intellectusl functione
ing was drawvn, It is not primarily within the scope of the present study to
eriticize Halstead's approach to this importerd avea of investigation; however
a mmber of shorbtoomings ere so obvious es to demand recognition and comment,
First of all, neither the smmmple of tests nor the sample of subjects was ade-
quate to provide a clear and definitive factor amalysis; secondly, there was
0 clear, systematic attempt to relate each of the factor scores to the physi-
ologisal and neurclogical modifications which were later studied. Thirdly, thd
sweeping elaing of the identification of "biologicel® intelligence as distinct
from ®paychometric® intelligence are hardly supported by the evidence, It 4s
always ecasler, however, to criticize a pioneer study than to plan and carry ouff
& better one,
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The flicker fupion test was included in the battery, and its cor-
relation with the menory component of a tactual diserimination test and the
centrel form end color components of the Halstead Dynsmic Visusl Field Tests
comprised what Holstead has ealled P or the "power? factor., Halstead states:

The F factor is a dynamie factor which, in terms of a single
egtimation, probably best reflects the over-sll status of the brain.
It is sensitive to the presence of relatively mmazll lesions in the
brain and to the effects of low.grade anoxis, There ig resson to
believe that it is also sensitive to certain concomitants of fatigue
states, Ite specific physiology ls unknown, but it would not be
surpriging should it be found to parallel those vibal processes
which gustain the brain and cortex at e high level of efficiency.’C

At a later date, in fact, in Halstead's most recent discussion of his four
factors (1951), he wrotes

Speaxman, and egpecially Thurstone and his associates, have ocon-
verged more and more on the concept of intellect as consisbing of
diserete but correlated functions, Probebly Spearmants genersl
factor *g' which he interpreted as an ebstraction factor, Thurstone's
induction factor fI' and my 'A' factor ave the same factor, This

is probably the same as Goldstein's Yabstract attitude.' The P!
factor has not es yot been employed by them becamse sppropriate
indicators for reflecting its varisnce have not as yet beoen employed
by them, It will doubtless | come sbout in due time as the need
for validation of postulated rs in tems of biological function
of the organism 1s recognized,

It should be noted here that the present investigation is not con-
cerned with the validity of the P factor as such; the concern is with a

70 Ibid., %.
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component of this fac‘{:on-mtbat reflected in flicker fusion determinations.
The reagon for the initlal ineclusion of flicker fusion determinatlions in Hale
steadts battery derives from earlier research with primates and human subjects,
Using nomal and mapamtad monkeys, Halstead and his associates’2 12 T4 7
deotermined certain essential relationships between brain wave activity as
recorded by the elctroencephalogram and the fllcker fusion test, They found
it poasible to "drive® the brain waves of the monkey in onewto-one fashion up
to frequensies corresponding to flicker fusion frequency by means of inten.
nittent photic stimlation., A simllar driving effect has been deseribed in
nornal men by Tamen’®, by Adrian and Matthows'', and by Jasper'S, It wvas
found that in the monkey the electrical activity of visual structurea below th?

72 Ward C, Halstead, G, W. Enox, and A, E. Walker, Wodification of
Cortical Activity by Means of Intermittent Photie Stimulation in the Monkey,®
. Heurgphyaiol., V, 1942, 349-356,
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7, A, E, Walker, gt al., %chanim of Temporal Fuglon Eﬂ‘eeﬁ o:t’
Photic Stimilation on Elect Activity of Visual Structures," ,I. curophysldl,
VI, 1943, 213-220. ,
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cortex, that is, in the optico-geniculo-striate system, could be driven to
frequencies above the flicker fusion point for that subject. Halstead?” had

early suggested that one effect of intemmittent photic stimmlation might be
to "drive" the pupillary and accommodative mechanisms of the eye. Their faile
ure to "follow" flash retes might resull in opening the eye to more light or
in changing the extent of light distribution on the retina, thereby enhancing
apparent brightness, This possibility was investigated with a nomal subjeect
by eliminating both the pupillery and accamodative reflexes by scopolemine,

a drug which serves to dilete the pupil, Brightness enhancment was clearly
retained in the absence of both reflexes. The conclusion was thet the enhancod
nent effect of intermittent photic stimmlation could not have been due to elthg:
of the intreoeular reflewes. Subsequent work with monkeys®® showed a similex
abgence of any effect of mydriasis on the driving of corticel activity by intej
mittent photic stimuletion. These observations served to eliminate the retina
the mechanisms of which had been regarded traditionally as providing the basis
for temporal fusion, as the limiting factor on the temporsl resolving power of
the visusl system, For Halstesd there wes indicated the presence of a fusion
mechaniagm in the brain, and more specifically, in the cortex of the brain,

79 Ward C. Helstead, "A Note on the Bartley Effect in the Estimatioh
of Equivelent Brightness," J. Emp. Pavchol., XXVIII, 1941, 524-528.
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1944, 117-125, ’ S ke A ’




¥»

For the flicker fusion determinatioms in his 19,7 study, Halstead
amployed a total of thirty control subjects, some of which were desoribed as
fnomals® and the regt simply as ®psychiatrie patiente® but without orpanie
involvement. In addition to the comtrol subjects Halstesd employed twentyw
five frontal lobectomles and twenty-one nonfrontal lobectonies, The spparatus
is described as electromic in type with flashes of constant intensity and dure-
tion obtained i'rm a cold cathode neon lamp., Lamp intensity was standardized
in electrical units hy means of a bullt-in photomeder, and while the light was
stated to bo "of a relatively low level of intensity"® no datum is given as
to what the intensity was. The subject set the light frequency at his fusion
point by adjusting a single knob. IHalstead was solely concerned with the
progresaion from a flickering light to the point at which the light bocame
fused into a solid point of light. The setlting wms read directly in cycles
per second (or flashes per second) from a built-in calibrasted scale,

Halgtead found a tendency for the nonfrontal lobectonles to fuse at
lover values than the control subjects (Pw,056). This tendency was even more
marked for the frontel lobectomies when compared with the controls (Pw,001),
Of no less interest and significance is the fact that the average deviation
(intremindividual veriability) of the fromtal lobectomies was relisbly less
than the combined mean deviation for the comtrol and nonfrontal lobectamies
(Pw.001). Halstead writess "This finding means that the frontal lobectomies
are objectively more accurete (less variable} in locating their fusion point
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on successive trials than the normal individuals or the nonfrontal lobpotomiesy
although they fuse at relatively lower values in.comparison with either, 52
Halstesd views these findings as direct evidence that the processes reflected
by flicker fusion are central (cerebral) processes rather than peripheral
(rotinal) as they had traditionally been regarded. They indicate to Halstead
that injury to the fronmtal lobes results in s less efficient functioning of
the brain, Although Halstead does not indleste how long after lobectamy his
patients were tested for flicker fusion frequency, he vefers contimally to tbd
low fusion level as a permanent, irreversible characteristic of such braine
damaged persons.

4n especidlly Important development of Halstead's findings was his
inclusion of the flicker fuslon test slong with nine other tests in an %impaind
nent index® which served to differentiate completely between frontel lobectomids
and the nomal group, with the nonfyontal lobectomies lying between, (Actually,
Helstead used the fusion level and the Individual varisbility as measured by
the average deviation as two separate tests; hence, strictly spesking, only
eight distinet additions]l tests were ineluded in the index.) These ten tests
were chosen a3 the bgsia for the index because they had the highest i value
(differentiating power) for ¥brain-infury factor. In this arrangement an
individnal whose soores fall below the criterion scores on all ten of the key

‘ 82 MG » ?65
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tests for breinminjury factor thus has an impz%iment index of 0,0; while on a
gsimple proportion basis, an individual who satisfies the eriterion secore on
three of ten key tests hse an impaiment of 0,3, or on all of the key tests,
an impaiment of 1.0. It is of interest to note that Halstead found his con-
trol group to have an average impaimment index of 0.18, with no subject show-
ing en index higher than 0,3. The nonfrontal lobectomies had an average index
of 0.3, alnost twlce as high as the controle; and the frontsl lobectomies had
an average index of 0.8. Furthermore, no frontal lobectomy had an impaimment
index heloy 0.5, whereas the average index for nonfrontal cases was 0.3. The
value 0.5 falls et the midpoint of the range of possible variance on the index
scale, It is the point at which perfommance on £ifty per cemt of the key
tests satiefies the brain-injury eriterion. ,

There are several rather obvicus criticimms of Halstead's impairment
indexs (a) The units on the scale are not equated in toms of their behave
ioral significance; that ls, they are not equally sensitive for a brain-injury
factor. (b) There is reason to believe that same of the tests are measuring,
to some extent at least, the seme aspect of the braineinjury factor. (o)
is the consideration of differential loeallization in the brain of the funatio
reflected by the various teste., Doubtlessly there are other objectione of an
even more fundsmentel nature which could be leveled at this concept, ub the
fundemental Importance of Halsmtead's endeavor should be appreciated. Here is
an attempt to construct empirieally en index which will tell whether or not &
glven individusl has an impairment of frontal lobe functionge-an impairment
in&epmt of disturbances in language functions and "psychometrie intel-
legense™ end not ﬂimctly referable to sensory or motor defects.
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The final study to be reviewed in this section is second in impor-

tance only to Halstead's in its pertinency to the present lnvestigation., The
Colunbla-Greystons Associates®> were concerned vith the study of humen brain
funetions as thege functions were modified or altered by the surgieal proce-
dure known as topectomy. Topectomy is essentially the sblation of a certain
cortical ares (or areas) in the brain, Since the Greystone project limited
itself to the frontal lobes there are certain features which lend themselves
to comparison with Halstead's £indings, Flicker fusion fyequency was one of
the many psychological and physiologleal tests employed in this extensive oo
operative study and it ig this measure which has besring on the present inves.
tigation, This phase of the co-ordinated project was conducted by YoungS4, in
conjunction with Caxney landis, and sought to determine whether or not topect-
ony had any effect on flicker fusion frequency or on the varisbility of
individuel detexminations of flicker, They also hoped to detemine what ana-
tomic, physiologie, or psychologle variables might be correlated with this
slteration if one were to be found,

Of the forty-elght patients studlied in the entire project only
seventeen operatees and thirteen controls (mo surgery), or a total of thirty
patients, could be used for flicker detexmination, As the following teble®d
shows, the tw groups were moderately well equated as to background variables,

83 Columbis-Greystone Associates, Selechive Partial Ablation
Frontal Cortex, ed. Fred A, Mettler, New York, 1949. of the

84 Ibid., 257-263, 304, 493.
85 Ibdd., 260.




TABLE I .

COMPOSITION OF THE GROUP, MEAN AND RANGE ON BACKGROUND
VARIABLES I THE FLICKER FUSIOH FREQUENCY PORTION
OF TIE COLMBIA-GREYSTONE STUDY OF TOPECTGMY

Years of
: Age Schooling Sex Visual
Group )| : nomalies
Hoen | Range Mean | Range HM]|F
Oporatecs 17 3.5 | 18-61 9.0 | 6«12,5 | 11| 6 Hone
Controls 13 45.2 | 19«59 8.5 10.19.0 | 10| 3 Hone

The investipators used a styoboscopic tachometer, This is cgsen-
tislly a gas-filled larmp which will give a flash of light having a durstion of
five to ten nieroseconds when a condenser 1s discharged through it. The speed
of flashing, controlled by a variable condensor, was read directly from a seald
graduated in flashes per mqan& 4 b permitied the experimenter to control
the rate of flashing. The test pateh hal a dimmeter of two inches and vas
viewed from a distance of "approximately two feet.® No data as to visuel angld
or light intensity of the test pateh were given., The subjects wore tested two
or three weeks preoperatively, three weeke postoperatively, and four months
postoperatively, Under these experimental conditions there were the following
resultas

1. Thore wes no stetistically significant difference in the meen
flicker fusion frequency of operateo snd control groups.

2. There was no statisticelly sigmificant difforence in the nean
intra~individual variability between the operatoos end eontrols,
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3. Nine of the seventeen operatees showed a decreased fusion fre-
quency efter operation, This decreasse wos most marked in those who had an
originally high fusion level, The loss was greatest three weeks postoperaitively,
and wes largely regained within a three-month period. Interestingly enough,
six of the nine who showed this change also showed clear socisl improvement
from thelr psychoses.

4. There was no repular demonstreble assoclation between flicker
fusion fmquemy and any other paychological or physiological wariable includeq
in the study; these variables included cortical area or areas removed, amount
of tissue excised, and biochemicnl, hematologicsl, and electroencephalographie
changes, &8 well a8 a large mmber of paychological tests.

5. The suthors were unsble to find evidence that flicker fusion
frequency belonged in some comblnation with other psychological test results
wvhich Halstead had eombined Into a "P* or power factor,

It would appear that such changes in fusion level es do take place
are temporary and reversible. In such a large co-operative study as that of
the Columbia-Greystone Assoclates involving so many diversified disciplines
there are bound to be significant relationships overlocked or understressed.
One such instance appears to be prosent in the neglect of the faet that after
surgery there was a aignificant drop in both systolic snd diastolic blood prosy
sure in more than half of the operatees, This drop was sustained throughout
the first posteperative month but by the third month no significant difference
was present between operatees and conbtrols, That this drop is not peculisr to
this particular group of patients is supported by Fulton's observation: W®All
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are agreed that in man topoctomy, and especially the more radical iabotm, is
followed by a fall in gystolic pmamm."gé :a.lso, Cﬁwpmanm and his associsteg
found that in nommal and hypertenspive patients the blood pressure fell follow
ing lobotomy but generally returned to the preoperative level yithin three
ponths' time. It should be noted that this three-month interval is also the
time required for the depressed fusion level to return to its previous state.
Since the studies reviewed earlier in this paper dealing with a wide range of
pathological conditions and phamacological sgents having an effect on fusion
frequency have pointed up the faot that conditions or agents which serve to
decrease the efficiency of the vascular supply decrease the fusion lewvel, it
would not be smigs to regard the reduced systolic and diastolic pressure as
the possible canse of the temporarily lowered fusion level., It thus would
appear that such depression of fusion level as does oceur in topectomized
patients is directly relsted to the immediate effects of the surgery and not
to the severed neurcologleal processes per gse. The important finding in the
topectomy study appears to ‘m thet such reductions of fusion level as do occur
following cortical ablation are purely trensient and reversible.

Ll
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1t should be nmoted that vhereas Halgtead with frontel lobectomies
found eonsistently lowered fusion points, decreased individual variability,
and the feasibility of the combination of fusion frequency with other payecho-
logical test resulits to yield an index for detemmining the efficiency of cero-
bral funetioning, the Columbia-Greystone study of topectomized patients failed
to corroborate any of these findings., The permanent changes in flicker fusion
frequency resulting from lobectany are seen %o be of a transitory nature in
topectomy (if they oecur at all) and, even more puzzling, they seem somehow to
be related to the regaining of mental heslth (or soecial improvement) in psychotfie
patients following topectomy,




SUMMARY OF THE LITERATURE

Flicker fusion frequency has been the subject of a great deal of
speculation and experimentation for a long time. While the experience of fusigm
seems essentislly ‘m simple it has been open to a wide veriety of interpreta-
tions no one of which is entirely satisfactory. Work with this phenomenon has
progressed from a study of the physical lavs and condti tions governing its appeaj-
ance to its epplication in phyaiplsgi@al and peyehological investigetions. |
Flicker fusion frequency has been definitely shown to be related to the luminogs
intensity of the light source, the relmtive duration of the light end dark
periods, the size of the test pateh, and the visual angle which the test patch
subtends on the retinm,

It poems quite certein that prectice as such does not effect flicker
fuaion determinations., There iz evidence to support the view that under a
sufficiently great physiological stress (for example, exhausting work in extrede
tamperatures) fusion level is depressed. However, the evidence so far points
to the conclusion that flicker fusion frequency is not a very sensitive indicad
tor of "general fatigue.® Ii; aem quite certain also that the sex of the
subject is not one of the faclors which affects fusion Lrequency.

Investigations uaing pharmacological agents, those enforeing restrio
tion of caloric intake, and thoge of anoxdia, while reported hy a variety of
workers using a variety of methods differing in exactitude, are capable of
presenting one certain conclusion., They indicate that any condition or agent
vhich acts to decrease the available blood suger and/or oxygen aveilsble to
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the retina or to the brein decreases flicker fusion frequency, vherese condi-
tions increasing the efficiency of the wvascular supply serve to increase ﬂid:%
fusion frequency, The mitritionel aspect of this problem has not been probed
at all as yot and is clearly a subject for fulure research,

Puggling and yet provocative are the preliminary findings relating
fusion frequency to intelligence as indieated by & stendard psychological test
and to the remission of neurotic symptoms resulting from combat experiences,
o one ag yet has been able to incorporate such findings into the framework of
Imovledge which we already have coneerning flicker phenomens.

While there hawe been a mmber of studies to the contrary, there
seems to be evidence pointing to @ general decrease of fusion frequency with
advancing age., But other features assoclated with this decline such as the
question of inereaged or decressed variability have only contradictory ovidencd
marghalled as yet. lio one has been able to offer a thoroughly satiasfactory
explanation ag to why there should be a decrease with age.

Atbtention hag shifted gradually in the light of recent work from a
preoceupation with retinal mechaniams as the limiting factor on the temporal
mmlvixrg power of the visual system and turned instead to a concern with more
central processes located in the brain, For Haolstead as a result of his study
with lobectamies, an operation in which both cortiecal and subcortical tissue

- is removed, there is an indication of the presence of a fusion mechanisn in
the brain, The finding that fusion frequency is permenently lowered and that
the individual subject becomes leas variable, that is more scourate, in locate
ing his fusion point as a result of frontal lobe lesions has led to the use of
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flicker fusion detemninstions as an indicator of the degree of impaiment of
cerebral functioning at the time of testing,

later work with topectomized patients, where in contrast to lobectom
only corbtical areas are ablated, has pointed to the presence of s fusion mech-
aniam within the brain tut has failed to link it with fyrontal lobe processes.
Cases showing lowered fusion level postoperatively regained their fomer level
within & short time aftervard, vhich vould seem to point to the surgical traumd
end its ettendant conditions as the responsible sgent, In addition, there was
no evidence of g decreasse in varishility within the individuel such as had been
the case after lobectomy,

Since lobectomy sppears to result in a pexmanent depression of fusion
level and topectomy does not seem to effect this depression, the question
reagsonably arises as to what effect prefrontal lobotomy, with its extensive
damage to subcortical structures and its relatively slight damege to cortiecal
arcas, has on the flicker fusion frequenty of light, This isthe highly eip-
nificant problem which the present investigation atterpts to resolve.

il




CHAPTER 11X
EXPERIMENTAL PROCEDURE

The spparsbus was one in use at the Iaboratory of Physiological
Hygiene of the University of Minnesota, Mimnnespolis, Mimmesota. It was bon-
rowed from that agency and brought to the Willmar Stete Hospital, Willmar,
Mimnesota, for the present investigation. Escomtially, the gpparatus con-
sisted of & motor-driven rotating dise mounted in fyont of a flashlight Walb
vhich served as the light source. The bulb wes a Mazda No, 14, 2.5 wolts, 0.3
amperes, .75 watts, The flat black disc had o dismeter of fifteen centimeters
with two open sechors of 22.5 degrees placed opposite each other., The light.
dark ratio was 12.5 2 87.5. The light was diffused through a& circular test
patch of very light milk glass located one inch in front of the light source,
The test patech had & dismeter of fourteen millimeters and subtended a visual
angle of two degrees at forty centimeters. The intensity of illuminstion at
the test patch as messured by a General Electric lightmeter, model DW 62, was
five foot-candles. The whole unit was housed in a rectanguler black box which
was pealed and accoustically treated to prevent the possibility of sound clues
influencing the subject's reports. The subject's head wag placed sgainst a
heavy rubber eye shield which served both to keep the distance constant at
forty centimetera and to eliminate extraneons light stimli, As the subject

0
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looked through the 'bw eyepieces in the rubber shield his eyes were fixed on
the test pateh at the other end of the tube, the interior surface of which was
painted a flat black, The interior mzri‘ace of the tube was extrenmely rough to
prevent the possibility of reflected glare on the eyes. A voltage regulator
and voltmeter, integral parts of the apparatus, were prosent to assure constandy
of light intensity and flicker rate. Only direct current was employed throughe
out the experiment, The motor and the housing itself were mounted on thick
foam rubber to eliminate the possibility of vibration cues. The readings in
cyclos per second were taken fyom a build-in salibrated scale graduated in
tonths of a cyele and mounted at the rear of the box which enclosed the motor
and light source, The dlsl face was illuminated by a single small bulb and
was visible only to the exmuiner as he sat facing the subject., Artificial
pupils were nob used in this experiment becanse of the difficulty in employing
them with patients and with older subjects, The =mell test pateh, its short
distance from the eye, and the specifiec form of the eyepiece used made artifis. \
aial pupils umecessary., The room in vhich the experiment took place was a
soundproof examining room located next to the anthorts office at the hospital,
This arrangement served to eliminate the possibility of outeide nolses or dis-
turbanceg, The testing room and the walting room adjoiﬁing it, where the sube
jects wore kept for one-half hour prior to testing, were both illuminated hy a
light intensity of spproximately five foot-candles, the seme 1llwmination as
the test patch they were to observe, For the nomel subjects the halfuhour
wait under the subdued illumination served primarily as an adaptation period
and pecondly as a period for the dispelling of amy amciety which they might
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have as to the nature of the test. This latter goal was considered advisable
because some of the hospital employwes sexrving as subjects had voiced apprew
nengions that their perfomance in e test situation might somehow affect their
Civil Service rating as state employees, Vhen the nature of the task was made
clear to them, together with the use to which the results would be put, their
spprehengsions subsided snd their co-operation was reedily elicited. For this
purpose an attendant working under the direction of the experimenter remained
in the waiting room with the subjects and issued this information to them.

The half-hour wait posed mo partioular problems with the psychotic
patients either for 1t gave them a chence to adjust to the new surroundings
and to became soquainted with the task required of them. The attendant was well
acquainted with each of the patients involved so his presence and reassurances
helped to sllay vhotever suspleions the patients harbored, Also the suthor
had spent a considersble smount of time with each patient individually in con-
meetion with another projeet just mleted%, so gll of the patients were wlf
known to hin and almost without exeeption were readily co-operstive. Those
patients unable or umrilling to concentrate on the task, or whose extreme dis-
tractibility prevented an adequate approach to the preject, were nocessarily
dropped from the test and further consideration. -

88 FRobert F, Medﬁna, #The Iong Tem Mna‘bion of ?mfmntel Iobot-

omy in Chronic Psychotics," Journal of _%m Digeage, (In publi-
cation; accepted for publication Baptember ]j.., 1951
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Ho subject was employed uho manifested any visual sbnormality such
as amblyopia or diplopis or for vhan there wag a history of neurclogical dis.
eape {(e,2., epilepay, poliomyelitis, meningitis, encephalitis, syphilis, ete.).
All pubjects vho habituaslly wore eye glaases wore them for the test, In the
case of the two patient m@ﬁ this background information was obtained from
the individualt's case history report, medical examination report on admittance
to the hospital, and from the periodic medical exsmination reports on file for
each petient. Prior to testing care was taken to alﬁm&w any subjeet who had
sustained any head injury or for whom there was a period of unconscliousmess as
a result of physical trama. Since hospital regulations weve vory strict about
the reporting by attendenis of even the slightest injury sustained by patients
this Infometion was readily obtainsble., It is recognized that with institu-
tionelized patients there might concelvably have boen periods of unconsciouse
ness not reporited in the case history tut sueh ingtances would be as likely to
oceur in the psychotic control group as in the lobotomigzed group.

There were actually three experimental groups imvolved in the present
study:

1. & goup of patients vho had sustained bilatersl prefrontal lobot-
onies and who are referred to henceforth as %operatees.®

2. A group of hospitalized psychotic patients who had no surgery and
who arc veferred to as "paychotic contyols® or simply as "controla,®

3. A group of normal subjects comparable in age and educationsl backe
ground to the other two experimentel groups, These subjects were functioning
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effectively in their respective jobs and socisl settings and had no history of
psychiatric or neurological disorder. Thls group is referred to in the course
of the gtudy as "nomals"; or, vhen there is the possibility of eonfusing this
group with the younger nomal group employed in the age factor portion of this
study they will be referred to as "older lnomals." It is the older normals
mmbering £ifty individuals vith vhom the operastees and controls are directly
compared. (Table II shows the background variables for each of these grYoupsS—
see page 60,)

 In addition to the three experimental groups memtioned ebove which

are to be considered in the mpar‘iaon of fusion levels for the possible effecy
of lobotomy on this function, there is an additional group of twenty-two young
normals ranging in age from 18 to 29 years with s mean of 21.3 years, As men-
tioned ebove, but reitersted here, this group was included not to be compared
with the patient groups, ut solely for the data which could be gathered in
conjunction with the older nomals as to the effect of age on fuslon frequency,
Thus when the effect of age on fuslon is discussed there will be a normal grow)
totaling seventy-two subjects ranging in age from 18 to 75 years, a sufficient
spread to revesl age effects if there he any.

The lobotomized group is made up of twenbty-six pstients who had
undergone surgery at this hospital in 1941 and 1942, The mean period of time
elapsed since surpery was therefore 8.6 years, a sufficiently lengthy period
of time so that there could be no question of temporary fluctuations in fuaion
lovel which are solely a "shock® effect of the surgleal procedure and which do
not reflect permanent, irreversible effects resulting from the severing of
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subeortical fibers, A primary consideration in the selection of this growp
that they all still be located in this hospital, for only then could an adeque
control group be assembled. Since there may be many factors affecting flicker
fuaion of which we are &till ignorant it is essential that as many factors as
possible be identified and controlled. Thus the operatee and control groups
had both been mainteined gt this hospital for a comparable length of time (22.9
yoars and 21.6 years, respectively) end aince there was a uniform diet throughd
out the hospital for all patients, thers wuld be more or less an equated
mitritional background., The mubtritional factor has never been adequately |
controlled in the past, indeed, os Landis® has pointed out, it has rarely b
even considered in past studles, *

Actually forty-gix patients had been lobotomized, all by the gome
wg%ngo, during the period 1941-1942, Of these forty-sixz patioents, asome of
whon had died or been dlscharged in the intorvening period, it was poseible to
utilize only twenty-six for the present study after those with eye anomaly,
organic inwlvement, or those who were so thoroughly regressed as to be unsuits
able for this investigation were eliminated,

The psychotic comtrol growp was made up of patients who had beem
institutionalized at this bhospital for essentially the same period of time as

89 landis, "Scmething About Flicker Fusion," Sei. Mon., IXXIII,311,

90 The surgeon was Harold F, Buckstein, M.D,, of Minneapolis, Mimn,
From 1942-1946 Dr. Bucketein was sbsent from the hospitel on Navy duty so mo
peychosurgery was undertaken, After his return in 1946, lobotomles werc remmdad
and are being performed by him at this hospital at the presemt time,




%
the operstees, Table II shows how closely the fwo groups sre equated for age,

ingtitutionalization period, years of formal schooling, and diagwosis, It 1s
recognized by the present writer that dlagnostic category for institutionsll
patients is not particularly significant; nonetheless, it was thought advisabl|
to control this factor by having a proportionate mmber of cach of the two
groupings, schigophrenia end manic-depressive psychosis, represented in the
subjects., Thus nineteen of twenty-six operatoes, or 73.1%, were dlagnosed
schizophrenic while seven, or 26,9%, were classified menic-depressive, For th
controls thirteen, or 72.2%, were schimophrenic while five, or 27.8%, were
nanio-dopressive dlagnoses. ALl diagnoses wore taken as of 1941, prior to thel
surgieal period of the operatees. While lobotonmy did ameliorate the sympioms
found in nost of these npamteea% still none of this group was sufficiently
improved to be discharged fyom the hospital as "cured®; hence, the disgnoses,
or more properly cetegorization, remsined unchanged to the time of study., Thel
espential feature of the control growp is ite close simdlarity to the operatee
group, the crueial) differentisting factor being the absence of surgery. A1
of the eighlteen control patients had been selocted for lobotomy along with
those who were subsequently lobotomized, btut in each case here the regponsible
relative vho had been asked to grant peimission for the operation had refused
on one ground or anpther, Hence the two groups were essentially from the smme
population; that is, they were all petlients that had been selected by the

91 Medina, "o Long Tem BEvaluation of Prefromtsl Lobotomy in
Chronie Psychoties,” Jonmal of Nervous and Mentel Dissase. (In publication.)
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neurogurgeon and psyehistrist at the hospital as manifesting e sufficlent
degree of what Frooman and Watts have alluded to as "psychic tension®™® to
make them good riske from & prognestic gtandpoint for lobotomy., Since such a
drastic treatment procedure as psychosurgery cannot be undertaken without the
consent of the vesponsible relatives, and since this permission had not been
granted for eighteen subjects, this latter group was designated as an experi-
mental control group. Thus any effect on the determination of fusion point
which might be admply an artifact of the psychotic aomti.on of the lo‘bcybmiaaT
subjocts might reasonably be premmed to sppear in the performance of the psye
chotic control growp, and contrariwise might be missed or lend itself to mis-
interpretation if gnly a nomal group were used for corparison purposes, &ﬁwi
there wes o gpecial foilawxm or re-educetive progran for lobotomiged patianﬁ
at this hospital operetees and controls lived together on the seme wards under
essentielly the came conditions up to the time of the present study. To repest,
the differentiating feature botwesn the two groups for the purpose of thie
wag the fact that one hed had surgery, the other gyoup had not,

The nomal group (older normsls) was composed of hogpitel employees,
male and female, working at thls hospital in various occupatiomnal categories.
Some were ward persomnel while others were maintenance, elerical, or fam
workers. lone of those mbjects had histories of psyehiatric disorders, neuro}
logieal disease, visual anomalies, nor periods of unconsciocusness as a result
of head injurics, It need scarcely be mentioned that subjects with any of

92 W, Freeman avd J., W, Watts, Pgyghosurvery, Baltimore, 1942, 214
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these features were eliminated from consideration before the nature or purpose
of the tegt wus nmade lnown to them, and, of course, before any experimental
determinations were made, This was done o eliminate the possibility of a
subjective bias in the selection of subjocts.

All of these conditions held true for the young nomals as well,
They were all hospital amployees in verious capacities, The chief difference
between the young and the older mwvmels was, of course, age, and, as could be
axpected on the bisls of the strengthening of educationsl lews requiring longed
school attendance, the young nomals showed more years of fommal schooling,
subject wms thirty years it is obvious that the young normals (meximm age of
29 years) could not be lumped together with the older nomals for comparison
vith the patient groups.

Well over seventy-five per cent of the nommul group ate all three
daily meals at the hospital and all ate at least tmmealawiyatthahomﬁﬂl.
Since eaxly 1949 thare has been a standerd diet inemgurated, so that patients,
employees, and gtaff all have exactly the same daily diet dowm to the last
deteil, It was thought that aside from the relative ease of securing hospitel
personnel for experimentabtion there was this factor of similar rutritional
regimen which would inerease the value of comparisens with patient groups, It
is by no neans assumed here that the mubtritional backgyound was Jdentlieal with
the petient groups, for the nomals could supplement their diet from outside
sources more easily than could the patients if they so desired, but the sug-
gestion is offered that a dictary or miiritionsl factor is less lilely to give
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spurious results when all of the subjects are at least exposed to the same
daily mem then when subjects with totelly wimown mibritionsl standards are
selected, such as in the general population, Indeed, no one has as yet demone
strated satisfactorily a canssl comnection between mitritional status and
flicker fusion effects, but a thorough, thoughtful consideration of the
Linited literature relating to this problem elearly susgests a possible
relationship; therefore, it would sean necessary thet this variable should
be controlled as nearly ar is possible., Almost without exception the previous
studies of fHcker phenomena have neglected to even consider the mutritionasl
status of the subjects imvolved, much less attempt to control it,

All of the 116 subjects in this gtudy were of the white race, Sex
was not considered to be of importance here 311' view of the recent studles
cited whiech have failed to show any sex difference in flicker fusion perw
formance., In the interests of eomplete desceription, howover, in the present
study eight of the twenty-six operatees, or 30,54, were msles, seven of the
eighteen controls, or 33.9%, were males, and thirby-two of the seventy-two
nommals, or 44.4%, were males, A1l in all, the experimental pgroups were
seemingly quite closely equated.

| All of the determinations were made over a period of throe weeks.
Subjects were exsmined in the morming only, from nine ofclock to noon each
day. To attempt was made to hurry through the morningts schedule, instead
cach subject was put thoroughly at ease and was tested only after the expari-
menter was satisfied that the subject harbored no anxiety sbout the test situ~
ation or the instrument and could attend to the tesk effectively. The first




TABIE II

BUMBER, AGE, PENIOD OF INSTITUTIONALIZATION, YEARS OF SCHOOLING

AD DIAGHOSIS FOR THE FOUR EXPERIMINTAL GROUPS EMPLOYED

IN THE FLICKER FUSION FREQUENCY STUDY
AT THE WILIMAR STATE HOSPITAL

IYears of)

Disgnoails

| School | Institutionalised
Schizo- Hanio-
Mean Range S. D,| HMHean Mean  Range |phrenla Depress.
Operatecs| 26|52.5 3469 11.51 9.2 19 7
Contzole | 18|52.7 30.74 12,84 8.7 13
50|52.6 30.75 1120 9.6
2|2.3 1829 3.07| 140
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weak was used for the examination of the operatee and conirol patients and
next two weeks for the normal subjecis. Testing for the petients wms schedule
by cottage or ward with no attempt made to keep operatee or control patients
separate., The nommal subjects were also scheduled according to their avalls-
bility so that their work routine would be disrupted as little as possible.

Ho attempt waa made to test by age range or by sy criterion other than availst
bility for the particulay time and day scheduled. The subject wos seated in
a chair adjusteble for height so that the rubber eye shield fitted confortably
when the hesd wae placed against it., APter the subject wes comfortebly seated
the examiner eddressed him by name and gave the following directions: ®low ab
the end of the tube you can see & flickewing lightw.a light that blinks as you
ook at it., What I want you to do is watch that bright spot." The experimentr
then incyeased the rate of flieker from a merked flicker to a point well above
the physiologieal limit of any subject to perceive the flicker (65 cyeles per
second). The subject was then asked: 'lNow it doesn't flicker emy more, does
it? It's a steady light now, ien't 1t?" When the subject gave an affimative
angwer he wns divrested to look swey from the instrument while the investigator
again produced a marked flickering light. "iow this time I want you to tell
no Just when the light stops flickering or blinking; say YNow' vhen it stopa.®
Each time the frequency was increased well past the point at which the subject
reported fuaion., After three practice determinstions to acquaint the subject
with the nature of the task and just vhat the light looked like when flicker
 eppeared to stop or fuse, the subject was ready for the actual detemination
of his fusion point. If after the three practics tr:lala the subject wams still
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confused about the task or failed to give any response, three sdditional trialg
were given until he understood what he was to do, but this proved to be neces-
sary in the case of only two individuals, The subject was directed to look
directly at the test patch amd not to move his head or blink his eyes while
looking at it. To avoid the possibility of fatigue or lacrimation the subject
vas directed to look awmy from the instrument after each trial, DBut since the
time of exposure wes quite short and the level of light intensity relatively
low, this posed no problem. Five trdials for detemmination of fusion point werq
given, in each instance starting with a markedly flickering light and moving uy
past the reported fusion point. The frequency was increased slowly at the
rate of two eycles per second from a uniform base rate of fifteen cycles per
gecond up to the reported fusion point and then beyond. Only the increase in
frequency from flicker to fusion and not the decrease from fusion to the onset
of flicker is considered here, chiefly because Halstead’> in his investigation
of lobectomies utilized this method and it is with Halstead's findings, in
comparison with the present findings, that this peper is directly concerned.
Also most other investigators have worked with an incressing rate. In no knowj
cage were different resulis obtained in physiological astress situstions or
disease when both methods were used aimultaineously, There is the additional
consideration that when patlent subjects are employed there is the definite
possibllity of confusing them when they are set altermately for the disasppean-
ance of flicker(fusion threshold) and for the reappearance of flicker (fiicker

93 Halstead, Brain snd Intelligence, 71.
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threshold) when the frequency is méueea‘fm'a fused level, If frecquency is
first ineressed to the fusion point and then decreased fyom the fused level to
the yeappearance of flicker, the mmber of trials required is doubled as is
the likelihood of retinal fatipue; and the problem of maintaining the patient's
attention and interest for the longer time required is also greatly incressed,
Regardless of the method used to ascertain it, the flicker fusion frequency is
still defined as that mmber of light-dark oycles per second at which a phy-
glcally intermittent Light is just perceived as a steady light.

After five determinations of fusion point had been made an aversge
wvag compubed and thig was taken as the ﬁieker fusion frequency for that partice
ular subject. The mean for each experimental grouwp was computed and then by
use of the § test for the significance of the difference betwsen means compari-
sons between the various groups were possible, The extent to which an individup)
varies about hie own mesn throughout the five trisls was slso computed, It is
gimply the average deviation which is, of oourse, compubed without regard to
algebraic sign. This stabistic was employed by Helstoad to describe & particu-
larly arresting feature of his lobectomized subjects' performance, and since
there wss to be a comparison with his findings, it wes utilized in the present
study also.




CHAPTER IV
RESULTS OF THE EXPERIMENT

After each individualts fusion frequency is caleulated the mean of
the experimental group of whieh he is a member is computed., Then by means of
the 4 test for the significance of the difference between means it is possible
to campare the various groups with one another, This has been done in Table I
Below each % value is lisbted the probability based on that particular mmber
of degrees of freedom that a value of this magnitude will be exceeded molely

through chancey%

94 Since the groups were matched on the basis of the age varisble
end have comparable means, standsrd deviations, and distributions with regaréd
to age (see Table II), it is possihle to ineresco the precision of the i test
by inclusion of the correlstion factor between fusion and age in the ordinary
standard error formula. The & test is thus more sensitive to a difference
vhen it is realy consequently, there is a less likely possibility of accepting
the mall hypothaaia when it ia aetnumy inmmct M& maﬂii‘ie&tiun haa bmn

a0 .
"

to the usual quantity I'hxlﬁiplim‘bian hy ﬁma new quantity avoids overestina-

tion of the standard error of the difference between mesans, Edwards has pointed

out that the rumber of degrees of freedom then avalleble for evaluating % is
equal to Fy + Ny ~ 3 instead of the umual M + 2 - 2. Thus for operatces and
controle cambined the Pearson product-moment coofficient of correlation of
fusion with sge is -.40. For operatees and older nomals it is .34, and for
controls and older noxmals it is ~.4l. Degrees of freecdon are, respoctively,
A1, 73, and 65. The last comparison of exporimental groups in Table III is
between the older normals and the young noxmals, Since the differentiating
slement between these two groups is age naturally the correlation factor does
not enter into the standard ervor formula here, and the rymber of degrees of
freedom available for evaluating § is the usual I + Np =~ 2,

64
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Tt is readily apparent on inspection of Table III that the psychotic
control group has the highest mean fusion point (33.29), the operatees next
(37.10), and the older normal group with which the other two are compared has
the lowest mesn (36.85). The unit of measurement is, of course, cyeles per
second. Consideration of the young nomal performence will beo teken up latexr
when the age factor is the focus of attention, but for the present cur concern
is with the effect of frontal lobe damage., HNone of the differcnees between
means for operatees, controls, or nomals even apprvaches statistical signifi-
cance, The difference between operatee and control performance shows a % of
951 and a probability that a value of this magnitude would be exceeded in
terms of nowmal expectency sbout 34 per cent of the time, The ,05 and ,01
level of probability would require a § value of 2.020 and 2.701, respectively,
The % ratio between the operatees and mormals is .235 which in tems of proba-
bility would occur over fifty per cent of the time, A % value of 1,993 would
be required to reach the ,05 level of confidence. The i obltained for controls
and nommals (1.266) has a probebility of oceurrvence of about twenty per cent
of the time; the i required for the .05 and 01 lévela is 1,997 and 2,654,
respectively, On the basis of the evidence then, one cannot rejeet the mll
hypotheais tut muet note the faet that for the subjects involved here there is
no evidence to support the view that lobotomy has a permanent depressing offect
on the frequency at which fusion is experx{enced.%

95 Hed not ths correlation factor with age been introduced into thej
equation for the standard error the } values would be as follows: operatees
and contyols, t = 871, P » ,384; operatees and normals, 1 = .221, P> .549;
controls and normals, t = 1,161, P = ,246. It can be seen that the refinement
used would help one to avoid the error of accepting the mull hypothesis when
it is incorrect; however, for the differences found here this is of no real
moment since statistical aigmifiecance in tems of the arbitrary .05 and .01

- LY - - . -




TABLE II1I

MEANS AND RELIABILITY OF THE DIFFERENCE BETWEEN
HEANS FOR FUSION FREQUENCY AMD VARIABILITY
WITHIN THE INDIVIDUAL OF THE FOUR
EXPERIMENTAL GROUPS

Varisbility
Pusion Frequency Within the
Group B Individual
Mean t Hean 1
1. Operatees % 37.10 951 1.7 .308
Controls 18 38,29 (P=.343) 1,67 (P>.549)
2. Operatees 26 37.10 235 1.77 3.49PR
Oldex normals 50 36.85 (P>.5.9) 1.09 (F=.001)
3, Controls 18 38.29 1,266 1,67 2,312
0lder nommsle 50 36.85 (P=,205) 1.09 (P, 020)
4. Older nommale 50 36.85 3,071 1.09 1.652
Young normals 22 41.58  (Pm,002) 1.38 (P=. 100)

* Significance beyond 53 lewel of probability,
*#*  Gignificance beyond 1% level of probability.

P refers to the probability that §, based on
g degrees of freedom, will be exceeded.
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The extent to which an individual veries about his own mean in five
trials ig the next consideration. As pointed out previoudy this is essentially
the average deviation of an individual from his own fusion point, tut it is
necessary to utilize the somevhat awdward tem "wardability within the individd
ual? to avold confusing this concept with the exbtent to which individuals
within & particenlar experimental group, or a@s later on within a particular age
group, are distributed about the meen fusion velue of their group. To describtr
this latter situation the standard deviation will be employed.

Inspection of the last eolumn in Table III reveals that the opamteeﬂ
a8 & grouw show the greatest amownt of varisbility within the indtvidnal, 1,77
cyolesper ssconds the controls ave next with 1,67; and the nommals show the
least smount ag & group with a value of 1,09 cyoles per second, Performance
of the young nomals will be dlscussed later on, The difference between operad
teos and controls of 0,10 cycles per second falls far short of statistical
significance., Thet is to say, the individuals of neither groups appear to be
objectively more aceurate (less variable) in locating their fusion point than
the individuals in the other group. The % for the difference botween means is
.308 which has s probability of oceurronce greater than f£ifty per cent of the
time, The .05 level of probability vequires a % of 2.018 for 42 degrees of
freedom, Although operatees and controls do not differ significantly from one
enother with regard to this measure they both differ significantly from the
individuals of the normal group., Between operatees and normals the L is 3,497
vhich has a probebility of occurrence solely through chance of once in a thou-
sand times, The .01 level of confidence is 2,644 for 74 degrees of freedom.
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Between controls and nmormals the £ is 2,312 with a probability of ocourrence
tuo per ocemt of the time, Since the ,05 level of confidence requires a % of
1.996 and the .01 level a 4 of 2.653 one may reject the mill hypothesis heve
st the .02 level of confidence for 66 degrees of frecdom. It therefore appeart
that the nomal subjects of comparsble age to the operatees and the psychotie
contyols are more positive and consistent in their perception of fusion point
than are either of the other two myoups. MApparently the degree of scatter
within the individual's successive experiences of fusion is not affected by
age since a oamparison of the young normal group (average age of 21,3 years)
and the older nommal group (average age of 52.6 years) does not reveal a sig-
nificant difference (t = 1.652; P » ,100). ILater on move detailed infomation
with regard to this point will be discussed. It should be noted, hmmr;ﬁ
the degree of varlability within the individual does not sppear to be dep
on the magnitude of the measurements of fusion level, This can be seen in the
fact that while the young normals have the highest mean fusion frequency
(41.58) they do not manifest ms great veriability within the individusal as do
the operatecs and controls (1.38 as compared with 1,77 for the cperatees and
1,67 for the controls). One should also note that while the controls have a
higher fusion mean then the operatees they do not have as great sn individusl
variability mean as do the operatees. |

To effect closure on this phase of the problem some indieation of
the dispersion of the individual fusion means about the group fMsion mean
should be presented although it is not particularly important here. The sta-
tigtic involved for such & deseriptive fumetion 1s of course tha stendard
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deviation. Halstead, however, did not concern himself with this statistic
since he wae concerned solely with the variability within the individuel and
used the average devistion as sbove in the prosent investigation. For each of
the three groups of camparable age there seems to be a striking uniformity of
dispersion ebout the particular group mean. Specifiecally these standerd devie
ations are as followst operatees, 4.57; controls, 4.37; older normals, 4.88;
and younger normels, 6.43. The interesting feature here is the larger standard
deviation of the younger nomals whon compared with those of the other three
groups, particularly with the older normals which have an N twice that of the
younger group. This arresting featurs of the young subjects will be dealt witd
at length when the age factor ls consldered.

The findings noted sbove are of particular interest sinee they are a
complete reversal of Helstead's findings on lobectomized subjects, Halstead
found that "the frontal lobsctomics are objectively more accourate (less vari-
sble) in locating their fusion point on [five] successive trials than nomal
individunls or the nonfrontel lobectomies, although they fuse at relatively
lower velues in comparison with elther, % The present lnvestigation shows
that lobotomized subjects neither experience fusion at & lower level nor show
less varisbility in locating theiyr fusion point when compared with peychotie
control and normel subjects. In fm, both operatees and controls show a
gignificantly grester degree of individual veriability in locating their fusion
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point than do the nomals. One is led to the, conclusion that the incidental
damage to the frontel cortex and the more extensive damage to the subcortical
structures resulting from prefrontal lobotamy, in contrast to the reported
offects of prefrontel lobectamy, do not produce elther a permanent depression
of the fusion point nor a decreased veriability in localing that point. The
suggestion offered here is thet the greater varlability demonstrated by both
the operatees and the controls in locating the fusion point is merely a funo-
tion of the psychotic condition of both these groups, That is, the variability
demonstrsted is largely a result of the lack of proper attention and the care.
ful concenmtyation on the task which marks the performance of the normal subject
of comparable age, If the disruption of cortical or subeortical structures
resulting from surgery brought about the highey individual variability one
would not expect to see this effect in the conmtrol (nonsurgical) group, but
as has been pointed out these groups do not differ significantly from one
another and tims attention is directed to the psychotie condition common to
both groups.

Since the present investigation has demonstrated that bilateral
sectioning of the subcorticel white {ibers does not result in the flicker
fusion effects which Halstead has obserxved in hig lobectomies, one may legite
imately look to the cortex for disturbances in thias function. In fxontal
lobectomy both the cortex and the suboortical structures are removed, while
prefrontal lobotomy 1s primarily a subcortical operation and aspparenily leaves
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the cytoarchitectural areas of the cortex relatively undisturbed. But the
recent study of the Columble-Greystone Assocismtes on topectonmy, where extensi
areas of the frontal cortex were sblated, has also failed to find any evidence
vhich would serve to support Halstead!s contention of a permanently levered
fusion level and decreased MMlity within the individual. As the present
investigation has demonstrated that lobotomy does not produce a lowered fusion
point, and since the removal of cortical areas solely does not effect such a
change either, one must question seriously Halstead's contention of & linkage

between flicker fusion frequency and frontal lobe processcs in man, Secondly,
l if the extensive demage sustained in lobotomy and topectomy proceduves fails
to manifest itself in the flicker fueion test, which Halatesd regards as the
j most velisble indfeator involved in his "impairment index® one may scarcely
expect this Index to be sufficlently sensitive to be of value in detecting
impairment which is the result of nonsurgical trauma such as & brain lesion or}
other closed-head injury where the area involwved is fregquently quite limited.
In short, the failure of the flicker fusion test to reflect the rather exten-
sive damage to frontal structures incurred through surgery, as noted here,
would appear to argue against its inclusion in any such “impaiment index® as
Helstead has suggested. |

The question quite reasonsbly arises as to how one explains Holateadlh

results in the light of the precent inmveatigation., Perhaps the answer lies in
the suggestion that actually two different populations are considered in these
invsatigat;!.ana; Halstead's cemses had been subjected to surgery for the removal
of tumors of the frontel lobe, not for the slleviation of paychosis as in the
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present lobotomy study. Brain tumor represents a slouly developing lesion
amapemdeftmépriortomgarymas in lobotamy the damage to cere-
bral structures is immedlate and relatively confined in scope. Perhaps the
extent and Influence of the already existing damage to the brain which neces-
sitated lobeetomy in Halstead's series may have brought about the effects
aseribed to the surgery.

| One factor which might very possibly have affected, at least in part
Halstead's fusion-level differences is the age varisble which he has gpparently
failed to control, Careful serutiny of his published results and of his orig;m*l
data fails to disclose that attention was paid to the effect of this important
variable. Analysis of Halsgtead's original date yeveals that his "normal®
group of civilian and military control subjects ectually consists of only
twenby-four subjects with a mean age of 27.3 years., But his twenty-five frontql
lobectomiea whieh ere compared with the normal group turn out to have a mean
age of 39.8 yecars-.a difference of 12,5 years. While this does not represent
a very great age discrepancy atill the age factoxr is too important a varisble
to be overlooked, as the next section will point out.

The Effect of Age o

It has already been pointed out that the fusion level of the young
normal group (nean age of 21.3 years) differs significamtly beyond the .01
level of probability from the fusion level of the older normsl group (meen age
of 52.6 years). The respective means are 41.58 and 36.85 cycles per second,
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as shown in Table 1II, page 66. While the young nomals appeer to show a
greater smount of variability within the individual than the older growp (1.38
and 1,09, respectively), the § test fails to show that this difference is
stetistically significant (P = ,100), We would not be justified in rejecting
the M1l hypothesis.

Further evidence attesting to the drop in fuaion level with age is
obtained when the three experimental groups (i.e., operatees, controls, older
normals) are divided into subjects over 45 years of age and those under A5
years., The operatecs and controls are combined for this step because of the
maell N which would result if these groups were taken separately and becsuse
they did not differ gignificantly in mean fusion point or mesn variability as
was discussed earlier, Table IV shows that in each case the mean fusion level .
of those subjects under 45 years exceeds the mean of those over 45 years.
Within the noxmal group this difference is represented by a 4 of 2.514 which
has s probability of occurrence slightly over ome per cent of the time. The
mll hypothesis would be rejected at the ,02 level of confidence, This ste-
tistically significant higher fusion level found in the normal subjects under
45 yeors ss campared with those over 45 years is reflected in the combined
operatee-control group also, In this case the § obtained is 3.284 with a P of
.001, considersbly beyond the one per ceni level which requires a § of 2,698,
Attention to the last columm in Table IV will emphasize the impression gained
previously that age does not appear to affect the extent to whioh an individus)
varies sbout his own fusion mean, The mean variablility within the individual
for nowmals over 45 compared with nomals under 45 is 1.10 and 1,08, mspeotiv&l;
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The  is .165 which has & probability of occurrence due to chance alone of ovey

fifty per cent, For the combined operatee-control group the two x:ieaxm are 1,71
and 1,78 which ylelds a § of .219, again with a probability over f£ifty per cent.
It is probably important et this time to point out that the drop in fusion levdl
with age found in the normal subjects has been demonstrated in the patient
groups elso; this should increase one's confidence in the technique and spparsfu
enployed in the present study as being sufficiently sensitive t0 a real dif-
ference when one exists. If nge &es have an effect on fusion frequency, and
the evidence would indicate that it does, one would expect to find the effects
in 1l manner of populations, whether they be operatees or psychotde patients,
vhen the older individuals of that particuler ssmple are compsred with the
younger ones, |

TABLE IV

MEANS AND RELIABILITY OF THE DIFFERENCE BETWEEN MEANHS FOR FUSION FREQUENCY
AND VARIABILITY WITHIN THE INDIVIDUAL FOR THE NORMAL AND PATIENT GROUPS
DIVIDED INTO TWO AGE CATEGORIES: OVEZ% AUD UNDER L5 YEARS

, Variebility Within
Fusion Frequency The Individual
Age Group H
Mean t Mean t
Nomsals over 45 36 35,61 2,51 1.10 .168
Noxmals under 45 1 40,06 (P=,012) 1.08 (e>. 549)
Cambined operetees and
controls over L5 31 36.53 3.28/8% 1.1 219
Combined operatees and
controls undex 45 13 0.1 (p=.001) 1,78 (P>.549)

# Significance at 5% level of probsbility.
% Significance at 1% level of probability.
P mfm*s ’c-o '!:he pmhabmty t}mt 3, hasad on
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Figure 1 shows the fusion frequency means plotted for cach age range
of the total normal group of seventy-two subjagta. Thus for the purposes of
this greph the young normals (N = 22) and the older nomals (N = 50) were com-
bined. It will be recalled that the young nomalsg renge in sge from 18 years
+t0 29 years, and that the older normals, those used in the comparisons with thq
patient groups, ranged from 30 o 75 years. The total aze range then is from 18§
to 75 years. It is evident that there is a gradusl decrease in fusion level
with advancing age. The point vwhere the greatest single decrease appears in
the graph seems to be botwson 45 and 55 years of age. From 55 to 65 yoars the
drop is much less pronounced, It would be very interesting to extend this
curve further into even higher age groups to see if a gradual leveling off
actually takes plaee, Unfortumately, at the time of this study there were no
guch cases aveilable, The total drop in fusion frequency from the mesn of the
youngest group (41.58 cyeles per second) to the mean of the oldest grow (34.6%)
is 6.93 cycles per second. This difference is significant well beyond the .01
level of probebility (% = 4.414, P = .001), Table VI lists the actusl fusion
value for each age grcﬁp. & Pearson product-moment coefficient of correlation
computed with the age and fusion data given in the Appendix yields an r of =.43.
The standerd error of r is .119, and ¥ for 70 degrees of freedom is 3,613, The
obtained r is significant at the-,001 lovel of confidence and points to a sub-
stantlial negative relationémp between age and flicker fusion, one vhich we
may accept with a high degree of confidence. Inspection of a scatier diagram
of the regression of fusion frequency on age emphasizes the fact that the
functional relationship involved is linear and negative,
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The f£indings of the present investigation pointing to a decresse in
fusion level with age are in disagreement with the conclusions of Hartmerw?!,
Miller?S, and Jones’?, and in close agreement with those of Simonson’’C,
Brozek'%t, and Mista'0?, A1l of the studies referred to have been exsmined
in detedl in the iiteratum reviev In the first part of the present investigo~
tion, Points of c‘iivergem'e from the findings of the last-named workers will
be teken up shortly,

Table V furnishes some interesting information with regard to the
decrease of fusion frequency with age. It will be noted in this table that
whilq; maximm and aversge values tend to decrease markedly with age, minimum
valuee are present in the youngest group as well as in the very old, One sube
jeet in the 6075 group had a mean fusion point of 28,5 tut the lowest wvalue
of all (28,1) was recorded for a subject only eighteen years old! Thms, it
would appear that while very high values may possibly appear in eny aga' group

Hartaem, "Comparison of the Flicker Thyesholds in Children and
Adults," ww Vv, 122.126.

98 Miller, #Critical Frequency Idmen for Visual Flicker in Children
Between the Ages of Six and Bighteen," Genet. Psychol. Monogr.,XXVI, 3.53,

99 Jones, "Fatigue and Hours of Service in Interstate Truck Driversq®
L.8.2.8.8. Bull., Bo, 265, 1941, 195-208.

100 Simonson, "influence of Age on the FFF,® J, Iy, EM., IXix,
1941, 252-255.

101 Brozek, "Changes in Flicker Fusion Frequency With Age," J. Con-
sult. Pgyehol., IX, 1945, 87-90.

102 Migiak, ®Age and Sex Differences in Critieal mmx Frequeney, ®
m Wa, mﬂ; 318“332
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(such as the 56.6 which was recorded for one gubject 33 years old) the likelim
hood of such appearance is greatly reduced with the increase in age, bub
the very low values gppear at an;r age level, young as well as old,

TABLE V

- MAXTMIB, MEAN, AHD MINDMNM FUSION FREQUENCY DETERMINATIONS FCR
SUCCESSIVE AGE LEVELS OF SEVENTY.TWO HORMAL SUBJECTS

A?; arowp . HMaxdmm am Heen Miniman Range of
ears) (Cyeles/See) | (Cyoles/See) | (Cyolen/Sec) | (Gyeies/Sec)
18-29 22 53.3 41,58 28.1 - 25.2
30-39 9 56.6 D42 35.5 21.1
H 4019 11 50.4 38.68 31.1 19.3
50-59 12 40.0 35.81 3L.2 8.8

60-75 18 9.7 34.65 28.5 1.2

Why these very low values can appear at any age level canmot be answered at
the present time, but it is definitely a question for future research. The
pregent author feels that there may very well be mutritionsl factors involved
here,

It is interesting to note that Misiak'®?, slso using nomals, re-

ported the range of fusion frequency means among old subjeots with a mean ape
of 73.8 years as almost twice that of young subjects having a mean age

103 Mislak, "Age and Sex Differences in CFF," J, Exp. Pgychol.,.
WII, 328t '
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of 23 years., (His concern here was with jintep-individual rether m with
Intrp-individual variability.) The present investigation diselosed that in-
stoad of increasing . gereased In & rather regular
fashion from the 18-29 year group with a range of 25.2 cycles per second to
the 60.75 year group which had a range of 11.2 cyeles per second, less than.
half that of the young subjects (last column in Table V). Turning briefly
to Table VI, one notes that the standard deviations (8, D.) of the fusion
values for each age level reflect this same decrease with inereasing age, the

TABLE VI

MEAN FUSION FREQUENCY, STANDARD DEVIATION, AND MEAN VARIABILITY
WITHIN THE TOIVIDUAL FOR THE SUCCESSIVE AGE LEVELS OF THE
TOTAL NORMAL GROUP OF SEVENTY.TWO SUBJECTS EMPLOYED

P INVESTIGATION
Mea Group Mean Variability Within the
@ ¥ |8 Frequency | S. D. |

1829 | 22 | 23 458 6.48 1.3
30-39 9 35.4 4042 6.36 1.02
w29 | 1 | a9 38.62 5.73 1.22
50-59 | 12 | s4.1 35.81 3.00 1.10
60-75 | 18 | 65.1 34.65 3,13 1.05
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S. D, for the 60-75 year group being less than half that of the 18.29 year
group(3.13 campared with 6.48). For each age level from the youngest to the
oldest the S. D, deareases fairly regulsrly, i.e., 6.48, 6.36, 5.73, 3.00,
3.13. OGuilford’®4 nas recently pointed cut that for small samples the % test
for the signifieance of the differences between standard deviastions 1s not
satlsfactory, even with the availability of Student's distribution for .
Instead of testing the significance of the difference between two sigra's, ons
tests the significance of the ratio of the two veriances that correspond to
them, In compubing the ratio of the larger of two variances to the smaller,
the larger the difference, the farther the ratio exceeds 1.00, which is vhat
1% would be if the two variances were equal, If the ratio of the variances
s spignificant, the difference between the S, D.'s is significant, - What is
actually obtained is an estimate of the population variance from the two
semples; then asmming that the two samples come fyom the same population with
regard to variability (mll hypothesis), one asks whether two such estimstes
of the population variance eould differ as much as the ratio shows., ZEach of
the estimated veriances is, of course, the sum of squares from the sample
divided by the mmber of degrees of freedom (N - 1). The neme given this
ratio is F and Snedecor's tables'0’ are used for the ususl significance levels|

105 George Snedecor, Staligtical Methods
ture and W Anes, Iowa, 1937, 174-171.
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Table VII reveals the results of thg application of the F test to
the various age groups fyon the normal-subject sample. For complotencss each
age level iz compared with all of the others successively, Thus, for the 18-
29 year group there are four comparisons to be made, three for the 30-39 year
group, two for the 40-49 year group, snd only one for the 50-59 year group.
The 8. D.'s, varisnces, degrees of freedam (df), and the I obtained are given
for each comparison, J

By careful study of Table VII one will note that age groups 18.29,
b 30-39, and 4040 do not differ significantly from one asnother with regerd to
standard deviation; that is to say, the mull hypothesis is not rejected; thered
fore, so far as group variance or varisbility is concerned, these three sge
groups eould well have come from the same population. Bub note that all three
of these age groups differ significantly from both the 50-59 and 60-75 year
groups. Between the 18-29 and 50-59 year- groups the ¥ ratio s significant
well beyond the ,01 level; the seme holds true when this young group is con-
pared with the 60-75 year group also (.01 level). Botween the 30-39 year
group and the 50-59 group the difference in variance is significant at the
.05 level, and with the 60-75 group the difforence is aignificant beyond the
.0l level. The big drop in variance seems to ocour between the 40-49 year
group and the remaining two older groups, This difference is significant at
the .05 level in both cases. The 50-59 and 60-75 year groups do not even
approach the .05 level when they are ecmpared for varlability (F = 1.09 for
df of 17 end 11),
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TABLE VII‘
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%

£ TEST FOR THE SIGNIFICAICE OF THE DIFFERENCE BETWEEN THE STANDARD
- DEVIATIONS OF FUSION FREQUENCY DETERMINATIONS FOR SUCCESSIVE

AGE LEVELS DRAWN FROM THE TOTAL NORMAL GROUP
OF SEVERTY-TWO INDIVIDUALS

m”* 8. D, Variance ae F
1829 6,43 41,96 2 .04
30-39 6.36 40.29 8 ke
18-29 6.48 41,96 pa) 1 28
4049 5,73 32.87 10 .
18-29 6.48 41,96 21
50--59 3.00 g.98 1 46
1529 6.43 41.96 2
60-75 3,13 9.79 17 bes 290
3039 6.36 40.39 8 1.3
40-29 5,73 32,87 10 .23
30-39 6.36 40.39 8
50--59 3.00 &.98 53 4. 50%
30~39 6.36 40.39 8 .
60-75 3.13 9.79 17 4. 13
4049 5,73 32,87 10
5059 3.00 8,98 1 3.66#
40149 5.73 32.87 10 3,360
60-75 3,13 9.9 17 .
60-75 3.13 9.79 1.09
5059 3,00 8.98 .

+ lote that the age group having the

the pair is given first since

# 05 level of confidence,
# 01 level of confidence,’

e
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It would thus appear evident that with age there is a definite
decrease in intep.individuael varisbility, that is, the extent to which the
individuals of a particuler age group seatter in flicker fusion frequency
about the mean fusion level of thelr partieular group. This decreased inten.
individual variability with age as shown here, and also as reflected in the
range of means discussed previcusly, becomes especially noticeable somewhere
between 45 and 55 years of age and appears to have its basis in the gradusl
dropping off of the higher fyequencies (maximum values) at which fusion is
experienced. The experience of fusion at lov frequencies (minimm valnes)
omainthsymng&rasmnaamalderagegma. As pointed out pre-
viously these findings represent a reversal of Mislak's report, inammch as he
end a considersble difference in minimm scores when his old group was com-
pared with his young group. We may legitimately question Misisk's conclusion
of reduced inter-individual variability since he simply inspected the range of
fusion means and therefore was undnly influenced by two high deviant scores
occurring in the aged growp. These two scores led him to the conclusion that
the variability in older groups is actually greater than in younger growps.
Had he compared the standard deviations along with the range probably his
conclusion would have been different. The present findings tend to support
Sinongoni®® and Brozeld07 who found in separate studies that maximm scores

in fusion range, vexy little difference in maximm scores,

106 Simonson, "Influence of Age on FFF," J, Ixp. Pgyehol., XXIX,
252-255. .

£7.50 107 Brozek, "Changes in FFF With Age,” J. Conault. Pavchel., IX,
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showed the greatest drop with age while minﬁmm socores were present in the
young 88 well as the older subjects., Actuglly the present investigation
failed to diselose any really high fusion scores after age fifty, for none
of the thirty subjects in the two oldest age levels even reached the mesn
fusion value of the youngest group.

A fingl point remains to be discussed, The last coluwrm in Table VI,
page 79, shous the effect of age on the variability withid the individual,
that is, the extent to which the individual subject varies about his own mean
fusion point in five trials. As polnted out previously this coluwmn is simply
the mean of the individuals' aversge devietions comprising a particular age
group, Broken down into five successive age levels, as in this table, one
notes that the highest intra-individual variability ias atteined by the 13.29
year growp (1.38), mext by the 40-49 group (1.22), then by the 5059 growp
(1.10), then by the 60-75 year group (1.05), and finally by the 30-39 group
(1,02), Use of the % test for the significance of the difference between
mesns for the 18-29 year group and the 60.75 yoar group ylelds a § of 1,765
with a probability of .079. The required § for the ,05 and .01 levels is
2.025 and 2,712, wespectively. HNone of the other differences ls stetistically
slgnificant either, On the basis of these findings them, consldering also the
parallel lack of evidence in the patient groups, one is forced to conclude
that age does not appesr to affect the extent to vhich an individual varies
or devietes from his own mean in successive trials. There ls mo evidence to
indicate that older individuals are objechkively more accurate (less variable)
in experiemcing fusion than are younger subjects. It will be remembered that
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Mig1a™*® 1n 1951 had concluded thet the intre-individusl verisbility as
indiecated by the mean of the individuals?! average deviatlons decreased with
age. But he falled to indicate that any statistical test had been employed
to ascertain this change; hence, one may view this conclusion with justifi.
able scepticiam, The present investigation, at any rate, does not support
such a contention,

h To surmardise the findings dealing with the effeet of age on flicker
fusion frequency the following pointe should be emphasized:

1. There is & definite decrease in flicker fusion frequency with
age. This decrease is found in both nommal and psychotic petient subjects.

2. The functional relationship between flicker fusion frequency and
age is linear and negative (r = -,43).

3. 7The age where this drop in fusion point is most pronounced
oocurs somevhere between L5 and 55 years.

4e The inter-individual varlabllity as measured by the standard
deviation of the age groupa decreases markedly with age., The range of fusion
scores in the oldest groups is less than half that in the youngest group.

5. VWhile maximum and average frequencies at which fusion is per-
ceived tend to decrease markedly with ape, low or minirmm frequencies are
present in the youngest groups as well as in the older groups.

6. The extent to which an individual varies or deviates from his
oun mean fusion point in successive trials does not sppear to be inflnenced

108 Misiek, "Decrease of CFF With Age," Seience, CXIII, 551-552.,
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by age. There is no evidence to support the contention thet clder‘subjacts
are objectively more accurate (less minble)’ than young subjects.
| It would seen to be well demonstrated that any study dealing with
the differentisl effect of various conditions on flicker fusion frequency
(such as cerebral insult) must very definitely take into acecount, or control
by exelusion, the pronounced effects of age on the mihjecta' perfomance,

Why there should be a decrease in flicker fusion frequency with sge
is as yet unknowm, Abttempts to atitribute this change to striectly retinal
factors are not borme out by the evidence, That the irls becomes thinmer and
moye rigid with age is not & satisfactory explanation in view of the fact that
there is a gradual decrease in flieker fusion frequency with age even before
the time of diminishing pupil mobility, Dilation of the pupile in aged sube
Jocts by means of atropine serves to diminish age differences but not gboliash
them, indicating that other factors ave imvolved. The findings with closede
head injuries also serve to direct attention to processes and structures
beyond the retina. It appears that mo aingls factor explanation for the
physiologicel mechanism underlying the drop in flicker fusion frequency with
age 1s meaningfil. It would sppesr that future research efforts mist atteupt
to dlscover the extent to vhich one physiologiecal-system elterstion at a time
oontributes to the total deerement observed.




CHAPTER V
SIARY

Two recent investigations with psyehosurgery cases have suggested
that frontal lobe demage 1s reflected in the flicker fusion frequency of that
individusl., One of these investigations, that of Halstead with lobectomized
subjects t&mm both sortical and subcorticel frontal lobe structures are
yemoved, has indieated that such cases have a significantly lowered fusion
point and are objectively more sccurate (less varisble) in locating their
fusion point on suceessive trials than are nomal subjects or nonfrontal lo-
bectomies. He combined the flicker fusiom test with a mmber of other tests
to yleld an impaimment index which would reveal loss of efficlency in brain
function not detected by ordinary psychophysiological examinstion. The second
study, that by the Columbis-Greystone Associetes with topectomy, an operation
involving the ablation of extensive cortical areas in the frontal lobes,
failed to corrvborate Halstead's findingsy nor were they able to find tLat the
flicker fumion test belonged in any such combination as Halsbead h~4 developed
for his impairment index., They did find, however, some temporary fluetuations
in fusion level which seem to be the immediate aftereffects of the surgical
procedure itself,

The quostion which then confronted the present author was vhether or
not prefrontal lobotomy, an operation in which the eytoarchitectursl aress of
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the cortex are left relatively intaet but damage to subcortiecal structures is
extensive, would result in a depressed fusion level and reduced varisbility ‘in
determining this point., Of secondary importance, but certainly worthy of
investigation, was the question of age effects in both a nomal and payechotic
population.

To answer these questions four experimental groups were employed,
The first of these consisted of twenty-six lobotimized patients institubionsle
1zed at the Willmar State Hospital in Willmar, Minnesota. ALl of these patienys
had been operated upon by the same mrgwnmseightyamzariorto testing,
The second group was composed of elghteen psychotic control patientsz from the
sume institution closely comparsble to the operatees with regard to age,
period of hospitalization, amount of schooling, and dlsgnosis, The third
gi'oup was canposed of fifty nomal subjects employed in various capacitics at
the hospital. They too were closely comparable with the other two groups.
The absence of contussive-type head injuries, neurological disease, and visuanl
anomalies was the first consideration in selecting all four groups employed in
the study. The last group was composed of twenty-two younger nomsl adults
wvho were too young %o be Included with the older normmal group for direet com-
parison with the patient subjects, These young nomals were employed in the
age factor investigation along with the older nommals to give s sample N of
seventy-two mubjectz, The mutritional regimem for all groups inmvolved was
oassentially the ssme,

The apparatus employed was a motor-driven rotator deviee utilizing
a light of moderate brightness and a fixed light-daxk ratio. The fixed viewing
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range and the target area were such as to insure foveal viasion. Physical

conditions and setting were ideal for the determinations., The i test for the
gignificance of the difference between mesns was largely the statistical
device employed.

The resulis of this experimental study for these particulsr samples
warrant the following conclusionss

1, There is no evidence to indicate that the extensive frontal lobe
damage sustained in lobotomy resulis in a lowered fusion point,

2. Thers is no indication that lobotomized subjects are objectively
more accurate (less variable) in locating their fusion point than are ps‘y’ehc‘bi?
control or nommals subjects. The fact that both operatees and controls are
less accurate (more variable) than are nommals appears to be a manifestation
of their essential psychotic condition.

3. The insensitivity of the flicker fusion test to frontal lesions
of this magnitude would appear to argue asgainst 1ts inclusion in any such
impaiment index as Halstoad hea suggested. |

4. There is a definite decrease in flicker fusion frequenecy with
age found in both normaels and psychotic subjects.

5. The functional reletionship botween flicker fusion frequency and
age is linear and negative (r = -.43).

6. The mogt pronounced drop in fusion level appesrs to occur some.
whiere between forty-five and fifty-five years of age.

7. Inter~individual variability as measured by the standard deviae
tion of the age groups decreases markedly with age. The range of fusion sooraJ




~{would sppear on the basis of the present study that no pertinent relationghip
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in the oldest groups is 1essmwmt@mymgemgrmp. This
appears to be due to the gradual disappearance of the high fusion scores ss
one progresses along the age axis.

8. Wnile maximum and average frequencies at which fusion iz pex.
coived decrease markedly with age, low or minimm frequencies are presoent at
all age levels,

9. The extent to which an individual varies or deviates from his
ovn mean fusion point in suceessive trials does not sppear to be dependent on
age, There is no clear-cut evidence to indicate thal older persons are objec-
tively more aceurate (less variable) than young p&mm.

Single factor explanations for the physiological mechanigm under
lying fusion frequency changes with age are not adequate, Attempts to relate
this change to purely retinal features are also rejected as inadequate, It
is suggecsted that future research concern itself with longitudinel studies on
the same subjects over a lengthy pai;i.ea of time so that the coneomitant physios
logical changes can be observed in their relationship to fusion frequency
changes. Another approach to this problem would be in the systenatic alters-
tion of one physiologieal variasble at a time and the observebion of its con-
tribution to the total decrement,

With regard to frontal lobe demege and flicker fusion frequency it

exists. Damage to areas of the brain other than the frontal lobes may well be
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reflected in altorations of fusion frequency;, indeed, the few prelinminary
attempts to date along this line hawve suggested as much, The mmerous ungne
swered questiona relating to its psychologieal correlates and to brain funetlon
under a host of pathological conditions would certainly point to the value of
contimed research utilizing the flicker fusion Lrequency.
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APPENDIX

DATA FOR TiE SUBJECTS EPLOYED IN THE INVESTIGATION OF
FLICKER FUSION FREQUENCY AT TIE WILIMAR STATE HOSPITAL

OPERATEES
s 1 Fusion Mean Avoerage

Subject Age (5 Trials) | Deviation
1, 0. T, 51 34.0 2.80
2., 5. W, 69 35,9 2.88
3. A, L, 63 31.8 ,72
‘I"!lt vo L- On M 38¢2 .64
5. E. A. 48 30.3 .56
6. M. H 52 33.0 .30
7. E. M. 52 L2.4 1.52
8. M. D. 60 32.7 2.72
9, J. 8. 42 38.1 3.48
10. E, V, P, 41 39.4 1.52
11, A. D, 54, 37.4 2.28
12. A. G, 52 38.4 1.28
13. J. C. 69 27.2 3.84
14, M. M, 49 30.2 1.36
15, H. M. 63 43.2 1.24
16. 0. T. 58 0.2 1.64
17. R, F. 1. 37 33.3 1.56
13. L. E. K. 33 46.2 72
19. A. K. 33 0.2 1.92
20. P, C. 35 1.5 1.00
21. T. C. L6 0.6 1.8
22, W, II. D 63 31.1 2.48
23. D. s. 62 39.6 2.88
2. S, J, C. 63 38.4 .96
25. E. 8. 3. 37.1 1.92
26, M. K. 66 39.2 2,24,
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APPEXDIX {contimed)

PSYCHOTIC CONTROLS

Fusion Mean Average
Subject Ago (5 Trials) | Deviation
l. A, C. 50 0.4 2.68
2,- :iu Gn Bn 68 32‘8 1'ﬂ4
3. E C. 60 36.0 3.20
&-0 Ho Rvp 66 37:7 *36
5. M. K. 45 34.2 2.60
6- E» J‘ 57 41'1 036
7. C. J, 55 20.2 .72
8. 0. M, 57 36.5 1.40
9. E, H, F, 56 38.2 2.6/
10. E‘ 04 L‘ 51 4303 a@
11, G. G. A, 74 36.5 1.20
12. A. A, 65 38.8 84
13. C. W. 34 45.8 1.52
14. 8. S, 8. 35 45.0 3.20
15. A. W. 30 38.0 .80
16. G. G. Ll 40.0 3.20
17. J. V. C. 35 38.6 1.68
18. J. A. 67 7.2 2.24
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APPENDIX (contimed)

102
OLDER NORMAL SUBJECTS
(OVER 30 YEARS OF AGE)
{contimed)
Fusion liasan Average
Subject Age (5 Trials) Deviation
41, H. 8. 51 36.2 2.04
L2, T, 8. 51 3L.4 .92
43. H' wi 52 38'6 0'?3
L. M. D, 36 37.2 ol
. 4-5:: 60 Bo &3 3001 056
46. C. B, 57 3.7 1.04
L7. V. R, YA 36.6 .88
48. H, E, 63 36.14 A8
9. F. P. 75 30.7 NI
50. H. H, 62 31.6 1.68
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APPEDIX (contimed)

YOUNG NORMAL SUBJECTS (UNDER 30 YEARS OF AGE)

Average
Deviation
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