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THE ASSESSMENT OF THE INTEGRITY OF MONOCULAR VISION. 

BY C.H.BEDWELL. 

ABSTRACT. This thesis brings together the results of a 
number of years of work devoted to the development and standard­
isation of a new instrument for the detection and evaluation of 

loss of function in the visual field. 

The reduction in sensitivity of areas of the retina to 

light stimulation has an important significance for early 

indications of ocular and neurological pathology. ~here has 

been a considerable history to the development of techniques 

and of instrumentation for investigating the response of visual 
fields, but all previous methods have lacked the sensitivity 
required for clinical diagnostic work. 

The purpose of this thesis is therefore to explore the 
effectiveness of a specific technique for the assessment of 

the integrity of monocular vision, and to show how the design 

of a new instrument for routine visual field investigation was 

evolved. 

i 

The method of multiple static quantitative perimetry applied 
to the central and mid-peripheral region of the visual field, 
with the st1muli exposed near the threshold of visibility under 
controlled conditions, is the basic procedure used for the assess­
ment of the integrity of monocular vision. The necessary conditions 

that need to be controlled for such an investigation are reviewed 

and related to the development of the new instrument. 

..... HJaoi·.... •. '<' ............ 0;. 

The standardisation of the se'n~i 'ti vi tY -<~"j normal s~bjects . ' 
to flashed stimuli was determined ini~ialiy o~. , prototype 

instrument, and later more rigo~ousiy' on a p~~ct10n model. At 
the same time an independent resear~h ~~r~-;-~~t"Q~1 the perception 

of similarly flashed stimuli confirmed ~ne daFa on threshold 

responses previously obtained. Clinical trials for the routine 

detection of abnormal responses demonstrated marked differentiation 

of normal and abnormal visual function. 

It is concluded that multiple static quantitative perimetry 
is a viable and efficient method for investigating monocular 

visual integrity. 

KEY WORDS: INVESTIGATION OF VISUAL FUNCTION. 
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Facing page 1. 

FIG. 1. Typical 

Visual Fields 

of right and 

left eyes 

showing bin-

ocular overlap. 

FIG 2. An outline 
of the visual path­
way from the retina 
to the occipital 
cortex, showing how 
the visual field 
image from each retina 
is transmitted, that 
the nasal retinal 
fibres cross at the 
chiasma, while the 
temporal fibres do 
not, allow~ng all 
that is seen on the 
left of foveal fixation 
to be transmitted to 
the right cerebral 
hemisphere, and all 
that is seen on the 
right, to the left 
cerebral hemisphere. 
Representation of the 
macula areas in the 
OCCipital cortex is 
more wide spread than 
that of other areas of 
the retina. 



y 

THE ASSESSMENT OF THE INTEGRITY OF MONOCULAR VISION 

(A) Introduction. 

The use of two eyes enables a large field of 

view to be obtained, which, in the case of man, results 

in a considerable degree of overlap between the visual 

fields of each eye. (Fig 1). The lateral separation 

of the eyes permits the,viewing of an object from two 

slightly different angles, and contributes to perception 

of depth. In normal circumstances, the eyes operate as 

a linked pair. 

The retina is part of the total visual-perceptual 

mechanism and is linked to the visual occipital cortex 

in the posterior of the brain by the visual pathway. 

The visual cortex is divided into two, forming a part 

of each cerebral hemi?phere. (Fig 2). Except for the 

immediate foveal area, the retina is also represented 

as two halves, the temporal retina in the occipital 

cortex of the same side, and the nasal retina in the 

opposite half of the cortex. To obtain single binocular 

vision when images of an object fall on the two 

retinae, the images must be contained within local 

retinal areas which work in correspondence. 

1 
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Facing Page 2. 

FIG 3. Case of 

severe loss of 

vision because 

of glaucoma, in 

the upper field of 

the right eye, which 

was unnoticed by 

the patient, even 

though vision in 

the left eye was 

amblyopic, or con-

genitally weak. 

FIG 4. Case of a 

patient with a 

severe meningeoma 

which would not 

have been detected 

until too late, 

1f visual fields had 
J 

not been examined 

as a routine. 

There was no other 

supporting evidence 

that the condition 

existed. 



Many important pathological conditions can cause 

slight reductions of vision in the field of vision 

peripheral to the fovea, and yet foveal vision e.g. 
I 

as assessed by letter chart visual acuity, remains normal. 

These reductions of vision in the peripheral field are 

usually unnoticed by the patient, and cannot normally 

be detected unless specifically looked for. These 

irreversible losses then commonly continue to progress 

until they are so severe that the patient is finally 

aware of them. 

One common ocular condition involving gradual, 

increasing, and yet commonly undetected reduction of 

vision, in the mid-peripheral field of vision at retinal 

level, is glaucoma, e.g. Fig 3. Here the likely incidenc~ 
i 

is nearly one in a hundred of all the population over 

forty years of age, or one in ten if there is an heredita~y 
I 

factor. Glaucoma is, in fact, one of the major causes 

of blindness. As the visual system is part of the brain, 

many neurological conditions can produce some reduction 

of v~sion, again often initially undetected, as foveal 

vision may not be affected, In such cases early detection 
the 

of visual loss may actually save/life of the individual 

concerned. (Fig 4). 

2. 



The investigation of the response of the retina 

outside the immediate foveal centre, is, therefore, of 

vital importance in assessing the integrity of the 

visual system, and ensuring that serious pathological 

conditions do not remain undetected. 

CB) The Importance of the Investigation of Monocu~ar Visual 

Perception. 

The binocular overlap of the monocular visual 

fields involves the fovea and mid-peripheral field. 

In many pathological conditions causing early visual 

field loss, the vision of one eye only may be affected, 

or one eye much more than that of the other. Because 

of this visual overlap, there is even greater likelihood 

of the patient being unaware that there is anything 

wrong with his vision. 

When investigating integrity of visual function, 

it is essential, therefore, to investigate the vision 

over the visual field in each eye independently, if many 

patholog~cal conditions are to be detected, before 

considering the integrity of function of the binocular 

system. It is particularly important to investigate the 

visual field 0 to 25 degrees eccentric from the fovea, as 

it is in this area where early visual loss in many 

conditions is first manifest, and where there ~s binocular 

overlap. 

3 



(C) Objective of_Thesis. 

The purpose of this thesis is to consider the 

many factors involved in the investigation of the 

mid-peripheral monocular visual field for the " 

assessment of integrity of visual function, and to show 

how properly designed instrumentation can be developed 

and utilized to detect sensitively and efficiently early 

reductions of vision • 

. The author was concerned in the joint development 

of a suitable instrument with Messrs Clement Clarke 

'International and Mr.A.I.Friedmann F.R.C.S., The Royal 

Eye Hospital, London, based on an original design of 

Mr Friedmann. With this design a number of stimuli 

could be presented to the eye simultaneously from a 

single light source. A fixed plate contained apertures 

for multiple stimuli,' and patterns of stimuli could be 

exposed by rotating an adjacent shutter-plate. 

The author's particular contribution was in the 

photometric design of the instrument, so that the stimuli 

would present a similar luminance to the eye, and that the 

effects of obliquity of viewing, and variations of threshold 

due to retinal. physiology, could then be allowed 

for'by varying the sizes of the stimuli_apertures. It was 

also necessary to ensure that the assessment of threshold 

was under controlled conditions to permit a standardised 

measure for visual loss • 

4. 



Before entering into a detailed account of the 

pre-requisites for the development of a viable instrument, 

it is first necessary to review what had so far been 

5 

considered as desirable conditions for perimetric investigation, 

and how later the design of a safe and viable instrument 

was considered. 

- I 



IT 

THE GENERAL PROBLEMS INVOLVED IN THE INVESTIGATION 

OF THE VISUAL FIELDS. 

Clinical work commonly has to be undertaken under 

adverse conditions of shortage of time, staff, and with 

inadequate facilities. In the case of vision and the eye 

we are dealing with a highly complex perceptual system, 

and investigation can be difficult. 

What functions are felt necessary to investigate 

depends very much, therefore, initially on the experience 

and skill of the practitioner concerned. Aspects of 

clinical importance may thus be noticed by one consultant, 

whereas the less experienced might consider the eye and 

the visual system to be within normal limits. 

There can be quite wide variations, amongst normals, 

of the physiological appearance of many structures, and 

also variations in threshold, for example, in various 

tests on visual perception. In addition clinical diagnosis 

involves decisions as to whether what is observed and 

assessed is with1n physiological limits, or is abnormal 

and pathological. To aggravate the situation many clinical 

investigations are laborious and time consuming, and are, 

6 

in consequence, commonly only undertaken when the practitioner 

feels it necessary to do so, unless instrumentation has 

been so designed that tests can be sensitively and 



speedily undertaken as a routine. In consequence there 

can be many cases where the signs may be insufficient 

to indicate that visual field investigation i~ necessary, 

particularly to the less experienced, and yet a loss with 

serious implications may be present. 

The examination of the visual field is complicated 

because thresholds of visibility vary with different 

positions of eccentricity from the fovea, i.e. over 

different retinal areas, due to the influence of retinal 

physiology, and also with the methods employed, and the 

conditions under which the tests are undertaken. 

7 

In considering, therefore, the design of suitable 

instrumentation for the sensitive and efficient investigation 

of the visual fields, various variations, which may be 

within physiological limits, must be taken into account 

when observed reductions in visual threshold are to be 

interpreted as either normal or pathological responses. 

It is thus necessary to undertake tests under the 

most suitable conditions for efficient diagnosis, with 

the best possible controls of the variables that are 

likely to affect the data obtained. Under these circumstances 

concentration can then be on the main variable with 

which one is concerned, considerably aiding the 



interpretation of any data recorded. In the case of 

visual field investigation, the important consideration 

is whether the threshold of vision over a certain retinal 

area is likely to be above normal physiological limits, 

how much it is above, and the area over which the effect 

is occurring. As the visual field may need to be examined 

in more than one clinical unit, and by different examiners, 

and often over a period of time, it is particularly 

important to ensure that testing conditions can be 

accurately repeated. 

8 
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FIG 5. The Aubert arc perimeter. 

, 
........ 

\ 
FIG 6. The Bjerrum screen for campimetry. 



HISTORY OF VISUAL FIELD INSTRUMENTATION. 

The importance, clinically, of detecting losses in 

the-visual field, in the diagnosis of various pathological 

conditions, was first realised by Von Graefe (1856). 

The earliest known instrument for this purpose, a 

simple semi-circular arc, was designed by Aubert (1857J, 

(Fig 5). In this simple perimeter the patient placed 

his eye at the centre of curvature of the half-circle of a 

bent metal rod, and looking with one eye at the centre 

of the arc, said when he could see an object moving in 

his peripheral visual field. 

These eurly instruments were only able to detect the 

more established peripheral visual field losses, and were 

quite inadequate for detecting early reductioris in the 

mid-peripheral field of vision. 

Bjerrum (1890) realised that vision-improved from 

the periphery to the fovea, and, that in investigations for 

conditions such as glaucoma, simple arc perimeters were 

not sensitive enough. The smallest diameter of a wh1te 

painted target that could be used satisfactorily was 1 mm, 
-

and that when such a target was used at the common distance 

of a third of a metre from the eye, the angular subtense 

at the eye was far too large to allow for a critical 

investigation. Bjerrum therefore designed a simple flat 

9. 

black screen large enough to investigate th~s mid-peripheral 



visual field, (campimetry,) which the patient could view at 

one or two metres. (Fig 6). The small painted targets 

then used would subtend proportionally a much smaller 

visual angle at the eye, therefore considerably increasing 

the sensitivity of the investigation. The projection 

of the visual field on to a flat surface rather than a 

curved one, did not in practice introduce a great deal 

of error for 0 to 25 degrees eccentricity. 

The Bjerrum screen was much more effective in 

detecting mid-peripheral visual field loss particularly 

for such conditions as glaucoma, than was a simple perimeter, 

and has been regularly used for this aspect of visual field 

investigation until the 1950's,when improved methods of 

visual field instrumentation started to become available. 

To be reasonably effective, this technique of visual field 

investigation requires considerable experience, and has 

really to be developed as an art to ensure clinical 

adequacy. This means that delegation of visual field 

investigation is unsafe until the necessary expertise has 

been developed. Even then considerable variations in what 

is detected can occur, depending upon the conditions under 

which the investigation is undertaken, and on individual 

variations of technique. 

With these classical techniques and instruments 

there was neither adequate control of the level of light 

adaptation under which the visual field was investigated, 

nor was there any control of stimulus luminance. It was 

1~~~ 
I : 

I. , , 
I , 

1 " 4, 
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only as a result of the work of Goldmann and the introduction 

of the Goldmann (1945) bowl perimeter in conjunction with 

Haag-Streit (Bern), that any major advance was made. 

The Goldmann perimeter, (Fig 7a & b), consisted of 

a white-surfaced bowl, which was evenly illuminated over 

its surface by a hidden light source allowing the bowl 

to act as a hemispherical integrator. The stimulus used 

was an illuminated spot of light projected on to the bowl 

surface by a mechanically controlled pantograph system, 

with provision for both the size and the luminance of the 

stimulus to be controlled by apertures and neutral density 

filters in the optical system. Coloured filters could 

also be introduced in the optical system. A simple visual 

photometric device, and later a light-meter, was employed 

to allow the correct setting of luminance for bowl and 

stimulus from one light source. The pantograph projection 

system enabled an accurate recording to be made on a 

trans-illuminated visual field chart at the back of the 

bowl. 

Variable mechanical controls were provided for 

correct positioning of the eye at the centre of the bowl, 

and the eye could be observed, and the pupil size measured, 

by a telescope at the rear of the bowl. The stimulus was 

moved across the surface of the bowl, until it could be 

seen, and its position recorded on the chart at· the rear. 

Likewise any areas where vision was missing could be 

explored and noted. By using both a combination of 

different stimulus sizes and known stimulus luminances, 
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a much more sensitive investigation of the'visual field 

was possible. 

As the value. of this more sophisticated method of 

visual field examination was realised, other bowl perimeters 

were developed, based on Goldmann's original principal. The 

most sophisticated, and with many variations of facilities 

for specific research purposes, was that devised at Tubingen, 

by Harms, (1960) in association with Oculus, (Tubingen) 

(Fig Ba & b), The Tubinger Perimeter. 

Despite these developments time and skill were 

still required to undertake this type of investigation, 

and therefore visual fields tended to be examined when the 

clinician felt it necessary to do so, rather than as a 

routine. 
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THE APPLICATION OF STATIC STIMULUS PRESENTATION TO 

VISUAL FIELD "SCREENING". 

13 

All the techniques and instruments discussed so far, 

involve a kinetic approach to visual field investigation, 

whereby the stimulus is introduced into the field of vision 

from where it cannot be seen, and moved, usually towards 

the fixation point, until it can be seen, and the limits 

of the field at that position then noted. Any position where 

the stimulus disappeared, would be recorded as vision 

being lost. When the whole field had been investigated along 

a number of radial, or meridional lines, the area over which 

vision was lost for that stimulus would be recorded as a 

scotoma. The shape and position of this area would then 

give a diagnostic indication of the likely pathology producing 

this reduction of vision. Typical kinetic visual field 

charts for field loss in glaucoma are shown using the 

Bjerrum screen, (Fig 9), and for the Goldmann bowl 

perimeter, (Fig 10). 

Another approach to perimetry is to explore certain 

points of the field, one at a time, by using static 

quantitative perimetry. In this technique certain points 

are examined, usually along a meridian where there is a 

suspect depression, and the threshold of visibility, 

usually in terms of stimulus luminance, noted for these pOints. 
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In later modifications of the Goldmann bowl perimeter 

and in such instruments as the Tubingen, single point 

static quantitative perimetry was made easier by using 

special attachments or built-in facilities. This method 

of static perimetry was, however, more time consuming 

than kinetic perimetry, and was mainly used to obtain 

additional local data about a visual field loss, and 

especially to give the gradient of a loss, as in sectional 

perimetry, (Fig 11). Although introduced by Sloan (1939), 

static perimetry largely received attention through the work 

of Harms (e.g. 1952,1954, 1969), and Harms and Aulhorn 

(1959). However, these more refined aspects of visual 

field investigation were only appreciated by the minority 

of practitioners, and perimetry in ordinary clinical 

practice was largely limited to simple kinetic methods. 

The technique of static stimulus perimetry was 

a more suitable approach to screening for visual loss as 

it allowed investigation at various pre-determined points 

and selected areas. In consequence a number of visual field 

screening instruments were devised based on this principle. 

Unfortunately various very necessary physiological and 

photometric aspects, as will be discussed later,were not 

appreciated, and though praiseworthy, these early efforts 

were relatively c~ude in their approach, and likely to 

be unreliable clinically. 

14 
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EARLY INSTRUMENTS FOR "SCREENING" THE VISUAL FIELDS. 

Various aspects of instrumentation for visual field 

screening have been reviewed by the author, B~dwell (1967). 

The first visual field screener which was at all initially 

widely used, was the Harrington-Flocks (1954), (Fig 12). 

This instrument consisted of a series of ten test cards for 

each eye, made of white card, on each of which was printed, 

in fluorescent ink a series of patterns. These patterns 

were practically invisible under white light, but glowed 

green on exposure to long-wave ultra-violet light, this 

being provided by a flash of light of 0.25 seconds duration 

from a low pressure discharge tubular source with a U.V. 

filter surrounding it. There was no control over external 

illumination, and therefore of retinal light adaptation, or 

control of stimulus luminance,and individual patterns were 

relatively large. At that time, however, the instrument_ 

was a genuine attempt to encourage interest in visual field 

investigation, and to use the technique as part of a regular 

eye examination. 

A different approach to the production of stimuli 

in a visual field screener was made by Roberts (1957), 

(Fig 13), though less widely used at the time than the 

Harrington-Flocks. In Roberts' instrument, a screen 

containing nine patterns of holes was used, each hole being 

illuminated from the rear by a small tungsten-filament lamp. 

The stimuli were relatively large, varying from 2mm to 7 mm 

in diameter. A multi-way switch was used to expose one 

pattern of stimuli at a time. Again no control of external 
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illumination or retinal adaptation was possible, though a 

crude control of stimulus luminance was possible by using 

a variable dimmer or rheostat. As will be discussed later 

a further disadvantage is that independent light sources, 

such as tungsten filament lamps, used as stimuli, allow far 

too much variation in individual stimulus luminance to be 

adequate for sensitive visual field investigations. 

The stimuli were exposed for 0.25 seconds. 

A similar approach was employed in the Fincham­

Sutcliffe instrument, Sutcliffe and Binstead (1961), 

16 

(Fig 14). In this case a screen the size of the normal 

Bjerrum screen was used at one metre. The stimuli consisted 

of small translucent plugs subtending angles from between 

five to ten minutes at the eye according to position, 

with a tungsten filament lamp behind each. A series of 

eighteen patterns could be exposed, with up to four stimuli 

at a time, fifteen of which were common to both eyes, 

the stimuli being controlled by multi-way switches. 

The stimuli were exposed by a flash the duration of which 

could be varied from approximately one tenth to nine tenths 

of a second, and stimUlus luminance could be arbitrarily 

adjusted by means of a variable rheostat. In use stimulus 

luminance was supposed to be set just above threshold, 

and if any loss was found, the visual fields could be 

examined in the usual kinetic manner. A small hand-held 

projector was provided for projecting the stimulus on to the 

grey surface of the screen. The Fincham-Sutcliffe visual 

field screener was undoubtedly an improvement on the 



Harrington-Flocks, and the Roberts, but again suffered from 

the disadvantage that th'Jre was no control of ambient 

illumination and retinal adaptation. A far too wide a 

variation in stimulus luminance could result from using 

individual tungsten filament lamp sources. The control 

of the luminance of the multiple light stimuli by a single 

rheostat is inadequate because it is not individually 

quantitative. Again, however, it was a praiseworthy 

17 

attempt to encourage more regular visual field investigation. 

Another approach was the Globuck screener, (Fig 15), 

Buchannan & Gloster (1965), which was again a large screen 

for viewing at one metre, but in this case containing 

seventy-four apertures of 1 mm diameter, evenly spaced over 

the field, and each illuminated from behind by a small 

tungsten filament lamp. The luminance of each lamp cpuld 

be pre-adjusted by using individual rheostats, in addition 

to overall arbitrary control of stimulus luminance by a 

main rheostat. By using relays, and a hundred-way uni­

selector one stimulus was exposed at a time for 0.2 seconds, 

according to a pre-determined sequence. If the patient 

missed a flashed stimulus it's exposure was repeated, and if 

still not seen, the examiner pressed a button. This caused 

a small burn to be made on a scotoma chart in a spot 

corresponding to the position in the field. Areas in which 

stimuli were missed were subsequently examined on a 

Bjerrum screen. 



A NEW APPROACH TO VISUAL FIELD SCREENING AND INVESTIGATION. 

It can be gathered from the various aspects already 

considered, that there was a need to develop a method of 

visual field investigation which would both quickly and 

sensitively detect early loss in the visual field. The 

method should also be able to fully quantify any reduction 

of vision found, without subsequent resource to laborious 

classical techniques. Kinetic methods of visual field 

investigation are very variable in their adequacy according 

to the expertise of the investigator, and are not really 

suitable for detecting the more gradual gradients 

occurring across the mid-peripheral field of vision as 

compared with those found in the periphery. The early 

attempts at visual field screening were far too crude in 

their control of variables, photometric design, and 

allowance for physiological variations in perception, 

to'be used for reliably detecting early visual loss. 

18 

Before considering the detailed design of any new 

instrument, it is essential to understand and to evaluate 

those factors which can be considered clinically as 

essential, and to decide what variables should be adequately 

controlled. It is desirable that the techniques of operating 

the instrument should have as little influence as possible 

on the recorded results, and that data obtained at different 

times should be readily comparable. 

, , 



Methods for the clinical investigation of the visual 

field aim essentially at trying to assess whether there is 

anY localised reduction, or loss, of visual fun.ction. 

Toe basis of a sound technique should be whether a 

stimulus, or stimuli7 may be visually perceived at threshold 

at different positions over the visual field, when viewed 

against a certain background luminance. This threshold 

should be at just above what could be regarded as a normal 

physiological difference of contrast. If the luminance 

difference between background and stimulus is much higher 

than threshold, as it is so often in many approaches to 

19 

visual field investigation, then only the grosser visual field 

losses will be detected, and the important early indications 

of pathology missed. The actual contrast required for 

perception for a given background luminance is influenced 

by the angle subtended by the stimulus at the eye, the 

luminance and duration of exposure of the stimulus, the 

shape of the stimulus, the position at which it falls on 

the retina, and the number and type of receptors that are 

stimulated. The degree of interconnection between neurones 

affecting summation is influenced by the adaptation of the 

eye, which can be ~nfluenced, not only by the background 

luminance of the screen or bowl and possibly the stimulus\ 

but also by the luminance of any ambient light, for example, 

room lighting. The spectral quality of the stimulus light, as 

well as it's quantity is important, as this may influence 

the degree of the rod and/or cone stimulation. 
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The duration of exposure of the stimulus not only 

determines the total quantity of light incident on the 

eye, but can also affect the degree of summation that occurs. 

If the stimulus is moving, as in kine~ic perimetry, the 

duration of exposure of the stimulus on any local retinal 

area will depend very much on the speed with Wh1Ch the 

individual investigator moves the stimulus. There is 

some advantage in limiting the duration of exposure 

of the stimulus to within that which will produce a 

variation of pupil size, and hence possibly a variation of 

retinal adaptation. The latter should be determined and 

controlled by the luminance of the adaptation field alone. 

The inability to hold steady central fixation can also 

introduce vagaries in the recorded data of differential 

threshold. With a constantly exposed stimulus, steady 

fixation is much more difficult, this difficulty 

decreasing as exposure time is reduced. 

-' 



VI 

VISUAL FIELD INVESTIGATION. 

(A) 'Xhe .Application of Kinetic and .static P~dmetry. to Visual 

Field Investigation. 

21 

Visual field investigation, until recently, generally 

made use of a kinetic technique which records areas of 

visibility and of visual loss. Bair (1940), called this 

"topographic perimetry", since it furnished the shape 

of a field defect. However, with this method it is difficult 

to investigate field defects, where there is a relative or 

partial loss, without continually altering the size of the 

stimulus. Therefore, a technique facilitating the detection 

of relative defects was developed and designated "light-sense 

perimetry" by Sloan (1939. a,b,c). Bair (1940), suggested 

that this light-sense perimetry should be referred to as 

"quantitative perimetry", since it gave an indication of 

the density of the field defect. In the topographic technique, 

where only the stimulus size is altered, the visual field 

is represented by isopters, or contours of limits of the 

v1sibility of a certain size of stimulus, whereas in the 

quantitative technique, the field is represented in terms 

of the min1mum luminance at which the stimulus can be seen. 

Harms (1950), distinguished between visual acuity perimetry, 

(which is a technique where stimulus size is altered,) and; 

light-sense perimetry, (in which thresholds of luminance 

sensitivity are determined). 

There is now general agreement regarding the place 

of static and kinetic methods of perimetry, but prior to 

the 1950's there was some disagreement on the relative 

, I .. 

.f 
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FIG 16. Traquair's "Island of Vision". 
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mer1ts of the different techniques. Goldmann (1954 a) 

advocated using kinetic quantitative perimetry whereby a 

stimulus is exposed while it is being moved from the periphery 

to the centre of the visual field, until it is' just perceived 

by'the subject. 

In kinetic perimetry the data is presented by means 

of isopters, or "islands of vision" Traquair (1927), (Fig 16) • 
• 
In static quantitative perimetry the differential sensitivity 

of adjacent localised points is determined, commonly along 

a meridian that shows a depression originally revealed by 

kinetic methods. This technique of profileperimetry, 

demonstrating variations in cross-sectional sensitivity, 

gives more clinical information regarding the condition, 

and the type of defect than is possible from a kinetic 

approach. This is very important when one is dealing with 

gradual gradients of changes in sensitivity, or very loaalised 

losses where isopter contour differences are less likely to 

give an adequate indication of abnormality. 

During the period from about 1945, through to the 

early 1960's there was much active interest in v1sual field 

research, and it was understandable that there were some 

differences of approach and recommendations. Harms (1957) 

felt that results obtained from static and kinetic quantitative 

perimetry should not be used for direct comparison. In static 

perimetry a small group of retinal receptors is stimulated 

for a given period of time. The stimulus luminance is 

increased after each sub-threBhold stimulation until the 
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stimulus is observed. In kinetic perimetry the stimulus is 

made to travel from a point in the periphery of the visual 

field towards the centre, producing a path of stimulated 

retinal receptors. The eventual threshold due to the 

effect of spatial summation and lateral inhibition is likely 

to have been produced in a very different manner from the 
I 

I 
threshold response in static. perimetry. Results for the two 
i 

kethods will not therefore be comparable. 

Aulhorn (1963) felt that neither topographic nor 

static 'perimetry in isolation, could produce sufficient 

information about scotomas in the visual field. Topographic 

perimetry could easily fail to detect a small scotoma, or to 

give information about possible changes of density occurring 

with time while the extent of the scotoma remains unaltered. 

Therefore a combination of the two methods was necessary to 

give the required information, especially in determining the 

effect of a certain course of treatment on the scotoma. 

Aulhorn's view was supported by Schmidt (1965), who showed 

by means of a photograph of a model, how the clinical data 

obtained from kinetic perimetry, and static perimetry, 

was complimentary. 

Jayle (1960) defined "quantitative perimetry" as a 

method of exploring the visual field at certain levels of 

adaptation, and consequently, under different physiological 

conditions. In this technique of "static perimetry" the 

thresholds for points on the visual field are determined 

on patients at scotopic, mesopic, and photopic luminance 

levels, and compared with the physiological levels found 



amongst normals. He also undertook kinetic perimetry 

at different levels of adaptation, and found the effect 

of adaptation on the size of isopters for similar stimuli. 

Sloan (1961) felt that static perimetry could give 

more precise data than the kinetic method. Threshold 

gradients with a very small slope are not desirable in 

kinetic perimetry, since slight changes in luminance of 

either stimulus or background, or minor fluctuations in 

retinal sensitivity, which are of no clinical significance, 

may result in marked variations in the limits of the field 

for a given stimulus. If such a gradient is steep, there 

will be a large differential sensitivity between adjacent 

retinal pOints, and it will not be difficult for a subject 

to recognise a threshold stimulus. If, however, the slope 

of the gradient is small there will be only a very small 

differential sensitivity between adjacent retinal points, 

and the subject will be more hesitant in making a decision. 

In addition the reaction time required by the subject to 

indicate the decision, and the reaction time of the operator, 

may cause the actual point of recording to be several degrees 

different from the point at which the stimulus was first 

noticed. Therefore, the speed of stimulus movement is an 

important factor in kinetic perimetry (Goldmann 1945 b· 

Schmidt 1965 ). In static perimetry this complication does 

not arise, thus ensuring greater accuracy. 

Harrington & Flocks, (1954, 1959), advocated the 

use of multiple-pattern stimuli as a better method of 

24 

testing extra-foveal visual function, rather than conventional 
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perimetric methods, By this means it was possible to make 

use of the so-called "extinction phenomenon", Bender (1945 8. 

1952). In this approach, if two points on the visual field 

are stimulated simultaneously, one where visual response is 

felt to be normal, and the other where a depression of 

vision is suspected, simultaneous presentation of identical 

stimuli is supposed to enhance the likelihood of one being 

seen and the other missed, i.e. differential threshold 

contrast is increased. If this~as so, it would be a very 

helpful method of indicating early visual field defects of 

a hemianopic or quadrantic nature, though at present there 

is a difference of clinical opinion as to the validity of 

this hypothesis. 

Henderson (1955) emphasised that visual perception 

occurs at three successively higher levels; seeing, 

recognising, and comprehending what is seen. Seeing is 

essential for any test of visual function, and is involved 

in all the standard methods of visual field investigation. 

When using multiple patterns of stimuli recognition of the 

simultaneous presentation of I, 2, 3 or 4 stimuli is necessary. 

Though identification of pattern shape is not involved, 

perception at a higher neural level than in ordinary perimetry 

may be occurring. From work undertaken by the author on the 

thresholds of perception of both Single and multiple presented 

stimuli, it appears that there is no practical difference in 

the thresholds obtained. The need to recognise the number of 

stimuli f~esented in a multiple array does not therefore 

appear to alter the threshold compared to just seeing a 

Single stimulus. 
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(B )Desirable conditions for Vlsual Field Investigation. 

It is now necessary to summarise what has been 

recommended as desirable conditions under which visual 

fields should be investigated. 

Goldmann (1945 a), who was one of the pioneer post-

war workers on visual fields, stipulated that the following 

conditions should be observed for accurate perimetry; 
• 

1. Account must be taken of the level of 

adaptation. 

2. The contrast between stimulus and background 

must remain constant while the background 

luminance should remain . . .' constant . . ,~ 

Where these conditions are fulfilled, he added that 

stimuli of different sizes may be quantitatively related. 

This facilitates a numerical indication of the sensitivity 

of each retinal point, when the visual field has been 

investigated with a number of stimuli. In this context 

he mentloned that a retinal pOlnt is characterised by 

different stimulus sizes needed to achieve threshold of 

visibili ty. 



Harms (1950) was more specific when he laid 

down requirements for his idea of accurate and reliable 

quantitative perimetry: 

1. The state of adaptation of the eye must be equal 

and constant for every pOint of the retina. 

2. The stimulus should not alter the state of 

adaptation to any appreciable extent. 

3. The background luminance (adaptation level) 

must be known: and 

4. The stimulus luminance and size must be known. 

The following section gives detailed consideration 

to the individual variables that are outlined above, for 

incorporation into the design of a new instrument. 

27 



(C) PHOTOMETRIC AND PHYSICAL CHARACTERISTICS OF THE STIMULUS 

FOR VISUAL FIELD INVESTIGATION. 

(1) Background Luminance. 

The luminance of the background determines retinal 

adaptation during the visual field investigation, and Bair 

(1940) seems to have been the first to have considered 

the importance of differential retinal sensitivity 

with respect to different levels of adaptation. He 

recommended a background luminance of 0.01 milli-lamberts 

for topographic investigations, since both rods and 

28. 

cones can be stimulated at this level, at approximately 

similar sensitivity. Goldmann (1945 b) mentioned that 

background luminance levels of practical value for kinetic 

perimetry varied between 1 to 6 milli-lamberts and his 

perimeter operated at levels between 4 and 4.5 milli-lamberts. 

Cibis (1948) and Cibis and Muller (1948), investigated 

adaptation time for local stimulation. They felt that 

adequate control of stimulation may not be obtained as 

long as the general background could be affected by the 

stimulus, or from "side effects" derived from neighbouring 

areas not directly stimulated. It was therefore necessary 

that the whole of the visual field should be exposed to 

the same level of incident luminQnCe ., and 

that stimulus presentation should be so designed as to 

minimise any affect on this general adaptation. These 

recommendations would appear to have been taken into account 
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in the design of subsequent perimeters by Goldmann (1945 b), 

Harms (1950), and Jayle, Aubert & Vola (1961). 

Considerable research has been undertaken by various 

workers regarding the changes in differential threshold of 

stimulus luminances for different sizes of stimulus, and 

for different levels of background luminance, and hence 

retinal adaptation. Both kinetic and static quantitative 

methods of perimetry have been used in these experiments. 
the 

In/kinetic technique the stimulus is exposed constantly. 

In static perimetry the stimulus could be exposed constantly 

and luminance increased until just above threshold is reached, 

or controlled duration of exposure could be employed with 

stimulus luminance adjusted similarly. 

For example, Sloan (1950), demonstrated the 

variation in thevthreshold gradients of the rods and the 

cones for a stimulus seen in different areas of the visual 

field in the dark-adapted eye, and the partially 1ight­

adapted eye. Harms (1952), showed that there was an 

increase in the sensitivity when the background luminance 

was reduced from 10 to 1 mi11i-1amberts. Mar10w (1957), 

showed the value of examining the visual field under 

reduced illumination when detecting and investigating visual 

field defects in chronic simple glaucoma. Fankhauser and 

Schmidt (1960), investigated the effect on differential 

threshold for several sizes of stimulus at different back-

ground luminances. They found no significant differences 

in scatter for the different levels of adaptation used. 
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Jayle, Vola, Aubert, and Fantin, (1963), undertook an 

investigation to determine the physiological basis and the 

clinical significance of using various levels of adaptation 

in visual field investigation. They concluded that there 

was considerable advantage in using a mesopic level of 

adaptation to ensure a more or less linear sensitivity 

of examination across the field. 

Since then further work has been undertaken on 

the effect of background luminance in relation to stimulus 

visibility, for short duration stimulus exposure, and on 

the relationship of variation of threshold to retinal 

physiology, Bedwell (1967, 1971, 1972, & 1974), Bedwell 

and Obstfeld (1972), and Obstfeld (1973). The conclusions 

from these studies are discussed in Section XII. 
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(2) Stimulus Duration. 

In much of the earlier work on visual field 

research, the stimulus was constantly exposed during 

the investigation as kinetic perimetry was employed. 

In his work on quantitative static perimetry Harms (1950), 

took into account the significance of stimulus duration, 

and used a period of 0.5 to 0.75 seconds with an interval of 

two or three seconds between exposures. Harms (1952) 

suggested that the stimulus duration should never be more than 

one second, and that stimulus duration had no effect on the 

differential threshold when it is 0.1 second or longer. 

He, therefore, suggested standardising stimulus duration at 

1 second, Harms (1957). Monje (1954) said that a reduction 

in stimulus duration to 0.1 second does not change the 

sensitivity, adding that 0.04 second would probably be 

the most effective stimulus duration. 

The rather long duration suggested by Harms (1957) 

for static perimetry would facllitate temporal summation, 

possibly even in cases of abnormally'reduced neural activity. 

This might reduce the technique's sensitivity for revealing 

early defects. It would therefore, seem advisable to use 

a short stimulus duration with a 2 second interval. Jayle 

et al.(1965) used a stimulus duration of 1.33 sec. 

; 
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Both Harrington and Flocks (1954), and Sutc1iffe 

and Binstead (1962), employed a stimulus of 0.25 second 

duration in their multiple static stimuli instruments. They 

agreed that this was a sufficiently short duration for a 

clinical screening test, and added that shorter durations might 

be valuable. In the case of these instruments, however, 

as the light sources were operating from 50-cycle 

alternating current, a stimulus duration of less than 0.2 

seconds produced problems, especially where simple electro­

mechanical relays were used to provide the pulse, and the 

latter was not synchronised to the alternating current 

wave form. Because of these and other considerations 

discussed later, Friedmann (1966) and Bedwell (1967), 

used a much shorter stimulus duration of approximately 

300 micro-seconds. 



(3) Stimulus Size. 

The earlier techniques of visual field investigation 

employed kinetic perimetry and simple painted round stimuli 

as targets, with arbitrarily chosen sizes of 1 mm. ,2mm. , 

3mm., and 5 mm. etc. diameter. The classical "Hill of 

Vision" referred to by Traquair (1927) gave an island 

whose cross-sectional gradients gave a very sharp fall 

towards the periphery of the visual field, simply because 

the eye responds more to logarithmic changes of stimulus 

area than to linear changes. A much more gradual slope 

would have been found if the stimulus had been changed 

in equal intervals of the log of its area. 

As the investigation of the visual fields may be 
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undertaken at different distances, it is easier for purposes 

of comparison to give the angular subtense of the stimuli at 

the eye. Sloan (1939) used a stimulus of 1 degree, and 

Harms once used one of 10 40; but later used a 10' stimulus 

Harms (1954), since the latter size is more sensitive in the 

detection of early defects. He also showed graphically the 

influence of stimulus size on the threshold luminance along 

the horizontal meridian, demonstrating that a stimulus 

subtending 10 gave a much flatter response with eccentricity, 

than one subtending 10', largely because, in the former case, 

of the effects of summation. 

> , -, 
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Sloan (1961) determined the most suitable stimulus 

to be employed in static perimetry, using a modified 

Goldmann bowl perimeter at a background luminance of 

3.16 milli-lamberts. From the isopters formed from . 
records of responses obtained from one subject, she found that 

varying either the stimulus luminance or the stimulus size 

could be used to detect impaired sensitivity in any region. 

Along the horizontal meridian she found threshold luminances 

to increase regularly, from the centre to the periphery, 

for different stimulus sizes. The rate of increase was 

very gradual for the larger stimuli and decreased with 

increasing stimulus area. Gradients for the vertical 

and two oblique meridians showed similar results. 

Fankhauser and Schmidt (1960), showed the mean values of 

differential threshold for several stimulus sizes 

at different background luminances. No relationship 

was found between stimulus size and eccentricity, tho~gh 

in the outer periphery scatter proved to be greater for 

some cases. Matsuo et al. (1965) investigated static 

perimetry and found that for small stimuli to be seen at a 

static pOint stimulus size and lum1nance should both vary 

logarithmically but higher thresholds were obtained with 

increasing eccentricity, as in kinetic perimetry. 
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(4) Stimulus Luminance. 

In static quantitative perimetry, if stimulus duration, 

stimulus size, and background luminance are controlled, 

the stimulus luminance required to provide threshold visibility 

for given points in the visual field can be found. 

the 
Sloan (1961) found/stimulus luminance increased 

with eccentricity, for different stimulus sizes. The rate 

of increase was more marked with decreasing stimulus area. 

Jayle et al. (1965) found an almost logarithmic increase 

in stimulus area for logarithmic changes in stimulus ",':'. 

luminance with increasing eccentricity. Matsuo et al. (1965) 

came to a similar conclusion. 

From previous investigations Cibis (1947), Harms 

(1952), Fankhauser and Schmidt (1960), it is clear that 

the ambient illumination should remain constant, and that 

a more or less arbitrary adjustment of the stimulus luminance 

with respect to the background luminance is not accurate 

enough for an instrument designed to provide areliable 

indication of early reduction of vision in the visual field 

Bedwell in section XII confirmed the need for a 

constant ambient illumination, and constant state of retinal 

adaptation. Differential threshold contrast for different 

sizes and retinal locations of a stimulus is influenced by 

background luminance and it's effect on 

, , 

" 
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summation. The average gradient for change of stimulus 

luminance with change in retinal adaptation for a short 

duration of exposure of stimulus subtending 12' is 

shown in Fig 17. 
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(D) PHYSIOLOGICAL FACTORS RELATED TO RETINAL SENSITIVITY. 

(1) The distvibution of rods, cones, and retinal ganglion cells. 

The type and density of retinal receptor varies 

over the retinal area, and hence over the visual field. In 

addition, there is an inter-connection between receptors, 

particularly the rods, by a system of nerve cells, so that 

visual detection can be optimum under any given conditions. 

This mechanism operates through summation of sub-threshold 

stimuli. It is therefore necessary, when considering 

methods of visual field investigation, to take into account 

retinal physiology, so that adequate allowance can be made 
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for these summation effects which may be influenced by various 

factors. 

~sterberg (1935) investigated the rod and cone 

population distribution (Fig 18 & 19) over the human retina. 

He suggested that his distribution data could prove to be 

of interest when they were related to ph,fiological phenomena. 

For example, there might be a connection between the ring-shaped 

zone of densest rod population, and the ring-shaped zone of 

maximum perception in the dark-adapted eye; or between the 

difference in cone distribution in the nasal and temporal 

quadrant, and the difference in colour perception in the two 

parts of the field. Van Buren (1963), (Fig 20), showed the 

histiological picture of the general distribution of ganglion 

cells over rhe retina, and Oppel (1967), showed their distribution 

for each pOint along the horizontal meridian, in the human eye. 
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Comparing this data one notices great differences 

in the distribution 'levels of density of the rods, cones, and 

ganglion cells over the retinal area. Oppel (1967) encountered 

the greatest density of rods at 510 nasally and 40 temporally, 

This was followed by a steep drop to a low level, which then 

gradually decreased further with increasing eccentricity. 

However, a considerable increase was found at 2110 nasally, 

and 291 0 temporally. This is the area of about densest 

rod population found by ~sterberg (1935). 

Glaser (1967) wrote that it was interesting to see 
, 

from ~sterberg's (1935) observation that the rod and cone 
~"",'~ ......... 

population diminishes less tin the upper nasal quadrant as 

the periphery is approached. Also of note was that Van Buren 

(1963) demonstrated an ovoid pattern of ganglion cells skewed 

nasally. Both these findings have functional counter-parts in 
(1972) , 

the visual field. Work by Bedwell and Obstfeld/also confirmed 

this correlation between retinal physiology and visual field 

isopters, 

(2) The sensitivity of the receptor population. 

Sloan (1939 c) reported a large central scotoma, and 

a ring of highest sensitivity, at about 100 from the fovea 

in the normal, dark-adapted eye. This finding was confirmed 

by Bair (1940). 



Cibis and Muller (1948) reported having encountered 

an area of equal sensitivity for faint stimuli situated as 

an annulus around the fovea, and extending to 1.00 to 150 

outwards. They used a perimeter arc luminance of 0.224 

milli-lamberts. The area indicated by Sloan (1939 c), 

Bair (1940), and Cibis and Muller (1948), where there 

is heightened visual sensitivity, coincides with the 

area of densest rod population of ~sterberg (1935). 

The idea that rods would function "only in the dark" 

is now considered to be incorrect, Mandelbaum and Sloan, 

(1947), Brooke (1951). It is known that the rods are 

mainly responsible for vision below 0.01 milli-lamberts, 

and cones for vision at higher luminance. Photopic 

vision shows some activity at luminances as low as 0.00014 

milli-lamberts, though at these luminances scotopic vision 

is dominant. There is no active division between rod add 

cone functioning, Lythgoe (1940). Mandelbaum and Sloan (1947), 

came to the conclusion that there are sufficient rods 

present at 40 and 50 eccentric, to dominate discrimination 

at background luminances up to 0.1 milli-lamberts. They 

concluded from their investigation that the foveal light 

threshold of the cones, as well as the threshold for para­

central and peripheral cones, occurs at a luminance of 

approximately 0.0004 milli-lamberts. At 250 to 300 eccentric 

the contribution made by cones to visual acuity would seem to 

be so poor that they fail to exceed the efficiency of rods, 

at a background luminance of 1 milli-lambert. 
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Sloan (1950) concluded from her investigations using 

a background luminance of 0.7 milli-lamberts with a 10 

white stimulus on the Ferree-Rand perimeter, that there 

is no simple relationship between rod density and rod 

threshold. She suggested that light-adapted rods might be 

a third type of retinal receptor. When the eye was adapted 

to a "luminance used in clinical studies, the threshold of 

the hypothesised rods would differ only slightly from that 

of cones. No evidence for this suggestion has been forth-

coming. 

40 

Mandelbaum and Nelson (1960) found an "equal contribution" 
, 

by rods and cones at a background luminance of 1 milli-

lambert, but at 10 milli-lamberts cones were clearly dominant. 

Blackwell and Moldauer (1958) found that the visual field is 

relatively homogenous in sensitivity at a background luminance 

of about 0.008 milli-lamberts and that this is in close agreement 

with similar findings by Bair (1940), and Jayle (1960). 

Data obtained by these workers and the author, 

(e.g. Figs 52 a and b) from 1nvestigatlons of visual fields 

near the photopic/mesop1c border of adaptation, does appear 

to give a flatter gradient of receptor sensitivity with 

eccentricity, than the higher photopic values of adaptation 

that have tended to be used in the past. 



(3) Variation of retinal sensitivity with Age, 

It has long been realised that beyond middle-age, 

higher levels of illumination are necessary to ensure a 

somewhat similar visual performance to that of a younger 

age. It is generally assummed that the reason for this is 

largely due to reductions in transmission of the optical 

media of the eye, and possibly to an average smaller pupil 

size effectively reducing the entrance pupil to the eye, 

like a camera :Tra.KS';':.s;., l.ss is the sole cause of the higher 

threshold of luminance required with increasing age may be 

too simple a solution, because, though the transmission of 

signals along the visual pathway is based on the "all or 

none" system, it may well be that there are other factors 
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, , 

, , 

'due to an aging process that may be producing transmission losses. 

Until the advent of the more sophisticated type of 

bowl perimeter introduced by Goldmann, a single arbitrary 

allowance of a slightly larger target was the only provision 

that was made for the effect of age on vision during a 

visual field investigation. From his investigations Goldmann 

(1945 a) concluded that the mean value of the differential 

sensitivity for subjects between the ages of 60 and 70 was only 

half that of subjects of 20 to 30 years of age, in the periphery 

of the Tield. Jayle (1960) found that for normal subjects 

of age 20, an isopter could vary in position by 2.50
, and 

for older subjects by more than 2.50
, from the standard 

isopter. 

, " 

" 



(4) The efJEcts of xefxactive error and a spectacle correction 

in visual field investigations. 
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If the image of the stimulus used for the visual field 

investigation is blurred, the differences of contrast across 

the retinal image will not be the same as a sharp image, and 

the threshold for perception may not be similar. For example, 

though the blurred image may be larger than the original sharp 

image, because of diffraction and other effects, the gradients 

of luminance across the image will be very different from that 

of the sharp image. In consequence the retinal receptor 

system may only be able to be stimulated effectively by a 

much smaller area of the blurred image on the retina than if 

the image had been sharp, and it may require a higher threshold 

luminance for perception. To avoid significantly affecting • 

the threshold for a stimulus response when examining the mid­

peripheral fields of vision, an appropriate refractive correction 

for viewing distance employed should be worn. When the peripheral 

fields are being investigated vision will now be outside that 

area covered by a spectacle lens, the refractive error will 

be different, and the examination will have to be done 

without a spectacle correction. In this case, however, there 

may not be quite so much disadvantage as larger targets have 

to be used, because of the lower acuity in the periphery. 

Sharp imagery is not so important an aspect in the functioning 

of the peripheral retina in everyday life, and possibly not so 

much allowance need be made for it when investigating 

peripheral vision. 
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Harms (1950) and Sloan (1961) showed the specific 

effect of a refractive error on threshold measurements in 

static perimetry. The main effect is that a significant 

increase in luminance is required to attain threshold visibility, 

with a very marked increase required over the central 100 area 

containing the fovea. When considering the effect of 

refractive error, it must be remembered that the correction 

is usually made to provide maximum fovea1 visual acuity, 

and that for oblique rays of incidence to the visual axis, 

there is likely to be an appreciable increase of hyperopia. 

For example, Ferree and Rand (1935), found that 0.50 D of 

hyperopia at 100 eccentric, and therefore possibly of 

minor significance here, could well increase to 2.00 D 

of hyperopia at 300 eccentric. 

The possible refractive effect produced by a spectacle 

frame, or deeply-set orbit in relation to an over-hanging 

upper orbit margin, a protruding nose, or a drooping 

upper lid, can naturally affect any visual field 

investigation, particularly the peripheral field. Even 

for the rn1d-periphera1 or central f1eld of vision care 

needs to be taken that spectacle frameR, or anatomical 

features, are not giving artifica11y restricted limits. 

If they do cause restrictions they must be displaced, or 

suitable postura1 adjustments made. 
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(5) The Effect of Pupil Size on Visual Field Investigation, 

Ferree and Rand, and Sloan, (1934), Engel (1942), 

Dubois -Poulsen (1952), and Aspinall (1967) found that changes 

in pupil diameter between 2 and 6 mm diameter tend to 

have a negligible effect on visual field threshold. 

Bedwell and Davies (1976), found that there was an 

approximate maximum variation of 0.14 NDF units in threshold 

for changes in pupil size between approximately 3.5 mm to 

0.5 mm diameter, and that therefore, these changes could 

be accepted as being within normal limits. They found 

however, that in the case of the dilated pupil with young 

males there is a lower threshold than for females with a 

dilated pupil. Therefore, under certain circumstances, 

when the very earliest indications of visual field reductions 

are being sought, it may be pertinent to take the effects 

of pupil size into consideration. (Fig 21). 

,'(NDF units = Neutral Density Filter units) 
,- , - r k >" .,r ... ' ~~""~-:: 
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(6) Miscellaneou~ Factors Affecting Visual ¥ield Ipxestigat~Qn, 

• 
As well as the various main factors discussed 

already, there are some extraneous factors which should be 

considered as being relevant to visual field investigation, 

particularly when working near the threshold of perception. 

Weinstein and Arnulf (1946), found that the physical 

state of the subject played an important role, and in some 
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cases produced a 

particular s~ ... t:es 

of fatigue 

larger scatter of results. Examples of these 

are the ingestion of alcohol and !ff~:.ts' 

The allowance of adequate time for the subject to 

become adapted to the ambient illumination used in a visual 

field investigation can be significant, and is shortened 

if the room illumination is dimmed prior to sitting in front 

of the instrument. It is also important to note if the 

&ubject is reliable and whether he or she 'is familiar 

with the particular type of visual field investigation 

technique. In static quantitative perimetry the author 

has found that less allowance need be made for "a learning 

factor" if stimuli near the fixation point are examined 

first rather than the stimuli in the periphery. Certain 

subjects, too, are more indefinite regarding any decision 

that they may make. The form and manner in which even 

simple questioning requiring a decision are posed can also 

be significant and a consistent approach should be maintained. 

, ! 

, I 
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In general it is easier for both the patient and the 

investigator if visual fields can be examined under quiet 

conditions as extraneous noises can be distracting, and 

produce an unnecessary scatter of results. 
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FACTORS TO BE CONSIDERED IN THE DEVELOPMENT OF A NEW 

TECHNIQUE FOR INVESTIGATION OF THE VISUAL FIELDS. 

(A) Viewing Distance. 

Assuming that the essential aspects of stimulus 

design have been correctly specified, there are other 

aspects also to consider in relation to viewing distance, 

in addition to the latter's effect on angular subtense of 

the stimulus. It is important that the average observer 

can see a reasonably sharp image of the exposed stimulus, 

otherwise blur circles will be imaged on the retina. The 

effect of blurring of the stimUlus image is to increase 

differential threshold contrast, and this effect ~ould 
• 

be minimised. 

Another aspect is that the closer the working 

distance of the eye from the stimulus, the smaller are 

the tolerances of the viewing position to avoid an out-

of-focus image. For the individual,stimulus to be seen 

at a desired obliquity the eye should be directly in 

front of the central fixation target. A different eye 

position alters the effective solid angle of the stimulus 

at the eye. If it is necessary to view the stimulus through 

a small aperture, a tunnelling effect will be introduced, 

depending on the plate thickness and this effect will both 

alter the effective area and the solid angle of the stimuli 

presented to the eye. 
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The most important age group of patients who may 

have visual defects, where such conditions as simple 

chronic glaucoma need to be looked for, are th~se in the 

40+ age group. Unless the patient is suitably myopic at 

this age, reading spectacles are necessary. If an examination 

can be undertaken within the working distance for which 

reading glasses are usually prescribed, the patient has 

a readily available optical correct1on for seeing thestimuli 

sharply at 1/3 metre. For the younger patient, the stimuli 

placed at this distance can readily be seen by accommodating. 

If much shorter working distances than a 1/3 metre are used, 

special correcting lenses are necessary to view the stimuli. 

Problems of aberrations are then introduced which tend to 

degrade the optical image, particularly of the more peripheral 

stimuli. 

With modern bowl perimeters one third of a metre 

has been largely accepted as the most useful standard 

viewing distance. This ensures a reasonable sensitivity of 

examination without requiring an excessively large instrument. 
in 

Only/recently developed large computer-controlled automated 

perimeters, such as Octopus, (Fig 22) described by Spahar, 

Bebie, Fankhauser, (1977) is a 50 cm viewing distance used. 

In the case of a new instrument for investigating 

the visual fields a working distance of a third of a metre 

was regarded as a sensible choice affording a compact and 

yet readily useable and accurate method of perimetry. 
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This approach allowed ready compatability with investig­

ations on a standard bowl perimeter. A compac~ design 

makes for easier use with standard single and multiple 

instrument tables. and with adjustable arms on refractor 

columns; transport is also easier. 
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(B) Adaptation Level. 

There is some difference of opinion regarding the 

most desirable level of adaptation at which to investigate 

visual fields. Classically, they have been investigated 

under the level of photopic illumination that would have 

been provided in a clinic originally using gas lamps, 

and then incandescent electric lamps. For example. 

Traquair (1927), reco~ended about 70 lux falling on a 

black screen, which assuming a reflection factor of about 

10%, would have given a background luminance and adaptation 

level of approximately 7 milli-lamberts. In the case of 

the Goldmann bowl perimeter, which is coated with a high­

reflection matt white surface inside, a higher reflected 

luminance to the eye of approximately 3.15 milli-1amberts, 

is recommended. 

It is important to realise that because of their 

distribution, even in the mid-peripheral field, the 

differential threshold contrast for rod receptors is 

really being examined rather than that of cone receptors. 

The rods are mainly responsible for vision below .01 

mi11i-1amberts, although photopic vision is active 

down to 0.0001 milli-1amberts, even if scotopic vision 

is dominant in-this range. At a certain somewhat ill­

defined range of adaptation around these values of photopic! 

scotopic vision there is a band, the mesopic range, 

where the cones and rods are approximately equally 

active. Different workers' give a somewhat different 
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value of l~inance to allow working in the region of the 

scotopic/photopic border. but Yves le Grand (1957) suggests 

that this is about 1.2 milli-lamherts. 

If the visual fields are examined bear the mesopic 

range, a flatter sensitivity gradient can be obtained with 

eccentricity. The investigation of rod receptor threshold 
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is then likely to be more adequate, particularly in conditions 

such as simple chronic glaucoma, where rod receptors are 

especially likely to be involved. The investigation of 

different thresholds when the normal gradient is approximately 

flat, makes it easier to determine when there are abnormal 

variations from the gradient. 

I 

In everyday clinical practice the ambient illumination 'I 
is likely to be around the mid-to-low photopic range, probably I 

I 

of the order of 50 to 100 lux, as most ophthalmic examinations 

have to be undertaken in rooms with the blinds drawn, and 

in artificial illumination. The use of fluorescent discharge 

lighting, when such sources are used in clinical areas, has 

tended to increase these values. Like most aspects of 

cl~nical examination, visual field investigation has to be 

undertaken under pressure of time, As a good ten minutes or 

more is required to adapt to the mesopic state, investigation 

of the visual fields under this level takes a longer time. 

By working near the photopic/mesopic border, the time for 

adaptation can be reduced, and yet a reasonable overall 

sensitivity of examination of the mid-peripheral field 

obtained. 



In the final design it was decided to standardise 

on a level of 10 lux falling on the black screen containing 

the stimuli apertures, so that with a reflectance factor 

of 8%, this would allow an adaptation level of approximately 

0.8 milli-lamberts at the eye, near the mesopic/photopic 

border. 

Threshold contrast difference varies with adaptation 

level, so it is important that having once decided on a 

certain level of adaptation it should be kept, and not 

be affected by extraneous ambient lighting. As will be 

discussed later, a method was devised for providing a 

constant and even adaptation field, with sufficient 

light spill from the illuminator to enable the investigator 

to work without extraneous illumination. 
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(C) Choice of Stimulus Light Soureo. 

The significant contribution of Mr Friedmann's 

idea of providing all the stimuli from one fixed plate, 

and a rotating rear shutter plate, was that one source 

of illumination could be used. There are three main 

types of light sources readily available, tungsten 

filament lamps, fluorescent discharge lamps, and electronic 

discharge tubes, (normally Xenon arc). 

Tungsten light sources have the advantage that they 

are inexpensive, and require minimum electrical control 

gear. They suffer, however, from the disadvantage of a 

limited life and also darkening of the lens envelope, 

unless they are of the halogen type. Only a small proportion 

of the electrical power input to the lamp is radiated as 

visible light energy, the rest being radiated as heat. 

There is the very considerable disadvantage with tungsten 

lamps that changes of light output occur with small changes 

in voltage resulting in about a 4% change in light output 

from a 1% change in voltage. If a compact source is 

chosen, such as is necessary for adequate optical control, 

the tungsten lamp, possessing considerable thermal lag 

cannot be turned quickly on and off with a sharp wave form 

to the light pulse peak. If, therefore, a tungsten 

filament lamp is to be used, it must be left on all the 
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time the instrument is in use, causing problems of reduced 

life, and the need to eliminate heat. An electro-mechanically 



operated shutter mechanism is then required to provide a 

pulsed light source. 

If fluorescent discharge lamps are to be considered, 

these of necessity have to be large, making optical control 

more difficult. They can be flashed or pulsed but this is 

undesirable in the normal low mains-voltage type usually 

used, as the consequent electrode bombardment would 

considerably shorten the life. The type of phosphors 

normally employed tend to have a fairly long time constant 

to provide non-fluctuating illumination from the normal 50 

cycle mains supply. Pulsed flashes could be more readily 

obtained from a high voltage cold-cathode type of tube, but 

here again, the problem of lamp size makes optical control 

more difficult. Furthermore when a patient is in physical 

contact with an instrument in which supplies of several 

thousand volts are required, safety is of paramount 

importance, and additional design and cost considerations 

are imposed. 

The f1nal alternative was the Xenon discharge source, 

of which there are two main types. One produces a high 

intensity flash of very short duration and is operated 

by a power supply of several thousand volts from a paper 

dielectric capacitor. The other type is the low voltage 

Xenon tube, having a somewhat longer flash duration and 

powered at some 300 to 500 volts from a compact electro­

lytic capaCitor, as commonly used in electronic flash guns 

for photography. 
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These small electronic flash tubes are compact, 
much 

making optical control/easier, and they possess a very 

long life. As they are in operation only when a pulse 

of light is required, there is little problem from heat dissi-

pation, and the reasonably low operating voltage reduces 

the problem of electrical safety. 

These electronic discharge tubes have the advantage 

that the light output is very similar to daylight in 

spectral quality. 

~ 

Another major asset is that output varies only 

according to half the square of the applied voltage, 

producing far less problems from mains voltage fluctuations 

than would occur with tungsten filament lamps. For mobile 

use, operation from a small battery-fed supply would be 

quite feasible. It was, therefore, decided to standardise 

on a small Xenon discharge lamp for the new instrument. 
, 

Some under-running of a Xenon lamp to prolong life 

produces very little change in colour quality of the 

light emitted, compared to even small changes of applied 

voltage on the emission from tungsten lamps. 
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(D) The Stimulus. 

For given duration of exposure a stimulus can be 

made visible against its background by using various 

combinations of luminance and solid angle. In classical 

perimetry the stimulus is exposed constantly, and to 

improve the sensitivity of investigation a white stimulus 

of I mm. diameter viewed at I metre was commonly used. 

i.e. subtending approximately 5 minutes at the eye. 

Visibility of stimuli of this small size is significantly 

influenced by variations of uncorrected refractive error. 

and the effect of aberrations of the eye's optical system 

in oblique viewing. Blurred margins to the retinal 

image are produced. with a smaller bright centre which 

influences the differential threshold contrast between 

background and stimulus. 

Too small a stimulus tends not to be seen when it's 

image falls on a retinal blood vessel as in the case of 
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angioscotoma. Too large a stimulus may bridge a small field 

defect. 

It is generally felt that pathological conditions 

producing visual fiela changes. particularly involving the 

retina. may affect summation co-efficients. A stimulus 

that is too small doe~not allow sufficient of the retinal 

area to be investigated to detect the effect of summation 

anomalies. Also. too large a stimulus tends to make 

investigation of the effect of these anomalies more difficult. 

, , 
i 
I' 
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When stimuli are viewed through apertures, 

the effect of diffraction increases as the apertures 

become smaller, tending to degrade image quality. 

There has been some difference of opinion regarding 

preferred stimulus size, but an angular subtense of between 

10 to 15 minutes at the eye, or 1.4 mm diameter at 33 cms, 

appears to be a reasonable compromise. In terms of letter 

chart acuity, this would be equivalent to a vision of 

between 6/12 to 6/18, and would make some allowances 
the 

for/deviations from normal visual acuity commonly 

encountered in everyday clinical practice. 

• 
! 
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(E) Determination of Stimuli Positions and CombinationS. 

The greater number of stimuli that can be exposed 
• 

at any instant, the larger the 'area of the visual field 

that can be examined i~ a given time. However, there 

is a limit to the normal span of comprehension which is 

possible when a subject is asked to assess a number of 

multiple stimuli in a visual display. Though many observers 

could perceive, say five stimuli, it is sensible to 

limit the number of stimuli that can be exposed at any 

one time to not more than four, to avoid visual overloading. 

Where possible the number end positions of the stimuli 

should be varied to minimise the effect of guessing, 

which can be fairly easily detected as a random response 

by the investigator who possesses a little experience. 

The effect of variations in fixation on the 

perception of stimuli is less when stimuli are flashed, 

than it is in kinetic perimetry, when central fixation 

has to be maintained for a long time. 

The choice by Friedmann of the various positions 

for the stimuli had to be determined largely by an 

appreciation of the areas in the visual field where 

defects were most likely to be expected and of the 

characteristics of the defects likely to occur in each 

case. This meant that a careful survey had to be 

undertaken of the type and incidence of visual field 

defects found both from personal clinical experience and 
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in the published work by others using the results of 

the then existing techniques of visual field examination. 

For example, glaucoma is a common condition demonstrating 

at an early stage small areas of loss in the field 

represented by the arcuate nerve fibre bundles above and 

below fixation, 10 to 200 eccentric from the fovea. 

Harms and Aulhorn (1958), and subsequently Aulhorn and 

Harms (1967), found that on analysing some fifteen hundred 

glaucoma early field defects, about 50% of the defects 

occurred in this arcuate area, and approximately half 

of these arcuate defects were initially isolated from 

the blind spot. In view of the greater density of rod 

receptors in this area, and therefore the greater the 

visual sensitivity, careful specification of stimuli is 

necessary to ensure that visual field defects in this area 

are detected. 

Changes of visual threshold contrast on either side 
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of the vertical mid-line of the retinal fixation area are 

particularly important in revealing lesions beyond the retina, 

for example, hemianopic and quadranop~c field defects. When 

employing multiple pattern stimuli it is possible to make use 

of the so called "phenomenon of ext~nct~on", whereby any possible 

difference of threshold contrast existing between adjacent 

areas in the visual field is intensified if stimuli al-" 

simultaneously exposed on an area of retina with normal 

response, and on an adjacent area where there may be reduced 

sensitivity. 



In some cases the toxic effect of certain systemic 

drugs causes reduction in vision around the macula area, 

and between the macula area and the disc, and ~herefore, 

it is necessary to ensure that stimuli are placed to 

cover these areas. 

In addition to these specialised areas which must 

receive attention, a reasonable number of stimuli should 

be applied to the mid-peripheral field to give general 

coverage. 

, 
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A number of physiological factors have to be allowed 

for in determining the positions of the stimuli. Precautions 

should be taken against slight differences of size and 

position of the physiological blind spot, and also against 

any slight displacement caused by any small variations 

in central fixation. By carefully placing the stimuli 

so that they are just outside the average area covered 

by the blind spot, the incidence of false positives is 

reduced. Enlargement of the blind spot, as an early 

indication of visual field loss 1n glaucoma, is now 

discounted, and for this purpose there is no need to place 

stimuli critically near the blind spot margin. Also it 

is possible to have difficulty during visual field 

investigation in the region of the projection of the 

arcuate nerve fibre bundles, (due to angioscotoma), because 

of the presence of retinal blood vessels in this region, 

When a stimulus falls over one of these vessels on the retina 

it may not be seen. This effect can be minimised by the 
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FIG 23. The 15 indiv~dual patterns of Htimuli 

on the 46-hole front of the Visual 

Field Analyser. 
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choice of suitable sizes of stimuli, and also by reasonable 

distribution of their positions. Provision is made to readily 

isolate such a situation by making a slight change of 

fixation position, when the stimulus will be seen normally. 

When determining stimulus positions and sizes, it is also import­

ant to allow for the shape of the prOjected area on the visual 

field from retinal nerve fibre bundles. 

To avoid the complexity of two different sets of 

stimuli for right and left eye, and to obviate the necessity 

of separate chart~, the stimuli positions were very carefully 

chosen so that one series of patterns could be used for 

ei~her eye. 

The disposition of the individual patterns of 

stimuli finally decided upon for the 46-hole front are 

shown in Fig 23, making 15 sets of stimuli to be exposed 

in sequence. The stimuli ar~anged as a composite diagram 

are shown in Fig 24. 



(F) Assessment of Foveal and Macula Light Function. 

It is common in clinical practice to find differences 

in visual acuity which cannOt always be accounted for 

by fundus anomalies, differences in refractive error, 

or known history of amblyopia exanopsia. Therefore, 

incorporated into this new instrument is a method for 

assessing foveal and macula area light sensitivity, to 

determine whether any differences of visual acuity are 

due to a suppression amblyopia, or to a defect somewhere 

along the visual pathway, which would be demonstrated as 

a reduction of local light threshold. 

(G) Control of Threshold by Variation of Stimulus Luminance. 

Clinical investigation and interpretation is made 

easier if any loss detected can be in terms of degree of 

one variable. It was felt desirable that not only should 

the state of adaptation be kept constant, but that the 

stimulus luminance should be uniform over the mid-peripheral 

field being examined, so that variations in retinal 

sensitivity could be allowed for by differences in stimuli 

sizes. Once an average physiological threshold had been 

obtained over the retinal area, for that level of 

adaptation, by using appropriate stimuli sizes the overall 

variable to be adjusted could be that of stimulus luminance. 

The shape of any area where there was loss would indicate 

the type of pathological condition. The luminance of the 



stimulus required to achieve visibility, unless vision is 

completely absent, would give the localised density of 

that loss. 

No adequate data was available on visibility of 

these short-duration stimuli so it was decided to obtain 

the required data in two main phases. 

The first phase established, by fairly simple 

experimental means, the variation in size of stimuli 

required to ach1eve differential threshold contrast for 

different areas of the retina. Stimuli of angular 

subtense of 11 minutes were used as the initial starting 

point, with a particular level of adaptation. 

The second phase, was to institute a more basic 

and long-term research programme on the visibility of 

this type of short duration stimulus for different sizes 

of stimulus for different levels of adaptation. 
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FIG 25. Early design of Visual Field Analyser 

before joint development. 
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INSTRUMENTAL DESIGN AND DEVELOPMENT. 

The development of a safe and viable clinical 

instrument from a basic idea usually involves difficult 

design problems, much experimental research, and the product­

ion of a series of gradually improved proto-types. The 

difficulties are increased when, in the case of visual 

field investigation, it is necessary to differentiate 

effectively and efficiently between normal variations in 

differential threshold contrast response, and the beginnings 

of an abnormal response indicative of pathology. 

In the case of the Visual Field Analyser before 

jOint development, the original device for displaying 

multiple stimuli from a rotating shutter plate assembly, 

took the form of a simple box,(Fig 25,)coated white inside,' 

with light from a flash-tube source entering at the bottom. 

With this arrangement there was a considerable variation 

in stimuli luminances over the front plate. There was 

also a variation in the solid angle of the apertures 

contained in the front plate when viewing them obliquely 

from the line of sight. In addition this effect was 

increased by "tunnelling" due to the finite thickness 

of the plate. 

In the new instrument all the multiple stimuli 

are illuminated from a single source, are exposed by 

means of the shutter-plate assembly, and need to be 

presented to the eye near the threshold of visibility 



FIG 28. Early production model of the 
Visual Field Analyser. 

4--

SCALE LEVER 
SLIDE CARRIER 

rtll~--lL_-

FRONT PLATE----l 

ROTATING PLATE 

DifFUSER ----H--1 
'OWL 

SI·nEW 

(lfTERNAI. IllUMINATOR 

VISUAL FIELD ANALYSER 

Facing page 65 

fiLTER 

COMTROL$ 

OI'iCHARt.E TUBE 

FIG 29 Cross-section of design of early production 

model of the Visual Field Analyser. 



Facing page 

FIG 26 Early prototype Visual Field Analyser. 

FIG 27. Later prototype Visual Field Analyser. 



for the level of adaptation specified. Stimuli luminance 

should be under variable quantitative control to allow 

for both individual general variations of th~eshold 

contrast, and for an abnormally low visual response. 

It was also necessary to provide, preferably from 

the instrument itself, control of light adaptation so 

that the investigation could always be undertaken at the 

same level, in this case near the photopic/mesopic border. 

To achieve these requirements the various aspects of 

instrumental design and development that followed will now 

be considered in detail. Two of the earlier proto-types 

involved in this process are illustrated in Fig.26 & 27. 

Originally it was proposed to construct the instrument 

from a small numberof inter-fitting plastic vacuum 

formings to minimise production costs, as will be seen 

from the last two illustrations. Later, to give greater 

rigidity and flexibility of design, a glass-fibre 

construction was used for the main casing. An early 

production model is shown in Fig.28, with a cross-section 

view in Fig 29, illustrat1ng the principle abpects of 

the internal physical design. 
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In this instrument an equal luminance for all 

stimuli was provided by using a hemispherical bowl 

integrator. Then, to achieve a similar visual threshold 

over the area covered by the stimuli, a pre-adjustment was 

made of stimulus size, to give an averaged response. 

Neutral density filters were used to vary the light 

intensity from a constant Xenon source. A ring 

illuminator was used to provide controlled adaptation. 

(A) The Provision of a Constant Stimulus Luminance. 

A number of metho~for producing a similar luminance 

over the mid-peripheral field to be covered by the front 

plate assembly were considered. For reasons mentioned 

previously a 33 cm viewing distance from the eye to the 

front-plate assembly was to be used. This meant that 

an even luminance had to be provided from a single 

source over an area, of which the diameter is approximately 

35 cm. 

The decision was made, after experimenting with a 

number of different methods, to use an integrating bowl 

hemisphere, coated white inside, with an aperture at the 

rear for entry of the light from the source, and to cover 

the open diameter of the bowl with an opal translucent 
a 

diffusing plastic sheet. By correctly positioning/white 

shield in front of the aperture at the rear of the bowl, 
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FIG 30. Initial photometric measurement 
across the diffuser of the bowl integrator 
using a constantly exposed source entering 
the bowl measured with a selenium-cell 
photometer in lumen/sq. ft. 
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direct incident light on the front diffuser surface of the 

bowl was prevented, and maximum light integration made 

possible. By carefully designing the position and site 

of the sh1eld in front of the light source, it was 

possible to produce an even illumination across the bowl 

diffuser surface. In early tests a constant emmitting 

tungsten source was projected through the rear of the bowl 

so that initial trials could be undertaken. Photometric 

measurements were made over the diffuser surface to check 

the design, Fig 30. These early results obtained indicated 

a maximum decrease in luminance from centre to periphery 

of about 22%. Further modifications were then made in the 

shield design to minimise this decrease of luminance to 

within 5% 

At this period, in early 1965, there was not the same 

availability of photometers as there is now for working 

with flashed-light sources. Using, however, an American 

micro-spot photometer, employing a photo-multiplier tube 

and integrator, and placed at the position that would be 

occupied by a subJect's eye using the analyser, the light 

output difference over the front surface of the diffuser 

was observed, using a flashed Xenon discharge lamp as the 

source. The differences were found to be between 0.085 

to 0.081 lumen/sec, i.e. approximately 5% flux difference, 

Fig 31. 
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• 

This relatively small change resulted in only a 

slight increase of luminance from the centre to 

the periphery. 

A satisfactory photometric design for the bowl 

integrator having been achieved, it was then necessary 

to consider how the luminous input into the rear of the 

bowl integrator should be controlled. To provide 

sufficient facilities for cl1nical investigation of 

both the mid-peripheral field, and the dark-adaptation 

function, it was desirable that the luminance of the 

front diffuser of the bowl integrator should be variable 

over a range of 5.0 log units. 
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(B) VARIABLE CONTROL OF LAMP LUMINANCE • 

• 
(1) Limitations of Electrical Methods. 

The output in Joules of a small low-voltage 

electronic discharge source such as the U-shaped F A 10 

tube, ope,rated near maximum, varies approximately as 

J= 1 CV2 (where C is the capacitance in farads of the 

storage capacitor used, and V is the applied voltage 

to the capacitor). The nominal light output is about 

40 lumens per watt for a normal rated input of 100 

joules, reducing to approximately 5/J for a lower 

energy input. The output of the tube may be changed 

by varying the capacitance value, but this is difficult 

when a large change in output is required. The output may 

also be varied by reducing the applied voltage but 

inconsistancies in tube firing occur at low voltages. 

As it is necessary to think in terms of a logarithmic 

response of the eye to luminance changes, a minimum variation 

of 2.3 log units would be expected, which would require a 

change of capacitor value from approximately 20 micro-farads 

to 200 micro-farads. At these very low levels of capacitance 

there is a difference in the spectral quality of light output; 

there is considerable variation in shape of the light output , 
curve in relation to time; operation of the tube is unstable, 

and it is also very difficult to find a suitable range of 

lower-value capacitors for this type of discharge application. 

69 



, 

350 

340 

330 

320 

310 

300 

290 

280 

270 

Facing page 70 

D.e.VOLTS 
2LlQ. A... c..LItiL _ Z .:JOUh.E§. _______ 11...!.,5_JOlLLES __ _ 

VOLTS FLASH TUBE 
120)J FD 

CAPACITOR 
200j1 FD 

VARIATIONS APPROX. 
0.1 LOG UNITS PER 
20 VOLTS D.C. 

LOG LUMEN OUTPUT 
260 ~ __ -L ____ ~ __ ~~ __ ~ __ ~ ____ J-__ -J 

1.6 1.7 1.8 1.9 2.0 2.1 2.2 2.3 

FIG 32. Luminous output for variations in voltage for 

120jUFD and 200)UFD electrolytic capacitors. 



70 

Capacitors for electronic discharge lamps have to be specia~ly 

constructed to handle high discharge currents and stresses, 

compared with the normal capacitor used in electronic smoothing' 

and de-coupling circuits. An electrical method of controlling 

light output over such a wide range was therefore felt to be 

impractical. Even now with more recent developments in 

semi-conductor techniques, control over such a large range of 

light output would be difficult, and not as satisfactory as 

optical filter techniques. 

It was therefore decided to operate the Xenon tube so 

that it would provide the maximum luminance needed, and to 

control luminance output, optically. Suitable quality 

electro-lytic flash capacitors of 120 micro-farads, and 

later 200 micro-farads were chosen to provide the required 

output. It was possible to operate the flash tube with either 

of these capacitors at less than their rated output by employing 

slightly less than the maximum rated applied voltage. By 

this means neither capacitor nor tube was stressed, and long 

life could be assured. Initially the capacitor of 120 

micro-farads was used, but later it was found desirable 

to change to the 200 micro-farads capacitor to achieve a 

slightly higher light output, (Fig 32). 
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FIG 33. Rear view ol Visual Fiuld"Analyser showing 

knobs for controlling neutral density filters and 

indexing of stimuli patterns. 



(2) LUminance Control by Optical Methods. 

Luminance control was achieved by using two sets of 

neutral density filters mounted in discs, and controlled by 

knobs at the rear of the instrument, one set operating over 

a range of 0 to 5.0 log units, in steps of 1.0 log units, 
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and the other from 0 to 0.8 log units, in steps of 0.2 log 

un~ts, (Fig 33). FromothEr work , decsribed later in this paper, 

it was found that variations in light threshold difference of 

0.2 log units were within physiological limits, and that 

therefore, this variation in luminance output was thought to 

be adequately sensitive. 

When large reductions in luminance were required, 

such as for example, in dark adaptation tests, additional 

filters could be inserted in the light path using a slide 

carrier. Coloured filters coudd be used for clinical work 

requiring light of special spectral quality, e.g. red 

light for investigation of cone-function over the macula 

area. 



FIG 34. Basic electronic circuit used in operating 

the electronic flash tube in the Visual Field Analyser. 



(e) Electric~l Circuit 10r the Xenon Flash Tube • 

• 

At the time of the development of this instrument. 

semi-conductor units and control methods had not advanced 
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to their present state. Therefore a fairly straight-forward 

basic electrical circuit,(Fig 34). was designed. using a 

double-wound mains transformer with a centre-tapped high­

tension winding, and outputs taken via two silicon rectifiers 

to charge the electrolytic flash capacitor. A resistance 

bridge was placed across the D.e. high-tension supply with a 

neon tube connected at a sUitable point to indicate when the 

capacitor was adequately charged. The Xenon flash tube was 

fired by a conventional high-voltage pulse coil. The low 

voltage winding of this coil was pulsed by a trigger switch 

discharging a condenser which was fed from a potentiometer 

supply placed across the D.e. high-tension circuit. 

It was anticipated that for clinical use the interval 

between the flashing of successive stimuli patterns was 

unlikely to be less than four seconds. The circuit was 

therefore designed with a time-constant that permitted 

the capacitor to be almost fully charged in three seconds. 

After this period the condenser would have been charged to 

85% of the maximum D.e.line voltage, and be able to discharge 

within 0.1 log units of maximum output. Initially it was felt 

that to reduce the charge time would necessitate using a 

higher output mains transformer, and therefore a heavier, 

costlier and bulkier unit, an approach whic~was felt to be 

undesirable. In the final production instrument it was 
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found possible to decrease this charge time still further 

and remain within the capacity of the transformer being 

used. The advantage achieved was that the chance of a 

false negative answer was reduced if the patient's response 
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was unusually fast, or the operator very quick in re-triggering 

the flash. 

Even good quality electrolytic flash capacitors 

demonstrated appreciable variations in actual capacitance 

compared to their nominal rated value. In the specially 

selected type of capacitor used in this instrument, the 

tolerance cpuld be up to 20% increase of capacitance 

on a capacitor normally rated at 200 micro-farads, though 

in ordinary electrolytics the tolerance can be up to -20% 

to +50% of normal capacity. In terms, of light output from 

the flash tube, a 20% increase on the rated value of 

capacitance was found to give up to a maximum of 0.07 log 

units increase in light output, and therefore within 

physiological tolerance limits,(Fig 35). The instrument, 

is in fact, so designed that the light output is always 

slightly in excess of that minlmum which may be required. 

Small fixed elements of neutral density filter can be 

incorporated in the light path to ensure that the light 

output of each instrument is within acceptable limits of 

approximately ~ .05 log units. 

When the capacitor is fully charged, the effective 

duration of a light pulse is approximately of the order 

of 300 micro-seconds, (Fig 36). 

, : 



>-
.~ 

lJJ 
Z 
W 

~~--~~--~~~------------~ Z 
et -

Facing page 74 

o 250 SOOflSEC. 

FIG 36. Light discharge pulse through 

xenon flash tube. 

FIG 37. External ring illuminator. 



With more recent developments in semi-conductor 

electronics some improvement in automatic control of light 

output would now be possible. The simplest would be 

automatic control of the D.e. line voltage with a circuit 

preventing the tube from being fired until a set voltage 

had been reached. A further sophistication would be 

the actual integration of light output during discharge 
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from the Xenon flash tube, and a cut-off of the power supply 

to the tube by thyristor control, when the correct light value 

had been reached. From considerable clinical experience 

now obtained in using this instrument, it is probably 

debatable how much real value there is in making the 

circuitry more complex and expensive. It may also be 

unwise to alter the light-pulse wave form. 

(D) The External Illuminator, 

It is essential that retinal light adaptation be 

controlled during a visual field examination otherwise 

there will be arbitrary variations in differential threshold 

contrast. There can be considerable variations in consulting 

room illumination, producing d~fferences of illumination 

across the screen of the instrument containing the stimuli. 

A special ring illuminator was designed, (Fig 37), through 

which the patient could view the whole of the evenly illuminated 

front-plate, which, by reflecting light back, maintained a 

constant level of retinal adaptation. A grey surface was at one 

time tried for the front-plate, but a matt black rigid vinyl 

was finally chosen, because a black surface introduces less 
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problems with any stray light that happens to fall on 

the instrument. 

To allow investigation around the photopic/mesopic 

border of retinal adaptation, the ring illuminator was 

designed to give 1 lumen/ft2 on the front plate. The 

matt black vinyl of the front plate had an approximate 

reflection factor of 0.08, and this gave a mean front 

plate surface luminance of approximately 0.08 foot-lamberts 

or 0.08 milli-lamberts. On the initial prototype the 

actual measured value of illumination across the front 

plate assembly given by the ring illuminator varied from 

0.95 lumens/sq. ft. at the centre to 0.61 lumens/sq. ft. 

at the periphery, (Fig 38 a). The maximum increase in 
, 

differential threshold contrast that this variation could 

produce was of the order of 0.05 log units, and therefore 

could be taken as being within adequate physiological limits. 

In later designs this variation of luminance across the front 

plate was further minimised, (Fig 38 b). Any small residual 

local variation in adaptation could be allowed for when 

the final values of the apertures in the front-plate assembly 

had been determined from exbe~sive clinical trials. 

To provide an even light flux six low-voltage 

-tungsten filament lamps were used as sources for the 

external illuminator, and they had to operate to within 

10% of their nominal rated light output. To maintain 
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(E) 

adequate tolerances of illumination they were also 

intentionally under-run, both to prolong life, and to 

help compensate for the effect of mains voltage 

fluctuations. 

The ring illuminator was designed so that the 

configuration of the inner part of the ring and shield, 

in relation to the eye, provided a visual cut-off of 

objects in the subject's field of view beyond the external 

dimensions of the front of the instrument, The ring 

, illuminator was also designed so that an overall side-spill 

of light provided low-level illumination around the 

instrument and enabled the operator to work and make 

recordings on the chart, without having to use any 

external illumination. 

Compensation for the Effects of Mains Supply Vo~tage 

Variations, 

The public mains supply voltage is usually 

controlled to within defined limits but often greater 
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variations can occur or be evident at the end of supply lines. 

The light output of a Xenon discharge lamp will 

vary with half the square of the applied voltage. If 

for a nominal 240 volts standard alternating current 

supply, the voltage varies by plus and minus 10%, 

" , 
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(a very considerable swing), there could be a variation 

of stimulus luminance, and resulting in a change in 

differential threshold contrast by about 0.3 log.units, 

(Fig 39). This amount is slightly greater than the 0.2 

log units variation accepted as being within physiological 

limits, and would therefore be unacceptable. 

The operating conditions for the light source in 

the ring illuminator were therefore arranged such that any 

change in retinal adaptation produced by mains voltage 

variations would be compensated for by changes in luminance 

of stimuli,(Fig 40). In the final design there was 

practically complete compensation for the effect of mains 

voltage fluctuations on vhmal thresholds, (Fig 41). 

By this means the considerable expense and extra weight 

that a constant voltage supply unit would involve was 

avoided. 

, 
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--------------------~ -----

( 1\) THE DETERMINATION OF APERTURES FOR THE STIMULI ARRAY. 

It was stated in section VI that a stimulus 

subtending between 10 and 15 minutes at the eye was a 

reasonable choice, as this size avoided the problem of 

requiring a 5 minutes angular subtense for the classical 

standard of 6/6 acuity. Using a larger stimulus size 

decreased the problems due to angioscotoma from retinal 

vessels, and also allowed a better assessment of 

deterioration of summation co-efficients commonly 

occurring in ocular pathology. In this instrument 

stimuli were initially employed that subtended 11 minutes 

at the eye, and then variations in size were superimposed 

to obtain a similar differential threshold contrast over the 

mid-peripheral field to be examined. The various stages 

involved in arriving at a correct specification for these 

apertures are now considered. 

_ Geometric Considerations. 

In the original concept it was intended to employ 

a front plate which contained all the 46 apertures needed 

to examine the different parts of the mid-peripheral 

field eccentric to 25 degrees from central fixation, and 

to expose the indi~idual patterns of stimuli, of two, three 

or four at a time. A total of fifteen patterns, contained 
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in a rear shutter plate which could be rotated to indexed 

positions, allowed the appropriate apertures in the front 

plate to be opened for each indexed pattern setting. The 

front plate was to be constructed out of rigid black vinyl 

sheet 1.59 mm thick. With the eye placed 33 cm in front 

of the centre of the front plate, any aperture placed away 

from the centre would be viewed obliquely. If, therefore, 
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any of these eccentric apertures were to subtend the same 

angular subtense of area at the eye as that of the stimulus 

seen centrally, they would need to be drilled at varying angles 

to the front plate according to the deviation from viewing axis. 

As such a method of manufacture would be very complex and 

expensive, it was dec1ded that all the apertures in the 

front plate and rear plate should be drilled at right 

angles to the plate surface. This meant that "tunnelled" 

apertures would be seen, and that allowance would need 

to be made in the actual diameter of the hole if the 

effect of tunnelling and obliquity of viewing was to be 

allowed for, so that each aperture presented to the eye 

the same area of solid angle subtending 11 minutes at 

the eye. 

To allow for this geometric effect of obliquity of 

viewing, the diameters of the holes for increasing degrees 

of eccentricity were calculated for the plate thickness 

being used, for the stimuli positions already determined. These 

are indicated in Fig 42, for an initial stimulus 

subtending 11 minutes at the eye. The proceedure employed 

is illustrated in Appendix A. 



(B) ALLOWANCES FOR THE EFFECT OF PHYSIOLOGICAL FACTORS ON 

DIFFERENTIAL THRESHOLD CONTRAST IN THE MID-PERIPHERAL 

FIELD OF VISION. 

(1) Differential Threshold Contrast and its Determination. 

When stimuli of the same luminance and of the same 

angular subtense at the eye are exposed on the front plate 

over the range 0 - 25 degrees, it is necessary to adjust 

the angular subtense of the stimuli so that they can all 

be seen at just above the threshold of visibility against 
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the background luminance provided by the external illuminator 

on the front plate. In other words allowance must be made 

for the effects of retinal physiology to achieve the same 

differential threshold contrast for all angular displacements 

of the stimuli. The term absolute threshold is not used in 

this context as it would mean threshold visibility at negligible 

background luminance, i.e.for very low scotopic adaptation. 

Localised variations of differential threshold contrast 

for a stimulus at different background luminances are assessed 

in terms of the different neutral density filter settings 

that would allow percept10n at threshold. Luminance difference 

is expressed on a logarithmic scale. 

It will be noted f~om the above that the differential 

threshold contrast is the value at which the perception of a 

luminance difference occurs between the front plate stimuli 

and the background luminance of the plate. Th1s is the 

differential threshold referred to throughout the following 

discussion. 



In actual clinical practice it would be necessary 

to determine the neutral density filter value at which 

the stimuli should be seen at just above threshold 

and to compare this value with that obtained for the same 

positions where there was a reduction of threshold. The 

area over which this loss occurred, and the shape of the 

area, together with the degree of loss at the different 

points, would indicate the type of abnormality, or 

pathology, that might be involved. Like most areas of 

clinical diagnosis, however, the visual field data has 

to be taken into consideration with other clinical signs, 

• 
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symptoms, and data, before a final conclusion can be reached. 

In determining what should be the criteria for a 

stimulus to be just visible, a number of approaches 

are possible. Criteria for perception at threshold of a 

stimulus has been discussed extensively, e.g. WOODWORTH and 

SCHLOSSBERG (1954). A classical approach is to accept 

a response at threshold when a positive response is recorded 

50% of the time. However for the type of clinical work 

with which this thesis is concerned a 50% response would 

bring the threshold recorded so near the border of normal 

physiological variation that far too many false negatives 

would result. 
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FIG 43. Approximate effect of retinal location 

on stimuli size for similar differential threshold 

contrast with increasing eccentricity for two series 

of basic stimu11 sizes. 
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(2) 

Clinically. three correct responses out of four 

stimulus presentations is taken as the threshold setting. 

When the flash tube discharges, a slight click is heard, 

therefore the subject is told that this click would 

accompany any flash of light. If one stimulus was being 

exposed the ,response requested was yes or no. If more 

than one stimulus is pre~ted the number of flashes 

of light seen are recorded. In the latter case the subject , 

had to point to those light stimuli that he could see, 

the one not seen then being taken as below threshold. 

The Determination of Physiologically AdJusted Stimult 
I 

Apertures. i 

i 
No adequate research data was available ~hich would 

enable 
for ' 

calculations to be made/the effect of ph~siological 
I 

variations on threshold contrast. In an initial trial, 

a special front was made for the instrument containing 

a slide incorporating apertures of increasing size. 

This s11de could be positioned at the centre of the 

plate, with provis10n for eccentr1c viewing every 

2% degrees out as far as 25 degrees from central 

fixation. Initially a central aperture subtending 11 

minutes at the eye was used, and variations ~n the aperture 

for each 21 degrees of eccentricity alon~ the 

nasal meridian were determined, Fig 43. The nasal 

meridian was used as previous work had indicated that 

the gradient was reasonably regular over this portion 

of the visual field. 
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Calculations were then made,(Stage A of Appendix A,) 

of the diameter of the apertures that would need to be 

drilled along the line of sight at the various stimuli 

positions that would allow for the effect of local 

physiological variations of threshold perception, as 

indicated by data based on Fig 43. 

Subsequently,(Stage Bl of Appendix A,)hole sizes 

were calculated to allow for oblique viewing and 

"tunnelling" in order to give the same solid 

angle at the eye as in Stage A. This front plate was 

based on an initial central stimulus of 11 minutes 

subtense. 

It was then necessary to determine experimentally 

for each stimulus position the diameter of the hole 

required for the average observer to perceive the 

stimulus at threshold. (as indicated in Stage B4.) The 

effective angular subtense at the eye of each stimulus 

in this initial front plate is indicated in Fig 44. 

At the time of the development of the instrument 

data on differential threshold contrast was not available 
the 

for/viewing conditions and positions being employed. 

Mr Friedmann decided to take as safe a clinical approach 

as possible to determine thresholds. An initial setting 

of overall stimulus luminance was made that would allow 

a number of the stimuli to be Just visible. At this 

83 



stage of development of the frontplate, and at this 

level of neutral density filter setting, some of the 

stimuli would be below threshold, and be misse~, others 

may be just ~isible, and the remainder may be too bright. 

Thirty normal observers were used as subjects for these 

experiments, and stimuli that were missed or seen at this 

setting recorded, and a scattergram made. Stimuli that 

were missed regularly were then enlarged slightly, 

usually to the next available drill size. Stimuli that 

appeared too bright were reduced •. 

An adequate average response over all the stimulus 

positions had not quite been achieved at this stage but 

it was felt that some of the peripheral stimuli, (as 

indicated in Stage B4 of Appendix A), were becoming too 

large. Therefore a new series of stimulus apertures was 

calculated from initial principles as at Stage B1, but 

based on a stimulus with a diameter of aperture of .031 ins 

at position P, (indicated in Stage Cl), instead of.033 ins 

(as in Stage B4). The above proceedure was then repeated 
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using a scattergram approach again to determine which stimuli 

should be reduced or enlarged. The final diameter of aperture 

that gave a response near threshold for all the different 

stimuli positions were recorded, (as shown in Stage C 6) 

together with the effective angular subtense at the eye of 

each stimulus. These aperture positions and sizes are illust-

rated diagramatically in Fig 45, for the 46-hole front plate. 
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flash photometer at the eye position for the 
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When the stimuli sizes for the final front plate 

had been specified the integrated light output at the , 

eye for each of the different stimuli positions was measured 

with a flash photometer, (as shown in Fig 46). The 

difference between these values of light output indicates 

the allowance that needs to be made for variation of 

differential threshold contrast across the retina. 

Individual variations in differential threshold 

contrast amongst normals, together with means and 

standard deviations for the different stimuli positions, 

obtained using this array of stimuli contained in the 

front plate are discussed in Section XIII. 
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VARIATION OF DIFFERENTIAL THRESHOLD CONTRAST. 

(A) The Effecr of Age. 

Differential threshold contrast varies somewhat 

between different individuals, and also shows a general 

deterioration with age. Having designed a front plate 

containing apertures that could demonstrate an apprOXimately 

even differential threshold contrast for both eyes of a 

normal observer when the stimuli luminance was correctly 

set, it was then necessary to determine the average effect 

of age on threshold contrast. An analysis was therefore 

made of the individual thresholds of a hundred observers 

of different ages, all of whom could see all the 46 stimuli 
the 

in/different pattern combinations. 

I.nitially a scattergram was drawn, in which age was 

plotted against the neutral density filter setting needed 

to obtain differential threshold contrast, based on data 

tabulated in Appendix B, and illustrated in Fig 47. To avoid 
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unnecessary referral of clinical cases due to false positives, 

a curve was then drawn just below the maximum N.D.F. setting 

for threshold at which the majority of subjects of different 

ages could see all the stimuli. Suggested neutral density 

filter settings based on this data that could be recommended 

for different age groups are indicated below. 

Up to 40 

2.0 

FILTER SETTING AND AGE. 

41-50 

1.8 

51-60 

1.6 

Over 60 

1.4 
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These figures for the setting of the neutral density 

filter are to serve as a guide only, It generally 

being recommended that a setting of 0.'2 NDF units dimmer 

than the recommended age setting be used, or 0.2 NDF units 

brighter than the approximate individual threshold, where 

extra sensitivity of investigation was required. The 

latter would be required, for example, when attempting 

to detect field defects which may be caused by neurological 
the 

lesions, or for/detection of very early indications of 

field loss in glaucoma. 

The table below shows the mean neutral density 

filter settings to allow perception at threshold of all 

the stimuli, and the standard deviations of these settings 

for each of the four age groups. 

Mean or Average Age. Average Neutral Density Standard 
Filter Setting Deviation. 

Up to 40 yrs 27.5 yrs 2.2 0.1 

41 - 50 yrs 45.2 yrs 2.0 0.13 

51 - 60 yrs 53.5 yrs 1.9 0.12 

61 plus 67.1 yrs 1.6 0.17 
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The same scattergram is shown in Fig 48, but 

superimposed on it is the mean neutral density filter 

setting calculated for each age group. together with plus 

and minus one standard deviation, which would allow for 

visibility for 65% of the sample, and plus and minus, twice 

the standard deviation, which would allow for 95% of the 

sample. 

It will be seen that for the below 40 year group 

a neutral density filter (NDF) setting of 2.0 NDF units 

would occur at approximately the mean threshold for that 

age group less 2 times the standard deviation. For 

the majority of the subjects in this group a 2.0 NDF 

setting would be within the 0.2 NDF units regarded as 

within normal physiological limits. The upper limit 

for a small majority would be at 2.4 NDF units. In 

this case an initial NDF setting of 2.0 could contain 

a 0.4 NDF unit difference of threshold contrast i.e. 

just beginning of possible abnormality. A more sensitive 

NDF setting of 0.2 higher than the 2.0 NDF initial 

setting,~.e. 2.2, would enable any abnormality ~n this 

small group to be detected, and put a somewhat greater 

number of people nearer to threshold. 

For the 41 to 50 year age group, an initial 

NDF setting of 1.8 occurs at a value approximately I! 

times the standard deviation less than the mean of 2.0 

NDF units for that age group. On the scattergram the 

upper limit of sensitivity of this age group occurs at 
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approximately 2.2 NDF units, i.e. about 1! times the 

standard deviation above the mean NDF unit setting, 

and therefore 0.4 NDF units above the initial recommended 

neutral density filter setting for age. Here again a 

more sensitive neutral density filter setting of 0.2 

log units higher than the initial setting, ~. 2.0 NDF, 

would then bring the more sensitive individual in this 

age group within the 0.2 limits of physiological variation, 

and place the less sensitive at the border line of 
threshold 

differential/contrast. 

For the 51 to 60 year age group, an initial 

1.6 NDF setting occurs at a value approximately twice the 

standard deviation less than the mean of 1.9 NDF units 

for that age group. The upper limit of threshold if 

taken as 2 times the standard deviation higher than the 

mean of 1.9 NDF, would be about 2.1 NDF units, and 

would allow a significant proportion to have a threshold 

contrast reduction of 0.4 NDF units that may be at the 

border line of being detectable. There would be a very 

small minority who would have a sensitivity of 0.6 NDF 

units better than the initial NDF setting of 1.6 NDF 

units. Therefore an NDF setting of 0.2 NDF units higher 

than the initial 1.6 NDF, i.e. 1.8 would be adequately 

sensitive for those falling within plus one standard 

deViation, but may not be adequate for the smaller 

number who have a higher sensitivity than this, and for 

whom a setting of 2.0 NDF units may be necessary. 



For the 61 + age group, an initial setting of 

1.4 NDF would occur at 0.2 NDF units less than the 

mean of 1.6 NDF units for that age group, and therefore 

would be adequately sensitive for those with a mean 

threshold of one standard deviation higher than this mean. 

The remainder of the group with a higher sensitivity would 

mostly be contained within twice the standard deviation 

above this mean value of 1.6 NDF units. A NDF setting 

of 0.2 NDF units higher than the initial setting, i.e. 1.6 

NDF would then be adequately sensitive. For the small 

number with a high sensitivity for their age, an initial 

setting of 1.8 NDF might be needed. 

Summarising, the initial neutral density filter 

setting recommended as a guide for the different age 

groups would allow investigation with adequate sensitivity 

of the majority in any age group to within 0.2 - 0.3 

log units. There would be a minority of slightly higher 

sensitivity who would be better investigated at 0.2 Ipg 

units higher than this recommended initial guide setting. 

Particularly in the 51 - 60 and the 61 + age 

group there would be a small number of about 21% in each 

-group in the range of the mean plus twice the standard 

deviation, where it would be advisable to use a setting 

of 0.4 NDF units higher than the initial neutral density 

filter setting to achieve maximum sensitivity. 
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The initial neutral density filter setting for age 

suggested as a guide would appear therefore to eliminate most 

false positive responses for the majority of subjects 

investigated. The recommendation that a further 0.2 NDF 

units higher setting than the initial guide for age should 

be used for greater sensitivity would appear to be adequately 

sensitive for nearly all the subjects examined. Where the 

utmost assurance of the detection of potential clinical 

conditions is desired, the neutral density filter setting 

of 0.2 NDF units lower than the threshold for a few selected 

stimuli positions appears to be a very accurate and simple 

approach. 
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(B) The Effect of Pathology on Differential Threshold Contrast. 

When a new instrument has been devised, and it 

is being used to detect possible pathology, it is most 

important that it be as reliable as possible in clinical 

use. To this end initial trials were undertaken by 

Mr Friedmann at the Royal Eye Hospital, comparing visual 

field data obtained by multiple static quantitative 

perimetry with that obtained using the Goldmann bowl 

perimeter, and the Bjerrum screen, both of the latter 

being clinically accepted methods of visual field 

investigation. 

The various aspects of validation will be discussed 

in a later section, but at this stage the evidence was 

that not only was the instrument able to detect visual 

field defects found by these commonly used clinical 

techniques, but it also appeared to detect significant 

defects at an early stage which appeared to be missed 

by these other methods(Friedmann, 1966). 

(C) The Clinical Recording of Threshold Responses. 

For the clinical use of the instrument, two charts 

were designed, Figs. 23 and 24. With experience it was, 

possible later to enter response data directly on to 

the composite chart. 
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The neutral density filter controls were first set 

at an appropriate level of stimuli luminance, using say 

an NDF setting 0.2 higher than the initial suggested 

setting for age. The neutral density filter setting was 

then recorded on the chart as that level at which stimuli 

could just be seen, and where response was within normal 

limits. Positions where stimuli could be seen were left 

unmarked, and any position at which no stimulus could be 

seen was underlined so 

The neutral filter setting was then reduced, usually 

by 0.4 NDF units, and if any of the previously missed 

stimuli were now seen, this value was put against the 

stimulus position. The process was then repeated by 

using reducing steps of 0.4 NDF units up to the br~ghtest 

setting for any stimulus that could not be seen. The 

recording was marked Q , indicating a very dense loss. 

In general, it was found that variations of 

differential threshold contrast of the order of 0.2 
where 

NDF units were within physiological limits, but/there was 

a reduction of 0.4 NDF units or more, particularly over 

a number of points in the field, then an abnormality 
, 

was likely to be present. The shape of the area over 

which the visual loss occurred would then give an indication 

of the type of pathological condition that might be 

present. The quantitative recording of the degree of loss 

indicated how long the condition had been established. 



By the end of March 1965, it was felt that the 

design and validation had progressed sufficiently for 

a prototype instrument to be exhibited at the 1965 

United Kingdom Society of Ophthalmology Congress. 
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INDEPENDENT NON-CLINICAL INVESTIGATION OF THE VISUAL 

FIELD ANALYSER. 

During the 'development of the instrument the author 

and those involved in the project undertook measurement 

of the instrumental variables involved in the various 

design parameters, in particular their effect on differential 

threshold contrast discussed in sections VIII and IX. 
Instrument 

In addition to this work, The British Scientific/Research 

Association was commissioned by Clement Clarke (in 1969) 

to undertake an independent photometric assessment. 

When the instrument became more readily available, 

various workers also undertook their own evaluation of 

different aspect's. 

The Photometric Effect of Instrumental Variables 
---------------------------------------------------. 

Instrument 
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The British Scientific/Research Association considered, ," 

the effects on the photometric characteristics of variations 

in all the main electrical and mechanical parameters involved 

in the, instrument, including critical components, the effect 

of variation in mains voltage of the permitted plus and minus 

6% of normal value, and the effect of calibration drift 

with time. 

Summarising, they found as would be expected, 

that the greatest variation could be the radiant energy 

transfer, from the Xenon tube. This could be of the 

order of 0.31 NDFunits at maximum and arose from 

- -- -!---
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variations in output of the electrolytic flash capacitor. 

Factors affecting the external illuminator could produce 

up to O.lNDFJ units difference, the flash tube 0.02NDF 

units, tolerances in stimuli apertures 0.02 NDF units, and 

from the neutral density filters, 0.01 NDF units. 

In practice it was thought by the BSRA that all 

the parameters were very unlikely to be at their extreme 

values at the same time, and a realistic tolerance 

range was half of the total value of approximately 0.4 

NDFunits, giving a likely tolerance on overall resolution 

of approximately 0.2 NDF units, i.e. within the range of 

variation of response thought by the developers to be 

within physiological limits. 

The most comprehensive technical investigation on 

the Visual Field Analyser published so far has been by 
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Greve (1973). In a part of this work he discusses basic 

research undertaken on the effect of variation in design 

parameters on photometric characteristics and their effects 

on the perception of stimuli. In h1s technical investigation 

he took three early models of different ages, and found 

that the light energy content of the flash in the different 

instruments was in the ratio of 2.6 to 1.9 to 1.3 lumens, 

for a presentation time of 380 micro-seconds. The 

developers though that the reason for these differences 

was that in the early instruments there was a problem in 

obtaining similar electrolytic flash capacitors from one 



supplier, the older instruments having a lower capacitor 

value. Since then the developers have ensured that every 

instrument is standardised photometrically and against the 

thresholds for a number of normal individuals, precautions 

being taken that no response was included for a stimulus 

that happened to be imaged on an angioscotoma. Any small 

residual variation in light output between different 

instruments of recent make is insignificant in clinical 

investigation as output would be a constant factor 

affecting all the stimuli positions in anyone instrument. 

The light flux from the Xenon tube was found by 

Greve to vary within plus and minus 5% on repeated 

presentation, and therefore was of negligible magnitude 

for clinical examination. 

If the interval within flashes is kept to not less 

than 3 seconds, the decrease in light flux is negligible, 
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but is found to be about 0.1 NDE units lower for a re-charging 

time of 1 second. 

Greve felt that it is necessary to have a good method 

of standardising light output from the instrument if there 

is likely to be a significant difference of luminance 

when used over a lengt~ of time. The author has found 

that for one of the original instruments in regular use over 

ten years, with the same Xenon tube, the clinical difference 

obtained on patients examined on recent instruments is less 

than 0.2 NDF units. 

'~I ,. 
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In general Greve found that the Xenon flash tube 

was a good source of light for multiple stimulus static 

visual field examination. The provision of the external 

illuminator to provide control of retinal light adaptation 

was a definite advantage. The level of luminance on the 

black screen of approximately 0.5 lux was in the low 

photopic range. As examination at mesopic level has not 

proved to be vital, a photopic level reduces delay 

in adaptation before undertaking the examination and also 

reduces the effect of changes in surrounding ambient 

illumination. The ability to examine central or macula 

light sensitivity was also an advantage. 

Ripley (1074) invcQtigateu pOHHible errors due to 

the incorrect positioning of the eye in relation to the 
• 

central axis of the instrument and to variations in 

position from the fixation target. The conclusion was 

that errors in eccentricity of stimuli due to mis-alignment 

of the eye are negligible in practice, unless miniature 

apparatus is being employed. The design was felt to be 

satisfactory 1n Lh~s respecL, LI1UUgll naturally in usu, 

the patient's eye should be reasonably centred by correct 

positioning. 
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Ripley (1974) investigated the cumulative errors 
• 
of the apparatus arising from possible deviations in 

mechanical and photometric performance. He found that 

the variation of the effective area of the holes was not 

a smooth function of eccentricity, and that there was a 

variation of the order of 0.1 NDF units due to mechanical 

tolerances of the apparatus. The author has found from 

research undertaken on the perception of short-duration 

flashed stimuli that a smooth relationship between stimulus 

size and eccentricity does not occur, and a study of 

receptor density over the retina would not indicate this. 

Though a variation of 0.1 NDF units due to mechanical 

tolerances is well within normal physiological variations, 

this amount is much higher than that found by the British 

Scientific Research Associat1on. 

Measurements with a flash-photometer showed that 

the luminance of the white translucent screen placed over 

the face of the hemispherical bowl integrator and behind 

the front plate assembly, gave a random variation of 

approximately 0.1 NDF units between various pOint on the 

screen. Previous photometric measurements by the author 

would indicate a similar luminance variation. 

The conclusion was that in the worst case cumulative 

error from the causes discussed would be approximately 0.2 

NDF units. Variations in sensitivity should not therefore 

be considered to have occurred in a patient's 
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field until a change of 0.4 NDF units had been recorded. 

This possible 0.2 NDF units degree of error was confirmed 

in the British Scientific Association's report. Reductions 

of differential threshold contrast of only 0.4 NDF units 

or over are taken as being possibly abnormal for clinical 

purposes. 
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It is felt that the work of independent investigators 

confirms that of the author on the photometric effect of 

variations in tolerances, and the variations in normal 

perceptual response of the stimulus associated with 

them. 



BASIC RESEARCH ON THE PERCEPTION OF SHORT-DURATION 

FLASHED STIMULI. 

It was found that very little useful data had been 

published on the perception of short-duration flashed 
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stimuli, which could be applied to visual field investigation. 

To enable a clinical assessmentro be made of what might 

be an early abnormal reduction of differential threshold 

contrast over the mid-peripheral field of vision, an 

initial assessment of normal variations of threshold 

contrast with eccentricity was made when first designing 

the apertures for stimuli on the 'front plate of the 

instrument. Here a series of carefully undertaken 

trials were made to determine what variations of angular 

subtense of stimuli were required to obtain an average 

even physiological threshold of response for a given 

stimuli luminance, and state of retinal adaptation,(see 

Section IX ). 

In addition to the above, a programme of basic 

research on the perception of flashed light stimuli was 

conducted by Bedwell together with Obstfeld, to add to the 

experimental data previously obtained during the initial 

trials, (Bedwell 1967, 1971, 1972, and 1974, Bedwell and 

Obstfeld 1972, and Obstfeld 1968, 1971, and 1974). An 

increased range of adaptation luminances of 0.1., 0.5., 

1.0., and 1.5 milli-lamberts were employed w1th two 

different sizes of stimuli, subtending 12 minutes and 

24 minutes at the eye. By this means data could be obtained 

on the perception of stimuli up to 300 eccentric, at, and 
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Fig 49. 

Typical isopters ,for differential threshold contrast 

for stimuli of 24' and 12' for 1.5 and 0.5 milli-lamberts 

background luminance. 

Ca) 24' at 1.5 milli-lamberts adaptation. 

\ 
\ , , 

\ 
\ 
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(b) 24' at 0.5 milli-lamberts adaptation. 



somewhat above the level of retinal adaptation, and within 

the limits of the stimulus size, employed in the new 

instrument. 

For this research a single central stimulus, 

(Obstefld 1968 and 1974), was exposed at the centre of a 

black screen, retinal adaptation was controlled by a visual 

field screen illuminator designed by the author, and 
obtained 

varying eccentricity/by requesting the subject to fixate 

at pre-determined positions on the screen indicated by 

a projector. The right eyes of 20 young adults were 

examined for each of the background luminances and 

stimuli sizes. The neutral density filter required to 

obtain threshold visibility at a certain point of 

eccentricity was recorded. The criteria for threshold 

response was as previously discussed, 3 out of 4 responses 

to be positive. Contours or isopters were then drawn 

indicating the neutral density filter required over the 

field for that particular stimulus size and background 

luminance. Typical isopters of threshold contrast are 

shown in Fig 49, and fully in Append1x C. 

For these various combinations of stimuli sizes and 
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levels of retinal adaptation, the average threshold gradients 

and standard deviations were calculated for different sections 
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The relation of, retinal receptor and ganglion cell 

population to conto~rs of similar differential threshold 

contrast for the upper right temporal field. 
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through the field as shown in Fig 50~d illustrated fully 

in Appendix. C. 

The Effect of Change in Adaptation and Stimulus Size 

on Differential Threshold Contrast. 

The shapes of the isopters tended to be oval, and 

followed the contour that one would expect on consideration 
. 

of the distribution of retinal receptors and ganglion cells, 

(Bedwell and Obstield, 1972), and illustrated in Fig 51. 

The shape of the isopters found for this type of stimulus 

was in keeping with that found for constantly exposed, 
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and long duration stimuli, used in visual field investigation 

by other researchers, e.g. Goldmann, 1946. 

It was found that the spacing between successive 

isopters tended to decrease with increasing background 

luminance, and the slope of the threshold gradients tended 

to increase in sympathy, as one would expect from consideration 

of retinal physiology. From examination of these gradients 

it was found that for a linear increase in stimulus eccentricity 

there was a straight line characteristic to the curve for 

N.D.F. units to obtain threshold,indicating a logarithmic 

relationsh1p between eccentricity and stimulus luminance. 

As background luminance increased, differences in sensitivity 

between different parts of the visual field tended to show 

up more decisively. 

The shape of the successive isopters varied from 

oval in the centre, to egg-shaped in the periphery, 
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because of the influence of the blind-spot in the temporal 

field. The upper half of the field was smaller than the 

lower half, and the isopters were straight at'the top. 

The nasal half of the field was smaller than the temporal, 

and the upper temporal quadrant was smaller than the lower 

quadrant. 

Accuracy in determination of thresholds tends to 

decrease with increasing eccentricity of viewing. For a 

given stimulus and luminanoe condition, as angular 

displacement from fixation increased so did the standard 

duviatjon of displacement,as detailed in Appendix C. 

This standard dev1ation varied from approximately 2.50 near 

the centre of the field to between 50 to 70 at the periphery. 

000 In the periphery of the visual field, along the 60 , 30 ,0 , 

and 3300 meridians, the threshold gradients were at their 

most linear. Over these areas the standard deviation was 

greatest because of the greater variations of retinal 

physiology in the per1phery, and because of greater 

difficulties in subjective perception. 

Jayle, Vola, Aubert and Braccin1 (1965) also 

found an increase of standard dev1ation with increasing 

eccentric1ty using a longer duration of stimulus exposure. As 

well as the above authors/Bedwell and Obstfeld (1972) 

found for the1r short duration st1muli that to achieve 

threshold, an approximately logarithmic increase in 

stimulus luminance was accompanied by an approximately 

linear 1ncrease in stimulus eccentricity. 
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differential threshold contrast and eccentricity 

for background luminance of 0.1,0.5,1.0, and 1.5 

ml.lli-lamberts. 
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Michon and Kirk (1963) and Fankhauser and Schmidt, (1960), 

found a similar relationship between stimulus luminance 

and eccentricity. 

An interesting finding by Bedwell and Obstfeld in 

this research was the larger separation of isopters 

over a large part of the 100 to 200 part of the 

visual field, where rod receptor is at its densest, and a 

related high ganglion cell population is present. This 

feature was particularly evident for the larger stimulus 

subtending 24 minutes at the eye. This aspect of the 

research confirmed findings by other workers such as Sloan 

(1961), Cibis and Muller (1948), and Mandelbaum and Sloan 

(1947). 

The relationship between stimulus luminance and 

eccentricity tends to be more regular between observers 

along the horizontal nasal meridian of the field than for 

the other meridians. The effect of retinal adaptation on 

stimulus luminance and eccentricity for stimuli subtending 

12 minutes and 24 minutes at the eye is therefore shown in 

this meridian for background luminances of 1.5, 1.0, 0.5, 

and 0.1 milli-lamberts, in F1g 52 (a) and (b), based on 

research discussed in Bedwell, (1972). In both cases the 

. gradient of the curve of eccentricity plotted against stimulus 

luminance tends to be fairly flat, 1ndicating that the levels 

of adaptation used are near the photopic/mesopic border. 

For a marked photopic state of adaptation the curve would 
central 

rise more steeply towards/fixation whereas for a scotopic 

state the curve would decline, from central fixation. 



The standard deviationsof eccentricity for 

differential threshold contrast for each of the curves 
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shown in Fig 52 (a) and (b) for eachof the combinations of 

background luminances and stimuli sizes are tabulated in 

Appendix C. These standard deviat10ns are shown superimposed 

on the individual curves. The standard deviations for 

threshold (obtained graphically) are also shown superimposed 

on these curves. Fig 53 (a) and (b) show the two curves 

for the 12 minute and the 24 minute stimulus at 0.1 milli­

lamberts background luminance. In these two cases there 

is a clinically significant separation of approximately 

0.5 N.D.F. units bewteen the means. There was also a 

separation of 0.2 N.D.F. units ( the average limits due to 

phsyiology) between the mean less the standard deviation 

for the 24 minute stimulus and the mean plus the standard 

deviation for the 12 minute stimulus. A background 

luminance of 0.1 milli-lamberts is of course the level of 

adaptation used in the Visual Field Analyser and therefore 

of particular interest. 

At 0.5 and 1.0 milli-lamberts there is still a 

clinically significant separation between the curves 

and standard deviations, but the separation, though still 

likely to be clinically significant, decreases slightly 

at 1.5 milli-lamberts. This data illustrates the importance 

of standardisation and control of background lum1nance in 

the clinical investigation of thresholds . 

• 



SPATIAL SUMMATION. 

• Spatial summation was found to increase with 

eccentricity, to decrease with background luminance, and 

tended to vary along different meridians. For spatial 

summation to occur, the retinal area covered by the image 

of the stimulus must contain sufficient receptor units 

with appropriate neural interconnections to achieve 

stimulation. 

The average co-efficients of summation for stimuli 

exposed for 300 micro-seconds and subtending 12 minutes 

and 24 minutes at the eye for 4 levels of background 

luminance are shown in the table below, from Bedwell (1974). 

SUMMATION CO-EFFICIENTS. 

BACKGROUND LUMINANCE. ECCENTRICITY. 

Milli-lamberts 10 20 30 

0.1 (1.3) 1.5 (1.4) 

0.5 (0.6) 0.95 (1.3) 

1.0 (0.8) 1.1 (1.4) 

1.5 (0.7) 0.9 1.0 

Figures between brackets include estimated values. 

The iindings on summation in this research are confirmed 

in principle by Fankhauser and Schmidt, (1958), who with 

a different type of stimulus also found that summation 

decreased with increasing stimulus size, and also with 

increasing background luminance. 
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As it appears that deterioration of summation 

may occur in certain ocular pathological conditions, 

the employment of a level of background luminance near 
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the photopic/mesopic border, which increases the co-efficient 

of summation in the normal subject, should be a clinical 

advantage when investigating the abnormal subject. 



THE INVESTIGATION OF THE RESPONSE OF NORMAL SUBJECTS BY 

MULTIPLE STATIC STIMULI. 

(A) Differential Threshold Contrast 1n Normal Subjects. 

The assessment of differential threshold contrast 
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for normal observers, (Section X), obtained using a proto­

type instrument, provided adequate in1tial data for the 

application of the technique of multiple static quantitative 

perimetry to the routine investigation of the normal visual 

field, and for the detection of abnormality. 

When the Analyser was in production it was felt 

that a more rigorous study pf the threshold responses 

at e~ch of the stimuli positions was required to provide 

additional data on normal subjects. 

The original front-plate apertures were designed 

to allow for average variation in differential threshold 

contrast over the mid-peripheral field out to 250
• Neutral 

density filter, N.D.F., settings were suggested for 

different age groups that might give thresholds that were 

Just sensitive enough to detect the commencement of abnormal 

reductions of threshold. 
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THE STANDARD DEVIATIONS OF NORMAL THRESHOLD. 
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The right eyes of 26 normal young adults were examined. 
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MEANS OF NORMAL THRESHOLD. 

The mean values of different1al 'threshold contrast 

in terms of N.D.F. setting, for each of the 46 stimuli 

positions over the Visual Field Analyser front. The 

right eyes of 26 normal young adults were examined. 

Mean of above means 2.3 



Variations in neutral density filter setting 

were therefore determined for 26 normal right eyes of a 

group of young adults. Indiv1dual threshold visibility 

was determined at each of the stimuli positions. The 

criteria for perception at threshold was that 3 out of 4 

responses should be positive. 
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The detailed results from this survey are contained 

in Appendix D, showing the neutral density filter setting 

required for response at threshold, at each of the sti~uli 

positions for the individual subjects. 

The means of the filter setting were calculated 

for each stimulus position for the 26 right eyes, and 

are shown in Fig 54. The standard deviations of these 

means are shown in Fig 55. 

The difference between the means of the thresholds 

OVer the field is of the order of 0.2 N.D.F. units. 

Considered in relation to the standard deviations for • 

the different stimulus positions, and the slight differences 

in response between the temporal and nasal fields, it 

would appear that the attempt to achieve an average 

threshold response over the field is satisfactory. 

In any sample of a population, the values obtained 

from a range of twice the standard deviation are more 

meaningful clinically than when only one standard deviation 
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FIG 56. 

Minimum and maximum N.D.F. values for differential 

threshold contrast for the r~ght eye based on 2 x + 

the standard deviation containing 95% of sample of 

normals. 
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is employed. The minimum and max1mum N.D.F. values 

based on these means and twice the standard deviations, 

and therefore containing 95% of the sample, are shown in 

Fig 56. 

Examining the range and locations of these 

variations indicates an expected variation in thresholds 

over the field, which tends to increase from the centre 

to the periphery. In particular there appears to be a 

greater variation in the immediate arcuate area above and 

. . . 

below the temporal side of the field, where the retinal 

vessels emerge and spread out from the optic disc, as 

represented by the blind spot on a field chart • 

The location and range of variations of thresholds 

found for these flashed stimuli also compares well with 

the results of the basic research discussed in Section 

XII, and they are what would have been expected from a 

study of the physiological factors involved. 

(B) Physiological and Abnormal Variations in Differential 

Threshold Contrast. 

In any group of individuals with no visual field 

loss there will be a variation both above and below a 

mean neutral density filter setting for threshold. When 

any abnormality affecting visual function is present, 

this will always show up as an increase in differential 

threshold contrast, or lower N.D.F. values, over the 



affected area(s). 

( 

During the development, initial trials, and 

clinical appraisal of the instrument, experience had 

indicated that a reduction of 0.2 N.D.F. units below 

the threshold setting for the examination could be taken 

as being within normal physiological limits. If the 

reduction was greater than 0.4 N.D.F. units, especially 

if several points in an area were depressed, then the 

response was likely to be abnormal. 

Examination of the variation of response amongst 

a sample of normalsShowed that the mean responses over 

all stimulus positions for the group is 2.32 N.D.F. units 

with a standard deviation of plus and minus 0.095. The 

average minimum threshold is therefore approximately 

2.2 N.D.F. units for approximately 65% of this group, 

and 2.1 N.D.F. units for approximately 95% of this group. 

For individual, stimulus positions the maximum reduction 

of threshold for approx1mately 95% of this group against 

the mean of 2.3. N.D.F. units would be approximately 0.5 

N.D.F units. 

The approximate allowance for physiological 

variation in threshold of a reduction of 0.2 N.D.F. units 

below an average threshold appears to be the reasonable 

minimum based on this study of normals. A reduction of 
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0.4 N.D.F. units below this mean seems to be a conservative 



allowance for phsyiological variation. A reduction 

of more than 0.4 N.D.F. units from the normal suspected 

threshold therefore appears to be needed to indicate 

the beginning of an abnormal response. 

(C) Stimuli Luminance for Clinical Investigation. 

For a clinical examination of a group of young 

adults the initial guide setting for age of 2.0. N.D.F. 

units and under would permit the detection of the 

beginnings of abnormal loss. This setting would apply 

for a maximum local threshold of just over 2.4 N.D.F.units. 

In the case of this group of young adults the 

minimum threshold would be approximately 1.8 N.D.F. 

units and the maximum 2.6 N.D.F.units, considering all 

the stimuli positions. To detect abnormality near the 

maximum threshold a neutral density filter setting of 

2.2 N.D.F.units would therefore be safer, as recommended 

earlier, even though there could be some random negative 

responses for the positions of min1mum threshold. 

When a higher sensitivity of investigation 

is felt desirable clinically, then a setting of 0.2 

N.D.F.units below the approximate individua~ thresholds 

would be advisable. Based on a knowledge of the variations 

in response obtained in this study, stimuli positions 

Nl,2,3, and 4, give a reasonably consistant response, 

113 



and could be used to assess this individual threshold 

setting. For special cases it is possible to commence 
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the investigation at an infra-threshold setting and record 

the threshold for each individual stimulus position, as 

was done in this ·lovest~~t;OI\. 

(D) Other Research on Clinical Thresholds-

Greve (1973) undertook a similar study on 21 

normal subjects, and found somewhat the same individual 

variations as the author. Like the author Greve commenced 

all his visual field investigations at below threshold 

settings. Initially the patient did not see the stimulus 

when flashed. The luminance was then increased by 0.2 

N.D.F. units until the threshold for the different stimulus 

positions had been obtained. A local reduction of threshold 

contrast of 0.4 NDF units lower than the general threshold 

for the other stimuli positions may be taken as an early 

loss of sensitivity. The results obtained' could be 

influenced by individual differences of steepness or 

flatness of differential threshold contrast from the 

centre to the periphery in different meridians. For 

the centre stimuli positions P and 0 Greve found that 

a slightly higher level of stimuli luminance or lower 

N.D.F. value may be found. This latter finding was not 

confirmed in the author's survey. 
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In Greve's study of 21 normal subjects, differences 
all 

in threshold contrast of 0.2.N.D.F. units over/the stimuli 

positions were found for all subjects. In 6 subjects 

differences of 0.4 N.D.F. units, and in 3 subjects 

differences of 0.6 N.D.F. units were found. 

Greve (1973) pointed out that the physical size 

of the stimuli did not increase with a smooth,nearly 

linear course with eccentricity. Research undertaken by 

Bedwell and Obstfeld (1972), indicated that the sensitivity 

gradient with eccentricity was not linear over most of 

the retinal area. This non-linearity would really be 

expected from a study of the differences of retinal 

receptors and their population and system of neural 

interconnections. 



SCREENING OF THE VISUAL FIELD FOR ABNORMAL VISUAL 

FUNCTION BY MULTIPLE STATIC QUANTITATIVE PERIMETRY. 

The problem of differentiating between abnormal 

arid normal visual responses, and hence the detection of 

visual loss, was approached in two ways. The first was 

116 

to use the instrument in clinical investigations at settings 

of differential threshold contrast just above average 

threshold, and examine further those who did not pass 

the screening proceedure. The second approach, which 

really had to be taken as a combined operation with the 

first, was to undertake extensive clinical trials on 

patients referred for visual field investigation, and 

on those returning for periodical re-examination, and 

compare the data with that from the then generally 

accepted techniques of visual field examination. 

In the early stages of development Friedmann 

compared the data obtained from an examination of patients 

using a Visual Field Analyser, with that obtained using 

the Bjerrum screen and the Goldmann bowl perimeter, 

(Friedmann 1966). 

The results of this work showed that it was possible. 

to detect more readily clinically significant central 

visual field defects by emp10Y1ng this new approach than 

was possible by the Bjerrum screen or the Go1dmann bowl 

perimeter techniques. The reason is that with kinetic 



perimetry it is very difficult to examine near threshold 

responses over the whole field, and thus early losses 

can readily be missed. With multiple static quantitative 

perimetry all the stimuli could be set near threshold, 

and a quick assessment of any loss, both in area and 

degree was possible. As indicated earlier, single point 

static quantitative perimetry could really only be used 

in everyday clinical practice where indications of 

localised depressions had already been found by the 

kinetic approach, using the Goldmann bowl perimeter. 

117 

Even then the time taken for the investigation was excessive 

for busy clinical conditions. 

The author was more concerned with using the 

instrument for the detection of, early visual field loss 

in patients presenting themselves for a routine eye 

examination, and then referring those who were felt 

to be abnormal for a further investigation. Mr Friedmann 

was particularly concerned in using multiple static 

quantitative perimetry in the efficient and sensitive 

investigation of patients with a suspected abnormality, 

where the ready detection of visual loss, both as regards 

size, position, and relative density, was a very considerable 

advantage in patient management. 

(A) Screening for Visual Loss. 

In order to obtain a better overall picture of the 

proportions and types of visual field defects likely to be 
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detected with this new approach, the author undertook a 

study of 1860 patients attending for routine ophthalmic 

examination. It would have been impossible with previous 

techniques and instruments to conduct a quick and sensitive 

investigation as a routine procedure, but this was easily 

achieved with the new instrument. As the risk of pathology 

in people over 40 years of age is greater than at younger 

ages nearly all the patients examined were over forty years 

of age. To be adequately sensitive the filter setting of 

just below threshold - usually 0.2 N.D.F. units above 

that recommended for the age was normally used. A 

reduction of threshold of more than 0.4 N.D.F. units below 

this average threshold for the age group was taken as an 

indication of possible abnormal visual loss, and that 

further investigation may be necessary. 

A number of situations involving readily observable 

fundus changes were omitted, in particular myopic 

degeneration, senile macular degeneration, spent choroidal 

changes, active and passive evidence of retinal haemorrhage, 

and amblyopia. The purpose of eliminating these types of 

cases was to indicate the role of visual field investigation 

in detecting pathological conditions which could not be 

readily detected by ophthalmoscopy. 

The investigation of the visual field using this 

method of multiple static quantitative perimetry could be 

undertaken, by an ophthalmic assistant if required, in about 

three minutes for the two eyes. Because of the experiments 
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that had already been undertaken, the number of false 

positives detected was'm1n1mised. and therefore reduced 

the time spent on investigation. An actual quantitative 

assessment of loss could be determined on the same 

instrument as was usea for the visuai field screening. 

If it was debatabie Whether the reduction in threshold was 

likelY to be clinically significant, the patient could be 

kept unaer observation, and serial stuaies made over time, 

to determine if an active deteriorat1ng situation existea. 

(B) The Results of the Survey. 

Of the 1860 cases screened, (see Fig 57) 2.86% (54) 

demonstrated some torm of visual field defect. As would 

be expected, glaucoma was tound to exhibit the h1ghest 

1nc1de.nce of clinical condition conf1rmea, of which 12 

were newlr diagnosed, and 5 alreaay known. Ot the 14 

with suspected giaucoma field defects, 4 were founa later 

to be clear, and 10 still suspect. Of the 12 new cases 

of glaucoma detected, 4 appearea to have optic discs within 

normal limits. A further 2 who showed disc changes when 

examined by Bedweil appear to have been accepted as normal 

originally by previous invest1gators. Of the 12 glaucoma 

patients detected 9 were founa to have raised intraocular 

pressure, and J had normal pressure. 

The second ma1n cause of visual field defect was 

founa to be various forms of cerebral vascular lesions, 
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6 presenting hemianopias or q~adranopias, 1 benign intra­

cranial hypertension, 1 cranial arteritis, and 1 general 

cerebral vascular degeneration. Of the .4 with field 

defects indicating cerebral new growths, 1 was an optic 

nerve tu~our, 1 a meningeoma, 1 a cerebellum tumour, and 

the 4th was suspected to have a pituitary tumour, but was 

found to be clear on subsequent investigation. Of the 4 

miscellaneous retinal conditions, 2 exhibited retinitis 

pigmentosa, one with no pigmentary change over a large 

inner part of the whole area where visual loss was detected, 

1 senile pigmentary degeneration at early middle age, and 

the 4th exhibited an arcuate field defect which appeared 

to_be associated with a past retinal vascular lesion, not 

evident on examination with an ophthalmoscope. In addition 

2 of these miscellaneous visual field defects appeared 

to be due to degenerative changes not obvious from 

ophthalmoscopy, and 2, who exhibited slight bi-temporal 

hemianopia, were thought on subsequent investigations to 

have refractive origins. 

The number and type of visual field defects found 

during this survey appeared to amply Justify the value of 

routine visual field screening. The incidence of glaucomatous 

visual loss was particularly significant. The number of 

glaucoma cases detected in this survey on visual loss did 

not include a smaller number who might be detected by 

significantly raised intraocular pressure alone, as 

assessed by Goldmann applanation tonometry, or who exhibited 

closed angle glaucoma. An analysis of the visual loss 



detected in the cases of new glaucoma found in this 

survey will ~e analysed separately in the next section. 

A significant proportion of those whose fields 

had been screened would have passed the normal ophthalmic 

examination with a serious condition remaining undetected. 

(D) Other Screening Surveys. 

Greve (1973) using the Visual Field Analyser for a 

large screening survey of 1834 supposedly normal subjects, 
• 

121 

and with a neutral density filter setting of 0.2 N.D.F.units 

above threshold, found large-scale visual field screening 

quite possible allowing 5 minutes for both eyes. In nearly 

2% of those supposedly normal subjects visual field defects 

were found, with half demonstrating an intensity of loss 

of more than 0.4 N.D.F. units. In this large number of 

subjects only~out 1% were found to show false positive 

responses. 

In a comparative analysis of the time taken to 

examine visual fields, Greve (1973) showed that his 

technique of infra-liminal threshold, applied to a normal 

subject could take about 4 minutes. Kinetic perimetry 

performed on a normal subject takes about 9 minutes. 

If single stimulus static perimetry had been used in steps 

of 0.2 N.D.F. units, it would have taken about 12 minutes. 

Apart from other considerations, a considerable amount of 

time is therefore saved by using this new technique of 



presenting multiple stimuli. 

Fewer positions over the visual field are examined 

by the method of kinetic perimetry than is the case with 

multiple static quantitative perimetry, and the chances 
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of detecting abnormalities are thereby reduced using a 

kinetic technique. With the Go1dmann perimeter larger steps 

of 0.5 N.D.F. units are used to control stimulus luminance 

compared to steps of 0.2 N.D.F. units for the Visual Field 

Analyser. In the case of static perimetry, greater 

spatial accuracyis achieved along meridians and isopters 

examined but outside of them large areas of the visual 

fields remain unexamined. When a defect has been found 

with the new instrument the condition can then be more 

accurately defined by using the procedures of single 

static perimetry. 

The work by Greve (1973) confirms that multiple 

static quantitative perimetry is a sensitive and effective 

method of screening out abnormal visual field loss 

from the norma1s, and that the investigation can be under­

taken more readily and in a much shorter time, than would 

have been possible by existing classical methods of visual 

field investigation. 
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THE INVESTIGATION OF VISUAL LOSS BY MULTIPLE STATIC 

QUANTITATIVE PERIMETRY IN GLAUCOMA. 

(A) Analys~s of New Glaucoma Cases Detected. 

There are a number of new techniques that can be 

applied to the investigation of visual loss for individual 

cases but not readily for routine sensitive screening. 

In the programme of visual field screening of 1860 

patients attending for routine ophthalmic examination the 

technique of multiple static quantitative perimetry was 

found to be effective in the detection of visual loss. 

Of the abnormal conditions producing visual loss, glaucoma, 

was the most common, with total incidence of 1. ,02% (Iq) of- whom 

12' had not been detected before and 7 who were 

known to have glaucoma from a previous diagnosis. In this 

sample a total of 19 eyes exhibited glaucomatous field loss. 

Amongst the new cases of glaucoma it is disturbing to 

realise that many had an appreciable degree of established 

visual loss, that they were as yet unaware of this loss, 

and that it would not have been detected unless the visual 

fields had been examined as a routine. 

Of the 12 new cases of glaucoma detected in this 

survey, 7 demonstrated field defects in both eyes, 4 in 

the right eye only, and 1 in the left eye. Typical charts 

of glaucomatous field defects are shown in Fig 58, 

demonstrating very early visual loss in the arcuate area, just 
the left. 

beginning inf~riorally in both eyes and also-'superiorally in/ 

The V.A. was 6/7.5 in each eye, and the optic disc appeared 

normal. The intraocular pressure by Goldmann 
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CLINICAL SIGNIFICANCE OF VISUAL LOSS IN NEW GLAUCOMA 

CASES. LEFT EYE. 

5 Demonstrates clinically significant loss of 0.4 N.D.F. 

S Demonstrates highly clinically significant loss of 

0.8 N.D.F. or more. Mean age 65. 

Loss based on in1tial guide for age of 1.4 N.D.F. 



5 

5 

5 

Facing p. 124 

5 5 

5 
• 

5 5 

5 S 5 5 
5 

5 
5 

S 5 • 5 

5 • 
• S • • 

• • 

5 • • • 
5 

5 

~ 
5 5 S 

5 

5 5 

• • • 

• S 

FIG 59 u. 

CLINICAL SIGNIFICANCE OF VISUAL LOSS IN NEW GLAUCOMA 

CASES RIGHT EYE. 

S Demonstrates clinically significa~t loss of 0.4 N.D. 

S Demonstrates highly clinically significant loss of 

0.8 N.D.F. or more. Mean age 60.5 years. 

Loss based on initial guide for age 1.4 N.D.F. 
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applanation was 27 mm.Hg in each eye. These early losses 

could not be detected on the Bjerrum screen with 1/1000 

white target. 

(B) The Clin~cal Significance of the Visual Loss Detected. 

The mean thresholds of response in terms of N.D.F. 

units for the glaucomatous cases for the different stimulus 

positions for the right and left eyes are shown in Appendix 

E with relevant standard deviations. The mean age of the 

group was 60.5 years for those with right eye field defects, ,I 

and 65 years for those with left eye field defects. The 

mean normal threshold for age based on the original data 

for threshold and age, averaged over the stimuli positions, 

would have been 1.7 N.D.F. units for the right eye, and 

1.6 N.D.F. units for the left eye. In each case the 

initial guide setting for age of neutral density filter 

would have been 1.4 N.D.F. units, whilst 1.6 N.D.F. units 

would be a more sensitive setting. 

Clinical significance of the visual loss in this 

glaucomatous group is shown diagramatica11y in Fig 59 (a) 

and (b). The analysis is based on a guide setting of 1.4 

N.D.F.units where 5 at the stimulus position indicates 

a loss of 0.4 N.D.F. units upwards, and S indicates a 

loss of 0.8 N.D.F. units or more. A loss of O.d N.D.F. 

units or more is regarded as the early indication of 

abnormality and therefore clinically significant, and a 

loss of 0.8 N.D.F. units indicates a more profoundly 
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established condition, and highly clinically significant. 

A comparison by statistical significance would have 

required different data not available and would not have 

been adequate alone _cl~nically. Glaucoma like most 

pathological conditions is diagnosed on examination of 

a number of clinical criteria. 

From examination of Appendix E on glaucoma cases 

and of the means and standard deviations of threshold 

for each of the stimulus positions, a large numberof 

stimulus positions show a mean response of 0.4 or more 

N.D.F. units below the mean normal threshold for age. 

This normal mean would be 1.7 N.D.F. units for the right 

eye, and 1.6 N.D.F. units for the left eye, based on the 

original data of threshold for age. In addition at many 

of these positions the standard deviation is much greater 

than would have been expected from a study of the variations' 

obtained in Section XIII amongst normals, even if a 

generous allowance is made for the somewhat greater 

standard deviations that one would expect in older age 

groups. In the study of the responses of young adults 

in Section XIII the standard deviation at any stimulus 

position did not exceed 0.2 N.D.F. units. In the glaucomatous 

group the standard deviations ranged from 0.2 N.D.F. units 

at stimuli positions where there was less evidence of 

visual loss to 0.8 N.D.F. units at stimulus positions 

,of high incidence of visual loss. For the right eye 

the degree of loss appears greater in the upper part 

of the field, and somewhat less in the lower half. 
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In the left eye, the visual loss over the whole field is 

less, and possibly slightly more in the lower fields 

than in the upper field. A larger sample may give a 

better differentiation. If the shape of the loss is 

studied, it will be seen to occur mainly in the arcuate 

area represented by the nerve fibre bundles on the visual 

field, particularly in the region 10 to 200 from fixation. 

In the case of the right eye, there appears also to be an 

" indication of Roenne s nasal step, representing where the 
/ 

retinal nerve fibres terminate at the horizontal nasal raphe. 

Multiple static quantitative perimetry is therefore demon-

strating the presence of loss in the arcuate areas of the 

field, well recognised by established workers as an area 

where early loss can occur. 

In clinical practice visual loss would be looked 

for in areas relevant to the pathology of the condition 

suspected, enchancing the significance clinically of any 

loss detected. 

A grosser approach, and therefore less favourable 
all 

clinically, would be to find the mean loss over/the stimuli 

positions for each glaucomatous eye, and to compare this with 
• 

the means for normal eyes in eaah of the three age groups 

investigated. The data from such a comparison is depicted 

graphically in Fig 59 c. For the glaucomatous eyes there is 

a clinically significant difference of distribution 

of reduced thresholds based on the means less twice the 

standard deviation, ~ compared to 

normal eyes. The standard deviation for the glaucomatous cases 
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is about four times that for normal eyes in each age group. 

For the 41 - 50 and the 61 + groups there is a separation 

of the means of 0.9 and 0.7 N.D.F. units ,and therefore 

highly clinically significant, even for such a gross 

analysis. For the 51 - 60 age group the sample was small 
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but even here there was very little overlap of twice the negative 

standard deviation. 

(C) Mu!tip1e Static Quantitat1ve Perimetry and Glaucoma 

Detection. 

The results indicate that multiple static quantitative 

perimetry can readily detect clinically significant visual 

loss in the arcuate area characteristic of glaucoma. These 

losses are more readily missed by kinetic perimetry. In 

addition it will be seen that there is a tendency for some 

visual loss to occur around the macula area in the right 

eye. Again loss in this region has been shown to be 

an early indication of glaucoma by other workers. using 

single point static perimetry. In this region,very near 

fixation, loss is likely to be even more readily 

missed by kinetic techniques. 

From the clinical investigations of glaucoma cases 

conducted by the author it can be seen that using the 

initial guide setting of the neutral density filter for 

age under examination, visual field loss indicative of 

glaucoma would be detected. If a setting of 0.2 N.D.F. units 

higher, for extra sensitivity of investigation,is used a 



lowering of threshold over a greater number of pOints 

in relation to this higher setting would result, although 

the diagnosis would remain the same. There are some 

individuals with above average thresholds for their age, 

where the employment of a higher initial threshold of 

0.2 N.D.F. units for the investigation is likely to be 

safer • 

• 
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THE COMPARISON OF MULTIPLE STATIC QUANTITATIVE PERIMETRY 

WITH OTHER TECHNIQUES IN THE INVESTIGATION OF VISUAL LOSS. 

The validity of the techniques of multiple static 

quantitative perimetry for use in the detection and 

investigation of visual loss can be shown by comparing 

it with established methods such as kinetic perimetry 
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using the Bjerrum screen or with the Goldmann bowl perimeter, 

or with single stimulus static perimetry on a bowl perimeter • 

. 
During the development of the technique for investigating 

visual fields by multiple static quantitative perimetry, 

cases were also examined by Friedmann by the classical 

methods of kinetic perimetry. 

Friedmann (1966) discusses how the new technique 

revealed a small right upper quadrantic temporal defect, 

a defect which could not be found with the Bjerrum screen. 

In another case, involving oedema of the optic disc, 

the Bjerrum screen revealed only an enlargement of the 

blind spot, while the new instrument &howed a slight 

decreased visual function in the Bjerrum arcuate area. 

In another case a man 55 years of age was suffering 

from early glaucoma in both eyes, with cupping of the 

left optic disc, and raised intraocular pressure, but no 

defect was found using the Bjerrum screen. Multiple 

static perimetry revealed a small nerve fibre defect in 

the right eye. 
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Bedwell (1973) compared the visual loss detected 

by multiple static quanitative perimetry with that 

using the Bjerrum screen, both at the normal incident 

illumination of 70 lux, and then later with 10 iux, to 

give the same adaptation conditions as were employed in 

129 

the Visual Field Analyser. A 2 mm white target at 1 m was 

used at the lower level of screen luminance of 0.1 milli­

lamberts (Fig 60 a) and compared with the usual 1 mm 

target for the higher level, (Fig 60 b), of 0.7. milli­

lamberts. Investigation with the lower luminance demonstrated 

a larger field defect. Multiple static quantitative 

perimetry, (Fig 60 c), revealed a similarity in the shape 

of the field defect, but the greater extent of the defect, 

and the variation in degree of loss, were evident in a 

way which was not possible with kinetic perimetry. 

In another case stUdy by the author the visual 

field loss assessed quantitatively by multiple static 

perimetry in a case of glaucoma, (Fig 6l)~ was compared 

with the loss for the same patient employing the Bjerrum 

screen, (Fig 62 a & b), using the same screen luminance. 

Again the extent and the variation of the degree of loss 

was very much more evident using multiple static quantitative 

perimetry than it was from ordinary kinetic perimetry. 

In Fig 63 & 64 the author shows a case of visual 

loss in a patient with papilloedema due to raised cerebro­

spinal fluid pressure. In Fig 63 is illustrated the 

loss determined by the Visual Field Analyser using multiple 



static quantitative perimetry and in Fig 64 by kinetic 

perimetry on the Goldmann bowl perimeter. With both 

techniques the considerable loss in the upper ~art of 
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the right field is demonstrated but the early loss in the 

upper nasal field of the left eye is better exhibited by 

multiple static perimetry. 

Wenker (1970) invest1gated the visual fields of 

approximately 250 patients suffering from simple chronic 

glaucoma, using the Goldmann bowl perimeter and the IIll 

stimulus as a comparison. Her study gave results that 

coincided with the findings of other workers. This was 

especially true in respect of the lowered points of function 

in the Bjerrum area between 50 to 150 from fixation. 

The superior zone appears to be more frequently affected 

in subjects under 50 years of age, or older than 60 years, 

whereas the inferior zone was more often disturbed in 

patients between 50 and 60 years of age. The central area 

appeared to be more frequently involved in reduced function 

in the young patient. The age group most likely to be at 

risk were those under 40 and over 60 years of age. In 

th1s study the right eye was more often affected than the 

left eye, and to a greater extent,_ giving rise to the 

possibility of a connection between degree of impairment 

of function in chronic simple glaucoma and the dominant 

hemisphere. 

As with other studies, Wenker found that reduced 

function, particularly in the Bjerrum area was detected by 



multiple static quantitative perimetry, but employing the 

Goldmann kinetic visual field technique gave results 

that indicated a normal visual field. 

Greve undertook a considerable number of stuoies 

with the Visual F1eld Analyser. He reported (1973) on 

a comparative study of the v1sual fields of 1372 eyes from 

716 patients with raised intraocular pressure. 

He employed the multiple stimulus method of the Visual 

Field Analyser in the detection phase. He also carried 

out kinetic perimetry on the periphery and the blind spot 

as a comparison. He supplemented his method with single 
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static perimetry in 72 fixed positions, within an area of 

300 eccentricity from fixation superiorally and inferiorally 

when either of the first two tests indicated the necessity. 

He regarded the detection of a relative wedge-shaped 

scotoma, which could appear anywhere in the 300 field, 

and isolated wedge-shaped scotomas, as being important 

indications of the earliest signs of reduction of light 

sensitivity due to glaucoma. This approach was in agreement 

with Aulhorn and Harms (1967), Friedmann, the author, 

and others using single or multiple stimulus static 

techniques. 

by 
In this survey/Greve (1973), 26% were found to 

have no visual field loss, 52% a complete arcuate scotoma 

or larger, and 22% a small visual field defect. All the 

cases of arcuate scotoma were detected by the Visual F.'ield 

Analyser. For the group of small visual field defects, 



132 

17 were missed, mainly because they fell on nasal 

areas where there were 1nsuff1cient stimulus positions, 

and not because of inadequacy of the mult1ple st1muli 

presentation technique itself. 

A comparative stUdy was undertaken by Greve (1973) 

of the threshold measurements by multiple and single static 

perimetry over 100 positions on the field, of p~tients 

with visual field defects uS1ng the Visual Field Analyser 

and the Tubinger perimeter. The results of his survey 

are summarised below by Bedwell. 

TOTAL OF 1001 POSITIONS OVER TilE FIELD ExAMiNED. 

No defect 
V.F.A. or 
Tubinger 

49% 

V.F.A. no 
defect 
'1'ubl.nger 
a defect 

5% 

V.F.A. defect 
and Tubinger 
same intensity. 

30% 

V.F.A.defect 
greater intensity 
than 'l'ubl.ngcr. 

5% 

V.F.A.defect 
Tubinger no 
defect. 

8% 

V.F.A.defect 
smaller intensity 
than Tubinger. 

3% 

Of the 5% of cases demonstrating no defect on the 

Visual Field Analyser but a defect on the Tubinger, 4% 

of these 5% is explained byt¥pe of defect, and also by 

no stimulus on the Analyser covering the affected area. 

The author ,feels that the use of a 9H hole front with 



the Analyser in these cases would have shown up a defect. 

In the 8% of cases where the density of the defect 

found by the Visual Field Analyser was either higher or 

lower than that found by the Tubinger perimeter, about 

8 out ~f 10 could be explained by the type of defect. 
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The possibility of finding a difference of density of defect 

is likely to be similar in the case of both instruments. 

The conclusion was that especially where there was 

a difference in intensity of thresholds in the range of 

0.4 to 0.6 N.D.F. units false positives and negatives can 

occur. If the new 98-hole front-plate had been available 

the author feels that where a defect had been found with 

the Tubinger perimeter, it would also have been detected_ 

by the Visual Field Analyser. 

From these results, comparing multiple static 

perimetry on the Visual Field Analyser with the Tubinger 

single point static perimetry, it appears that with few 

exceptions sensitivity of positions over the retinal areas 

when measured with multiple static stimuli, is the same 

as the light sensitivity measured with a single static 

stimulus. This applies to both normal and defective retinal 

conditions. Multiple stimulus static perimetry has the 

advantage that it is a more rapid method for detecting 

visual defects than the classical method of single static 

perimetry, and it also provides more information per unit 

of time. 



Bynke (1974), discussed the application of the 

Visual Field Analyser to the investigation of nemianopic 

visual field defects. With a neutral density filter of 
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0.2 units above that normally suggested for the appropriate 

age, he found that there were 10% false negatives, and 

13% false positives. He felt that the Analyser was 

suitable for routine diagnosis of such cases, and could 

be used by an ophthalmic assistant. 

, . 
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THE INVESTIGATION OF VISUAL LOSS BY MULTIPLE STATIC 

QUANTITATIVE PERIMETRY USING SERIAL ANALYSIS. 

Sometimes visual field investigations reveal a 

definite loss of function although there are no other 

indications of a pathological situation. In other cases 

a slight abnormality may be apparent beyond what may be 

expected from normal physiological variations in threshold. 

The method of multiple static perimetry lends itself well 

to serial studies, which are particularly appropriate for 

observing possible changes in threshold over a period of 

time and of great diagnostic value when other symptoms 

are absent. If a condition is active, then it is likely 

that any visual loss will become both larger and exhibit 

decreased thresholds over time. It is then possible to 

135 

monitor any visual field abnormality and take the appropriate 

action. Such an approach would be very difficult with 

kinetic perimetry, which cannot quantify visual loss. 

The case of a pafient demonstrating visual loss 

in the arcuate area of the left eye during a routine 

visual field screening is illustrated in Fig 65(a) & (b~ 

Such a field loss is typical of glaucoma but there were 

no other clinical indications of the condition, and it is 

unusual to develop primary glaucoma at 34 years of age. 

There was a small left convergent strabismus and slight 

amblyopia in that eye, and therefore the cause of the 

abnormality, Fig 65(a,)was thought to be either congenital 

in origin, or to be due to a previous vascular lesion. As 
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a precaution the visual fields were analysed at intervals, 

and Fig 65(b)shows the quantitative assessment some sixteen 

years later. If an active pathological lesion had been 

present, the increase in field loss would have been very 

marked. over this period and would not have exhibited the 
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rather similar features actually obtained between repetitions 

of the tests. 

Some conditions producing visual loss unfortunately 

tend to be progressive, e.g. retinitis pigmentosa. In 

these cases it is very important when making a prognosis 

about a patient to assess quantitatively the degree of 

loss present, and to compare the data over intervals of 

time. An example of the procedure is illustrated in Fig 

66, for a case of retinitis pigmentosa. When first investigated 

the central visual acuity was not affected and retinal 

pigmentary changes were noted only further out. A dense 

visual loss was evident over a much larger area of the 

field than would have been indicated by ophthalmoscopic 

appearances. Fig 67 illustrates a serial study of the 

same case taken 6 years later demonstrating that the 

degeneration was affecting the macula area, further 

decreasing the remaining tunnel of vision. 

When a case of glaucoma is initially detected 

and the degree of visual loss is assessed quantitatively, 

and treatment instituted, an important part of patient 

management is regular examination of the visual fields 

with the hope that treatment has prevented further visual 
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loss occurring. Here the ability of quantitatively assessing 

loss under controlled condition and making serial 

studies is invaluable. Fig 68 illustrates the field loss 

in the right eye discovered on an initial routine investi­

gation of a patient aged 48 years. An interesting aspect 

of this case is that she was amblyopic in her left eye and 

therefore dependent on her right eye. She had not noticed 

however the dense visual loss developing in the upper field 

of her right eye, largely because in everyday life the 

upper part of the visual field is used less than the field 

below the horizontal. After the diagnosis of glaucoma and 

the institution of miotic therapy, she was examined at 

regular intervals. Fig 69 illustrates the analysis of the 

visual field some ten years later, demonstrating that the 

condition had been controlled quite well. 

Cerebral vascular lesions are quite common in later 

life, but unfortunately the visual fields are often not 

examined. If they were, a quadranopic or hemianopic 

field loss would commonly be demonstrated, such as in the 

case of a patient illustrated in Fig 70, who was somewhat 

hypertensive, and had suffered a recent "blackout". Later 

his passenger was killed in a fatal motor accident when 

the patient , was driving when advised not to do 

so even though his vision was right and left 6/7.5+. 

Sometimes, other conditions develop at a later stage 

e.g. simple chronic glaucoma, and if a quantitative record 

of the original field loss had been available fbr that 

patient, subsequent interpretation of further loss would 
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be very much easier. 

Serial analysis of field loss is particularly 

valuable in cases of neurology. Friedmann (1976), 

illustrates the case of a 52 year old man showing 

almost congrous left homonymous hemianopia with 

macula sparing. A diagnosis of calcarine arterial 

occlusion was made as there were no other neurological 

or ophthalmological signs or symptoms. Two weeks later 
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a serial check-up by multiple static perimetry demonstrated 
, 

further field changes, oedema of the optic disc, and an 

astrocytoma of the temporal lobe. 

In Fig 71 & 72, the author illustrates a case of 

bilateral papilloedema due to hypertension of the 

cerebro-spinal fluid, where serial visual field studies 

were employed to aid in assessing the effect on vision 

of treatment by lumbar puncture and with steroids. After 

about 6 months of treatment the retinal vessels became 

tortuous, bilateral subconjunctival haemorrhages occurred, 

and lenticular changes developed. The visual loss is 

demonstrated at this stage in Fig 71, and after some 6 

months of reduced steroid therapy in Fig 72, showing 

that f~rther loss had been largely prevented. 
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XVIII 

THE INVESTIGATION OF FOVEAL AND MACULA FUNCTION. 

A valuable feature incorporated in the Visual 

Field Analyser is a facility for making assessments of 

differential light threshold contrast at the fovea, as 

well as over the macula area. This operates by cutting 

out the multiple stimuli, and removing the fixation 

target, so that the aperture then available can be used 

as a single-point static quantitative stimulus. 

There are many cases seen in clinical practice 
, 

where there may be a slight, or major, reduction of visual i , 
acuity, as expressed in terms of letter chart visual acuity. 

It is very important to know whether the reduction is due 

to pathological conditions affecting the visual pathway, 

or to amblyopic ex-anopsia where there is reduction in 

vision due to dis-use, or to a binocular suppression 

situation affecting monocular vision. Where there is 

normal functioning of the visual pathway it has been 

found that, provided the transmission of the optical 

media is approximately the same in each eye, macula 

response can be accepted as normal if the diffe~ence 

in threshold between each eye 1S not greater than 0.2 

N.D.F.units, Friedmann (1974) 



I, , 

, , 

.. 
{ . 

-' ' ~ , . , , 

'\">:.' >- ~",'- ) ~; .. , ' 

I" , 

',"l , 

: 

\ f'" 
Facing P:; 140 

VISUAL FIELD ANALYSER. 

SERIOUS MACULAR DETACHMENT 3 WEEKS LATER. 

• • 

FIG 73.b 

MRS.E. R.V/A 6/7.5- AGE 57 

STIMULI NOT MARKED SEEN AT N.D.F. 

M1\CUL1\H FUNCTION 1.1\ N.D.li'. 

RELATIVE VISUAL LOSS ASSESSED QUANTITATIVELY OVER 

THE CENTRAL VISUAL FIELD. 

STIMULI MARKED Q NOT SEEN AT THE BRIGHTEST SETTING . 



• 

'. 
, , 

• 

• 

MRS E. 

VISUAL FIELD ANALYSER. 

MACULAR DISTURBANCE . 

• 

• 

• 

• 

1'61"4 141-4' 
1-614 

• 

! 
1'2 

~' ------------ .-,-
FIG 73 a 

R. V/A 

, , 

6/7.5 

Facing P'. 140 

• 

AGE 57 

STIMULf NOT MARKED SEEN AT 1.8 N.D.F. 

MACULAR FUNCTION 210 N.D.F. 

RELATIVE VISUAL LOSS ASSESSED (~UJ\NTI'1'J\TIVELY OVER 

THE CENTRAL VISUAL FIELD. 

STIMULI MARKED e NOT SEEN AT THE BRIGHTEST SETTING. 
I 



As well as examining thresholds for immediate 

foveal fixation with white light, it is also possible 

by using an appropriate filter, to examine thresholds 

with light of a selected spectral characteristic. For 

example, Friedmann (1969) showed, using a Wratten 29 red 

filter, that the light threshold over the macula area was 

reduced for red light compared with white light, when 

systemic treatment by chloroquine was beginning to affect 

vision. In the earliest stages of this differential 

loss for red light, colour vision and electro-oculography 

can appear normal. 
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Bedwell (1977) illustrated the case of a child with 

reduced visual acuity without strabismus where the assessment 

of a normal foveal light function similar for both eyes 

could be used to show that a reduction in the visual acuity 

was due to a suppression phenomenon, and not to a pathological 

defect in the visual pathway. 

In another instance where there were no initial 

ophthalmoscopic.signs, Fig 73(a) & (b)serial analysis 

of both foveal and macula area function showed over a 

few weeks how a macula area visual disturbance could be 

differentiated as an early serious macula area retinal 

detachment, and action taken before extensive changes 

had developed. 

, 
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SPECIAL DEVELOPMENTS AND APPLICATIONS OF THE VISUAL 

FIELD ANALYSER. 

ECCENTRIC FIXATION DEVICE. 

The original 46-hole front-plate assembly was 

designed to provide an effective general examination as 

efficiently as possible over the mid-peripheral field. 

An increased number of stimulus positions would give 

more information on a visual field defect, and improve 

the overall accuracy of detection of visual loss. 

To increase the number of positions on the visual 

field that could be examined by multiple static quantitative 

perimetry, Friedmann devised an eccentric fixation device, 

Fig 74 which could be substituted for the normal 

fixation target. It allowed a fixation to be made at 

210 off centre, in any direction. This device is usually 

used in the horizontal or vertical positions, and enables 

the examiner to make a more detailed lnvestigation in 

between the existlng stimulus positlons. 

FIG 74 

141 
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SPECIAL FRONT FOR SINGLE STIMULUS STATIC PERIMETRY. 

The construction of the Analyser readi~y facilitates 

the interchanging of different front-plate assemblies. 

To enable a more detailed analysis of a field defect to 

be made, Friedmann devised an experimental single-hole 

front. With this front, it was possible to introduce a 

single stimulus along a meridian every 210 from near fixation 

to 250 eccentric. The size of the stimulus was gradually 

increased with eccentricity to maintain an averaged threshold 

response. By rotating the plate, the stimuli could be 

exposed along any meridian thus maKing single point 

static quantitative perimetry possible over the mid-peripheral 

field, with the same basic instrument used for multiple 

static perimetry. 

THE 9B-HOLE FRONT. 

Some cases have arisen where greater detail of 

investigation by multiple static perimetry of the visual 

field would have been a clinical advantage. Experiments 

were therefore undertaken by Friedmann with a specially 

designed front-plate assembly, initially with 100 apertures, 

and in the final model 9B, interchangeable with the original 

46-hole front. 

Friedmann (1976 a & b), and Bedwell (1977), 

showed that this new front-plate, with extra stimuli in 

the critical areas where visual loss was likelY,to develop 
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would give greater 1nformation about the extent and degree 

of loss, than was possible with the 46-hole front-plate. 

It was also possible to obtain static profile sections 

from the 9B-hole recording chart, comparable with that 

obtainable from the Goldmann bowl perimeter, but with 

greater rapidity. If the 2!0 eccentric fixation device 

is used with the 98-hole front-plate an even greater 

degree of detail is achieved. 

With the new 98-hole front-plate extra stimuli 

were also placed on either side of the vertical line 

through fixation, and Friedmann (1976) demonstrated how 

the greater number of stimuli in this new front aided 

investigation and diagnosis in neuro-ophthalmology. 

In one case of neuro-toxicity due to Ethambutal, which 

caused bi-temporal visual field defects, visual acuity 
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and visual fields improved after the cessation of treatment 

and appeared normal on investigation with the perimeter and 

the tangent screen. However, using the 98-pole plate a 

large temporal area demonstrated a slight but definite 

depression of function. Goldmann static perimetry profiles 

through the 450 meridian confirmed the abnorma11ty. 

In Fig 75,76,77, the author demonstrates the 

visual field loss of a patient with a~vanced glaucomatous 

loss in the right eye, and two points of loss of 0.4 N.D.F. 

units in the arcuate area of the left eye. When investigated 

on the BB-hole fronL a much greaLer deLail of lOSH waH 

, , 
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evident in this left eye. 

OTHER EXPERIMENTAL FRONT PLATES. 

In addition to the new front-plate described 

above, Greve (1973) suggested a special plate containing 

50 stimuli for the preliminary detection of glaucoma. 

If any large visual field defect was found in this phase 

the detection phase should be extended, using a plate with 

150 stimuli. These stimuli positions were obtained by 

arranging that the new 50 stimuli plate should move 15 

degrees to the right or the left of the standard position. 

Greve also designed a second plate with 100 apertures to it, 

to allow a fuller examination over the whole central field. 

Lavergne (1974) used the standard 46-hole front-plate 

to determine the threshold for the four points P in the 

macula area, and used this setting for the rest of the 

pOints on the standard front. He then replaced this with 

a special front containing 34 apertures, using points 

not fully covered by the standard front. Employing the 

two fronts, a total of eighty points could be examined, 

maximiSing the sensitivity of the instrument for assessing 

density of loss in the arcuate area. The results obtained 

with this technique were compared with those using the 

Goldmann bowl perimeter. From sixty eyes studied, thirty­

five presented no defects with the two methods, twelve 

presented defects which were more or less in agreement 

in six cases. In two cases a defect was detected by the 
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Visual Field Analyser but missed by Goldmann kinetic perimetry, 

but confirmed by static profile perimetry. One case of 

significant elongation of the blind spot detected by the 

Goldmann perimeter was not found on the Analyser because 

no stimulus was present on the standard 46-hole front 

which would have stimulated the area. It was, felt that 

the agreement between the results obtained demonstrated 

the full value of the Analyser fitted with the special 

front. 

Shinzato (1976), developed a new front-plate 

assembly containing 51 stimulus positions, subtending 10 

minutes of arc at the eye, and used under a mesopic state 

of adaptation. Comparing central visual field changes 

in 200 glaucoma subjects, he found results on the Goldmann 

bowl perimeter similar to those obtained with the new 

mod1fied Analyser front-plate. 

, 
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SUMMARY AND CONCLUSIONS. 

The investigation of the integrity of the monocular 

visual field is essential for the early detection of many 

pathological conditions that can produce visual loss. 

Previous techniques and instrumentation were inadequate as 

a routine screening procedure for the quick and effective 

detection of visual losses. Multiple stat1c quantitative 

perimetry is shown in this thesis to be an alternative 

approach which meets the desired criteria, and has been 

employed in the design of a new instrument, the Visual Field 

Analyser. An important consideration in static visual field 
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investigation is the quantitative assessment of the difference 

in luminance required for threshold perception at points over 

the field. The initial stage in determining the appropriate 

stimuli specification is to present to the eye stimuli of 

the same angular subtense and luminance at all the points to be 

examined against a controlled background luminance. The 

size of the stimuli can then be varied to allow them to 

be perceived at the same differential threshold contrast. 

An even distribution of luminance for the stimuli is 

provided by an integrating bowl hemisphere from a single 

Xenon discharge tube. Stimuli luminance is controlled 

quantitatively by neutral density filters, enabling 

examination to be made at the appropriate clinical threshold. 

Any localised visual loss can be recorded in incremen~ of neutral 

density filter by increasing stimuli luminance until perception, 

if possible. A built-in ring illuminator provides a background 

luminance for an adaptation level on the border of photopic/ 
;., ' 

.-
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mesopic sensitivity. A nearly flat gradient of change 

of stimulus threshold with eccentricity can be obtained, 

making for an even sensitivity of investigation over the. 

field, especially in the 10 to 200 eccentric region, where 

early loss due to glaucoma is most likely to occur. 

The front plate of the new instrument was designed 

with apertures to give an averaged threshold response. The 

mean and standard deviation in threshold were determined 

for the different stimuli positions, a mean difference over 

the field of 0.2 log units being found. For 95% of the group 

of young adults examined the maximum and minimum difference 

in threshold over the stimuli positions was approximately 
. . 

0.5 log units. The difference in mean threshold for varying 

ages of normal observers was determined and found to range 

from 2.2 log units for those below forty years, to 1.6 log 

units for those sixty years and older. If a threshold setting 

0.2 log units below these means for age was employed for a 

clinical investigation, it was found that a reduction of 

threshold of more than 0.4 log units below this setting 

indicated an abnormal response for most observers. 

The new instrument was used for routine visual field 

screening of 1360 patients attending for ophthalmic examination, 

among whom the types and proportions of abnormalities that 

would be expected were detected. An analysis of the largest 

group, 0.64% of new glaucoma cases, showed that all had a 

clinically significant visual loss of 0.4 log units or more 

occurring in the 
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group, ~2 of new glaucoma cases, showed that all had a 

clinically significant visual loss of 0.4 NDF units or more 

occurring in the arcuate areas of the field, the characteristic 

finding for glaucoma. The investigation of visual loss by 

multiple static quantitative perimetry was compared to 

the data obtained using other techniques of visual field 

investigation and was found to give similar, and in some 

instances superior,sensitivity of investigation. Whether 

a condition was likely to be progressive could be readily 

observed by quantitative serial studies undertaken at intervals. 

In addition to assessing visual loss over the mid-peripheral 

field. it is also possible to assess foveal light thresholds 

to determine whether a reduction in visual acuity is pathological 

or due to a suppression phenomena. The increasing employment 

of the method of multiple static quantitative perimetry, 

made possible by the development of the Analyser, has 

encouraged special developments and applications. 

In conclusion the ability to assess,both quickly 

and efficiently, the integrity of monocular vision by 

multiple static quantitative perimetry has been achieved, 

The detection and investigation of visual loss in the one 

instrument as part of a routine ophthalmic examination has 

been made possible. 
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APPENDIX A. 

SUCCESSIVE STAGES IN THE DESIGN AND 

SPECIFICATION OF THE APERTURES IN THE 

FRONT-PLATE ASSEMBLY. 
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VISUAL FIELD ANALYSER FRONT PLATE DESIGN. 

Angular subtense and d1ameter of 

stimu11 apertures. * 

L = 0.060 inches = 1.52 mm 

r 

From X = c + L sin e 

cos e 

X cos e = c + L sin e 

c = X cos e - L sin e 

Tan e = r -=---
333.3 

where r = eccentricity 
in mm. 

d = __ 3_3_3_._3_ = 333.3 sec e mm 

sin e 

where d = distance of eye from 
centre of stimuli aperture. 

TAN f/J c = d 

L 

* with acknowledgements to Mr.L. Wray. 
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APERTURE Al A2 A3 A4 Bl B2 " 

ECCENTRICITY. 25° 25° 25° 25° 221 0 221° 
' . 

MERIDIAN. 45° 135° 135° 45° 75° 105° 
" '\ ' 

" 

STAGE A .087 .087 .087 .087 .087 .112 ins 

STAGE Bl .136 .136 .136 .136 .128 .158 ins 

STAGE B2 .123 .123 .123 .123 .118 .146 ins 
, " 

, 

. , 

STAGE B3 .123 .123 .123 .123 .118 .146 ins 
"{ 

, , 
, 

STAGE B4 .123 .123 .123 .123 .118 .146 ins . , 

STAGE Cl .116 .116 .116 .116 .112 .139 ins 

t:;TAGE C2 .116 .116 .116 .116 .112 .139 ins 

STAGE C3 .116 .116 .116 .116 .112 .139 ins 

S'£AGE C4 .116 .116 .116 .116 .112 .136 ins 

STAGE C5 .116 .116 .116 .116 .112 .120 ins 

STAGE C6 :116 .116 .116 .1lG .112 .112 ins 

STAGE C6 2.95 2.95 2.95 2.95 2.84 2.84 mm. 

::;TAGE C6 0.829 0.829 0.829 0.829 0.801 0.801 Log mm2 

STAGE C6 
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APERTURE Cl C2 Cl D1 112 1.0:1 

ECCENTHICITY. 17~o 200 200 22i o 22!0 20° 
MERIDIAN. 90° 165° 15° 105° 75°' .. 15° 

STAGE A .068 . 087 .087 .087 .112 .068 ins. 

" (, 

STAGE B1 .095 .121 .121 .128 .158 .100 
' t 

ins. , 
;,'" 

STAGE B2 .090 .113 .ua .118 .146 .094 ins • 

STAGE B3 .090 .113 .113 • 118 .146 . 110 ins • 

STAGE B4 .090 .113 .113 .118 . 146 .110 ins . 

STAGE Cl .077 .103 .112 • 139 .101 ins . 

STAGE C2 .081 . 103 .103 .112 .139 .101 ins • 

STAGE C3 .081 . 103 .103 .112 . .139 . 101 ins . 

STAGE C4 .081 .101 .101 .112 .136 • 101 ins . 

STAGE C5 .08] .101 .101 .112 .120 . 101 ins . 

STAGE C6 .089 .101 .10 I .1 l:.! • 1 1 :> ,101 ins • 

STAGE C6 2.26 2.56 2.56 .284 2.84 2.56 nun. 

STAGE C6 0.603 0.711 0.711 0.801 0.801 0.811 Log mm2 

1\ 
STAGE C6 
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APERTURE E2 E3 F1 F2 F3 F4 

ECCENTRICITY. 20° 15° 15° 15° 15° 
\, , 

" , 
MERIDIAN. 165° 45° 135° 135.9 45° 

STAGE A .068 .087 .068 .068 .087 .087 ins. 

STAGE B1. .100 .100 .121 . 089 .089 .110 ins . 

STAGE B2. .094 . 113 .085 .085 .106' .106 ins . 

STAGE_B3. .110 .136 .085 .085 .106 .106 ins. 

~, 
.. 

STAGE B4. --.-I .110 .136 .085 .085 .106 .106 ins. 

STAGE Cl .101 . 114 .073 .073 ,096 .096 ins . 

STAGE C2. .101 .114 .073 .073 .096 .096 ins. 

STAGE C3. .101 .114 • 073 .073 .096 .096 ins . 

S'TAGE C4. .101 .114 . 073 .073 .093 .093 ins . 

STAGE C5 • ] 01 . 10J .07:1 .073 .073 ,.073 ins . 

STAGE C6 .101 .101 .07:1 .073 .073 ins. 

• 
STAGE.C6 2.56 2.56 1. 86 1. 86 1. 86 1. 86 mm. 

STAGE C6 0.811 0.811 0.435 0.435 0.435 0.435 Log mm2 

STAGE C6 
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APERTURE G1 G2 H1 H2 H3 J1 

ECCENTRICITY. 15° 15° 12~0 12~0 10° 15° 
MERIDIAN. 75° 105° 60° 120° 90° 105° 

STAGE A .068 .087 .052 .052 .068 .068 ins. . 

• 
STAGE B1 .089 .110 .068 .068 .081 .089 ins. 

) 

STAGE B2 . 085 .106 .067 .067 .080 .085 ins . 

STAGE B3 .085 .106. .067 .067 .080 .085 ins. 

STAGE B4 .085 • 106 .070 .070 .080 .085 ins • 

STAGE Cl .073 . 096 .053 .053 .069 .073 1ns . 

STAGE C2 .073 . 096 .059 .059 .069 .078 ins . 

STAGE C3 .073 . 096 .OH3 .063 .069 .081 ins . 

STAGE C4 • 073 .093 .063 .063 .069 .081 ins • 

STAGE C5 .073 .073 • 063 .063 .063 .073 ins . 

STAGE C6 .073 .OG7 .067 .067 .073 ins. 

STAGE C6 1.86 1.86 1.60 1.60 1.60 1.86 nun. 

STAGE C6 0.435 0.435 0.303 0.303 0.30~b.435 

STAGE C6 
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APERTURE J2 K1 K2 K3 L1 L2 

ECCENTRICITY. 15° 10° 12~0 12!0 12!0 12!0 

MERIDIAN. 
7,,0 ,) 90° 120° 60° 30° 150° 

STAGE A .087 .052 .068 .068 .068 • 068 ins . 

STAGE B1 .1l0 .064 .085 .085 .085 .085 ins. 

STAGE B2 • 106 .063 .083 .083 .083 .083 ins • 

STAGE B3 .106 .063 .083 .083 .083 .083 ins. 

STAGE B4 .106 .063 .083 .083 .083 :083 ins. 

STAGE Cl .096 .044 .069 .069 .069 .069 ins. 

-
STAGE C2 . 096 .055 .069 .069 .069 .069 ins . 

STAGE C3 .096 .059 .069 .069 .07:3 .073 ins. 

STAGE C4 . 093 .059 .069 .069 .073 .073 ins • 

STAGE C5 • 073 .059 .069 .069 .073 .073 ins . 

STAGE C6 .07~l .063 .06:l • (Hi:l .07:1 .073 ins. 

STAGE C6 1.86 1.50 1.75 1.75 1. 86 1. 86 mm. 

STAGE C6 0.435 0.247 0.321 0.321 0.435 0.435 Log mm2 

STAGE C6 



APERTURE L3 L4 Ml M2 NI 

ECCENTRICITY. 12!0 12!0 8° 8° 7!0 
MERIDIAN. 150° 30° 0° 180° 45° . 

STAGE A .068 .068 .052 .052 .052 

STAGE,Bl .085 .085 .061 .061 .061 

STAGE B2 .083 .083 .061 .061 .060 

STAGE B3 .083 .083 .061 .061 .oeo 

STAGE B4 .083 .083 .063 . 063 .060 

STAGE Cl .069 • 069 .044 .044 .038 

STAGE C2 .069 .069 .052 .052 .055 

STAGE C3 .073 .073 .059 .059 .059 

STAGE C4 .073 .073 .063 .063 .063 

STAGE C5 .073 .07:1 .on:1 .063 .063 

STAGE C6 .073 .073 .06:1 .06:1 .063 

STAGE C6 1.86 1.86 1.60 1.60 1.60 

STAGE C6 0.435 0.435 0.303 0.303 0.303 

STAGE C6 

N2 

n° 
135° 

.052 

.061 

. 060 

.060 

.060 

.038 

.055 

• 059 

.063 

. 063 

. 063 

1.60 

0.303 

• 
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ins. 

ins. 

ins . 

ins, 

ins . 

ins • 

ins. 

ins . 

ins. 

ins • 

ins . 

mm. 

2' Log mm 

i , 

I 

• 
I 
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APERTURE N3 N4 01 02 03 04 

ECCENTRICITY. n° n° 5° 5° 5° 5° 
MERIDIAN. 135° 45° 0° 90° 180°. 90° 

STAGE A .052 .052 .031 .031 .031 .031 ins . 

STAGE B1 . 061 .061 .036 .036 .036 .036 ins . 

STAGE B2 .060 .060 .036 .036 .036 • 036 ins. 

STAGE B3 .060 • 060 .043 .043 .043 .043 ins . 

STAGE B4 .060 • 060 .063 .063 .063 .063 ins . 

STAGE Cl .038 .038 . 044 .044 .044 .044 ins • 

STAGE C2 .055 ins. 

STAGE C3 .059 • 059 .059 .059 .059 .059 ins • 

STAGE C4 .063 . 063 .063 .063 .063 .063 ins • 

STAGE C5 .063 .063 .063 ,063 .063 .063 ins. 

STAGE C6 . or;:1 . on:1 .0n:1 .Ofl3 ins . 

STAGE C6 1.60 1.60 1.60 1.60 1.60 1.60 mm. 

STAGE C6 0.303 0.303 0.303 0.303 0.303 0.303 Log ~2 
" 

STAGE C6 



APERTURE 

ECCENTRICITY. 

MERIDIAN. 

STAGE A 

STAGE Bl 

S'fAGE B2 

STAGE B3 

STAGE B4 

STAGE Cl 

STAGE C2 

STAGE C3 

STAGE C4 

STAGE C5 

STAGE C6 

STAGE C6 

STAGE C6 

STAGE C6 

Pl P2 P3 P4 

.031 .031 .031 .031 ins. 

.033 .033 .033 .033 ins . 

. 033 .033_ .033 .033 ins. 

.037 .037 .037 .037 ins. 

.054 .054 .054 .054 ins. 

.03] .031 .031 .031 ins. 

.01\G .04c) .04fl .046 ins. 

.052 .052 .052 .052 1ns. 

.055 .055 .055 .055 ins . 

. 055 .055 .055 .055 ins. 

1.40 1.40 1.40 1.40 mm. 

0.287 0.287 0.287 0.287 Log mm2 
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APPENDIX 13. 

THE EFFECT OF AGE ON DIFFERENTIAL 

THRESHOLD CONTRAST. 



THE EFFECT OF AGE ON THE NEUTRAL DENSITY FILTER SETTING 
FOR THRESHOLD VISIBILITY OF 1ILL TIII~ STIMULI. . 

SUBJECTS SUBJECTS SUBJECTS SUBJECTS 
UNDER 40 NDF. 41-50 NDF. 51-60 NDF. 61 Plus 

13 2.0 41 2.0 51 2.0 61 
16 2.2 41 2.0 51 2.0 61 

21 2.2 42 2.0 52 1.8 61 

21 2.2 42 2.0 52 2.0 61 

22 2.2 42 2.2 52 1.8 62 

22 2.2 42 2.2 52 2.0 62 

22 2.2 42 2.0 52 1.8 63 

23 2.2 42 2.2 52 2.2 63 

23 2.4 43 2.0 53 2.0 64 

23 2.2 43 2.2 53 1.8 65 

24 2.2 43 1.8 53 1.8 65 

29 2.2 44 2.2 53 2.0 67 

31 2.2 44 2.0 53 L8 67 

32 2.2 45 2.0 54 1.8 70 

33 2.2 45 2.0 55 1.8 70 

33 2.0 45 2.0 55 2.0 70 

33 2.2 46 2.2 55 2.0 70 

35 2.0 47 2.0 55 1.8 72 

36 2.2 47 1.8 56 1.8 74 

37 2.2 48 1.8 56 1.8 75 

37 2.0 48 2.0 57 1.8 76 

39 2.0 49 1.8 58 1.8 77 

49 2.2 58 2.0 
Mean age 

Mean Age Mean NDF 50 2.0 58 1.6 
67.1 

27.5 yrs 2.2 50 2.0 58 1.8 
SID 

SID 7.2 SID 0.1 50 2.0 60 1.8 
5.:'. 

50 1.8 (jO 2.0 

Mean Age Mean Mean Age Mean 

45.19 NDF 53.5 NDF 

SID 3.1 2.0 SID 1.9 

SIn 5.22 SID 
0.13 0.12 
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NDF. 

1.6 
2.0 

1.8 

1.8 

1.6 

1.8 

1.8 

1.8 

1.8 

1.6 
1.6 

1.4 

1.8 

1.6 

1.4 

1.8 

1.6 

1.8 

1.6 

1.4 

1.4 

1.5 

Mean NDF 

1.6 

SID 0.17 

I 

, 'I 



APPENDIX C. 

THE MEANS AND STANDARD DEVIATIONS 

OF DIFFERENTIAL THRESHOLD CONTRAST 

FOR THE PERCEPTION OF FLASHED STIMULI. 

90 

180 o 

270 

NOTATION USED SUBJECT FACING SCHEEN 

172 
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. Table r 

12' Stimulus size. 

0.1 milli-lamberts background luminance 

N.D.F. Meridian. Mean reading. Standard deviation. 

5.2 0 9.90 7.79 
5.2 30 8.35 5.96 
5.2 60 6.90 4.01 
5.2 90 5.85 3.30 
5.2 120 6.95 4.07 
5.2 150 7.75 3.99 
5.2 180 9.70 4.65 
5.2 210 7.70 4.08 
5.2 240 5.45 2.88 
5.2 270 7.70 3.83 
5.2 300 8.75 5.05 
5.2 330 8.65 5.53 

5.0 o. 21.20 12.43 
5.0 30 14.20 6.17 
5.0 60 11.15 4.39 
5.0 90 10.55 3.91 
5.0 120 11.35 4.76 
5.0 150 13.95 3.94 
5.0 180 15.70 3.38 
5.0 210 12.40 4.42 
5.0 240 12.20 5.05 
5.0 270 13.65 3.12 
5.0 300 14.65 5.39 
5.0 330 15.15 6.52 

4.8 0 34.75 9.63 
4.8 30 23.65 5.81 
4.8 60 17.10 4.81 
4.8 90 15.50 5.37 
4.8 120 14.50 5.28 
4.8 150 17.85 5.00 
4.8 180 20.20 3.01 
4.8 210 18.15 3.45 
4.8 240 16.15 5.20 
4.8 270 19.30 4.91 
4.8 300 21.05 4.96 
4.8 330 23.95 9.65 

4.6 0 40.25 11.55 
4.6 30 28.95 5.92 
4.6 60 24.00 6.23 
4.6 90 21.95 5.13 
4.6 120 21.70 4.52 
4.6 150 22.10 4.52 
4.6 180 26.05 3.76 
4.6 210 23.55 4.19 
4.6 240 23.20 5.69 
4.6 270 24.65 4.66 
4.6 300 23.95 5.28 
4.6 330 30.35 1l.25 
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Table IT 

12' Stimulus size 

0.5 mi11i-lamberts background luminance. 

N.D.F. Meridian. Mean reading Standard deviation 

4.8 0 11.2 7.5 
4.8 30 8 .0 3.3 
4.8 60 6 .1 3.1 
4.8 90 6 .7 3.2 
4.8 120 7 .4 3.7 
4.8 150 10.0 3.6 
4.8 180 12.0 4.2 
4.8 210 8 .0 3.7 
4.8 240 7 .7 3.1 
4.8 270 7. 2 3.6 
4.8 300 7 .5 4.0 
4.8 330 8 .2 3.7 

4.6 0 22.4 9.9 
4.6 30 11.6 3.4 
4.6 60 10.1 2.9 
4.6 90 11.0 3.6 
4.6 120 13.1 3.2 
4.6 150 15.4 4.0 
4.6 180 17.9 3.6 
4.6 210 14.4 3.9 
4.6 240 13.2 3.3 
4.6 270 12.4 2.2 
4.6 300 13.2 4.3 

.. 4.6 330 15.7 5.4 

4.4 0 33.0 6.5 
.4:4 30 20.6 8.8 
4.4 60 14.4 5.0 
4.4 90 15.4 4.8 
4.4 120 18.9 4.4 
4.4 150 22.2 4.9 
4.4 180 23.5 4.4 
4.4 210 20.2 4.9 
4.4 240 18.5 6.1 
4.4 270 17.6 6.2 
4.4 300 20.0 7.2 
4.4 330 22.9 9.4 

4.2 0 37.0 4.8 
4.2 30 28.1 7.9 
4.2 60 19.4 4.5 
4.2 90 20.0 3.6 
4.2 120 24.4 4.6 
4.2 150 26.9 4.7 
4.2 180 29.0 6.3 
4.2 210 25.6 5.4 
4.2 240 25.1 6.1 
4.2 270 24.2 7.7 
4.2 300 27.7 7.4 
4.2 330 29.1 7.0 

1 



--- - -

175 

Table TIr 

12' Stimulus size. 

1.0 mi11i-1amberts background luminance 

N.D.F. Meridian. Mean reading Standard deviation. 

4.6 0 12.7 7.0 
4.6 30 8.5 2.9 
4.6 60 7.1 3.3 
4.6 90 6.6 2.7 
4.6 120 8.4 3.3 
4.6 150 10.6 3.2 
4.6 180 12.2 4.2 
4.6 210 9.1 3.7 
4.6 240 ';7.8 3.4 
4.6 270 7.7 3.4 
4.6 300 8.3 3.6 
4.6 330 8.4 3.4 

4.4 0 21.0 7.7 
4.4 30 13.4 4.3 
4.4 60 11.6 2.7 
4.4 90 11.7 3.1 
4.4 120 14.5 3.0 
4.4 150 15.7 3.2 
4.4 180 18.0 3.8 
4.4 210 15.4 3.6 
4.4 240 13.5 3.1 
4.4 270 13.9 3.2 
4.4 300 14.4 4.4 

>< , 4.4 330 15.9 5.9 
, 

4.2 0 31.2 7.5 
4.2 30 18.2 4.9 
4.2 60 16.0 3.7 
4.2 90 16.1 3.8 
4.2 120 18.4 2.8 
4.2 150 19.9 2.4 
4.2 180 22.2 3.8 
4.2 210 19.7 3.1 
4.2 240 18.9 3.5 
4.2 270 17.1 3.3 
4.2 300 18.5 4.4 
4.2 330 21.5 5.3 

4.0 0 37.5 4.0 
4.0 30 28.5 7.0 
4.0 60 23.4 5.4 
4.0 90 21.5 5.3 
4.0 120 24.1 4.3 
4.0 150 26.8 5.2 
4.0 180 28.6 4.5 
4.0 210 26.8 4.7 
4.0 240 24.5 4.6 
4.0 270 23.9 6.5 
4.0 300 26.8 5.4 
4.0 330 31.0 6.0 

• 
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Table III contd. 

N.D.F. Meridian. Mean reading Standard deviation. 

3.8 0 39.4 1.7 
3.8 30 35.0 6.3 
3.8 60 29.1 6.4 
3.8 90 27.2 5.1 
3.8 120 28.4 5.3 
3.8 150 30.9 5.5 
3.8 180 35.5 4.7 
3.8 210 31.1 4.2 
3.8 240 29.2 5.1 
3.8 270 28.7 6.8 
3.8 300 32.2 5.1 
3.8 330 35.6 4.0 
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Table IV 

12' Stimulus size. 

1.5 milli-lamberts background luminance. 

N.D.F. Meridian. Mean readl.ng Standard deviation. 

4.6 O. 8.6 5.4 
4.6 30 7.0 3.0 
4.6 60 6.0 2.9 
4.6 90 5.4 2.7 
4.6 120 7.4 2.9 
4.6 150 8.6 2.3 
4.6 180 11.1 3.1 
4.6 210 7.4 1.8 
4.6 240 7.0 2.3 
4.6 270 5.9 2.8 
4.6 300 6.9 3.0 
4.6 330 7.3 3.0 

4.4 0 16.7 9.5 
4.4 30 10.6 3.1 
4.4 60 8.7 2.7 
4.4 90 9.7 2.5 
4.4 120 11.1 3.4 
4.4 150 12.5 3.0 
4.4 180 15.5 3.6 
4.4 210 12.2 4.0 
4.4 240 11.1 3.3 
4.4 270 11.1 4.1 
4.4 300 10.6 4.2 
4.4 330 13.2 4.7 

4.2 0 24.4 9.3 • 
4.2 30 15.5 6.1 
4.2 60 13.6 4.3 
4.2 90 12.9 3.9 
4.2 120 14.9 3.5 
4.2 150 16.7 3.9 
4.2 180 19.7 3.5 
4.2 210 16.9 3.5 
4.2 240 15.0 3.9 
4.2 270 15.9 5.1 
4.2 300 16.2 5.8 
4.2 330 19.2 6.5 

4.0 0 31.3 8.9 
4.0 30 21.5 9.3 
4.0 60 19.1 5.4 
4.0 90 16.7 4.8 
4.0 120 20.6 5.7 
4.0 150 22.6 5.2 
4.0 180 25.9 6.0 
4.0 210 21.2 4.9 
4.0 240 20.7 6.2 
4.0 270 21.4 7.4 
4.0 300 25.6 8.6 
4.0 330 25.3 9.4 
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, 
I 

Table IV 
, 

c~mtd. 

N.D.F. Meridian. Mean 
I 

reading Standard deviation. 

! 
3.8 0 37.6; 5.2 
3.8 30 30.9' 9.6 
3.8 60 24.2, 7.4 
3.8 90 21.9 ! 7.8 
3.8 120 25.6 7.2 
3.8 150 27.2 1 7.3 
3.8 180 30.6 6.0 
3.8 210 27.0! 6.5 
3.8 240 27.oi 7.0 
3.8 270 28 0 i . , 7.9 
3.8 300 30.4: 7.3 
3.8 330 32.1

1 

8.4 

3.6 0 39.7 1 1.1 
3.6 30 34.9 6.6 
3.6 60 29.4! 9.4 
3.6 90 26.41 6.8 
3.6 120 30.4; 7.4 
3.6 150 32.9

1 
8.2 

3.6 180 35.0 6.3 
3.6 210 32.4 i 7.2 
3.6 240 33.3 9.1 
3.6 270 33.21 7.4 
3.6 300 35.7 6.3 
3.6 330 36.9 I 5.9 

3.4 0 40.0 : 0.0 
3.4 30 35.3 ' 7.1 
3.4 60 29.4 I 8.5 
3.4 90 26.2 6.4 
3.4 120 27.8 I 4.7 
3.4 150 28.7 I 5.6 
3.4 180 34.4 ; 4.8 
3.4 210 31.9 7.8 
3.4 240 30.3 I 7.6 
3.4 270 33.1 6.0 
3.4 300 35.3 I 5.4 
3.4 330 40.0 0.0 

• 
- I 
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Table V 

24' Stimulus size. 

0.1 milli-lamberts background luminance. 

N.D.F. Meridian. Mean reading. Standard deviation. 

5.6 0 20.0 Il.51. 
5.6 30 13.75 9.82 
5.6 60 9.65 8.03 
5.6 90 9.00 6.78 
5.6 120 8.95 6.12 
5.6 150 10.30 7.16 
5.6 180 11.75 7.64 
5.6 210 10.05 6.40 
5.6 240 9.60 7.29 
5.6 270 11.40 8.65 
5.6 300 11.80 6.77 
5.6 330 12.25 10.64 

5.4 0 30.30 11.63 
5.4 30 20.75 9.70 
5.4 60 15.35 7.30 
5.4 90 12.15 5.37 
5 4 120 18.30 7.28 
5.4 150 14.50 6.48 
5.4 180 19.05 4.77 
5.4 210 15.50 5.44 
5.4 240 14.30 7.54 
5.4 270 17.30 7.31 
5.4 300 17.90 8.00 
5.4 330 19.40 9.66 

5.2 0 38.00 12.57 
5.2 30 24.75 10.22 
5.2 60 19.75 7.31 
5.2 90 17.95 5.98 
5.2 120 18.20 6.96 
5.2 150 20.30 4.88 
5.2 180 22.50 3.97 
5.2 210 20.80 6.56 
5.2 240 20.55 6.06 
5.2 270 23.65 6.69 
5.2 300 24.60 6.54 
5.2 330 27.70 8.97 

5.0 0 44.55 10.82 
5.0 30 31.85 6.90 
5.0 60 24.95 6.47 
5.0 90 22.45 6.27 
5.0 120 22.75 6.71 
5.0 150 24.15 3.87 
5.0 180 20.45 2.98 
5.0 210 25.25 7.39 
5.0 240 25.75 6.08 
5.0 270 27.30 6.32 
5.0 300 31.45 4.94 
5.0 330 36.65 7.76 



N.D.F. 

5.2 
5.2 
5.2 
5.2 
5.2 
5.2 
5.2 
5.2 
5.2 
5.2 
5.2 
5.2 

5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 

4.8 
4.8 
4.8 
4.8 
4.8 
4.8 
4.8 
4.8 
4.8 
4.8 
4.8 
4.8 

4.6 
4.6 
4.6 
4.6 
4.6 
4.6 
4.6 
4.6 
4.6 
4.6 
4.6 
4.6 

Table VI 

24' Stimulus size. 

0.5 milli-lamberts background luminance. 

Meridian. 

o 
30 
60 
90 
120 
150 
180 
210 
240 
270 
300 
330 

o 
30 
60 
90 
120 
150 
180 
210 
240 
270 
300 
330 

o 
30 
60 
90 
120 
150 
180 
210 
240 
270 
300 
330 

o 
30 
60 
90 
120 
150 
180 
210 
240 
270 
300 
330 

Mean reading. Standard deviation. 

7.2 3.5 
5.4 2.2 
5.8 2.6 
4.5 2.4 
5.1 2.3 
6.0 3.1 
8.1 3.8 
5.7 2.9 
5.2 2.9 
4.1 2.1 
6.0 3.1 
6.5 3.3 

16.6 9.8 
8.7 3.8 
8.0 3.4 
7.9 3.7 
9.6 3.6 

11.4 3.7 
13.7 3.7 
11.4 5.3 
9.4 4.1 
9.6 5.1 

10.5 5.1 
11.1 4.6 

35.5 5.7 
28.3 8.8 
21.4 5.8 
17.2 6.6 
21.7 6.8 
24.8 5.8 
26.0 5.6 
24.2 5.6 
22.9 5,5 
24.1 6.9 
27.7 8.4 
30.5 8.3 

39.6 1.6 
36.7 5.9 
29.5 7.9 
26.0 6.9 
29.2 6.2 
32.6 5.8 
34.4 4.6 
32.4 5.8 
31.3 6.2 
34.1 6.6 
36.4 5.6 
37.5 5.6 

180 
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Table VII 

24' Stimulus size. 
1.0 milli-lamberts background luminance. 

N.D.F. Meridian. Mean reading. Standard deviation. 

5.0 0 9.0 4.3 
5.0 30 8.3 2.8 
5.0 60 5.7 2.5 
5.0 90 6.1 1.9 
5.0 120 8.8 2.9 
5.0 150 9.1 3.3 
5.0 180 10.8 4.1 
5.0 210 8.8 3.5 
5.0 240 8.1 3.0 
5.0 270 8.2 2.7 
5.0 300 8.2 2.4 
5.0 330 7.9 3.2 

4.8 0 29.0 7.0 
4.8 30 20.4 6.9 
4.8 60 14.9 4.4 
4.8 90 14.7 4.6 
4.8 120 16.9 4.2 
4.8 150 18.1 2.8 
4.8 180 21.4 3.7, 
4.8 210 18.4 3.2 
4.8 240 17.6 4.1 
4.8 270 18.1 4.6 
4.8 300 19.9 5.0 
4'.8 330 19.7 5.4 

4.6 0 39.4 2.7 
4.6 30 31.3 6.5 
4.6 60 24.1 6.0 
4.6 90 22.6 5.1 
4.6 120 24.5 4.8 
4.6 150 25.9 3.6 
4.6 180 28.6 3.3 
4.6 210 25.7 3 4 
4.6 240 24.6 4.3 
4.6 270 28.6 4.1 
4.6 300 30.0 6.4 
4.6 330 33.2 7.7 

4.4 0 40.0 0.0 
4.4 30 38.2 3.4 
4.4 60 34.6 5.9 
4.4 90 33.1 6.0 
4.4 120 33.0 5.8 
4.4 150 33.4 4.5 
4.4 180 35.5 3.5 
4.4 210 33.7 4.3 
4.4 240 33.6 3.4 
4.4 270 38.8 3.2 
4.4 300 38.1 3.8 
4.4 330 39.5 1.5 
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Table VIII 

24' Stimulus size. 

1.5 mi11i-1amberts background luminance. 

N.D.F. Meridian. Mean reading. Standard deviation. 

4.8 0 12.0 7.2 
4.8 30 9.5 3.3 
4.8 60 7.9 3.6 
4.8 90 7.7 3.4 
4.8 120 9.7 4.1 
4.8 150 11.1 3.9 
4.8 180 13.1 4.2 
4.8 210 11.4 4.3 
4.8 240 10.0 3.3 
4.8 270 10.4 4.2 
4.8 300 9.9 3.4 
4.8 330 10.2 3.9 

4.6 0 22.4 9.4 
4.6 30 15.9 6.6 
4.6 60 13.6 5.4 
4.6 90 13.1 4.6 
4.6 120 15.2 4.2 
4.6 150 16.5 4.8 

• 4.6 180 18.7 4.4 
4.6 210 17.2 3.6 
4.6 240 16.2 4.8 
4.6 270 18.6 5.7 
4.6 300 16.0 4.9 
4.6 330 17.6 7.9 

4.4 0 34.6 7.0 
4.4 30 28.9 8.6 
4.4 60 20.9 7.6 
4.4 90 19.0 5.4 
4.4 120 19.9 4.6 
4.4 150 23.7 5.7 
4.4 180 26.5 6.1 
4.4 210 23.2 4.7 
4.4 240 23.6 6.3 
4.4 270 26.1 8.2 
4.4 300 27.0 7.6 
4.4 330 28.7 9.9 

4.2 0 37.7 6.1 
4.2 30 34.1 7.6 
4.2 60 28.5 8.4 
4.2 90 25.5 7.2 
4.2 120 28.0 5.8 
4.2 150 28.1 6.5 
4.2 180 32.5 5.5 
4.2 210 29.1 5.8 
4.2 240 29.9 6.8 
4.2 270 33.7 6.5 
4.2 300 35.1 8.0 
4.2 330 35.8 7.8 
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Table VIII contd. 

N.D.F. Meridian. Mean reading. Standard deviation. 

4.0 0 38.0 7.1 
4.0 30 36.8 6.6 
4.0 60 32.0 7.5 
4.0 90 28.0 7.6 
4.0 120 32.0 6.6 
4.0 150 33.7 6.1 
4.0 180 35.5 4.5 
4.0 210 3a.7 7.0 
4.0 240 35.9 6.5 
4.0 270 36.4 5.6 
4.0 300 36.6 6.4 
4.0 330 36.4 7.4 

/' 



MEAN CONTOURS OR ISOPTERS OF 

DIFFERENTIAL THRESHOLD CONTRAST. 

, 
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MEAN GRADIENTS AND STANDARD DEVIATIONS 

OF DIFFERENTIAL THRESHOLD CONTRAST. 
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TABLES AND GRAPHS SHOWING, FOR THE 

NASAL MERIDIAN, THE RELATION BETWEEN 

DIFFERENTIAL THRESHOLD CONTRA~T AND 

THE MEANS AND STANDARD DEVIATI0N~ OF 

ECCENTRICITY. 
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12' STIMULUS. 

N.D.F. Mean Eccentricity. 

5.2 9.7 

5.0 15.7 

4.8 20.2 

4.6 26.0 

4.8 12.0 
, " 4.6 17.9 

4.4 23.5 

4.2 29.0 

4.6 12.2 

4.4 18.0 

4.2 22.2 

4.0 28.6 

4.6 11.1 

4.4 15.5 

4.2 19.7 

4.0 25.9 

3.8 30.6 

S/Dev. 

4.6 

3.4 

3.0 

3.8 

4.0 

3.6 

4.4 

6.3 

4.2 

3.8 

3.8 

4.5 

3.1 

3.6 

3.5 

6.0 

6.0 

Approx. 
Equiv. 
S/Dev. 
N.D.F. 

.28 

.27 

.27 

1.28 

.26 

.33 

.56 

.32 

.32 

.27 

.32 

.35 

.32 
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Luminance. 
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1.5 mL 
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24' STIJWLUS. 

N.D.F. Mean Eccentricity. 

5.6 11.7 

5.4' 19.0 

5.2 22.5 

5.0 26.4 

5.2 8.1 

5.0 13.1 

4.8 26.0 

5.0 10.8 

4.8 21.4 

4.6 28.6 

4.8 13.1 

4.6 18.7 

4.4 26.5 

4.2 32.5 

S/Dev. 

7.6 

4.8 

4.0 

3.0 

3.8 

3.7 

5.6 

' 4.1 
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3.3 
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5.5 

Approx 
Equiv. 
S/Dev. 
N.D.F. 
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APPENDIX D. 

THE DIFFERENTIAL THRESHOLD CONTRAST RESPONSE 

FOR EACH OF THE 46 STIMULI POSITIONS OVER 

THE FRONT PLATE OF THE VISUAL FIELD ANALYSER 

FOR 26 NORMAL RIGHT EYES OF YOUNG ADULTS. 
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214 

Individual neutral density filter settings for 

differential threshold contrast for each of the 

46 stimuli positions, examining the right eyes of 

26 normal young adults. 

-----

1 2 3 4 5 6 7 8 9 10 11 12 

Al 2.4 2.4 1.8 2.2 2.4 2.4 2.4 2.2 2.4 2.2 2.4 2.4 
A2 2.4 2.4 2.0 2.2 2.4 2.4 2.4 2.4 2.4 2.2 2.4 2.4 
A3 2.4 2.4 2.2 2.2 2.4 2.4 2.2 2.4 2.4 2.2 2.4 2.4 
A4 2.4 2.4 2.6 2.4 2.4 2.4 2.4 2.4 2.4 2.2 2.4 2.4 
Bl 2.2 2.4 2.2 2.2 2.4 2.4 2.2 2.4 2.4 2.4 2.4 2.4 
B2 2.4 2.4 2.4 2.4 2.4 2.4 2.4 2.4 2.4 2.4 2.4 2.4 
'Cl 2.4 2.4 2.6 2.4 2.4 2.4 2.4 2.4 2.4 2.4 2.4 2.4 
C2 2.2 2.4 1.8 1.8 2.0 2.4 2.0 2.4 2.2 2.2 2.4 2.2 
C3 2.2 2.4 2.0 2.2 2.2 2.4 2.2 2.4 2.2 2.4 2.2 2.0 
Dl 2.4 2.0 2.2 2.4 2.4 2.2 2.4 2.2 2.2 2.2 2.4 
D2 2.4 2.4 2.4 2.4 2.4 2.2 2.4 2.4 2.2 2.4 2.4 
El 2.4 2.2 2.4 2.4 2.4 2.4 2.2 2.4 2.4 2.2 2.2 2.4 
E2 2.4 2.4 2.0 1.8 2.4. 2.2 2.2 2.4 2.4 2.4 2.0. 2.2 
E3 2.4 2.4 2.4 2.2 2.4 2.4 2.2 2.4 2.4 2.4 2.2 2.4 
Fl 2.2 2.4 2.0 2.4 2.4 2.2 2.2 2.2 2.2 2.0 2.0 2.2 
F2 2.2 2.4 1.8 2.0 2.2 2.0 2.2 2.2 2.4 2.0 2.0 2.0 
F3 2.4 2.4 2.0 2.2 2.4 2.2 2.2 2.4 2.4 2.4 2.2 2.4 
F4 2.4 2.4 1.8 2.2 2.4 2.2 2.2 2.4 2.4 2.0 1.8 2.0 
Gl 2.2 2.4 2.0 2.0 2.2 2.2 2.2 2.2. 2.2 2.0 2.2 2.2 
G2 2.4 2.4 2.6 2.2 2.4 2.4 2.2 2.2 2.4 2.0 2.0 2.2 
HI 2.4 2.4 2.6 2.2 2.2 2.4 2.2 2.2 2.2 2.0 2.0 2.2 
H2 2.4 2.4 1.8 1.8 2.0 2.4 2.2 2.2 2.2 2.2 2.2 2.2 
H3 2.4 2.4 2.4 2.4 2.4 2.4 2.4 2.4 2.4 2.2 2.2 2.4 

. Jl 2.4 2.4 2.4 2.2 2.4 2.4 2.2 2.2 2.2 2.2 2.2 2.2 
J2 2.4 2.4 2.4 2.2 2.4 2.4 2.2 2.2 2.4 2.2 2.2 2.2 
Kl 2.2 2.4 2.0 2.0 2.4 2.4 2.4 2.2 2.2 2.2 2.0 2.0 
K2 2.4 2.4 2.6 2.0 2.4 2.4 2.4 2.4 2.4 2.4 2.2 2.4 
K3 2.4 2.4 2.6 2.4 2.4 2.4 2.4 2.4 2.4 2.4 2.0 2.2 
Ll 2.4 2.4 2.4 2.2 2.4- 2.2 2.4 2.4 2.4 2.4 2.2 
L2 2.4 2.4 1.8 1.8 2.0 2.2 2.2 2.0 2.2 2.2 2.2 
L3 2.4 2.4 2.4 2.2 2.4 2.4 2.4 2.4 2.4 2.2 2.2 
L4 2.4 2.4 2.0 1.8 2.4 2.4 2.2 2.2 2.2 2.0 2.2 
Ml 2.4 2.4 2.6 2.2 2.4 2.4 2.4 2.4 2.4 2.2 2.4 2.4 
M2 2.4 2.4 2.4 2.0 2.4 2.4 2.4 2.4 2.2 2.0 2.0 2.2 
NI 2.4 2.4 2.4 2.4 2.2 2.4 2.4 2.4 2.4 2.4 2.2 2.4 
N2 2.4 2.4 2.4 2.2 2.4 2.4 2.4 2.2 2.4 2.2 2.4 2.2 
N3 2.4 2.4 2.4 2.2 2.4 2.4 2.4 2.4 2.4 2.4 2.4 2.4 
N4 2.4 2.4 2.4. 2.4 2.4 2.4 2.4 2.4 2.4 2.4 2.2 2.2 
01 2.2 2.4 2.4 2.4 2.4 2.4 2.4 2.4 2.4 2.4 2.0 
02 2.2 2.4 2.4 2.2 2.4 2.4 2.4 2.4 2.4 2.4 2.4 
03 2.2 2.4 2.4 2.4 2.2 2.4 2.4 2.4 2.4 2.4 2.2 
04 2.2 2.4 2.4 2.2 2.4 2.4 2.4 2.4 2.4 2.4 2.2 
PI 2.4 2.4 2.6 2.6 2.4 2.4 2.4 2.4 2.4 2.4 2.2 
P2 2.4 2.4 -2.4 2.4 2.4 2.4 2.4 2.4 2.4 2.4 2.2 
P3 2.4 2.4 2.4 2.4 2.4 2.4 2.4 2.4 2.4 2.4 2.4 
P4 2.4 2.6 2.6 2.4 2.4 2.4 2.4 2.4 2.4 2.4 2.4 
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13 14 15 16 17 18 19 20 21 22 23 24 

A1 2.0 2.4 2.2 2.4 2.6 2.2 2.4 2.4 2.4 2.4 2.4 2.2 
A2 2.2 2.4 2.2 2.4 2.4 2.2 2.4 2.4 2.4 2.6 2.2 2.4 
A3 2.0 2.4 2.0 2.4 2.6 2.2 2.4 2.4 2.4 .2.6 2.2 2.4 
A4 2.2 2.4 2.2 2.4 2.6 2.2 2.4 2.4 2.4 2.6 2.2 2.4 
B1 2.4 2.4 2.4 2.2 2.4 2.4 2.2 2.4 2.4 2.6 2.4 2.6 
B2 2.0 2.4 2.4 2.4 2.6 2.4 2.4 2.4 2.4 2.6 2.4 2.6 
Cl 2.4 2.4 2.4 2.4 2.4 2.4 2.6 2.4 2.4 2.6 2.4 2.6 
C2 2.4 2.2 1.8 2.4 2.4 2.2 2.2 2.0 2.4 2.6 2.2 2.4 
C3 2.4 2.4 2.4 2.2 2.4 2.4 2.4 2.4 2.4 2.6 2.4 2.4 
D1 2.4 2.4 2.4 2.4 2.2 2.0 2.2 2.4 2.4 2.4 2.2 2.6 
D2 2.4 2.4 2.4 2.4 2.4 2.4 2.4 2.0 2.4 2.4 2.2 2.6 
El 2.4 2.2 2.2 2.4 2.2 2.4 2.4 2.4 2.4 2.4 2.4 2.4 
E2 2.2 2.4 2.4 2.2 2.0 2.0 2.2 2.0 2.2 2.4 2.2 2.2 
E3 2.4 2.4 2.4 2.4 2.4 2.4 2.4 2.4 2.4 2.4 2.4 2.6 
F1 2.2 2.2 2.2 2.2 2.4 2.4 2.2 2.4 2.4 2.4 2.4 2.4 
F2 2.0 2.4 2.2 2.2 2.2 2.0 2.2 2.4 2.4 2.6 2.0 2.2 
F3 2.0 2.2 2.4 2.4 2.4 2.4 2.4 2.4 2.4 2.4 2.4 2.4 
F4 2.4 2.4 2.2 2.2 2.2 2.2 2.4 2.4 2.4 2.6 2.4 2.4 
G1 2.4 2.2 2.4 2.2 2.2 2.2 2.2 2.2 2.2 2.4 2.0 2.6 
G2 2.4 2.2 2.4 2.4 2.2 2.2 2.4 2.2 2.2 2.4 2.4 2.4 
H1 2.4 2.4 2.2 2.4 2.2 2.4 2.2 2.2 2.4 2.4 2.2 2.2 
H2 2 2 2.4 2.2 2.0 2.2 2.2 2.2 2.0 2.4 2.4 2.2 2.4 
H3 2.6 2.4 2.4 2.4 2.4 2.4 2.6 2.4 2.4 2.4 2.4 2.4 
J1 2.4 2.4 2.2 2.4 2.2 2.4 2.2 2.2 2.2 2.4 2.4 2.4 
J2 2.4 2.4 2.2 2.4 2.4 2.2 2.4 2.0 2.2 2.2 2.4 2.4 
K1 2.4 2.4 2.2 2.4 2.2 2.2 2.2 2.2 2.2 2.4 2.2 2.4 
K2 2.4 2.4 2.2 2.4 2.2 2.4 2.4 2.0 2.2 2.4 2.4 2.4 
K3 2.2 2.4 2.2 2.4 2.4 2.4 2.2 2.0 2.2 2.4 2.2 2.4 
L1 2.2 2.4 2.4 2.4 2.4 2.4 2.6 2.2 2.4 2.4 2.6 2.4 
L2 2.2 2.4 2.4 2.2 2.2 2.4 2.2 2.4 2.4 2.4 2.2 2.4 
L3 2.4 2.4 2.4 2.2 2.4 2.4 2.6 2.4 2.4 2.4 2.6 2.4 
L4 2.2 2.4 2.4 2.0 2.0 2.4 2.2 2.2 2.4 2.4 2.2 2.4 
M1 2.2 2.4 2.6 2.4 2.4 2.4 2.6 2.4 2.6 2.4 2.4 2.4 
M2 2.2 2.4 2.6 2.2 2.2 2.4 2.2 2.4 2.6 2.6 2.2 2.4 
N1 2.4 2.4 2.6 2.4 2.6 2.4 2.4 2.4 2.6 2.4 2.6 2.4 
N2 2.2 2.4 2.6 2.4 2.2 2.4 2.4 2.4 2.6 2.4 2.4 2.4 
N3 2.4 2.4 2.6 2.4 2.6 2.2 2.6 2.4 2.6 2.4 2.6 2.4 
N4 2.2 2.4 2.6 2.4 2.4 2.6 2.6 2.4 2.6 2.4 2.6 2.4 
01, 2.4 2.4 2.6 2.6 2.6 2.6 2.6 2.4 2.4 2.4 2.6 2.4 
02 2.4 2.4 2.6 2.6 2.4 2.4 2.4 2.2 2.4 2.6 2.2 2.4 
03 2.4 2.4 2.6 2.6 2.2 2.4 2.4 2.6 2.4 2.4 2.4 2.4 
04 2.4 2.4 2.6 2.6 2.4 2.6 2.6 2.4 2.4 2.6 2.6 2.4 
P1 2.4 2.4 2.6 2.6 2.6 2.4 2.6 2.6 2.4 2.6 2.6 2.4 
P2 2.4 2.4 2.6 2.6 2.6 2.4 2.6 2.6 2.4 2.4 2.6 2.4 
P3 2.6 2.4 2.6 2.6 2.6 2.4 2.4 2.6 2.4 2.6 2.6 2.4 
P4 2.4 2.4 2.6 2.4 2.6 2.4 2.6 2.6 2.4 2.4 2.6 2.4 
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25 26 Aver. S.Dev. Min. Max. 

A1 2.0 2.2 2.30 .16 1.8 2.6 
A2 2.4 2.2 2.34 .12 2.0 2.6 
A3 2.2 2.2 2.32 .14 2.0 2.6 
A4 2.4 2.2 2.38 .11 2.2 2.6 
B1 2.2 2.2 2.35 .11 2.2 2.6 
B2 2.4 2.2 2.40 .11 2.0 2.6 
Cl 2.4 2.2 2.42 .08 2.2 2.6 
C2 2.2 2.2 2.21 .02 1.8 2.6 
C3 2.0 2.2 2.31 .14 2.0 2.6 
D1 2.4 2.2 2.30 .14 2.0 2.6 
D2 2.4 2.2 2.36 .11 2.0 2.6 
El 2.6 2.0 2.34 .12 2.0 2.6 
E2 2.4 2.0 2.21 .17 1.8 2.4 
E3 2.4 2.2 2.37 .08 2.2 2.6 
F1 2.2 2.0 2.25 .13 2.0 2.4 
F2 2.2 2.0 2.17 .18 1.8 2.6 
F3 2.2 2.0 2.31 .13 2.0 2.4 
F4 2.4 2.4 2.28 .19 1.8 2.6 
G1 2.4 2.2 2.22 .13 2.0 2.6 
G2 2.4 2.4 2.31 .13 2.0 2.6 
H1 2.2 2.0 2.26 .14 2.0 2.6 
H2 2.2 2.0 2.19 .17 1.8 2.4 
H3 2.4 2.4 2.40 .07 2.2 2.6 
J1 2.4 2.2 2.30 .10 2.2 2.4 
J2 2.4 2.0 2.29 .12 2.0 2.4 
K1 2.4 2.0 2.24 .14 2.0 2.4 
K2 2.2 2.2 2.33 .13 2.0 2.6 
K3 2.4 2.4 2.33 .13 2.0 2.6 
L1 2.4 2.2 2.36 .10 2.2 2.6 
L2 2.4 2.0 2.22 .18 1.8 2.4 
L3 2.4 2.2 2.38 .10 2.2 2.6 
L4 2.4 2.4 2.25 .17 1.8 2.4 
M1 2.4 2.4 2.41 .10 2.2 2.6 
M2 2.4 2.4 2.32 .16 2.0 2.6 
N1 2.4 2.2 2.41 .10 2.2 2.6 
N2 2.4 2.4 2.37 .10 2.2 2.6 
N3 2.4 2.2 2.41 .11 2.2 2.6 
N4 2.6 2.4 2.42 .11 2.2 2.6 
01 2.4 2.2 2.41 .13 2.0 2.6 
02 2.6 2.2 2.39 .12 2.2 2.6 
03 2.4 2.4 2.39 .10 2.2 2.6 
04 2.6 2.2 2.42 .13 2.2 2.6 
P1 2.6 2.4 2.47 .11 2.2 2.6 
P2 • 2.4 2.2 2.43 .10 2.2 2.6 
P3 2.6 2.4 2.46 .09 2.4 2.6 
P4 2.4 2.2 2.45 .10 2.2 2.6 
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Case No. 1 

AGE. 48 

NDF Guide 1.8 for age. 

Al 1.8 
A2 1.4 
A3 1.4 
A4 0.2 
B1 0.6 
B2 0.2 
Cl O. 
C2 1.8 
C3 1.4 
D1 0.6 
D2 0.6 
El 1.0 
E2 1.4 

. E3 1.0 
F1 1.0 
F2 1.4 
F3 1.0 
F4 0.0 
G1 0.0 
G2 0.0 
HI 1.8 
H2 0.0 
H3 1.8 
J1 0.2 
J2 0.2 
K1 1.0 
K2 1.0 
K3 1.0 
L1 0.6 
L2 0.6 
L3 0.6 
L4 0.6 
M1 1.8 
M2 1.8 
NI 0.2 
N2 0.2 
N3 1.8 
N4 1.8 
01 1.8 
02 O. 
03 1.8 
04 1.8 
PI 1.4 
P2 1.8 
P3 1.8 
P4 1.8 

GLAUCOMA CASES 

RIGHT EYES. 

2 3 4 

57 42 48 

1.6 1.8 1.8 

1.8 1.4 O. 
1.8 0.6 1.8 
1.8 0.6 1.8 
1.8 0.6 1.8 
1.8 1.4 O. 
1.8 1.0 1.8 
1.8 0.6 O. 
1.0 O. 1.8 
1.8 O. 1.8 
1.8 1.4 O. 
1.8 O. 1.8 
1.8 O. O. 
1.8 1.4 0.6 
1.8 O. 1.8 
1.0 1.4 O. 
1.0 O. O. 
1.0 O. 1.8 
1.0 O. 1.8 
1.8 O. O. 
1.8 O. 1.8 
1.0 O. O. 
1.0 O. O. 
1.8 O. 1.8 
1.0 O. O. 
1.8 O. 1.8 
1.8 O. O. 
1.0 O. 1.8 
1.8 O. 1.8 
1.8 O. O. 
1.8 O. 0.6 
1.8 O. 1.8 
1.8 O. 1.8 
1.0 1.0 1.8 
1.0 O. 1.8 
1.8 O. O. 
1.8 O. O. 
1.8 O. 1.8 
1.8 O. 0.6 
1.8 O. 1.8 
1.8 O. O. 
1.8 O. 1.8 
1.8 O. 1.8 
1.8 0.6 0.6 
1.8 O. 1.8 
1.8 O. 0.6 
1.8 O. 1.8 

, , 
" 
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5 6 7 9 

68 67 73 48 

1.4 1.4 1.4 1.8 

O. 0.2 1.0 O. 
O. 0.2 1.4 1.0 
O. 1.0 1.4 1.8 
O. 1.0 1.4 1.8 
O. 0.6 1.4 1.0 
O. O. 1.4 1.8 
O. O. O. 1.8 
O. 1.0 1.4 1.0 
O. 1.0 1.4 1.8 
O. 0.2 1.4 1.8 
O. 1.4 1.4 1.8 
O. 0.6 1.0 O. 
O. 1.0 1.4 1.8 
O. 1.4 1.4 1.8 
O. 1.0 1.0 0.2 
O. 0.2 1.4 0.6 
O. O. 1.0 1.0 
O. 1.0 1.4 1.8 
O. 1.0 1.4 O. 
O. O. 1.4 1.8 
O. 1.4 1.4 0.2 
O. 1.0 1.4 0.2 
O. 1.4 1.4 0.2 
O. 1.0 1.4 O. 
O. 1.0 1.0 1.8 
O. 1.0 1.4 1.8 
O. 1.0 1.4 1.8 
O. O. 1.4 1.8 
O. 1.4 1.4 1.8 
O. 0.2 1.4 1.8 
O. 1.0 1.0 0.6 
O. 0.2 0.2 1.8 
O. 1.0 1.4 1.8 
0.8 1.4 1.4 1.8 
O. 1.4 0.6 0.2 
0.8 1.4 1.4 1.8 
O. ·1.4 0.6 1.8 
O. 1.4 1.4 1.8 
O. 1.4 O. 1.8 
O. 1.4 1.0 1.8 
0.8 1.4 1.4 1.8 
O. 1.4 1.4 0.6 
0.4 1.4 O. O. 
0.8 1.4 1.4 1.8 
0.4 1.4 1.4 1.8 
0.4 1.4 1.4 1.8 
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GLAUCOMA CASES 

RIGHT EYES. 

, 

Case No. 10 11 12 

AGE. 79 78 45 

NDF Guide 
1.4 1.4 1.8 Mean S.Dev. 

for Age. 

Al 1.4 0.2 1.6 0.83 0.71 
A2 1.0 1.0 1.2 1.01 0.53 
A3 1.0 0.2 1.6 1.15 0.62 
A4 1.4 1.0 1.6 1.15 0.62 
Bl 1.4 1.0 1.6 0.98 0.59 
B2 1.4 0.6 1.6 1.05 0.70 
Cl 1.4 O. 1.6 0.65 0.78 
C2 1.0 0.6 1.6 1.16 0.63 
C3 1.4 1.0 1.6 1.20 0.63 
Dl 1.0 1.0 1.6 0.73 0.64 
D2 1.4 0.6 1.6 1.13 0.67 
El 1.0 0.6 1.6 0.69 0.62 
E2 1.0 1.0 1.6 1.18 0.57 
E3 1.4 0.6 1.6 1.16 0.65 
Fl 1.4 0.6 1.6 0.84 0.54 
F2 1.0 1.0 1.2 0.62 0.50 
F3 1.4 O. 1.2 0.73 0.62 
F4 1.0 0.2 0.4 0.78 0.67 
Gl 1.4 1.0 1.6 0.75 0.71 
G2 1.4 0.6 1.6 0.85 0.73 
HI 1.8 0.2 0.8 0.79 0.70 
H2 1.0 0.2 1.6 0.58 0.59 
H3 1.0 0.6 1.6 1.05 0.70 
Jl 1.4 1.0 1.6 0.60 0.64 
J2 1.0 0.2 1.2 0.91 0.68 
Kl 1.4 0.2 1.6 0.87 0.67 
K2 1.0 1.0 1.2 0.96 0.49 
K3 1.4 0.6 1.6 1.04 0.72 
Ll 1.4 0.2 1.6 1.05 0.67 
L2 1.0 0.6 1.6 0.85 0.68 
L3 1.4 O. 1.6 0.89 0.67 
L4 1.0 O. loG 0.89 0.76 
Ml 1.4 O. 1.8 1.13 0.81 
M2 1.4 1.0 1." 1.21 0.52 
NI 1.4 0.2 1.6 0.67 0.69 
N2 1.4 O. 1.6 0.95 0.72 
N3 1.0 O. 1.6 0.98 0.72 
N4 1.4 1.0 1.6 1.16 0.65 
01 1.4 O. 1.6 1.05 0.81 
02 1.4 O. 1.6 0.82 0.77 
03 1.4 1.0 1.6 1.35 0.53 
04 1.4 0.2 1.6 1.09 0.71 
PI 1.4 O. 1.2 0.80 0.63 
P2 1.4 1.0 1.2 1.31 0.53 
P3 1.4 1.0 1.2 1.16 0.58 
P4 1.4 1.0 1.2 1.27 0.57 
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GLAUCOMA CASES 

LEFT EYES. 

Case No. 2 3 5 7 8 9 

AGE. 57 42 68 73 73 48 

NDF guide 1.6 1.8 1.4 1.4 1.4 1.8 
for AGE. 

A1 1.8 0.6 1.6 1.4 1.4 1.8 
A2 1.8 1.8 O. 1.4 O. 1.8 
A3 1.8 1.8 1.6 1.4 1.4 O. 
A4 1.8 1.0 O. 1.4 O. 1.8 
B1 1.6 1.8 1.6 1.4 1.4 1.8 
B2 1.8 1.8 1.6 1.4 1.4 1.8 
Cl 1.8 1.0 1.6 1.4 1.4 1.8 
C2 1.8 1.8 1.6 1.4 O. 1.8 
C3 1.8 1.8 1.6 O. 1.4 1.0 
D1 1.8 1.8 1.6 1.4 0.6 1.8 
D2 1.8 1.8 1.6 1.4 0.6 1.8 
El 1.8 1.8 1.6 1.4 1.4 1.0 
E2 0.2 1.8 1.6 1.4 O. 0.2 
E3 1.8 1.8 1.6 1.4 1.4 1.8 
F1 1.8 1.8 1.6 1.0 1.4 1.8 
F2 1.8 1.8 1.6 1.4 O. 1.8 
F3 1.8 0.2 1.6 1.4 0.6 1.8 
F4 1.8 1.0 1.6 1.0 O. 0.6 
G1 0.6 1.8 1.6 1.4 1.4 1.8 
G2 1.8 0.6 1.6 0.2 1.4 1.0 
H1 1.8 1.8 1.6 1.4 1.4 1.0 
H2 1.8 1.8 1.6 1.4 O. 1.0 
H3 1.8 0.6 1.6 O. 0.6 1.8 
J1 1.8 1.8 1.6 1.4 1.4 1.8 
J2 1.8 0.6 1.6 1.4 1.4 1.8 
K1 1.8 1.8 1.6 1.4 1.4. 1.8 
K2 1.8 0.6 1.6 O. 1.4 1.8 
K3 1.8 0.6 1.6 O. O. 1.0 
L1 1.8 1.8 1.6 1.0 1.4 1.8 
L2 0.2 1.0 1.6 1.4 O. 1.8 
J.~I 1 • H I • H I • r; I • Cl I • IJ 1 • R 
L4 l.~ 0.6 1. (j O. O. J.H 
M1 1.8 1.8 1.6 1.4 1.4 1.8 
M2 1.8 1.8 1.6 0.2 O. 1.8 
N1 1.8 1.0 1.6 1.4 1.4 O. 
N2 0.0 1.8 1.6 1.4 O. 1.8. 
N3 1.8 1.8 1.6 0.6 1.4 1.8 
N4 1.8 O. 1.6 1.0 O. 1.8 

.01 1.8 1.8 1.6 1.0 1.4 1.8 
02 1.8 1.8 1.6 1.4 0.6 O. 
03 1.8 1.8 1.6 1.0 0.2 1.8 
04 1.8 1.8 1.6 1.4 1.4 1.8 
P1 1.8 1.8 1.6 1.4 1.4 1.8 
P2 1.0 1.8 1.6 1.4 1.4 1.8 
P3 1.8 1.8 1.6 1.4 1.4 1.8 
P4 1.0 1.8 1.6 1.4 1.4 1.8 
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GLAUCOMA CASES. 

LEFT EYES. 

Case No. 10 11 

AGE. 79 78 

NDF guide 1.4 1.4 Mean S.Dev. 
for AGE. 

A1 1.0 1.0 1.33 0.40 
A2 1.0 1.0 1.10 0.71 
A3 1.4 0.6 1.10 0.71 
A4 1.4 O. 1.17 0.70 
B1 1.4 1.0 1.50 0.24 
B2 1.4 1.0 1.52 0.26 
Cl 1.4 0.6 1.37 0.38 
C2 1.0 1.0 1.30 0.58 
C3 1.4 o. 1.12 0.69 
D1 1.4 1.0 1.42 0.40 
D2 1.4 0.6 1.30 0.47 
El 1.0 1.0 1.38 0.30 
E2 1.4 O. 0.79 0.71 
E3 1.4 0.2 1.42 0.49 
F1 1.4 1.0 1.47 0.32 
F2 1.4 1.0 1.35 0.57 
F3 1.4 O. 1.10 0.68 
F4 1.4 O. 0.89 0.67 
G1 1.4 1.0 1.37 0.38 
G2 1.4 0.6 1.07 0.53 
H1 1.4 0.2 1.32 0.49 
H2 1.4 0.2 1.15 0.65 
1I3 1.4 0.2 1.00 0.69 
J1 1.4 0.6 1.47 0.37 
J2 1.4 O. 1.21 0.59 
K1 1.4 1.0 1.52 0.26 
K2 1.4 O. 1.07 0.71 
K3 1.4 o. 0.80 0.71 
L1 1.0 O. 1.30 0.58 
L2 1.4 1.0 1.05 0.61 
L3 1.0 O. 1.30 0.58 
L4 1.0 1.0 0.97 0.69 
M1 1.4 1.0 1.52 0.26 
M2 1.4 o. 1.{J7 0.70 
N1 1.4 0.2 1.10 0.62 
N2 1.4 0.2 1.02 0.76 
N3 1.4 O. 1.22 0.59 
N4 1.4 O. 1.02 0.80 
01 1.4 1.0 1.40 0.26 
02 1.4 o. 1.07 0.71 
03 1.4 o. 1.16 0.68 
04 1.4 0.2 1.30 0.58 
P1 1.4 1.0 1.49 0.30 
P2 1.4 O. 1.30 0.55 
P3 1.4 1.0 1.49 0.30 
P4 1.4 0.2 1.30 0.55 
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IN I RODUCTlON 
Since the tImcof van Grade (1856), the IInporlanu'ol tht'dII1U .. ll 

Invc\tlgation of the vl\ual field ha~ Ill'lfl r(,Jli/ul mon' .lllt! mon,! 'I he 
earhest known Instrument for thiS purpose was the perimeter deSigned by 
Aubert and Forrester (1857). From thIS begtnntng, untIl the present 
day, numerous instruments have been deSIgned to Improve the techniques 
avaIlable, for example, the perimeter of Goldmann2 , employtng quantl­
tative control of adaptation and stimulus variables Of necessIty, the 
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IIR 2 ') hl GoJdn1.lnn nowl Pl r11llllH 

methods of inve.tigatlOn tend to be laboriou" and the result. obtamed 
vary (onMder.1bly accordln~ to (Ill' COIl<.fJllOns unurc winch they are un­
dertaken. and to the unavol(Jable vanatlOns in Lechmque between investi­
gators Ftgures I. 2 and 3 

Because of the time taken to mvesttgate the vtsual fields by conven­
tional means. mterest has been taken in instruments which could be 
used qUIckly to "screen" these fields Through limitation in design and 
usage, they are not intended to replace extsting methods If any varia­
tton from normal is found, then the field, have to be explored by la­
borious conventional tcchniqu{'~ ,'he malO difficulty 111 Ihe application 
of these Instruments has hcro in Iht:' blk of control over the csscntllI 
variables, and In msutlng adequate ~cnslttvlty without undur trouble 
from false positives and negatives 

REQUIREMENTS rOR VISUAL FIELD INVr:STIGATION 

Before considering the detailed design of Jny new instrument. It is 
essential to understand and to evaluate lho<;e factors which are conSId­
ered chOlcally essentlll. and to decide over wh.1t v.lrtabh.'<; there should 
be adequate control It tS d.sirable that the techntque of operation of 
the instrument should have as Imle influence as posstble on the recorded 
results, and that data obtained at dIfferent Itmes should be readtly com­
parable 
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II~ 1 Ihl (,oldm,lnn I\u\\\ PUlllhl r 

Visual perceptlon In the whole field of VISion IS a complex process, 
and unfortunately there .lrr stili few factor') which arc fully understood 
The clinical inv("\ligation of the vl')u.ll fi(.~ld'i l'i l'i'icnt1.llly a method of 
trymg to assess whether therc I~ any lo\~ of vl~ual (unclion l'he ba\lS 

of commonly employed tecbnIques !s tbe v!sual perceptIOn. at differential 
tbresbold. of tbe presence of a st!mulus. or st!mult. at a certain posil!on. 

Fig. 4 The Harnngton-flocks Visual r.lId SCf('cncr 
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or positions. on the retma, agamst an dlumtnated background The 
actual contrast reqUired for perceptIOn is influenced by the angle sub­
tended by the stimulus at the eye. the lummance and duration of expo­
sure of the stimulus. the shape of the stimulus. the position at which it 
falls on the retma. and the number and type of receptors that are stimu­
lated The degree of mter-connectlOn between neurones influences the 
effect of summatIOn In addition to the effect of the stimuli and the 
background. Ihe ad.lptallon of Ihe eye Will he IOfluenced hy Ihe luml­
n.lncl" of any Jlllhl("nl light. for ,'x.lInpll', room h~htlng 'I Ill' ~pcctr,ll 
qUJhty of thl" slImulu", light .,\ well &1~ H\ qu,lIlllly. arc Important, <~s 

they may Influence the degree of the rod and/or conc stuTIulation. 
It IS also necessary to conSider whether the stimulus is fixed or 

movmg. as movement WIll involve the stImulatlon of SUCceSSIve rreep­
tors Very important is the duration of exposure of the stimulus as thiS 
not only determines the total quantity of light mCldent on the eye. but 
also can affect the degree of summatlOn that occurS Smce It IS impractical 
to control pupil size the latter Will be detcrnllned Initially by the lumi­
nance of the adaptmg field 

If more than one stimulus IS exposed at one time. It IS probable 
that the threshold contrast reqUired for perceptIOn may not be the same 
as that for a single stimulus The actual amount by which the thresh­
old may hr altl'frd wdllh'p(nd 011 the ntllllhH ,111d <;"(' of ~tlmllh cx­
pOM'd. Jnd Ihl' rl'l.llIVl' PO\IIIOI1\ .H whtdl tlll'Y 1.111 on thl' rl'lmJ 

The ability 10 hold steady central fixallon can also Introduce va­
ganes in the recorded data of differential thr«hold With a constantly 

Fig 5 The FlnchJm~Sutchffe Vlsua1 field' Scrccncr. 
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exp0'icd stimulus, steady fixation IS much more difficult. and this diffi­
culty decreases as exposure time is reduced. 
EXISTING VISUAL FIELD SCREENERS 

VIsual field screeners mostly use a senes of patterns of multiple 
stimuli. whIch are exposed in sUItable sequence. These patterns are de­
signed to allow exploratIOn of these parts of the VISual field where de­
fects are most hkely to be met 

The Harrinqlon-Tlocks VIMwl fIeld Screener 
Harrington and Flocks' were the first to make a major contnbu­

tlon In this field. and their instrument IS based on a set of tcn test cards 
for each eye. made of whIte card. on each of whIch is pnnted. In fluor­
escent mk. a senes of patterns Thl''ic patterns arc practically inviSible 
under VI\thlc light. but glow Rn'l'll on l'XI)(l"'Ufl' to long-wave uhr.l-vlOkt 

Itght They arc deSIgned to be vtewcd at YJ of a meter at a suggest"d 
room IlIummance of approxImately 7 lumens ft' of tungsten light. and 
are exposed for 0.25 seconds Figure 4 

Unfortunately with thIS system there is no control over adaptation 
or over stImulus brightness. It IS therefore not possible to allow for dIf­
ferent sensitivlttes of VISual perception found m dIfferent age groups or 
to make any adequate assessment of loss of senSItIvIty in phYSIcal term< 

VERTICAL 
SECT. ON WO 

---- --- t __ i 0" 
1.5' 2.0 ,::' 10 

S TlMU II 
SUBTENSE AT 

THRESHOl D 

J I~ fi DI,l~lr.lm of .ln~ultr \Uhhn\l "f \"llIu1, 111I"u},h "U /,I\'l<l.m .'1\111": ~lll1l 
threshold difference at the ohscrvH" ,-ye 
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The Frncham-Sutcldfe VIsual FIeld Screener 
The Fincham-Sutcllffe vIsual field screener, desmbed by Sutcllffe 

and Blnstead", employs a flat grey B)errum screen contalnmg small aper~ 
lures placed In su1tabl~ PO·Htlon~. Jnd bdund which ,He placed small low~ 
voltage tungsten filament lamp" StimulI PJtt~rns arc controlled by J 
multI-way sWItch, and are exposed for approxImately 0 25 seconds A 
rheostat IS used to set the lumInance ot the stImulI to an average normal 
threshold contrast, and any defects found are investigated by normal 
methods USIng stimulI projected optically on to the same screen Unfor­
tunately, no external IIlumtnance deVice IS available to control adapta· 
tIOn. spectral quality I~ allrrcd when the lamps arc dllnmed. and thele 
IS no calibratIon for changes In stImulus bnghtness FIgure 5 

Other Instruments on sImIlar prinCIples to the FIncham-Sutcllffe 
have been deSIgned, IncludIng the Roberts VIsual FIeld Screener', the 
more recent Feedback ScreenIng Scotometer of Burns", and the sIngle­
stimuli Instrument With .1utomatlc recordmg of Buchanan~Gloster1. All 
of these In~trumcnts hav~ lO their way mad~ ."1 valuable contnbutlon. 
but have left unan~wl'rt'd a number of prohll'm..;. and their l'fTectlvcncss 
j~ to some extent III1lItl'd. blcauc.,e of the lack 01 I ull control of the 
phYSIOlogIcal and phYSICal factors Involved 
DESIGN OF THE VISUAL fIClD ANAL YSFR 

When contemplating the design of a new 1I1strument. it was con~ 
Sldered essential to be able to control both the luminance of the back­
ground and of the stimuli and, also, that the duration of exposure of the 
latter should be constant and short 

To achIeve these aIms It was thought deSIrable to employ a system 
of presenting either smgle or multiple patterns from a smgie source 
to aVOId indIVIdual dIfferences between sources It was also felt that thIS 
source should emIt light of known mtensiiy and spectral qualIty and that 
It ~h(,l"d prOdlKl' light .1"; ncar a..; pO,)\lble to the rotor temperature of 
daylight A xenon discharge lamp Ius bl'rn usrd. wllh neutral denSity 
filters to vary lummance In known Int("n~ltI('s. to ('n'iurc constancy and 
to aVOId V,lnatlOn\ In ..;pt'lIr.,1 quallt y 1 he .,hnrl expo\ure lime pos~lh'o! 
mtnlml/"c~ problrmc; due to eye rnovcmrnt 

To overcome ddlicu!tlc\ of producmg \Jrying patterns from J 

slI1glr source. a patcnted sy'itcm dcvl\rd hy A I rnl'dn1.'lnll. l'lllploYlng 
a fix(d fronl and ."1 rl.U IOt.lllllg pl.\I(. 1\ 1I\t I 10 P'OdUll' p.ll1lrll\ 01 
stimulI, with an ciectronic flash to produce thr ~tlmul! 

DETERMINATION OF STIMULI POSITIONS AND COMBINATIONS 

The chOIce of stImulus positions has been determined largely by 
appreClJtlon of the arca~ tn the Visual field where defects arc mO'it lIkely 
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to occur, and of the characterIstics hxe!y to be expected In each case 
For example. those areas of the vISual field represent 109 the projectIOn of 
the arcuate retmal nerve fib er bundles are partIcularly Important as re­
gards the early field changes in glaucoma. In lesIOns beyond the retmal 
level. any changes of vISual perception on eIther SIde of the vertical mId­
line through the fixatIon point are partIcularly Important In addItion. 
for example. patterns are included to detect leSions around the macular 
area and between the macula and the dL,\C When emploYIOR multtplc­
pattern stimulI It is pos'ilble to make use of "the phl'nomcnon of cxtmc­
lion," whereby any possible difference of thn',hold COIl(r.Ht hctwCCll 

each of two stimuli 1\ IOtrn\lfil'd If they ~lrC sllnultanl'ou~ly cxpo~u.l. onc 
on an area of retm3, say WIth normal response a10ng the vIsual pathway, 
and the other on an adjacent area where there may be reduced senSitivIty. 

In determimng the position of stlmult. a number of phYSIOlogIcal 
factors must be allowed for. Precautions must be taken against sltght 
difference of size and of pOSitIOn of the phYSIologIcal bhnd spot. and 
also against sltght displacement caused by any small vanatlOns 10 central 
fixation Also. in the region of the projectIOn of the arcuate nerve fiber 

• 

APEBTURg PLATE 

fig 7. Map of the front p1atc of the Analyser mdlcatmg stimulus posItions and rhur 
angular subtense at the observer's eye 
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bundles it is possible to ha"e dlfficuh y dUring vl1>ual field IOvl''illgation 
due to angioscotomata, because of the presence of retlOal vessels In this 
region. Their effect can be mInImIzed by the chOIce of sUItable sIzes of 
stimuli. and also by a reasonable dlstnbutlOn of stimulus posItIOns. 
When determinmg stimulus posItions and sIzes. It also must be remem­
bered that the nerve fiber bundles take an oval course, major aXIS hori­
zontal. and not a truly circular course 

In general It IS adVisable to bear in mInd the normal span of atten~ 
tion and to limit the number of stimulI exposed at anyone time to not 
more than four. and, where possIble. to vary the number of stimuli seen 
at anyone time. 
THE DETERMINATION OF STIMULUS SIZE 

It is pOSSIble to produce a vIsual stImulus at dIfferential threshold 
contrast with suitable comb mat IOns of areas and lummance Though 
small stlmuh are desuable. difficulties are introduced If they are loo small, 
particularly as regards the elfect due to mcrease of lhe reI mal Image. be­
cause of blurred margins due to aberrations and refractive errors Fur­
thermore. with very small stimuli greater trouble IS experienced wIth 
angIoscotomata On the other hand. too large a sllmulus may overlap a 
small field defect or ItS edge. 

In decidmg on stImulus SIzes and brigbtncsscs, several problems are 
involved. Little work has been done concernmg the vIsual perception of 
shmuli mCldent on the retinal area when duration of exposure (a very 
Important vanable) is controlled The pOSItion IS complicated by the 
fact that the mdlvidual relatIOnshIps between mtenslty. area, and dura-

rig 8 lIlustr~tlOn of app.uatus for rcscltch on visual fields shOWing ccntt.lt stimulus 
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tlOn. can vary for equal threshold difference for different values of these 
quantities. as well as with the state of adaptation In additIOn. little IS 
known of the effect of vISual perceptIOn of multiple stimuli as opposzd 
to a slOgle stimulus. If the IOvestigatton IS to be satisfactory. it is es­
sential to try to achieve approximately equal threshold difference between 
sllmuli and background over the whole of the area of the visual field 
being examined; otherwise false positives or false negatives will resuit. 
After conSideration of the vanous factors IOvolved. a stimulus subtend­
ing an angle of approximaiely 14 min (1 4 mm at 33 cm) at the eye. 
was chosen. and then calculations made to allow for oblique viewlOg and 
any tunnelling effect due to the thickness of the front plate Apertu;cs 
over the area of the central field could then be determined. whIch. when 
made in the front plate. would all have the same effective area at the eye. 
It is then necessary to make allowances for the dIfference in visual percep­
tion across the retinal area so that the apertures can be modIfied to pro­
duce equal threshold difference over the central area of the field Since 
no data were available on these vanations of threshold 10 the vISual field. 
it was necessary to determine them experimentally Initially it was as~ 
sumed that the isopters varied m the central field approxImately Imeady 

NOF '-2-4-& 
DIAM.:Kmm 
ASB.S 

90 

2 0 

Fig 9. One of a sencs of Isopters 1R term .. of neutral d,n'iLlY fihrr .. required tll produce 
stmllar differential threshold cantra<;t over the central field I he 'nmulus was 1 6 mm 
diameter and was viewed at 1 melcr It was cxpoM'd for 200 u '>cc ,lgatnst a background 
IUmlOance of approximately 0 5 ft/Lamberts 
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to loganthmIc changes in lummance As a commencement it was decided 
to employ, by suitable iIlumlDance of the front plate, an adaptation level 
of 0 075 foot lamperts (pnor to the exposure of the stimuli). This 
adaptatIon level allowed investtgatton as near as pOSSible to the mesopic 
condition and should ensure adequate sensitivity of Investigation for 
vision involvmg all rcccptors '] he subjects had to view different fix]· 
tion pomts over the Visual field and at each pOint the Sizes of aperture, 
positIOned centrally to produce threshold datTerence for thc same stimuli 
lummance, were noted 'Thcse <.hlTcrcncco; of area of sttmulus necessary 
for phYSIOlogical reasons were suprnmposed on to those necessary, be­
cause of geometrical conSIderations of vlewmg. to produce an InItial 
front plate of approximately even physiological response Using 30 
normal observers from 16 to 73 years and commencmg With a stimulus 
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Fig 10 Indl\ tdual mertdlans through these Isopters showmg avcrage threshold con­
trast difference m relatIon lo C"C'1trtClty from the fovca On the right are also shown 
the standard dcvlatlons ID broken Imes 
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below threshold. each pattern was exposed in turn and the threshold ex­
ammed for each stimulus position and for each pattern sequence for bOlh 
the right and left eyes. 

After statIstIcal analysis. the apertures were adjusted in sIze to pro­
duce an equal average threshold difference Subjects of dIfferent age 
groups wtre examined so that the effect of age on threshold could be in· 
vestigated. The resulting data could then be used to determine stimulus 
mtensity when the instrument was used clmically. These intensitles are 
shghtly higher than those used to obtam threshold to aVOId false POSI' 
tives FIgures 6 and 7 
"UNDAMI:N I AL RI SLAR( 11 ON 1111<1 \1101 Il (ON I RA" 

In VICW of the lack of data on threshold tn the vI>ual field for con­
stant duratIon of exposure of stimuh, it was deCIded to obtatn this in­
formatIon To remedy a gap tn the hterature concerning lumInance dIf­
ference threshold for a controlled exposure tIme. data are being obtatned 
by H. Obstfeld. in conjunction with lhe author. at the CIty Untverstty. 
Figures 8. 9 and 10. 

The present method is an extension of the one employed for deter­
mtning aperture SIzeS for the visual field analyser In a dark room a 
single stimulus at the center of a large ser .. n IS VIewed at I meter The 
source for the stImulus IS a xenon flash tube. the luminance of which can 
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be controlled by neutral densIty filters The SIzes of the stImulus can 
be altered by an aperture dIsc wIth holes whICh mcrease in area logarith­
mically. IIIummance on the screen, and tberefore adaptatIon, is con­
trolled by a circular BJerrum screen Illuminator In use the Isopters are 
obtaIned in terms of lummance dIfference. for a constant sIze of stimulus, 
in the central field. Data are being obtained initially under low photopic 
and mesopic states of adaptation for dIfferent sizes of stimuli. 
DESCRIPTION OF THE VISUAL FIELD ANALYSER 

The aIm in design of the anal yser was to produce an instrument 
that would allow quick. accurate. and yet sensItIve. quantItatIve vIsual 
field investigatIOn that was convement to use cllmcally and that was m 
keeping with modern trends m instrumentation FIgure II 

WIth small stimuli empJoYlOg short duratIOn of exposure. there is 
no need to employ the customary one meter workmg dIstance Theu~ 

fore. a third of a meter VIewing distance was chosen so that a compact 
instrument would result whICh could be used easily in conjunction with 
other stand lnstruments and on multlple-posItion Instrument tables. 

The instrument consIsts essentially of a base carrying a housing 
containing an integrating bowl hemisphere. the light source and its ac-

, 

fig 12 Illustration of the AnalYM'f with the front pl.He dltachcd 

610 



INSTRUMENTATION FOR VISUAL FIELDS-BEDWELL 

Fig. 13. The o~rator's view of thz translucent scale and the I5-posltlon lever of the 
Analyser. 

cessories. and the front-plate assembly for exposlflg the patterns on the 
front of this housing. At the other end of the base is earned the external 
illuminator. on which is also mounted an adjustable double-position 
chin rest for right and left eye examinatIOn. The major part of the m­
strument is constructed in glass-fiber for strength and lightness. 

SCALE 

DIFFUSER 

~----.---

+EXTERNAL IllUlotlNATOft 

LEVER 
It'-,:::::------f~ .. ~L~IDE~ CCA R R IER 

FILTER 
~NTROLS 

E 

FIG.14 VISUAL FIELD ANALYSER 

Fig. 14. A verttcal section through the Visual Field Analyser to Illustrate Its main 
components. 
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The Front Plate Assembl" ana Integrating Bowl Illuminator 
The front plate assembly. carrying the multIple pattern apertures. 

is readIly detachable from the Integrating bowl as\embly so that the 
Analyser can be used easIly for assessment of dark adaptation The front 
plate is fixed and carnes the 46 apertures to produce the patterns of 
stimuli. It is of black rigid matt vinyl sheel with a reflectIOn factor of 
approximately 7.5 %. Reasonably low levels of adaptation can be 
achieved combined with a workable level for the operator. The ex­
ternal illumination device also acts as a shield. lImlllng the total visual 
field to approximately that of the screen. Figure 12 

The indexing for the multiple pattern dIvisions is achieved by mov­
ing a lever running in a hght-tight slot at the top of the nm carrying 
the front plate On a translucent hand-shield. Illuminated by light from 
the external illuminator. and in front of this lever. IS a scale on which 
are marked letters indlcarlng the individual patterns; below these arc 

r'g 15. 
dlGltors 

I 
The rcar control plod of the An11yscr .,ho,," InR Iht' nUl 1nl dtn\IIY filler 1n-
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Fig 16 A view of the external l!lumtnator 

numerals mdlcating the number of stlnlUh in each paltern rlgure 13. 
The bowl mtegrator consi<;ts of a hcmlsphnc finlshcd matt whIle 

Insido, across tbe front of wblcb is a diffuser of opal plastic. At tbe rear 
of tbe bowl is an aperture covered by a dIsc of dIffusing plastic allowing 
entry of ligbt into tbe bowl. Spaced between tbe rear opening and the 
front diffuser is a matt-wbite circular sbield, to allow inter-reflection 

rig. 17. The filtrf slide camer 
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FILTER SETTING &AGE 

UP T040 41-50 51-60 OVER 61 

2·0 I'B 16 1"4 

FIg 18. Suggested settings of neutral density for different age groups ThclIC settings 
arc those for which all normal subjects examtned were able to see all the stimuli Where 
some good observers can see all the stimuh eastly at thts settmg they should be exam­
Ined at a 0 2 higher settlOg especlal1) If some abnormahty IS suspected 

but to prevent direct light from being transmitted to the front By this 
means even illuminance can be obtained over the whole surface of the 
front of the bowl Figure 14. 

The light source is a xenon flash tube permitting light of a constant 
quantitative and qualitative output. The luminance can be varied by 
two sets of neutral density filters one in steps of O. 1 O. 2 O. 3 0 and 4.0 
(log units) and the other in steps of O. 02. 04. 0 6. 08 (log units) • 
the two sets of filters are additive. Illuminated dials at the rear of the 
bowl on the control panel indicate the filters in use through small win­
dows. and click-stops also gIve indlcatton of the posItion by reel The 
tube is supphed by a fully-insulated electronic power supply with com­
ponents especially selected to ensure long Itfe and freedom from break­
down. Figure 15. 
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Fig. 19. A tYPical scattergram obtatncd in ophthalmic practice by the author on a 
group of over 100 normal subjects relatmg age to the neuttoll filter denSIty settIng at 
which all the shmuh 1ft each of the fifteen patterns could Just be seen The curve was 
taken Just below the lowest of the settmgs to aVOid difficulties due to false POSitives. 
It compares well With the table of age and neutral filter settings ID Fig 18 
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Without the neutral density filters the average integrated light out­
put across the front of the diffuser of the bowl IS 1.5 lumen/seconds per 
ft'. 

The External Illuminator 
To demonstrate defects in the early stages of a pathological condl' 

tion. the visual fields should be investigated under low levels of adapta­
han8

• Since the rods, as well as the cones, are very much concerned WIth 

perceptlOn over the visual field it IS desirable that the level of adaptauon 
should be at least low photopic; If possIble as near as possIble mesopIc. 
By using material for the front plate which has a low reflectlOn factor 
(7.5 %) it has been possible to approximate thiS condition and yet 

FRIEDMA.NN VISUAL FielD ANALYSER 
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Fig 20a Recordmg charts I5-posltlOn 
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to allow reasonable clinical working levels of IlIummance by spectal de­
sign of the dluminator. 

An external Illuminator is provIded with clght small tungsten 
lamps intentlOnally under-run to give Ion gel !tfe. and to mlmmlze the 
elfect of main voltage fluctuations on ltght output. These lamps are cov­
ered by a diffuser of opal plastiC and the housing also acts as a visual 
shield for the patient. 

The tlluminance on the front plate of the analyser is approximately 
1.01m/ft'. At the position of the eye the luminance of the front IS ap­
proximately 0 075 ftjL (0.8 ASB) Figure 16 

The Filter Slide Carrier 
At the top of the outer caslOg of the bowl is a slide carrier for em­

ploying colored and/or auxiliary neutral density filters. These filters 
are mounted in simple self-adhesive cardboard mounts so that the user 
can readdy make up hiS own when special filters are required. for ex­
ample. during assessment of adaptation or investIgating the vIsual fields 

. with calored stlmuh Figure 17 
CLINICAL USE OF THE VISUAL FIELD ANALYSER 

In the past. With other visual field screening instruments. It has 
been very difficult for the ophthalmiC consultant to interpret the slgmfi­
canee of the results obtained and also tp make adequate allowance for 
variations in perceptton due to age Large numbers of normal and also 
pathological visual fields have therefore been investtgated dUring the past 

fAIEDMANN CENTRAL fiElD ANALVSER 
ILOPdPOSlII rMAAl, 
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Fig 20b Recordtng charts--composlte 
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tbree years at tbe Royal Eye Hospital on prototype mstruments under 
normal dinical conditIOns. In consequence It has been pOSSIble to assess 
tbe settmgs reqUired for different age groups and to assess wben sensi~ 
tlvity IS reduced by a patbologlCal condition, 

It will be found that With some good observers tbe patterns of 
stimuh Will be seen very easily at tbe average settmg and that 02 (log 
units) better could be obtained In tbese cases this higher settmg should 
be used as the patient's normal In general If a <ctting of the neutr"l 
denSity filtC'r~ le; nude at which all of the p.ltll'rn\ Cln JlI"'. be \('t'n, (IWI1 
.111 1I1en'.''''l' of lIl'utr.,) dl'n\tty flltl'r 01 0 Z wdl u\u.llly (.w,,' "'Olllt' 01 tht, 
~llmuh to Ill' mi ..... l·d. whlle.1 "(((II1~ ot 0 l Il)Wlr Will lll\Ufl' th.u tht.y 
are seen very readdy. '] he average neutral uenslt y filler ~clllng requIred 
may be a little lower when there arc changes In the media such as lens 
changes 

So that the patient can readily understand the test. It IS usually 
best to set the filters at one whole unit lower than the thre.hold for hiS 
age. and then expose patterns 0 and A for him to understand what he 
IS expected to see The neutral filters arc then set for 111S age. and the 
patterns exposed in turn; the patient IS requested to state the number 
of stimuli that he can see and the answer IS checked on the trans~'[lum~ 
mated scale. It IS easle'>t to start from the centraJ set of patterns. t c . 
pattern P and gradually work out to the penpheral pattern A Figures 
18 and 1 <) 

Two types of n,,'cnrdtng chart!!. arc provldul. onc (On\lst5 of .1 

series of individual diagrams. the fifteen POSition chart. indlcJtlng sepa~ 
rately each of the stimuli pattern pOSitions-the other IS a compoSIte 

Fig 21 The Visual Field Analsser In use 
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chart containing all the stimuli on one chart. When the first chart is 
completed, the findings can be transferred to the second chart. One can 
then tell at a glance the shape and degree of any visual field defect FIg­
Ures 20a and 20b. 

It is suggested that the following routme be employed when usmg 
the Visual FIeld Analyser 

(I) The patient's response to the patterns at the fifteen positions 
should be examined at the filter setting for his age; if some are mIssed, 
the appropriate point on the chart should be underltned 

(2) At a 0.4 lower filter setting any of the pOSItions previously 
missed, but which are now seen, are marked WIth the new filter denSIty 
settmg. 

(3) Any stimuli still missed, are tested with a further reduction 
of 0 4 filter setting, If now seen the positions are marked with the filter 
density. 

(4) ThIS process is repeated for all stimuli std I not seen untIl 
o 0 filter setting is in use. Stimuli not scen at this setting are mdlcatlve 
of a dense visual field defect 

FRIEDMANN CENTRAL flHD ANALYSER 
ICOlo!PO~m nMRII 

NORMAL UNMARKED 

euJ.lJ1Aff T.\.!.MQ!lB 

~ ~~ 
...... - ....... _-...... /------

u ... "" ~'"'' ,,,"""" '" ............ 

fig 22 PttUltary Tumour-Rtqht fIeld Case record of patient (male. act 40) wtth 
pItUitary tumor Right and left fields Very slJght Upper temporal defect (Junction 
'icotoma). tYPical of the COo"(:11tlon, could not be demonstrated on the tangent screen 
Initial X-rays of the pituitary fossa revealed no abnormality and diagnOSIs was made 
on these field examlftatlOns By courtesy of Mc A. I Fnedmann F ReS. and the 
Royal Eye HospItal 
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If at step (2). i.e .• after reducing filter density by 0.4 less than 
the normal for age. all the stimuli are seen set the filter density at 0.2 
less than the normal for age. If any stimuli are mIssed at this setting 
they should be considered very slightly abnormal and the patient re­
exammed after a period of a few weeks If the field defect has not 
changed the patient should be re-exammed after a further penod. but If 
the defect has become denser the pallent should be referred. (Sumull 
that can now only be seen with a lower field intensity IndICate a 
worsemng of the condition) 

When vIewing the upper peripheral stimuh. particular care must be 
taken that they are not obscured by the top nm of any spectacles or by 
the upper eyelid. In the latter case it IS usually advlsable to request the 
patient to open his eyes wide while the penpheral s!tmult are betng 
viewed. 

If. when' both eyes have been examined. the neutral denSIty filter 
setting is within 0.2 of the average setting for the pauent's age and 15 

the same for both eyes. the visual fields can be considered WIthin normal 
limits In these caSeS it is not really necessary to record the results on a 
chart and it io; qllltc adcqu.llC to make a note of the ncutral Ul'n'ilty filt.:r 
settmg on the paqcnt's record If 'ilimuh arc missed at a filter setttng 01 
0.2 or more lower than the patient's average threshold the result should 
be recorded on the charts With the complete chart in front of one it IS 

FRIEOMANN CENTRAL fiElD ANALYSER 

NORMAl2< UNMARKED 

o .' 

o 

PI TUITARV tUMOUR 

~ ~~ 
---­
~------ ........... _-

o CUi"IIU" C ...... , LlD ~ _ S""U' ~ .... lOOl:iUltll 

Flg 23. PltUltary Tumour-Left FIeld. Same patient as In Fig 22 
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fairly easy to assess the extent and amount of any deterioratIOn present. 
Knowing the characteristics of field defects for different types of condi­
tions, it is easy to obtam a good idea of the cause unless the field defect 
IS very complicated The patient can be referred with a copy of these 
findings for further medical mvestigation without undertaking any ef 
the classical laborious methods of visual field Investigation Figure 21 

It IS possible to Insert in the filter slide carner colored filters which 
will give monochromatic blue or red I1ght fOl spCClali7ed receptor mv .. · 
tlRJtion. Howl'vcr, 111 nor nul roulllu' pr.ldlll' whitl'-llght stimuli Jr~ 

adequate 

In ::'001(, CJI)CS In ophthalmic practice it 1,\ helpful to be able to 111-

vcstigatc macular function For example, central visual acuity may be 
slightly reduced or the patient may complam of slight distortIOn for no 
readily apparent reason though the centfal visual field IS WIthin normal 
limits outside the fovea The macular functIOn of the two eyes can be 
compared by setllng the mdexing lever to stimuli position A and re­
questing the pallent to fixate a central hole-purposely made larger-in 
the front plate after the fixation target has been removed. The neutral 
denSity filter control is then set to approximately 3 0 log Units and the 
patient asked to say "yes" each time he can scc the central stimulus At 
thiS 'ictting it io; unhkcJy Ih.11 II(' will .... t·c the pt'npht>r.ll ... l1nluh at PO,)I­
lIOn 1\ '-h(' neutral d,'n\'ty [,11,'( \.('lIlflg 1\ ,In'n ntiuu'd until thc 
patlcnt can just scc the nolcr Mlmulus and a note m.HIe of the setttng 
It IS advisable to repeat this test at a 0 2 higher neutral filter setting unul 
the examiner has determined at which setting the subject can see 10 out 
of 10 stimuli If this setting is increased by 0 2, the sllmull should not 
be seen at ten of all the exposures The other eye is then examined and 
If the difference between the neutral density setting is great~r than 0 2 log 
Units there is a disparIty in macular function 

A typical case record is included in this paper to Illustrate the use 
of a Analyser. In a subsequent paper It IS hoped to desctlbe further types 
of chnical mvesttgatIOn whICh can be undertaken WIth thIS InstrUment 
and how it can be used also for re .. arch purposes Figures 22 and 21. 

I III IUlhur \\l'lIld Ilkl III 1.kIHl\\ I\d~\ [h~ h~lpllLl ~('\lplrllltln \11 f..tr :\ I 
rnl.'dmJnn rite S I hl Ro} \1 I}l 'hl\llItll lond.'n In thIS JOint project also 
for hl~ help with Ihe CJ~e tlcord\ uht,llm'd wllh the a~~I~t,lnce of MISS K Gr<lham Also 
rrofr~'ior R J 11(,lcher 1 he City Unl\'u\lty londf'n Mr H Ohslfeld, The City 
University, london for cooper.lllon with Ih(' author on fundamental re~earch and 
the Technical ~talf of the Dlpartl11enl of Ophtllllmlc OPlICS The City UPlvfrsuy 
The author would also like to extend hiS thanks 10 Mr H C BlDstead and Mr G 
Babbs for their help III the deSign and production of prototypes also to Mr L Wray. 
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B Se. and to Mr A T Wagsuff of Clement Clarke. Lld. for his help and encour­
agement In maktng the mstrumcnt generally available· 
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OBITUARY 

DR. EUGENE G WISEMAN 1885 - 1967 

Dr. Eugene W,seman. 81. Buffalo. New York dted dunng August. 
He was one of the founders of the I\cademy and was elected Its second 
preSident 10 1923. serving until 1927. He practlced optometry In Buf­
falo for nearly 60 years Dr. W,seman also served as preSident of the 
Buffalo Optometnc SOCiety and vICe-president of the A O.A He made 
many contributIOns to the hterature and hiS outstandmg work BUIlding 
Optometry was one of the early, practice bUilding books that ran IOta 
many editIOns and had marked elfect upon the professlOn. 

CAREL C. KOCH 
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Reprmud from QUUT-No 14. S~p'ember 1970 PRINTED IN GREAT BRITAIN 

Technology and the prevention 
of blindness 

b, Mr C H Bedwell 
Department of Ophthalmic Optics 

• Mr C H a.dwell d •• crlb •• a new Instrument, the Vllual 
Field Analy.e" developed with M, A I Frledmann- of 
the Royal Ey. Hospital. Thl, naw Instrument, for the early 
det.ctlon of 10 .. of vision, allows, for the fint time, a 
•• nlltlve, yet speedy, quantitative asseslment of visual 
lOll ove, the central field of vlllon, under controlled 
conditions. It I, lultabla both for prof ••• lonal clinical 
u •• and In visual and medical mala-screening .urvey. 
by technicians. 

Just 8S our eyes and viSion provide our mam link with the 
world around us, so does any anomaly of the eyes or VISion 

often provide the first Indication of a serious pathological 
condition lurking In us. It IS Interesting but somewhat sinister 
that considerable parts of the vision of the outside world can 
be lost (called loss of field vision or visual loss) without the 
subJect noticing. This may seem odd, until one realises that 
the presence of the phYSiological blind spot IS not normally 
obvious, and does not appear as a black spot superimposed on 
our field ofvision. Early detection of visual loss, both as part of 
routine eye examination and during a medical screemng, is 
therefore of vital Importance. 

The first case Is a typical Instance where a serious condition 
would have passed undetected, until a much later and more 
serious stage, had not a visual field examination formed part 
of a routine eye examination. The other illustration shows 
what can happen If thiS aspect of examination IS 

neglected. 

Mrs J had come for a routine examination for a new pair of 
spectacles. 

She had not reahsed that a cClislderable loss of vision had 
developed-this was because It had come on slowly, and had 
not yet affected her central vIsion. 

It was In fact a case of simple chronic glaucoma. This IS an 
Insidious condition where there Is an obstruction of the 
outflow of the aqueous flUid produced In the eye, causing 
higher Internal pressure and consequent atrophy of the 
retinal nerve fibres-the sensItive '5eemg' layer of the eye. 
The resultant loss of vision Is Irreversible. (Note-In thiS and 
subsequent illustrations, loss of vision IS shown relatively, 

~-,- ... , Mr C H B,dwell.s a Lecturer in the 
, Dspartment of Ophlhalmic Optics 
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2 Mr • .I's r,latl.". "lluelloss es ..... d quantitatively by tha Vlauel Field 
Analyser over the central field of h.r rloht Iy.. Th. "lllon Is 
within normalllmita over tha othar polnta examin.d. 

rather 1han In numencallog units, as In normal clinical 
practice) 

Mr 0, aged 42, came for an eye exammatlon because he was 

• Mr A I Frledmann, FRCS, Raader In Ophthmolooy. The Royal Colleoe ot 
Surgeon .. London, with whom the author Jointly de",loped tha Visual Field 
Analyser from an original ~ •• ,gn of Mr Frledmann', 
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dunng the last two years. When examined previously he had 
warned that the YISIOn in his right eye had become worse 
been told that the slight blur In his VISion was Inothlng to 
worry about'. 

This was also due to glaucoma and .f his visual fields had 
been examined previously as a routine It IS unlikely that the 
-condition would have been left undetected. HIs sight In this 
eye would then have been saved. 

Visual field examination 
When we look straight ahead at an object we are vaguely 
aware visually of objects seen out of the 'corner of the eye', 

Also, In a normal person, there is a large central area over 
which the fields of vIsion of both eyes overlap. Unfortunately 
early visual loss does not often occur over the point of 
Immediate central regard, but In the more peripheral areas of 
vIsion. Because of these factors, we are not, therefore, usually 
aware of gradual encroaching visual loss until it has become 
seriOUS, and involves central VISion. Unfortunately, too, when 
we lose VISion in thiS way It IS usually a permanent loss. In 
some cases the primary cause may be In the eye Itself, or, In 

others. a manifestation of a senous cerebral new growth In the 
brain. In many cases blindness Will result unless treatment IS 
instituted at an early stage • 

The claSSical method of examination of the central ViSUal 
fields is for the patient to look at a white spot at the centre of a 
black screen, and for the eltaminer to move in a white stimulus 
on the end of a wand. Until the patient says he can lust see It. 
Though some aspects of this investigation of the Visual fields 
have been Instrumented. and made under more controlled 
conditions, It Is stili a laborious procedure and requires skill 
and knowledge on the part of the eltaminer. 

Since 1950, attempts have been made to design Instruments 
emplOYing patterns of stimuli which can be exposed In 
sequence, to enable the more rapid screening of the visual 
fields. Unfortunately, because of Inadequate control of 
varTables, and no prOVISion for quantitative assessment, these 

attempts have not proved very satisfactory. 

The Visual Field Analyser 
It was felt that the melln cliRlcal need was an Instrument which 
would detect and record quantitatively any reduction of visual 
function present In the central field of Vision. but which would 
reduce to a minimum oveNeferrals because of Inadequate 
allowance for phYSiological variations in Individuals. Carefully 
chosen multiple patterns of stimuli are presented In sequence 
to the eye, under controlled conditions of adaptation to light, 
stimuli brightness, and duration of exposure Any vlsualloSl 
detected can be recorded quantitatively An assistant can quite 

eaSily screen senSitively the Visual fields of both eyes In 
approltlmately 1-1- minutes. after simple Instruction. There Is no 
need to resort subsequently to labOriOUS classical methods of 
Visual field Investigation. 

To achieve these alms, considerable experimental work was 
necessary to ensure, for example, that allowance was made 
for dl'fference of response over different areas of the retina 
Again allowance had to be made for the deterioration of 
threshold contrast With age, so that the correct setting of 
stimuli brightness could be made for different age levels. It 
was also necessary to determine how much change In 
threshold contrast could be regarded as being within normal 
physiological limits, and how much should be regarded as 
abnormal To prOVide these data. large numbers of patients 
had to be examined using prototypes of the Instrument. and 
comparing the results With eltlstlng methods. 

It was also felt deSirable to Incorporate," this Instrument 
facilities for the early detection of the loss of central vlllon. 
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1 Re. view of Analy.., 

The Instrument can also be used for assessment of dark 
adaptation for the early detection of condItions exhibiting an 
Initial night blindness. Additional adaptors are also being 
developed, for example, to enable the use of a slOgle stimuli 
where very detailed analYSIS IS reqUIred. 

Th. d •• lun of the Visual Fl.ld Analy.er 
Essentially th_instrument consists of a base which carrl •• th. 
main body of the inatrument, with means of pr.senHng small 
light stimuli to the eye, and an external illuminator to provide 
controlled adaptation of the eye to light during th,lnvestlgation .. 
In order to construct a compact Instrument. advantage was 
taken of the fact that, with small stimuli employmg a short 
duration of exposure, a Viewing distance of one-third of a 
metre could be employed. The main body of the Analy •• r 
cames the front~plat. assembly and Indexing system, In order 
to expose fifteen patterns of stimuli in sequence. Th, pattern .. 
were carefully selected so that an adequate number of stimuli 
could be exposed over the areas of the central visual flelds 
most likely to exhibit earty loss, and yet proVIde general 
coverage over the whole central fleld. For exampl., the area 
1~20 degrees above and below the centre of flxatJon, 11 • 
critical area for early visual field loss In glaucoma, the most 
common ocular condition exhIbiting vIsual fleld 101 •• 

Allowance, too, had to be made for IndiVIdual varlationa In the­
positIon and size of blind spot to avoid unnecessary 
referrals. 

The fixed, matt black, front plate carnes the forty·slx apertures. 
necessary to produce the fifteen patterns of stimuli. These ar., 
exposed successively by moving the Index lever which rotates 
the rear plate. The Individual pattern. and the number of 
stimuli I" each pattern, are Indicated on a translucent seale ' 
illumInated by light from the external Illuminator. The operator 
can then know ImmedIately whether the patient can see the full 
numbers of stimuli In each pattern. 

Stimuli illumination 
To avoid the variations in stimuli brlghtne .. which could occur 
If IndlvlduBllamps were employed for each stimulus, a single 
xenon discharge hght source IS used to illuminate all the 
Bpertures. A constant quantity of light of a quahty 
approximating to that of natural daylight is therefore produced 
on each discharge. To ensure long hfe the tube Is considerably 
under~run. The stimuli brightness can be varied, without 
alteratIon to spectral quality, by USing neutral density filters. 
These are In two additive sets, from 0 to 4 8 Log Units In steps. 
of 02. The filters are controlled by knobs at the rear of the 
Instrument, IndIcatIon belOg both by Illuminated dial and click 
stops 
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The front plate assembly carrying the stimuli apertures IS 

evenly lIIurrllnated by means of a bowl Integrator, in the form 
of a hemisphere, painted mattewhite Inside, across the front of 
which IS a diffuser of opal plastic. Placed between the rear 
opening In the bowl and the front diffuser, is a matt white 
circular shield, the purpose of which is to allow Inter­
reflection. but to prevent light from being transmitted directly 
onto the front. By this means a Uniform brightness can be 
obtained over the whole surface of the diffuser at the front of 
the bowl. Though this requirement necessitated considerable 
experimentation, It was Important to design the Instrument so 
that apertures could be designed which Initially presented to 
the eye stimuli of Similar light output. on which could then be 
supenmposed variations dictated by local retinal sensitivity. 
The xenon flash tube is placed behind the aperture in the rear 
of the hemisphere. with th. two sets of neutral density 
filter. operating In between. A slide carrier Is also 
Incorporated, which enables coloured and/or auxiliary neutral 
denSity flIters to be used. 

The control of light adaptation 
Various investigator., including the designers, have found 
that, at least for glaucoma detection, visual field defects In 
their early stages can best be demonstrated by employing a 
level of adaptation as near a8 possible to that of twilight 
(mesopic) vision. This allows a more satisfactory Investigation 
of both rod and cone light sensitive receptors In the retina 
which are operative at night time and In the day time 
respectively. By using a material of a low reflection factor for 
the front plate, It has been possible to approximate this 
condition, and yet allow reasonable cllMlcal working levels of 
illumination provided by the front lIIumlnator. 

The clinical us. of the Visual Fteld Analys.r 
As the state of adaptation of the aye has a marked effect on 
threshold contrast, It Is deSirable that the Visual Field 
Analyser be used In as dark a room as possible using only 
th.lIght provided by the exlernalllluminator. As threshold 
contrast gradually deteriorates with age, allowance Is made for 
this factor by setting the neutral density fllters to the correct 
age group of the patient. One eye Is occluded, and the head 
lultably positioned so that the patient's other eye is at the 
cantre of the Illuminator. The patterns are then exposed In 

turn, and the patient requested to state the number of stimuli 
that he sees in each case. 

Considerable cliMlcal tnals have shown that If any of the 
stimuli missed 8t the age level setting are sGen at a brighter 
setting of 0.2 log UMlts less than the normal for age, their 
response can be regarded as within physiological limits. If, 
however, stimuli are not seen Within 04 log units of their age 
settmg, their response can be regarded as abnormal. If any 
stimuli are missed at this setting, the filter setting IS reduced 
by another 0.4 log units, and thiS level recorded if they can be 
seen. The process IS repeated until the brightest setting has 
been reached, which would indicate a very marked visual loss. 
From the completed composite chart, the pOSition, extent, and 
depth of any field defect present can be assessed, and Its 
slgMlflcance determined. The assessment is quantitative, and 
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the extent of visual loss can be compared at Intervals, using 
different operators. and in different units, If necessary. 

As an interesting final illustration of the Visual Reld Analyser 
In use, let us consider the following case. Miss T, aged 48, was 
referred by her local doctor for an eye examination because she 
was complaining of very slight blurring of vision for reading In 
her right eye, and had been experiencing headaches recently. 

Though she appeared otherwise to be within normal ocular 
limits, an extenSive mid~central visual field loss was detected 
in the right eye on the Visual Field Analyser. After conllderable 
investigation, an extensive new growth of the meninges lining 
of the brain was found. ThIS new growth was successfully 
treated by surgery and radiotherapy. but It was a year before 
she was able to return to her office. If the condition had been 
left undetected much longer, the consequences would have 
been tragic. 

ThiS Instrument Is now being employed In this country and In 
many parts of the world, and results have indicated that It 
tends to be more sensitive than classical methods of 
detecting visual loss, In addition to being much quicker In use. 
By paytng attention to the main variables concerned In visual 
field tnvestlgatlon, It has been possible to keep to a minimum 
unnecessary referrals, and yet allow early detection of visual 
loss. By this means senSitive visual fleld screening can be 
tncorporated as part of an ophthalmiC and medical scr •• nlng 
routIMe, wl1hout overloading specialist clinical Investigation 
Units. For example, thiS instrument Is now being employed In 
automated medical screening centres. 

In this article the author has attempted to show the value of 
co~oper8tion between those of different disciplines. experience, 
and Skills, and of collaboration with Industry, In the common 
interest of applying technology to the service of mankind. 

Th. author would like to acknowl.dge the helpful cOoO~I'8t1on o. 
M, A I Frladmllnn In this Joint project, and of M.s.r. Instrum.dle Lld In tIIa 
d.sign and construction of prototypes Thanka .re due alao to tile staff of tile 
Ophthalmic Department, Including Mr C Longhul'8t and MIs. S Johneon. and 
Mr C Wlllon. the Departmental Photographer, for a .. lstance In the prepantiOn 
of thll article. 
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THE APPLICATION OF FLASHING LIGHT 
STIMULI TO THE DETECTION AND 

QUANTITATIVE ASSESSMENT OF EARLY 
PATHOLOGICAL VISUAL LOSS 

c. H. llEDWELL 

TIle C,ty Unwerstty. London. 

INTRODUCTION 

Most people are usually aware if there is any reductIOn of lInmediate 
central vision in either eye, whereas any visual loss outside this small 
central area usually passes unnoticed unless it happens to be very 
extensive. If detected, however, reduction of vision in the periphery IS 

often the first SIgn of some serious patholog.cal condItion. TYPIcal 
instances are glaucoma, where there IS gradual atrophy of the retmal 
nerve fibres, or a cerebral new growth. Unfortunately these visual losses 
are usually progressIve and trreverstble, and blindness, or possibly 
death In the case of a brain lesion, can result. 

Early detection of visual loss, both as part of a routine eye exanuna­
tlon, and during a medical screemng, IS therefore of vital Importance. 
Classical methods of visual field investigation are laborious and time 
consuming, require knowledge and skIll on the part of the Investigator, 
and are unsuitable for routine screenIng. 

In the last IS years attempts have been made to devise Instruments 
employing multIple patterns of light stlmu" as a method of screening 
for vIsual field defects.I,I,s," In thIs techmque, a series of patterns of 
spots of light are presented to the patIent in sequence, and he IS asked 
to indicate whether he can see them correctly. Unfortunately, such 
methods have been relatIvely unsophisticated, WIth Inadequate control 
of variables. As a result, the test is either too InSensItIve to be safe, or 
results in a high proportion of over-referrals, which then have to be 
investigated by formal classical techniques. 

THE EMPLOYMENT OF FLASHED STIMULI FOR 

VISUAL FIELD INVESTIGATION 

Cla~~ical methods of visual field InvestigatIOn require the patient to 
fixate centrally a smalJ whJte target, and then to say when he can just 
see a small white stimulus on the end of a wand, which the exammer 
moves gradually from the penphcry to the centre of a screen, arc or 
bowl. This method of kinetIC VISual field investigation IS usually under-
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taken wIth very little control of variables, and Its effectiveness depends 
very much on the slull and knowledge of the exammer. In static peri­
metry, a stimulus is placed m different parts of the visual field, and then 
Its size or luminance adjusted unttl it can just be seen. This technique 
is commonly employed with bowl pcnmetcrs, where better control of 
adaptatIOn and stlmub luminance and sIze is possIble (see Plate 2). 

In instruments employmg multiple patterns of stlmuli, these are 
presented to the eye in sequence over the visual field, wIth h\o, three, 
or fouf, stimuli exposed at a time. Unfortunately, becaubc of madcquate 
control of the vanables involved, and lack of provision for quantItative 
assessment of any visual loss, these earher attempts have not proved 
very satisfactory. 

If a visual field screening instrument is to be designed so that It IS 
adequately sensitive. yet avoids unnecessary referrals for further 
investigatIOn, and the Investigation is to be complete in Itself, a number 
of factors need to be considered and allowed for. For Instance, for a 
given retinal locatIOn and state of adaptation, the viSibility of cl stimulus 
WIll depend on its area and luminance, and <11::.0, within hmit~, on the 
duration of exposure. The locatIOn on the retina of the Image of the 
stimulus will determine thc typc, or type!:>, of rCl-cptors ... ttmulated, thur 
densIty, and the densIty of the ganglion cells to which they are con­
nected. Therefore, If a given stimulus IS to be Just VISible, retInal location 
Will affect stimuli specification because of these receptor variations, and 
because of the summation effects produced by their interconnectIOns. 

In add,t,on to these general physiological effects, there are also some 
differences in visual responses between different individuals, vanatIOns 
in mimmum dlscermble lumInance difference bemg relevant to our 
present conSiderations. ThIS function is also affected by observer age, 
In such a way that stimulI luminance needs to be increased WIth age. 

10 
Change of 
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FIG. I. Adaptation and stimult lummance (approximate relationship 
over the central field). 
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HOrizontal nasal 

Eccentricity from fovea 

FIG 2. Stlmuh luminance and eccentncltv from the fovea for a stimulus 
subtendmg lZ' at the eye and for a b"ackground Jummance of 0 I 

mdhlamberts 

If, therefore, predetenmned settmgs for the variables concerned are 
to be used in a Visual field screemng instrument, it 15 necessary to know 
what tolerances can be regarded as bemg wIthin physiological limits 
both for an average subject, and for subjects in dIfferent age groups. 
When these data have beel! obtained, it IS then necessary to know what 
degree of reduction in vision is to be regarded as abnormal, and thus 
mdlcatmg a pathologIcal change. 

THE DESIGN OF A CLINICAL INSTRUMENT EMPLOYING 

FLASHED LIGHT STIMULI 

Lighl adaplalion and ,Is conlrol 
It IS possIble to investigate visual fields under different adaptation 

levels, but chmcal research, c.g, Marlo\\e;'i Jayle and others,"? Endo,8 
and indlVldual clinical work by Friedmann, ',10 and aTso by Bedwetl,",l. 
have ind,cated that, at least in the case of glaucoma, VIsual field defects 
3 .. ppear to be demonstrated earlier when levels of adaptation as near as 

::fi----H~-
or ~~Qrs 
10 20 30 40 SO 50 70 80 

Increase of stlmult lumInance With age 

FIG 3 Increase of stimuh luminance "Ith age for short duration of 
exposure of etlmub 200 ps) 
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possible to the mesopic state are employed. In this way, examination 
may be carried out under condition. of similar sensItIvity for both 
cone-type and rod-type receptors. (It must be remembered that, outside 
the immediate central or macular area, the rods are the most dominant 
type of receptor.) Because the needs of elinical practIce make it dIfficult 
to allow very long dark adaptation, an adaptation level of approxImately 
0·' milhlasnbert. (3.,8 candelas/m,) appears to be a sUItable com­
promise. The 111ummation for this adaptation is provided in the case 
of the Visual Field Analyser by a separate external 111urrunator, whIch 
provides an I1lummation of 10 lux on a black screen.9,l1,11 ThiS screen 
contains the apertures for the stimuli, and has a reflection factor of 
approximately 10 per cent (see Plate 3) 

The light SOUTce 

UnlIke previous attempts in this field, the present apparatus uses a 
single hght source to illuminate the stImulI, wluch are exposed through 
apertures in the front plate assembly. All the stImuli are contained m 
the front plate, and pre~ented in hcquence by rotatIOn of a rear plate. 
By this means variation between individual light sources IS avoided 
A xenon electronic dtscharge lamp was chosen as the light source, 
because it gives light of a spectral quahty appro~imatcly cqUlvalent to 
daylight, has a very long lamp !Ue when under-run, and emits a reason­
ably constant amount of light. 

The short exposure of the stimulI, in this ca.c;c approximately zoo ItS, 
helps to ensure that the pupIl size is largely dependent on the adaptation 
level employed, and is not affected by exposure time. In addition, the 
short exposure of the stimuli reduces the problem of wandenng of 
fixation during the test, and greatly faclhtates the exammation of cases 
with lenticular changes and reduced visual acuity. 

StImuli Illumtnation 
The Visual field extendc;, m Its extreme, to about 60° eccentric from 

the fovea, except on the temporal side where It goes out to ,lightly 
beyond 90°. If the investigation is sensitive, the more common conditions 
for which visual field screening is desirable usually produce defects 
within 25° eccentriC from fixatIOn. For thiS extent of field, It is pOSSible 
to employ a flat screen, makmg instrument construction easier Also the 
greater the eccentricIty of the visual field investIgated, the greater are 
the mdnrldual variations in mint mum dlscermble luminance difference. 
and the more difficult It becomes to uc;e sensItive predetermmed c;cttmg'>, 
and at the same time aVOid too many unnecessary referrals. 

If a Single source is employed for stimuli IlluminatIOn, an initial 
uniform lummance has to he provided behmd the apertures of the front 
plate assembly over this 50° field. To achieve this, an mtegratmg 
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FIe. 4. Cross-section VIew of the visual field analyser. 

hemIsphere is used, with the hght entering the bowl at Its rear. The 
I1ght output from the dIscharge lamp IS kept constant, but the light 
input to the bowl, and hence the IllumlOatlon of the stunuli, is controlled 
by employing neutral density filters, these being held 10 two disks 
controlled by knobs at the rear of the instrument. These filters provided 
a variation from 0 to 4'8 log units, in steps of 0'" log units (Plate 4). 

For a given adaptation level, vlSlblhty of the stimulus WIll vary 
accordmg to the retmal locatIOn of the image 13,U. It was therefore 
necessary to determine, for a reasonable number of individuals, how 
much tolerance should be allowed for phYSIOlogical factors, so that 
when a final plate was made, all the stlmuh provided approxImately the 
same minimum discernible luminance difference for a normal indiVIdual. 
A guide to the necessary tolerance was provided by regarding the eye 
as respondmg approXImately linearly to logarithmic changes of stimulus 
area. 

The actual placing of the patterns was determined largely by the 
requirements of the most hkely areas in whIch visual field defects were 
hkely to be found. For example, in the case of glaucoma, an Important 
area is that represented by the arcutate nerve fibre bundles, approxi­
mately ID-2.0· eccentric above and below fixation. In the case of cerebral 
lesions, reduction of VISIon on either SIde of a vertical hne through fixatIon 
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is particularly important. In some areas of the retina, for example, 
around and just temporal to the bltnd spot (representing the optic 
nerve), there are greater variations in VISIbilIty. Therefore caution must 
be exercised In placing the stunuli near these areas; otherwise unneces­
sary referrals from false positives can result. 

Differentiation between the normal and the abnormal 
Before considering what mlnlmUm d,:::,cermbJc lummance difference 

mIght be regarded as abnormal, and therefore of pathologlcaI,mplica. 
tion, It IS necessary to obtain average results for dIfferent normal 
indiVIduals in dIfferent age groups, and the normal spread above and 
below these figures. In terms of logarithmic units of luminance 
dIfference, thiS appears to be apprm .. lmatdy ± 0 z log UOIts of the 
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average value of neutral density filtcr at whICh all patterns can just be 
seen. In some local areas, such as the field temporal to the blind spot, 
the variations can be shghtly greater. However these areas mvolve only 
a small part of the vIsual field up to the 25· eccentrIC Isopter, and are 
therefore of less chmcal importance m this case. 

With increase of age, from 40 to 60 years, there is an average decrease 
m minimum dlScermble lummance difference of 0·6 log units, for these 
short duratIOn stimuli. Therefore the curve of age against neutral 
density filter setting (to g1Ve a satl~factory setting for minimum dIs­
cerruble luminance dIfference for age) needs to be placed just below 
the lower hmit of these results, otherwise too many unnecessary 
referrals will result. Some good observers, however, may be able to see 
all the patterns of stImuli using a 02, or possibly 0'4, log umt neutral 
density filter setting greater than the average for age settmg. In these 
cases a setting of 0'2 log urnts, or in a few cases Q'41og umts, dllnmer 
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FIG. 6. Typical case history of early relatIve visual loss in glaucoma 
(Mr D., left eye, age 42; V.A 6/7 s. CH 8.) Stnnub not marked seen 
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than the normal can be used, though it is still relatively safe clmically 
to screen at the recommended age/N.D.F. setting. 

To determine the significance of reduction of rmnimum dlscerOIble 
lummance dIfference m terms of possIble pathological visual loss, large 
numbers of patICnts have been investigated over a period of several 
years, iruttally by Mr Friedmann at the Royal Eye Hospital, on proto­
type instruments under normal clinical conditions. In the earlier stages 
patients were examined by classical techniques, In addition to the VIsual 
FIeld Analyser, to obtam comparative delta. Latterly a con"iderable 
number of instruments have been In use In different parts of the world, 
and results in general appear to mdlcate that this method can be morc 
sensitive than classIcal methods of vJ~lIal field ItlvcstlgatlOn. 

Where stimuli cannot be seen WIthin 0'4 log UOltS of the age/filter 
setting, the response can be regarded as abnormal. If there IS a patho-
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FlG. 7. Visual response In Fig 6 In terms of neutral density filter log 
UOlts at which the stlmuh can Just be scen. The rc~ponse IS normal for 
age at the unmarked POints (Mr D. left eye. age 4Z; V.A 6/75 
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logIcal condition producing the visual loss, It is usual to find that vision 
wtll be depressed over a number 'Of stimulus positions, and that the 
shape of the loss wIll tend to be indicative of a certain type of field 
defect. If stimuli cannot be seen at the brightest setting on the Visual 
Field Analyser, a dense visual loss 18 mdicated. 

Use of the V,sual Field Analyser makes routme VIsual field examina­
tion a posslblhty; It can also proVIde a quantitative record of any visual 
loss, which is aV01lable for comparison at any times and to dIfferent 

investigators. 
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Factors affecting the detection of early 
visual loss 

Charles H. Bedwell FBOA. FSMC. The City University 

Rep"nted from The Amer;can Journal of Optometry, Vol 49, number 3, March 1972 

ABSTRACT 
Results are discussed of origlnsl research on the 
effect of the main va"ables Involved In the' detection 
of early visual loss In the central field. With particular 
reference to the usa of flashed stimuli of short dura· 
tlon of exposure (approximately 200 microseconds) 

The Importance of retinal adaptation, stimulus Size, 
luminance. and retinal location IS discussed, together 
with the effect of age VanatlOns In vIsibility, that can 
be regarded as within phYSiological limits, are 
indicated. 

Charles Bedwall IS at present wfltln9 a book on 
Visual field Investigation to be published by Butter· 
worth & Co (Publishers) Ltd, London. 

The Importance of detectIng early 
ViSUal loss IS generally realised, panlcu. 
lady ID relatloQ to such cond,tions as 
glaucoma and cerebral IeSlons. where 
the damage may be considerable and 
trreparable If the condltlOD IS un· 
noticed. There IS, therefore. a conSIder­
able climcal need. for JOcorporatlon IQ 

a routlDO eye or medical exammatJon 
of a rapid yet sensitIve method of 
vISual field Investigation It should de­
tect these early changes. and yet avoid 
too many unnecessary referrals 

ClasSIcal methods of Visual field ID­
vestlgatton require skIll on the part of 
the JDvesttgator. and are laboriOUS and 
t1me-consumlDg. In consequence. var­
IOUS attempts have been made to design 
Instruments which could be used to 
screen the visual fields. eg Harnngton 
and Flocks1 and Fmcbam and Sut. 
c1dfc'. UnfortunatelY these attempts 
have only been of hmltedvalue.because 
there was Inadequate control dUring 
the exammatlon There was no quantl­
tattve assessment of visual loss. and no 
data available 15 to what changes could 
be regarded as being wUhm physlo­
lo,lcal limitS. and' what would be re­
garded 15 abnormal In addition. If any 
defect was found, It was necessary to 
resort to the ordmary clasSical methods 
of visual field Investigation afterwards 

To fulfil the need for Improved in­

strumentation the VISual Field An­
alyzer was developed. Fnedmanna• 
BedweUfo In thts IDstrument. figure 1 t 
a multiple-pattern shmuh techruque of 
stabc penmetry IS employed. the 
stllDuh helDg Illuminated by a xenon 
discharge lIght source. wm, a short 
duration of stlmuh exposure (approxI­
mately 200 microseconds). The adapta­
tion level IS controlled. the stimuli 
varted according to the requirements 
of retlDal phYSiology. and the Visual 
loss assessed quantitatively m logarith­
mic umts. 

Though expenmental work. has been 
undertaken on the VISibility of flashed 
light stImulI. CS Davy'. t1us appears to 
be the first tune that such a lIght source 
has been used for ciJDlcal Visual field 
IDvesllgatton. It was therefore felt 
desirable to produce a separate paper 
gIVing details of baSIC research. on the 
VISibility of such stimuli. as well as on 
vanous aspects of Visual field examlDa· 
tlon ID 'Ceneral. --... 

Adaptation of the eye 
DurIng the Visual field lOveshgatlon, 

the general adaptation of the eye IS 
controlled by the IJght retlected from 
the background screen. the examlna.­
tlon normally being carned. out 10 a 
dark room. 

Even when cORSldeflng the central 
fields of VISIOn. up to say 30" eccentriC, 

It IS largely the response of rod·type 
receptors wtuch 15 heins examined. 
Various workersl ,., I, T, ••• have found 
that. at least ID the case of glaucoma. 
Visual field defects are more hkely to 
be exhibited In the .. early stages. If tbe 
examIDatlon can be conducted USIDI 
ie'Yels of adaptation near to the mesa 
OPIC state In the Investigations With 
which I was concerned. a level of 
adaptatJ.on of approximately 0 1 milll· 
lamberts (03 candelas m2) was chosen 
as beIng a clinical compromISe near to 
the mesopIc level. Without allOWing an 
undue penod for dark adaptatJ.on. 
FJgure 2 shows an average relation be. 
tweeD adaptation and stimuli lumin­
ance for these ftashed stImuli. 

FIg 1 Th, VIsual field analyzer m clinical us. 
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Stimuli size and luminance 
In visual field mvestlgatron. one IS 

actuaUy examIning rather IDlrumum 
dlscernrble luminance ddference than 
visual acwty The eye appears to re­
spond approximately lInearly to logar­
IthmiC changes of stunulus area and 
sttmulw JllummatJon. figure 3* Thus 
equal logarltmmc changes of stunuJus 
area give approxunately equal isopter 
mtervals over most merldtans. How. 
ever, a change ID the level of back­
ground lurrunance may result ID a 
higher rod and/or cone actIVity, which 
can upset thas regular spacing of ISOp­
te ... figure. 4(a) and 4(b) partIcularly 
when the effect of adaptatIon on sum­
matIon teads to be crItical. Obstfeld10• 
and BedweU and Obo;;.tfeldll 

ICF , 

• 

2 
L:JG.AREA 

Fig 3 Log stlmu/, area (2 mm). R",.tlv(J 
stimuli luminancIJ (NDF) for an average 
young observer 

• In thIS and subuquent dIagrams NOF 
represents the neutral denSity filter 
(In log UOlts) for threshold vIsibility 
of the stimulus for the adaptation 
used. 

". 

Fig 2 Adaptation 
and relative stimuli 

luminance 
(Approximate 

average relationshIp 
over the central 

field) 

.' 

loa UU.UN'TS 

tkANGE OF 
STIMULI 
U/NINANCE 

Duration of exposure 
of stimuli 

WIthin certain brruts. for a short 
duration of exposure. and for a given 
level of adaptatIon. and over a given 
retinal area, the VISibilIty of a stlmulus 
depends on rts total lumlOous energy 
content (it Size, mtenslty. and duration 
of exposure). In the case of static 
penmetry. It IS poSSible to control all 
these vanables. and therefore more 
readily obtain a quantitative assess~ 
ment of any reduction of VISion. 

If the stimulus exposure IS suffi~ 
clenUy short. the pupil size Will be de­
pendent on the adaptation level. and 
wIll be unaffected by the stImulus ex· 
posure In addition, a flashed stimulus 
allows better control of fixatton dunng 
the Visual field exatntnatlon. makes 
exammatlon of cases With lentJcular 
changes easier. eg figure S. It IS also 
poSSible to use shorter workmg dJs­
tances. and more compact lDstrumenta­
tlon. compared to clasSical methods 10-

volvmg constant stunulus exposure 
In the present research. a xenon elec­

troniC discharge light source was em­
ployed. nus has a relatively short 
dUratIon of exposure-In thw case 
approximately 20U microseconds ThiS 
lamp was chosen for the Visual Field 

Fig 4(a) Left. Average "opter, (NDF) lor stimul, subtendmg 24' et the eye and for 
11 background lummance of 15 m"h1amberts showmg approXimately equal spaCing 
Fig 4(bJ..BJght Average I$opters (NDF) 10' stlmul, subtendmg 24' Br the eye and 
for B backg,ound lummance 01 0.1 mlllllambert, $howmg unequal spacmg 
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FIg 5 VI.sual field analysl' shoWing 
"'atlve vl$lJalloss In , ca" of I.neicul" 
chang. where the fundus WII ob,cur,d 
M" B •• age 80, right.ye. VA 1/60. CHB. 
SolId black clfcle$ repre,ent a den,' 
Visual 10" and c,o,,~hatched clfcl., 
repre,ent a rellltlve/o" of 0.8 log Unit,. 
OtherwIse, stimul, 'een at 0.8 log Units 
NDF 

Analyzer. as the spectral CDl1SSlon 
approXimated that of dayIraht. the 
light output could be kept fl.U'ly con~ 
stant. thero was less varlatJon of light 
output With voltage change compared 
With tungsten light sources. and a very 
long lamp Me was pOSSible. espeCially 
If the tube was under-run 

The total1Jght output from the dash 
tube Will depend on the Integrated area. 
under the emISSion curve. that relates 
penod of ftash to InteDSlty at a Jiven 
IDStant. As the hght output of the tube 
IS a function of the electrical energy 
Input. the latter Will be a functton of 
the capacrty of storage condenser used. 
and the square of the app~ed voltage 
It lS. therefore. pOSSible to apprOXimate 
simIlar light output WIth condensers of 
ddferent capacitance ... USIng the appro· 
prlate voltage. There are. however. 
brnJ.ts imposed In the chOJce of these 
quantitIes ln the design of any Slven 
Instrument Though the total lIght 
energy output may be the same. how~ 
ever, the sbape of the output curve wdl 
be dtfferent 

, I 



Detection of early visual loss 

Retinal physiology and 
stimulus luminance and size 

In general. If stJmull presented over 
different areas of the visual field are to 
be adequately sensItive ID detectIng 
early reduction of VISion. It IS Impor· 
tant that the stlmuli are only Just dls­
cerruble over the areas hemg examined 
To achieve these results, therefore. 
allowance mwt be made for ddIerences 
In Vlslbdtty over different parts of the 
retina. because of varIations In retmal 
phYSiology 

Isopten have been obtained, for 
minimum dlscerrubte ddference. for 
stimuli of different Sizes. and for dIf· 
ferent levels of adaptation. for short 
periods of stimulus duratIon. In this 
case uslDg a xenon nuh tube as the 
source. Obstfeld10• Bedwell and Obst· 
feldll• The shape of the lSopten IS ID 
general oval. With an extensIon on the 
temporal Side of the field (figure 6) 

F;g 6 IIopters NOF shOWing variation In 

v",b"lty OVM' rhe central ratma' .r98 for 
11 stlmulu, subtendmg 12' at the eye 
usmg an adaptatIon level 0' 0 1 ml/IJ· 
'amberts 

Because of technical dlfficulttes. only a 
few studies of thereceptorandgangiJon 
cell dlstnbutton over the retma have 
been made Population data. however. 
provided by Osterberg12, on rods (figure 
7) and cones (figure 8) and by Van 
Burenu • and by OppeP~ on ganglion 
cells (figure 9) wdl be found to give 
ISOpters resembling very much the gen· 
eral shape of the ViSUal field Isopters 
(figure 10) As the adaptation level for 
the VIsual field Investigation IS reduced. 
the separation between the Isopters 
tends to IOcrease In certalO areas These 
areas tend to be those With the highest 
populatton of rod-type receptors and 
ganglIon cells. IndlcatlOg that summa· 
tlon 15 playmg an IOcreasmg role In 

vISlblhty, wrtlun certain lJmlts of stimu­
lus SlZe It so happens that rod popula· 
tlon denSIties are highest ID the mld-

0_" Ij5~CC 1- r~ n5~:G 
J _ la~oo ).0 1]5r.t~ 

4 _ 1450001 ~. 155000 
5 - I~OOC: ?-c Eil:I550CtJ 

,<I.F~EA e§T~qBERG 

, ' ' 
5 5 , 

, , , 
.' , ~ 5: s . , 

5 , 
, , , 

, 1 & S 
6 10' 7 715 

19\&5, _____ ,. ___ ~_l. ___ • ___ -'! __ _ 
5 '9 I 10 101 7 S )0 

"- TO .500 .. '"" ... "00 
10-eveR 9S00 

10,~ 81 7'7S . , , 
'5- 10 55010 
,. 7500 
9_ 9500 

'" . "l0 
~5 )5 ,:Hl 90 ~oo ' ~oo 200 130 50 10 

__ 1:; ••••• -------. -.1- _ •.. ---- .• - --

,10 
:601 , 
~ ,. 
3" 

~En51TY PE'" lOCU' 

~ 

FIg 7 (top) Retinal d,st"but,on 0' rod 
,eeepto,s 
Fig 8 (muMle) Retinal dIstributIon of 
cone ,eceptors 
FIg 9 (bottom) Retinal d,st"butlon of 
ganglIon cells 

central field 10·20 degrees eCl.entnc 
above and below the central fixation 
pomt, representlDg the dlstnbutlon of 

the arcuate retlllal nerve fibre bundles 
CIJRlcal research. by a number of 

workers, eg Aulhom and Harmsn , has 
shown that, JR about half the cases of 
glaucoma Invesugated. Visual field de­
fects occur ID tms arcuate area, either 
Isolated. or connected to the blmd spot 
Therefore. when lookmg for early 
glaucomatous field defects ID thIS area. 
an area of lugh Visual senSItiVity 15 be­
urg examlRed, and any reduction IS 
more lJkely to be missed In classical 
Ianettc methods of Visual field lOVes­
tlgatlon. Though the target may be 
qurte sensitive, for use, say, at 30 
degrees eccentrIc. as .t IS moved to­
wards fixation, travelhns over these 
more sensitive areas, the tcst becomes 
less sensltl ve for detectIon of reduction 
of VISion If. therefore, the Investlga· 
tton is to be adequately sensitive. the 
sttmulus must be adJusted In SlZe, or 
lummance. according to the retinal 
location belDg examined (figure 11)_ 

A study of these Vlsual field Isopters 
Will also reveal that there tends to be 
greater vanatlons In the data obtained. 
between dJ1ferent IDdlvlduals. In certain 
areas of the Visual field, compared to 
other areas-IQ particular the temporal 
field, and also With generally increaslDI 
degrees of eccentnClty from the fovea 
When. therefore. consldenng the POSI­
tion of sttmuh to be employed In, for 
example, a multtple-pattern Instrument. 
not only must the most likely pOsitIOn. 
of early Visual field defects for the 
more common pathological condItiOns 
be borne In mlDd, but also. the In· 
dlvldual vanatIons ID mInimum dJs­
cernl ble luminance difference over the 
retmal area_ Fortunately these two 
aspects are not Irreconcilable clinicaUy, 
and. therefore, for the central field at 
least. It IS poSSible to deSign a series of 
multiple apertures over most of the 
Visual field that Will present approxl· 
mately the same lumlRance difference 
for the average observer. 

In general. when deCiding on stlm· 
ulus SIZe. too small a sttmuJus causes 
greater problems, (a) due to aberra· 
tlons from refractive errors. (b) With 
patients With below nonnal Visual 
acuity, and (c) because of the presence 
of small angioscotomata produced by 
the retlDal vessels On the other hand. 
too large a stimulus does not allow 
assessment of a detenoratlon of sum· 
matton effect. which appean to be an 
Important factor In pathoto&1cal Visual 
loss 

Deterioration of vision 
with age 

It IS generally realised that With in­
crea'le of age, particularly beyond 
middle age, IDcreaSlns illuminatIon is 
required to achieve the same Visual per. 
formance as a younger person (figure 
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12). Various workers. cg Fnedmann3 , 

Bedwell". Drancell• and Bedwell and 
Obstfetdll• have demonstrated that the 
VISual field Isopters decrease ID Size 
With Increase of age The author has 
found. for example figure 13. that be. 
tween the ages of 40 years and 60 years, 
an average Increase of Illumination of 
stlmult of 06 log units IS required to 
achieve the same minimum discernible 
luminance difference. 

It IS. therefore. very Importart that 
dunng a Visual field exammatlon allow. 
ance be made for age. If thiS IS not 

....... . 
... H.O.-; .•.. 

done. the test may not be adequately 
sensitIve for the younger age group­
where It IS especially Important to de· 
tect visual loss early-and yet too sen· 
sltlve for the older patients. wrth the 
resutt that here the number of referrals 
for further Investigation IS unneces· 
sanly tugh 

If adequate allowance IS made for 
these factors of phYSiology and age, It 
IS poSSible to considerably reduce the 
number of unnecessary referrals. when 
a Visual field mvestlgauoa IS conducted 
under controlled comhtlons, as part of 

,.. .~ ........... . 
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FIg 11 Average I$opte, (NDF) and standard deVIatIon fo, mInimum d'$ce,ntble 
luminance d,ffe'ence fo, an adaptatIon level of 0 1 m"/IIamberts (11) fo, 11 stImulus 
subttlndmg 12' at the eye (fight). (b) fora stlmulussubtendmg 24' at the eye (tight) 

a normal faunae: eye or medIcal exam· 
InanOR. If, for example. Jt 15 found that 
approximately 2 per 'Cent of all patients 
screened appear to have. VISual field 
anomaly. when an lOstrumcnt sueh as 
the VIsual Field Aoalyzer is used. 
approXImately It mInutes need only be 
spent eXamJn.lDg each of the 98 per cent. 
With 1 S to 20 mmutes on the rerDaJmng 
2 per cent. where a quantttatlve record 
must be mado of any Visual loss 
present. 

The assessment of 
abnormal visual loss 

If a techruque of Visual IDvestJp· 
tlon IS to be undertaken as part of a 
general TOutlDe. Jt IS tmportant to 
know. both from the point of VIew of 
effiCiency and safety. what reduc;Uon J.Q 

VISion. for a given age settlng, can be 
regarded as belD, abnormal. To obtain 
tl:ns data laree numbers of patients 
have been exalmned With prototypes 
of the Vosual FIeld Analyzer. ID1ttaUy 
comparing aay doubtful cases With 

eXJstmg methods of VISual field inns· 
tlganon. 

"'IC' pE ASI 

FIg 12 TYPIcal effect of age on Isopter6 
(NOF) for mmllnum dIscernIble 
lummance dIfference for. stImulus sub. 
tending 1Z at the eye and fOT .tn 
adaptatIon level of 0 1 m,lIl/amb.ru 
(a) for a sub/act of 20 ye." and (b) of 
50 yttars 

In general. If the VISual field IS 
examined by a. large number of stimuli 
set near the threshold of VlSlblhty. In 
a normal person. the pattern of those 
that are not seen WIll tend to take a 
random appearance. If. how'ever. there 
IS any tendency for early patholoSlcal 
Vlsualloss, usuaUy VISion over an area 
represented by a number of stJmuh WIll 
be slIghtly depressed, and the appear· 
ance of the loss Will tend to represent 
that of a typical VIsual field defecL In 
100tlal and subsequent chrucal work, It 
has been foun.d that, when WIDe the 
Visual Field Analyzer at the correct 
age settmg, If some stimuli cannot be 
seen at a setting of 0 4 log UDlts or 
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Detection of 
early visual loss 
morc brighter than thiS age settmg, the 
visual loss can be regarded as abnor­
mal In the case of some good 
observers. a setting of 02 log units 
dimmer can be used than the age level 
settIng. but In thts case sometimes It IS 
necessary to ddIerentJ.ate random 
misses, because the eXamInation may 
now be undertaken very near threshold 
If any stunOO are not seen at a settmg 
of 04 log UnIts bnghter than the age 
level scttmg. then the neutral density 
filter )s reduced again by a further 0 4 
log uruts. and these POlOts rc-cxammcd 
TtUI process IS repeated at 04 to, UOIt 

steps until either all the sttmull can be 
seen. or some are still mIssed at a zero 
setting. which indicates a severe VIsual 
loss (figure 14) 

By the technIque descnbed It IS pos­
Sible to obtaJR a quantrtauve assess­
ment of Visual loss, which IS mdepen­
dent of the operator. and which can be 
compared after further Intervals of 
time If Immediate treatment IS Inst!­
tw-ed. then the effect of thiS treatment 
on vIsual loss can be recorded. [n other 
cases •• f the Visual loss appears to be 
at a very early stage. and no Immediate 
action I! deemed necessary. the lOvestl· 
gallon can be repeated at Interval! of 
tIme to detennlOe If the loss progresses 

It IS hoped that a better understand. 
Ing of the phenomena mvolved ID 

Visual field InvestIgation. and the con· 
trol of the vanables concerned. wJlI 
enable many cases of unnecessary 
ViSUal loss. and often resultant bllDd· 
ness. to be avoided. 
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ABSTRACT 

• 

Usmg a static quantitative techmque of penmetry. the differential threshold contrast was 
determined for different sumuh SIzes, usmg short duration of exposure. for dlfferent levels of 
light adaptation From the data obtamed spatIal summation coefficients were denved 

The application of this research to the efficient yet sensItive Investtgatton of the VlSual fields 
ID cbmcal practice IS then discussed 

SUMMARY 

EH.tors dffectmg the cJrly detectIOn of Vl'illdlloss .ITe discussed. III partlculdT, the 
effect of adaptation and stImulI Slle III statIc qU3ntltdtive penmetry IS considered, 
where short duratIon of exposure (approXImately 200 ffilcro·seconds) of stImuh IS 
employed The Importance of retmal physIOlogy IS also considered Spatlal summa· 
tion coefficients for short duratIOn stunuit have been denved The effect of age 
)11 numlnum dll),(..crnlblc IUIl1J1ldn(..c dlllercnce 1<; UlVC'itlgJtcd, J. COlllpJrtson between 
.t.atlc and klllctlC methods ollllvcStlgdllOTl IS nlJde, Jnd CJ'ie hlstonc'i glVCI1 

NTRODUCTION 

me Importance of detectIOn of early VISUJIIO<iS IS generally rcahlcd m such 
onoltlOl1s.a\ glallcolTIJ Jnd l.Crcbr.lllc\IOIl\. WhNC pCrTl1Jllcnt vlslIalullpalrment may 

I'>X 
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FIG. I . Tilt' ilislIal Field A nalyser ill C/illi('U /usf? 
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FIG. 2. TypICal case hIstory of earlY relatIve vIsual loss in glaucoma. 
Mr. D. Left Eye Age 42 
V.A 6/7·5 CH.B. 
Stimuli not marked seen at I 8 N.D.F. 

result unless the condttIon IS treated 10 time. Therefore, there IS a great cltrucal need 
for speedy techlllques for routme VIsual fIeld investIgatIon that wtll allow adequate 
sensItIVIty. yet aVOid too many referrals for further Investigation 

If these alms 3fe to be achIeved, VIsual field Investigation must be made under 
maXImum control of the vanables mvolved The assessment of Vlsualloss should be 
quantitative, and data should be avallable as to whIch changes mIght be Wltlnn 
physlologtcal hmlts, and winch mIght be abnormal. It should also be posSIble to 
obtam reasonable repeatablhty of data at sub<icqucnt hmes, and by different 
examIners 

IncreaSIng use IS now bemg made clImcally of static methods of penmetry, where 
VISion at mdtVldual retmal areas IS exammed. rather than of ianetlc penmetry, where 
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nG. 3. Visual response m (2) in terms of neutral denSity [llter /og umts at which 
the stimuli can lust be seen. The response IS normal for age at the unmarked 
pomts 
Mr D. 
V A 6/7 5 

Left Eye Age 42 
C.JlB 

the stimulus IS moved continuously over the VlliUdl field In klOetlc penmetry It IS 

much more dIffIcult to control the vanables Involved, and the data obtaIned depend 
very much on the experhse of the mve~ttgator 

Stahc visual field investigatIOn under ("onlrollcd (.ondltions, combmed wIth the 
use of multIple patterns of slImulI, Jre used 10 the VISual FIeld Analyser, -
(FrIedmann 1966) and(BedweU 1967) - an Instrument developed for rapId and 
senSItive rollllllC IIIVc\lIg.lllon or the l.cnlr,ll VI"'II.lllu~hh In IllJ~ 1Il<;lrumcnf vl~lIJI 
I(}~~ IS rCl..ordclj qUJ.ntllJllvrly lIIiog.lflthulI<. 111111\, .lllow,IIILC 1\ Ill.ldc for Jgc ,lIIl1 
physIOlogical vanattons, and ddta .Ire dvaIlable on wludt dlJnges tJ,11 be reg.lrded 
as abnormal 
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THE EFFECT OF ADAPTA nON OF THE EYE 

The adaptatIOn of the eye dunng the VISUal field mvestIgatlon IS controlled by the 
I1gbt reflected Into the eye from the screen. ,lI1d by .Ioy ambient IlIumlll.ltlOI1 
present Therefore. the screen rcllcctlOll f.Jctor I~ Import.Jnt . .J blJck surlJCC rctlcdmg 
approxImately IO per cent of the InCIdent hght, hght grey approxImately 30 per 
cent and whIte approxImately 80 per cent 

ID LuG UtfHS 

(I<A"'GE OF 
STIMULI 
lUMII'IANCE 

'" 
AOAPTArION/ST',,",Ut! lUMINANCE 

CHAtfGE OF 
BACKGROUNO 
lUMINAtfCE 

lOe. mu' .. 

I'lG 4. Adaptalloll alld 'IImuillummance (approx. reiallanshlp aver the central 
field) 

Vanous other workers, (Marlow 1957), (Jayle et al 1965), (Endo 1967), have 
found that there appears to be an advantage m usmg lower levels of adaptatIOn In 
the early detecllon of VIsual loss, partIcularly m the case of glaucoma' When 
exaInmmg even the central fIelds of VISIOn, rod·type receptors are mamly bemg 
exarruned, and the employment of a low photopIC to mesopIc adaptatIOn level appears 
a reasonable chmcal solutIon to reduce the tIme reqUired for adaptatIOn of the retma, 
and yet allow a reasonably equal sensItIVIty of InvestIgatIOn of receptor types 

AdaptatIon of the eye wIll also mfluence rettoal summatton, and In addItIon 
summation wIll vary WIth stImulus size and rctlO.tllocatton Therefore. the relatIOn­
s!up, (Obstfeld 1968), between stImulus sl7e dnd lumInance hdS to be determmed for 
each adaptatIOn level, If rchable clll11(,,11 dJt.1 .Ire 10 be obtdlllcd 

Addptdtlon of thc l'YC wllI.tI ... n 1IlllIICIKC pupil dl.llnrl<'r. ,l11d thcrclorc reltnal 
IlIulIlllldlHlIl. ,I 1..011\1.1111 Jew) l'n\Ullug hllll'r I..olltrul Pupil VMIJtlon .. dUring the 
investigatIOn can .tbo be mllumlzed by emploYlllg ~hort duratIOn of stimulI 
exposure 

STIMULI LUMINANCE AND SIZE 

In Visual field lflvesttgatlOn one IS really exammmg mInimum dlscermbte lummance 
dIfference rather than vIsual aCUIty The eye responds very apprQ)omately hnearly to 
loganthmlc changes of sttmuh area, and stImuli luminance over a gIven retmal area 
(StlmulI of drameter I 0, 1·7, 3 55, and 9 50 mm drameter gIve approXImately 
05 log area changes) If, therefore, for a gIven stlmuh lurrunance, sllmuh area IS 
changed loganthmlcally, then there WIll be approxImately equal Isopter IIltervals 

• An jldaptallon level (If ,lrrrn\ n I lIulhlJlllhl.'rl" 1\ 1I",,'d III Ihe VI"IJII Icld An.l1y\Cr 
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AVFRAOE CO-EFPH'TFNTc; OF SUMMATION FOR ,)HORT f'Xfl'SlmF STJMtrJ T 

(200asecs.) AT POUR I.FVFl.S OF BACKGROUND T UMrNANCP 
I 

BACKGROUND LUMITNANCE FCCENTRTrT'rY 

mL 10° 20° )0° 

o 1 (1.) ) 1,<; (1.L) 

0.5 (0.6) O.r)5 (1. ) 

1,0 (0 P) 1.1 • (1.L) 

1.5 (0.7) O,Q 1 0 

FigUres between brackets include est1mated values 

rIG 5. Average coefficients of summatIOn [or short dluatlOn exposure stlmull 

over most of the Visual field mendlans However, the level of background lummance 
may result m a locally hIgher rod and/or cone actIVIty whIch can alter trns regular 
spacmg of Isopters. 

It IS mteresung to conSIder that Traquau's 'hIlI of vISIon' has steeply slopmg edges 
to ItS plateau,largely because anthmettc changes of sttmulI sIze were employed m 
these claSSical InVestIgations. 

FIG 6. Isopters shOWIng approxlfnately equal spaCIng for slImull subtendIng 24' at 
the eye and for a background lummallce of I 5 m,l/,iamberts 

STIMULI DURA TlON 

In statIc quantItatIve penmetry It IS possIble to control stunuh duratIOn as well as 
the other vanables mvolved. For short duratIOn of exposures, vISIbilIty of the stImuh 
vanes approxImately as the totallummous energy (I e., Size, mtenSlty, and duratIon 
of ~xposure of slImuh) and also the summatIOn effect. 
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riG 7 Isopters showmg unequal spacmg for 1Ilmul, ~ublelldlllg 24' at the eye and 
[or a background lumInance 0[0·1 mlll,lamberts 

Controlled duratIOn of exposure of shmuh not only makes a more satIsfactory 
assessment of Vlsualloss, but It also reduces the problem of wandenng of fixatIOn 
dunng the VIsual field exammahon WIth thIS techmque mveshgatIon of cases WIth 
lentIcular change IS much casler than With a constJntly exposed stImulus. Also, as the 
totallumltlous energy of the stimulI IS now controlled, It IS possible to use a 
shorter mvestlgatlOn dIStance of the eye from the stImuh than would be pOSSIble 
for constantly exposed shmuh 

STIMULI SIZE AND COLOUR 

With very small stlmuh there arc mcreasmg problems due to aberratIOns from 
refractive errors, and locah7cd reduction 01 V1Ston because of sm..lll angioscotomata 
On the other hand,lf the stimulus IS too IJrgc, It doe,> 1101 .1110W a~~<;~mcnt of J 

detenoratlon of summation effect, whIch Cdn be reduced In pathological visual loss 
In general, It appears morc satisfactory to employ stlmuh of spectral character­

IStiCS slmtiar to dayhght~ but for certain clImcal tnvestlgatlons, coloured stImuli may 
be an advantage. For example, red stImuh can be used to mvestIgate the 
functIOnIng of cone-type receptors, as In assessmg the Visual effect of certain drug 
treatments In other cases, blue stImuh may be used where the selectIVe mvestIgatlOn 
of rod·type receptors IS desrred, for example m early rehmtlS plgmentosa. 

STIMULUS SIZE AND ECCENTRICITY FROM THE FOVEA 

Due to the techmcal problems IOvolved, very few studIes of the dlstnbutlOn of rods, 
cones, and ganghon cells over the 'etma have been made. If, however, work by 
IJlsterberg (1935) on rods and cones, and by Van Buren (I 963), and Oppel (I 967), on 
gangbon cells arc studICd, It IS possIble to plot these data on. VISual field dIagram 10 

the form of populatIon lsopters 

. ' 

" , " 
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IIG 8. V,lual field analysl\ shOWlnf{ rrlallve vl\uallo\!. ltl a ca~e of lenticular change 
where the fundus was obs<'ured 
Mrs. B Right Eye 
V A. 1/60 
Sllmuil not marked seen at 0 8 N D F 

Age 80 
CHB, 
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FIG 11. Retmal dlstnbution of ganglIOn cells. 

If these Isopters are compared, It WIll be seen that they resemble the general shape 
of the VIsual field Isopter, belOg of the same oval pattern m the central portion, and 
more egg-shaped m the penphery. 1111S suggests that the populatIOn denSIty of rod, 
cone, and gangbon cells IS closely related to the d,stnbutlOn of VIsual f.eld Isopters, 
and to the effect on the latter of retmaI adaptahon Therefore, the me and locatIOn of 
stlmuh are of conSiderable Importance, c')pCCIJlly ,11 the rctmal.ld.lpt.ltlOn level~ 
where rod activity plays an ImportJl1t pJrt 

DETERIORA TION OF MINIMUM DISCERNIBLE LUMINANCE 
DIFFERENCE WITH AGE 

It IS generally reabzed that WIth mcreased age, hIgher levels of 11IummatlOn are 
requITed to obtam the same VIsual performance W,th short duratIOn shmub, such 
as IS used m the V,sual FIeld Analyser, It has been found, {Fnedmann I 966}, and 
{Bedwell I967}, that an mcrease of 0 610g umts of 11Iummatlon was needed to 
aclueve rrnrumum Vlslbulty for age mcreases from 40 to 60 years. 

When usmg the Autoplot projection BJerrum Screen WIth constantly exposed 
stImuh, the WrIters found that the lsopters decreased In size With Increase of age 
under the same adaptation and stimuli conditions 

COMPARISON OF METHODS OF VISUAL FIELD INVESTIGATION 

Where statIc quantitative techmques of penmetry can be employed, WIth control of 
adaptatlOn, stimulI lummance, SIze, and duratIOn of exposure,lt IS much easIer to 
make allowances for phySIOlOgical vanatlOns m tlueshold contrast over the retmal 
area. For example, stlmub can be so adjusted that they are adequately sensItive to 
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(OS TERBERG 1935) 
110' 1 

,,' (VAN BUREN. 1963) ,,' (OBSTFELD 1968.) 

FIG 12. A compamon ofreceptor and ganglIOn cell popufllt/On Isopters and vIsual 
field Isopters of mlmmum dIscernible lummance dIfference 
Omes x 1000 
Rods Refer to FIg 9 
GanglIOn cells per 100,," 
Isopter shmulus sIZe 12' 
Background lummance 1 5 mllllfllmberts 
[sopters for 4 4/4 6/4 8/H) N D.F. 
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FIG. 13 [sopters showing spacing for a stlmulz subtending 24' at the eye for a 
background luminance of 0 I mlllzlamberts (Compare WlIh Illustratlons 6 and 7) 

Q6 LeG.. IJNI r'. 

G2 

O"~O---:2"O~=::;3:::0 ==-""0::---;'"0'''---;''''---';7'''--''''' 0 
AOE 

fIG. 14 Increase of Stlmull illmlllance wlIh age for short duration of exposure of 
stimull (200 J1 s.) 

investigate the arcuate nerve fibre bundle areJ\) of the vl"ual field, where there IS 
.!luSh lOlh.< nlr 111011 01 IOd 'ypt' H'u plol\ .lIld g.IIIJ·,laon, (Ih 1111\ 1'1; f.1I mOH" chfll 
cult an llllctu" pcnmclry, where It I~ harder to v.IlY lhe ~llll1l1h 10 .lIlow lor thc\c 
factors. and where constJnl movement of Ihe ~tllnulllS I1lJkc'i quantltJllve dl)'iC')\­
ment more difficult In consequence, with kinetic tc(..hOlques It h CdMCr to miss 
certam types of field defects, or If any defect IS found, for It to be much smaller 
than It IS wIth a more senSlllve stallc method 

In conclusIOn It IS hoped that thiS paper will have made some contnbutlOn to the 
use ofV1sual field mveshgatlon as a routme preventative techmque. 
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(n) Average age 46 yrs. 
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(Ill) Average age 57 yrs. 

FIG 15 The effect of age on vIsual [leld lSopters using the Autoplot BJerrum screen 
and constantly exposed (proJected) stlmull of the same SIZe (94 mm.2 ) wIth 
and'wlthout a 0 2 N.D F. filter m front of the stunull proJector 
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FIG. 16. Companson of early vIsual loss usmg the multIple SlImull stallc technique 
of the V,sual FIeld Analyser and the Bjerrum screen wllh a 2 mm while hand-held 
target at the same low adaptatIOn level of 0·1 mlllllamberts 
Mr. L. T. Left eye Age 50 
V.A.6/6 GGL 

Representation of VISUal loss 

SLIQU'f L03S liEUIUM LO';~ 

(C.4) (u.8) 

APrRECI'~L~ LO~o 

(1.2) 

• Da~::;~ LeSS 

(1.(., or 'Iore) 
L.0t.. l.oill ts 

A soltd black clTcle represents a dense loss, where the stlOlUh cannot be seen at 
lCro, or the bnghtest stlmuli setting At unmdrkctl slulluh pO~ltlOns the VlslIJI 
response can be regarded as normal 
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THE APPLICATION OF SHORT-DURATION FLASHED STIMULI 
TO VISUAL FIELD EXAMINATION 

ell BIIl"t'l (LOIUlull) 

INTRODUCTION 

Flasbetllight stimuli of ,,(,proximately 300 p. secs. duration pro .. 
duced [rOlD an electronic flJsIt tuhe 113ve latterly found dpplication 
in ,hual fidd mv(> ... tl~.'lion in the Visual Field Analyser, descrihed 
hy FRlrnMANN (19()() ,uu] Brr)Wfol r. (1967), allll SllhSCffuent papers. 

Thi"l light SOlU(e hUR tht· ;Ulv.lIIl.lA"f" of 4. on .. istanl"'Y of output, 
long life, .md a spc('lral enl1~",i()1l Jlf'ar daylight. The durdtion of 
exposure is within the critical limits to allow integration 01 the 
light na~11 by tIn> f"Yf', .md .. hart f'nough not to affect Tf'lin ... 1 light 
d4laptalion, or tu alter pupil sir.c during the examination. A fJashC"cl 
light stimulus is particularly applicable to static quantitatIve peri­
metry, employing either single or multiple stImuli. 

In general, the threshold of visibIlIty of a stimulus will depend 
on its luminance in relation to that of the surround, - hence reti­
nal adaptation - its angular subtense at the eye, duration of expo­
sure, the area and region of tbe retina - henc{" receptor type and 
population - stimulat('d, amI ('O(·fri(·j('nt of MImmation. The pur­
pO'Ol' of this p.lper, .111'11, il'l 10 cli",c'II~"l SOIUf" of dlc T{"s('arC'h with 
which tht' .mthor h .. " hC'(,JI C'OIlt'c'TIl(·(I r('~.lr(ling th{"se v .. rious 
aspects of vH~ibllity dl'pli('d to flashcd stimuli of approximately 
300 p. ,ec. duration. 

BACKGROUND LUMINANCE, STIMULI LUMINANCE, 
AND STIMULI ANGULAR SIZE 

Threshold contrast viSIbility was examined for stimuli sub­
tending 12' and 24' at the eye for background lummances of I, 5, 



Fig. 1 (I.CI) 

FIG. 1. - Typical aver.age lsopters sllOwing variations ID thrcflhold contrast 
for a background luminan('e of 5 asb. For stimuh subtending 12' and 24' 
respecllvely at the eye 
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10, and 15 ash. (0.1, 0.5, 1.0, and 1.5, ft lamberts) for the central 
field of the right eye up to 30· eccentric from the fovea, BED"ELL 

and OU"FrLD (1'170), ,mel Ih.IJWI·L1. (1972). 

The interval<04 hetweell i.;;opters tend to decrea .. e wlth increase 
in hackground luminance, and with increased stimuli size, fig. 1. 
Tllere appears to he an approximately linear relation hetween the 
"pacmg o[ thc .. e inten als and lop:arithmic changes in stimuli Iumi .. 
nance, The~e results appear to he in p;eneral agreement with those 
of other workers using comparable ,.,izes of shmuh and background 
luminances, but longer duration of exposure, e g. )AYLE, e.t.c. (1965), 
examining the nasal meridian. The isopter shape and spacing will 
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Fig. 2 (left) 
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Fig. 2 (rip;ht) 
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RODS 

J 

Fir. 2 - (olUlluruum oC rl ('('lllor und v,ulIglum 1t·1I 1I0lmlallon iKO})11 rs and 
vl.,ual fuld 1"101111 III ul Ihrct.hold «unlru~t. for a bal kJ!:rollncl IUllllltunee of 
]5 asb, and a stmH~lus subtending 12~ at thf" eye. (Con("s X 1000, rods X 
100000 per mm2, and ganghon eells ]00 per ",2). 
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be influenced by the receptor type stimulated and population den. 
sity of the area mvolved, fig. 2. 

BLACKGROUND LUMINANCE 

ASIl 
I 
5 

10 
15 

10 
(I 3) 
(06) 
(08) 
(07) 

ECCENTRICITY 

20 
15 
095 
II 
09 

30 
(1.4) 
(1.3) 
(14) 
10 

Averap;e c()("(fu it'lIts of 8umluolHm for tlllOrt· ... xIJ()"urt·~ "lintult at four I('vels 
of hal kj!:ronntJ lumlnalll (' (flg-tlrf's Iwlw .. I It hrol kt'lH IIU "!lIe t·tllllnlllt·~1 VIlItIt'S). 

FIG. 3. 

COEFFICIENTS OF SUMMATION 

The coefficients of summation increase with eccentricity, de .. 
crease with background luminance, fig. 3, and tend to vary along 
different meridians, OBSTFELD. These results appear to he in 
keeping with those obtained by others under similar circumstances 
but much longer duration of exposure, e.g. FANKHAUSER and 
SCHMIDT (1958, 1960). 

INDIVIDUAL VARIATIONS IN VISIBILITY 

As wit" other stImuli, individual variations in thrC"shold con .. 
lrast visibility dppend on the meridian examint'd and eccentricity, 
fig. 4 & S, apart from external aspects. Apprm .. imatdy the varia­
tions are of the order or 0.) to 0.4 log units, for a young age 
group, and arc comparable with t1treshold data ol,tained with the 
Goldmann howl perimett'r using static stimuh, VfRRIE"l' .lnd 
ISRAEL (1965). 

VISIBILITY ANO AGE 

In general thn·~hold contr.lhl ,i.,lhihty trnds to d('('rea'le with agt', 
the deviation in the older age group dcpCllfhllg on the vlsu.ll Rt.1te 
of the sample used. In a surveyor 100 subjects with normal vision, 
the thresholds were assesc;ed on the Visual Flcld AnalYbPr at a 
setting where all the palterns (..ould just he been Fig. 6. 

• 
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nOUTINE VISUAL FIELD SCHEENING 

To obtain an appraisal of the 31)p1i('ation of lnuhil)le paltf'rno; 
of these slnnuli using l"tdtic ((n3111ltollivc rU'rlJll('lry, the centra] 
f,eld. of nearly 2000 suLject. - the majority over 40 year. of 
age - were screened on the Visual Field All.lyser. A filter settillg 
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FIG. 5. - Average isopters wIth standard deviations in terms of isopters of 
threshold contrast for a background Iummance of 1 0 ASH for a !>lImulu8 
subtcndmg 12' at the eye, and B 24' at the eye respcrhveiy. 
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FIG. 6, - SnUl'rgram or threshold 
and age for 100 normal subjects. 
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of just below the threshold - usually 0.2 log units above, or at, 
recommended age level settmg - was needed. To enable a more 
useful assessment of routine screening to be made a number of 
situations involving readily observable fundus changes were omit­
ted, in partIcular myopic degeneration, senile macular degenera .. 
tion, rhoroitTul chun~f's, active anjl pa!'lHive evidence of retinal 
JJa{'mnrrhn~(" lIn(1 amhlyopiu. Unjh'f miHf't,lIunf'ou8 ff'lindl condi .. 
tiollJol were two ('UII('H of r!'linilis pi~m('nt()sa - one new and partly 
sine-pigmentosa, and one unusual cabe of hI lateral ",enile pigmen­
tary degeneration were however included. 

1111.."1,)(,,01""1'" 
\ oa. .,. 

«(110.,'1. "UJ , 0 la',. e •• lo'f ",,) 

"",,'!>I"£(.."T 
c, .... ,,<:.o"' .. 

() '5". 
01.\"4 0 '5"-% 

, ... "'.. ~'Tl<4 'S .. ,,.."" 

f'I\<;,(."~o.IE.O"" co-":~~""'!' f\"I.~c.I!. ..... Ao.I .. O,," 
~fT>Ioi"'" 0 :1.1'1. 0 :;)\-,. 

'--_ .. _~1'_" _---1 __ -1-_--1 

FIG. 7. - Types and proportions of field defects out of 1860 cases screened· 
total defects 286 %. 

The 2.U6 % of virmnl field derect'l dpll'('ted appcnr~ significant, 
and tbe 102 % of glaucoma cases compatable with the hkely inci­
dence of the condItion. Fig. 7. 

Further aspects of multiple stimuli static perimetry in glaucoma 
are discussed in GREVE. 
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THE EFFECT OF PUPIL SIZE ON MULTIPLE STATIC QUANTITATIVE 
VISUAL FIELD THRESHOLD 

C H. BEDWELL & S A DA VIES 

(Eondon. England) 

INTROOUCTION 

1 he relatIOnship between pupil "'II~ .intl vl,ual pcrceptudl thre .. hold In the 
human eye IS more complex th,lD that of an ophcal Instrument, such as the 
camera Though reduchon tn pupu SIze decreases retmal tllummatlOn, the 
effect on VlSIon IS partly compensated by retmal summation changes ad­
Justmg to retinal lIght adaptation In additIon there are also other physiol­
ogIcal aspects that can affect these thresholds. 

WIth agmg, there IS a gradual reduction of lIght sensItivity, Drance et al 
(1967) and Lyne & PhIlhps (1969), assocIated WIth a decrease 10 pupil SIze, 
reductIon of transparency of the optIcal media, some degeneration of the 
retma and associated structures, Fisher (1967) and pOSSIbly also a reducbon 
In nerve conduction efficIency. WIth mcreasmg obhqUlty of Vlewmg snmuh 
are Imaged on more eccentnc areas of the retma. WIth dlffenng receptor 
densIty, type, and IOtercOnnel.tlOns, dffectlng summatIOn. Also increasing 
With obhqulty 1<; the optIl.dl erfed of the tluLknc'i\ of the plgmented Inner 
l'd~e of the ms, thiS thICkne\s IOLrCd\mg With mLrCa\mg pupil SI7e, and the 
Stylc .. -('r.lwftlrd errt'Lt on ()hlltltll' IIKII,h'nLc tl) Ihl' n'lln .. , Wt.'.ale (1956, 
1974),JdY (J962),dnd RonchdI973). 

In general, the effects of obhqUIty of Vlewmg on vIsual fIeld thresholds 
are much more sIgmfIcant for the penpheral fields beyond 30 degrees eccen­
tncIty, than that for the central fIeld WIthm thiS range WIth WhICh we are 
concerned. For example, In the case of The VISUal FIeld Analyser_ Greve 
(1973) found that a change m pupd SIze between 2mm and 6mm had an 
InsIgnificant effect on central VISUal fIeld thresholds 

The present study was undertaken to determme possIble mteractlOns 
between pupll SIze, sex, and stimulI eccentnclty. and hence theu functional 
and clmIcal value, 10 addItion to assessmg the pOSSIble value of dynamically 
momtormg pupll size durmg visual fIeld mvestIgahon 

Till FXPI RIMrNT 

Because of Its wIde-spread chmcdl use, and the l.onslderdble research data 
that had been obtamed, Bedwell (1971, 1972), and Bedwell & Obstfeld 
(1970), Greve (1971, 1973), mullIple stalIc quanlItalIve penmetry 10 the 
form of the VISual FIeld Analyser, Fnedmann (1966) and Bedwell (1967) 
was used for the VlSUal fIeld investigation. Infra-red photography was used 
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to determme pupIl SIze of the subject, whIle vlewmg The VIsual FIeld 
Analyser screen, so that retinal hght adaptation was not affected. 

So that the effect on accommodatIOn would be neglIgIble 5% ephedrme 
was used to ddate the pupJl, and 0 2% thymoxamme to constnct. 

Twelve male and female subjects between the ages of 18 and 23 years 
were studJed, all of whose eyes had no ocular ahnormahtles, and a visual 
aCUIty of 6/6 or better. 

Because of the random distrIbution of the visual field stimulI locatIons, 
only the eIght mertdIans contammg four observations were used Thus an 
expenmental factonal design of pupd x eccentncIty x sex was set UP. (3 x 8 
x 2). 

RESULTS 

The effects of pupil Slze x sex summed over eccentricIty on threshold are 
shown for sex lJl dIagram 1, and pupll diameter x eccentrICIty summed over 
sex on threshold m diagram 2, for the small, the normal, and the large pupIl 
The dIlated pupil was found to lower the threshold and the constrIcted 
pupIl had a neglIgIble effect (P < 0.005). Threshold was lowest for males 
with a dilated pupIl and highest for females wlth a normal pupil, with a 
maximum difference of 0 14 log units With mcr(,'a~mg d(.centru.,lty from 
125° to 20 oc) there I~ d ("om.l\tcnl trend for thrc\hohl v.lhle\ to hc rdl~cd (P 
< 0 001) by up to about 0 I log umts 
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The effect of sex was that the threshold for males was lower than that 
for females (P < 0 005) 

DISCUSSION 

The fmdmg that males have a lower threshold than females was mterestmg 
A possible explanatIOn may be that m Vlsual perceptlOn tests males tend to 
have 3 better performance, whereas on aural tests the position IS reversed. 

VanatlOns of threshold of w,th,n 02 log umts are usually accepted clm­
lcaIly as wIthm normal physlologJcal hmlts, ID this techmque of Vlsual field 
InvestigatIOn. As the vanatlon In threshold wa., an apprOxImate maximum of 
o 14 lo~ umts for V3T1dt!on<; In pupil "'lie of hl'twun dpproxlmately 35 to 
t) 5 mill dldllll'll'r, onc l.ouhl ."IY Ih.ll Ult.' VdrldllOn Wd\ within phy .... ologH .. dl 
hmlts However, dS the effe(..t of other vanable~ on visual field threshold 
hdve alc;o to be con'udered, It IS poc;c;lhle that under certaan circumstances, 
especldlly where the pupil mdY be dilated In young m.iles, and the very 
earhest mdlcatlons of vlSual field reductIOn are beIng sought, It may be 
pertment to take the effects of pupil Size mto consideratIon. In more every 
day clinical situations, where the puptl vanahons are less, and less strict 
tolerances need be observed, then the vanatIOns m pupIl size hkely to be 
encountered normally, do not appear lIkely to have a SIgmflcant cltmcal 
effect 

SMALL 
PUf'lL 

NORMAL 
PUPIL 

LARGE 
PUPIL 

Hg 2 Pupil did X eccentricity summed over sex 
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SUMMARY 

Usmg mfra~red photography, the effect of vanatIons In pupIl size on vIsual 
fIeld threshold were determined, employmg the techniques of multIple 
statIc quantitatIve penmetry over the central field with The VIsual Field 
Analyser To mlDllTuse any effect on accommodatIon ephednne and thymox­
amme were used to produce mydnasls and mIOSIS. The maximum effects of 
pupIl SIZe, eccentricity, and sex were 0.14 log Untts. Males were found to 
have a slgmflcantly lower threshold than females, the ddated pupd lowered 
the threshold, and mcreasmg eccentricIty raised It. 
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