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) ABSTRACT -

«t

Temporal,, Spatial 'and Chromatic Mechanisms:
Their Intetrelationship ip the Glaucomatous Eye

.
\ -~
\

Jocelyn Fauberxt . T

4

k]
/

The resea;?h reported in thié Fhesis proposes that the X C
(sustained) and Y (tfansient) classiﬁfcation of cells relating 'to the
functipnaf responses of the'human visual system can be utiiiged to
generate testable predictions concerning chanées in central fungctions as
a result of glaucoma, Specifically, it 1s proposed that Y-cells are
aamaged early in the glaucomatous eye and that this is be reflected by

specific functional deficiencies. In 1Might of the knowledge imthe

1 ]
literathge about X/Y cglls’, it was hypothesized that temporal resolutdon

~

, /
.and spatial contrast sensitivity for lower and middle spatial

~

frequencies would be affected along with colour vision.

Thirty eyes of 30 different individuals were used in tﬁe study

consisting of an early glaucoma, a glgu;oma suspect, and a control
condition with 9,/10 and 11 observers respeftively. Temporal résolution
was measured with mulci-fla:h campimetrf; spatial contrast sehsitivity
with the "Anticipated Threshold Technique'; and colour vision with the
Farnsworth-Munsell 100-hue (FM-100) test and the American Optical Hardy-

L4

Rand-Rittler Pseudoisechromatic (HRR)*;lates. v ) /

A difference between groups was found only for temporal resolution,
‘Multi-flash campimetry scores from the centrql 10 degrees of .the visual
field were compared with sensitivity’scores obtained for lower and

) | )

2



o
- M ' .
E] \

’ . 1v o
G

middle spatial frequencies for the patient populations. The strongest

h .

* correlation was obtained bgtween the central 10 dggrees of multi-flash

[N

.and the lower and middle spatial frequencies for the glaucoma group (r =-
-.65). When comparing spagial contrést gensi;ivity scores with the
> ‘ error scoreg obtained from the FM-100 test, the highest correlation was
- obtained between the'error stores and the sensitivity scoreé of the
higher spatial frequencies in the glaucoma suspects (g-- -.75). The
correlationrbetweeh these factors in the glducoma group was r =\f35L//
No errors were made on the HRR plates by any observer. The results

suggest that the X/Y classification represents extremes of a continuum

'and that the Y-cekls, assumed to have larger axons, are affected -early

in the glaucomatous eye.

b )
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Teﬁporal, Spatial and Chromatic Mechanilsas:’

Their Interrelationship ip the Glaucomatous Eye

»
LN

Statement of the P}oblem ;

3

The traditional psychophysical approaah in visual perception has
" been to quantify thresholds of s;nsitivity to a'Qariety of visual
stimuli. - This method.offeés the opportunity to observe 1ndirecgly how
theg visual system functioné by determining the differential |
sensitivities to stimuli of different sizes, shdpes, hues; saturations,
intensities, orientations, and temporal separation. Parallel to and
gsometimes in conjunction with the study of psychoéhysics, researchers
have made an,attempt to elucidate the physiolog§ of the visual system.
However, relatively few séudies have examined the response of the human
visual system to psychophysical testing Qhen the eyes are 1impaired.
There are sever;1 advantages in uéing an impaired visual system for
experimentation. For one, there is no need to artificilally eliminate
some visual capacities in order to isolate functiohal roles. Anotherv
advantag; in héing an impaired visual system is that the presence or
absencé of/interactions betweep different visual mechanisms cah‘be
v'obs;rvéd. For example, 1f spatial channels are affected independently
of temporal sensitivity loss, it can be assumed that at least two
different mechanisms are ptresent. Since the interactions of gpatial,
temporal and colour mechanisms of the visual system are still poorly
understood, the use of fmpaired visual gsystems opens an important avenue

of approach to the the study of these interactionms.

In this study an attempt was made to examine, several mechanisms of




~
~

the human visual system t;y using glaucomatous eyes in very early stages
of"the pathology as well as eves that were Suspected of having chronic
simple open angle glaucoma. The physiological deficienf:ie:zs caused i
early staggs of gla\;coma are generally located in'the'neural connection

F ' _ ’
stretching from the retinal ganglion (PG) cells to the lateral

geni’culate nucleus (LGN) neurons of the I;rain. Recent /

neurophysiological findings haye demonstrated that, for the glau\comacous

eye, the majority of axons affected in the ganglio-geniculate connection
4 are large. Further, psychophysi.cal and neurophysiolégical findings
demo;strate that there is a "transient” or Y-cell and a "sustained” or

y .
X-cell classification gf functional response, Y-cells have large axons
and receptive fields while X-cells have small axons and receptive
inelds. The Y-cells correspond mostly to temporal and lower spatial
frequency information while the X-cells respond more to highe;' spatial
frequencies. Evidepce also sugg;sts that neural colour codes can be
either temporal and spatialviﬁ natyre. The X/Y func.tional
classification of cells, however, appears not tlo be the consequence of
distinct cell types. Rather, these cell types should be considered
components of a continuous system within which the X or smaller cells
reside on one end of the continuum and the Y 01" larger cells on the
other. / . a

Assuming that the X/Y classification exists in the ;xuman ‘'visual

gystem, it was hypothesized that, in chronic open z;ngle glaucoma, the
larger or Y-cell types are affected first, Therefore,, functional .

deficits that correspond specifically to Y-cell classification should be

obtained when testing eyes with glaucoma. The use of glaucoma suspects



o

and early confirmed glaucoma.patients is necessary in order to obtain
the differential responses mentioned because, in later stages of the

disease, a more generalized depression of the visual svstem Ls observed.
‘ \

¥

The Neurophysiology and Psychophysics of Spatial and Temporal Mechanisms |

Neurophysiological research has d

nstrated that, in the mammalian -

-

visual system, there are a minimum ¢of two types of neurons with
i

oo, ” )
different functional responses (Blake & DiGianfilippo, ' 1980; Cleland,
Dubin & Levick, 1971; Bnroth-Cugell & Robson, 1966; lkeda & Wright

1972Y. These nggrohs called X (sustained) and Y (transient) cells, .

c

respond differently to.temporal and spatial information. In a series of

experiments where neuronal responses of retinal ganglion and lateral
o

geniculate cells of cats were recorded, Cleland and his coworkers (1971)

demongtrated that the X/Y functioral categorizaiion was present.at both

) -

levels of the visual system. This is consistent with the notion

,

‘advanced by Hubel and Wiesel (1962) that ' cells with response criteria

similar to those exhibited by the retinal ganglion cells, like the
r . [}

_center-surround prope;tles of the cat's retina (Kuffler, 1953), can be
‘e .

found in the lateral geniculate nucleus.

Cleland and his coworkers separated the transient and sustained
cells with the use of four tests ‘which define the functional differences

of the two catefories. The first test presents small targets with

“appropriate” contrast, which means that the initial responses to the

[y

preaehtation of_fhe stimuli were similar for X- and Y-cells. The target

. size for the Y-cells had to be largergihan~the X~ cells to get a similar

response (1.5 vs. 0.5 degrees of .visual angle). After the initial

8

P, 4




response, the sustainéd cells exhibited a constant level of firing

throughout the presentation.. However, the transient cells guickly

decreased their firing rates to pre-stimulated levels. When the target

N . / : )
was covered, the sustained cells decreased firing rate at levels lower

' than the pre-8timulated levels and slowly recovered.
X
Secondly, the response to a series of parallel black and white bars
(square wave grating) was‘meaSured: A massive respohse to lower spatial

frequencies for both X- and Y-cells was recorded when the grating passed

through their respective receptive fields. As the gbatings begame

-

4 Al
finer, the pattern specific response of the Y cells diminished and those

of the X=cells remained above unstimulated levels untill the gratings

were too small to elicit any response. The Y-cells exhibited an

, :
increase in firing rate ;% fine gratings only i{f these were set in -

motion, demonstrgting: non-pattern specific response., In other.words,

the Y-cells responded e readily to temporal information and lower

spatial freauencies.

-

Thirdly, white and black circular targets of increasing size were

moved across the recepti¢e fields, The ganglion cells showed a '
. e

preferential size, below and above which the response levels decreased.

I .

. o ;
This preference was different for the X- and Y-cells, the X-cells

responding mére to smaller targets (below ! degree of visual angle) and

«

the Y-cells to larger cétgets (larger than | degree of visual angle). A
preference to speed of presentation showed Y-cells responding at both

% s .
low and high temporal frequencies and the X—ceLiE/;gglly to the lower

semporal frequencies. : 7

s\

As their fourth measure of X/Y differengiation Cleland and his

o

T8
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coworkers employed the periphery effect where a stimulus, usually large,

presented well away from the determined receptive field area of a given

cell, elicits a response from this cell. When this was applied to their

-

pool of ceils,'éleland ond lis coworkers found a étr&ng periphery effect
in the Y-cells, and only slight or no res;onse in the X-cells. ';n
addition, simultaneoué recording offretinal,ganglion cells and iafe;al
geniculaCe neurdﬁs showed lhat fast conducting optic.axons wvere

projections of the Y-cells éqd the slow projecting axons were from the

-

]

Xfcells.

.

The results of these eﬁpgriments demonstrate that there is a
functional difference between transient and sustained neurons at the

ganglionic and geniculate lévels of the visual sysqémg It can also be

assuméd that the ganglio-geniculate connection has fast and slow
. % ) ,

conducting optic ‘axons reflecting properties of Y- and X-cells.

o

Furthermore, transient cells are less sensitive to pattern stimuli of

higher spatial frequencies, are more sensitive to temporal information,
and have larger receﬁeive fields than sustained cells.

Ikeda and Wright (1972) extended these findings and showed that the
Y-cells hadlill-defined center-surround properties as oppos;d ;o X=

. »
cells. They conclude that the functional role of the Y-cells is to

\‘v Eg t .
deteJt moving objects in the periphery because of their responses to
both defocused and moving stimili and because Y-cell receptive fields.

are distributed mainly in the periphery of the retina. The functional

role of the X-ce;ls is thought to be the analysis of spatial contrast

\\

b —

an7 fine detail. o

‘Hochstein (1979) has cautioned against a strict "parallel system”




: ‘\
T, |

1ncerpretati%n of the X/Y -functional classificgtion. He péints out that

X/Y functienal differences can,be observed in relation Eo axonal size

. (conduction time), spatial summation characteristics, receptive field

’

-

¥

sizes and retinal distribution but that delimitation to one class or =

anothér_is often arbitrary. Repoxting the data obtained from 100

-

geniculate cells of 16 cats, he mentions that positive correlqtions do
- - - . \ ’ .

ex1st between these conditions but that‘they aré generally weak (below

+.50). He contludes: that the X/Y dichotomy does not exist as a distinct
N !

. 1 |
bimodal distribution of cell types, but is a monomodal distribution oﬂ

~ +

at best a distribution ‘witK peaks on opposite ends of a continuous

1

spectrum. : J

Attempts to idenkify sustained and transient cells in the human

visual system by psychophysical means have been reported (Tolhurét.

c

1973; Kulikowski & Tolhurst, 1973). Using the method of adjustmeﬁt with

flickering ératings, Kulikowski and Tolhurst (1973) determined the

threshold for detecting flicker and the threshola‘for discriminating

T

. gratings for the same stimulus, Moreover, differential flicke?
thresholds for on/off and counterphase flicker were obtained. Thé
on/off pattern was created by Elternating a Spa§ial pattern with a
uniform field of the same average luyhinance. The counterphase flic r

stimulus is an alternation between the dark and light bars at a set
“rate. For a stimulus of a given spatial frequency flickering at a set

.

rate, observers were asked to adjust the contrast to determine when

flicker was just perceived and at what ‘contrast the spatial pattern vas
y .
just perceived. . E mJ/

In obtaining these responses, a classiﬁicézion of separate channels

.
[ [
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. >
similar to the transient and susta;déd-type of cells proposed by the
physiological data was possible. * These channels were ter;ed form-
analyzing channels for the'sustainéd‘reSponses (X-cells) and movement-
analyzing channels for the transiené responses (Y-cells) by Kulikowski )
and Tolhur;t (19723). Generaily, the transient chqnnels respond better~
to low and medium spatial f;equencies‘dnd are twice.as\effeetiv; in
detecting sgimuli of glterﬁgg;;g éhases over on/off flicke£ throughout
all spatial frequencies testéd: They also prefer éemporal rages between

., to 6 Hz with a sharp reduction of the response at lower temporal

+ frequencies. The form-analysing channels responded éétter to higper‘
sputial frequencies (above 3 c¢/d) and rgépond equally to counterphase
and on/off temporal modulations. ‘ .

" Recéntly, Hess and Plant (1985) reported a study which attempted to
ﬁpentify the specific temporal components involved for lower and middle
spatial frequency discriminations. Using spatial frequencies of 2.0 and
‘0.2 cycles per degree .of visual angle (c/d) flickering sinusoidally ;t )
temporal frequenc&es of 0 to 32 Hz, they also demoéstrated a peak
aeteétion Fhreshold between 4 and 6 Hz. However, their data deéfgﬁtraée
an additi;nal peak sensitivity at 32 Hz for the lower spatial frequency
of 0.2 ¢/d wﬁich suggest an additional temporal meéﬁanisms for larger

patterns,

Hess and Plant (1983) examined spatial and temporal characterfstics

@

of vision in opgiqzneuritis patients. They varied the temporal

:

‘f:equency for sinusoidal gratings of 0.5 and 4.0 cycles per degree of

visual angle (c/d). The stimulus was initially presented below

threshold ahd adjusted by the observer until éither the temporal or




. paracentral scotomas within the central ten 'degrees of visual ahgle and

" optic neuritis, temporal resolution interacts more strongly at lower

~

N

spatiﬁl characteristics were perceived. They report that ‘at 4.0 c/é

o “

temporal stimulation has no effect on the decreased sensitivity shown by )
optic neuritis eyeg:- At 0.5 c¢/d howeven(/{f; effect of decreased
sensitivity gradually disappears as the temporal rate of tkh stimulus is

) PRV 4 4
T
increased. The authors tested normal observers with simulated &\\h*ﬁaly

\

4 -
they obtained results similar to those patients. They conclude that

subtle ‘scotomas within the central ten degrees could explain the results
obtained by theifvpatiénts, but, that for optic pathology of a less

patchy ‘nature - caused by ischemia or compression like glaucoma - such a

specific effect would not b!’observed. It cannot be determined from

ltheir report vhether the: patients responded to spatial or temporal -

'stimuli first. The results demonstrate, however, that in the case of

-

0

spatial frequencies.

Neural Colour Codes

vtemporal coding of colour. In‘the monkey, Gouras/(1968) feports colour-

. , . : ~
coded ganglion cells showing sustained responses jto steady stimuli and

slow conducting axons,~These slow conducting ax¢ns were related to
small ganglion cells called "tonic” and dfsplay d colour-opponent

!’

light. Other reports show

properties. Other gangliow cells called "phasic” were large and

displayed transient responses to any change o

“~

that slow and fast conducting neurons respond differently to different

colour stimuli (Lennox, 1958; Motakawa, Oikéwa & Tasaki, 1957).
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DeValois, Abramov and Jacobs (1966),vid\théir neurophysiological study
. ' / )

;f the macaque,monk;y, report that most lateral geniculate nucleus (LGN)
- ) : '
cells respond to colour stimuli. The stimull’consisted of various ‘

&) . .
flaghes of 1lights of different waveléngths presented across the visyal

& '

field, with éhe reépénse'recordeq from sing%q }GN\cells exhibiting
spontaneous aétivity.- Their results show two major classifications of
neural response.‘ These are "speétrally opponent” and "nonopponent”
cells. The n;nopponent cells resﬁond the same way'to all wavelengths
whﬁle the opponent cells are excited by'somé wavelengths and inhibited,
- by others. Opponént cells with‘the'sa;e response patterns zo c0rburé
. can still differ in the intensity of the neural response, Thus, they
‘may be qualitatively similar and be quangita:i;;ly different.
di;gonascerio (1978) has reported concentric cell t;pes in the .
retina of the macaque monkey with X/Y cell properties. The X-cells had
centers receiQing input from one cone type and the surround from another
while the Y-cells recieved input from one con; type for both the center
and the surround. The Y-cells responded more to.the lower spatial
frequencies and the transient response was iocalized in the surround.
Psychophysically, there is evidence of both temporal and spatial
neural codes for colQur- vision. McCollough (1965) presenfed an observer
with alternating vertical and horizontal bars of different colo#?s. The
vertical bars were black aﬁd orange and the horizontal bars were black
and green-blue., A grating was presented for 5 seconds fgllowed by a 1

-

second dark period; then the grating of different orientation was
" presented under the same temporal conditions. This adaptation was done

for several minutes, after which, the preséntation of a black and white
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grating elicited colour aftereffects. A blatk and white vertical
1 .

grating appeared green-blue and a,horizontal grating appeared yellow.

When a.grating oriented at 45 degrees was presented no colour

' . afterefféct was reported. Stromeyer and Mans £ield (1970) induced

[}

similar-aftereffects using movement. Upward and downward movements of

gratings were used-as opposed to orientation changes.

Festinger, Allyn and White (1971) reported that several subjective
colour perceptions can be obtained ‘using stationary monachromatic
stimuli with different temporal properties. In the'first,experiment.
temporal patterns were generated, mim}cking the retihal tlluminance

produced by a anham's disk with little success in creating subjective

colour. Howevet, when % background light klickering in a-squar;:;;;e

'

fashion was also present, subjective colours were perceived. Ney
temporal patterns, compensating for the flickering background, were

successful only in creating red, blue and green colours, The other’

‘ [

temporal patterns estimated from colour mixturesryere not efficlent in

producing the anticipated colours.’

.

The Pathophysiology of Glaucoma

+  The most common explanation for the loss of visual function in

glaucoma is the occurrence of axonal damage at the optic nerve head.

This, in turn, is thought to produce the classical visual field defects -

such -as the nasal step or depressed sensitivity in the Bjerrum area "

N

. . »
(Quigley, Flower, Addicks EchLeod, 1980). Optic disc damage could:be -

- either due to ischemia in which the reduction of blood supply causes

-

axonal death, or by a reduction of stoppage of exoplasmic trangport

I3
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(Cockburn, 1985)." Most of the support for an ischemic cause of optic

-

disc .atrophy comes from fluorescein angiograms of the nerve head where
'fluorescieh filling defects correspond with visual fiéld defects fCreve
& Heijl, 1977; Talusan, Schwarts & Wilcox, 1980). However, Mizokami,

Okubo and Isayama (1983), could not reproduce these findings on their

02

glaucoma patients. They conclude-that while:thé collapse of blood

vessels does not preclude optic disc damage, 1t is secéﬁdary to 1it.

s N
Another possible consequence of elevated pressure is the reduction

of axonal flow towards either the LGN or the retinal gahglion cells.

o«

Axoplasmic transport of proteins’ and ofher iﬁtracellulag materiafg is an
egssential function in both’orthograde eFowards LGN) and retrograde
-(towards retinal ganglion cells) transport. Labeling materials
introduFed into the optic nerve cells of monkeys demounstrate that axonal
flow in both directions is reducgd as a function gf'incréaged ‘
intraocular pressure (Minckler, Bunt & Johanson, 1977). .

‘A further effect of glaucomatous damage to che'eye is the séleciive
loss¥of large and medium size fibers of the optic nerve tract.  Of
importance is the“finding by Quigley, Dunkelberger and Sanchez (1986),
that_largef axons are destroyed first due to élevated intraocular
_préééure. T;eir study included 23 normal cynomolgus monkeys énd 8 eyes
with chronic elevated intraocular pressures. They examined optic-nerve

~

. N
croes sections using automated image analysis. The glaucoma eyes
/

demonstrated a range of fiber loss between 25 and 95%. The average
axonal diameter remaining in the glaucoma eyes was significantly smaller

than the normal eyes. Furthermore, histograms of fiber diameter

revealed a sequential loss of larg€ and medium axons. The small fibers

4
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wereuthe last fibers affected. In a similar study, Minckler énd Ogdon
' (1986) also showgd that large axons-were partiCUlarlyAvulnerable to
iqjury in glagcomat9gs monkey eyes.

These findiyés show that whe;her.the destructive source i; due to

3

ischemia or to a reduction of axonal flow, damage to the ganglio-
A ~

geniculate pathway 1is present in glaucoma. Additionally, this damage
)

appears to be §e1ecti§e, at least in the.eérly SE%;}S, by prog;essively
damaging large and medium fibers. If these statements are correct,
£psychbph;'sically demonstrated loss of visual functions, corresponding to
-the Y-cells should be observed 14 glaucoma patients ?nd suspects who‘hay ’
have incurred glaucoma, This would be reflecte .b§ a selective loss ;ﬁ

"»sensitivity to lower and middle’spatial frequencies and a loss of

‘temporal resolving power in early stages of the pathology.

#

Spatial‘Sen;itivity'and Te@poral'Resolu;ion Loss in élauCOma

Atkin, Bodis-Wollner, Wolkstein,LMoss and Podos‘é}979) used. )
electronically generated patterns to test glaucoma sugpects and glaucomq

S .

patients for spattal resolution. A diffuse target and sinusoidal
gr;tings were presented in a c;unterphase mode, both flickering ac'8 Hz .
(cycles per second). Eleven glaucoma eyes, 10 glaucoma suspects eyes
and 37 control eyes were used in the study. The mea; luminance ievel
was 40 foot Lamberts and the test target subtended Aldeérees of visual
angle. The spatial frequency gratings subtended 1.2 cycles per degree
(c/d) of viaual angle. Confirmed glaucoma was determined by abnormal

- vigsual fields with the use of the Goldmann perimeter and optic nerve

head abnormalities in conjunction with intraocular pvessures of 22



ey ~
‘

millimeters of mErCUry (inm Hg) ov higher for untreated eyes.. The
criterion for élaucomé suspects was an intraocular pressure of 22 mm Hg
or greater. A significant decarease ua‘s found in the contrast
sensitivity functions on both tests for éhe glaucomaEOuS-eyes compared

to the normal eyes. The glaucoma suspect means were not significantly

*,

' \
different from the normals but, using a 30 db normality criterion, 50%
.& ’ .
of the suspects fell below this limi¢ (1.5 loglo sensitivity).

Since the advent of Arden plates for testing spatial centrast

°

sensitivity (Arden, 1978), responses to stationary gratings were shown

to be affected in glaucoma and also in glaucoma suspects but with less

~

N .
consistency (Hitchings, Powell, Arden & Carter, 1981; Stamper, Hsu-

: Winges & Sopher, 1982). Neima, LeBlanc and Regan (1984), used computer

generated sine waves presented with a counterphase flicker of 8 Hz to

test glaucoma patients and glaucoma suspects. The classification

criteribn for glaucoma was similar to the one used by Atkin and

coworkers (1979). Gratings of 2 aﬁd 5 c/d-were used in addition to a

visual acuity task, and the‘testing was performed across the visual

field. The visual acuity ;ask‘%as to determine the spatial freﬁuency

- s
cut-off point or the highest spatial frequency that could be seen at
¥ » R .

1002 contrast by the observer. The 2 and 5 c¢/d.gpatial frequency tasks

were often abnormal when compared to a normal range while the visual

acuitf task was no different for the control, suspects or glaucoma
. [

groups.
Wolkenstein, Atkin and Bodis-Wollner (1980), as well have found

lower and middle spatial frequency losaeg when using counterphase

flickered grétings but also found cut-off frequency deficits in 18

v .
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Dglaw::oma’~pat1em:3 c:'ij‘;.b,ZO/ZO vision. However, their results are of less

PR
PEE S -

reliability because the authors do not mention how they identified
glaucoma patients or what the mean age was for the subjects.

Notwithstanding the spatial contrast sensitivity losses of

«

temporally presented patterns ment‘ioned above (Atkin et al., 1979; Neima
et al., 1984\; Wolkenstein et al.,- 1980),' loss of temporal resolving
power in'glaucoma has been demonstratéd for quite some tind In"1947,
Weekers assessed the critical fusion frequency (CFF) for flicker across

different meridians-of the visual field of glaucoma patients. At the
- ' '
time, visual field measurements were mostly conducted with tangent

. screens. This test consists of a black background over which a white

8

target can be moved across the differeht meridians. . The target is"moved-

from outside the visual field inwards until the obsetver perceives the

-

target. Using a static method.with an immobile target light and a

-

flickering light of increasing rate, he showed that all defects

"

represented by conventional filelds tests (tangent screen) were
_accentuated and that many abnormalities in the CFF were present where no
corresp'onding field defécts were detectable. Later, Miles (1950) and

Campbell and Rittler (1959) demonstrated losses of the CFF in glaucoma

with similar techniques. v Y

Recently, Tyler (1981) tested flicker sensitivity in glaucoma

\  patients and glaucoma suspects. A 5 degree.visual field, with an
average luminance of 40 candela per square meter (/cd/mz), wasg used to
present a sinusoidally tnodulated flicker \'rarying from 5 to 100 Hz in the™

[N »
central visual field and in the Bjerrum area. . The task of the observer
, . . . !

18 to adjust the contrast needed to perceive the £11 cker. Tyler fecund
kv -

‘
.
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significant losses of flicker sensitivity particularly in the 20 to 40

H'z range prior to any signs of visual field defects.

Glaucoma and Acquired Colour Vision Defects

" Colour vision deficits are usually classified as congenital or
acquired (Po‘icorny, Smith, Verriest & Pinckers, 1979). Th"e import\ant
distinction is that acquii-ed colour vision defect8 are secondary effects
produced as a consequence of a visual pathology or trauma. Congenital
colour defects are present at birth without necessarily implying other
major visuall-problems. Another differentiation between congenital and
acqq-i(red colour vision defects is that congenital defects usually
include only one axis of colour defici.t, while the acquired colgﬁr
defects often’ vary within different axes. In other words, congenital

. p)
defectsg are ;)ECen reflected by a reduced selective response for ome of

the three basic colours (red, green and blue) and reduced sensitivity

-
-

for colour mixtures which include ‘the basic colour in ’question‘.

Acquired défects are reflected by diminished sensitivity to more than
one basic colour. Traditional classifications of acquired colour vision
defects are usually based on categories sugges:ed by Verriest in 1963
(Pokorny et al., 1979): Type 1, Type 2, and Type 3 c!olour vision
deficits. 'I'Vpe 1 deficits are usually on the red-~green ;xis and vary
from mild to severe. 'They produce trichromatic to ponochromatic results
in colour matching 'assessmen;:s. The reduction of visual acuity can vary
from moderate to severe, and a frequerit o;xtcome_ of such disorders is

achromatopsia (scotopic vision). Type 2 colour vision defects are also

along the red-green axis with an accompanying milder blue-yellow

.
n ?
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deficit and they vary from mild to severe. Visual acuity loss varies

~ o

from moderate to severe. Individuals may recover or may experience an:
increased loss of visi;n. Evidence of trichromatic to monochromatic
colour vision are obtalned from colour matching tests. Type 3 defic(ts
demonstrate discrimination deficits of the blue-yellow axis from mild to
moderat;. Visual acuity losseq range from mild to severe, Colour
matching tests show trichromatic and dichrom§tic results with only rare

occagions of monochromacy. The outcome varfes considerably chr0ugﬁout

individuals and pathologies. Early stages of Type 3 defects usually

demonstrate confusions in the blue region of the chromaticity diagranm

(Pokorny et al., 1979).

/

Two b;s c types of colour vision defects have been observed in
. confirmed gl Vcoma patients. Red-green defects have been found, but
\ :

, .
these casges %re’nare and, when present, are associated with late.stages
L Y

of glaucoma (Pokorny et al. 1979). The most frequent defects are Type 1.

'blue-yellow defects. Francois, Verriest, and De Rouck {1957) 7

N

demonstrated these defects using plate tests, Farnsworth Panel D—lS,iand.
a Nagel anomalos;ope. (Recently, Drance, Lakowski,,Schulzer and Douglas
(1981) found both defec;;. However, the blue-yellow defects were found
more frequently and were much better pred{pto;s of visual field defeéts.
Using fhe Farnsworth-Munsell (FM) 100-hue test McNaught, Rennie, McClure
and Chrisholm (1974) report that in unilateral acute angle closure
glatcoma, 40% of th; affected eyes displayed Type 3 blue-yellow defects
and only one of the affacted eyes reVeal;d Type 2 red-green defects,

Francois and Verriest (1968), in a review of this literature, mentioned

that in established chronic gimplé open angle glaucoma, 202 of

-~
%

.
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individuals show normal colout vision, ZOZ show moderaie:Type(ﬁ\Plue-
4 ) ]

yellow defects, 32X can be cligsified as séveteyType 3 blue-yellow

defects, and' 62 are red—gfeen def;cts.

* - B ‘ ) ' ‘
With glaucoma suspects, Lakowski and Drance (1979) have observed

that the FM 100-hue test and the Pickford-Nicolson aﬁbmaloscope were the

two mosf,efficien: techniques for clinical diagnosis. Using these

techniques, they showed that, of 250 glaucoma suspects, 20% had golour

visi;nﬂdeficiency qufﬁalent to that found in severe glaucoma. Nine of

the patients uholwere followed over a 5-year period developed chronic

simple glaucoma and the cologszigibn tests on these patients, while

glaucoma suspects, had shawn deficlencies in colour discrimination.

Thus, Lakows%} and Drance consider large losses in colour discrimination
: ' é

as ‘good predictors of chronic simple glaucoma development. Recently, .

- . . .’ -
Flammer and Drance (1984) demonstrated that colour deficiencies,

 measured by FM 100~hue error scores, correlate well with measures of

quantitative perimetry.

n..l . .
: o

.continuum, The 'X-cells are the smaller neuron types with more

Present Stuq;

Fer tge present research, an undérlying_assumption was tha; the X/Y
eell cla;siflcation.is valid for the human visual system, and that this
claaaificaéion co;responds to cell types of small and laége axons
reupéﬁtively. fhe X/Y clas;ifiéation here does not implyszo distinct °

cell types but rather cells which gesidé at opposite ends of a

> o

4

sustained-like properties and the Y-cells are the larger neurons with

larger axons thought to have transient-like .properties. It was also




assumed that earl glaucomatous damage is reflected by a specifiL loss

. - . -

of large opcic nerve a¥ons.
In view of the current knowledge regarding localized neuronal loss
in glaucoma, three tests were chosen to assess seledtive functional

losses of hypothetical mechanidms of vision. The three tests measure
. .

-

'spatial resolution, temporal resolution, and colour vision respectively.

.

As stated earlier, a selective cell loss may affect spatial, temporal

and colour vision mechanisms in specific ways. A loss of large axons

can be hypothesized to affeq& temporal resolution generally and spatial

sensitivity channels specifically; no?%&ly, at lower and mlddle quiial

’

frequencies. This would imply. that temporal and spatial mechanisms are
i

indeperdent under certain conditionsk\ﬁd not in others. If, on the
7/

other hand, only one’ type of test is affected in glaucoma, it could be
shown that the mechanism in question functions independently of others.
A similar type of argument can be made for c010ur;’%owever, evidence

suggests that colour mechanisms are related to toth spatial and temporal

¢

mechanisms.

—-

A decrease in ceég;ral resolving power .and sensitivity to lower and-

middle spatial frequencies as well as colour sensitivity, was expected
. . B
for the early glaucoma and suspect grogfs. The temporal resolution

decrease was expected to be more pronounced because the test used

sampled throughout a 40 degree field while the spatial task stimulated
ogly)the central eight degrees,

. Because temporal resolving power in this study was tested 167120 R

points of a 40 degree visual field, a progressive assessment of the, loss ‘

of sensitivity from the fovéa towards the periphery was possible.

-
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Moreover, the gselection of the patients was such that the différen;e~

b d * -

*becweek the early confirmeq glqucOmp and the glaucoma suspect eyes was
‘minimal. This allowed for a.contihu;ty in the patient bbpulation, .
making it possible to observe early, gradual,'funccignai\losses develop - i
from a presumed selective-loss of larfe axons of the optic nerve.
Further, a dire;t compatison between te;po;ax sensitivity, spatial
coﬁtrnft sensitivity and colour vision using 1;dépenéenp techniques, was

~

possible. Y

" y T,

-x
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Experiment ]
The -purpose of the firs; experiment was to examine th® temporal
/@esolving power across the visual field using the multi-flash caméimetry
techniaue (Brussell, White, ?ross, Mustillo & Borenstein, 1981/82).
This technique is useful for testing cepporal resolution bécause it
saméles 120 points écross\aAAO degree visual field. This enables the
experimente} to compare directly the field defects obtained from kinetfc
and static perimetry with losses of temporal resolution in the visual

>

fields.

*

{.

Method

Subjects Thirty eyes of 30 different observers were used in this
study. Tﬁe obser@ers were separated into three groups which were the
early confirmed glaucoma patients, glaucoma suspects, and control
subjects consisting of 9, 10 and 11 iﬁﬁividugls respectively. All
participants had 20/25 (6/7.5) or better corrected visual acuity. The
glaucoma égd\glaucoma suspect patients were all obtaineg from the
\private practice of an ophthalmologist specializing in gxéucgna. Tge
élaucoma suspect eyes all had intraocular pressures of 2] mm Hg or
greater in the untreated eye. They had no visual field dpnormallties ]
measured by‘the Armali&-nrance technique on the Goldmang perimeter
(Drance, Brais & Fairglough, 1972) and no optic nerve head
abnofmplities. The normality or abnormality of the visual flelds and
optic nerve heads were determined by the referring ophthalmologist, All
the Goldmann viaua} fields were piotted by the same techniciana;hq was

)

unaware of the particulars.of the study. The mign age for the glaucoma,

- ' . .
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suspect an& control grou;s wére 52, 49 and 49 respectively with a global
age range between 24 to 75 years. An attempt was made t haincaiq the
age of the study groups similar by Belecting observers(in decades.
Octoéus automated;static perimetry was also performe§ on the suspects

and glaucoma patients (program 38 or Gl on the Octopus 500R). All the

€

. \
., glaucoma suspects showed normal static fields except for one with slight

superior depression. Four patient eyes from the glaucoma group showed

—

localized or generalized defects and the other five had normal static

fields. \ ’

Aggaratus Multi—flash‘c;mpimetry was implemented on a"PDRLf?lO
computer interfaced with a large screen cathode'ray tube (Hewlett
Packard 1310A with a P15 phosphor). The luminance was measured with a

Spectra Spot Meter.

Y [}

Procedure Multi-flash campimefry tests Cempdral ;eéoiution in 120
points of a 40 degree visual field. The diéﬁiay is divided into four
quadrants and these are presented randogly. Within.each quadrant, all
the target points‘ére constantly illuminated and one of the points is
randomly ;hosen to assess the off~period necessary to perceive a 5 Hz
flicker. The duty cycle 15 systematically decreased and the off period
increaséd by 1.4 Z (2.8 msec changes in the on- and off—periods)auntil
the observer perceives flicker and depresses the response key.

Prior to the testing session, practice trials aré presented in the
form of two quarter circles’with a total of 15 points on the screen.

One of these points is located in the blind spot when proper fixation is

maintained. This practice session is repeated until the observer is

e

comfortable with the task and doés not respond to the point in the blind

/
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spot. The head position is fixed with a head and chin rest at a

o

distance from the screen of 57 cm. The luminance levél is measured with
a small target containing all the points adjacent to one another with a
mean luminace of 3 cd/m2.

»

Each point on the screen subtends 6 minutgs of visual angle. The

display consi§ts'of 6 concentric circles each containing 20 points (see

&
Figure 1). The retinal eccentricities of the radii of the circles

Y

subtend 0.625, 1.25, 275, 5.0, 10.0 and 20.0 degrees respectively., At
the end of the testing sedsion, a print-out of the mean off-period for

each concentric circle'wiﬁh standard errors 1s available. 1Individual
R 3

data points are also printed, indicating whetheffény points
¢ .

significantly deviate from the criterion which is set at a response
\J

level greater than 7 standard errors for the mean response of a given

concentric circle or 21 standard errors ggeater than the general mean

response for the eye. These points are reflicated to avoid.
*

misinterpretation due to lapses of attentioh or momentary loss of

fixation.

Results : Y

e " P
The multi-flash campimetry technique provides a visual field map of

“thegdata in the form of a gray scale which demonstrates the temporal

3ensitiv1t§ of the different areas of the visual field, 1In tbis study,
the mean off-periods necessary to perceive flicker for each concentric
;irclejﬁete uéed for data analyﬁis. A split-plot factorial éesign
analysis of variance (ANOVA) was used,' with the thrée visual conditions’

(glaucoma, suspects and controls) as the between measures and the six

retinal eccentricities as the within conditions. The individual daéa

14
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can be seen in Appendix A. iFigure ZPFepresgntthhe mean and standard
ertor of the off-period necessary to perceivlelicker for each group —
acrﬁss retin;I ecceq;ricity. The groué means Qére sign;fiéantly
differeni,.iKZ,Z?) = 3.718, p<.05 and the differences across retinal
eccentricity were also significant, " F(5,135) = 55.189. p<.00i. The
interaction between the within conditions (retinal eccentéicity) and the
between conditions (diaénostic category) was not significant., Post hoc
Scheffe te;ts revealed that the glaucoma and suspect groups are only
significant}y different'gt 1.2 and 2.5.9egrees away frow the fix;tion
point. While both the glaucoma and the suspect group differ from Ehg
control at the th?ee most distant eccentricities; the glaucoma group
differs frbm'the control at all retinQI lqgations. As seen in Figure 2,
the temporal resélvingipower, measured'by~;ultﬁ-flash campimetr;, is |
"best centrally and then progressively declines, with the ‘worst |
sensitivity at five degrees of eccentricity, and then asymptotes for the
last two eécentricities. This pattern remains constant regardless-of
‘;he diagnostic category as ;videéced by a lack of significant
interaction. ' 'L
Discussion @ *

“The results obééined confirm those feporCe§ by Atkin et al (1979),
Campbell.and Rittler (1959), Miles (1950), Neim; et al, (1984), Tyler
(1981) and Weekers (1947) that temporal resolving power is attenuated in
glaucoma. In addition, dultiJ{}ash campimetry demonstrate; agecifically
that the decrease of temporal resolution cqused‘hy giaucoma,is

-

consistent throughout the 40 dégree visual field measured. Figure 2
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suggests that the earliest damage occurs in 'the pél‘iphery. The suspect

-gi-o;{p demonstrates sigﬁifi;an; differences flrom the control group at_

five degrees eccentricity and beyond.' This corresponds well with the
notion. that Y-cells with large axons, which are affected first (Minckler
& Ogden, 1986; Quigley et al., 1986), create selective losses in the

3

periphery. T%'ie data show a clear pattern where tempbral sensitivity

" declines progressively’aft;er 1.3 degrees of retinal eccentriéity to

reach a maximum at 5 degrees. Further, as glaucoma progresses, the
. ' ) \

functional impairment géneralizes to in¢lude the more central areas of

the retina as demonstr'ated by the glaucoma group. The variability of
4

the data also‘ncregses progressively from the controls to the glaucoma’

eyes. This could reflect a cell loss which would decrease the

probability of detecting iight and as g consequence would increase the

variability fopdetecting flicker. (

-
i

L
-
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\/ . Experiment 2

As pointed out 1in the 1ntroduct‘10n, spatial contrast sensitivity
deficits, particularly in lower and middle. spét:ial. frequencies presented
in a, counterpha§e mode, have been associated with glaucoma. The second
experiment was designed to assess spatial contrast sensitivity deficits
1;1 the early améea of glaucoma, thus, to provide evidence ‘for a deficitk«_
in spatial contrast sensitivity as predicted by the'x/Y classification

paradigm in the case of glaucoma.

Method
R _— )
Subjects The same 30 eyes of the 30 observers were used for this
: X
,experiment.

’ Apparatus The same computer (PDP11/10) and CRT screeri (HP 1310A)

, were used, interfaced with Wavetek funcn)ion generators. The latter

¢
allowed projection of sine wave gratings within an 8X8 degree of-visual

angle window on the CRT. The average luminance was measured with a
Spectra Spot Meter.

Procedure ’I"he viewing distance was one meter with the head
supported by a helnd and chin rest. The anticipated threshold technique
developed by Brussell and Cavanagh (1984) was used to geherate
stationary sinusoidal gratings of six differenc spatial frequencies, - .
This technique uses previous information obtained from the observer to
e;timate the thresh“,old point. Each trial operates in two steps. In the
first half of th: et;tire estimated threshold time, contrast i/ncreases

rapidly and in the other half contrast increases slowly. This allows

for an increased speed of assessing spatial contrast sensitivity without
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compromising detection at threshold. The mean luminance of the screen
- was set at 5 t:d/tn2 and the spa;tial freqe;lcie's tested were 1.00, 1.82,
3.31, 6.03, 10.99 and 20.00 CPDs. ‘Each spatial frequency was tested in
blocks of seven trials. ’The first ::wo are consider“ed practice trials
;nd the average 1is Ca’lcu{lated only for the last five. Catch trials and
. delayed dntervals were introduced randomly to avold time-l‘)ased‘
responses, Ali observers wore their distance correction throughoutlthe

N

test, The presentation sequence of s.patial rfrequencies was randomized.
Results f

Individual spatigl sensitivity data are preserited in Appendix B.
The highest spatial ‘frequency used (20 c¢/d) was excluded from the
analysis because the observers were unable to see this grating a't the ?
luminance level used. “The data s‘how no significant differences between
diagnost'ic categories but show, as expected, a significant difference
across spatial frequency 2_(44’108;- 114.9, 2<.001: The ANOVA also
reveals a statistically Qignificant interaction becweer; the diagnostic
categories and ghe spatial frequencies, F(8,108) = 2‘55’. é(.OZ. Figure
3 illustrates that the three gro’up means are similar.

If the proposed hypothesis that Y-cells are primarily affected by
e;arly g,la.ucoma damage was true, a relationship between low.. and middle
spatial frequencies should exist regardless of the fact that mean
spatial sensitivities are.not significantly different between diagnostic

4]

groups, Table 1 summarizes Pearson correlation coeficients obtai
'

from several combinations. The data for spatial contrast sensitivity

was grouped into two different categories. The lower and middle spatial
. " .
freqﬁency data (1.00, 1.82 and 3.31 c¢/d) were combined to obtain an

LY

Y
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Table |

2

Correlations between multi-flash campimetry and spatial contrast

senglitivity data

?

Controls"

“ Sp;cial Fre. I_éentral 10 Degrees Beyond 10 Qggrees'

. —t — .

lower 3 1 -.53 V. . =51 .
\ 1 . ! .

higher I ~.45 ’ . ~.58 p<.06

1
r

Glaucoma and Suspects

Central 10 begrees . Beyond 10 Degrees

Spatial Fre. I
. I )
I ~
lower 3 I -.47 p<.05 ) -.29 '
) I ” ‘ .
highet 2 I o "030 ¢ ¢ . -004 ‘ -
N ) SRR
J ) ‘ Glaucoma .
Spﬁtiél Fre, I.Cencral'IO‘Degrees . ,Beyohd 10 Degrees
I ' 4 ’ .
. I ) i A .
1 ” .
higher 2 1 <.33 ] +.20
1 .
& ! [
. :
| Susbecta

. Spatial Fre. I Central 10 Degrees / 'Beyond 10 Degreeé

oY .

I b - ~
lower 3 I -.48 . .=e33 -

1 ,
higher 2 1 -.37 1 ~.39 ;

I - a

e
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“w
' average Afid the same was done for the higher spatial frequencies (6.03

and 10.99 c/d). Further, the multi-flash thresholds were averaged
Y )

across the dentral 10 degrees of the visual field which corresponds to
V )

the first four concentric circles, and another average was calculated
[ 7]

for the rest of the visual field. This separation was performed because
- .
" ’ j

the central 10 'degfee measure corresponded best to the area of the
visual field covered b;' the 8X8 degree window used for the‘spacial task.
1f a relationship exists, negative’ correlations should be expected

. l Y
because losgs of sensitivity is reflected by higher multi-flash

H

thresholds and lower spatial contrast sensitivwities. The correlation
¢

coefficients for the control eyes show homogeneity, varying\ffom ~.45 to

-.58." The significance levels in Table | reflect the dispersion away

‘rom a ~me~an of *r = 0. This homogeneity is disrupted particularly for

<

the glaucoma ," toup. However, the strongest correlation was between the
g g ’ 4

lover three spatial frequencies and the central 10 degrees of the

glaucoma group (r = -.65), where presumably more damage has occured.

The same though weaker pattern is present for the suspect group. \

t

Discussion . .

~

\«

—

'The lack of significance between group means is inconsistent with

A
the findings of other researchers (Atkin et al. 1979; Hitchings et al.

.

198]; Neima et al. 1986;‘ Stamper et al. 1982; Wolkenstein et al. 1980).

: »
Rovever, two factors must be taken into account to.explain these

. .
results. The first factor is that the criterion for glaucoma

classification required only disc cup abnormalities or visual field

@

nbnorn_alituiu and not both cpnditions as in the gther experiments. This




S
means that some eyes were considered glaucomatous without any v1§ua1
fielgﬂdefect;. The second factor is that staticnary gratings rather
than temporally modulated gratings ;ere used in this study. |
fThe correlational daéa are Ponsistent with the proposition that Y-
cells with larger axons are affected early in glaucoma. The homogenéit{
demonstrated by the correlational data of thg controls {mplies that, in
the normal visual Bystem, the different visual mechanisms maintain a
similar relationship across spa;ial frequencies, which renderg support
for'a linear model of X/Y classification. The important findingyis that
while som; of the other correlations change with con@ition in the
pogitive direction, the correlation between the central 10 degrees of
mu}ti-flash and the lo;er and middle spatial frequencies for the.
élaucoma group are acfually strengthened. This supports the notion that
there is a tendency for the larger Y-cells Lo respond more to temporal
resolution and larger spatial fre;uencies.ghanothe X-cells,

The fact that the group means for temporal resoluti;n are more
affgctes thap those fér spgtial contrast sensitivity %n these results
could be due to the. inherent characteriscic; of the techniques used.
The spatial task verifies central vision specifically and the temporal
technique probeg throughout a 30 degree field. Given that Y ;élls are
more common towards the periphery, it would be expected that the the
most peripheral sampling points are affected first in glaucoma. This is
well represented by the larger multi-flash deficits towards the

"

periphery as can be seen in Figure 2.
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Experiment 3

stages of glaycoma. Assuming that neural colour codes can be
transmitted Ky either X- or Y-cell :&pes, reduced cbleour sensitivity was

expedted.

S

Method

Subjecgs Twenty-six of the 30 eyes used in Fﬁe previous
experiments were used in this study. Four observers could not perform
the colour test due to scheduling problems. The %ucoma', glaucoma
sﬁ;pect and the control group contained 9, 8 and 9 observer;.
resp;;tively.

Apparatus A standard FM 100-hue testing kit and a set o;\émerican

Optical H-R-R Pseudoisochromatic plates (HRR) were used. to assess colour

vision, Both tests were performed under the illumination of an Easel

Lamp (Macbeth Corporation). -
.

Procedure The standard instructions for HRR-and FM 100-hue tests
were given to the observers with the exception that no time limit was
imposed for the completion of the FM 100-hue test. The FM 100-hue testi
consists of gg_EIEEZrent colour chips separated in four different boxeé
pteaentéd!a: randow to the observer. The -task is to place the chips i;'
the correct sequence of hue, For the HEX test, the suﬂjects were

required to name the geometrical patterns, formed by coloured dots, and

point to their location on the plate.
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Results ‘
No errors were made on the HRR plates by any of the observers.
'This excludes the pogsibility that colour ‘blindness may interfere with
the FM 100-hue results. For the FM 100-hue test, no statistically
significant diffegences wqyi found between the three groups. Figure 4
represents the three group means with their standard errors. The
individual data scores and FM-IOQ maps are in Appendix-C.

Correlations between the contrast sensitivity data of the lower
spaciél frequencies (1.00, 1.82 and 3.31 c¢/d) and the FM 100-hue error
scores, and the higher spatial frequehcies’(gx)3 and 10,99 c/d) agd
error scores wgge calgulated. The highest correlations were obtafnea
between the higher spatial frequencies and the FM-100 erfar scores (see
Table 2). Negative correlations should be expected between‘jéﬁour and
spatial score; because a décrease in sensitivity i{n the respective tests
is reflected 1in opposite directions while the reverse is true for the
temporal and colour scores. The homogeneity of the response from the
control eyes reflected in the preQious correlations between spatial and
gémporal sensitivity is again reflected between temporal, spatial and
colour scoresuin Table 2. A marked change im the co€relation
coefficieﬁts occurs between the céntréls and the glaucoma group of the

*temporal resolution data while.sensitivity to higher gpatial frequencies
varies with sensitivity to c¢olour and in some cases this association
becomes stronger than the controls.

/ .

Discussion

FM 100-hpe error scores vary enormously across individuals,(from 4

-
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b
- Mgure 4, Mean FM 100-hue error scores for the diffe:ent'diagnostic
. ! _ 4
categories. Standard error bars are shown for each

condi;ign.

SUSRECTS CONTROLS
DIABNOSTIC CATEGORY

=P
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Table 2 . ’ ™ . -

Correlations between FM 100-hue error scores and spatial and temporal

»

sensitivity data ‘ ~
’ ¢

;s

FM-100 and Spatial Frequency Data

Error Score 1 Lower 3 Spatial Fre. Higher 2 Spafial Fre.’
I - . .
- ‘I -
Controls 1 o =eb2 . -.67 p<.05
I s
Glau & Susp I -.26 - "’ -.62 p<.0l
. I . . Ty K
Glaucoma 1 ~.41 -.57 )
e I ) -
Suspects "I~  -.02 -.75 p<.05
I ‘ N 7 .
- < .
FM-100 and Temporal Frequency Data
Error Score I) Central 10 Degrees Beyond 10 Degrees
1 N
1
Controls I +.61 +.54
1
Glau & Susp I +.05 } -.13
. I L 3 o0
Glaucoma I -.01 _ ~.39 ’
1 N - v
Suspects 1 +.21 +.27 g
I » . //

-4 “ [%

(W

~
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;o 184). The lack of significance beCWeén the mean erro% scores of each
’ grou;’is not surprising with such a small sample size. The
correlatiénal data implies‘thac the colour information obtéined from the
FM~-100 task was spatial in nature and would possibly invoive X-cells.
In fhe'type of task required by.the FM 100-hue test, high spatial_
frequency channels in the central area of the visual f}eld are‘exqremély

T

important. #erhaps a temporally modulated chromatic task would reveal

°

"’ functional degic;ts more consistently related to glaucomatous optic

-

nerve atrophy.
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General Discussion -

Itvwas proposed in this study that early damage.caused by glaucoﬁa(ﬂfn
affects a specific‘type ;f nerve cell, as suggested by phys;ological
stuéies (Minckler & Ogdon, 1986; Quigly et al., 1986). These cells,
frequently referred to as Y-cells, are believed to have selective
funétional properties (Blake & DiGianfilippo, 1980; Cleland et al.,
1971; Enroth-Cugell & Rsbson, 1966; Ike;; & Wright, 1972). The use of
early confirmed glaucoma or glaucoma suspects as obser;ers alléws for a
clearér assessment of whether the first cell types affected are Y—cellg.
Té&poral resolution loss, as measured by multi-flash campimetry, ‘was
expected to be present, aiong with spatiai contrast ;ensitivity loss of
the lower spatial frequencies ;nd colour vision loss. s

As found by otﬁér‘teseargpgrs (Atkin et al., 1979; Campbell &
Rittler, 1959; Miles, 1950; Neima et al., 198§; Tyler, 1981; . Weekers,
19&7), a loss of temporal resolving power was observed. The difference;
in mean scores of contrast sensitivity for lower and middle spatial
frequencies were not significant. This 1s probably not surﬁtising if
one, attends more closely to the diagnostic criteria, and the actual
implementations of the tasks. The studies that we;e'clear in their
diagnostic cri;erié, considered an eye to be glaucomatous when both

.classical visual field defects and optic disc abnormalities were present

in addition to elevated pressures. In the present study, either one of

for an eye ko be considered glaucomatous. Furthermore e temporal
e

) /’tegolution task samples 120 points in a 40 degree #1isual field while the

spatial contrast sensitivity task samples centrally. The quantity of Y-

- '



Cugell ‘and Robson (1966) and Hochstein (1979) have- argued for

39
4
cells increases towards the periphery thus temporailresolucion was

L ¥

sampled for a larger number of Y-cells.

The correlation coefficients obtained for the controls were

’hpmogeneous across all thecconditions. This supports the notion that

X/Y cells are tomponents of a continuum (Hochstein, 1979). If the X/Y

classification depended on distinct cell types, then temporal resolution

¥ .
and the lower spatial frequencies should have a stronger relationship -

than temporal resolution and higher spatial frequencies, which was not
the case, However, a selective loss of large axons by glaucomatous

damage, which decreases temporal sensitivity significantly, does not
¢
affect the relationship between temporal resolving power and lower

spatial frequencies but does affect the relationship between temporéi

A}

resolving'power and higher spatial frequencies. Therefore, as Enroth~
neurophysiological data, 1t ghould be satd that the Y-cells have a
“tendency” to respond more to temporal information and lower spatial

frequenciess .

The results obtained from Experimenti& support strongly the

. assumption‘thac large axons are injured first in early glaucomatous

damage. The progressive loss of sensltivity as a function 6f

eccentricity for the glaucoma suspects, demonstrates that the larger

qglls in the periphery are affected first. The damage then generaliz;s
in later stages of glaucoma tgq 1nciude loss of temporal re§olv1ng‘Power
in. the central.area. !

Scores from the FM 100~hue test show no signlficanc differences

~— » Y ‘

] . .
between groups at these early stages of glaucomatous development. It

’
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waé argued that colour neural codes can be Spat{al {n nature
(QeMonasterio,’1978; McCollough, 1965) or tempdral (deMonasterio, 1978;
Festinger et ai., 1971)., The colour data obtained from this study are
not surprising given the afsumpti n that Y-cells are primarily affected
early in'glaucoma. The use of the FM 100~hue test bia;es—high spatial
frequency channels because of the physical properties of the colour
chips. That is, acuity channels or channels used to perceiveﬁfine
detail centrally are essential to perform well on the FM-100. Thus, the
ef;or scores should be affected very lfitle by an early Y-cell loss,
Figure 2 demonstrates that oniy the glaucoma group shows significant
deficits in tem;oral resolution. The suspectxgroup shows no deficit
Icentrally butvdoes peripherally. Thus, as the digéasé progresses, the
functional deficit§_generalize to the :entral area where a colour

[

deficit would be expected. If a colour deficit w?s observed?using a
p .

central task, prior to pther functional deficits, this could mean that
the damagehis hlreédy generalized and, as such, -‘represents later st?ges
of the pathology. Individual differences 1in. light sensitivity cqa
account for*a lack of field defects in these patients. A g}mi{ér
argument can be made for spatial contrast sensitivity functions which

measures central vision. ,

Further, Lennie (1984) argués that there may bé two sepparate
mechanisms in the retino-geniculate projections of the monkey visual
system. One of the mechanisms cotre;pondé to the‘projectiong that go
from the retinal ganglion cells to the parvocellular cells of the dorsal

LGN which have slow conduction velocities, smaller receptive fields, and

are- responsible for colour information. The other mechanism 1is the

o

~



[

. ‘ i
regult of fibers reaching from the retinal ganglion cells to the the

magnocéllular cells of the ventral LGN whictlx have fast conduction
velocities, larger receptive fields, and are re;ponéible for achromatic
1nfo‘rmation. This would a’rgue that-a loss of colour perception as a
result -of selective loss of large and medium fibers in early glaucoma

':should not be expected.

-

Several suggestions can be made for future research. First, along

witl: the yse of separate techniques for assessing temporal, spatial and

colour information, a more direct comparison between these mechanisms

-

would be beneficial. Neima and coworkers (1984) have compared-spatial

4

and temporal thresholds within the same test by changing task

requireme‘ﬁts,\in different areas of the visual field. Colour tests

—
.

- modulated both temporally and spatdally would l;; interesting when

testin/g\glaucomacous eyes. There exists a possibility that Y-cells in

— ®

the humﬁn,system are important in colour perception. This sensitivity
could be éxamined with th& use of temporally modulated colours. If Y-

cells are indeed affected first in early glaucoma, a reduction of -

& L) .

sensitivity to temporally modulated chromatic stimuli would be more
severe than for spatially modulated stimuli.

Findlly, both the vision researchers and the medicai community

’

~. -
would profit from-‘further research in this area. As neurophysiolog‘lﬁal

evidence increases in favor of specific types of cell losses in
P

glaucoma, more direct and controlled studies of different visual

<

mechanisms are pbaaiblg. If this research can localize defects of

- o4

different cell types, more efficient 'diagnostic and monitoring methods

~

can be developed.
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Multi-flashk Campimetry Data

49

\

Concentric circle mean of f-period for 'the glaucoma group across retinal

_tagcentricities

Y

3

¥

Glaucoma gatients

Obser.f Eye age .625 1.25 | 2.50 5.00 10,00 20.00
1 R 246 63.42 79.60 138.30, 117.30  79.60 67.30 ‘
7 L 27 89.60 77.70 118,70  180.70  189.90 179.00
3 R 40 ° 37.60 45.90 66.00 88.20 70.70 67.00
4 L 49 39.50  47.00  72.10-  78.40  62.40° . 66.00
5 L 55 53.88 53.30 ¥ 90.58 132.40  103.38  80.30
' 6 R 62 65.60  82.00  161.40 114,50 _%44.20  131.60
7 R 66 177.20  142.60  71.60  67.00 ,///j;.so .+ 82,30,
.8 L 69 60.40 56.42 82.80 135.50  126.68  117.40
9 L 75 166.10 _15i.6o 166.40 . 182.90 144,90  130.60
" Means 52 83,70  81.79 107.56  121.87  110.25

102.38




Hulii-flash'Cgmpimetry Data

50

Concentric circle mean off-periods for the suspect group across retinal

el

eccentricity -
Glaucoma Suspects _
Obser.? Eye Age .6Z5 1.25 2.5 5.0° 10.0 20.0
10 L:*24 ~47.10 56.45.  81.90 145.80  95.70 91.10 °
11 -~ R 34 62.40 . 63.40  91.10  102.60  100.80  90.80
12 ° R 3% 49.80  53.20  75.30  88.30 . 83.90 7855
13 L . 35 4375 41.95 ©  63.40  80.20 72.10 76.00/}
14 R 43 53.20 64.50 99,60  108.70  81.00 _i\¥9.so
15 R 57 33.98 34.86 49,66 80.36 61.72.  75.30
16 . L 61 5172 40.10  S54.10  117.48 76.18 68.66
17 R 63! 73.09  ,56.26 ~ 118.30  128.30  146.70  140.80
18 L 64 106.00 . 69.00 86.00 166.80 140.70  153.40
}9. L 72 78.68‘ 84.12 125.50  145.12  104.18  101.58
Means 49  59.77-  56.38 84.48 116.36  95.75 95.56
0 i
{
7
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Multi-flash Campimetry Data

51

Concentric circle mean off-period for the control condition across

retinal eccentricity

|

A\

Control Condition

20.00

_Obser.? Eye Age .625 1.25 2.5 5.0 10.00
20 R 27 41.00 51.86 76.14 86.97 57.90 52.64
21 L 28 42.50 46L90 64.00 79.40 54.88 - 54.00
22 R 31 37.62 42.52 66.50  91.10 77.90 66.34
23 L 42 45.70  44.90 52,50  84.70  94.00  83.80
26 - L 54 77230 64.10 88.90 113.90  74.60 ;6.70
25 LS4 76,10  72.10 336.80"E 104.50  86.90 79.30
26 R 56 58.06 58.04 91.10 129.14 [89.32 81.40
27 R 57 60.70 56.50 - 65.66 93.20 92,88 89.80
28 L 58 37.10, 40.60  51.60  64.50  61.30 P 52.70
29 R 63 59.90 57.90 8i.3o 103.00  98.50 103.30
30 R 65  86.10 71.10 93.10 115.70  101.90 ' 95.00

Means 49  55.91 55.13 74.32 ° 96.91 80.91 75.90
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s - .
,Spatial Contrast Sensitivity Data
\‘Q\

Log contrast ‘sensitivity means for the glaucoma condition across the
: . ‘ ’ : ‘ (

different spatial frequencies ’

Glaucoma Patienté'

10.99

Obser. # 1.00 1.82 . 3.31 6.03
S |
1 C LS 170 N 136 s LS .98
2 s 1.30 ‘? 1.20 1.42 1.09
T ¥ /Y 1.50 - T 1.26 .75
W L4l L4l 1.37 .92 .62
5. - 1.40 130 0 1.35.  1.06 .68
6 1.65 145 LSS L34 .06 ©-
| 7 132 - LT, 96 - .84 .53
T 8  1.50 '¢Li.az 144 “1.18 .55
9 1,23 1.15 91 . .67 .8
)
“Meins .48 137 L300 1,8, .71
> ' e \
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P o ,' Sp“a'tial Contrast Sensitivity Data
' ' . &
Log contrast sengitivity means for the suspec"tf condit'ion acrosé the
. different ‘sEatial frequencies - ,
, y Glaucoma Suspects
Obser.# 1.00 1.82 3.31 . 6.03 10.99
10 127 1.3 1.24 1,27 .99
1 94 1.06 ¥ 1.06 .75 .. 0,00
12 1.25 1.46 138 1.2 L6
13 \} . 1.30 ' 1.24 L3l 1.20 .43
14 © o .1.28 1.34 1.28°  1.29 ERE:
15 1.53 1.70 1.52 1.36 . 1.03
16 | 1,48 1.53 1.45 , .94 , .12
17 Con2a T 1m 1.35 1.29 .49
18 - 1.31 1.43 .22 1.02 31 -
19 . 1.16 1.2 134 1.19 g
Heqng 1.27 ' 1.37 1.31 -1.15 | .‘.66 _
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» Spatial Cont;ast Sensitivity Data

]

L

Log contrast aensitivity meané for the control condition across the

different spatial frequencies .

»

Control Condition

7/

Obser.f . 1.00 1.82 3.3 6.03 10.99
20 1.66 1.67 1.80 1.63 1.46
' 21. 61 1,57 1.52 1.30 - .93
- 22 i.60 1.64 1.68 1.43" 74
) 23 " 1.45 .1.36 1.42 1.24 1.04
24 1.21 1.20 1.28 1.7 .76
25 1.23 1.17 1.24 .11 .58
26 1.14 .11 1. 1.06 95
27 .84 117, ' 1.2 . _1a1° - .70
.28 1.43 1.34 1.5 ©  1.55 104
" 29 1.4 ° 1.58 1.53 1.31 .58.
| 30 Ll . 1,260 1.46 1.4 1.00
Means 1.3 137 142 L300 .88
: \
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error scores
errox sco;es
error scores
data & maps®
data & maps

data & maps’
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Glaucoma......58 *
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Farnsworth~Munsell 100-hue Error Scores

Error scores g£ the Farnsworth-Munsell 100-hue test for the different

. [}
¥
diagnostic categories

¢

Obgerver.# ~—  Glaucoma Obser.#  Suspects . Obser.? Controls
i N - -
1 b 10 60 20 - 4
2 32 12 12z 2 72
3 80 14 80 Do 22 8
. " . t v
4 84 15, 40 23 .28
5 144 16 164 2. 96
6 - 88 N 17 84 25 152
. ‘ -
7 184 T 18 168 . 26 44
8 . 100 19 72 .29 160
D - .
9 - 88 30 100
Means = . 93.77 97.50 o 73.77
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RARAARARANANA RS RRANRNRNRD

3

°
] R

’ " FM-100 DATA FILE S 4
Y . ’ .
A ERRERAEERANEAEEE RN RANY
NAME : OBSERVER Ml ' :
AGE 1 24 . . . - )
EYE TESTED 1 R o . . \
DATE TESTED 1 17-SEP-85 E ‘ .
EXAMINER : J.F, co : )
REFERRAL i DR. BALA2SI i
COMMENT 1 GLAUCOMA . ,
FILE NAME 1 WY - . )
TOTAL ERROR SCORE: 44 - s —

SQUARE ROOTt 4.4

)

‘
anxaz-zaanpssmamzzmxun:xumsnma:néﬂzn: P & 2 2

85 T0 21 ) ¢ - -

851 2 3 4 5 & 2 8 9 1813 12 13 14.15 146 17 18 19 21 29

1 6 @ @8 ¢ 6.9 8 &8 9 8 6 © 9% & o @ ! e 1 1
) [ .

22 70 42:

22 23 24 25 26 27 28 29 38 3§ 33 32 34 35 34 37°3B 39 48°41 42
1 8 8 8 ¢ 9 8 B 8 1 1 1 1 9 6 0 0 0 0 O 3

¢

TR

o w
N =
N & o

® o O

NN
@ o —
@ o ™

FM-120 MEP

S et e
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SNANE NN AN AR RERNRANDAN
] #
. F4-180 DATA FILE a N
.8 . ] °

lllll"lli!llllllllllllll\l

NAME OjSERVER N2

H
AGE 1 27
EYE VESTED 3 L. ‘
DATE TESTED 1 83-DEC-8S : .
EXAMINER 1 J.F, :
- REFERRAL 1 DR. BALAZSI
COMMENT 1 GLAUCOMA
~ . FILE NAME 1 W2
! o ,
. TOTAL ERROR SCORE: 32 A : e

SQUARE ROOT: 5.6

--G-ul---.-n:xxnmugauanmxmunnuu-a:mmmm:q

8% TO 21 .
851 2 3 6 18 9 11 1213 14 1514 17 18 19 28 21
¢ 1

1 § 1 8 8 0 0 9 @ © 0 0 @

8 29 3¢ 31 33 32 34 35 36 37 3839 48 41 42
¢ & t 1 1 1 & 9 0 @ & 8 90 @

't}"

. 43 T0 63
. . 43 44 45 47 48 46 49 50 S1 52 35 34 53 54 57 S8 59 48 61 &2 63
¢ ¢ 1 1 1 3 28 06 2 208 2209 00 08 8 8 0.

64 70 841
64 65 .87 44 4B &9 70 71 72 73 74 75 77 76 78 79 88 81 82 83 84
® T 1 11 6 8 0 8 0 0 11 1 1 00 Q0 0

mmmumm

IH-108 MR

A
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LEES XXX RRRRRRRERZERRERESEE R

v { » ]
8 FH-1N98 DATA FILE ]
¥ » —

3 NAME 1 OBSERVER #3 /
AGE 1 48 ]’
EYE TESTED : R
DATE TESTED : 14-MAR-84
EXAMINER 1 J.F.
REFERRAL 1 DR. BALAZ2S!
COMMENT 1 GLAUCOMA
FILE NAME

"2

TOTAL ERROR SCORE: 89
SQUARE ROOT: 8.9

AR R R R R S I N I T R ARE RS NI ERRLEASIRERD BT R ERTRD

.83 TO 21

851 -2 3 4 5 6 7 9 8 11 16 12 14 13 15 146 17 16 19 28 2}
e ¢ ¢ o 6.0 8 1 1 2 2 1 2 ¢t 1 1 &6 8 6 0 @ l//
22 T0 42

23 22 24 25 26 27 2B 29 31 38 33 32 34 35 34 37 39 48 42 41 38
{1 1 1 8 8 06 8 1 ¢ 2 2 ¢t 1 06 6 ¢ § 1 1 2 ¢

43 10 631 S
43 4% 44 48 47 44 49 50 51 52 S3 54 55 57 58 58 59 68 &1 63 62
S 1 3 3 8 2 2 8 0 8 90°8 1 1 1°1 0 9 1t 2

" .64 TO 842

85 44 44 67 48 78 &9 71 72 73 74 76 75 78 77 79 688 82 8] 83 B4
|

2 11 0111 e @& 1t 1 2 2. 1 1.1 1 10

FTH-IR8 MR}
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o

AR AR RN AN AN NN AR NN

. .
. FM-188 DATA FILE L , .
] ] ’

ISR SR RRREZRRSZ2RERRZRR2E |

‘ NAME 5 OBSERVER M4 . o :
. AGE 1 49 = - : .
EYE TESTED 1 L
DATE TESTED 1 25-SEP-85
EXAHINER 1 J.F,
REFERRAL : DR. BALAZS]
, COMMENT 1 BLAUCOMA ,
" . FILE NAME 1 M4 - ‘
——FOFAL ERROR SCORE: 84 : '
SQUARE ROOT: 9.1 . »

8% TOM211
1 852 3 4 5 6 8 9 7 18-91 12 13 14 15 16 17 18 19 20 21
f 110 90 1 11 328 88 ¢80 0098 9 @

22 70 42 ,
22 23 24 25 26 28 27 29 31 32 34 33 38 35 34 38 37 48 39 41 42
8 0 8 8 1 1¢1 2 1 1 1 2 & .4 1 1 22 1 1 4 ¢
43-TO 631 .

€7 44 45 45 43 50 4B 49 51 52 54 53 35 56 57 58 68 59 &1 62 63

"6 3 11 77 1 11 11 1108613 1°1 1198
64 TO 84: . . .
64 65 84 &7 48 49 78 71 72 73 74 75 76 77 79 78 68 81 82 83 84
S 8 8 0 6 6 0 8 0 9 0 8 0 1 1 1 18 0 8 | /,//

#57

rr-1m mnr

......
-------
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tERLLEIR R R RRRRRZARERTRE)

"9 I
. FHM-188 DATA FILE . ‘
» v »
EREANNEN R NN NN NIRRT ,// )
NAME 1 OBSERVER WS S
"AGE 1 55 . B,
EYE TESTED : L ~ SN
DATE TESTED 1 19-JAN-84
EXAMINER 1 J.F, ‘ o,
REFERRAL 1 DR. BALAZS] ~ ‘ '
COMMENT 1 GLAUCOMA ' | .
FILE NAME : A5 ‘ . o ’

_TOTAL ERROR SCORE: 144
SQUARE ROOT: 12

R R R I I R S S I RS SRR R SIS SRR ARNRNERREREEIECRRERIID

85 TO 211 v : :

1 2 853 4 5 6 9 8 7 1012 11 13 14 15 17 16 18 28 19.21

4 13 2989 229 2311 10 11 1,21 11
il

22 T0 42:

22 23 24 25 26 27 28 29 38 33 32 33 34 3F 37 346 38 41 39 49 42
® 9 0 6 o 8 6 @ &6 .6 8 o -8 11 1 3 3 1 1 4, //

43 70 63

46 47 43 A5 44 48 53 52 49 51 59 34 54 55 57 59 38 4 48 62 63
3 34137 42231 34112122111

9

64 TO 841 : .
85 64 84 49 47 48 78 174 72 71 73 75 76 78 77 79 82 84 88 83 81
! 13 3 1 1'4 411 21t 1 11 3345353SH

»
SRR ST S8 SR AL 3% UEAKEE 55 52 SR B AL AN SR AR AR ICWE SENEAE SRNRAR S AXIR IR SRR AR 5E IR R IR ARG SRS IR SR SRR SE AL SEILAR BRI I IS 58 SR 1

t

" PM-188 MRP
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1

URRANBARARVANAREARARRARNEN
&

. | . )
s FM-180 DATA FILE &
* ¥ 0
L ]

[ YEXEREEEEEESRE2RARRRRES R ) )

LS *

~ N

NAME 1 OBSERVER M ¢ : -
AGE 3 42 g d
EYE TESTED : R
DATE TESTED 1 16-AUG-85
EXAMINER 1 J.F,
REFERRAL | BALAZSI
COMMENT : GLAUCOMA
FILE NAME 1 W & .
TOTAL ERROR SCORE: 88 ,
SQUARE ROOT: 9.3
- BEER J --a-ﬂ-i?_;‘-ﬁlmtl t ¢ 1 = =nmBme
85 10 211
851 2 4 3 S & 7 8 9 1811 12 13 14 35 16 17 18 21 28 19
e 8 1 § 1 1 @ 0 8 0 & 8 6 8 9 6 8 O 2 2 8 2
22 70 42 .
22723 24 25 26 27 28 29 39 31 32 33 35 34 36 37 38 42 42 41 39
2 8 0 8 ¢ 8 0 0 8 @ © 1 1 1 1 8 3 41 1 4
43 10 631 .

43 44 44 47 49 45 4B 3P 54 51 52 33 55 37 38 34 59 48 41 42 &3 - : ‘
311 1 4353 43 2 81 211 3 2080 090

€4 70 84: .
64 65 868 67 68 71 70 4% 72:73 73 74 77 74 78 7% 68 B 83 82 B4
e ¢ 0 9 2 290 221 1 2211090811 1y 0

Fr-108 Mar




_/’\,

64 ‘
I r lllllllllli!lllllllll!lllﬂ
«, # . ]
» FM-1088 DATA FILE x i
) ]

ERAEARRER AR AR RAAA R EANAAN 3

OBSERVER W7

NAME 1
AGE t 64 ¢
EYE TESTED : R
DATE TESTED 1 28-SEP-85 . . ( o
EXAMINER t J.F. ‘ '
REFERRAL 31 DR, BALAZSI
COMMENT 1 GLAUCOMA
FILE NAME : ¥7

TOTAL ERROR SCORE: 184
SQUARE ROOT: 13.3

REEREEE RS IR I RN IR I R ERNE LIRS AR AR N RN TESRE IS IR IR

85 TO 21 ' g

4 5 852 1 3 6 8 7 9 190 11 13 121514 14 17 18 21 19 29
54 511 33 11186 1 2 211808 223 ! 1

22 70 421 .
22 24 232527 2628 29 932 33 534 36 37 38 41 42 48 37
21 1 2 1 11 1 18 22 1 1 3

43 10 43 ‘ | '
43 4% 47 46 44 38 31 48 49 33 52 54 55 62 57 56 59 58 61 43 &8 .
4 2 14 6352 2 331 1 61842 2 233,53

' A

167 69 72 73 74 75 76 78 77 82 88 7% 81 84 83
4 3200 06 11 431132383

228 I MIMITIIEN y

rH-1ee HMar




¢

NURARRRRRRANA AR FAAREEEREN (
* %
o FM-188 DATA FILE ]
¥ " p %
FAERNERARRAAARRR AR AN

L}

NAME 1 OBSERVER M8
: AGE ¢ 49 ‘
EYE TESTED : L a A op
DATE TESTED 1 $8-JAN-86
EXAMINER 1 J.F.
REFERRAL 1 DR. BALA2S] (
COMMENT t GLAUCOMA
FILE NAME 1

L1 .

TOTAL ERROR SCORE: 188
SQUARE ROOT: i@

{..‘ﬂm‘ nuam-lnma:uumlu:z:umuusnsmnsm
85 70 213 - , ’

851 2 3 4 3 &6 B8 7 189 13 12 13 14 15 14 18 17 1% 28 21
1 o9 0 8 0 0 1 3§ 2 2 1 1 9 ¢ 6 8 1t 1 1t 1 € @
22 10 42

22 23 24 24 25'27 28 38 2% 33 32 33 34 34 33 36 37 49 42 37 41
P #8°'y 1 11 ¢ 1 11 &8t 1 2223333

\S

43 TO 431 .o
44 43 47 45 446 48 49 53 50 53 32 54 535 36 37 38 41 42 59 48 43
2 341t 1111 22 %1 0 0808 2222 22

o

&4 T0 841 .
84766 65 67 4B 70 49 71 72 75 73 74 76 77 79 78 88 82 81 84 83
1 111 111123111 11121221

BSESREESERASNEENENETREEARESESN RN RERERBESHATEEESREEENESRI-TEIEERIES S EE RN

TH-108 MW
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. SRAAXARAAER R R RAAR R RN RNAN
% ] e
» FM-180 DATA FILE ¥
L ] - %
- Qlll!lllIllilillllilllll!l \
NAME 1 OBSERVER #9
AGE 1 74 ,
EYE TESTED : L / S
DATE TESTED 1 12-SEP-85 - .
© EXAMINER : J.F. . '
- REFERRAL : DR, BALAZSI ’
© COMMENT 1 GLAUCOMA "\
FILE NAME 1 W9
TOTAL ERRDR SCORE: 88 ' -
SQUARE ROOT: 9.3 ‘
BN R R R R R R R R g R T R EEE S EERN SRR RN REIR
8% TO 211 ‘
852 1 4 3 S 4 7 8 9 18 11 12 13 14 15 16 17 18 28 3921
4 1,2 2 1 106 8 0 8 @8 ¢ 6 0 2 8 08 8 1.1 1 1
22 TO 42

22 23 24 2% 27 26 26 2% 31 30 33 32 34 33 37 34 48 39 38 41 42
e ¢ 8 1.1 ¢ ¢ ¢ 2 2 141 1t ¢ 3 3 8 2 2 ¢

\
AN

43 TO 43t

43 43 44 4¢ 4é S1 49 47.50 53 52 54 54 55 57 58 59 68 61 62 63
1112332342,12114100000!

'

64 10 84: *

64 45 46 68 &7 49 7€ 74,72 73 74 73 76 78 77 79 B2 84 83 8o 8!
e ¢ 2 1 1 1 06 0 @ & &6 06 1 1 1 3 31 22 3

1 rH-188 HA?
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L L T LTI
] S
» FM-188 DATA FILE ]
¥ »
RANRRAANAAANANNARARNRERNN

NAME : OBSERVER ¥18 , : .
AGE 1 24 '
EYE TESTED : L
DATE TESTED : 28-SEP-8%
EXAMINER ‘1 J.F,
REFERRAL 1 DR. BALA2SI )
. COMMENT 1 SUSPECT . g
FILE NAME 1 Wg0 ‘ o
TOTAL ERROR SCORE: 48
SQUARE ROOT; 7.7

AN IR A I AR LR ARSI E IR SRR SRS SRS RERSRSEIIREE S TIRRIR RS
83 TO 211

851 2 3 4 3 6 7 8 ¢
8 0 86 0 9 8 8 & ¢ 8@

1 12 13 13 14 16 17 18 19 20 21

1 12 13 1

0 e I ¢t 1 1 6 8 6 ¢ ¢
2 T0 42
2 23 24

L SR
DN -~
-

25 26 27 26 29 30 31 33 32 35 34 36 37 38 39
¢ @ ¢ @ o 8 1 1 2 2 1 1 6 8°8
14

43 TO é3: ) - :
46 44 43 47 45 49 48 58 32 51 53 54 55 34 37 58 40 39 42 &1 43
4 &1 3 4 4 3 3 211t ¢ 68 08 1 1 2 211

4
4 67
0

O O

0 ' .. :
S 71 72 74 73 73 76 78 77 88 79 81 B2 83 84
e 13 3§ 11 2211 068 8°

4
4

@ 0. -4
LN . ]

9 76
0

. TH-12R MR?
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U000 % 90030 0% 30 06 06 30 96 00 30 36 30 6 30 30 90 34 36 6
'Y . ¥
*_ FM-100 DATA FILE »
] ] '

HAARRAARRERAXRAARRANAAR AR NN

T 7T T NAME 1 OBSERVER M12 , L
AGE s 34 “ 4
EYE TESTED : R "~ . N
DATE TESTED 1 0S5-NOV-85 -
EXAMINER 1 J.F.
REFERRAL i1 DR, BALAZS!
- COMMENT : SUSPECT
FILE NAME 3 W12
TOTAL ERROR SCORE: 112 )
SQUARE ROOT: 10.5 - ; )
- quzﬂ:============:!2:8::!:8:8882“:3”...838’8&83‘8388:388”::3“
85 TO 211 . )
851 2 3 4 S5 & 8 7 9 1011 1213 14 15146 17 19 18 21 20
¢ 00 0©0O011 414 1 00O0TO0CCOCODOO0 I 1 2 2 3




Y

EERARARARANN AN RANR N RRANT

» #
L FM-180 DATA FILE l
* ]

i RERRRR RS 222222 L

2

L

NAME ¢ OBSERVER #14 - :
, AGE 1 43 ’// '
4 EYE TESTED : R . S Y
. .DATE TESTED : 21-FEB-86 '
EXAMINER 1 J,F. : "
REFERRAL 1 OR. BALAZS] oo o
. COMMENT 3 SUSPECT ’ S .
FILE NAME : W14 : « ~
TOTAL ERROR SCORE: 89
SOUARE ROOT: 3.9 .
-au:n--mnm-mmmn:m:um:nm
85 10 21: ,
. 8% 3465a79~louiztautsunsazowzz
) .10001:221:000000‘0011:1
22 70 421 . ,
2223 24 25 26 27 28 29 31 36 32 33 34 35 34 37 38 40 4 39 42
@ ¢ 6. ¢ ¢ 0 0 1 {1 1 1 6 86 06 00 J 1 1 3 4
4370 63 ' {

4543 44-47 46 48 49 5§ 52 50 33 54 53 36 38 57 &8 59 &1 62 63
3 1 2 2 11 1113 20.01 1 221100

44 70 841
‘ 64 63 &7 46 69 68 78 7 73 72 74 26 77 75 78 79 81 86 82 84 83
. 01 1 2 211111 21 132111211

R RN AR R NS SRR LT ER S AR AR TR EE SRR RERR

. FH=198 MRP ‘

.
]
A ‘. .
‘.

:-;-.':'.-':,:‘.
ooo::::;:}
BIW eratiioite
AT Y IR Y
LEatiiehs,

B ....o..c.g:.. .

| 1 T IO

ITE Y R A

. . 114
'.. .'-" ,"..:a--o-a".
* e 'c "-ol.'.'

‘.'
soa
ceor
see
se®
Q"
.

f;a..",
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RANRBRRRAAANEAN AR RURRBARR D
. #* » i
. ¥ - FM-100 DATA FILE , = .
o ] » -
. R YRR IR RIIRRRITLITEIL \
“ ¢
NAME 1 OBSERVER #15 T ’
.., AGE 1 %7 : o @
. EYE TESTED 1 R -
DATE TESTED : 14-AUG-8S D e /
EXAMINER 1 J.F. . \
REFERRAL 1 BALA2S1 . | Mot
COMMENT : SUSPECT . o
1 W13

FILE NAME

TOTAL ERROR SCORE: -48 .
SQUARE ROOT: 4.3 ' i

-aznns:maamszu‘_pﬂu:-unsméilnmaalm===!?:=gzn=== i

83 10 21:

4 3 2 1 853 6 7 8 10119 12 1314 151617 1819 28 21 .. .
4988 44868 1°11 320809800 8°898 80

22 10 421 . ,
22 23 24 25 26 27 28 29 38 31 32 33 34 3% 34 37 39 38 40 41 42

@ 0 # 8 09 8 © B O 0 B 8 @ @ 8 °1 t % 1 8 @ .
43 T0°43:

43 44 47 44 45 48 49 58 5§ 52 53 54 SS 54 57 S8 39 &0 4] 42 43

e 2 28 2 2 002 6 0808 8 6 00 6 08 88 8

44 10 84: . ' -

-84 &3 84 &7 68 &9 78 7) 72 73 74 73 74 77 78 79 88 81 83 82 84
@ ¢ 6 8¢ ¢ ¢ ¢ 8 9.6 ¢ 9 6 9 O 9 1 -1 1 9§

ErESEEEEAANEEEREEIRNEACEENVASEABSRETTRRNELTENERN R EAXTRTEATTR LT MRERTRE
) o : o

Y,

)

FM-100 -Mar

.
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FURRBRIERNRAANARRAARARNARRR Y ’.

#® » R
/ ' FM-188 DATA FILE &

) , ] ' -

RANGBARARRRAAN AR AREREAAN N

NAME 1 OBSERVER #16 -
AGE 1 61 - -
EYE TESTED 1 L
DATE TESTED 1 §2-SEP-85 ,
EXAMINER 1 J.F., .
' REFERRAL 1 DR. BALA2SI .
COMMENT ¢ SUSPECT
FILE NME 1 W16
TOTAL ERROR SCORE: 144 J

SQUARE ROOT: 12.8

e B AR AR R SRR TRA BRI LR EERCEERRA AL ERTERLRREEARE R EXEALEER TR ERTEER TIXTE

85 TO 211 r S

‘1852 3 4 5 7 6 9 8 1811 12 1315 18 1617 19 28 18 21
41 100 11 221108 111111132
22 10 421 T

22 23 24 25 27 26 28 29,31 38 33 32 34 37 35 34 38 4] 39 42 48~
‘e 8 0 1 1! 1 1t 221 3 311 33 3 3¢

43 T0 é3: ' .
46 47 44 45 49 43 48 50 51 33 52 54 35 54 57 58 61:63 62 48 59
5223869 511 1118808 231 114

<, s A]

é4 70 84: ’ : . :
84 43 &7 &4 &8 69 71 78 74 22 75 73 76 77 78 79 64 88 83 82 8
> 41 1 1 1Yt 34 333 200 473 204

] . -~

M-8 MRP
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/

"72

I AT IRILT]

. I : »

8 - J FM-188 DATA FILE ]

' u "

S C BARENRANNANE IR A T NN NN

NAME 1 OBSERVER W17  * _
AGE 1 43.° : yog

EYE TESTED 1 R ‘

DATE TESTED @ 38-AUG-B3 s - -
EXAMINER 1 J.F. :
REFERRAL 3 DR, BALAZSI .
COMMENT 1 SUSPECT
FILE NAME @ N7

TOTAL ERROR SCORE: 84’
SQUARE ROOT: 9.1
nm--:w-mmmmx m.;-m lmnu“- =

85 TO 21 "
8 1112 131418 15171819 20 21

851 2 4 3 S 7 4 B 9 18 1112}

1 0 1 1 1°2 1 1 1 68 8 8 9 1 1 1+1 0 0 9 9
. . N § .

22 T0 421 " < °

22 23 24 25 24 27 28° 29 38.31 32 33 34 35 37 34 38 39 48 41 42

B 6 98 8 8 8 8 8 2 8 8 9 1 1 1 18 8 0 ©

3 70 631

3 44 47 44 45 48 49 58 51 54 53 52 56 5557 38 60 $9 43 &1 62
2 222200 229 33 11113413

44 70 841

66 65 &4 67 68 49 71 72 70 73 74 75 76 77 79 78 69 82 B84 81 83

308 22090 1°1 132000111 22332

mmmmm-

IM-180 - HRP

Y
. . % % 8. .
et "o‘c""l"':s.-"'"i . n'..' .’
BOE  C L T e e eeeeat 0 e e
. RO Lo LT A L

}
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NN NA RN NN
e W {f\\j ‘ ’
. ' FM-100 DATA FILE ]

U . . »
N g
(TRITTIRZREIRERRRIRRER S22 L} O

|- NAME 1 OBSERVER W16 :
. AGE 1, 64 - v .
EYE TESTED 1 L. : o
DATE TESTED 1 19-JAN-86"
EXAMINER 1 J.F. : )]
REFERRAL 1.DR. BALAZS! ,v | ,
 COMMENT 1 -SUSPECT ~ - : 3 .
*FILE MAHE 1 N18 : L

TDTAL ERROR scons: 168 -
»  "SOUARE ROOT: 12.9

n--.--.--s-nu:n:-nsu--:mﬁh---w-maam;ummszf:s:s

85.70 21 A

! 852 4°3 5 6 7 8 18

224 2°1 1 1.8 01 1

- iy L(

g. ]2 11 13 !4 15 16 17 19 18 28 21
2 2 1 1 0.0 0°1 1'1 11

[

22 10 42: .
2325 22 24 26 27 28 29 %2 33 30 33 3% 34 37 38 34 48 39 42 4)
2 3 3°2 10 8 2 2 2'2 3 3 2721 4.3 2 2 6

!

" 4310 831 - ' .

" 48 43.47 44 4445 49 33 54 ) S0 52 86 SE 5543 59 &1 $7 &2 43

© 187 05 31,3 8 32 2 1-4 43 6.4 1 47 40
. . . .

[ . . o . ?

B
G

6450 842 '
64 435 47 44 &6 69 70. 71 7273 73\74 77 76 78 79 8¢ 8! 64 82 83
¢ 11 11 . ] l [ I 2 21 ¢t .8 0 2 3 1 2

rH-189 M

o,




74

i ER XIS RRRERRR2SERRIS2 202

] ]
| FM-188 DATA FILE L]
] >~ »
FERNENAANN NN N RN
o5
NAME 1+ OBSERVER #19
AGE 1 72
EYE TESTED 1 L
) DATE TESTED : AUG-15-835 . .
¢ EXAMINER 1 J.F.
REFERRAL 1 BALAZS] o '
COMMENT 1 SUSPECT, ) .
FILE NAME 1 #19 ’

LY

TOTAL ERROR SCORE: 72
SQUARE ROOT: 8.4

Inznu.:x“z.-.-zn::z::mgna::uﬁusss-au?:mnzaza:auunmxnﬂn

; 85 10 211 ,
852 1 3 4 S & 7 8 9 18 11 12 13 14 1S 14 17 18 1921 28
1 e 6 8 ¢ 9

1 1 1 m 8 0 6 & @ 6 6 8 8 § 1 1
K 22 70 &% .
22 23 24 25 27 26 28 29 38 31 32 34 33 35 36 37 38 48 39 41 42
1 ¢ 6 1 1 1 1 ¢ 8 € ¢ 1 1 1 & 8 & 1 1 11
¢ ' ]
43 10 631 :
" 44 43 47 48 45 44 51 49 38 52 53 54 55 56 58 57 59 &8 61 62 43
1332245111008 ¢ 1t 1t 1-1 9 8 8 &8
< :

8 69 71 78 72 73 74 76 77 75 78 79 83 82 B1 80 84
1 13 1 81 1% 3 23 308033

RN R IR IR IR WIRIEE & 0 KR R R

rH-i180 MA? : . . /




85 T0 211

75

| RN AN NN REN AN

» : »
. FM-108 DATA FILE .
* »

I EE SRS ERRIRZARERRIRRZZRZ L )

NAME : OBSERVER M28
AGE 1 27
EYE TESTED 1 R . .o
DATE TESTED : 1B-AUG-84 ' - -
EXAMINER 1 J.F, - . o
REFERRAL 1 .
COMMENT 1 NORMAL : “
FILE NAME : W28 * 5 . -~

TOTAL ERROR SCORE: 4
SQUARE ROOW: 2

. ¢
I A IRIR AN S SR 30 I8 IR AN AR 3y 35 AX TR AEIR AL IE AR SRS I0 A0 0 35 2R 3 X2 X ACIK £ 2 BRI TXIXVN AT IR IENE 2 I TR AL ICIE SRR R 2 AR K 0K S 2R 2R X

831 2 3 4 5 7 é 9 18 11 12 13 14 1S £4 17 18 19720 21
¢ 6. 6 0 9 6 o\ 8 8 O ¢ 9 ¢ 06 8.0 8 0 0 08 @

270 42
2 23 24 8

1 42

L SN N
- ny —
- N N

23
e

26 27 28 29 36 31 32 33 34 35 36 37 38 39
.8 0 ¢ 80 0 8 0 8 9 8 0 0 0 8

40 41 4
o 8 @
43 70 631 ' ' .

43 44 45 47 44 48 49 38 51 52 53 54 55 56 57 58 59 68 41 62 63
o ¢ 1 1°1 1°0 60 0 00609 0 00 808 0 8 4

-

64 70 84: . ,
64 65.68 67 68 69 70 71 72 73 74 75 76 77 78 79 89 81 B2 83 84
0 0 0 0 0 0 0 0 0 0 0 0 0 00 0 00 0O

* BESEREXSERSAEEEENEEREPEESSAEENEESSARKER R SERSESERNIEEES S SRR S R KRN R

r

H-190 MO
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AR RRARATAANRAANERAENN

» ]
, %, FM-100 DATA FILE  «
] 4 ]

SRR EERSRSRRSRERRREZRZRERE

NAME :t OBSERVER W21
AGE 1 28

EYE TESTED : L
DATE TESTED : 18-0CT-8% .

EXAMINER 1 J.F, '

. REFERRAL 1 BALA2S! ’ -

COMMENT 1 NORMAL ' :

- FILE NAME 1 N2}

TOTAL ERROR SCORE: 72
SQUARE ROOT: 8.4

\
nulamnszz:z.mx’qscma:zana::az::s===s:====z==nu:=::=-=naz

B3 T0 21:

831 2 3 4 5 & 8 7 18 119 1213 14 135 17 16 18 21 19 28
e ¢ &8 6 8 8 1 1 2 2 1 3 2 8 6 1 ¢t 1 3 3 {1
22 T0 42

22 23 25 24 26 28 27 29 38 31 33 32 34 35 36 37 39 38 48 41 42
f ¢t 11 271 11t @ ¢ 1t 1 8 08 1t 11t e 2 7

\

43 70 431
4% 44 43 47 48 46 49 S8 52 S1 %3 %4 S5 54 57 38 59 48 41 42 63
2 & 3 31 3 21 11 1 0 0 8 8 9 0 8 9 8
441094.

64 65 44 49 47 48 7)1 78 72 73 724 7% 74 77 78 79 80 81 82 83 84
¢ ¢ 2 3 1 2 21 1 6 8 086 ¢ 0 0 0 0 8 0 0 0

-wmmm“mm N

TH-158 MA?
|
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\j

v ANARNNNENNNAN AR NN

" - »

*  FM-100 DATA FILE ¥

NAME : OBSERVER 822 . ‘

. AGE. 31 . . :
EYE .TESTED : R . : :
DATE TESTED : 18-AUG-B4 C T

EXAMINER s J.F, :

REFERRAL 1 .

COMMENT 1 NORMAL

FILE NAME 1 022 - , . \

TOTAL ERROR SCORE: 8
SQUARE ROOT: 2.8

RAETRRBENRTRER SN -asmm-nnnn-mau.-.mam NWRRWIVI 8 2
83 T0 21: .
851 2 3 4 3 & 7 B ¥ 1811 123 1413 146 17 18 19 28 21

e ¢ 8 @ 9 6.8 9 8 0 8 @ 9 0 6 0 & 8 0 0 0 @

® N-N
NN
L S ]
w o
[ VI 3

43 10 éﬁx .
43 44 44 47 45 48 49 56 31 52 93 54 B 84 57 38 5% 48 &) 42 43
‘e 1 11 3 2 80 0 28 8 4 ¢ 8 ¢ 8 ¢ 0 0.8 9 O

) e
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)) ‘¢ * . ¢
llllll‘%lllllllllllllIIII"

» » .
. L) FM-100 DATA FILE "
[ »

) AR RANA NN RNAN RN

NAME 1 OBSERVER W23
AGE 1 42

EYE TESTED 1 L |
DATE TESTED t 19-AUG-88 ,
 EXAMINER 1 J.F. A

REFERRAL 1

COMMENT 1 NORMAL .

FILE NAME 1 W23 \ ’

TOTAL ERROR SCORE: 28
SQUARE ROOT: 5.2

P 3 33T Y T T PR32 T3 33 F 23 T 222 2 ¢ 12 2 3 2 33 2 3 22 1°2 2 B 3.3-23-2-3 £ % 2 2-34.-L = t-2 ° 4

85 T0 211

851 2 3 4 5 ¢ 7 8 9 18 11 12 13.14 15 14 17 19 18 28 21

‘2 9 8 06 @ 6 8 89 6 8 o © 9 & o 90 8 1 1 1 1 O
SR ,

22°T0 421

22 2324 25 26 27 28 29 38 31 32 33 34 35 37 36 38 39_48 41 42
P 6 @ # 6 ¢ ¢ o 6 8 9 9 8 1 1 1.1 @ @ e 1

43 70 631 - ~
44 43 45 47 44 48 49 30 51 52 53 54 55 56 57 S8 48 59 41 62 43
1 1 2 11198 @6 6688 ¢ 1 3 1 1 98 @

64 T0 84 \

84 45 48 &7 68 49 78 71 72 73 74 785 74 77 78 79 88 B} B4 83 B2
¢ ¢ 8 8 8 6 ¢ ¢ 6 ¢ & 08 ¢ 8 8 0 6 2 209 2

SRENN RN I RIS BN N 2 SR IS 2 SR AL AN SR AN T A I S A SRS SRR SN IR I Y ATy

TH-108 HM?
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AN AR RN NN RN B AN

» . AN #
» FM-580 DATA FILE ]
» » .

‘llllllll_llllllllllllllll!l

. . \
NAME 1 OBSERVER W24
. AGE 1 34
EYE TESTED : L
DATE TESTED 1 11-JUL-8B¢
EXAMINER : J.F.
REFERRAL @1 = | -
COMMENT 1 NORMAL
FILE NAME : WZ4

TOTAL ERROR SCORE: 148 .
SQUARE ROOT: 12.!

- n
. i
ERRRN IR RLNICTICT 5 IEINE IR N TIRIT 0 RS R RIS X IR S SN N RIEIIE R KIS RS RW RS

85 70 213 o i

852 1 3 4 7 5 6 9 8 10 11 13 14 12 16 15 17 18 28 19 2!

! 1 11 2 31 2 211 t1t1 1 431 181812
‘ t -

22 10 42

23 22 24 25 26 27 28 29 30 33 31 32 34 35 34 37 38 41 39 48 42
1 1 1 ¢ 8 @ 6 ¢ 2 3 1§ ¢t 1 86 08 @8 2 3 1§ 1 1 /

#” - B}

43 70 431 . _
43 47 44 44 49 48 43 S8 53 52 35 51 54 58 57 54 41 43 59 48 &2
3 5 33 226622 9% 933 308 45 4311 2

e

é4 10 84: . ’ .
64 45 47 44 68 70 71 69 73 72 73 74 76 77 78 79 B B8P B2 B3. 84
1 1381 211 432211 001111 00

-mmwwmmw

. ' rTH-100 Mar




» o - 8.0. 4

" ) »
¥ _ FM-180 DATA FILE ®
» »

( R R RS2 22122222222 2}

NAME

1 OBSERVER 2% ' oo ) . .
. AGE 1 54 .
EYE TESTED : L :
DATE TESTED 1 11-JUL-84
EXAMINER 1 J.F.
REFERRAL 1 - °
COMMENT 1 NORMAL .
FILE NAME : #25 :

TOTAL ERROR SCORE: 1352
SQUARE ROOT: 12.3

¢

BRANEEREREZERRIE REEAREEXRZESIAREEESEISERNEIEIZRRERSILEITTRIRBTIREDS

85 T0 21¢ '

4 6 3 2 S 851 7 9 8 11 1812 13 15 14 16 :7 21 19 18 20
>7 3 2 2 6 4% 6122 11 14113412

22 T0 421

22.23 24 26 25 28 27 38 29 31 33 32 34 35 37 36 38 41 37 42 48
1 ¢ ¢ 1+ 2 222 23 21 11111 33333

/

43 TO &3t

43 44 435 47 46 48 49 58 52 53 51 54 35 S7 54 58 59 48 &1 43 42
2 9 1 1.1y 9 1t 1 3 2111100 0 31

\'

' 64 10 841

64 86 65 47 68 78 69 71 73 7475 24 72 78 77 79 66 B .84 B3 82
21 11 1-3 1 21 80 38 3 11 06 2 20 4

SAEEESEBESTE RS REE A ESERERSBESBAN R EEXERIERSEESEE S REEREN RIERS SIS E N R

FM-108 ™Map

]
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-,
.

ERRBARAREARAARRAARAANERRNS

. » »
- » FM-108 DATA FILE *
) » »

NAME 1 0BSERVER ¥24 N
AGE 1 54
EYE TESTED : R R J
DATE TESTED : §8-0CT-85 *
EXAMINER 3 J.F. .
REFERRAL t: BALAZS! ! ,
COMMENT 1 NORMAL
HLE NAME : W24

TOTAL ERROR SCORE: 44
SQUARE ROOT: 4.6

SEANERRERENERREIEREXXINE :sm:ummnnmisn BERNERRERAIRERRE T

03 TO 21:
8531 2 3.
e ¢ @ ¢

4 3 6 72 8 189 11l 12 13 14 16 151718 19 28 2
e 8 08 68 |

1 1§ 8 0 1.8 3§ 3 8 90 8 9
2
2

0 421
3 24

WS M X
» N -

23 26 27 28 29 3
8 8 0 8 98 2

@ M

8 33 3
3 1

43 TO 643
44 43 45 46 47 48 49 58 52 53 S5 B4 55 54 57 S8 5% 49 41 62 43
! § 1 86 06 0 6 1 1 1 3 20 80 0 0 0 06 08 0 O

*

{
é4 TO 84:

64 &35 66 67 69 68 78771 72 73 74 75 76 77 78 88 7% B8] B2 83 B4
e & & 1 1 1 1 90 & 0 0 0 08 1 I 1 1 08 0 O

mnunm-‘t&-’nm-m-mnmm

rH-108 MARP
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ERARRE AR RURENF AR RRARRNY

» "
¥ . FM-160 DATA FILE '
» L]

HERRARRARAAARARNRARAERNRREARY

NAME : OBSERVER .H29
: " AGE 1 43 !
EYE TESTED 1 R
DATE TESTED : 19-AUG-8¢4
EXAMINER 1 J.F,
REFERRAL 1 ) s
COMMENT 1 NORMAL ) <

FILE NAME 1 029

TOTAL ERROR SCORE: 148
SQUARE ROOT: 12.¢ R

BRSSO E AR RIS R LI IS IR NS ISR RS IERRESIRI SRR

83 T0 21

851 2 3 6 7 3 4 188 9 11 1214 1513 34617 18 21 19 28
2 8 8 22 113 35 461 1Y 11 13 28 2 31 1
22 10 492t

22 24 23 25 26 27 28 31 38 29 33 32 35 34 34 37 48 38 41 42 39
2 11 18 8 2 298 3 32 2%t 12 332 27

43 T0 6313

45 44 49 48 43 44 47 S8 52 33 51 55 57 34 56 I8 39 &1 62 40 43
3 4 4 4 ¢ 22 311 44 33 21 ¢ 118 32

é4 10 B84:

éd 87 &3 64 48 4% 71 78 72 73 74 75 26 77 78 79 80 84 81 83 82
231 11 11 116 808 6¢@¢8 33312

rr-180 MEP




Y
$s

»

e SO RS TEITR R ERETE Y

' .

‘v FM-100 DATA FILE:  #

T ]

° LTI LI AT I AR R IITE R

NAME 14 0BSERVER W36

ACE 1 &3
EYE TESTED : R
DATE TESTED 1 19-AUG-8¢
EXAMINER 1 J.F,
REFERRAL 1 - ¢
COMMENT 1 NORMAL
FILE NAME 1 030

TOTAL ERROR SCORE: 189
SQUARE ROOT: 30

----::--uu-a--:un:nm:::m-'ntznz-"-l:nxf.-lunutluuum

83 T0 211

851 2 4 3 6 S 4 7 9 18 1112 13 14 15 16 17 18 19 28 2

o 8 1 1 4 62 8 1 1 @ 06 0 6 0 8 0 06 0 0 9 0O
(

22 70 424

22 23 24 25 27 24 28 29 31 30 33 32 34 35 34 38 37 39 49 4! 42
e ¢ & 1 { 1 1 1t 31 22 1+ @& 11 11 0 009

e

43 70 631
43 44 47 44 43 49 48 33 38 31 32 34 35 38 3¢ 39 37 61 68 42 43 (!
@ 2 2 9 3 34 62 60611 2333 431168

64 10 841 - ' \
64 65 86 67 89 48 78 71 72 73 74 75 77 76 78 79 63 88 62 81 84 »
o 08 1 1 11 00 00 1 1113 S3 122

-

v ’ TH-100 MBP
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Appendix b

¢
.

Source table for analysis of varlance - Experiment leveo. 85

v

. Source table for analysis of variance - Experime@t 2.0... B85

Source table for anelysis of vgriaﬁce - Experiment Jeeeee . 85

’

o



Multi~flash Thresholds

85

?qrnsucrth’ﬁunlell 100-hue error scores

~l

_ SOURCE s DF MS, F P
BETWEEN BLOCKS |
DIAGNOSIS  23729.95 2 11866.98  3.72 .036
ERROR 86153.36°  27:  3190.87
WITHIN BLOCKS
ECCENTRICITY 48751.95 .- § 9750.39 '25.19 <.001
DIAGN/ECCEN  2465.77 10 '246.58 .64
ERROR 52256.50 135 * 387.09
‘
Qon;rast Sensit%dity'Score&
SOURCE sS§ DF MS F P
_BETWEEN BLOCKS
DIAGNOSIS .36 2 .18 .99
ERROR 4.86 27 .18
VITHIN BLOCKS
SPATIAL FRE  8.43 4, 2,11 116,90 <00}
DIAGN/SPATI .37 8 .05 2.55 .013
ERROR _ 1,98, | 108 .02 \

SOURCE ss D¥ Ms F p
\"\_ BN s

DIAGNOSIS 2812.60 2 1406.30 .54

ERROR  59717.1 2596.40

- 23




